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# cd ../src
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# cd ../bin

# cc --some_option --more_options .... -o foo.o ../src.foo.c

# cc --some_option -0 XXX XXX.0 yyy.o ... foo.o -1m -lxxx -lyyy
# ./xxx input_parameterl input_parameter2 ....
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(setq text-mode-hook ’turn-on-auto-fill)
(setq mail-mode-hook ’(lambda () (auto-fill-mode 1)))
(setq default-major-mode ’text-mode)

;; regulate indentation for new cc-mode.el
(defun my-c-mode-common-hook ()
(setq c-indent-level 4)
(setq c-basic-offset 4)
(c-set-offset ’case-label 4)
(c-set-offset ’statement-case-intro 4)
(c-set-offset ’statement-block-intro 4)
(setq c-continued-statement-offset 4)
(setq c-brace-offset 0)
(setq c-argdecl-indent 4)
(setq c-label-offset 0)
)

(add-hook ’c-mode-common-hook ’my-c-mode-common-hook)

hook DOODOODUOODOOODOOOODDOOOOOODODOOOOOOhook OOOODOOOODO
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gboabooooboooboooan






Chapter 4

0J000000000000000C0
000 (2009/6/10)

oooooobooooobooobooon
gboboobOoboooooboboooboobooooobooooobooobn

ooboobooooooooboboooboooboooooboooboooobooboooooboooooa
000000000000 000O000oOoOo0Uoo0oooUoO (o)oood

gboboobooobooboobobobooboaoboobooboooban
oboooooboooooboobobooooobooon

gboboobooooobobobooooobobobobooooobooboboboobobo
ggobooobooobaon

ooooooobooogoo
bbomboobooooobooboobooboooobobooonog

gboooooboooooboboooooon
gboboooboooobooboooobobooooona

gboocoooboooobooboooooan

gbobgboooobooooooboboboobodgboboboboboboboooboooa
obooobOoboooobobooobooboooooboobooboobobooonog

gobobooobooood

goboobobooobooboooboooobooboobobooboooooOoobooOooDn
gbobobobobobouooooobobobobooboboboboboooooooboobobo
gbooboobooooobobobobooooboboboooooboboboboboobobo

15



16 CHAPTER 4 00000000000 O0OOOOOOOOO(2009/6/10)

gobooboboobboobboooboobobooobooboboooboooboobboon
gbboobooobuogboobooboobobbobooboobooboon

gobooboooboboooooobooooboooobooobooobooooboOooooboooboan
tbobobobobobooobooooooooooboobobooboOobOOobOobOOobOOobOoOoboOoon
ooooooooooobooobboooooboooboboooboobOoooooDooDOoODo
gboooobobooooobobooobobooooobooooboboboooobooooDo

obooooboooobooooooobooooobooobooboooboooOoobooooboaon
gbooobooboooobooon

0000@O)00000000000000o0o0000o0UoU0oo0oO0oDooDoooOoooo
oboboooboooooocoooooooooooboooOoooboobOoboobobOobobOoboobon
boboobooobOobooobOomoboooobooooooooobooooooobooonog
uobooobooooboooboooboobooboooooooobooboooooooonoo
ooboooobooooboooooooooobooobooooobooboooobDooDboboOoooo
0000000000000 00000000000000000o0o0o0oU0ooO0UO0O (oOoo
00000000000 00000U00000o0o0oD)000D000oDoOoUOoDoUoOOOn
goboobooooboobboooooooooboboooooobooobooobooooboOoooDbo
gooooooOoOoOoOOOOOOO OKOOOOOOOOOOOOOOOOOOODOODODOOO
goooooboooobooboooobobooooooDo

ooooobooobOoboooboobooboooboboooobooooboboboooboOoboooooon
gooooooo

gbooobogboobobpboboobobooboobobooboobobooboobon
gbgbobobobobobobobobobobooboooooobooboboboboba
oobooooboooboooboooooooooboooobooooooboooooooooooooo
gbobooboboooooboooobooooono

gbogboobobbobobooboobooboobobbooboon



Chapter 5

0000000000000 0000
00 (2009/6/12)

gboobbooboobobobobooooboboboobooooobobobooobbonoo
gboboobodgbogobooboobooboobooboboobobboobooboan

boboobooboboooooboboooobobooooboboooboooboOoboooooono
gooooooooooOoOoOoOoOoOOOOOOOOOOOOOOOOO LSIOODODOOODOOO
OO0000o0oo000oDOo000oooOo00oDoooOo0oDOooOO00n0 GRAPEODOOODOOO
0000000000000o0000o000o0o0oo0o0oooUooUooOo0(Dooooo
0)000000o00U0ooOooooooooooo

oboobooooboboooooboooobooboooboobooobooona

goboooboooboboboobooooobooobooboooboooobooobooooobooobooon
gbooboobobooboboobobobooooboobOobOobOobOobOobobOobooboboo
oo0o00O0000O00oooOOOOoO0OoOoooooo. FrPGAOOOCOCOOODODODOOOOOCO
OO0 FrPGAOOOOOOOOOOOOOOOOOCOO20000000C000000000000O
ooboooboooooooboboooooooboooooboobooobooobbOoboooooDoo
oboooooboooooon

obooboooboooooboobooboooboooobooooboooboOooooboooaon
O0000000o0oO0o0Oo0oo0 (Doo0o0ooOoooU0oo0DooOoUoOo0O)ooOooo
oooooooo

oooooOobooooobooooon
ooooo

goboooooooboooobooooobooooooooooooboooooboogorobbooDbo
0000000000000 C00O00000O000000O0o000000O0O0O0O00OD0OOFPGA
o000o0O0000oooO00ooOo0ooOo0o0ooooO0 FPGAODOOOOOODOOODOOO
oo000000000000O00000000ooOO0O0O0O00000OonD FPGAOOOOODO
gboboobobooooboobooooboboomoboo 2000000000000 b000000

oobooobooobooooobooooboobooobOooooobooobooooobOoooobooooon
gooOoOoOoOoOoOOOOOOODOOD FPGAOOOOOOOOOOOOOOOOOO

gboogboooboobobobobboobobooobooboobooboooboobbooDbDbo
gboboboboobooooobooboboboboboboboboboooobobobobo

