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� Embedded operating systems
� How do they differ from desktop operating systems?

� Event-based programming model
� How is concurrency handled?
� How are resource conflicts managed?

� Programming in TinyOS
� What new language constructs are useful?
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� Features of all operating systems
� Abstraction of system resources
� Managing of system resources
� Concurrency model
� Launch applications

� Desktop operating systems
� General-purpose – all features may be needed
� Large-scale resources – memory, disk, file systems

� Embedded operating systems
� Application-specific – just use features you need, save memory
� Small-scale resources – sensors, communication ports
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� Timers
� Sensors
� Serial port
� Radio communications
� Memory
� Power management
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� Create virtual components
� E.g., multiple timers from one timer

� Allow them to be shared by multiple threads of execution
� E.g., two applications that want to share radio communication

� Device drivers provide interface for resource
� Encapsulate frequently used functions
� Save device state (if any)
� Manage interrupt handling
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� Turn LED on/off
� Parameters:

� port pin

� API:
� on(port_pin)     - specifies the port pin (e.g., port D pin 3)
� off(port_pin)

� Interactions:
� only if other devices want to use the same port
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� Turning an LED on and off at a fixed rate
� Parameters:

� port pin
� rate at which to blink LED

� API:
� on(port_pin, rate)

� specifies the port pin (e.g., port D pin 3)
� specifies the rate to use in setting up the timer (what scale?)

� off(port_pin)

� Internal state and functions:
� keep track of state (on or off for a particular pin) of each pin
� interrupt service routine to handle timer interrupt
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� What if other devices also need to use timer
(e.g., PWM device)?
� timer interrupts now need to be handled differently depending on

which device’s alarm is going off

� Benefits of special-purpose output compare peripheral
� output compare pins used exclusively for one device
� output compare has a separate interrupt handling routine

� What if we don’t have output compare capability or run 
out of output compare units?
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� Create a new device driver for the timer unit
� Allow other devices to ask for timer services
� Manage timer independently so that it can service multiple requests

� Parameters:
� Time to wait, address to call when timer reaches that value

� API:
� set_timer(time_to_wait, call_back_address)

� Set call_back_address to correspond to time+time_to_wait
� Compute next alarm to sound and set timer
� Update in interrupt service routine for next alarm

� Internal state and functions:
� How many alarms can the driver keep track of?
� How are they organized? FIFO? priority queue?
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� Multiple programs interleaved as if parallel
� Each program requests access to devices/services

� e.g., timers, serial ports, etc.

� Exclusive or concurrent access to devices
� allow only one program at a time to access a device (e.g., serial port)
� arbitrate multiple accesses (e.g., timer)

� State and arbitration needed
� keep track of state of devices and concurrent programs using resource
� arbitrate their accesses (order, fairness, exclusivity)
� monitors/locks (supported by primitive operations in ISA - test-and-set)

� Interrupts
� disabling may effect timing of programs
� keeping enabled may cause unwanted interactions
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� Traditional operating system
� multiple threads or processes
� file system
� virtual memory and paging
� input/output (buffering between CPU, memory, and I/O devices)
� interrupt handling (mostly with I/O devices)
� resource allocation and arbitration
� command interface (execution of programs)

� Embedded operating system
� lightweight threads
� input/output
� interrupt handling
� real-time guarantees
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� Lightweight threads
� basic locks
� fast context-switches

� Input/output
� API for talking to devices
� buffering

� Interrupt handling (with I/O devices and UI)
� translate interrupts into events to be handled by user code
� trigger new tasks to run (reactive)

� Real-time issues
� guarantee task is called at a certain rate
� guarantee an interrupt will be handled within a certain time
� priority or deadline driven scheduling of tasks
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� Palm OS
� US Robotics Palm Pilot
� Motorola microcontrollers (68328 – Dragonball, migrating to Xscale)
� simple OS for PDAs
� only supports single threads

� Pocket PC
� PDA operating system
� spin-off of Windows NT
� portable to a wide variety of processors (e.g., Xscale)
� full-featured OS modularized to only include features as needed

� Wind River Systems VxWorks
� one of the most popular embedded OS kernels
� highly portable to an even wider variety of processors (tiny to huge)
� modularized even further than the ones above (basic system under 50K)
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� Open-source development environment
� Simple (and tiny) operating system – TinyOS
� Programming language and model – nesC 
� Set of services

� Principal elements
� Scheduler/event model of concurrency 
� Software components for efficient modularity
� Software encapsulation for resources of sensor networks
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� Motivation – create Unix analog (circa 1969)
� Uniform programming language: C 
� Uniform device abstractions
� Open source: grow with different developers/needs
� Support creation of many tools

� Created at UC Berkeley
� 1st version written by Jason Hill in 2000
� Large part of development moved to Intel Research Berkeley in 2001

– www.intel-research.net/berkeley
� Smart Dust, Inc. founded in 2002

� Large deployments
� Great Duck Island (GDI)

– http://www.greatduckisland.net/
� Center for Embedded Network Sensing (CENS)

– http://www.cens.ucla.edu/
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� Support networked embedded systems
� Asleep most of the time, but remain vigilant to stimuli
� Bursts of events and operations

� Support UCB mote hardware
� Power, sensing, computation, communication
� Easy to port to evolving platforms

� Support technological advances
� Keep scaling down
� Smaller, cheaper, lower power
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� Can’t use existing RTOS’s
� Microkernel architecture

� VxWorks, PocketPC, PalmOS

� Execution similar to desktop systems
� PDA’s, cell phones, embedded PC’s

� More than a order of magnitude too heavyweight and slow
� Energy hogs
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� Similar to building networking interfaces
� Data driven execution
� Manage large # of concurrent data flows
� Manage large # of outstanding events

� Add: managing application data processing
� Conclusion: need a multi-threading engine

� Extremely efficient
� Extremely simple
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� Two-level scheduling structure
� Events

� Small amount of processing to be done in a timely manner
� E.g. timer, ADC interrupts
� Can interrupt longer running tasks

� Tasks 
� Not time critical
� Larger amount of processing
� E.g. computing the average of a set of readings in an array
� Run to completion with respect to other tasks

� Only need a single stack
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Tasks

FIFO queue

Interrupts

Two-level of concurrency: tasks and interrupts
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� Tasks
� FIFO queue
� Placed on queue by: 

� Application
� Other tasks
� Self-queued
� Interrupt service routine

� Run-to-completion
� No other tasks can run until completed
� Interruptable, but any new tasks go to end of queue

� Interrupts
� Stop running task
� Post new tasks to queue
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� Two-levels of concurrency
� Possible conflicts between interrupts and tasks

� Atomic statements
atomic {
…
}

� Asynchronous service routines (as opposed to 
synchronous tasks)

async result_t interface_name.cmd_or_event_name {
…
}

� Race conditions detected by compiler
� Can generated false positives – norace keyword to stop 

warnings, but be careful
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� Separation of construction and composition
� Programs are built out of components

� Specification of component behavior in terms of a set of interfaces
� Components specify interfaces they use and provide

� Components are statically wired to each other via their interfaces
� This increases runtime efficiency by enabling compiler optimizations

� Finite-state-machine-like specifications
� Thread of control passes into a component through its interfaces to 

another component

������� ��	
�
����
��	��
���	�� � 

����� 9���#�����	"#��

� Commands
� Cause action to be initiated

� Events 
� Notify action has occurred 
� Generated by external interrupts
� Call back to provide results 

from previous command

� Tasks
� Background computation
� Not time critical

Hardware
Interface

event

command

Component

Application

event

command

task

task

task
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� Fountain of events leading to commands and tasks (which in turn 
issue may issue other commands that may cause other events, …)

Hardware
interrupts

ev
en

ts commands

tasks

Software

task to get
out of async
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� Interfaces (xxx.nc)
� Specifies functionality to outside world
� what commands can be called
� what events need handling

� Module (xxxM.nc)
� Code implementation
� Code for Interface functions

� Configuration (xxxC.nc)
� Wiring of components
� When top level app,

drop C from filename xxx.nc

interfaceB.nc

comp3M.nc
(code)

interfaceA.nc

comp1C.nc
(wires)

interfaceB.nc

interfaceA.nc

comp2M.nc
(code)

interfaceM.nc

app.nc
(wires)

interfaceA.nc

main.nc

interfaceM.nc
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� nesC: networks of embedded sensors C
� Compiler for applications that run on UCB motes 

� Built on top of avg-gcc
� nesC uses the filename extension ".nc“

� Static Language
� No dynamic memory (no malloc)
� No function pointers
� No heap

� Influenced by Java
� Includes task FIFO scheduler 
� Designed to foster code reuse
� Modules per application range from 8 to 67, mean of 24***
� Average lines of code in a module only 120***
� Advantages of eliminating monolithic programs 

� Code can be reused more easily 
� Number of errors should decrease

Application 
(nesC)

TinyOS kernel (C)

TinyOS libs (nesC)

nesC
Compiler

Application & 
TinyOS (C)

