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ABSTRACT

GNARL is the runtime system of the Gnu NYU Ada'9 compiler(GNAT). It implements the multi-tasking features of
the Ada programming language and together they provide a freely available test-bed for experimentation in language,
compiler, and runtime support for real-time programming. In this paper, we give an overview of GNAT and GNARL.
We then describe the results of our research toward improving efficiency, predictability, and reliability of Ada’95
multi-tasking.
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procedure Expansion_Example is '
X ! Integer;
task Simple_Task;
task body Simple_Task is

Y ! integer;
begin
Y =2
end Simple_Task;
begin
X =1

end Expansion_Example;

(0% 2) &2 g Ada Ej2Z 3=
(Fig. 2) Ada Tasking Code to be Expanded

procedure expansion_example is
procedure _clean is
begin
COMPLETE_MASTER:
end _cleamn:

begin

ENTER_MASTER;

_chain : aliased activation_chain := activation_chain!(
activation_chain'null);

X ! integer;

task type simple_taskT:

type simple_taskTV is limited record
_task_id : task_id;

end record;

procedure _init_proc (_init : in out simple_taskTV
_master -
master_id; _chain ! in out activation_chain) is
begin '
CREATE_TASK (... _master, simple_taskTB'address.
_chain, _init._task id ..)
end _init_proc;
_master : constant master_id = current_master;
simple_task : simple_taskT;
_init_proc (simple_taskTV!(simple_task), _master, _chain);
procedure simmple taskTB (_task : access simple taskTV) is
procedure _clean is
begin
COMPLETE_TASK;
end _clean;
begin
y . integer;
COMPLETE_ACTIVATION;
y =2
at end
_clean;
end simple_taskTB;
ACTIVATE_TASKS (_chain'unchecked_access);
X =1
at end
_clean;
end expansion_example;

(38l 3) J2i29 &= Ada RS
(Fig. 3) Ada Intermediate Code Expanded Using the Code in Fig.?
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declare
task type Server is —— paired tasks;
entry Go; -- Server and Caller
end Server,
task type Caller is
entry ID (Num : integer);

end Caller;
task body Server is
begin
for Iin 1 .. Iteration loop
accept Go; -~ accept for
end loop; -- lteration times
end Server;

task body Caller is
Server_ID : integer:
begin
accept ID (Num © integer) do
Server_ID = Num;

-- get proper Server ID

end;
for T'in 1 .. Iteration loop
Servers (Server_ID).Go; -- call proper task for
end loop; -~ Iteration times
end Caller; “

—— Num_of_Pairs of Server and Caller
Servers © array (1 .. Num_of_Pairs) of Server;
Callers : array (1 .. Num_of Pairs) of Caller;

begin
for Tin 1 .. Num_of_Pairs loop
Callers (I).ID (I); -- assign ID for pairs
end loop;
end;

(72 5) GNARL &= =38 ¢i8t S rendevous 2=
(Fig. 5) Rendezvous Code Used for Performance
Evaluation of GNARL
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(Table 2> 4 Compute-Bound Tasks (1000 iterations), in seconds.
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zzad PIWG e
ol g Internal Name E2ad A
Cl 000001 Create & Terminate Task —— Task Type used in Procedure
C2 C000002 Create & Terminate Task —— Task Declared in Procedure
C3 000003 Create & Terminate Task —— Task in Declare Block of Main
Tl T000001 Minimum Rendezvous —— Entry call and return time
T2 T000002 Rendezvous —— Single library—level task, one entry
T3 T000003 Rendezvous —— Two library—level tasks, one entry/task
TS5 T000005 Rendezvous —— Ten library—level tasks, one entry/task
T6 TO00006 Rendezvous ~~ One library—level task, ten entries
T7 T000007 Minimum Rendezvous —— No accept body
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(Table 5> PIWG Benchmarks, in seconds

Sun0S Solaris Solaris
mad ole 4 (FSU Threads) A (Native Threads) ' (FSU Threads)
with no Gain with no Gain with no Gain
ATC ATC ATC ATC ATC ATC
Cl 6986 6970 0.23% 1199 1145 4.50% 8564 8471 1.09%
Cc2 7001 6998 0.04% 1203 1144 4.90% 8280 8041 2.89%
Cc3 7020 6988 0.46% 1218 1154 5.25% 8290 8094 2.36%
T1 345 321 6.96% 420 390 7.14% 220 192 12.73%
T2 397 370 6.80% 403 394 2.23% 223 190 14.80%
T3 353 332 5.95% 419 382 8.83% 245 203 17.14%
TS5 357 330 7.56% 445 433 2.70% 238 202 15.13%
T6 519 490 5.59% 514 510 0.78% 404 376 6.93%
T7 320 303 5.31% 386 378 2.07% 209 187 10.53%
(HE 6) ACES =213 JiR
{Table 6> ACES Programs
E::;%‘ ACES Internal Name zZgad S
Al tk_rz_task_01_num_01 Rendezvous with one task
A2 Pt_Po_Prot_Access_01 PO access and change object
A3 Pt_Po_Prot_Access_02 PO access and change object:5 tasks
A4 PT_PO_Prot_Access_03 PO access and change object:10 tasks
Ab TK_RZ_Entry_Access_01 Access & change obj protected by a monitor
A6 TK_RZ_Entry_Access_02 Access & change obj protected by a monitor: 5 tasks
A7 TK_RZ_Entry_Access_03 Access & change obj protected by a monitor: 10 tasks
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(Table 7> ACES Benchmarks, in microseconds

SunOS Solaris Solaris
ES-er)] (FSU Threads) (Native Threads) {FSU Threads)

TPl ]l e | ooa | oy ] o | e | oy ] % | ca

Al 597 576 3.52% 936 831 11.22% 386 358 7.25%
A2 59453 46191 22.30% 39603 26398 33.34% 58496 44359 24.16%
A3 85934 60640 29.43% 43394 28761 33.72% 76344 67535 11.53%
A4 94387 76996 18.42% 59506 51196 13.96% 93950 79962 14.88%
Ab 988467 905733 8.36% { 1040278 989167 4.91% 803838 690773 14.06%
A6 646631 568736 12.04% 682584 639552 6.30% 511811 430569 15.87%
A7 608961 562233 7.67% 658736 614315 6.74% 502004 431435 14.056%
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