17



18 CHAPTER 5. 00UO0OO0O0OOOOOOOOOOOOOO(2009/6/12)

oooooooooogo
obooooooboooooboboboobOoboOoooboooooOobooon

1. 000o0obO0oboooobooboooboobooooon
2.000000C00000CO0DOO0O0OOOODOOOODOOODOOOG

. 0oo0oooooboooooo

gbooobooboobooobooooboobooooboooooobooobooobooboooDoot
oobooboooooboooboooobooooobooobobOooboobOooboobooooboooDn

goboobobooooboobooboooooboooooooooobooboobooooobooonoa

uobodobooobooboobooboobooooooooooobobooobobooooag

gooobooboooooboboboooobooooobob0oobooboobooobooboooo

ooooobooooobooobooooboooobooOooooooob 100000000000
gbooobOoboob 1sobobooboobobono200000b00oboobooboooooon
ubobooboboooobobooboobob 1s0oboooboobooboobobooooobooon
ooooo

ooooboooobooboobooobOoboooboobooboOoboooobooooboooaon
boooobooooboooooboboooboooboobooobooooobooooboooboooonoa
gboboobobooboobobooooooboooooona

goboobooooboobooobooooboooboobooooooobobooobooooooboboobooon
oooboooboooooboooboooboOoooboobooobooobooobooOoooboooooonooo
obooboobobooboooooooobooobooobooooooooooobooboOoobooo
O00000O000000oDbo0O0o0ddO evenD odd 00000000 DOODOOOOODODOO
Oo0o00o0bo0o0dbD xor10000000ODO0OOO

ooboooooooooboooobooooobooooboobooooooooOoooboooooooon
oo00000000oOoOO0OO0OO00O00O0OoOoooOoOoODOOOO0O0OO FPGAOOOOOODO
boobooobooboboooboooboooobooooboobooobooooboooboooooooOoooaoon
goooooboooobobooooobooooon

oobooboboobooooobooooboobooobOoobooooobOoOobooobooooboooaon
goobooobooobooboobobooboboooooooooobooboooboooooooooo
bobooboobooooboooobooboooo

oboooooboooobobooooooobobobooooboboboboobooboobooboonDo
obobooboboobobobobobOoboobobobobobobobOobobobooboon
00'00000000000000000

e JOOUODOOODOOODOOOODLOOODOOOUODOODOOOOODOODOODOODOO
ooooboooo

uboobuobogoboobbooboaboan

gbooobooboooboobooboboobobooboboobooboobobooobo
gboobooboboboboboobooboobooboboobobo

0000000000000 0O000000000 makefile 100000000

ooooooboooo

Inttp://wuw.atmarkit.co.jp/fdotnet/special/tdd/tdd 01.html



19

goboooobooobooboboooobooooooboooooooboooDooooboobDoo
gboooboooobooboobooobooooboooboooooboooobooooobobooDo
oobooobobooooooobooobooobobOoobooooooooboooOoboooooooooo
goboobooooboobbooboooboooooooboooooobooboooooboOooonn
gbobooboobooooobooooooboooo






Chapter 6

00000000000 (2009/6/13)

obooobooooboobbooobooobobOoooboo0ooboooboooobooooboooobo
gbooobooboobooboooobooboobooobooobooboobOmoobooobooobo
goooooooooobobobooooooooobobooobDobboooobDooboOoDOoDbO

000000000000000000'000000000000000000000000O0
oboobooobooobooooooboooboobooooobooooooobooooooboogo
gboboobOobooooboboooobobooooboon

gbogbooboobaobooboobaoobuooboboab

e JO000D0ODODODUDOODOLOOODODOLODOODOLODOODO
e 000 DOO0OODOOOOODOODOOOLODOOODOOODOOOOODOODOOOOODLDOODO
oobooobooobooooooboboobobooooooooooboooobooboooooOooooon

Os00000000000000000000bOO000000OO00bOOo0O0OOoOobOboOooDn
goo

#include <stdio.h>
#include <math.h>
#include "bh.h"

[H mmm */
void get_force_host(int ni, int nj,
double *m, double (*x1)[3], double (*vi)[3],
double (*xi) [3], double (*xvi)[3],
double (*ai)[3], double (*ji)[3],
double *eps2i, int *indexi, double *pi)

int ii, j, k, idi;

double rinv, r2, r2inv, r3inv, rb5inv;
double xdotv, xdotvrbinv,r3invdx;
double r3invdvetc;

double dx[3], dv[3];

Thttp://www.pro.or.jp/~fuji/mybooks/cdiag/
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for(ii=0;ii<ni;ii++){

for (k = 0; k < 3;
ailiil[k] = 0.0;
jilii] [k] 0.0;

}

pi[ii] = 0.0;

}

// ALL <== FS

k++) {

for(ii=0;ii<ni;ii++){

idi = indexil[iil;
for(j=0;j<nj;j++){
if (idit=j){
r2 = eps2iliil;
xdotv = 0.0;

for (k = 0; k < 3; k++) {

dx[k] = x1[j]
dv [k] vi[j]
r2 += dx[k] =*

(k] - xi[ii]l[x] ;
[k] - vil[ii]l [k] ;
dx [k];

xdotv += dx[k] * dv[k];

}

r2inv

rinv

r3inv T
rb5inv r3
xdotvrbinv 3.
for (k = 0; k <
r3invdx =
r3invdvetc =

if (r3invdx
if (r3invdvetc

ailiil [k] +=
jiliil k] +=

b

pilii]l -= m[j]

X
}
X
b

void get_force_from_bh(

int ii, j, k,idi;

1.0 / r2 ;

sqrt (r2inv) ;

inv * r2inv;

inv * r2inv;
0 * xdotv * r5inv;

3; k++) {

r3inv * dx[k];

r3inv * dv[k] - xdotvrb5inv * dx[k];

== 0.0) fprintf(stderr,"idi=)d ii=¥)d j=kd ",idi,ii,j);
== 0.0) fprintf(stderr,"idi=)d ii=l}d j=¥kd ",idi,ii,j);

m[j] * r3invdx;
m[j] * r3invdvetc;

* rinv;

int ni, int nj,

double *m,

double (*x1)[3], double (*v1)[3],
double (*xi)[3], double (*vi)[3],
double (*ai)[3], double (*ji)[3],
double *eps2, int *indexi,double *pi,
int BHnum, int *BHi, double eps_bb2)
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double rinv, r2, r2inv, r3inv, r5inv;
double xdotv, xdotvrbinv,r3invdx;
double r3invdvetc;

double dx[3], dv[3];

for(ii=0;ii<ni;ii++){
idi = indexil[ii];

// === ALL <== BH ---
for (j = nj; j < (nj+BHnum) ; j++) {
if (idi'=j){
if(idi < nj ) r2 = eps2[jl;
if(idi >= nj ) r2 = eps_bb2;

xdotv = 0.0;

for (k = 0; k < 3; k++) {
dx[k] = x1[j1[k] - xiliil k] ;
dv(k] = vi[jl[k] - vil[ii] [k] ;
r2 += dx[k] * dx[k];
xdotv += dx[k] * dv[k];

}

r2inv = 1.0 / r2 ;

rinv = sqrt(r2inv) ;
r3inv = rinv * r2inv;

r5inv = r3inv * r2inv;
xdotvrbinv = 3.0 * xdotv * r5inv;

for (k = 0; k < 3; k++) {
r3invdx = r3inv * dx[k];
r3invdvetc r3inv * dv[k] - xdotvr5inv * dx[k];

if (r3invdx == 0.0) fprintf(stderr,"idi=)d ii=¥%d j=/d ",idi,ii,j);
if (r3invdvetc == 0.0) fprintf(stderr,"idi=)d ii=¥%d j=/d ",idi,ii,j);

ailii]l[k] += m[j] * r3invdx;
jiliil[k] += m[j] * r3invdvetc;

}
pilii] -= m[j] * rinv;
}
}
}

}
[k mm */
[K */

void get_force_initial(int n, double *eps2, double *m,
double (*x0)[3], double (*v0)I[3],
double (*a0)[3], double (*jO)[3], double *p,
int BHnum, int *BHi, double eps_bb2)

int i, j, k, b;
double rinv, r2, r2inv, r3inv, rb5inv;
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double xdotvrb5inv,r3invdx, r3invdvetc;
double xdotv, dx[3], dv[3];

for (i = 0; i < n; i++) {
for (k = 0; k < 3; k++) {
a0O[i] [k] = 0.0;
jo[il[k] = 0.0;
}
plil = 0.0;
}
/* ——— FS <== FS —-—— %/

for (i = 0; i < (n -BHnum); i++) {
i+l; j < (n-BHnum); j++) {
r2 = eps2[i];

for (j =

xdotv =

0.