C 
Compiler

Application 
Executable

***The NesC Language: A Holistic Approach to Network of Embedded Systems. David Gay, Phil Levis, Rob von Behren, Matt Welsh, Eric Brewer,
and David Culler. Proceedings of Programming Language Design and Implementation (PLDI) 2003, June 2003. 
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� Commands are issued with “call”

call Timer.start(TIMER_REPEAT, 1000);

� Cause action to be initiated 
� Bounded amount of work

� Does not block

� Act similarly to a function call
� Execution of a command is immediate
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� Events are called with “signal”

signal ByteComm.txByteReady(SUCCESS); 

� Used to notify a component an action has occurred
� Lowest-level events triggered by hardware interrupts
� Bounded amount of work

� Do not block

� Act similarly to a function call
� Execution of a event is immediate
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� Tasks are queued with “post”

post radioEncodeThread();

� Used for longer running operations
� Pre-empted by events

� Initiated by interrupts

� Tasks run to completion
� Not pre-empted by other tasks
� Example tasks

� High level – calculate aggregate of sensor readings
� Low level – encode radio packet for transmission, calculate CRC
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� Two types of components in nesC:
� Module
� Configuration

� A component provides and uses Interfaces
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� Provides application code
� Contains C-like code

� Must implement the ‘provides’  interfaces  
� Implement the “commands” it provides
� Make sure to actually “signal”

� Must implement the ‘uses’ interfaces 
� Implement the “events” that need to be handled
� “call” commands as needed
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• A configuration is a component that "wires" other 
components together. 

• Configurations are used to assemble other 
components together

• Connects interfaces used by components to 
interfaces provided by others. 

������� ��	
�
����
��	��
���	��   

*�
	��#
�

� Bi-directional multi-function interaction channel between two 
components

� Allows a single interface to represent a complex event
� E.g., a registration of some event, followed by a callback 
� Critical for non-blocking operation

� “provides” interfaces
� Represent the functionality that the component provides to its user
� Service “commands” – implemented command functions
� Issue “events” – signal to user for passing data or signalling done

� “uses” interfaces 
� Represent the functionality that the component needs from a provider
� Service “events” – implement event handling
� Issue “commands” – ask provider to do something
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� Consists of one or more components, 
wired together to form a runnable program

� Single top-level configuration 
that specifies the set of components in the application 
and how they connect to one another

� Connection (wire) to main component to start execution
� Must implement init, start, and stop commands
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� Directed wire (an arrow: ‘->’) connects components
� Only 2 components at a time – point-to-point
� Connection is across compatible interfaces
� ‘A <- B’ is equivalent to ‘B -> A’

� [component using interface] -> [component providing interface]
� [interface] -> [implementation]

� ‘=’ can be used to wire a component directly to the top-level object’s 
interfaces
� Typically used in a configuration file to use a sub-component directly

� Unused system components excluded from compilation
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tos/system/Main.nc

tos/interfaces/StdControl.nc

BlinkM.nc

tos/interfaces/StdControl.nc

tos/interfaces/Timer.nc tos/interfaces/Leds.nc

tos/system/TimerC.nc tos/system/LedsC.nc

tos/interfaces/Timer.nc tos/interfaces/Leds.nc

What the executable does:

1. Main initializes and starts the application

2. BlinkM initializes ClockC’s rate at 1Hz

3. ClockC continuously signals BlinkM 
at a rate of 1 Hz

4. BlinkM commands LedsC red led 
to toggle each time it receives 
a signal from ClockC

Note: The StdControl interface 
is similar to state machines (init, 
start, stop); used extensively 
throughout TinyOS apps & libs

tos/interfaces/SingleTimer.nc
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configuration Blink {
}
implementation {

components Main, BlinkM, SingleTimer, LedsC;
Main.StdControl -> SingleTimer.StdControl;
Main.StdControl -> BlinkM.StdControl;
BlinkM.Timer -> SingleTimer.Timer;
BlinkM.Leds -> LedsC.Leds;

}
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interface StdControl {
command result_t init();
command result_t start();
command result_t stop();

}
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BlinkM.nc module BlinkM {

provides {
interface StdControl;

}
uses {

interface Timer;
interface Leds;

}
}

implementation {
command result_t StdControl.init() {

call Leds.init();
return SUCCESS;

}
command result_t StdControl.start() {

return call Timer.start(TIMER_REPEAT, 1000);
}
command result_t StdControl.stop() {

return call Timer.stop();
}
event result_t Timer.fired()
{

call Leds.redToggle();
return SUCCESS;

}
}
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� Parameterized interfaces
� allows a component to provide multiple instances of an interface that are 

parameterized by a value

� Timer implements one level of indirection to actual timer functions
� Timer module supports many interfaces
� This module simply creates one unique timer interface and wires it up
� By wiring Timer to a separate instance of the Timer interface provided by TimerC, 

each component can effectively get its own "private" timer 
� Uses a compile-time constant function unique() to ensure index is unique

configuration SingleTimer {
provides interface Timer;
provides interface StdControl;

}
implementation {

components TimerC;

Timer = TimerC.Timer[unique("Timer")];
StdControl = TimerC.StdControl;

}
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configuration Blink {
}
implementation {

components Main, BlinkM, TimerC, LedsC;
Main.StdControl -> TimerC.StdControl;
Main.StdControl -> BlinkM.StdControl;
BlinkM.Timer -> TimerC.Timer[unique("Timer")];
BlinkM.Leds -> LedsC.Leds;

}

������� ��	
�
����
��	��
���	�� ��

���
	1#

interface Timer {
command result_t start(char type, uint32_t interval);
command result_t stop();
event result_t fired();

}
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� Implementation of multiple timer interfaces 
to a single shared timer

� Each interface is named
� Each interface connects to one other module
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interface Leds {

/**
* Initialize the LEDs; among other things, initialization turns them all off.
*/
async command result_t init();

/**
* Turn the red LED on.
*/
async command result_t redOn();

/**
* Turn the red LED off.
*/
async command result_t redOff();

/**
* Toggle the red LED. If it was on, turn it off. If it was off,
* turn it on.
*/
async command result_t redToggle();

...
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module LedsC {
provides interface Leds;

}
implementation
{

uint8_t ledsOn;

enum {
RED_BIT = 1,
GREEN_BIT = 2,
YELLOW_BIT = 4

};

async command result_t Leds.init() {
atomic {
ledsOn = 0;
dbg(DBG_BOOT, "LEDS: initialized.\n");
TOSH_MAKE_RED_LED_OUTPUT();
TOSH_MAKE_YELLOW_LED_OUTPUT();
TOSH_MAKE_GREEN_LED_OUTPUT();
TOSH_SET_RED_LED_PIN();
TOSH_SET_YELLOW_LED_PIN();
TOSH_SET_GREEN_LED_PIN();

}
return SUCCESS;

}

async command result_t Leds.redOn() {
dbg(DBG_LED, "LEDS: Red on.\n");
atomic {
TOSH_CLR_RED_LED_PIN();
ledsOn |= RED_BIT;

}
return SUCCESS;

}

async command result_t Leds.redOff() {
dbg(DBG_LED, "LEDS: Red off.\n");
atomic {
TOSH_SET_RED_LED_PIN();
ledsOn &= ~RED_BIT;

}
return SUCCESS;

}

async command result_t Leds.redToggle() {
result_t rval;
atomic {
if (ledsOn & RED_BIT)

rval = call Leds.redOff();
else

rval = call Leds.redOn();
}
return rval;

}

...
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#define  dbg (mode , for mat,  ...)  ((vo id)0)

#define  dbg _clea r(mod e, f ormat , ... ) ((v oid) 0)

#define  dbg _acti ve(mo de) 0

typedef  sig ned c har i nt8_ t;

typedef  uns igned  char  uin t8_t;

typedef  int  int1 6_t;

typedef  uns igned  int uint 16_t;

typedef  lon g int 32_t;

typedef  uns igned  long  uin t32_t ;

typedef  lon g lon g int 64_t ;

typedef  uns igned  long  lon g uin t64_t ;

typedef  int 16_t intpt r_t;

typedef  uin t16_t  uint ptr_ t;

typedef  uns igned  int size _t;

typedef  int  wcha r_t;

typedef  str uct _ _nesc _unn amed4 242 {

int q uot;

int r em;

} div_t ;

typedef  str uct _ _nesc _unn amed4 243 {

long quot ;

long rem;

