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PASCAL
senaphore = record
val ue: 1 nteger;
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PV

procedure p(var s:samephore);

{

s.value=s.value-1,
If (s.value<0) asleep(s.queue);
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PV

asleep(s.queue); PCB s.queue

wakeup(s.queue); s.queue
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Semaphores

Overview
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The synchronization Problem

myGetData ()

{
| requestData ();

I waitForData ();

Task

[\
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The Synchronization Solution

® Create a binary semaphore for the event.

® Binary semaphores exist in one of two states:
* Full (event has occurred).
* Empty (event has not occurred).
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Binary Semaphores

SEM_ID semBCreate (options, intialState)

options Sepcify queue type (SEM_Q PRIORITY or
SEM_Q_ FIFO) for tasks pended on this
semaphore.
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Taking a Semaphore

STATUS semTake (semld, timeout)

semld The SEM_ID returned from semBCreate().

timeout Maximum time to wait for semaphore. Value
can be clock ticks, WAIT_FOREVER, or NO_WAIT.
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Giving a Semaphores

STATUS semGive (semld)

® Unblocks a task waiting for semld.

® If no task is waiting, make semld available.
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Giving a Binary Semaphore

tasks no | semaphore
nended ? made available




CQ@OQ_ saRem
H/\A)\/l\/\@ uml.org.cn

Information Leakage

® Fast event occurrences can cause lost information.

® Suppose a VxWorks task (priority=100) is executing the
following code, with semld initially unavailable:

FOREVER
{
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Synchronizing Multiple Tasks

STATUS semFlush (semld)

® Unblocks all tasks waiting for semaphore.

® Does not affect the state of a semaphore.
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Semaphores

Overview

Binary Semaphores and Synchronization

Mutual Exclusion
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Mutual Exclusion Problem

® Some resources may be left inconsistently if accessed by
more than one task simultaneously.
® Shared data structures.
® Shared files.
® Shared hardware devices.

® Must obtain exclusive access to such a resource before
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Race Condition Example

tTaskl tTask2

f11ere */
fhdex of AL YRYMRdex = -1; i

char myBuf(BU_SIZE); /* store data
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Solution Overview

® Create a mutual exclusion semaphore to guard the resource.

® Call semTake() before accessing the resource; call semGive()
when done.
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Creating Mutual Exclusion Semaphores

SEM_ID semMCreate (options)

® options can be :

gueue specification SEM_Q FIFO or
SEM_Q_PRIORITY
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Mutex Ownership

® A task which takes a mutex semaphore “owns” it, so that no
other task can give this semaphore.

® Mutex semaphores can be taken recursively.
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Taking a Mutex Semaphore

task pends until
sem is given or
timeout
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Giving a Mutex Semaphore

ownership one no semap: .
5 tasks pended? fREETRlE
count? available
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Code Example - Solution

1 #include "vxWorks.h”
2 #include ” semLib.h”
3
- %
ﬁeIr_eO(;/AL char myBuf[BUF_SIZE]; /* Store data

: e
aa{_aOQAL int myBufindex = -1; /* Index of last

6 LOCAL SEM_ID mySemld;
7
8 void myBuflnit ()
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Deletion Safety

® Deleting a task which owns a semaphore can be catastrophic.

® data structures left inconsistent.
* semaphore left permanently unavailable.
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Priority Inversion

tHigh  tMedium
unblocks unblocks semTake( )

Y
High Priority Pended Pended
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e T1 T2 T3 T3
T1 T3

T1 T3




CQ@OQ_ saRem
H/\A)\/l\/\@ uml.org.cn

Priority Inheritance

® Priority inheritance algorithm solves priority inversion problem.

® Task owning a mutex semaphore is elevated to priority of highest
priority task waiting for that semaphore.
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Priority Inversion Safety

tHigh  tMedium
unblocks unblocks semTake( )
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Avoiding
Mistakes

® Itis easy to miuse mutex semaphores, since you must protect all
accesses to the resource.

® To prevent such a mistake
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Caveat - Deadlocks

semTake(semld2,=1)...cle

semTake(Semldl,z1). . eremerenneeen
semTake(semld2,-1)
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Other Caveats

® Mutual exclusion semaphores can not be used at interrupt time.
This issue will be discussed later in the chapter.

® Keep the critical region (code between semTake( ) and
semGive()) short.
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Common Routines

® Additional semaphore routines :

semDelete() Destroy the semaphore.semTake( ) calls for
all tasks pended on the semaphore return
ERROR.
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Semaphore Browser

® To inspect the properties of a specific semaphore insert the semaphore ID in the Browser S
Show box, and click on Show. =~ o T ———

Attributes
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Locking out Preemption

® When doing something quick frequently, it is preferable to lock the
scheduler instead of using a Mutex semaphore.

Call taskLock( ) to disable scheduler.