0;

for (k = 0; k < 3; k++) {
x0[j1[k] - x0[1i][k] ;
vO[jl[k] - vO[il[k] ;
dx[k] * dx[k];

dx[k] * dv[k];

dx [k]
dv [k]
r2 +=
xdotv
}
r2inv
rinv
r3inv
r5inv
xdotvrb

+=

inv

r
r3
3.

for (k = 0; k <

r3inv

dx

r3invdvetc
a0[il[k] +=m
a0[jl[k] -=m

jo[il]
joL[j]
}
pli]l -=
pljl -=
}
+

(k]
(k]

+=
+=

1.0 / r2 ;
sqrt (r2inv) ;
inv * r2inv;
inv * r2inv;
0 * xdotv * r5inv;
3; k++) {
r3inv * dx[k];
r3inv * dv[k] - xdotvr5inv * dx[k];
[j] * r3invdx;
[i] * r3invdx;
m[j]l * r3invdvetc;
- m[i] * r3invdvetc;

m[j] * rinv;
m[i] * rinv;

/* --—= FS <==> BH -—- */
for (b = 0; b < BHnum ; b++) {

j = BHi[b
for (i =

xdotv =

1;

0; i < (n-BHnum) ; i++) {
r2 = eps2[jl;

0.

0;

for (k = 0; k < 3; k++) {
x0[j]1 [k] - x0[i][k] ;
vOo[j][k] - vO[i] [k] ;
dx[k] * dx[k];

+= dx[k] * dv[k];

dx [k]

dv [k]

r2 +=

xdotv
}

r2inv

1.0 / r2



rinv =
r3inv
r5inv

xdotvrbinv

for (k = 0; k
r3invdx
r3invdvetc

s
rin

<3
=r
=r

qrt(r2inv) ;
Vv * r2inv;

r3inv * r2inv;
3.0 * xdotv * r5inv;

; k) {
3inv * dx[k];
3inv * dv[k] - xdotvrb5inv * dx[k];

a0[i] [k] += m[j] * r3invdx;
a0[j][k] -= m[i] * r3invdx;

jolil[k] +=
jO[j1 k] +=
}
plil -= m[j] =
pljl -= m[i] =*
}
}

/* —-— Bl <=> B2
if (BHnum !'=0 ){

for (i = n-BHnum ;

ri
ri

>

m[j] * r3invdvetc;
m[i] * r3invdvetc;

nv;
nv;

-y

i < nj; i++) {

for (j = i+1; j < m; j++) {

r2 = eps_bb2
xdotv = 0.0;

’

for (k = 0; k < 3; k++) {
dx[k] = x0[j][k] - x0[i] [k] ;
dv[k] = vO[jl[k] - vO[i] [k] ;
r2 += dx[k] * dx[k];
xdotv += dx[k] * dv[k];

}

r2inv = 1.0 / r2 ;

rinv = sqrt(r2inv) ;

r3inv = rinv * r2inv;

r5inv = r3inv * r2inv;

xdotvrbinv = 3.0 * xdotv * rbinv;

for (k = 0; k < 3; k++) {
r3invdx = r3inv * dx[k];
r3invdvetc = r3inv * dv[k] - xdotvrbinv * dx[k];
a0[i] [k] += m[j] * r3invdx;
a0[jl[k] -= m[i] * r3invdx;
jolil[k] += m([j] * r3invdvetc;
jO[jl1[k] += - m[i] * r3invdvetc;

}

plil -= m[j] * rinv;

plj]l -= m[i] * rinv;

}
}
}
}

25

0000000000 (0000000000000 0UD000)0NODOUDOODDDOOOOODOO



26 CHAPTER 6. 00000000000 (2009/6/13)

0000000000 (0000000000000 0o0U0o0DDO0Oo0oUoO0ooDoOooUo
ooo0o0oooo)0o0oooU0o0oooo(0)Uo0o0ooUo0ooooooUoUo
O0000000000000000000000000000 (SMBH, supermassive black hole)O
0000000000000 0O00000O0 (IMBH, intermediate-mass black hole)D OO O OO
O00000000000000000O000 OD0000000

SMBH ~ 10" 0000
IMBH ~ 1030000
0000 ~100000
DoooOoooooog

gboboobgobobooboooboboobooboobooboooboobobooboonoo
gboooboobooboobobobooboo

1
wij = —Gmimj—_ (61)

’l"”'

oooooooo

1
N R

oobooooobooooboooboobooooboooobooo0ooooboObD e0obOoO
oboboobobobobobooboobooooboobooboboboboooboooooooooon
gboobooboobooboooobooooboooboooobooooboooboOooooDn
Ul e0000O0O0OO0OO0OO0ODOOOOOODODOOODOODOOOOODOODOOOOODbOOnOn

oobobooobooboobobooobooobobooobooooboooooooobooboobooon
ooooooO0O0ooo0o0ooDbDo0oO0O0 SMBHO IMBHODODOOOOOODOODOOOODOO
gboboobo40000000000000DO0OO0O0OO0DOOOO0OO0ODbOOOOODbO0ODbO

e JOOO-0D0ODO
e SMBH-OOOO

e IMBH-ODOOO

e SMBH-IMBH

oo00o0ooooooopoooooooo0o0ooooooooOo0 boogggoooo SMBHOO

ooooboooboooooboobooooooboboobooboooooboooboooboooooooOo 4
obooooooooogon

00000o000oo0o0oo (b0 AD)0OoOoOoO0OoooOOoOooooOOoOooo

000 get_force_hostD get_force_host_bh O get_force_initial 0 30000000000000O0O
goooooooooooooo

gboogboobobbobooboobooboobobbooboo

r2 = eps2;
xdotv = 0.0;
for (k = 0; k < 3; k++) {
dx[k] = x1[jl k] - xi[ii]l[k] ;
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dvlk] = vi[jI1[k] - viliil[k] ;
r2 += dx[k] * dx[k];
xdotv += dx[k] * dv[k];

}

doooooboooooooooag

OooOO0ODDOOOOO00000000000000500000000000000 get_force_host
ooboooboooooooboboooooooboooooooboooobooooboooboOoooooo
oobobOoooooobooobooooboobo10cooooobooooOoobooooboOoooDn
0000000000000 0000 ni00000000 n 00000000 get_force-initial
uobooobobooobobooooboooboboooooooboobooooobooooboooboDbo
goboooooboboobooboooobooboooooboooboooboobooboobOoooboUoDbO
get_force_host bh 00O O0O0O0O00O0OO0OO0DOOOOOOOOOOO

