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SX-ACE

o1 1CPU(4core)
. 64G
® ACE 1024core 256

SX-ACE 1 64 FLOPS
1536 1

4core
64

1 1
(512 ) (512 )
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SX-ACE

SPU: Scalar Processing Unit

VPU: Vector Processing Unit
ADB: Assignable Data Buffer
RCU: Remote Access Control Unit
MMC: Main Memory Controller

CPU

256GFLOPS (64GFLOPS/ x 4 )
256GB/s (16GB/s / x 16
256GFLOPS
core#0
10 I/F
VPU 170
SPU 64GFLOPS core core core
256GB/s #1 #H2 #3
ADB(1MB) RCU
crossbar
256GB/s
O O O O O O O O O O O O O O O O
=== =22 cEEEEEEEE=E=E=
=s=c:Ec:EEEEEEEEEEEEE =
_ ___ 256GB/s
(16

Memory 64GB



v MFLOPS GF
VLEN

V.Op.Ratio

MFLOPS VLEN V.Op.Ratio

v
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Ftrace
outerunroll



super/

i—— practice 1

i—— practice 2 ftrace
i—— practice. 3  outerunroll

i—— practice 4

i—— practice 5

"—— practice 6
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® practice 1
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sxf90 -R2 -Wf —-pvctl fullmsg mat tuneO.f

® -R2

® -Wf, —pvctl fullmsg

% ./comp.sx.sh
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mat tuneO.L
25 do j=1,n
26 lcdir nounroll
27 do k=1,n
28 do i1=1,n

Icdir nodep
Icdir on_adb(a,b)

. do i =1, 2048
29 a(i,j)=a(i,j)+b(i,k)*ck,j)
30 end do
31 end do
32 end do
mat tuneO.L
do j=1,n
Icdir nou \/
do k=1,n
do 1=1,n
a(i,j)=a(i,j)+b(i,k)y*c(k,j)
end do
end do
end do




I (run.sx.sh)

#1/bin/csh

#PBS -gq ACE

#PBS -1 cpunum_job=4,elapstim_req=0:10:00,memsz_job=1GB
#PBS -j o0 -N pl-sx-sample

cd $PBS_O_WORKDIR

timex ./a.out

run.sx.sh (qsub)

% gsub run.sx.sh
Request ****** cmc submitted to queue: ACE.
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I pl-sx—sample.o*****) GFLOPS

*Axkx*k*  Program Information *x*x**

Real Time (sec) : 0.697364
User Time (sec) : 0.695252 PROGINF
Sys Time (sec) : 0.000758

Vector Time (sec) : 0.695070
Inst. Count : 537299641.
V. Inst. Count : 167962313.
V. Element Count : 42998350432.
V. Load Element Count : 17180000302.
FLOP Count : 17179869321.
MOPS : 62376.933486
MFLOPS : 24710.276736
A. V. Length : 255.999990
V. Op. Ratio (%) : 99.148358
Memory Size (MB) : 256.031250
MIPS : 772.812794
I-Cache (sec) : 0.000043
0-Cache (sec) : 0.000074
Bank Conflict Time

CPU Port Conf. (sec) 0.000051

Memory Network Conf. (sec) : 0.065552
ADB Hit Element Ratio (%) : 49.990669
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Ftrace

O Ftrace

O Ftrace Region
O —ftrace
O

® practice 2
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| mat_tuneO.

Ftrace

f

Ftrace

Ftrace Region
® CALL FTRACE REGION BEGIN/ZEND

(Ftrace Region)

CX

23
24 1
%;?

27
28

tl=etime(cpl)
CALL FTRACE REGION BEGIN("Main-loop*®)
do j=1,n
do k=1,n
do 1=1,n
a(i,j)=a(i,j)+b(i,k)*c(k,J)
enddo
enddo
enddo
CALL FTRACE _REGION END(*Main-loop™)
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Ftrace

| -ftrace comp.sx.sh

sxfO0 -R2 -Wf,-pvctl fullmsg mat tuneO.f -ftrace

® -—ftrace

—ftrace
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Ftrace

% ./comp.sx.sh

% gsub run.sx.sh
Request ****** cmc submitted to queue: ACE.

