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Efficient and Portable Scheduler for RTOS Simulation

HIROAKI NAKAMURA,* NAOTO SATOt and NAOSHI TABUCHIt

We propose a new task scheduling algorithm for timed-functional simulation of concur-
rent software tasks. The key features of our algorithm are its efficiency and portability: It
attains efficiency by reducing the frequency of context-switching between concurrent tasks
by exploiting a newly-developed ‘switching-point determination’ technique. It also provides
a high-degree of portability in the sense that it only needs the underlying system to support

a very small number of primitives.

Our algorithm is presented in several different forms:

First, we present it in a simple form, highlighting the efficiency feature. Then, we provide
a ‘portable’ version for facilitating integration to existing simulation kernels. Succeedingly,
we provide formal proofs of the correctness of the two versions and their equivalence. This
way of algorithm certification makes a clear distinction between our approach and other sim-
ilar efforts. Finally, we provide concrete implementations built on top of system-level design
languages and show some results of evaluation.
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inti=1+int(19.0 * rand() / RAND_MAX);
while (i >=0) {

out->write(*p++);

if (I"p) p = str;

-- total;

}
wait(1000, SC_NS);

01 0D0oo0o0o0oooooooooo
Fig.1 Code fragment with delay time demand.
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Fig.2 Scheduled execution of software tasks.
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struct TASK {int remaining_time, checkpoint; bool active;};
const int ntask;

TASK tasks[ntask];

int curr_time, last_time;

void consume(int dt, int taskid) {
tasks[taskid].remaining_time = dt;
tasks[taskid].checkpoint = curr_time + dt;
tasks[taskid].active = false;
SUSPEND_AND_RESUME(scheduler);

}

void update(int t1, int t2 );

/I requires 0 < t1 < t2

/I and V i. 0 < tasks[i].remaining_time

/I and V i. 12 < tasks]i].checkpoint < t1 + tasks[i].remaining_time
/I ensures V i. tasks]il.remaining._time@pre > tasks]i].remaining_time

/I and Zi (tasks[i].remaining_time@pre - tasks[i].remaining_time) < t2 - t1
/I (@pre indicates the value at the start of the execution)

void scheduler_run() {
update(last_time, curr_time);
last_time = curr_time;
for(i=0;i< ntask;i++)
if( tasks[i].checkpoint == curr_time )
if( tasksli].remaining_time == 0 ) tasks]i].active = true;
else tasks[i].checkpoint = curr_time + tasks[i].remaining-time;
for(i=0;i<ntask;i++)
if( tasks[i].active ) SUSPEND_AND_RESUME(tasks][i]);
}

void scheduler_main() {
curr_time = 0; last_time = 0;
while(1) {
scheduler_run();
curr_time = min_task_checkpoint(); // min{tasks[i].checkpoint | i}

}
}

03 0ooooooooooooooooooo 1g
Fig.3 Scheduling algorithm (version 1).
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void update(int t1, int t2 ) {
h=0;// REXF A7 id
for(i=0;i< ntask;i++)
h = tasks]i].priority >tasks[h].priority ? i : h;
tasks[h].remaining-time = tasks[h].remaining_time - (t2-t1);
}
(a) Priority Scheduling
i=0;
void update(int t1, int t2) {
for (;t1<t2;t1++,i++)
tasks[i%ntask].remaining_time--;

}
(b) Fair Scheduling

0 4 000 update(tl, t2) OO
Fig.4 Examples of procedure update(tl, t2).
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void consume(int dt, int i) {
tasks[i].remaining_time = dt
while( tasks]i].remaining_time > 0) {
tasks[i].checkpoint = curr'time + tasks[i].remaining'time; // (x)
SUSPEND_AND_RESUME(scheduler); I (%)
update(last_time,curr_time);
last_time = curr_time;

}
}

void scheduler_main() {
curr_time = 0; last_time = 0;
while(1) {
curr_time = min_task_checkpoint();
for(i=0;i<ntask;i++)
if (tasks[i].checkpoint == curr_time)
SUSPEND_AND_RESUME(tasksli]);

}
}

05 0000000 O0O0DOOOOOOOODOOO 20
Fig.5 Scheduling algorithm (version 2).

void consume(int dt, int i) {
tasks[i].remaining_time = dt
while( tasks[i].remaining_time > 0 ) {
wait(tasks[i].remaining_time, i);
update(last_time,curr_time);
last_time = curr_time;

}
}
06 0D000O0O0O0O0OO0OOOO0OOOO0OOD APIODOODOO
ooooOooooooo
Fig.6 Modified algorithm for using APIs of simulation

platforms.
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class Scheduler {
protected:
map<int, sc_time> remaining_time;
sc_time last_time;
Scheduler() : last_time(SC_ZERO_TIME) {}
virtual void update(void) = 0;
public:
void consume(sc_time dt, int task) {
remaining_time[task] = dt;
while (remaining_time[task] > SC_ZERO_TIME) {
wait(remaining_time[task]);
update();
last_time = sc_time_stamp();

}
}
It
07 SystemCO APIOOOD0OO0O00OODOOO
Fig.7 Modified algorithm for using SystemC API.
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class Scheduler { class PreemptivePriority : public Scheduler { class RoundRobin : public Scheduler {
protected priority_queue < int,vector <int>>,compare > tasks; queue < int> tasks;

map <int, sc.time > remaining_time; public: public:

sc_time last._time; void update(void) { void update(void) {

Scheduler() : last.time(sc.time.stamp()) { } sc.time time_to_consume = sc.time time_to_consume =

virtual void update(void) = 0; sc.time.stamp() - last.time; sc.time_stamp() - last_time;

virtual void enter(sc_time time, int task) = 0; if (tasks.size() > 0) { while (time_to_consume > SC_ZERO_TIME) {
public: int task = tasks.top(); int task = tasks.front(); tasks.pop();

void consume(sc_time dt, int task) { remaining.time[task] =

update(); remaining_time[task] - time_to_consume;

sc.time step_time = min(TIME_SLICE,
time_to_consume, remaining.time[task]);

last_time = sc_time_stamp(); if (remaining time[task] == SC_ZERO_TIME) remaining_lime[task] =
enter(task); tasks.pop(); remaining_time[task] - step_time;
remaining.time[task] = dt; } if (remaining_time[task] > SC_ZERO.TIME)
while (remaining_time[task] > SC.ZERO.TIME) { } tasks.push(task);
wait(remaining_time[task]); void enter(int task) { time_to_consume -= step_time;
update(); tasks.push(task); }

lasttime = sc_time_stamp();
) k
}
N

void enter(int task) {
tasks.push(task);

}
I8

08 DO00ODOODOOODOOOO SystemCOOOODOO
Fig.8 SystemC scheduler that handles adding and deleting tasks.
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Fig.9 Preemptive priority scheduling.
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Table 1 Constructs of SystemC and SpecC.

SystemC SpecC
oooooo sc_time sim_time
ooo SC_.ZERO_TIME 0
oooo sc_time_stamp() now()
oooooo wait(delay) _specc::waitfor(delay)
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t = sc_time_stamp() + remaining_ time[task]; // OO
wait(remaining_time[task], event);

update() ;

last_time = sc_time_stamp();
if (t != sc_time_stamp()) break; // OO
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Fig.11 JPEG encoder used in the experiment.
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Table 2 Time slice sizes and the number of context
switches.
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2,000 3.01M 0.47M
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500 11.91M 0.58 M
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Table 3 Time slice sizes and simulation time.
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