000 getforcechost 000 bhOOOO0DOOOOOOOOOOOOOOOOO 200000000
gboboobobooboobooooboobooooono

void pairwise_force(double xj[3],
double vj[3],
double mj,
double eps2,
double x[3],
double v[3],
double al[3],
double j[3],
double *p)

double r2, xdotv, r2inv, rinv, r3inv, rb5inv, xdotvrbinv;
double dx[3], dv[3];
int k;
r2 = eps2;
xdotv = 0.0;
for (k = 0; k < 3; kt++) {
dx[k] = xjl[k] - x[k] ;
dvlk] = vjlk] - v[k] ;
r2 += dx[k] * dx[k];
xdotv += dx[k] * dv[k];
¥
r2inv
rinv
r3inv

1.0 / r2 ;
sqrt(r2inv) ;
rinv * r2inv;
r5inv r3inv * r2inv;
xdotvrbinv 3.0 * xdotv * r5inv;
for (k = 0; k < 3; k++) {
alk] += mj * r3inv * dx[k];
jkl += mj * (r3inv * dv[k] - xdotvrbinv * dx[k]);
}

*p -= mj * rinv;

}
JK mm */
void get_force_host(int ni, int nj,
double *m, double (*x1)[3], double (xv1)[3],
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double (*xi) [3], double (xvi)[3],
double (*ai)[3], double (*ji)[3],
double *eps2i, int *indexi, double *pi)

int ii, j, k, idi;
for(ii=0;ii<ni;ii++){
for (k = 0; k < 3; k++) {
ailiil[k] = 0.0;
jilii] [k] 0.0;
¥
piliil = 0.0;

}
// ALL <== FS
for(ii=0;ii<ni;ii++){

idi = indexil[ii];

for(j=0;j<nj;j++){

if(idit=j){
pairwise_force(x1[j],v1[jl,m[j],eps2i[ii],
xi[iil,viliil,ai[ii],jilii],pi+ii);

}
}
}

void get_force_from_bh(int ni, int nj,
double *m,
double (*x1)[3], double (*v1)[3],
double (*xi)[3], double (*vi)[3],
double (*ai)[3], double (*ji)[3],
double *eps2, int *indexi,double *pi,
int BHnum, int *BHi, double eps_bb2)
{
int ii, j, k,idi;
double eps2;
for(ii=0;ii<ni;ii++){
idi = indexil[ii];
// -—— ALL <== BH ---
for (j = nj; j < (nj+BHnum) ; j++) {
if(idi < nj ) eps2 = eps2[jl;
if(idi >= nj ) eps2 = eps_bb2;
if(idit=j){
pairwise_force(x1[jl,v1[j]l,m[j],eps2,
xi[ii],viliil,ailii],jiliil,pi+ii);

obooooobob 200 11o0booooboobobo3goboooosoooooooobaon
0000000000000 00o0o0U00 (DODoO0Do0UDO0DoOo0oOooO)oOoood
O pairwiseforce 000 200 20000000000000000000000 eps200000
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goooboobobbdb eps20000000O0ODOO0ODOODOODODODOODODODOO
good

0000000000000 00D0O0C00DO0O000O00000DLhOO0O0O00O0O0D0O0 eps20O
ooooobooooooooooobo0ooooDoO0oooooOo0o00o0Db0O00 dig nyoOoog
OO0 epsbb2 00000000 0ODOODOOOOODOOOOODOODOOOO

oboooooobOobobobooooooboobobo nyOobOOobO0obOob0oobooonoo
obooobOobO boooobooooooboo

#include <stdio.h>
#include <math.h>
#include "bh.h"

K */
void pairwise_force(double xj[3],

double vj[3],

double mj,

double eps2,

double x[3],

double v[3],

double al[3],

double j[3],

double *p)
{
double r2, xdotv, r2inv, rinv, r3inv, rbinv, xdotvrbinv;
double dx[3], dv[3];
int k;
r2 = eps2;
xdotv = 0.0;
for (k = 0; k < 3; k++) {
dx[k] = xjlk] - x[k] ;
dvlk] = vjlk]l - v[k] ;
r2 += dx[k] * dx[k];
xdotv += dx[k] * dv[k];
}
r2inv = 1.0 / r2 ;
rinv = sqrt(r2inv) ;
r3inv = rinv * r2inv;
r5inv = r3inv * r2inv;
xdotvrbinv = 3.0 * xdotv * rbinv;
for (k = 0; k < 3; k++) {
alk] += mj * r3inv * dx[k];
jk] += mj * (r3inv * dv[k] - xdotvrbinv * dx[k]);
¥
*p -= mj * rinv;
}
J* *x/

void get_force_host(int ni, int nj,
double *m, double (*x1)[3], double (*xv1)[3],
double (*xi)[3], double (*vi) [3],
double (*ai)[3], double (*ji)[3],
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double int *indexi, double *pi)

{
int ii, j, k, idi;
eps2[3];
for(ii=0;ii<ni;ii++){
for (k = 0; k < 3; k++) {
ailii]l [k] = 0.0;
jilii] [k] = 0.0;
}
pilii] = 0.0;
}
// ALL <== FS
for(ii=0;ii<ni;ii++){
idi = indexil[iil;
if (idit=j){
for(j=0;j<nj;j++{
if (idi<nj){
if (j<nj){
eps2=eps2_ff;
}Yelse if (j==nj){
eps2=eps2_bhl;
Yelseq{
eps2=eps2_bh2;
3
Yelsed{
if (§>nj){
eps2=eps2_bh;
Yelse if (idi==nj){
eps2=eps2_bhl;
Yelseq{
eps2=eps2_bh2;
}
}
pairwise_force(x1[j],v1[j]l,m[j],eps2,
xil[ii],vilii]l,ailii],jilii],pi+ii);
}
}
}
}

0000000000000O000000O000 (bOoODU0oooOOo0DOoUbDoOoO)Dooooo
gbobooooobooooboobooooboooo

#include <stdio.h>
#include <math.h>
#include "bh.h"

JK mm */
void pairwise_force(double xj[3],
double vj[3],



double mj,

double eps2,
double x[3],
double v[3],
double al[3],
double j[3],

double *p)
{
double r2, xdotv, r2inv, rinv, r3inv, r5inv, xdotvrbinv;
double dx[3], dv[3];
int k;
r2 = eps2;
xdotv = 0.0;
for (k = 0; k < 3; k++) {
dx[k] = xjl[k] - x[k] ;
dvlk] = vjlk]l - v[k] ;
r2 += dx[k] * dx[k];
xdotv += dx[k] * dv[k];
}
r2inv = 1.0 / r2 ;
rinv = sqrt(r2inv) ;
r3inv rinv * r2inv;
r5inv = r3inv * r2inv;
xdotvrbinv = 3.0 * xdotv * rbinv;
for (k = 0; k < 3; k++) {
alk] += mj * r3inv * dx[k];
jkl += mj * (r3inv * dv[k] - xdotvrbSinv * dx[k]);
}
*p -= mj * rinv;
}

void force_from_array(int index,

pairwise_force(xj[jl,vj[j],mj[j],eps2,xi,v,a,jerk,p);

int nj;

double xj[][3],
double vj[][3],
double mj([],
double eps2,
double x[3],
double v[3],
double al[3],
double jerk[3],
double *p)

