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H gh Perfornance Fortre

Super conput 191
HPF Rice Ken Kennedy

—HPF1. 0 Spring 1993
—HPF1. 1 Nov. 1994
—HPF2. 0 Jan. 1997

_ Basic Concept:
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_ Omer Conputes Rule
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Fortran

program sanpl e

paraneter( n =
real *4 x(n) real *4 x(n)
calhpi _infterr )
cal Inpi _comm si(epi _comm wor |,chpeenr
doi =1 , N cal trpi _comm rarfknpi _commworlcp ierr )-
; — i .+ Q ) then
x(i) = 1.e0 / ffd(éalf“(:rﬁ, !
end do x(i) = 1.e0 / float(i)
dot = 0.e0 end do
do i=1,npe-1
caltpi _sendx , mpi,_reali , O
doi =1, n & npi _commworlderr )
. do, .
dot = dot + x(ia%¥ R(i)
end do caltpi _recv( x npn_real 0, O
& nmpi _commwprld stierr )
end if
wite(6,*) ’dot :iSﬁ(d?mrﬂpd?)l(/)nrH)l)/( )
ie=mn( n, npe+ 11)) * np + 1
stop dot = 0.e0
end doi =ii®,
dot = dot + x(i) * x(i)
end do
cal trpi _al | reduce( dot , nptrealirpj sum
& nmpi _comm wor | d err )
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IVPI

program sanpl e

i n¢l uderpi.fh’
1O¢a5amat er(n = 100)

ifnMpeq. 0) wite(6,*) "dot =" |
cal hpi _fi nal(i zery
st op

end

HPF

dot

HPF$
HPF$

HPF

program sanpl e
paraneter( n
real *4 x(n)

100 )

PROCESSORS P( 4)
DI STRI BUTE X(BLOCK) ONTO P
doi =1, n

x(i) = 1.e0/ float(i)
end do
dot = 0.e0
doi =1, n

dot = dot + x(i) * x(i)
end do
wite(6,*) 'dot ="' , dot
st op
end
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( VP

explicit

| nplicit

PEO PE1
/ \
REAL A(100) |[REAL A(100)
| f nype. eq. 0) |Lfnype eq.0) ...
REAL A(100)




HPF

—REDUCTI ON

NUVBER OF PROCESSORS( )

V

NEW

2001 3 22 HPF




2-Level Data Mapping In HPF

Array [ L 7 7 L7 Arra

A6,6) SAAAATA A B 4y6
ST S B(4.6)
77 S

y a4
/I///I/I/ L [ T 1

O\

Tenpl at e Al gl
T(8,8)
/
Di stri bute
Pr ocessor
PE(2, 2)

4

2001 3 22 HPF



HPF2. O

_ GEN BLOCK

_ REDI STRI BUTE

ON

SHADOW
—SHI FT

_ TASK REAQ ON

208t 3 22 Her .



Omer Conmputes Rule

| —»
IHPF$ A(BLOCK, *), B( BLOCK, *) J
do i =1,n l
i f (A(i,*)) then
do J :1, n A
A(i,j)=B(i+1,j+1)*2
end do
PEO = PE2 PE3
— — — —
TFEEEFE FTFEFE FETE FEET
A
A A || A | A
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REAL*8 A(n,n), b(n,n),c(n,n)
| HPF$ DI STRI BUTE (*, bl ock) :: A C
| HPF$ DI STRI BUTE (bl ock,*) :: B
do j =2, n
do i=1,n
ACl,)) =B(i,]) + Ci,]-1)
enddo j=2,n
end do o
enddo

[
=
>

|teration space)
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HPF
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IHPF$ A( BLOCK, *), B( BLOCK, *)

do i=1,n
if(A(i,*) ) then i
do j=1,n :
if(B(Jli +1, ) +1)
B i+1,j+1)
ACi,j)=B(i+1,j+1)*2 A
end do
end if
end do @
B Z
do I =i es,«
do j=1,n
A(i,j)=B(i+1,j+1)*2 B
end do
end do
HPF



