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Construction of Accurate Task Models
for the MegaScript Task Parallel Language

HIROSHI YUYAMA,#® TOMOAKI TSUMURAt and HIROSHI NAKASHIMA

We are pursuing research works on our task-parallel script language named MegaScript for
general purpose mega-scale computing. A feature of MegaScript is the capability to describe
abstructed behavior of tasks in a program form named meta-program. The model derived from
the meta-program is sufficiently accurate for sequential or well-balanced parallel programs.
However, our experience showed that a large modeling error occured in ill-balanced and/or
communication-bound parallel programs. This paper proposes a solution for the accuracy
problem by introducing a profiling scheme into MegaScript meta-program. Our evaluation
exhibited the profiling greatly improves model accuracy for the parallel programs with the
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accuracy problem.
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MegaScript 7O S 4
class Task_A < Task
def initialize (xarg)
@exefile=". /task’
@parameter = arg
end
def behavior
n = @parameter
FOR n
x=getValue. of (
main (bt=1))
compute (x)
end
end
end
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Fig.1 Outline of MegaScript system.
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meta-program mode |-script

DEF init(k) @graph[“init"]=BasicBlock.new( [
compute(k) Comp.new(‘k”, 0)
END D
n=@arg[0] @graph[“init:args”]=["k’]
init(n) @graph[“_main”]=BasicBlock.new([
FOR n+1 Funccall.new(“init”,
IF0.8 ) [*_arg_0"],0,@graph),
compute(50) Loop.new(*_arg_0+1",2,[
ELSE Branch.new( 0.8, 3, [ [
output(1) Comp.new(50,3) 1,[
END END StrmOutComm.new(1,5)] 1) 1) 1)
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01 DOoooOooooooo
Table 1 Methods for cost approximation.
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comp_cost 00000 (compute)

stream 00000 (input+output)
stream 00000000 (input)
stream 00000000 (output)
streem 00000000

message 00000 (msgsend+msgrecv)
message 000000 (msgsend)
message 000000 (msgrecv)
message J 00000

strmcomm_cost
strmin_cost
strmout_cost

strmcomm_count

msgcomm_cost
msgsend_cost

msgrecv._cost

msgcomm_count

02 0000O00O00O0DOOOO00OOOOO0O0OoOoO00o
Fig.2 An example of meta-program and the model

generation script derived from it.
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01: SIZE = @arg|[0] 16:  FOR k IN O..procs

02: $maxloop = 251 7 compute(2)

03: DEF mandel_color() 18:  END

04:  compute(2) 193 FOR s..e

05:  FOR 0..$maxloop 201 FOR SIZE

06: compute(4) 21: mandel_color()
22: END

o7: IF0.5 23: END

08: BREAK 24;  IFID!=0

09: END 25: msgsend(SIZE)

10: END 26: ELSE

11: END 27: FOR 1..procs

12: procs =16 28: msgrecv(SIZE)

13: chunk = SIZE fprocs 29: END

14: PARALLEL procs DO 30: END

156:  s=0; e=churk 31:END
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Fig.3 Meta-program for Mandelbrot set problem.
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0 2 Mandelbrot 00000
Table 2 Modeling error of Mandelbrot set problem.

N = 2048 N = 4096 N = 8192 N = 16384
0ooo | 000 000 00 | 000 OO0 00 | 000 000 00 | 000 000 00
[sec] (%] | [sec] (%] | [sec] (%] | [sec] (%]
1| 12.0 12.0 00| 482 480 03 | 192 190 1.3 771 729 5.4
2| 606 597 15| 242 239 15| 969 964 0.5 388 350 9.7
4| 568 299 473 | 226 11.9  47.2 | 905  48.2 46.7 362 178 51.0
8 | 3.92 1.44  63.3 155 595 61.5 | 61.6 241 60.9 246 88.6 64.0
16 | 243 068 719 | 9.00 289 67.9 | 352 11.8  66.4 140 43.7  68.9
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01: x=getTime.of (main(blockCount=1))

02: FOR x

03: compute (20)

04: END

05: FOR 100

06: y=getValueOfVariable.average0f (
07: func_2(blockCount=3)
08: <-func_1(position=1)
09: <-main(blockCount=1)
10: )

11: compute (y)

12: IF 0.5

13: compute (x)

14: ELSE

15: BREAK;

16: END

17: END

05 O000DOOOOODOOO
Fig.5 Example of meta-program with instrumentation
instructions.

#include <stdio.h>

int main(){
int n;
n=input();
func_1();
t0=MPI_Wtime();
for(int i=0;i<10;i++){
func_1(n);

H
t1=MPI_Wtime();
getTime(t1-t0);
func_2();

return 0;

>

06 0D0O00000OO0O0O0OOOOO0OO0DOOO0ODgetTimeO
Fig.6 Example of instrumented task program with
getTime.
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int global_1=0;
int main(){
intn;
n=input();
func_1();
for(int i=0;i<10;i++){
global_1+=1;
func_1(n);
global_1-=1;

b
func_2();
return 0;

void func_1(int m){
global_1+=2;
func_2();
global_1-=2;
if(m==1){

func_2();

else{
for(i=0;i<M;i++){
func_3();

return;

b

void func_2(){
for(int i=0;i<n;i++){
process;}
for(int k=0;k<M;k++){
for(i=0;i<n;i++){
if(cond)break;}
if (global_1==3){
count++;
total+=i ;
}
if (global_1==3){
getValue (total/count) ;

}

b
07 00000000000 O00000O000000
[0 getValueOfVariable[l
Fig. 7 Example of instrumented task program with
getValueOfVariable.