{
int j;
for(j=0;j<nj;j++){
if (j!=index){
}
}
}

void get_force_host(int ni, int nj,

double *m, double (*x1)[3], double (*v1)I[3],

31
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double (*xi) [3], double (xvi)[3],
double (*ai)[3], double (*ji)[3],
double int *indexi, double *pi)

{
int ii, j, k, idi;
for(ii=0;ii<ni;ii++){
for (k = 0; k < 3; k++) {
ail[iil[k] = 0.0;
jiliil k] = 0.0;
}
piliil = 0.0;
}
for(ii=0;ii<ni;ii++){
double eps2 = eps2_ff;
int i = indexil[ii];
if (i<nj){
pairwise_force(x1[njl,vi[njl,m[njl,eps2_bhi,
xi[i],vi[il,aili],jili],pi+i);
pairwise_force(x1[nj+1],v1[nj+1] ,m[nj+1],eps2_bh2,
xi[il,vilil,ailil,jil[i],pi+i);
Yelsed{
eps2 = eps2_bhl;
jbh=nj+1;
if (i>nj) {
eps2 = eps2_bh2;
jbh=nj;
}
pairwise_force(x1[jbh]l,v1[jbh] ,m[jbh],eps2_bb,
xi[i],vi[i]l,aili],jili],pi+i);
}
force_from_array(nj,idi,x1,vl,m,eps2,
xi[il,vilil,aili],jil[i],pi+i);
}
}

boomooboooobooooooboooobooooboooobobobobobobOonbo

gbooooobooboobobobobooboobboboboboooboooooobobobo
0000000000000 SIMDOOOO GRAPEODODOOOODOODOODOOOOOOOOO
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oboooboooobooobobooooboooboooooobooooboobooooobooon
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gobooobooooobooobooobooooboooo0ooobooooboooboboooobooDo
obooboobobooboboobobobobobooooOob 200bO0obOO0ObObOObDObDODbDOn
ooooosSIMDOOOO0O0O0OoODOOOOO0ODODOOOOOOO0O0OoooooooOObObOOoOOo
gboooboooobooobo

00o00000o0o0o0ooOoUoU0oO0 (D0ooD0oULO00O0o0DDOOoUDOUODOoOoooon)
oobooobbooooooobo 200000000000 bO00obbOobO0oOobOooboOoboo0on
gbooooOobooooboobooooboboooooboboooooboon

gbobooobooobooboboobobobooboobooboboobooboboobon
gboboodobgobooboboboboooobobobooboboboobobooobonod
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gbobobobobobooooooboboobooboboooooooobobobobobbo
gbboobooobooobooboobooboboboaoboo

gooao

boboobooobOoboooboobOoobooobooooobooboooooobooooan

bboobobooooobooboooboobooooobooooboobooooobobooon

#include
#include
#include

#include
#include
#include

void get

int i
doubl
doubl
doubl
doubl

for(i
f

}

p
}
for(i

<stdio.h>
<math.h>
"bh.h"

<stdio.h>
<math.h>
llbh.hll

force(int ni, int nj,
double *m, double (*x1)[3], double (*xv1)I[3],
double (*xi) [3], double (*vi)[3],
double (*ai)[3], double (*ji)[3],
double eps2, int *indexi, double *pi)

i, j, k, idi;

e rinv, r2, r2inv, r3inv, rbinv;
e xdotv, xdotvrbinv,r3invdx;

e r3invdvetc;

e dx[3], dv[3];

i=0;ii<ni;ii++){

or (k =0; k < 3; k++) {
ail[ii]l [k] = 0.0;
jiliil[k] = 0.0;
i[ii] = 0.0;

i=0;ii<ni;ii++){

idi = indexil[ii];
for(j=0;j<nj;j++){

if (idit=j){

r2 = eps2;

xdotv = 0.0;

for (k = 0; k < 3; k++) {
dx[k] = x1[j1[k] - xi[iil[k] ;
dvlk] = vi[j]l[k] - vi[ii]l[k] ;
r2 += dx[k] * dx[k];
xdotv += dx[k] * dv[k];

}

r2inv = 1.0 / r2 ;

rinv = sqrt (r2inv) ;
r3inv = rinv * r2inv;

r5inv = r3inv * r2inv;
xdotvrbinv = 3.0 * xdotv * rbinv;

for (k = 0; k < 3; k++) {
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}
}

CHAPTER 6.
r3invdx = r3inv * dx[k];
r3invdvetc = r3inv *
ail[iil[k] += m[j] * r3invdx;
jiliil [k] += m[j] * r3invdvetc;
}
piliil -= m[j] * rinv;

void get_force_initial(int n, double eps2, double *m,

double (*x0)[3], double (*v0)[3],

double (*a0)[3], double (*j0)[3], double *p)

{
int i, j, k, b;
double rinv, r2, r2inv, r3inv, rb5inv;
double xdotvrb5inv,r3invdx, r3invdvetc;
double xdotv, dx[3], dv[3];
for (i = 0; 1 < n; i++) {
for (k = 0; k < 3; k++) {
a0O[i]l [k] = 0.0;
jo[i][k] = 0.0;
}
plil = 0.0;
¥
for (i = 0; 1 < (n -BHnum); i++) {
for (j = i+1; j < (n-BHnum); j++) {
r2 = eps2[il;
xdotv = 0.0;

for (k = 0; k < 3; k++) {

dx[k] = x0[j][k] - x0[i] [k] ;
dvlk] = vo[j]l (k] - vo[i]l[x] ;
r2 += dx[k] * dx[k];
xdotv += dx[k] * dv[k];
}
r2inv = 1.0 / r2 ;
rinv = sqrt(r2inv) ;
r3inv = rinv * r2inv;
r5inv = r3inv * r2inv;
xdotvrbinv = 3.0 * xdotv * r5inv;

for (k = 0; k < 3; k++) {

r3invdx = r3inv * dx[k];
r3invdvetc = r3inv * dv[k] - xdotvr5inv * dx[k];
a0[i] [k] += m[j] * r3invdx;

m[i] * r3invdx;
m[j] * r3invdvetc;
+= - m[i] * r3invdvetc;

a0[j] [k] -=
jolil[k] +=
joL[j]1 [k]
}
plil -=
plj]l -=

* rinv;

m[j]

m[i] * rinv;