} ldiv_ t;

typedef  int  (*__ compa r_fn _t)(c onst void *, c onst void *);

typedef  int  ptrd iff_t ;

typedef  uns igned  char  boo l;

enum __ nesc _unna med42 44 {

FALSE  = 0 , 

TRUE = 1

};

enum __ nesc _unna med42 45 {

FAIL = 0,  

SUCCE SS =  1

};

static inli ne ui nt8_t  rco mbine (uint 8_t r 1, u int8_ t r2) ;

typedef  uin t8_t  resu lt_t ;

static inli ne re sult_ t rc ombin e(res ult_t  r1,  resu lt_t r2);

enum __ nesc _unna med42 46 {

NULL = 0x 0

};

typedef  voi d __a ttrib ute( (__pr ogmem __)) prog _void ;

typedef  cha r __a ttrib ute( (__pr ogmem __)) prog _char ;

typedef  uns igned  char  __a ttrib ute(( __pro gmem __)) prog_ uchar ;

typedef  int  __at tribu te(( __pro gmem_ _)) p rog_ int;

typedef  lon g __a ttrib ute( (__pr ogmem __)) prog _long ;

typedef  lon g lon g __a ttri bute( (__pr ogmem __))  prog _long _long ;

enum __ nesc _unna med42 47 {

TOSH_ peri od16 = 0x0 0, 

TOSH_ peri od32 = 0x0 1, 

TOSH_ peri od64 = 0x0 2, 

TOSH_ peri od128  = 0x 03, 

TOSH_ peri od256  = 0x 04, 

TOSH_ peri od512  = 0x 05, 

TOSH_ peri od102 4 = 0 x06,  

TOSH_ peri od204 8 = 0 x07

};

static inli ne vo id TO SH_w ait(v oid);

static inli ne vo id TO SH_s leep( void) ;

typedef  uin t8_t __nes c_at omic_ t;

__inlin e __ nesc_ atomi c_t  __ne sc_at omic_ star t(voi d );

__inlin e vo id  _ _nesc _ato mic_e nd(__ nesc_ atom ic_t oldSr eg);

static __in line void __ne sc_en able_ inter rupt (void );

static __in line void TOSH _SET_ RED_L ED_PI N(vo id);

static __in line void TOSH _CLR_ RED_L ED_PI N(vo id);

static __in line void TOSH _MAKE _RED_ LED_O UTPU T(voi d);

static __in line void TOSH _SET_ GREEN _LED_ PIN( void) ;

static __in line void TOSH _MAKE _GREE N_LED _OUT PUT(v oid);

static __in line void TOSH _SET_ YELLO W_LED _PIN (void );

static __in line void TOSH _MAKE _YELL OW_LE D_OU TPUT( void) ;

static __in line void TOSH _CLR_ SERIA L_ID_ PIN( void) ;

static __in line void TOSH _MAKE _SERI AL_ID _INP UT(vo id);

static __in line void TOSH _MAKE _CC_C HP_OU T_IN PUT(v oid);

static __in line void TOSH _MAKE _CC_P DATA_ OUTP UT(vo id);

static __in line void TOSH _MAKE _CC_P CLK_O UTPU T(voi d);

static __in line void TOSH _MAKE _CC_P ALE_O UTPU T(voi d);

static __in line void TOSH _SET_ FLASH _SELE CT_P IN(vo id);

static __in line void TOSH _MAKE _FLAS H_SEL ECT_ OUTPU T(voi d);

static __in line void TOSH _MAKE _FLAS H_CLK _OUT PUT(v oid);

static __in line void TOSH _MAKE _FLAS H_OUT _OUT PUT(v oid);

static __in line void TOSH _MAKE _MISO _INPU T(vo id);

static __in line void TOSH _MAKE _SPI_ OC1C_ INPU T(voi d);

static __in line void TOSH _MAKE _PW0_ OUTPU T(vo id);

static __in line void TOSH _MAKE _PW1_ OUTPU T(vo id);

static __in line void TOSH _MAKE _PW2_ OUTPU T(vo id);

static __in line void TOSH _MAKE _PW3_ OUTPU T(vo id);

static __in line void TOSH _MAKE _PW4_ OUTPU T(vo id);

static __in line void TOSH _MAKE _PW5_ OUTPU T(vo id);

static __in line void TOSH _MAKE _PW6_ OUTPU T(vo id);

static __in line void TOSH _MAKE _PW7_ OUTPU T(vo id);

static inli ne vo id TO SH_S ET_PI N_DIR ECTIO NS(v oid ) ;

enum __ nesc _unna med42 48 {

TOSH_ ADC_ PORTM APSIZ E = 12

};

enum __ nesc _unna med42 49 {

TOSH_ ACTU AL_CC _RSSI _POR T = 0 , 

TOSH_ ACTU AL_VO LTAGE _POR T = 7 , 

TOSH_ ACTU AL_BA NDGAP _POR T = 3 0, 

TOSH_ ACTU AL_GN D_POR T = 31

};

enum __ nesc _unna med42 50 {

TOS_A DC_C C_RSS I_POR T = 0, 

TOS_A DC_V OLTAG E_POR T = 7, 

TOS_A DC_B ANDGA P_POR T = 10, 

TOS_A DC_G ND_PO RT = 11

};

typedef  lon g lon g TOS _dbg _mode ;

enum __ nesc _unna med42 51 {

DBG_A LL =  ~0UL L, 

DBG_B OOT = 1UL L << 0, 

DBG_C LOCK  = 1U LL <<  1, 

DBG_T ASK = 1UL L << 2, 

DBG_S CHED  = 1U LL <<  3, 

DBG_S ENSO R = 1 ULL < < 4,  

DBG_L ED =  1ULL  << 5 , 

DBG_C RYPT O = 1 ULL < < 6,  

DBG_R OUTE  = 1U LL <<  7, 

DBG_A M = 1ULL << 8,  

DBG_C RC =  1ULL  << 9 , 

DBG_P ACKE T = 1 ULL < < 10 , 

DBG_E NCOD E = 1 ULL < < 11 , 

DBG_R ADIO  = 1U LL <<  12,  

DBG_L OG =  1ULL  << 1 3, 

DBG_A DC =  1ULL  << 1 4, 

DBG_I 2C =  1ULL  << 1 5, 

DBG_U ART = 1UL L << 16, 

DBG_P ROG = 1UL L << 17, 

DBG_S OUND ER = 1ULL << 1 8, 

DBG_T IME = 1UL L << 19, 

DBG_S IM =  1ULL  << 2 1, 

DBG_Q UEUE  = 1U LL <<  22,  

DBG_S IMRA DIO =  1ULL  << 23, 

DBG_H ARD = 1UL L << 24, 

DBG_M EM =  1ULL  << 2 5, 

DBG_U SR1 = 1UL L << 27, 

DBG_U SR2 = 1UL L << 28, 

DBG_U SR3 = 1UL L << 29, 

DBG_T EMP = 1UL L << 30, 

DBG_E RROR  = 1U LL <<  31,  

DBG_N ONE = 0, 

DBG_D EFAU LT = DBG_A LL

};

typedef  str uct _ _nesc _unn amed4 252 {

void (*tp )(voi d);

} TOSH_ sche d_ent ry_T;

enum __ nesc _unna med42 53 {

TOSH_ MAX_ TASKS  = 8,  

TOSH_ TASK _BITM ASK =  TOS H_MAX _TASK S - 1

};

TOSH_sc hed_ entry _T TO SH_q ueue[ TOSH_ MAX_T ASKS ];

volatil e ui nt8_t  TOSH _sch ed_fu ll;

volatil e ui nt8_t  TOSH _sch ed_fr ee;

static inli ne vo id TO SH_w ait(v oid ) ;

static inli ne vo id TO SH_s leep( void );

static inli ne vo id TO SH_s ched_ init( void );

bool  T OS_p ost(v oid ( *tp) (void ));

static inli ne bo ol TO SH_r un_ne xt_ta sk(vo id);

static inli ne vo id TO SH_r un_ta sk(vo id);

enum __ nesc _unna med42 54 {

TIMER _REP EAT =  0, 

TIMER _ONE _SHOT  = 1,  

NUM_T IMER S = 1

};

enum __ nesc _unna med42 55 {

TOS_I 1000 PS = 32, T OS_S 1000P S = 1 , 

TOS_I 100P S = 4 0, TO S_S1 00PS = 2, 

TOS_I 10PS  = 10 1, TO S_S1 0PS =  3, 

TOS_I 1024 PS = 0, TO S_S1 024PS  = 3,  

TOS_I 512P S = 1 , TOS _S51 2PS =  3, 

TOS_I 256P S = 3 , TOS _S25 6PS =  3, 

TOS_I 128P S = 7 , TOS _S12 8PS =  3, 

TOS_I 64PS  = 15 , TOS _S64 PS = 3, 

TOS_I 32PS  = 31 , TOS _S32 PS = 3, 

TOS_I 16PS  = 63 , TOS _S16 PS = 3, 

TOS_I 8PS = 127 , TOS _S8P S = 3 , 

TOS_I 4PS = 255 , TOS _S4P S = 3 , 

TOS_I 2PS = 15,  TOS_ S2PS  = 7,  

TOS_I 1PS = 31,  TOS_ S1PS  = 7,  

TOS_I 0PS = 0, TOS_S 0PS = 0

};

enum __ nesc _unna med42 56 {

DEFAU LT_S CALE = 3, DEFA ULT_I NTERV AL = 127

};

static  res ult_t  PotM $Pot $init (uint 8_t a rg_0 xa2ce 970);

static  res ult_t  HPLP otC$ Pot$f inali se(vo id);

static  res ult_t  HPLP otC$ Pot$d ecrea se(vo id);

static  res ult_t  HPLP otC$ Pot$i ncrea se(vo id);

static  res ult_t  HPLI nit$ init( void) ;

static  res ult_t  Blin kM$S tdCon trol$ init( void );

