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Itanium Processor Family (IPF)  RISC

¢ EPIC(Explicitly Parallel Instruction Computing)

— HW
4
— Predicate
¢ CPU
Control Speculation Data Speculation H
| 4
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ltanium?2
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ltanium:

¢ IEEE
- (32 ) (64 ) (80 ) HW
[ ]
- 82bit
_ 128
Fortran
¢ Multiply&Add
- 1 1 2
*2 =4
- 1GHz AGFLOPS

— 128 =32 96 rotating
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ltanium/Linux Fortran
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NEC Fortran

Fortran95 (ISO/IEC 1539:1995)

® # d/D
& $
* 255 Fortran 31
2
= automatic, static,
= volatile
- encode, decode, define file
— VAX Fortran record, structure, union, map
— CRAY* pointer
— byte
2 (132 )
2
— %VAL %REF
» %VAL (call by value) C
» %REF (call by reference)

call Croutine(%VAL(N))
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NEC Fortran:

¢ IVDEP
IDIRS IVDEP :
Ignore Vector DEPendency)

IDIR$ IVDEP
DO I=1,N

A(D=A(I+K) + B(I)
ENDDO

IVDEP

. IDIR$
sunroll [ ] / nounroll :
sprefetch | ,..] / noprefetch :
*SWpP / NOSWP :: SWp
edistribute point :
*loop count ( ) :
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NEC Fortran, C/C++

¢ Intel ltanium NEC
¢ Itanium

— 1SO
— 64
— OpenMP2.0

— Big-Little Fortran
» F_UFMTENDIAN=u[,u]
_ (ftrace)
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Fortran (efc)

-00

01 -02

.02 (DEFAULT)
.03 -02

_mp
-mp1l -mp
-ftz 0 -O3

_|p
-ipo

PGO
-prof_gen PGO
-prof _use PGO

SMP
-openmp OpenMP
-parallel

-opt_report
-opt_report_phase
-unrollO
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¢ -0O0:

¢ -0O1:
¢ -0O/-02:
¢ -0O3:

»
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(PGO)

¢ -prof _gen:
¢ -prof _use:
»
» SWP

« | .dyn J '

(prof use)

T~ N
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17

OpenMP

pthread
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SWP

SWP

subroutine c2sub(a,h)
real a(600,100,100)
integer h(100)

P do

1=1,100

doj=1,100

SWP

— €en
en

do k=1,599

a(k,),i) =(a(k+1,j,i) +a(k,j,i))*0.5

enddo
enddo
h(i)=h(i)+1
ddo
d

P+SWpdo i=1.n
a(i)=sqart(b(i)**2+c(i)**2)
enddo

18

SWP
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¢ -parallel
¢ -par_report[0]|1|2|3]

— -par_report0:
— -par_reportl(
— -par_report2:
— -par_report3: report2

* -par threshold[n]
n O 100
— O: 100
— 75

— Idir$ parallel
»
»

— 1dir$ noparallel
»
» noparallel
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¢ parallel

subroutine sub2(a,n,m)

real*8 a(n,m)

do j=1,m

do i=1,n
a(i,J)=sin(a(i,))

enddo

enddo

end

subroutine sub(a,m,n)

dimension a(n),m(n)

doi=1,n
a(m(i))=a(m(i))+1

enddo

end

subroutine sub2(a,n,m)
real*8 a(n,m)
do j=1,m
Idir$ parallel
do i=1,n
a(i,j)=sin(a(i,j))
enddo
enddo
end

do |
doi

subroutine sub(a,m,n)
dimension a(n),m(n)
Idir$ parallel
do i=1,n
a(m(i))=a(m(i))+1
enddo
end
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OpenMP
OMP_NUM_THREADS : CPU
OMP_SCHEDULE static
KMP_STACKSIZE :4M

KMP_LIBRARY: serial | turnaround | throughput
» serial:

» turnaround: sleep
busy loop

» throughput: sleep
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ltanium/Linux
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»

»

»

PGO(-prof _use, -prof _gen)
(-ipo)

23
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¢ -p

o gmon.out

¢ S$gprof [--no-graph]

L 2
L 2
% cumulative self
time seconds seconds
37.42 0.06 0.06
29.68 0.10 0.04
17.42 0.13 0.03
7.74 0.14 0.01
1.94 0.14 0.00
1.94 0.15 0.00
1.29 0.15 0.00
1.29 0.15 0.00
0.65 0.15 0.00
0.65 0.15 0.00
0.00 0.15 0.00
0.00 0.15 0.00
0.00 0.15 0.00
0.00 0.15 0.00

gpro

[gmon.out]
self total
calls wus/call us/call
133874 0.42 0.42
270000 0.10 0.10
27 434.03 1410.59
2574 1.14 1.14
26 112.68 2357.21
2574 0.38 0.38
1 976 .56 102539.06
72 0.00 0.00
26 0.00 84.19
1 0.00 0.00
1 0.00 0.00
24

name
daxpy_
__mcount
ran_
matgen__
1damax__
dgefa
_mcount_ret_helper
mcount
dscal _
main
second__
dgesl __
dmxpy_
epslon_
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ftrace