® Call taskUnLock() to reenable scheduler.
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ISR’s and Mutual Exclusion

® |ISR’s can't use Mutex semaphores.

® Task sharing a resource with an ISR may need to disable interrupts.

® To disable / re-enable interrupts :
int intLock()
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Summary

Binary Mutual Exclusion

semBCreate semMCreate
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Summary

® Binary semaphores allow tasks to pend until some event occurs.

* Create a binary semaphore for the given event.

® Tasks waiting for the event blocks on a semTake().
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Summary

® Mutual Exclusion Semaphores are appropriate for obtaining access to
a resource.

® Create a mutual exclusion semaphore to guard the resource.
* Before accessing the resource, call semTake().

* To release the resource, call semGive().

® Mutex semaphores have owners.
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Summary

® taskLock()/taskUnLock():

* Prevents other tasks from running.

* Use when doing something quick frequently.

® Caveat : keep critical region short.
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Now
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Chapter

v
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Intertask Communication

Introduction

Shared Memory
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Overview

® Multitasking systems need communication between tasks.

® Intertask communication made up of three components :

* Data/ information being shared.

®* Mechanism to inform task that data is available to
read or write.
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Shared Memory

tTaskA tTaskB

fooLib.c

LOCAL SEM_ID fooSem;
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Message Passing Queues

® VxWorks pipes and message queues are used for passing
messages between tasks.

® Both pipes and message queues provide :

CR
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Intertask Communication

Introduction

Shared Memory
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Overview

® All tasks reside in a common address space.

® User-defined data structures may be used for Intertask
communication :

Write a library of routines to access these global or
static data-structures.
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Ring Buffers

® rngLib contains routines to manipulate ring buffers
(FIFO data streams)
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Intertask Communication

Introduction

Shared Memory

Message Queues




CQ@OQ_ saRem
H/\A)\/l\/\@ uml.org.cn

Message Queues

® Used for intertask communication within one CPU.
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Creating a Message Queue

MSG_Q ID msgQCreate (maxMsgs, maxMsglLength,
options)

maxMsgs Maximum number of messages on the
queue.

maxMsgLength Maximum size in bytes of a message on
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Sending Messages

STATUS msgQSend (msgQld, buffer, nBytes, timeout,

priority)
msgQld MSG_Q _ID returned by msgQCreate( ).
buffer Address of data to put on queue.

nBytes Number of bytes to put on queue.
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Message Sending Examples

char buf[BUFSIZE];
status = msgQSend (msgQId, buf, sizeof(buf), WAIT_FOREVER,

MSG_PRI_NORMAL): /
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Recelving Messages

int msgQReceive (msgQld, buffer, maxNBytes,timeout)

msgQld Returned from msgQCreate( ).
buffer Address to store message.
MaxNBytes Maximum size of message to read from

queue.
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Deleting a Message Queue

STATUS msgQDelete (msgQIld)
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Gathering Data with Message Queues

Input
device

poll task
or ISR

‘ ”devic devici| devi device| sconsume
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Client-Server model with Message Queues

A 4

this if this is|| this iff this is 2 Server
— \ x-mesd MESH . ._::,:!,_::,:,.,..\- 1Sk

Y
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Client-Server Variations

How would the previous code example change if :

® The client needs a reply from the server ?
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Message - Queue Browser

® To examine a message queue, enter the message queue 1D
in the Browser’'s Show box, and click on Show.

mv152-external@mekong: Mempart Ox3ff988
Attributes
options = PRIORITY
maxMsgs = 10
maxLength = 100
sendTimeouts S 0
recvTimeouts = 0
Receivers Blocked
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POSIX

e POSIX mgPxLib POSIX
Wind

. POSIX mgPxLiblInit()
VxWorks




POSIX Wind

9907,

758 R g e

Wind

POSIX

32

FIFO

WA R B

uml.org.cn




CQ@OQ_ saRem
H/\A)\,J\/\@ uml.org.cn

Intertask Communication

Introduction

Shared Memory
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Pipes

® Virtual I/0 device managed by pipeDryv.

® Built on top of message queues.

® Standard I/O system interface (read / write).
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Creating a Pipe

STATUS pipeDevCreate (name, nMessages, nBytes)

name Name of pipe device, by convention use
“/pipel/yourName”.
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Example Pipe Creation

-->pipeDevCreate (“/pipe/myPipe’,10,100)

value = 0 = Ox0

-->devs
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Reading and Writing to a Pipe

® To access an existing pipe, first open it with open().

® To read from the pipe use read().

® To write to the pipe use write().
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Message Queues vs. Pipes

® Message Queue advantages :
* Timeouts capability.
* Message prioritization.

* [aster.
* show().
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Summary

® Shared Memory
® Often used in conjunction with semaphores.
® |stLib and rngLib can help.

® Message queues :

msgQCreate()
msgQSend()