EaRa R T
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Ftrace

I P2-sx—sample.o*****) _

Execution Date : Mon Jan 19 17:05:07 2015
Total CPU Time : 0:00700"925 (0.925 sec.)

GFLOPS

Ftrace Region

VECTOR 1-CACHE O-CACHE  BANK CONFLICT
TIME MISS W1SS CPU PORT NETWORK

0.925 0.000 @.000 0.000

0.925 0.000 §0.000 0.000

0.924 0.000 0.000 0.000

0.190

0.190

0.190

ADB HIT
ELEM. %

PROC.NAME FREQUENCY EXCLUSIVE AVER.TIME MOPS  MFLOPS V.OP AVER.
TIME[sec]( % ) [msec] RATIO V.LEN

main_ 1 0.925(100.0) 925.337 46866.9 18566.1 99.15 256.0
total 1 0.925(100.0) 925.337 46866.9 18566.1 99.15 256.0
Main-loop 1 0.924( 99.9) 923.975 46883.1 18593.4 99.15 256.0
matrix_size = 2048

p_name 1 user(sec)} moda check

mat_tune0.f_ | 0.924 ; 0 0.204800000000000D+04

18.593 (GFlops)
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outerunroll

® practice 3
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outerunroll

| mat_tuneO.f  mat_tune.f mat_tune.f

% cp mat tuneO.f mat tune.f
% vi mat tune.f

! outerunroll

/

25 do j=1,n ‘Z//,
26 lcdir outerunroll=4

27 do k=1,n

28 do 1=1,n

29 a(1,j)=a(1,J)+b(1,k)*c(k,J)
30 enddo

31 enddo

32 enddo
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outerunroll

% ./comp.sx.sh

mat_tuneO.L
25 do j=1,n
26 lcdir outerunroll=4
27 do k=1,n
28 do i=1,n
29 a(i,j)=adi,j)+b(i,k)*c(k,j) a
30 end do
31 end do 1/4

do k = 1, 2048, 4
Icdir nodep
Icdir on_adb(a,b)

do i =1, 2048
a(i,j) = a(i,j) + b(i,k)*dble(c(k,j)) + b(i,k+1)*dble(c(k+l,
1 §)) + b(i,k+2)*dble(c(k+2,})) + b(i,k+3)*dble(c(k+3,}))
enddo
) enddo
32 end do
% gsub run.sx.sh S

Request ****** cmc submitted to queue: ACE.




outerunroll

(

p3-sx—sample.g****¥*)

)

GFLOPS

*kkkhk*k

Program Information

*kkkhkk

Real Time (sec) 0.429773
User Time (sec) 0.428914
Sys Time (sec) 0.000737
Vector Time (sec) 0.428740
Inst. Count 240708305.
V. Inst. Count 117679817.
V. Element Count 30126031456.
V. Load Element Count 10741743662.
FLOP Count 17179869321.
MOPS 70524.767072
MFLOPS 40054.344976
A. V. Length 255.999986
V. Op. Ratio (%) 99.593282

PROGINF
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® practice 4
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% ./comp.sx.sh

I mat_tunel.L
®

LINE LEVEL( NO.): DIAGNOSTIC MESSAGE
27 vec ( 3): Unvectorized loop.
28 opt (1017): Subroutine call prevents optimization.
28 vec ( 10): Vectorization obstructive procedure reference.:mul
257 +-----—- > do j=1,n
26: j+t----- > do k=1,n
27 Jy+----> do i=1,n
28: 111 call mul(n, moda, 1, j, k, a, b, ¢)
29: J1t---- enddo
30: J+----- enddo
31: +-———-—- enddo
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% gsub run.sx.sh A
Request ****** cmc submitted to queue: ACE.
I P4-sSx—sample.o*****) GFLOPS