OO0 getTime 0000000 OgetTime DO OO0
O0ODODOOOOODOoOoDboO oftOOOOOOODOOO
O0O0O0OD0O00D0min 0000000000000
000000000 blockCount=1 OOO0O00O00O0O
oooOoOoOooooooOOoOoooooDooOoOood
ooo0OO0o0ooooOOoOoOoOoooooooooood
OooooooooboO0o000Omein 000000
cooooooooobOboOooooooobooooo
ocoooOoOoocoOD0O MPIDODO MPIWtime OO0
ocoooO0oO0oooooOooO0O000O00o0oobooOoOo0OO
oo0000o0oooooooOooooooOoDO00o0O
Ooooooooooooooo
oooosb0e0000000000 getValueOf-
Variable 00000000 getValueOfVariable [
gooboooooOoooooooooooooooo
000000000000000000 average0f
oooOO0O0000 func_2000000000000
0000000000 blockCount=3 0000000
030000000000000 20 for00noO0O
ooooooOoooo0ooooOoooOooooOooobooo
0000<«<-0000 func20 func.1 000000
00000000 000000000000 func-1
Omain 000 10000000000000000
ooooOOoOo0odooooooOoOoocoooOoOood
00000000000 00000000Omain0O0
010000000000000 func1 00000
000 func200000000000O0func200
coboboOoooooboooobooobooooobooooo
ooooooOOO0O0O0O000ooooOoObOO000o0O0
000000000 700 global_1 O bit vector O
O00000main 000 func1 O0O0O0O0OOCOO
000onO000000000000O0O0O0O0O0OO
00000000 000000000 func2000
ooooooooOooooooooOoooooooo
ooo0OO0o0o0oooooOooooooooooood



188 Ooooooooooooooboobooobon Aug. 2005
U4 0000 01: procs =16 08:  compute(3) 16 compute(5)
Table 4 Evaluation environment. 02: FOR 0..100 09: FOR 0..100 17 IF 0.1
03: compute(1) 10: compute(3) 18 compute(10)
oooao 16 nodes 04: END 1; IF0.5 e(10) ;g ENEE’)\‘D
. : compute
CPU Mobile Intel Pentium ITT-M 866 MHz 05: compute(4) . eno 21: END
06: np=4096/procs ;- gy py 22: compute(30)
Memory 512MB RAM 07:FORKINO.nPp 45 FOR 0. 100
Network | Gigabit Ethernetl 1000-BASE,
13port SW:Fujitsu PG-SW101x2, b8 EpOOOOOOOOoooooonnod
28port SW:CISCO catalyst 4003 x 101 Fig.8 Meta-program for EP without profiling.
oS Red Hat Linux release 7.2
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5.2 00O0OO0OOOO
0000o0oO0o0ooooooOooOooooooooo

01: procs =16 15 IF0.5
02: x=getValueOfVariable.of( 16 compute(10)
03 main(blockName=br, 17 END

18: END
04 variableName=i__,
~19: x=getValueOfVariable.of(

82 FOR 0.x blockCount=2)) 20 main(blockName=for,
. 21 blockCount=5,
07: compute(1) 22 va riableName=i__1
08: END 23 )
09: compute(4) 24 )
10: np=4096/forocs 25: FORO0..x
11: FOR Kk IN 0..np 26 compute(5)
12 compute(3) 27 IFO.1
13:  FOR0..100 28 compute(10)

14: compute(3) gg ENEDND

31: END
32: compute(30)