static  res ult_t  Blin kM$S tdCon trol$ start (voi d);

static  res ult_t  Blin kM$T imer$ fired (void );

static  res ult_t  Time rM$C lock$ fire( void) ;

static  res ult_t  Time rM$S tdCon trol$ init( void );

static  res ult_t  Time rM$S tdCon trol$ start (voi d);

static  res ult_t  Time rM$T imer$ defau lt$fi red( uint8 _t ar g_0xa 31d6 60);

static  res ult_t  Time rM$T imer$ start (uint 8_t arg_0 xa31d 660, char  arg_ 0xa2f d578 , 
uint32_ t ar g_0xa 2fd6d 0);

static  voi d HPL Clock $Clo ck$se tInte rval( uint 8_t a rg_0x a33b8 c0);

static  uin t8_t HPLCl ock$ Clock $read Count er(v oid);

static  res ult_t  HPLC lock $Cloc k$set Rate( char  arg_ 0xa33 adc0,  cha r arg _0xa3 3af0 0);

static  uin t8_t HPLPo werM anage mentM $Powe rMan ageme nt$ad justP ower (void );

static  res ult_t  Leds C$Le ds$in it(vo id);

static  res ult_t  Leds C$Le ds$re dOff( void) ;

static  res ult_t  Leds C$Le ds$re dTogg le(vo id);

static  res ult_t  Leds C$Le ds$re dOn(v oid);

static  res ult_t  Real Main $hard wareI nit(v oid) ;

static  res ult_t  Real Main $Pot$ init( uint8 _t a rg_0x a2ce9 70);

static  res ult_t  Real Main $StdC ontro l$ini t(vo id);

static  res ult_t  Real Main $StdC ontro l$sta rt(v oid);

int   m ain( void) ;

static  res ult_t  PotM $HPL Pot$f inali se(vo id);

static  res ult_t  PotM $HPL Pot$d ecrea se(vo id);

static  res ult_t  PotM $HPL Pot$i ncrea se(vo id);

uint8_t  Pot M$pot Setti ng;

static inli ne vo id Po tM$s etPot (uint 8_t v alue );

static inli ne  r esult _t P otM$P ot$in it(ui nt8_ t ini tialS ettin g);

static inli ne  r esult _t H PLPot C$Pot $decr ease (void );

static inli ne  r esult _t H PLPot C$Pot $incr ease (void );

static inli ne  r esult _t H PLPot C$Pot $fina lise (void );

static inli ne  r esult _t H PLIni t$ini t(voi d);

static resu lt_t Blink M$Le ds$in it(vo id);

static resu lt_t Blink M$Le ds$re dTogg le(vo id);

static resu lt_t Blink M$Ti mer$s tart( char arg_ 0xa2f d578,  uint 32_t  arg_ 0xa2f d6d0 );

static inli ne  r esult _t B linkM $StdC ontro l$in it(vo id);

static inli ne  r esult _t B linkM $StdC ontro l$st art(v oid);

static inli ne  r esult _t B linkM $Time r$fir ed(v oid);

static   ui nt8_t  Time rM$P owerM anage ment$ adju stPow er(vo id);

static   vo id Ti merM$ Cloc k$set Inter val(u int8 _t ar g_0xa 33b8c 0);

static   ui nt8_t  Time rM$C lock$ readC ounte r(vo id);

static   re sult_ t Tim erM$ Clock $setR ate(c har arg_0 xa33a dc0, char  arg_ 0xa33 af00 );

static  res ult_t  Time rM$T imer$ fired (uint 8_t arg_0 xa31d 660);

uint32_ t Ti merM$ mStat e;

uint8_t  Tim erM$s etInt erva lFlag ;

uint8_t  Tim erM$m Scale ;

uint8_t  Tim erM$m Inter val;

int8_t Time rM$qu eue_h ead;

int8_t Time rM$qu eue_t ail;

uint8_t  Tim erM$q ueue_ size ;

uint8_t  Tim erM$q ueue[ NUM_ TIMER S];

struct Time rM$ti mer_s  {

uint8 _t t ype;

int32 _t t icks;

int32 _t t icksL eft;

} Timer M$mT imerL ist[N UM_T IMERS ];

enum Ti merM $__ne sc_un name d4257  {

Timer M$ma xTime rInte rval  = 23 0

};

static inli ne  r esult _t T imerM $StdC ontro l$in it(vo id);

static inli ne  r esult _t T imerM $StdC ontro l$st art(v oid);

static inli ne  r esult _t T imerM $Time r$sta rt(u int8_ t id,  char  typ e, 

uint32_ t in terva l);

static void  Time rM$ad just Inter val(v oid);

static inli ne   resul t_t Timer M$Tim er$de faul t$fir ed(ui nt8_t  id) ;

static inli ne vo id Ti merM $enqu eue(u int8_ t va lue);

static inli ne ui nt8_t  Tim erM$d equeu e(voi d);

static inli ne  v oid T imer M$sig nalOn eTime r(vo id);

static inli ne  v oid T imer M$Han dleFi re(vo id);

static inli ne   resul t_t Timer M$Clo ck$fi re(v oid);

static   re sult_ t HPL Cloc k$Clo ck$fi re(vo id);

uint8_t  HPL Clock $set_ flag ;

uint8_t  HPL Clock $msca le;

uint8_t  HPL Clock $next Scal e;

uint8_t  HPL Clock $mint erva l;

static inli ne   void HPLC lock$ Clock $setI nter val(u int8_ t val ue);

static inli ne   uint8 _t H PLClo ck$Cl ock$r eadC ounte r(voi d);

static inli ne   resul t_t HPLCl ock$C lock$ setR ate(c har i nterv al, char scale );

void __ attr ibute ((int erru pt))   __v ector _15( void) ;

bool HP LPow erMan ageme ntM$ disab led =  TRUE ;

enum HP LPow erMan ageme ntM$ __nes c_unn amed4 258 {

HPLPo werM anage mentM $IDL E = 0 , 

HPLPo werM anage mentM $ADC _NR =  1 <<  3, 

HPLPo werM anage mentM $POW ER_DO WN = 1 << 4, 

HPLPo werM anage mentM $POW ER_SA VE = (1 <<  3) + (1 << 4) , 

HPLPo werM anage mentM $STA NDBY = (1 << 2)  + ( 1 << 4), 

HPLPo werM anage mentM $EXT _STAN DBY =  (1 < < 3)  + (1  << 4 ) + ( 1 <<  2)

};

static inli ne ui nt8_t  HPL Power Manag ement M$ge tPowe rLeve l(voi d);

static inli ne vo id HP LPow erMan ageme ntM$d oAdj ustme nt(vo id);

static uint 8_t H PLPow erMa nagem entM$ Power Mana gemen t$adj ustPo wer( void) ;

uint8_t  Led sC$le dsOn;

enum Le dsC$ __nes c_unn amed 4259 {

LedsC $RED _BIT = 1, 

LedsC $GRE EN_BI T = 2 , 

LedsC $YEL LOW_B IT = 4

};

static inli ne re sult_ t Le dsC$L eds$i nit(v oid) ;

static inli ne re sult_ t Le dsC$L eds$r edOn( void );

static inli ne re sult_ t Le dsC$L eds$r edOff (voi d);

static inli ne re sult_ t Le dsC$L eds$r edTog gle( void) ;

static __in line void TOSH _SET_ GREEN _LED_ PIN( void)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x1B +  0x20 ) 
|= 1 <<  1;

}

static __in line void TOSH _SET_ YELLO W_LED _PIN (void )

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x1B +  0x20 ) 
|= 1 <<  0;

}

static __in line void TOSH _SET_ RED_L ED_PI N(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x1B +  0x20 ) 
|= 1 <<  2;

}

static __in line void TOSH _SET_ FLASH _SELE CT_P IN(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x1B +  0x20 ) 
|= 1 <<  3;

}

static __in line void TOSH _MAKE _FLAS H_CLK _OUT PUT(v oid)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x11 +  0x20 ) 
|= 1 <<  5;

}

static __in line void TOSH _MAKE _FLAS H_OUT _OUT PUT(v oid)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x11 +  0x20 ) 
|= 1 <<  3;

}

static __in line void TOSH _MAKE _FLAS H_SEL ECT_ OUTPU T(voi d)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x1A +  0x20 ) 
|= 1 <<  3;

}

static __in line void TOSH _CLR_ SERIA L_ID_ PIN( void)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x1B +  0x20 ) 
&= ~(1 << 4 );

}

static __in line void TOSH _MAKE _SERI AL_ID _INP UT(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x1A +  0x20 ) 
&= ~(1 << 4 );

}

static __in line void TOSH _MAKE _SPI_ OC1C_ INPU T(voi d)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x17 +  0x20 ) 
&= ~(1 << 7 );

}

static __in line void TOSH _MAKE _MISO _INPU T(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x17 +  0x20 ) 
&= ~(1 << 3 );

}

static __in line void TOSH _MAKE _CC_P CLK_O UTPU T(voi d)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x11 +  0x20 ) 
|= 1 <<  6;