*AxAxk Program Information Fx*x**

Real Time (sec) : 62.914568 PROGINE
User Time (sec) : 62.907500

Sys Time (sec) : 0.003401

Vector Time (sec) : 0.000264

Inst. Count : 76243172300

V. Inst. Count : 49097

V. Element Count : 12567136

V. Load Element Count : 65582

FLOP Count : 2147483784

MOPS : 1212.187582

MFLOPS : 34.137166

A. V. Length : 255.965456

V. Op. Ratio (%) : 0.016480
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| -pi expin=mul.f  comp.sx.sh

sxf90 -R2 -Wf,-pvctl fullmsg mat tunel.f mul.f —pi expin=mul.f

o —pi

® expin=filename.f
filename.f
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% ./comp.sx.sh

27
27
27
28

vec ( 1): Vectorized loop.
vec ( 29): ADB is used for array.: a
vec ( 29): ADB is used for array.: b
opt (1222): Procedure “mul” expanded inline.
do k = 1, 1024, 4 ~_
Icdir nodep
Icdir on_adb(a,b)
doi =1, 1024
a(i,j) = a(i,j) + b(i,k)*dble(c(k,j)) + b(i,k+1)*dble(c(k+l,
1 §)) + b(i,k+2)*dble(c(k+2,})) + b(i,k+3)*dble(c(k+3,}))
enddo
. enddo
31 enddo
do j=1,n
do k=1,n
do i=1,n
call mul(n, moda, 1, j, k, a, b, ¢)
enddo
enddo
enddo
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% gsub run.sx.sh
Request ****** cmc submitted to queue: ACE.

Ea o e e o

GFLOPS

PROGINF

I p4-sx—sample.o*****)
0.034GFLOPS 42GFLOPS
*Fxkxk Program Information Fxkxd*
Real Time (sec) : 0.052125
User Time (sec) : 0.051285
Sys Time (sec) : 0.000720
Vector Time (sec) : 0.051107
Inst. Count : 31902926
V. Inst. Count : 14741449
V. Element Count : 3773809248
V. Load Element Count : 1343291438
FLOP Count : 2147483784
MOPS : 73919.678756
MFLOPS : 41873.526060
A. V. Length : 255.999885
V. Op. Ratio (%) : 99.547307
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® practice 5
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| mat_tuneO.f

mat_tune.f mat_tune.f

% cp mat tuneO.f mat tune.f
% vi mat tune.f

C

real(4) real(8)

~N o o b~

implicit real(8)(a-h,0-2)
parameter ( n=2048 , moda=0 )
real (8) a(n+moda,n),b(n+moda,n)
real(4) c(n+moda,n)

— L

~N o o b~

implicit real(8)(a-h,0-2)
parameter ( n=2048 , moda=0 )
real (8) a(n+moda,n),b(n+moda,n)
real (8) c(n+moda,n)

% ./comp.sx.sh
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mat_tune.L

28

opt (1800): Idiom detected (matrix multiply).

25
26
27
28
29
30
31

do j=1,n
do k=1,n
do i=1,n
a(i,j)=a(i,j)+b(i,k)*c(k,j)
enddo
enddo
enddo
call vdmxga (b, 1, 2048, c, 1, 2048, a, 1, 2048, 2048, 2048, 2048)

Koo > do j=1,n

§ - > do k=1,n

V----> do i=1,n

1k a(i,j)=a(i,j)+b(i,ky*c(k, j)
MV-—-- enddo

1o enddo

REEEE T enddo




% gsub run.sx.sh
Request ****** cmc submitted to queue: ACE.

Ea o e e o

GFLOPS

PROGINF

I P5-SX—sample.o*****)
40GFLOPS 56GFLOPS
*xkxxk Program Information ***x**
Real Time (sec) : 0.307382
User Time (sec) : 0.306558
Sys Time (sec) : 0.000721
Vector Time (sec) : 0.306382
Inst. Count : 134048176
V. Inst. Count : 85247689
V. Element Count : 21798240864
V. Load Element Count : 406978606
FLOP Count : 17179869321
MOPS : 71265.605044
MFLOPS : 56041.171070
A. V. Length : 255.704772
V. Op. Ratio (%) : 99.776627
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® practice 6
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| -Pauto comp.sx.sh

