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Development of Realtime LOTOS Compiler
and Its Application to Multimedia Systems

Hirok1 TATSUMOTO," KOTA ABE,t KEIICHI YASUMOTO,
TERUO HIGASHINO,* TOSHIO MATSUURA,tt HIROZUMI YAMAGUCHIt
and KENICHI TANIGUCHIt

In this paper, we develop a compiler for realtime systems described in a subclass of E-
LOTOS (called realtime LOTOS). The compiler first decomposes a given specification into
multiple basic modules consisting of event sequences and their choices and iterations, then it
maps each module to a realtime thread on our realtime thread library. To make the best effort
for each thread to execute its timed events in time, all the running threads set their deadlines
so that they are scheduled based on EDF (Earliest Deadline First) policy. We have designed
and implemented mechanisms to efficiently schedule timed multiway synchronization among
threads, and to utilize audio/video data in realtime LOTOS specifications for multimedia sys-
tem development. Through some experiments, we have confirmed that from realtime LOTOS
specifications in constraint oriented style (which introduces synchronization overhead in spite
of its descriptive facility), the compiler can generate efficient programs practically usable.
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Table 1 Syntax of real-time LOTOS.
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Table 2 Deadline-miss rates of threads.
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Fig.1 Structure of the control area.
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Fig.2 Progress of the timed multi-way synchronization.
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Table 3 Primitives for multimedia processing.
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Fig.3 A video play-back system.
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Table 4 An example of the main part.

Server([n]: =
n?id?req;
( nl!id!Accepted;
(Service[n] (id,req) ||| Server([n])
[1 n!id'Rejected; Server([n] )
where
Service[n] (id,req):=
7?fp:=0OpenMovie(req.file);
loop
var data in
?data:=ReadFrame (fp) ;
( nl!id!data [] n!'id!Skip )
endvar
endloop

Client[u,n,v] (id) :=
u?req; n'id!req;
( n!'id!Rejected; Client[u,n,v](id)
[1 n!id!'Accepted;
loop
n!id?frame;
( ?pic:=Decode(frame); v!DrawPic(pic) [> v!Skip )
[1 n'id!Skip; v!Skip
endloop )
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Table 5 An example of the quality definition part.

QS[n,r1,r2](id, q0) :=
var q:int:=q0, P:time:=period(q0) in
loop (% period() 0 1000000000000 %)
[q <req.gmax]-> ri!id!Upgrade;
?q:=q+l; ?P:=period(q)
[1 [q >req.gqmin]-> ri!id!Degrade;
?q:=q-1; ?P:=period(q)
[1 ( [g==1]1->(n'!'id!any packet@7tl:time[t1<=P];
r2'id!Success@?t2[t2<=P]; wait(P-t1-t2)
[> wait(P); r2!id!Miss )
[1 [q==2]->(n!id!Skip@7t1:time[t1<=2+P];
n'id!any packet@?t2:time[t1+t2<=2%P];
r2!'id!Success@?t3:time [t1+t2+t3<=2%P];
wait (2*P-t1-t2-t3)
[> wait(2*P); r2!id!Miss ) )
. (@Oooo)
endloop
endvar

QC[v,r1,r2](id, q0) :=
var q:int:=q0, P:time:=period(q0) in
loop
[q <req.qmax]-> ri!id!Upgrade;
?q:=q+l; 7P:=period(q)
[1 [q >req.qmin]-> ri'id!Degrade;
?q:=q-1; ?P:=period(q)
[1 ( [g==1]1->(v'!'any video_frame@?tl:time[t1<=P];
r2!Success@?7t2:time [t1+t2<=P];
wait (P-t1-t2)
[> wait(P); r2!Miss )
[1 [q==2]1->(v!Skip@7tl:time[t1<=2%P];
v'!any video_frame@?t2:time[t1+t2<=2%P];
r2!Success@7t3:time [t1+t2+t3<=2*P];
wait (2*P-t1-t2-t3);
[> wait(2*P); r2!Miss ) )
. (Oooo
endloop
endvar
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Table 6 An example of the server’s QoS scenario part.

QoSScenario[rl,r2,s]:=
Monitor[r2,s] |[s]| QoSControl[ri,s]
where
Monitor[r2,s](id) :=
loop
var cnt:=0, mcnt:=0 in
loop
r2!id!Success; cnt:=cnt+l
[1 r2!'id!Miss; ?mcnt:= mcnt+1
endloop
[> wait(T); s!id'Result!(mcnt*100/cnt)
endvar
endloop
QoSControl[rl,s] :=
loop
( s!'1!Result?rate_1:int; exit ||| ...
111 s'k!Result?rate_k:int; exit )
>>([min(rate_1,...,rate_k) < 70]->
(r1!1!Degrade [1 ... [1 ri!'k!Degrade)
[1 [rate_1==100 and ... and rate_k == 100]->
(r1!1!Upgrade [1 ... [1 ri!k!Upgrade) )
endloop

04 0O00O00D0OOOOOOOOOO

Fig.4 Organization of a server specification.
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07 00000000000

Table 7 An example of the inter-media synchronization.

MediaSync([v,a](T,n1,n2):=
hide sync in
var cntl, cnt2:int in
loop
7cntl:= ni1*T; 7cnt2:= n2%T;
while ((cnt1>0) or (cnt2>0)) do
[cnt1>0]-> v!any video_frame; 7cntl:=cntl-1
[1 [cnt2>0]1-> a'any audio_frame; ?cnt2:=cnt2-1
endwhile;
sync
endloop
endvar

08 1000000000000
Table 8 Execution time for each synchronization.
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Table 9 Frame rates in a video play-back system.

LOTOS coo04000004a
n=1 n=2 n =3 n=1 n =2 n =3
10 fps 10.01 10.03 10.04 10.00 10.00 10.00
15 fps 15.01 15.08 15.11 15.00 15.00 15.00
20fps | 20.01 19.99 16.16 20.00 20.00 19.38
25fps | 25.00 24.62 16.14 25.00 25.00 19.56
30fps | 29.97 24.60 16.15 30.00 29.55 19.63
40 fps | 40.00 40.00 -

50 fps | 49.88 49.84
60 fps 50.67 59.32
70 fps - 59.01
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Table 10 Description size for inter-media

synchronization.
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