}

static __in line void TOSH _MAKE _CC_P DATA_ OUTP UT(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x11 +  0x20 ) 
|= 1 <<  7;

}

static __in line void TOSH _MAKE _CC_P ALE_O UTPU T(voi d)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x11 +  0x20 ) 
|= 1 <<  4;

}

static __in line void TOSH _MAKE _PW0_ OUTPU T(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x14 +  0x20 ) 
|= 1 <<  0;

}

static __in line void TOSH _MAKE _PW1_ OUTPU T(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x14 +  0x20 ) 
|= 1 <<  1;

}

static __in line void TOSH _MAKE _PW2_ OUTPU T(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x14 +  0x20 ) 
|= 1 <<  2;

}

static __in line void TOSH _MAKE _PW3_ OUTPU T(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x14 +  0x20 ) 
|= 1 <<  3;

}

static __in line void TOSH _MAKE _PW4_ OUTPU T(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x14 +  0x20 ) 
|= 1 <<  4;

}

static __in line void TOSH _MAKE _PW5_ OUTPU T(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x14 +  0x20 ) 
|= 1 <<  5;

}

static __in line void TOSH _MAKE _PW6_ OUTPU T(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x14 +  0x20 ) 
|= 1 <<  6;

}

static __in line void TOSH _MAKE _PW7_ OUTPU T(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x14 +  0x20 ) 
|= 1 <<  7;

}

static __in line void TOSH _MAKE _CC_C HP_OU T_IN PUT(v oid)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x1A +  0x20 ) 
&= ~(1 << 6 );

}

static __in line void TOSH _MAKE _GREE N_LED _OUT PUT(v oid)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x1A +  0x20 ) 
|= 1 <<  1;

}

static __in line void TOSH _MAKE _YELL OW_LE D_OU TPUT( void)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x1A +  0x20 ) 
|= 1 <<  0;

}

static __in line void TOSH _MAKE _RED_ LED_O UTPU T(voi d)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char *)(0 x1A +  0x20 ) 
|= 1 <<  2;

}

static inli ne vo id TO SH_S ET_PI N_DIR ECTIO NS(v oid )

{

TOSH_ MAKE _RED_ LED_O UTPU T();

TOSH_ MAKE _YELL OW_LE D_OU TPUT( );

TOSH_ MAKE _GREE N_LED _OUT PUT() ;

TOSH_ MAKE _CC_C HP_OU T_IN PUT() ;

TOSH_ MAKE _PW7_ OUTPU T();

TOSH_ MAKE _PW6_ OUTPU T();

TOSH_ MAKE _PW5_ OUTPU T();

TOSH_ MAKE _PW4_ OUTPU T();

TOSH_ MAKE _PW3_ OUTPU T();

TOSH_ MAKE _PW2_ OUTPU T();

TOSH_ MAKE _PW1_ OUTPU T();

TOSH_ MAKE _PW0_ OUTPU T();

TOSH_ MAKE _CC_P ALE_O UTPU T();

TOSH_ MAKE _CC_P DATA_ OUTP UT();

TOSH_ MAKE _CC_P CLK_O UTPU T();

TOSH_ MAKE _MISO _INPU T();

TOSH_ MAKE _SPI_ OC1C_ INPU T();

TOSH_ MAKE _SERI AL_ID _INP UT();

TOSH_ CLR_ SERIA L_ID_ PIN( );

TOSH_ MAKE _FLAS H_SEL ECT_ OUTPU T();

TOSH_ MAKE _FLAS H_OUT _OUT PUT() ;

TOSH_ MAKE _FLAS H_CLK _OUT PUT() ;

TOSH_ SET_ FLASH _SELE CT_P IN();

TOSH_ SET_ RED_L ED_PI N();

TOSH_ SET_ YELLO W_LED _PIN ();

TOSH_ SET_ GREEN _LED_ PIN( );

}

static inli ne re sult_ t HP LInit $init (void )

{

TOSH_ SET_ PIN_D IRECT IONS ();

retur n SU CCESS ;

}

inline stat ic  r esult _t R ealMa in$ha rdwar eIni t(voi d){

unsig ned char resul t;

resul t = HPLIn it$in it() ;

retur n re sult;

}

static inli ne re sult_ t HP LPotC $Pot$ final ise( void)

{

retur n SU CCESS ;

}

inline stat ic  r esult _t P otM$H PLPot $fina lise (void ){

unsig ned char resul t;

resul t = HPLPo tC$Po t$fi nalis e();

retur n re sult;

}

static inli ne re sult_ t HP LPotC $Pot$ incre ase( void)

{

retur n SU CCESS ;

}

inline stat ic  r esult _t P otM$H PLPot $incr ease (void ){

unsig ned char resul t;

resul t = HPLPo tC$Po t$in creas e();

retur n re sult;

}

static inli ne re sult_ t HP LPotC $Pot$ decre ase( void)

{

retur n SU CCESS ;

}

inline stat ic  r esult _t P otM$H PLPot $decr ease (void ){

unsig ned char resul t;

resul t = HPLPo tC$Po t$de creas e();

retur n re sult;

}

static inli ne vo id Po tM$s etPot (uint 8_t v alue )

{

uint8 _t i ;

for ( i = 0; i < 151 ; i+ +) 

Pot M$HP LPot$ decre ase( );

for ( i = 0; i < val ue; i++) 

Pot M$HP LPot$ incre ase( );

PotM$ HPLP ot$fi nalis e();

PotM$ potS ettin g = v alue ;

}

static inli ne  r esult _t P otM$P ot$in it(ui nt8_ t ini tialS ettin g)

{

PotM$ setP ot(in itial Sett ing);

retur n SU CCESS ;

}

inline stat ic  r esult _t R ealMa in$Po t$ini t(ui nt8_t  arg_ 0xa2c e970 ){

unsig ned char resul t;

resul t = PotM$ Pot$i nit( arg_0 xa2ce 970);

retur n re sult;

}

static inli ne vo id TO SH_s ched_ init( void )

{

TOSH_ sche d_fre e = 0 ;

TOSH_ sche d_ful l = 0 ;

}

static inli ne re sult_ t rc ombin e(res ult_t  r1,  resu lt_t r2)

{

retur n r1  == F AIL ?  FAI L : r 2;

}

static inli ne   

result_ t Le dsC$L eds$i nit( void)

{

{ __n esc_ atomi c_t _ _nes c_ato mic =  __ne sc_a tomic _star t();

{

L edsC $leds On = 0;

T OSH_ SET_R ED_LE D_PI N();

T OSH_ SET_Y ELLOW _LED _PIN( );

T OSH_ SET_G REEN_ LED_ PIN() ;

}

__n esc_ atomi c_end (__n esc_a tomic ); }

retur n SU CCESS ;

}

inline stat ic   resul t_t Blink M$Led s$ini t(vo id){

unsig ned char resul t;

resul t = LedsC $Leds $ini t();

retur n re sult;

}

static inli ne re sult_ t Bl inkM$ StdCo ntrol $ini t(voi d)

{

Blink M$Le ds$in it();

retur n SU CCESS ;

}

static inli ne re sult_ t HP LCloc k$Clo ck$se tRat e(cha r int erval , ch ar sc ale)

{

scale  &= 0x7;

scale  |= 0x8;

{ __n esc_ atomi c_t _ _nes c_ato mic =  __ne sc_a tomic _star t();

{

*  (vo latil e uns igne d cha r *)( unsig ned int ) & * ( volat ile unsig ned c har 
*)(0x37  + 0 x20) &= ~( 1 <<  0);

*  (vo latil e uns igne d cha r *)( unsig ned int ) & * ( volat ile unsig ned c har 
*)(0x37  + 0 x20) &= ~( 1 <<  1);

*  (vo latil e uns igne d cha r *)( unsig ned int ) & * ( volat ile unsig ned c har 
*)(0x30  + 0 x20) |= 1 << 3 ;

*  (vo latil e uns igne d cha r *)( unsig ned int ) & * ( volat ile unsig ned c har 
*)(0x33  + 0 x20) = sca le;

*  (vo latil e uns igne d cha r *)( unsig ned int ) & * ( volat ile unsig ned c har 
*)(0x32  + 0 x20) = 0;

*  (vo latil e uns igne d cha r *)( unsig ned int ) & * ( volat ile unsig ned c har 
*)(0x31  + 0 x20) = int erva l;

*  (vo latil e uns igne d cha r *)( unsig ned int ) & * ( volat ile unsig ned c har 
*)(0x37  + 0 x20) |= 1 << 1 ;

}

__n esc_ atomi c_end (__n esc_a tomic ); }

retur n SU CCESS ;

}

inline stat ic   resul t_t Timer M$Clo ck$se tRat e(cha r arg _0xa3 3adc 0, ch ar 
arg_0xa 33af 00){

unsig ned char resul t;

resul t = HPLCl ock$C lock $setR ate(a rg_0x a33a dc0, arg_0 xa33a f00) ;

retur n re sult;

}

static inli ne re sult_ t Ti merM$ StdCo ntrol $ini t(voi d)

{

Timer M$mS tate = 0;

Timer M$se tInte rvalF lag = 0;