" 1999 AHPF

HPF
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" 1999 AHPF

J AHPF

_ HPF
: HPC <:
_ HPF/ JA
— 1999 6 Springer-Verl a
JA
HPF

— 15
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" 1999 AHPF

HPF/ JA 1.0

a HPE/ JA

\_

Approved Extensi onh

¥
¥
¥SHI FT
¥
¥

¥ Mapped Poi nter

| ndi rect Distribution

\¥ Mapped Derived Type Cow.
¥
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1999 AHPF

— (Array assignnents,
WHERE constructs, FORALL constructs)

— AT

HPFJ  ASYNCHRONOUS (1 D=X) BEGQ N

S(I1 N =T(1 N COMVA
'HPFJ END ASYNCHRONOUS

Conput ati on i ndependent of the abov| cows ]\ cation
HPFJ  ASYNCWAI T (| D=X)

‘[ COVPB "'...V\AI T

TI VE
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" 1999 AHPF

SHI FT

REFLECT: Set values into the SHADOW area from its original.

LOCAL: Assert no conmmuni cation required
—RESI DENT : Communi cati on anbng active processors nm)

REAL A(N), B(N) // \
A

| HPF$ DI STRI BUTE ( BLOCK) : :

| PFS SHADON L) : A - AJJ [F' “Ij [LA REFLECT

DO | =1, N
A(l) = ...
ENDDO
| HPF$ REFLECT <object-listp
DO | =2, N-1
I HPF$ ON HOVE(B(1)), LOCAL(A) j[ j[ LOCAL
B(I1)=A(l-21)+A(l)+A(Il +1)

ENm k v v v v v A 4 v A 4 v A 4 v J
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1999 AHPF

¥
¥ CSCS Vi enna
Exanpl e
IHPF$ DISTRIBUTE A(BLOCK) ONTOPROC 1ot ond 3rd
[ DO.. 4 4
o Cener at e | Reuse| Reusg
c comm
= | !HPF$ INDEX_REUSE (true)) A Somm W E> E>
= DO I=1,N
o .. = A(IDX(1))
© ENDDO | ndi rect Access
_ ENDDO
\4 \4 \4
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courtesy of ECMAF

HPF
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1999 AHPF

(1) Mol ecul ar Code
— Car - Par r i ne\#tdhod

(2) Particle in Cell

—Electro-Static Plasma Si nul ati on
(3) | MPACT3D

— 3-Di nensi onal CFD code wth TVD Schene
(4) M CCG

— 3- D nensi onal Poi sson Sol ver

— I nconpl et@ol eskiyact ori zati on

(5) Cl Eupi cnterpol aPedudo-particle Code)
—2-Dinmensional CFD wth upw nd schene

(6) NJR( SAGCM

— At nospheric A obal G rcul ati on Model using Spectral netho
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1999 AHPF

Benchmar ki ng Effort (Con

(1) FEM kernel (Yokohama National Univ., RIST)
— Sparse matri x sol ver

(2) NAL-LES (National Aerospace Lab.)
— CFD wth Large-Eddy sinul ati on net hod

(3) Shall ow water equation nodel (Univ. of Tokyo)
— FDM

(4) Plasma MHD Code (National Inst. for Fusion Science)
— Particle code with open boundary condition

(5) IVHI

— Cartesian CFD
(6) Astrophysical Rotating Plasma Sinulator( )
(7) CFD 3 FFT (ESRDC)

HUG2000

— NEC
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" 1999 AHPF

J AHPF

B 5

HPF
~ -~ benchmark suite
- HPF/JA 2.0 -~ HPF
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HUG2000 HPF User G oup Meeti n(

Santa Fe, New Mexico, USA, 1998 Port o,
Portugal, 1998 Redondo Beach, California, USA
HPF

200010 19-20

_ KeynoteProf. Ken Kennedy (Rice
Bar bara Chapman ( Houst on
HPF, MPIQpenMP

http://tokewipjahpf/ hugZodiondex. ht m
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HPF

