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resume(0)
Idle Thread stop(0)
resume(1)
. finishedForPeriod
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stop(1)
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DEOS Kernel
coldStartKernel();
START_A_THREAD();
START_THE_TIMER();
createMainThread();
do
:fromThread?create(budget,period) ->

createThread(id,period,budget);
toThread!getld(id);
:fromThread?delete(id) ->
deleteThread(id);
START_A_THREAD();
START_THE_TIMER();
::fromThread?finishedForPeriod ->
waitUntilNextPeriod();
START_A_THREAD();
START_THE_TIMER();
:fromSystem?systemTicklInterrupt ->
old = Scheduler_itsRunningThread;
Scheduler_handleSystemTickinterrupt();
if // check for preemption
::old != Scheduler_itsRunningThread ->
STOP_A_THREAD(old);
START_A_THREAD();
START_THE_TIMER();
else
fi;
:fromTimer?timerinterrupt ->
old = Scheduler_itsRunningThread();
Scheduler_handleTimerInterrupt();
if // special case for idle
::old != Scheduler_itsldleThread ->
STOP_A_THREAD(old);
START_A_THREAD();
else
fi;
START_THE_TIMER();
od;

/lidle thread
[ffor idle
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proctype UserThread(chan fromScheduler, toScheduler;

byte myBudget, periodIndex)
{
byte id;
byte threadState = threadStatusNotCreated;
toScheduler!create (myBudget,periodIndex) ;
fromScheduler?getId(id);
threadState = threadStatusDormant;

do

: :fromScheduler?resume,eval (id) ->
threadState = threadStatusActive;
if
::fromScheduler?stop,eval(id);
::toScheduler!finishedforperiod,0,0;
::toScheduler!delete,id,0 -> goto terminate;
fi;
threadState = threadStatusDormant;

od;

terminate: skip;

INTERRUPTS

fmsd.tex; 26/01/2004;
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proctype TIMER() {

byte Remaining time = 0;/* time remaining for thread after timer counted
down from Start_time */
byte Used_time = 0;/* time used in period since last tick; must be

less than or equal to uSecsInFastestPeriod */
byte Start_time 0;/*% time the timer was started with */
byte Y=0; /* time used by a thread */
bool tick_since_start = FALSE;
bool started=FALSE;
bool timer_went_off = FALSE;

do

/* Start Timer */

::Sched2Timer?start,Start_time ->
tick_since_start = FALSE;
started = TRUE;
timer_went_off = FALSE;

/* Get Time Remaining */
::Sched2Timer?getTimeRemaining,0 ->
started = FALSE;
if
::tick_since_start ->
Timer2Sched[1] !timeRemaining,Remaining_time;
::timer_went_off ->

assert(Remaining_time == 0);
Timer2Sched[1] !timeRemaining,Remaining_time;
::else ->
/* Y: 0 <= Y <= uSecsInFastestPeriod - Used_time AND */
/* 0 <= Y <= Start_time */
if

:: (uSecsInFastestPeriod - Used_time) <= Start_time ->
Y = uSecsInFastestPeriod - Used_time;

:: ((uSecsInFastestPeriod - Used_time)/2) <= Start_time ->
Y = (uSecsInFastestPeriod - Used_time)/2;

Y = 0;

fi;

Remaining_time = Start_time - Y;

Timer2Sched[1] !timeRemaining,Remaining time;

Used_time = Used_time + Y;

fi;

/* Timer Interrupt - channel array trick for conditional send */
::Timer2Sched[started] !timerintrpt,0 ->

Remaining time = 0;

Used_time = (Used_time + Start_time)

timer_went_off = TRUE;

/* System Tick - channel array trick for conditional send */
::Tick2Sched[((Start_time+Used_time)
>= uSecsInFastestPeriod) && started]!tickintrpt,0 ->

Y = uSecsInFastestPeriod - Used_time;

Remaining time = Start_time - Y;

Used_time = 0;

tick_since_start = TRUE;
od
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Discussion

ENVIRONMENT MODELING USING LTL ASSUMPTIONS
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proctype skeletonl TIMER() {
byte Start_time;
byte Remaining time;
do
/% SYSTEM TICK GENERATOR */
/* send a tick interrupt to the scheduler */
:: Tick2Sched[1]!tickintrpt,0;

/* TIMER */
/* scheduler starts the timer with value Start_time */

Sched2Timer?start,Start_time;

/* scheduler asks for Remaining time */
Sched2Timer?getTimeRemaining,0;

/* timer returns value Remaining_time */
:: Timer2Sched[1]!timeRemaining,Remaining _time;

/* send a timer interrupt to scheduler */
: Timer2Sched[1]!timerintrpt,0;

:: skip; /# some internal, non-observable action */
od

universal

¢ =9

Universal Environment for the DEOS Scheduler
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proctype skeleton2 TIMER() {
byte clock = 0;
byte Start_time;
byte Remaining time = 0;

do
/*
/*

/*
/*

/*
/+
/%

od

SYSTEM TICK GENERATOR */
send a tick interrupt to the scheduler */

: Tick2Sched[1] !tickintrpt,0;