00000000000 (2009/6/13)

dv[k] - xdotvrbinv * dx[k];
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gbobobooobooboobobobobobooobobobobobobooobobobo
gbobobooooobodgboboboboobaobbobooooobobooboboobooba
oboocobOoboooooboboooooboooobOoboOooooboobooooobOooooon
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gboboobooooooobooogoboon

oooboooboboooooobooobooooooooobooooboooOooooboOooobooogo

void bhnode::set_cm_quantities()
{
int i;
cmpos = 0.0;
cmmass = 0.0;
if (isleaf){
bhparticle * bp = bpfirst;
for(i = 0; i < nparticle; i++){
real mchild = (bp+i)->get_rp()->get_mass();
cmpos += mchild* (bp+i)->get_rp()->get_pos();
cmmass += mchild;
}
Yelsed{
for(i=0;i<8;i++){
if (child[i] !'= NULL){
child[i]->set_cm_quantities();
real mchild = child[i]->cmmass;
cmpos += mchild*child[i]->cmpos;
cmmass += mchild;
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cmpos /= cmmass;

ooo0 C++00000003000000000000000O0ODO0OOOOOOODOOOOOO
oooooooogo

cmpos += mchild*(bp+i)->get_rp()->get_pos();
gooooooOoOoOoOOOOOOOOOOOOOOOOO

gooooooooo
goooobooood
goboobooaobooan
obooooood
gooooao
oooooo <----0o0gooo
googoooon
gbbooboooboooboobooobobboaoboa

oboobobooOooboooobooboobooooooooooboobobooboOoooooo
gooooOoOoOoOoOOOOOOOOOO0OO0OOCO cOOOOOOoOoOoOoOoOoOoOoOoooooooo
oooo

void calc_com_tree (prm_struct *pprm, ptcl_struct *pptcl, tree_struct *ptree)
{

int nnl, nnd, nst, ilev, inl, jnl, ind, ipn, ip;

int *1hp, *1lnp, *1nd, *lhn, *1tn, *1nl, *1st, *lpn, *1lfg;

real invn, x0, yO, z0, x1, y1, z1, ds, 10, lbox, invtheta, rc;

real *ppos, *com, *rc2, *minpos, 11ln[MAXTREELEV], 1il[MAXTREELEV];

ppos = pptcl->ppos;

lbox = ptree->lbox;

minpos=ptree->minpos;

lhp = ptree->lhp;

lnp = ptree->lnp;

Ind = ptree->1nd;

lhn = ptree->lhn;

ltn = ptree->ltn;

nnl = ptree->nnl;

nnd = ptree->nnd;

invtheta = 1.0 / pprm->theta;

MALLOC (com, real, nnd * NDIM); ptree->com = com;

for (ind=0; ind<nnd*NDIM; ind++) com[ind] = 0.0;

MALLOC (rc2, real, nnd); ptree->rc2 = rc2;

MALLOC (1nl, int, nnd);

MALLOC (1st, int, nnl * 3);

lfg = 1st + nnl;

lpn = 1fg + nnl;

/* push the root node to the stack */
nst = 0;



1st[nst] = 0;
1fgnst] = FALSE;
lpn[nst] = NULLNODE;
nst++;

1nl[0] = 0;

/* main loop */
while (nst){
/* pop from stack */

nst-—;

inl = 1lst[nst];
ipn = lpn[nst];
ind = 1nd[inl];

if (Lfglnst]){
/* ascend tree */
if (ipn != NULLNODE){
com[ipn*NDIM]  += com[ind*NDIM];
com [ipn*NDIM+1] += com[ind*NDIM+1];
com [ipn*NDIM+2] += com[ind*NDIM+2];
}
} else {
/* descend tree */
if (ind == NULLNODE){
ip = lhp[inl];
com [ipn*NDIM] += ppos [ip*NDIM] ;
com [ipn*NDIM+1] += ppos[ip*NDIM+1];
com [ipn*NDIM+2] += ppos[ip*NDIM+2];
} else {
if (ipn != NULLNODE) 1nl[ind] = 1nl[ipn] + 1;
1fg[nst++] = TRUE;
for (jnl=ltn[ind]; jnl>=lhn[ind]; jnl--){
lst[nst] = jnl;

lfglnst] = FALSE;
lpn[nst] = ind;
nst++;

}
}
FREE_MEM (1st);

/* calculate cell size */

for (ilev=0; ilev<MAXTREELEV; ilev++){
10 = 1box / ((real)( 1 << ilev));
lln[ilev] = 10;
lil[ilev] 1.0 / 10;

/* calculate center of mass */

for (ind=0; ind<nnd; ind++){
invn = 1.0 / (real) lnp[ind];
com[ind*NDIM] *= invn;
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com[ind*NDIM+1] *= invn;
com[ind*NDIM+2] *= invn;

/* calculate and center of node and critical radius */
for (ind=0; ind<nnd; ind++){

3

/* center of mass */

x0 = com[ind*NDIM] - minpos[0];
yO = com[ind*NDIM+1] - minpos[1];
z0 com[ind*NDIM+2] - minpos[2];

/* center of node */
ilev=1nl[ind];

x1 = 1ln[ilev]* (0.5+ (real)((int) (x0 * 1lil[ilev])));
yl = 1l1ln[ilev]* (0.5+ (real) ((int) (yO * lil[ilev])));
z1 = 1ln[ilev]* (0.5+ (real) ((int) (z0 * 1lil[ilev])));

/* check con is consistent with com of children (see tree.h) */
CHECK_COMCON;;

/* distance between center of mass and center of node */
x1 -= x0;

yl -= y0;

zl -= z0;

ds = sqrt(xl * x1 + y1l * y1 + z1 % z1);
rc = 1ln[ilev] * invtheta + ds;

rc2[ind] = rc * rc;

FREE_MEM (1nl);

oobooooooobooobOobooobbooboobOboOoooob0oobO0o0obo0o0oboObOOnst 00O
obooobooobooooboboooooobooooooooobooobboooboobooDbn
Oo00o00o0oo0o0oboo0o0bOo0oooOoO00DbObO0000D0O00n0D Fortran DOODDOO
goooboobooooboboobooooboooo

subroutine hacCF2

#include

"tdefs.F"

integer top(nbits), last(nbits), nlevel
integer i, j, k, r, lastnd, level

REAL dterm, mr, dx1, dx2, dx3
lastnd=nxtnode+ncell-1

do 200 i=nxtnode,lastnd

mass(i)=0.0
do 210 k=1,ndim
pos(i,k)=0.0
210 continue
200 continue

top(1)=nxtnode
last(1)=nxtnode
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nlevel=1
do 230 i=nxtnode+l, lastnd
if(sizetol2(i) .1lt. sizetol2(i-1)%*0.9) then
nlevel=nlevel+1l
top(nlevel)=i
last(nlevel-1)=i-1
endif
230 continue
last(nlevel)=lastnd
do 240 level=nlevel, 1, -1
do 250 j=1,nsubcell
do 260 i=top(level), last(level)
r=subp(i,j)
if(r .ne. null) then
mr=mass (r)
mass (i)=mass(i)+mr
pos(i,1)=pos(i,1)+pos(r,1)*mr
pos(i,2)=pos(i,2)+pos(r,2)*mr
pos(i,3)=pos(i,3)+pos(r,3)*mr

endif
260 continue
250 continue

do 280 i=top(level), last(level)
do 270 k=1,ndim
pos(i,k)=pos(i,k)/mass(i)

