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1. Fortran C

®Fortran C

do 1=1,n

Fortran

do_ifl,n

y(1) = y()+ xA@)* a(j,1)

enddo ’
enddo /

for(1=0; 1<n; 1++){
for(j=0; j<n; j++){
y[il = y[il+ xp1* a

C

[i101]:

k
¥
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I PC

Fortran ifort
C icC
C++ icpc

Intel Compiler
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®
(a.out) /

(a.out)

do 1=1,n
y(@) = x(i)+ y(i)*

enddo
stop [i> y
end
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2.

-00 -02

-01 -02
-02
-03
(-02 )
( )
—fast
—xHost—03 -ipo —no-prec-div —static
—XHost CPU
-XSSE4.2
—-[no-]ftz ( ) 0
(-0 )
—[no-]prec-div —prec—div —noprec-div
—[no-Jprec-sqrt —-no-prec-sqrt
-ip -02 -ip
(-01 -no-ip)
-ipo -no-ipo
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2.

[ C )
e

-prof-gen -no-prof-gen
-prof-use -no-prof-use
—parallel
—openmp OpenMP
—opt-report [n] n=2 n
n=0,1,2,3
—-vec-report[n] n=1
n=0,1,2,3,4,5 3
—par-report[n] n=1
n=0,1,2,3
—openmp-report[n] n=1 OpenMP
n=0,1,2

—opt-report n

—-opt-report 3 ( )
-vec-report=3 or -vec-report3
—par-report=3 or -par-report3
—openmp-report=2 or -openmp-report2
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2.

-9 ( -00 )

—traceback
—check uninit

( )
—check bounds

( )
—fpp Fortran
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® (-02)

® -03 -xHost -ftz

-02

O —noprec-div (
O (prof-gen/prof-use)
® -9 (

® -traceback (
® —check uninit (
® —check bounds (
O

O
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2. PC

o SX-ACE
o

®SIMD(Single Instruction Multiple Data): 1

64bit 64bit

128bit 256

2 256

Page 11



2. PC

I MMX / SSE
®MMX
®SSE
®SSE2
®SSE3
®SSE4
®AVX Sandy Bridge 256Dit
®AVX2 Haswell FMA

O
O
©128bhit 4

o1 128bit
O
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Para/

\—— practice 3 1
\—— practice 3 2
\—— practice 4
\—— exec.tune 1
\—— exec.tune 2
"—— exec.tune 3

3
3 unroll
4

1
2
3

practice
oo o f
comp.csh
run.csh
answer/

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

exec.tune
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®practice 3 1
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® (-V)
® (-vec-report)
O (-00 -01 -02 -03)

ifort -V —-vec-report -00 -0 tune0 00.exe mat tuneO.f

ifort -V -vec-report -0? -o tune0 o?.exe mat tuneO.f

% ./comp.csh
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-00
-01
-02
-03 -02

#1/bin/csh

#PBS -q H-single

#PBS -1 cpunum_job=1,elapstim_req=0:10:00,memsz_job=1GB
#PBS -J 0 -N practic 3 1

cd $PBS_O_WORKDIR

time ./a.out

-1 CPU

% gsub ./run.csh
Request ***** hcc submitted to queue: H-single.

E o
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® practic 3 1.0*****
~00 0.323 (GFlops)
-01 1.964 (GFlops)
-02 2.776 (GFlops)
-03 9.394 (GFlops)
-00 -03
O -02

-03
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o (-01 )

®practice 32 2 K (4
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3.

®practice 3 2

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

% ./comp.csh

% gsub ./run.csh

Page 19

do j=1,n
do k=1,n,4
do 1=1,n
a(i,pD=adi, P+, k) *clk,))
& +b(i,k+1)*c(k+1,])
& +b(i,k+2)*c(k+2,])
& +b(i,k+3)*c(k+3,])
enddo
enddo
enddo
a 1/4




3. : ( )
|

®practice 3 2

( : -01)
-01 1.964 (GFlops)
do j=1,n
do k=1,n,4
do 1=1,n
a(i,p=a(i,p+b(i,k) *c(k,j)
& +b (i, k+1)*c(k+1,})
& +b(i,k+2)*c(k+2,1)
& +b (1, k+3)*c(k+3.]) -01 2.547(GFlops)
enddo
enddo
enddo
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3.