sxfO0 -R2 -Wf,-pvctl fullmsg mat tuneO.f -P auto

® -P auto

% ./comp.sx.sh
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® DO

® ) 1,2,3...
25 mul ( 10): Parallel routine generated : main_$2
o5 do j=1,n 1): Parallelized by PARDO.
26 do k=1,n )
27 do i=t,n | 2P do J=1.n
28 a(i.j)=a(i.p)(i.* ki) | P do k=1,n
29 enddo do '?1Zn . . .
30 enddo a(i,j)=a(d,j)+b(i,k)*c(k,j)
31 enddo enddo
call min_$2 (a, b,c) | X VT CelEle
—————— enddo
LINE FORTRAN STATEMENT a—
subroutine main_$2
Icdir pardo for, nobarr = (entry,exit)
Tcdir nodep
do j = 1, 2048
do k = 1, 512
edir nodep F)
Iedir on_adb(a,b)
do i =1, 2048
a(i,j) = a(i,j) + b(i,(k-1)*4+1)*dble(c((k-1)*4+1,j)) + b
1 (i, (k-1)*4+2)*dble(c((k-1)*4+2,j)) + b(i,(k-1)*4+3)*
2 dble(c((k-1)*4+3,3)) + b(i, (k-1)*4+4)*dble(c((k-1)*4+4
3 1))
enddo
enddo
enddo
end
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| ( )

#1/bin/csh

#PBS -q ACE

#PBS -1 cpunum_job=4,elapstim_req=0:10:00,memsz_job=1GB
#PBS -J 0 -N pl-sx-sample

cd $PBS_O_WORKDIR

setenv F RSVTASK=4 o

timex ./a.out

SX-ACE
1~4

F_RSVTASK

4Core/CPU

ICPU )

% gsub run.sx.sh

Request ****** cmc submitted to queue: ACE.
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I P6-SX—sample.o*****)
GFLOPS C )

*HxxEx - Program Information **x***
Real Time (sec) : 0.316257
User Time (sec) : 1.216064 PROGINF
Sys Time (sec) : 0.008273
Vector Time (sec) : 1.164452
Inst. Count : 243435038.
V. Inst. Count : 117679849.
V. Element Count : 30126037402.
V. Load Element Count : 10741746602.
FLOP Count : 17179869334.
MOPS : 24876.809601
MFLOPS : 14127 .438469
MOPS  (concurrent) : 97098.118145
MFLOPS (concurrent) : 55141.624328
A. V. Length : 255.999967
V. Op. Ratio (%) : 99.584305
Memory Size (MB) : 512.000000
Max Concurrent Proc. : 4.
Conc. Time(>= 1) (sec) : 0.311559
Conc. Time(>= 2) (sec) 0.310523
Conc. Time(>= 3) (sec) 0.310012
Conc. Time(>= 4) (sec) 0.284864
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-V
-R 2
5
fmtlist
-Wf, —L [/ist] summary
obijlist
-Wf, —pvctl fullmsg
-C vopt
hopt
vsafe
ssafe
-0 extendreorder
-pi auto
noauto
line=a
nest=f
exp=
expin=
-Wf
—pvctl chgpwr R1**R2 EXP(R2*LOG(R1))
—pvctl expand=n n
—pvctl noloopchg
—P auto
—-P openmp OpenMP ( )
-e C
R
-Wf —init stack=zero 0
—init heap=zero 0
—ftrace SX FTRACE
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vector/novector DO /
nodep DO
/
outerunroll=n]
loopchg/noloopchg
expand[=n] DO /
shortloop DO (256)

D
select(vector;concur) 0

on_adb[( )1 ADB
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® ASL/SX
o FFT

® Mathkeisan
 BLAS
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SX-ACE
sxfO0 -Cvopt -R2 -Wf,—pvctl fullmsg *
® -Cvopt
® -R2
® —pvctl fullmsg
—Chopt —-Cvopt

sxfO0 -Chopt -R2 -Wf,—pvctl fullmsg *“
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—Chopt




sxf90 -Cvsafe -R2 -Wf,-pvctl fullmsg *

® -Cvsafe

| Segmentation fault
sxfO0 -R2 -Wf,-pvctl fullmsg -eC * ”
® -eC -eR

sxf90  Pmulti -R2 -Wf,—pvctl fullmsg,=init stack=nan

® —init,stack=nan
NaN
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