—penhP
NUVA

— HPF
¥ VPP

—HPF
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HUG2000

I/F CC
HPF

HPF

IVHD



HPF/ SX V2

_ 2000 3
_ 2000 © /

_Alnost ready to use foAPs$é&dul ar
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Current Status of HPKF/ S>

Approved Extensi ons
/ ¥ Mapped Poi nter

Current améxt Versi an

nt Features of HPF/ SX V2

~

_ _¥Mpped Derived Type Component '=< - == - " ' =7
/ ¥HALO Y,
| ¥| NDI RECT ¥Vectori zation D rect
: ¥Automatic Parallelik
| / e ™\ ¥ON
| PF2.0 | ¥GEN BLOCK | ¥LOCAL & REFLECT
| (core) | ¥SHADOW ¥Reduct i on Ki nd
S “ ¥Remappi ng _

¥ Comm Schedul e Reuse

¥ Task Parallelism
¥ RANGE
\ ¥etc.

¥ Asynchr onous Conm

¥ .
ote wer/ AL




ON

Targetoncatv (4097x4097) o b&PRhmar ks

I HPF$ i ndependent

DO 250 i =ilp , 12m
I HPF$ on hone( aa(:,i) ) begin

ip=i +1

im=1 - 1

m= 0

DO 310 j =j1p, j2m
XX:X(j’i+1)-X(j’i-1)
aa(mi) = -Db
dd(mi) = b + b + a * rel
pXX:X(j’i+1) - 2 *X(j1i) +X(j1i-1)
qxx = y(j,i+1) - 2. * y(j,i) +y(j,i-1)
rx(mi) a* pxx + b * pyy - ¢ * pxy + xx * g + xy * qj

ry(mi) =a* gxx +b * qyy - ¢ * gxy + yx * qi +yy * qj
310 CONTI NUE
'HPF$ end on
250 CONTI NUE




- ,
ﬁ 12 [24@ L24. 8@FLOP§T
o | T®ORIGINAL | N
2 10—y /*/
Z g - —4
o 14,
= [ f% //0/
© 6
: s
T 4
0]
(]
o
n 2

0 |

0 2 4 6 8 10 12 14
Number of Processors
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(2)

The ON directives I n

t he performance at a
30%

Evaluation environment
¥NEC SX-5
¥HPF/SX V2 Rev.1.1.1

¥ default combpiler
AL T UAUALT O

UUIIIPI LA |

options



L OCAL/REFLECT

Target: a benchmark program of the Red-Bl ack S
Iterating 100 tinmes four five po
conmput ations for a 4097x4097 arra

DO K=1, 100
|l HPFJ refl ect a

I HPF$ i ndependent
DO J=1, (N1)/2
| HPF$ on home( a(:,2*J+1) ), | ocal
DO =1, (N-1)/2
A(2*1 +1, 2*J+1) = (W4A)*(A(2*], 2%J+1)+A(2*1+2, 2*J+1) +
1 A(2*1 +1, 2*J) +A(2*1+1, 2*J+2)) + A(2*1+1, 2*J+1)*(1-W
END DO

ENDDO
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Speedup (ORIGINAL/1=1)

| OCAL/REFLECT (2)

16

14 THORGNAL [ SSFLOSay) 0CAl anREFLECT

12 Mo d reduce the nunber
10 | D = comms. by hal f.

8 >0 ¥ OCAL+REFLECT i s
6 /’/‘ 1.5-2 times faster
‘2‘ \ ORIGNAL.

0]

0] 2 4 6 8 10 12 14 16
Number of Processors
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Vectori zati on
_ HPF/ SX V2

—short| oop:
asserts that |oop | ength does not exceed the vector r

—vector:
I nstructs the loop is to be vectori zed.

—hovect or:
I nstructs the loop is not to be vectorized.