09 EPO0O0O00ODOOODOOOOOOOOOO
Fig.9 Meta-program for EP with profiling.
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0 6 Mandelbrot 000 00O 0O profiled
Table 6 Modeling error of Mandelbrot set problem with profile.
N = 2048 N = 4096 N = 8192 N = 16384
oooo ooo ooo oo ooo ooo oo ooo ooo oo oo ooo oo
[sec] (%) | [sec] %) | [sec] (%) | [sec] %]
1 12.1 12.1 0.00 48.2 48.2  0.00 193 193 0.00 771 771 0.01
2 6.06 6.11  0.67 24.2 24.4  0.57 97.0 97.5  0.57 388 391 0.68
4 5.68 5.77  1.48 22.6 23.1 1.83 90.5 92.2 1.88 363 369 1.70
8 3.92 3.95 0.31 15.5 15.7 1.62 61.6 62.9  2.08 246 251  2.06
16 2.46 2.66 8.47 9.0 9.1 1.06 35.2 35.6 1.13 141 142 1.36
o5 EPOOO 01: $ 16 13: PARALLEL $procs DO
. : $procs= :
Table 5 Modeling error of EP. 02: $local_n = @a rg[0}/$procs 12 FOIE %arfé”
03: DEF step(myid) : =
no profile profile 04 IF myid 10 16: compute(1)
gopoo |0o0oo 0oOoob 00 |oobo ooo oo 05: ms 17 END
: gsend(1) :
18: IF ID==$procs-1
[SCC] [%] [SCC] [%] 06: msgrecv(1) 19: compute(1)
1] 194 194  0.00 | 197 197 0.00 g; :EFND i ; 20.  END
: myid !=$procs- 21:  step(ID)
2 98.4 97.4 1.09 98.8 98.6 0.24 09: msgsend(1) 5. FOR Slocal_n +2
4 49.3 48.7 1.18 49.4 49.3 0.23 10: msgrecv(1) 23: compute(1)
8| 24.7 243 1.59| 24.8 24.7 0.60 11: END ggi ENEDND
12: END :
16| 125 122 2.75| 125 123 1.50 % IFID=0
27: output(1)
28: END
29: END
01: SIZE = @arg[0] 12: x=getValueOfVariable.maxOf(
02: procs =16 13: mandel_color( 011 OgO0000O0O000O0OO0OO00O0O0oooo0ooon
03: chunk = SIZE /procs ::g \?Lig(tgl::;g;l;loop) Fig.11 Meta-program for wave equation problem without

04: PARALLEL procs DO <-main(blockCount=3))

05:  s=0; e=chunk 17: compute(x)
06: FORK IN 0..procs 18: END
07: compute(2) 19:  END
08: END 20: IFID!=0
. 21: msgsend(SIZE)
09: compute(1) 22:  ELSE
10: FORs..e 23: FOR 1..procs
11: FOR SIZE 24 msgrecv(SIZE)

END
END
27: END

0 10 Mandelbrot 000000000000 OOOOOOOO
Fig.10 Meta-program for Mandelbrot set problem with
profiling.
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01: $procs=16 15: PARALLEL $procs DO

02: $local_n = @a rg[0]/$procs 16: FOR @arg [1]

03: DEF step(myid) 17: IF ID==0

04:  IF myid!=0 18: compute(1)

05: x=getAmountOfMessage.of( 19: END
step(position=1)) g? IF ID::$tprc;cs—1

06: msgsend(x) 5. ENCSmp“ e(1)

07: msgrecv(1) 23; step(ID)

08: END 24 FOR $local_n +2

09: IF myid!=$procs-1 25: compute(1)

10: y=getAmountMessage.of(  2g: END
step(position=2)) 27: END

11 msgsend(y) 28: IFID==0

12: msgrecv(1) 29: output(1)

13: END 30: END

14 END 31: END

012 0J000O0O0O0OD0O0ODO0ODOO0ODOODOODODoOoDOO
Fig.12 Meta-program for wave equation problem with
profiling.

07 DOo0O0DOODOO0OOO
Table 7 Modeling error of wave equation problem.

no profile profile
0000 (000 00O OO0 |oobo ooo oo
[sec] [%] | Isec] [%]
11.5 11.5 0.0 | 11.5 11.5 0.0
10.3 6.13 40.5 | 10.3 8.72 15.3
7.56 3.25 57.0 7.57 5.84 229
5.55 1.81 67.4 5.55 4.40 20.7
16 3.89 1.09 71.9 3.89 3.69 5.14

W N

08 000O0OO0OO00O0O0OODOOOOOOO0OO0
Table 8 Profiling overhead.

goooooo
ooo EP Mandelbrot OO opoooo
O (N = 4096)
1| 2.25 (1.16) 0.02 (0.04) | 0.01 (0.09)
2 | 0.34 (0.35) 0.01 (0.04) | 0.01 (0.10)
4 | 0.13 (0.26) 0.01 (0.04) | 0.01 (0.13)
8 | 0.06 (0.24) 0.02 (0.13) | 0.004 (0.07)
16 | 0.01 (0.08) 0.004 (0.04) | 0.004 (0.10)
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01: procs=16
02: np=4096/procs
03: FOR k IN 0..np

04:  FOR 0..200
05: compute (4)
06: END

07: END

08: compute (30)

013 00000 EPOOO0OOOOO
Fig. 13 Simplified meta-program for EP.

01: SIZE=@arg[0]

02: procs=16

03: chunk=SIZE/procs
04: PARALLEL procs DO
05: s=0; e=chunk

06: FOR s..e

07: FOR SIZE

08: x=getValue. max0f (

09: mandel_color (bc=1))
10: compute (x)

1" END

12: END

13: END

0 14 00000 Mandelbrot 0000000000
Fig.14 Simplified meta-program for Mandelbrot set
problem.
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Table 9 Execution time and modeling error in
heterogeneous environment.
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