Timer M$qu eue_h ead =  Tim erM$q ueue_ tail = -1 ;

Timer M$qu eue_s ize =  0;

Timer M$mS cale = 3;

Timer M$mI nterv al = Time rM$ma xTime rInte rval ;

retur n Ti merM$ Clock $set Rate( Timer M$mIn terv al, T imerM $mSca le);

}

inline stat ic  r esult _t R ealMa in$St dCont rol$ init( void) {

unsig ned char resul t;

resul t = Timer M$Std Cont rol$i nit() ;

resul t = rcomb ine(r esul t, Bl inkM$ StdCo ntro l$ini t());

retur n re sult;

}

inline stat ic   uint8 _t T imerM $Powe rMana geme nt$ad justP ower( void ){

unsig ned char resul t;

resul t = HPLPo werMa nage mentM $Powe rMana geme nt$ad justP ower( );

retur n re sult;

}

static inli ne vo id HP LClo ck$Cl ock$s etInt erva l(uin t8_t value )

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char 
*)(0x31  + 0 x20) = val ue;

}

inline stat ic   void Time rM$Cl ock$s etInt erva l(uin t8_t arg_0 xa33 b8c0) {

HPLCl ock$ Clock $setI nter val(a rg_0x a33b8 c0);

}

static inli ne ui nt8_t  HPL Clock $Cloc k$rea dCou nter( void)

{

retur n * (vola tile unsi gned char *)(un sign ed in t )& * (vo lati le un signe d 
char *) (0x3 2 + 0 x20);

}

inline stat ic   uint8 _t T imerM $Cloc k$rea dCou nter( void) {

unsig ned char resul t;

resul t = HPLCl ock$C lock $read Count er();

retur n re sult;

}

static inli ne re sult_ t Ti merM$ Timer $star t(ui nt8_t  id, char type , uin t32_t  
interva l)

{

uint8 _t d iff;

if (i d >=  NUM_ TIMER S) {

ret urn FAIL;

}

if (t ype > 1) {

ret urn FAIL;

}

Timer M$mT imerL ist[i d].t icks = int erval ;

Timer M$mT imerL ist[i d].t ype =  type ;

{ __n esc_ atomi c_t _ _nes c_ato mic =  __ne sc_a tomic _star t();

{

d iff = Tim erM$C lock $read Count er();

i nter val + = dif f;

T imer M$mTi merLi st[i d].ti cksLe ft = inte rval;

T imer M$mSt ate | = 0x 1 << id;

i f (i nterv al < Time rM$mI nterv al) {

T imerM $mInt erva l = i nterv al;

T imerM $Cloc k$se tInte rval( Timer M$mI nterv al);

T imerM $setI nter valFl ag = 0;

T imerM $Powe rMan ageme nt$ad justP ower ();

}

}

__n esc_ atomi c_end (__n esc_a tomic ); }

retur n SU CCESS ;

}

inline stat ic  r esult _t B linkM $Time r$sta rt(c har a rg_0x a2fd5 78, uint3 2_t 
arg_0xa 2fd6 d0){

unsig ned char resul t;

resul t = Timer M$Tim er$s tart( 0, ar g_0xa 2fd5 78, a rg_0x a2fd6 d0);

retur n re sult;

}

static inli ne re sult_ t Bl inkM$ StdCo ntrol $sta rt(vo id)

{

retur n Bl inkM$ Timer $sta rt(TI MER_R EPEAT , 10 00);

}

static inli ne re sult_ t Ti merM$ StdCo ntrol $sta rt(vo id)

{

retur n SU CCESS ;

}

inline stat ic  r esult _t R ealMa in$St dCont rol$ start (void ){

unsig ned char resul t;

resul t = Timer M$Std Cont rol$s tart( );

resul t = rcomb ine(r esul t, Bl inkM$ StdCo ntro l$sta rt()) ;

retur n re sult;

}

static inli ne ui nt8_t  HPL Power Manag ement M$ge tPowe rLeve l(voi d)

{

uint8 _t d iff;

if (*  (vo latil e uns igne d cha r *)( unsig ned int ) & * ( volat ile unsig ned c har 
*)(0x37  + 0 x20) & ~(( 1 <<  1) |  (1 < < 0)) ) {

r etur n HPL Power Mana gemen tM$ID LE;

}

else {

if (* ( volat ile u nsig ned c har * )(uns igne d int  )& *  (vol atil e uns igned  cha r 
*)(0x0D  + 0 x20) & (1 << 7 )) {

ret urn H PLPow erMa nagem entM$ IDLE;

}

els e {

i f (*  (vol atile  uns igned  char  *)(u nsig ned i nt )&  * (v olat ile u nsign ed 
char *) (0x0 6 + 0 x20) & (1  << 7 )) {

r eturn  HPLP ower Manag ement M$ADC _NR;

}

e lse {

if (* (v olati le u nsign ed ch ar *) (uns igned  int )& * (vol atile  unsi gned  
char *) (0x3 7 + 0 x20) & (( 1 << 1) | (1 <<  0)) ) {

diff  = * (vol atile  unsi gned char  *)(u nsign ed in t )&  * (v olati le 
unsigne d ch ar *) (0x31  + 0 x20) - * ( volat ile unsig ned c har 
*)(unsi gned  int )& * (vol atile  unsi gned char  *)(0 x32 +  
0x20);

if ( diff < 16 ) {

re turn HPLP owerM anage mentM $EXT _STAN DBY;

}

retu rn HP LPow erMan ageme ntM$P OWER _SAVE ;

}

els e 

{

retu rn HP LPow erMan ageme ntM$P OWER _DOWN ;

}

}

}

}

}

static inli ne vo id HP LPow erMan ageme ntM$d oAdj ustme nt(vo id)

{

uint8 _t f oo;

uint8 _t m cu;

foo =  HPL Power Manag emen tM$ge tPowe rLeve l();

mcu =  * ( volat ile u nsig ned c har * )(uns igne d int  )& *  (vol atil e uns igned  cha r 
*)(0x35  + 0 x20);

mcu & = 0x e3;

if (f oo = = HPL Power Mana gemen tM$EX T_STA NDBY  || f oo ==  
HPLPowe rMan ageme ntM$P OWER _SAVE ) {

m cu | = HPL Power Mana gemen tM$ID LE;

w hile  ((* (vola tile  unsi gned char *)(u nsign ed in t )& * (v olati le 
unsigne d ch ar *) (0x30  + 0 x20) & 0x7 ) != 0) {

__asm  vola tile  ("no p");}

m cu & = 0xe 3;

}

mcu | = fo o;

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char 
*)(0x35  + 0 x20) = mcu ;

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char 
*)(0x35  + 0 x20) |= 1 << 5 ;

}

static __in line void __ne sc_en able_ inter rupt (void )

{

__as m vo latil e ("s ei") ;}

static inli ne vo id TO SH_w ait(v oid)

{

__as m vo latil e ("n op") ;

__as m vo latil e ("n op") ;}

static inli ne vo id TO SH_s leep( void)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char 
*)(0x35  + 0 x20) |= 1 << 5 ;

__as m vo latil e ("s leep ");}

__inlin e vo id  _ _nesc _ato mic_e nd(__ nesc_ atom ic_t oldSr eg)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char 
*)(0x3F  + 0 x20) = old Sreg ;

}

__inlin e __ nesc_ atomi c_t  __ne sc_at omic_ star t(voi d )

{

__nes c_at omic_ t res ult = * ( volat ile u nsig ned c har * )(uns igne d int  )& *  
(volati le u nsign ed ch ar * )(0x3 F + 0 x20);

__as m vo latil e ("c li") ;

retur n re sult;

}

static inli ne bo ol TO SH_r un_ne xt_ta sk(vo id)

{

__nes c_at omic_ t fIn terr uptFl ags;

uint8 _t o ld_fu ll;

void (*fu nc)(v oid ) ;

if (T OSH_ sched _full  == TOSH_ sched _free ) {

r etur n 0;

} els e {

f Inte rrupt Flags  = _ _nesc _atom ic_st art( );

o ld_f ull =  TOSH _sch ed_fu ll;

T OSH_ sched _full ++;

T OSH_ sched _full  &= TOSH_ TASK_ BITMA SK;

f unc = TOS H_que ue[( int ) old_f ull]. tp;

T OSH_ queue [(int  )ol d_ful l].tp  = 0;

_ _nes c_ato mic_e nd(f Inter ruptF lags) ;

f unc( );

r etur n 1;

}

}

static inli ne vo id TO SH_r un_ta sk(vo id)

{

while  (TO SH_ru n_nex t_ta sk())  ;

TOSH_ slee p();

TOSH_ wait ();

}

static void  Time rM$ad just Inter val(v oid)

{

uint8 _t i ;

uint8 _t v al = Timer M$ma xTime rInte rval;

if (T imer M$mSt ate) {

f or ( i = 0 ; i <  NUM _TIME RS; i ++) {

i f (Ti merM$ mSta te & (0x1 << i)  && Timer M$mTi merLi st[i ].tic ksLef t < 
val) {

va l = T imer M$mTi merLi st[i] .tic ksLef t;