O -ftrace
¢ 100 4
FTRACE _EVENT="CPU_CYCLES FP_OPS RETIRED IA64 INST RETIRED
INST_DISPERSED"
- Total -
Frequency CPU_CYCLES FP_OPS RETIRED 1A64 INST RETIRE  INST_DISPERSED Routine
1 180351 8640 167754 189060 main
27 8873191 2700000 36782625 37940003 matgen
26 49309586 17520418 83248961 92884461 dgefa
26 1785156 577174 2853269 3202644 dgesl
1 10372 20000 34278 36658 dmxpy
60158656 20826232 123086887 134252826 Total
- Averages -
Frequency CPU_CYCLES FP_OPS_RETIRED 1A64 INST RETIRE  INST_DISPERSED Routine
1 180351.00 8640.00 167754 .00 189060.00 main
27 328636.70 100000.00 1362319.44 1405185.30 matgen
26 1896522 .54 673862.23 3201883.12 3572479.27 dgefa
26 68659.85 22199.00 109741.12 123178.62 dgesl
1 10372.00 20000.00 34278.00 36658.00 dmxpy
- Ratios -
Frequency CPU_CYCLES FP_OPS_RETIRED 1A64 INST RETIRE  INST _DISPERSED Routine
1 0.300% 0.041% 0.136% 0.141% main
27 14 _.750% 12.964% 29.883% 28.260% matgen
26 81.966% 84 .127% 67.634% 69.186% dgefa
26 2.967% 2.771% 2.318% 2.386% dgesl
1 0.017% 0.096% 0.028% 0.027% dmxpy

25
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DO I=1,N
DO J=1,M
= *B()

DO J2=1,M,JB
:> DO I=1,N

DO J=J2,min(J2+JB-1,M)

B

AN\

= . *B()
—

. [Wb
=

2500

2000

JB=16384

o 1500

R
+

LL 1000

"y e N
O Lol Lol Lol Lol Lol Lol Lol Lol

10 100 1000

10000 100000 1000000 10000000 1E+08 1E+09
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-opt_report [-opt_report_phase hlo -opt_report_phase ecg_swp]

Swp report for loop at line 19 in main in file dO.f

19 do |:1’k Resource Il = 3
)= i Recurrence Il = 17

20 a(m(i))= a(m(i)) + 1.0 pecumenae ll = L

21 enddo Scheduled Il = 18
Percent of Resource Il needed by arithmetic ops = 100%
Percent of Resource Il needed by memory ops =100%
Percent of Resource Il needed by floating point ops = 33%

||( 1 ):18 Number of stages in the software pipeline = 2

Following are the loop-carried memory dependence edges:

@ Store atline 20-->Load atline 20

: : Block, Unroll, Jam Report:
19 !dir$ |Vdep (loop line numbers, unroll factors and type of transformation)
20 do i=1.k Loop at line 12 unrolled with remainder by 8

Loop at line 20 unrolled with remainder by 6

21 a(m(i))= a(m(i)) + 1.0

Swp report for loop at line 20 in main in file d.f

22 enddo
Resource Il = 12
Recurrence Il = 0
Minimum Il = 12
Scheduled Il = 13
Percent of Resource Il needed by arithmetic ops = 100%
1=13/6 = 2.16 Percent of Resource Il needed by memory ops =100%

Percent of Resource Il needed by floating point ops = 25%

Number of stages in the software pipeline = 9
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do i=1,k |
a(m(i))= a(m()) + 1.0 = ivdep
enddo

=

MFLOPS

800

700

600

500

400

300

200

100

—&— [vdep+

—=— jvdep

—o—

10

100 1000 10000 100000 1000000 1E+07 1E+08
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doi=1,n do j=1,n

doJ=1,n C> do i=1,n
a(l,)) ... a(i,j) ...

/a

7

A

7 0 >
/ﬁ =

600 ﬁl
g 500 /\/ \ i\ /./.,-k"..".
T 400 /// \ \'\-_..I/
- 300 / \\
2 200 \
100 N 0400 —— ¢+ o o+ etvee
) | | | | |
100 1000 10000 100000 1000000 10000000 100000000
a(i.jy=aij)x+y o
— — |
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WD BE

CPU
» OpenMP

» OpenMP/

OO0

KMP_ONCPU

cpu
KMP_ONCPU
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CPU

¢ KMP_ONCPU
— OpenMP

— KMP_ONCPU="" ( )
» CPU

— KMP_ONCPU="0246810121413579111315"
» CPU

— KMP_ONCPU  OS

KMP_ONCPU="" 16CPU
cpu0 cpul cpu4d cpu5 cpu8 cpu9 cpul2 cpul3
cpu? cpu3 cpu6 cpu’ cpul0 cpull cpuld cpuld
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OpenMP

do k=...
do j=...
doi=...
a(i,},k)=0

I$Somp parallel do
do k=...
do j=...
do i=...
a(i,j,k)=...

ISomp parallel do
do i=..
doj=...
do k=...
a(i,j,k)= ...

ISomp parallel do
do k=...
do j=...
doi=...
a(i,j,k)=0

ISomp parallel do
do k=...
do j=...
do i=...
a(i,j,k)=...

ISomp parallel do
do i=..
doj=...
do k=...
a(i,j,k)= ...

ISomp parallel do
do k=...
do j=...
do i=...
a(i,j,k)=0

ISomp parallel do
do k=...
do j=...
do i=...
a(i,j,k)=...

ISomp parallel do
do k=..
doj=...
do i=...
a(i,j,k)=...
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