270 continue
280 continue
240 continue

end
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Each sample counts as 0.01 seconds.
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% cumulative  self self total
time seconds seconds calls ms/call ms/call name
86.41 1.27 1.27 dgemm_kernel

2.72 1.31 0.04 256 0.16 0.16 transpose_coltorow
2.04 1.34 0.03 dgemm_otcopy

1.36 1.36 0.02 8192 0.00 0.00 swaprows

1.36 1.38 0.02 1 20.00 20.00 copymats

0.68 1.39 0.01 4096 0.00 0.00 vvmulandsub

0.68 1.40 0.01 1024 0.01 0.01 column_decomposition
0.68 1.41 0.01 256 0.04 0.04 solve_triangle

0.68 1.42 0.01 256 0.04 0.04 transpose_rowtocol
0.68 1.43 0.01 193 0.05 0.05 matmul_for_small_nk
0.68 1.44 0.01 1 10.00 10.00 backward_sub

0.68 1.45 0.01 dgemm_beta

0.68 1.46 0.01 dgemm_nn

0.68 1.47 0.01 dgemm_oncopy

copymats 00 0000000000000 O00DOO0OO00O0O0O0O00DO0O000dgemm OOO0D0OO
ubooobooboooogn

transpose_coltorow UOOOOOOOOOOO

SWaprows goo

vvmulandsub gboooooao
column_decomposition UUODOOOOODOOONO
solve_triangle sgooood

transpose_rowtocol OOOOOOOOOOO
matmul_for_small nk O0O0O0O0O0OO0O0OOOOOOOODOOODOOO

000000000000 0000 singlecore 00 STREAMOOOOOO

Function Rate (MB/s) RMS time Min time Max time
Copy: 4096.5704 0.0500 0.0500 0.0504
Scale: 2506.7073 0.0818 0.0817 0.0829
Add: 3410.3011 0.0901 0.0901 0.0901
Triad: 3247.1131 0.0946 0.0946 0.0947

OO0000000000O0Cmoventpd 0000000000 OO0O0COOOTriad OO

for (j=0; j<N/2; j++)
// aljl = b[jl+scalar*c[jl;
__builtin_ia32_movntpd((doublex)&av[j]l, bv[jl+ss*xcv[jl);

000000000000 Scale0 00000000000 34GB/sO0000000O0OOO

00000000000 transposecoltorow 000000000 32MBOOODOODOOOOOOO
000000 16MBOOOO 0.04sec00000000O0O0OO0O0O 400MB/s000000OO0O
O00O00b0o0ob0oobbOoobdOswaprows DOOD0OOOOOO 2000000000000
uoooboooboobuoobuoobuoobobobobobobooa

ogboobooboboobo
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void transpose_coltorow(int n, double a[] [RDIM],int m, double at[] [n],
int istart)
{
int 1i,];
for(i=istart;i<n;i++)
for(j=0;j<m; j++)
alil[j] = at[jI[i];
}

boboboobooooooooobooboooooboboboboboobOobobobooboon
goboooboboobooobd mxmdoooooobo0ooOoboooboooobonooo
gboobooboobooobodd

void transpose_coltorow(int n, double a[][RDIM],int m, double at[][n],
int istart)
{
int i,j,k;
double atmp[m] [m];
for(i=istart;i<n;i+=m){
for(j=0;j<m;j++){
for (k=0;k<m;k++){
atmp[k] [j1 =at[j][i+k];
}
}
for (k=0;k<m;k++){
for(j=0;j<m;j++){
ali+k] [j] = atmpl[k] [j];
}
}
}
}

goooood
0.65 1.52 0.01 256 0.04 0.04 transpose_coltorow

oooODDOOOO00000000ooooODODOOOO00DODODOO0000000000D0D moventpd
ooooooo

v2df * atp = (v2df*) atmpl[k];
for(j=0;j<m;j+=2)
__builtin_ia32_movntpd(ali+k]+j, atp[j/2]);
O0000000o00ooooOoooooon

0.00 1.51 0.00 256 0.00 0.00 transpose_coltorow

oobooobOooobooboooobo0oobo0ooo0b0o0b0o0bo0bbOO0UD Umoventpd O
goboboooboboboobbooobboooboboooobboooboboboooobboon
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0000000000000000000000000000000000000000000000
movntpd 0000 0000000000000000000000000000000000000
0000000 rdtse 00000000000000000000000 movatpd 1000000
000 30% 000000000 (000000)00 27GB/s000000000 (0.09words/clk
oo)

oooobobooooobobooobooboooooooboobobooobooboooobooboo 400
oooooooooon

void transpose_coltorow(int n, double a[][RDIM],int m, double at[][n],
int istart)
{
int i,j,k;
double atmp[m] [m];
for(i=istart;i<n;i+=m){
for(j=0;j<m;j++){
double * atj = at[jl+i;
for(k=0;k<m;k+=4){
atmp[k] [j] =atjlk];
atmp [k+1]1 [j1 =atj[k+1];
atmp [k+2] [j1 =atj[k+2];
atmp [k+3] [j1 =atj[k+3];
}
}
for (k=0;k<m;k++){
double * aik = al[i+k];
for(j=0;j<m;j+=4){
aik[j] = atmplk][j];
aik[j+1] = atmp[k] [j+1];

aik[j+2] = atmp[k] [j+2];
aik[j+3] = atmp(k] [j+3];
}
}
}
}

000 0.1lbwords/clk 00 OO0O0OO0OU0O0O0OO0OUOOOOOUDOOOOOUOODOD mOOOO
gbobooboboooobooooboobooobooboooo

void transpose_coltorow8(int n, double a[] [RDIM], double at[][n],
int istart)
{
int i,j,k;
const int m=8;
double atmp[m] [m];
for(i=istart;i<n;i+=m){
for(j=0;j<m;j++){
double * atj = at[jl+i;
atmp[0] [j] =atjl0];
atmp[1] [j1 =atj[1];
atmp[2] [j] =atjl[2];



atmp [3] []]

atmp [4] [j]

atmp [5] [j]

atmp[6] [j]

atmp [7] []]
}

=atj[3];
=atj[4];
=atj[5];
=atj[6];
=atj[7];

for (k=0;k<m;k++){

v2df * atp = (v2df*) atmpl[k];
v2df * ap =

(v2df#*) ali+k];

*(ap)=+(atp);

*(ap+1)=*(atp+1);
*(ap+2)=*(atp+2) ;
* (ap+3)=*(atp+3) ;

}
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oooobooOooboooobobooooobobooooobooo

googoobooogd

void swaprows(int n, double a[n] [RDIM], int rowl, int row2,

int cstart, int cend)

{

/* WARNING: works only for rowl % 4 = 0 and RDIM >= n+4x*/

int j;

if (rowl '= row2){
int jmax = (cend+l-cstart)/2;
v2df *al, *a2, tmp, tmpil;

al

(v2dfx*) (al[rowl]+cstart);

a2 = (v2dfx) (al[row2]+cstart);
for(j=0;j<jmax; j+=2){

tmp = allj]l;

tmpl = al[j+1];

alljl=a2[jl;

al[j+1]=a2[j+1];

a2[jl=tmp;

a2[j+1]=tmp1;