/* reset */
clock=uSecsInFastestPeriod;

TIMER */
scheduler starts the timer with value Start_time */
Sched2Timer?start,Start_time;
/* estimate Remaining time */
if
:: Start_time > clock -> Remaining time=Start_time-clock;clock=0;
Start_time <= clock -> Remaining_time=0;clock=clock-Start_time;
:: Remaining time = Start_time;
/* put half_time_option here */
fi;
scheduler asks for Remaining time */
Sched2Timer?getTimeRemaining,0;
timer returns value Remaining time */

:: Timer2Sched[1] !timeRemaining,Remaining_time;

send a timer interrupt to scheduler */

: Timer2Sched[1]!timerintrpt,0;

Remaining_time

variable time advance
next
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proctype U_TIMER() {
byte clock = 0;
byte Start_time;
byte Remaining time = 0;
do
/* SYSTEM TICK GENERATOR */
/* send a tick interrupt to the scheduler */
:: Tick2Sched[clock==0]!tickintrpt,0;
/* reset */
clock=uSecsInFastestPeriod;

/* TIMER */
/* scheduler starts the timer with value Start_time */
Sched2Timer?start,Start_time -> start:skip;
/* estimate Remaining time */
if
:: Start_time > clock -> Remaining time=Start_time-clock;clock=0;
Start_time <= clock -> Remaining_time=0;clock=clock-Start_time;
:: Remaining time = Start_time;
/* put half_time_option here */
fi;
/* scheduler asks for Remaining time */
Sched2Timer?getTimeRemaining,0;
/* timer returns value Remaining time */
:: Timer2Sched[Remaining time>0]!timeRemaining,Remaining_time;
timeRemainingGTO:skip;
: Timer2Sched[Remaining_time==0]!timeRemaining,0;
/* send a timer interrupt to scheduler */
:: Timer2Sched[1] !timerintrpt,0 -> timerinterrupt:skip;
od

tickintrpt
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Environment Assumptions

$1

[1(tickinterrupt -> !new_tickinterrupt U (clock==0 || []!new_tickinterrupt))

$1

b2

[1(timerinterrupt -> !timeRemainingGTO U (start || []!timeRemainingGTO))

_ b2

([J(timerinterrupt -> !timeRemainingGTO U (start || []!timeRemainingGTO0))) ->
[1(beginperiod -> !endperiod U idle)
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systemTickInterrupt

start(time)
getTimeRemaining
timeRemaining>0

timeRemaining=(

start(time)

systemTickInterrupt

start(time
( ) timerInterrupt

getTimeRemaining

timeRemaining>0

timeRemaining=0

timerInterrupt

systemTickInterrupt
getTimeRemaining
timeRemaining=0

timerInterrupt

Results
b2
)

b2

systemTickInterrupt

Tick2Sched[clock==0] !tickintrpt,0 -> clock=uSecsInFastestPeriod;
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PROGRAM ABSTRACTION
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strongly preserving

error preserm'ng

5

QOver-approximation

Under-approzimation
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PREDICATE ABSTRACTION

Predicate abstraction

B true
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int x,y,z = 0;

while(true) {

while(+)
X =X + 1;
if (y !'= x) {
y = x5
z =z + 1;
}
z =z - 1;
}
6
B=z vy
z>
T2y
A Yy —
while (+)
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bool B = true;

i bool B = true;
int z = 0;

int z = 0;

while(true) {

while(+) { while(true) {

if (B = true) then B := false Whgléi+;ai5e-
else B := true or false; } : H

if (B = false) { if (B_= false) {
B := true; B := true;
z =z + 1; z =z + 1;

} }

z =z - 1; z 1=z - 1;

} }
z Y
Ty

ABSTRACTIONS FOR OBJECT-ORIENTED PROGRAMS
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interclass abstractions

associations
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abstract time-stamping

Th b

count > last_count

association class
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ABSTRACTING DEOS

Ad-hoc Abstraction
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void StartOfPeriodEvent::pulseEvent( DWORD systemTickCount ) {
countDown = countDown - 1;
if ( countDown == 0 ) {
itsPeriodId = itsPeriodId + 1;

}

void Thread::startChargingCPUTime() {
// Cache current period for multiple uses here.
periodIdentification cp = itsPeriodicEvent->currentPeriod();

// Has this thread run in this period?

if ( cp == itsLastExecution ) {
// Not a new period. Use whatever budget is remaining.

}

else {
// New period, get fresh budgets.

// Record that we have run in this period.
itsLastExecution = cp;

itsPeriodId

ezxactly
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Predicate Abstraction

abstract time-stamping

CONTINUED WORK ON DEOS
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range

range

RELATED RESEARCH

“abstract”
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