—sel ect (vector| concur):
| nstructs whether the loop is to be vectorized or SM
—hodep:

asserts no data dependence.
2001 3 22 HPF



Tar getgno of HPFBench

'hpf$ i ndependent
do iv=1l, nvus
I CDI R NCDEP
do j=1,1vec
trout (ksanmp(j,iv),iv) = trout(ksanmp(j,iv),ivVv)
& + w(j + jbeg,iv)*(trin(isanmp(j,iv),ivV)
& + del (j,iv)*(trin(isanp(j,iv) + 1,iv) - trin(isanmp(j,iv),iv)))
enddo
enddo
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Speedup (ORIGINAL/1=1)

Eval uati on of
vectorization directi ve

16

25 [680\/FLODS
—®~ ORIGINAL
20 —®— \ODEP
15 [370}
10
5 f
O |
0] 2 4 6 8 10 12 14
Number of Processors
2001 3 22 HPF

Jector op. ratio
93%

vector op. ratio
- 78%
A }

The vectori zation

directives I nprove
t he perfornmance at
about 40%



16

14

12

10

Target: shall ow (4097x409% bEncAPRr ks
[ZZ.QGFLCPS
////' Wth only mappi ng
directives and no
160 //// ot hers, good scal a
//ii//// | s achi eved.
Li nes: 658
Directive Lines: 16 (
0] 2 4 6 8 10 12 14 16
Number of Processors
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APR Benchmark Results

APR Benchmark —*— baro
~®*grid
jacx_90
ora
~ X pdel
—* scalgan
~— " shallo
T sSwm256
-~ tomecat)
trans
X422

10

Acceleration Ratio
N YN )

O N » O ®

Original 1 2 4 8
Number of Processors
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HPF Benchmar k Result #1

HPF Bench #1

12 —¢—conj -grad
o 10 —®—gauss-j ordan
) gno
8 8 mat ri x-vect or
o 6 —X—m
o 4 —#n-body (cshift-sym
—+—qcd- ker nel
2 g
0

Original 1 2 4 8
Number of Processors
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HPF Benchmar k Result #Z

HPF Benchmark #2

=000 —* boson
' ~*ellip-2d
- 6.000 P
S 5000 fft (1D)
3 4000 Tt (2D)
“ 5000 : ks-spectr:
1.000 gqmec
—— wave-1d

0.000

1.000 2.000 4.000 8.000
Number of Processors
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User Applications

User Applications

(9.00) oD
890 T
=1 (6.00) FEM ker nel
2 (5.00)
;& (4.00) o
e -
(1.00) — i npact 3D
(0.00) (m node)

Number of Processors
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HPF/ SX V2
_ (

¥Indirect data distribution
¥ Conmuni cati on schedul e reuse
¥ HALO (I rregul ar shadow)

— 1/ O
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SMP
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SMP

— ~ HPF/ MPI S
— ~ HPF/ MPI - OpenWP
— _ HPF/ VP

4 N

e —w
OO-O) (OO O

- J
— 2 X

2001 3 122 HPF ©
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DSM  OpenMP

_ Houst on Bar bara Chaprau2000
—http://wivakyoi st jgf ahgfhug2000r esen/ Chap nmai.

DSM

—SAd / Ori gl ©onpag
—Fi rst Touch
— HPF

SPMD
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CC- NUMA |/ F

_ CC- NUMA( Cache- Coherent Non-Uni form
Menory Access)

PEO

u

u 1
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OpenMP on CC- NUMAs

_ OpenlP CC- NUVA
SA , Conmpaq

—first touch allocation policy

—automati ¢ page mgration

—page- based nmappi ngs

—HPF-styl e el ement nmappi ngs

—associ at | on of work vvi th |l ocation of data

OWP DO

_ Fraasi(vt OI=L[‘>Ch Ep([i)ﬁlll\c DO I =1, N
A(1)=0.0 ACl)
ENDDO ENDDO
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CC- NUVA |/ F

Jacobi
SPNVD

HPF CpenP

_ SC2000 HPFF
GpenMP  HPF

201 Bar bar @ Chapman Scal abl e O uster Fc



HPF

HPF
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HPF

_penWP  HPF

—CC- NUMA
HPF
HPF (
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