}

}

{  __n esc_a tomic _t _ _nesc _atom ic = __ne sc_at omic_ start ();

{

T imerM $mInt erva l = v al;

T imerM $Cloc k$se tInte rval( Timer M$mI nterv al);

T imerM $setI nter valFl ag = 0;

}

__n esc_a tomic _end (__ne sc_at omic) ; }

}

else {

{  __n esc_a tomic _t _ _nesc _atom ic = __ne sc_at omic_ start ();

{

T imerM $mInt erva l = T imerM $maxT imer Inter val;

T imerM $Cloc k$se tInte rval( Timer M$mI nterv al);

T imerM $setI nter valFl ag = 0;

}

__n esc_a tomic _end (__ne sc_at omic) ; }

}

Timer M$Po werMa nagem ent$ adjus tPowe r();

}

static __in line void TOSH _CLR_ RED_L ED_PI N(vo id)

{

* (vo lati le un signe d ch ar *) (unsi gned int )& * (vola tile unsi gned char 
*)(0x1B  + 0 x20) &= ~( 1 <<  2);

}

static inli ne re sult_ t Le dsC$L eds$r edOn( void )

{

{ __n esc_ atomi c_t _ _nes c_ato mic =  __ne sc_a tomic _star t();

{

T OSH_ CLR_R ED_LE D_PI N();

L edsC $leds On |=  Led sC$RE D_BIT ;

}

__n esc_ atomi c_end (__n esc_a tomic ); }

retur n SU CCESS ;

}

static inli ne re sult_ t Le dsC$L eds$r edOff (voi d)

{

{ __n esc_ atomi c_t _ _nes c_ato mic =  __ne sc_a tomic _star t();

{

T OSH_ SET_R ED_LE D_PI N();

L edsC $leds On &=  ~Le dsC$R ED_BI T;

}

__n esc_ atomi c_end (__n esc_a tomic ); }

retur n SU CCESS ;

}

static inli ne re sult_ t Le dsC$L eds$r edTog gle( void)

{

resul t_t rval;

{ __n esc_ atomi c_t _ _nes c_ato mic =  __ne sc_a tomic _star t();

{

i f (L edsC$ ledsO n & LedsC $RED_ BIT) {

rva l = L edsC$ Leds $redO ff();

}  els e {

rva l = L edsC$ Leds $redO n();

}

}

__n esc_ atomi c_end (__n esc_a tomic ); }

retur n rv al;

}

inline stat ic re sult_ t Bl inkM$ Leds$ redTo ggle (void ){

unsig ned char resul t;

resul t = LedsC $Leds $red Toggl e();

retur n re sult;

}

static inli ne re sult_ t Bl inkM$ Timer $fire d(vo id)

{

Blink M$Le ds$re dTogg le() ;

retur n SU CCESS ;

}

static inli ne re sult_ t Ti merM$ Timer $defa ult$ fired (uint 8_t i d)

{

retur n SU CCESS ;

}

inline stat ic  r esult _t T imerM $Time r$fir ed(u int8_ t arg _0xa3 1d66 0){

unsig ned char resul t;

switc h (a rg_0x a31d6 60) {

cas e 0:

r esul t = B linkM $Tim er$fi red() ;

b reak ;

def ault :

r esul t = T imerM $Tim er$de fault $fire d(ar g_0xa 31d66 0);

}

retur n re sult;

}

static inli ne ui nt8_t  Tim erM$d equeu e(voi d)

{

if (T imer M$que ue_si ze = = 0) {

ret urn NUM_T IMERS ;

}

if (T imer M$que ue_he ad = = NUM _TIME RS - 1) {

Tim erM$ queue _head  = - 1;

}

Timer M$qu eue_h ead++ ;

Timer M$qu eue_s ize-- ;

retur n Ti merM$ queue [(ui nt8_t  )Tim erM$q ueue _head ];

}

static inli ne  v oid T imer M$sig nalOn eTime r(vo id)

{

uint8 _t i timer  = Ti merM $dequ eue() ;

if (i time r < N UM_TI MERS ) {

Tim erM$ Timer $fire d(it imer) ;

}

}

static inli ne vo id Ti merM $enqu eue(u int8_ t va lue)

{

if (T imer M$que ue_ta il = = NUM _TIME RS - 1) {

Tim erM$ queue _tail  = - 1;

}

Timer M$qu eue_t ail++ ;

Timer M$qu eue_s ize++ ;

Timer M$qu eue[( uint8 _t ) Timer M$que ue_ta il] = val ue;

}

static inli ne vo id Ti merM $Hand leFir e(voi d)

{

uint8 _t i ;

Timer M$se tInte rvalF lag = 1;

if (T imer M$mSt ate) {

f or ( i = 0 ; i <  NUM _TIME RS; i ++) {

i f (Ti merM$ mSta te & (0x1 << i) ) {

Ti merM$ mTim erLis t[i]. ticks Left  -= T imerM $mInt erva l + 1 ;

if  (Tim erM$ mTime rList [i].t icks Left <= 2)  {

if (Tim erM$m Timer List[ i].t ype = = TIM ER_RE PEAT ) {

Tim erM$m Timer List[ i].t icksL eft + = Tim erM$ mTime rList [i]. ticks ;

}

els e 

{

Tim erM$m State  &= ~ (0x1  << i );

}

Tim erM$ enque ue(i) ;

TOS _pos t(Tim erM$s ignal OneT imer) ;

}

}

}

}

Timer M$ad justI nterv al() ;

}

static inli ne   resul t_t Timer M$Clo ck$fi re(v oid)

{

TOS_p ost( Timer M$Han dleF ire);

retur n SU CCESS ;

}

inline stat ic   resul t_t HPLCl ock$C lock$ fire (void ){

unsig ned char resul t;

resul t = Timer M$Clo ck$f ire() ;

retur n re sult;

}

bool  T OS_p ost(v oid ( *tp) (void ))

{

__nes c_at omic_ t fIn terr uptFl ags;

uint8 _t t mp;

fInte rrup tFlag s = _ _nes c_ato mic_s tart( );

tmp =  TOS H_sch ed_fr ee;

TOSH_ sche d_fre e++;

TOSH_ sche d_fre e &= TOSH _TASK _BITM ASK;

if (T OSH_ sched _free  != TOSH_ sched _full ) {

_ _nes c_ato mic_e nd(f Inter ruptF lags) ;

T OSH_ queue [tmp] .tp = tp;

r etur n TRU E;

}

else {

T OSH_ sched _free  = t mp;

_ _nes c_ato mic_e nd(f Inter ruptF lags) ;

r etur n FAL SE;

}

}

int   m ain( void)

{

RealM ain$ hardw areIn it() ;

RealM ain$ Pot$i nit(1 0);

TOSH_ sche d_ini t();

RealM ain$ StdCo ntrol $ini t();

RealM ain$ StdCo ntrol $sta rt();

__nes c_en able_ inter rupt ();

while  (1)  {

T OSH_ run_t ask() ;

}

}

static uint 8_t H PLPow erMa nagem entM$ Power Mana gemen t$adj ustPo wer( void)

{

uint8 _t m cu;

if (! HPLP owerM anage ment M$dis abled ) {

TOS _pos t(HPL Power Mana gemen tM$do Adjus tmen t);

}

else 

{

m cu =  * (v olati le u nsign ed ch ar *) (uns igned  int )& * (vol atile  unsi gned  char  
*)(0x35  + 0 x20);

m cu & = 0xe 3;

m cu | = HPL Power Mana gemen tM$ID LE;

*  (vo latil e uns igne d cha r *)( unsig ned int ) & * ( volat ile unsig ned c har 
*)(0x35  + 0 x20) = mcu ;

*  (vo latil e uns igne d cha r *)( unsig ned int ) & * ( volat ile unsig ned c har 
*)(0x35  + 0 x20) |= 1 << 5 ;

}

retur n 0;

}

void __ attr ibute ((int erru pt))   __v ector _15( void)

{

{ __n esc_ atomi c_t _ _nes c_ato mic =  __ne sc_a tomic _star t();

{

i f (H PLClo ck$se t_fl ag) {

H PLClo ck$ms cale  = HP LCloc k$nex tSca le;

H PLClo ck$ne xtSc ale | = 0x8 ;

*  (vol atile  uns igned  char  *)(u nsig ned i nt )&  * (v olat ile u nsign ed c har 
*)(0x33  + 0 x20) = HPL Cloc k$nex tScal e;

*  (vol atile  uns igned  char  *)(u nsig ned i nt )&  * (v olat ile u nsign ed c har 
*)(0x31  + 0 x20) = HPL Cloc k$min terva l;

H PLClo ck$se t_fl ag = 0;

}

}

__n esc_ atomi c_end (__n esc_a tomic ); }

HPLCl ock$ Clock $fire ();

}

1K lines of C 
(another 1K lines of comments)
= ~1.5K bytes of assembly code
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static inline result_t LedsC$Leds$redToggle(void)
{
result_t rval;
{ __nesc_atomic_t __nesc_atomic = __nesc_atomic_start();
{
if (LedsC$ledsOn & LedsC$RED_BIT) { rval = LedsC$Leds$redOff();
} else { rval = LedsC$Leds$redOn();
}