®practice 3 2

do j=1,n ni= mod(n,4)
do k=1,n do j=1,n
do i=1,n do k=1,nl1
a(i,i)=a(i,j)+b(i,k)*c(k, i) o I=lin i o T
enddo engg(l)d)—a(ld) (1,k) *c(k,J)
enddo enddo
enddo

do 1=1,n

a(i.p=a(i,p+b(i,k) *c(k,j)

& +b (i ,k+1)*c(k+l,})
& +b (1, k+2)*c(k+2,])
& +b (1, k+3)*c(k+3,])
enddo
enddo
enddo
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4. :

| -vec-report=3

ifort -vec-report=3 -mcmodel=

. 1) remark:
. 1) remark:
. 1) remark:
. 1) remark:
. 4) remark:
. 4) remark:
. 4) remark:
. 8) remark:
. 8) remark:

large -shared-intel cg.f90

LOOP_WAS VECTORIZED.

loop was not vectorized: not inner loop.

LOOP WAS VECTORIZED.
loop was not vectorized: not inner loop.
LOOP WAS VECTORIZED.
LOOP WAS VECTORIZED.
LOOP WAS VECTORIZED.
LOOP WAS VECTORIZED.
loop was not vectorized: not inner loop.

WAS VECTORIZED.

D was not vectorized: not inner loop.

cg.t90(107):(col. 8) remark:

cg.T90(106):(col. 11) remark:

. 11) remark:
. 13) remark:
cg.t90(98): (col. 13) remark:
cg.t90(98): (col. 13) remark:
cg.t90(98): (col. 13) remark:

loop was not vectorized: existence of vector dependence.

vector dependence: assumed ANTI dependence between y line 98 and y line 98.
vector dependence: assumed FLOW dependence between y line 98 and y line 98.
vector dependence: assumed FLOW dependence between y line 98 and y line 98.

vector dependence: assumed ANTI depen
loop was not vectorized: not inner Joop.

loop was not vectorized: vectorization possible but seems inefficient.
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*while

do i1=2, 1000
a(i) = a(-1)
enddo
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N =

W

k

a(l)
a(2)

a(k-1)

a(2)
a(3)

a(k)




( )

®

®

®

*IDEC$(CDEC$) IDIR$ (CDIR$) (Fortran)
-#pragma c )
®

*IDEC$ IVDEP

*IDEC$ SIMD

Page 25



C ( ) (-03 -vec-report
O

®practice 4
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o -03 -vec-report=3

O SIMD

IDEC$ SIMD
do i1 =1, len
idata2(i1) = idata2(idatal(ii))
enddo
1DEC$ SIMD IVDEP
do i1 =1, len
rdata3(ii1) = rdata3(idatal(ii))
enddo

% ./comp.csh

% gsub ./run.csh
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4. ( )
o
1 2 3 4 | 55— 6 7 8 9 10
idatal() 3 9 8 6 || 2 | & | 2 5 8 8
data2/3() 3 9 8 6 \ (20| 5 2 5 8 8
8 8 5 5 QT, 8 8 8 8 8
8 8 5 5 8 2 8 2 2 2
Ceal*8 vac 8 8 5 5 || 8 2 ||| 8 8 || 8 8
I=6
. idata2(datal(6)) —»idata2(5) (i=5) ( )
int vec: idata2(datal(6)) — idata2(5)i=5 8 (idata2(2,5,2,5))
(i=5 idata2(5)=8 )
real vec: rdata3(datal(6))»rdata3(5)i=5 6 (rdata3(2,5))
(i=5 idata2(5)=8 )
(integer:4  real*8:2 )
( )




®exec.tune 1 exec.tune 3
O Janswer
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Kji ijk 2

. 3(practice 3 1

-01

--02
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1.964GFLOPS
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( ):
2

1 jk unroll
unroll 3(practice 3 2 )
unroll( ) -02
| 4 unroll
jk unroll -02

unroll 3(practice 3 2)
1.964GFLOPS -02 2.776GFLOPS

unroll 2



3
®
. 2
. K 256 i 512
--02
®
. 2
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