}
__nesc_atomic_end(__nesc_atomic); }

return rval;
}
inline static result_t BlinkM$Leds$redToggle(void)
{
unsigned char result;
result = LedsC$Leds$redToggle();
return result;

}
static inline result_t BlinkM$Timer$fired(void)
{
BlinkM$Leds$redToggle();
return SUCCESS;

}

static inline result_t LedsC$Leds$redOn(void)
{
{ __nesc_atomic_t __nesc_atomic = __nesc_atomic_start();
{
TOSH_CLR_RED_LED_PIN();
LedsC$ledsOn |= LedsC$RED_BIT;

}
__nesc_atomic_end(__nesc_atomic); }

return SUCCESS;
}

static inline result_t LedsC$Leds$redOff(void)
{
{ __nesc_atomic_t __nesc_atomic = __nesc_atomic_start();
{
TOSH_SET_RED_LED_PIN();
LedsC$ledsOn &= ~LedsC$RED_BIT;

}
__nesc_atomic_end(__nesc_atomic); }

return SUCCESS;
}
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� Asynchronous Code (AC)
� Any code that is reachable from an interrupt handler

� Synchronous Code  (SC)
� Any code that is ONLY reachable from a task
� Boot sequence

� Potential race conditions
� Asynchronous Code and Synchronous Code 
� Asynchronous Code and Asynchronous Code 
� Non-preemption eliminates data races among tasks

� nesC reports potential data races to the programmer at compile time 
(new with version 1.1)

� Use atomic statement when needed
� async keyword is used to declare asynchronous code to compiler
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{
...
status = call CmdName(args)

...
} command CmdName(args) {

...
return status;
}

{
...
status = signal EvtName(args)

...
}

event EvtName)(args) {
...
return status;
}

{
...
post TskName();
...
}

task void TskName {
...
}
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Event handler

Component2

Component1

Check success flag
(OK, failed, etc.)

Event or task

Command

Task

post task and return
OK, or return busy

call command,
try again if not OK

task executes and
signals completion
with event

Phase I
• call command with parameters
• command either posts task to do 

real work or signals busy and 
to try again later

Phase II
• task completes and uses event

(with return parameters) to signal
completion

• event handler checks for success
(may cause re-issue of 
command if failed)
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� Use mixed case with the first letter of word capitalized
� Interfaces (Xxx.nc)
� Components 

� Configuration (XxxC.nc)
� Module  (XxxM.nc)

� Application – top level component (Xxx.nc)
� Commands, Events, & Tasks

� First letter lowercase
� Task names should start with the word “task”, commands with “cmd”, 

events with “evt” or “event”
� If a command/event pair form a split-phase operation, event name should

be same as command name with the suffix “Done” or “Complete”
� Commands with “TOSH_” prefix indicate that they touch hardware directly

� Variables – first letter lowercase, caps on first letter of all sub-words
� Constants – all caps
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� nesC allows interfaces to fan-out to and fan-in from multiple components
� One “provides” can be connected to many “uses” and vice versa
� Wiring fans-out, fan-in is done by a combine function that merges results

implementation {
components Main, Counter, IntToLeds, TimerC;

Main.StdControl -> IntToLeds.StdControl;
Main.StdControl -> Counter.StdControl;
Main.StdControl -> TimerC.StdControl;

result_t ok1, ok2, ok3;
….
ok1 = call UARTControl.init();
ok2 = call RadioControl.init();
ok3 = call Leds.init();
….
return rcombine3(ok1, ok2, ok3);

Fan-out by wiring

Fan-in using rcombine
- rcombine is just a simple 

logical AND for most cases

������� ��	
�
����
��	��
���	�� & 

configuration CntToLeds {

}

implementation {

components Main, Counter, IntToLeds, TimerC;

Main.StdControl   -> IntToLeds.StdControl;

Main.StdControl   -> Counter.StdControl;

Main.StdControl   -> TimerC.StdControl;

Counter.Timer     -> TimerC.Timer[unique("Timer")];

Counter.IntOutput -> IntToLeds.IntOutput;

}

TimerC.nc IntToLeds.nc

Timer.nc IntOutput.ncStdControl.nc StdControl.nc

�0����


IntOutput.ncTimer.nc

StdControl.nc

Counter.nc

StdControl.nc

M ain.nc
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� Which of the following goes inside the module you are implementing 
if we assume you are the “user” of the interface? 
� NOTE: Not all of these choices are exposed through an interface.

Assume those that are not exposed are implemented in your module.

� post taskA( );
� call commandB(args);
� signal eventC(args);

� taskA implementation
� commandB implementation
� eventC implementation  
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configuration Sense { 
}
implementation
{

components Main, SenseM, LedsC, TimerC, DemoSensorC as Sensor;

Main.StdControl -> Sensor.StdControl;
Main.StdControl -> TimerC.StdControl;
Main.StdControl -> SenseM.StdControl;

SenseM.ADC -> Sensor.ADC;
SenseM.ADCControl -> Sensor.StdControl;
SenseM.Leds -> LedsC.Leds;
SenseM.Timer -> TimerC.Timer[unique("Timer")];

}

module SenseM {
provides {
interface StdControl;

}
uses {
interface Timer;
interface ADC;
interface StdControl as ADCControl;
interface Leds;

}
}                               cont’d

configuration DemoSensorC
{

provides interface ADC;
provides interface StdControl;

}
implementation
{

components Photo as Sensor;

StdControl = Sensor;
ADC = Sensor;

}

Sense.nc

SenseM.nc

DemoSensorC.nc
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cont’d

implementation {
/* Module scoped method.  Displays the lowest 3 bits to the LEDs, with RED      

being the most signficant and YELLOW being the least significant */

result_t display(uint16_t value) {
if (value &1) call Leds.yellowOn(); else call Leds.yellowOff();
if (value &2) call Leds.greenOn();  else call Leds.greenOff();
if (value &4) call Leds.redOn();    else call Leds.redOff();
return SUCCESS;

}

command result_t StdControl.init()  { return call Leds.init(); }
command result_t StdControl.start() { return call Timer.start(TIMER_REPEAT, 500); }
command result_t StdControl.stop()  { return call Timer.stop(); }

event result_t Timer.fired() { return call ADC.getData(); }

async event result_t ADC.dataReady(uint16_t data) {
display(7-((data>>7) &0x7));
return SUCCESS;

}
}
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configuration SenseTask { 
}
implementation
{

components Main, SenseTaskM, LedsC, TimerC, DemoSensorC as Sensor;

Main.StdControl -> TimerC;
Main.StdControl -> Sensor;
Main.StdControl -> SenseTaskM;

SenseTaskM.Timer -> TimerC.Timer[unique("Timer")];
SenseTaskM.ADC   -> Sensor;
SenseTaskM.Leds  -> LedsC;

}

module SenseTaskM {
provides {
interface StdControl;

}
uses {
interface Timer;
interface ADC;
interface Leds;

}
}                               cont’d

SenseTask.nc

SenseM.nc
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implementation {

enum {
log2size = 3, // log2 of buffer size
size=1 << log2size, // circular buffer size
sizemask=size - 1,  // bit mask

};
int8_t head;          // head index 
int16_t rdata[size];  // circular buffer

inline void putdata(int16_t val)
{
int16_t p;
atomic {

p = head;
head = (p+1) & sizemask;
rdata[p] = val;

}
}  
result_t display(uint16_t value)
{

if (value &1) call Leds.yellowOn();
else call Leds.yellowOff();
if (value &2) call Leds.greenOn();
else call Leds.greenOff();
if (value &4) call Leds.redOn();
else call Leds.redOff();
return SUCCESS;

}

task void processData() 
{

int16_t i, sum=0;
atomic {
for (i=0; i<size; i++)   

sum += (rdata[i] >> 7);
}
display(sum >> log2size);

}
command result_t StdControl.init() {
atomic head = 0;
return call Leds.init();

}
command result_t StdControl.start() {
return call Timer.start(TIMER_REPEAT, 500);

}
command result_t StdControl.stop() {
return call Timer.stop();

}
event result_t Timer.fired() {
return call ADC.getData();

}
async event result_t ADC.dataReady(uint16_t data) 
{
putdata(data);
post processData();
return SUCCESS;

}
}
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RFM

Radio Byte

Radio Packet

UART

Serial Packet

ADC

Temp Photo
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NOTE: This is NOT the radio stack we will be using
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� Make liberal use of “grep” or “find in files”

� Look at example applications in the /apps directory
� All interfaces are in /interfaces directory
� Utilities are in /system, /lib, /platform, or /sensorboards

� Try to keep commands and events very short
� Avoid loops, use queues and callbacks
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� Cover in more detail in later lectures
� Applications can be built to run on the PC (TOSSIM) 

� Good to debug 
� Does not perfectly simulate the hardware

� Toggling LEDs
� Can only get so much information from 1 LED
� Useful for indicating specific events (will LED be on long enough?):

� Radio packet transmit/receive
� Timer fired
� Sensor activation