__builtin_prefetch(al+j+16,1,0);
__builtin_prefetch(a2+j+16,1,0);

}

2000000000 SSEO0OO0O0DOOoOOOooOOoO0oDOoOooDOoooO0oooDoObbooooOooooo
0.07words/clock020 000000000000 47GB/s0000000O0O00OOO0OOOOOOOO

00000 0.55words/clock 0000000000000 OOO0OOOOOOOOOO
swaprows 000000000 scalerow DOOOOOOO
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void scalerow( int n, double al[n] [RDIM], double scale,
int row, int cstart, int cend)
{
int j;
for(j=cstart;j<cend;j++) alrow] [jl*= scale;

}

gooooood
oooooo

void scalerow( int n, double al[n] [RDIM], double scale,
int row, int cstart, int cend)
{
int j;
int jmax = (cend+l-cstart)/2;
v2df *al = (v2dfx*) (a[row]+cstart);
v2df ss = (v2df){scale,scale};
for(j=0;j<jmax;j+=2){
__builtin_prefetch(al+j+16,1,0);

all[j] *= ss;

al[j+1]*= ss;
}

}

0000000 0.16words/cycled5.4GB/s D00 000000000 0.08words/cycle 00000
gOo0SSE2 0 0000000000000 00O00O0000O0DOO0

OO0O0OscaleD swap 00 O0DO0O0OOO0O0O0O0O0O0ODOOOOOOO0OOOOOOOOOODOO
good

GRAPE-DR OO0OO0O0O00OO0OODODOCODOOUOOOOOOLinpack Benchmark 0000000
000000000000000000000000000D000000 O(»?) 00000000
gbbooboobOoboobOobooobooboooobooooboobooboooobooogo

00000000000 s30000D00bb00OD BLAS3SOOODOOOO DGEMM O DTRSM O
oo0o0ooo0o0ooooOoOooDoooOooDooD DIRSMOOODOO DGEMMOOODOOO
oooooooooooo bGeMMUOOODOOOODOODOODOOOOOODODOOOODOOOO
DGEMM OOO00OO0OOOOOOOOOOOOOO0O0OOOOOOO0 KeSoooooooooo 20
0/000000000 K=640000O00D0O0U0O0D0O0D0O0O0O K=8UOOUOOUOOOOOOOOO
ooo

M N K ops/clock
2040 8 8 0.42988
2032 16 16 0.815346
2024 8 8 0.435265
2016 32 32 1.20451
2008 8 8 0.428314
2000 16 16 0.822711
1992 8 8 0.434964
1984 1985 64 1.70924

oooooo0oooooo0ooobooo0oooboOo0gN=K=800 2000000 100000
00000 160000000 0.08001.35GB/s000000000O0DO0OO0ODOO STREAM
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ADDO 4000000000000 00O0DODOOOOO0OODOOODOOOODOOOODOODOO
0000000000000 00000000000000000 (000000000 1/49)00
ooooboboobooooboooboooobobooboooboooboooboooboooooooboooooDn
KOODODOooooooooooooooooooooooooooooooooooobo Kooo
gobooboooooobooobooooboobooboboobooboooooboOoonbooon
ooooooobooog

00 GotoBLAS 126 0000000000000 O0O0O0OOOOOOOOOOODODOODOOO
boboobobobobooooboobobobobOobOobOobOobOobOobobOooboonoo
goobooooooobobooobooooboooboooooooboobooooOooobooooobo
oooobooboooooboboboooobooooobobooooboo

void matmul _for_nk8(int nl, double al][nl],
int n2, double b[][n2],
int n3, double c[][n3],
int m,
int n)

int i,3,k;
const int kk = 8;
const int kh = kk/2;
int nh = n/2;
v2df bcopy [nh] [kk] ;
v2df acopy2[kk] [kk];
for (k=0;k<kk;k++)
for(j=0;j<nh;j++)
beopy [j1[k] = *((v2df*) (b[k]+j+j));
for(i=0;i<m;i+=kk){
for (k=0;k<kk;k++){
__builtin_prefetch(a+i+k+16,0,0);
__builtin_prefetch(c+i+k+16,1,0);

}

for (j=0;j<n;j++){
double * ap = (doublex*)( ali+jl);
for (k=0;k<kk;k++){

acopy2[j] [k]1=(v2df){ap[k] ,ap[k]};
}

}

for (k=0;k<kk;k++){
v2df * cp = (v2df*) (cl[i+k]);
v2df * ap = acopy2[k];
for(j=0; j<nh; j++){

v2df * bp = bcopyl[jl;

cplj] -= ap[0]*bp[0] + ap[1]x*bp[1]
+ ap[2]*bp[2] + ap[3]*bp[3]

ap [4] *bp [4] + ap[5]*bp[5]

ap [6]*bp [6] + ap[7]*bp[7];

o+ o+
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U000 N=K=sSOOOOOOOoooooooo

M N K ops/clock
2040 8 8 0.727034
2008 8 8 0.730609
1992 8 8 0.782853

OO0000 BLASOOOOO 1700000000000 00OOOYTO0OOOOOOOOOO
O00o00oooooboooooooobpbODOODOOOOO0O0OOOODODDOOOaD0O SSE20
20000000000000000000O0DOCOOODOO0OOOOODOOODOOODOOO SSE20
ooo0bOo0obOoo0ooOo0o0oDOo00ooO0o0o0ooO0o0o0oO0o00DO0 a00O00Db0O0O0bO
OO0000ObOOOOO0O «aO0000OD0OOOODOOOODOOOODOOOODOOODODOODO
goooboboooboobobooobobooo

U0 a,cO0000000O00DOOOOCOOODOODOOODOOOOODOOODOOOOOOODOOO
O00000000a0 200 (0000000000 D)0bLO20000000000000 ¢O
20000000000D0O0O00ODODO

al0000000O0SSE0 20000000000C000DOOO DOTDOODOOOOOO
O00000000DO0O000DO000000 gec41200000000000 dotdODODOOO
ubobooboboooobooooog

oobooboooboooooboooboobooobOooobooooobooboooboooobooooon
obooooboooobobooobooboooooooo

goboooobooobbooooooooobooooooobobobooboobbooooDboooooobo
0000000000 00000000000000000 GotoBLAS OO OO0 n=k=20 40
0.40 0.7ops/clock 00000000000 O0OO0OOOOOOOOOOUOOOOOOOOOOOO
0000000300 40 800000005GB/s00000L2000000000000O000O
ooooboooo

N=2048 0000 O00O0O00OCOO 175000000000 n=k=2000000000 5ms0O
ooboooboooooobooobobooobobbooooooboOoonbD wwobooboooboooon
gbooob0Oooobooooboooooooboooooo

gbooobgoboobogn

e JOOOOODOODODOO
e 30000ODOO

e swap/scale 00 00O

gboboobooboooobooooogooo
Cir0000000000000UO0OO0O0 (A4000)0DOOODOOO

Athlon, N=2K

swaprows time=3.2801e+07
scalerow time=1.42839e+07
trans rtoc8 time=3.25526e+07
trans ctor8 time=1.63445e+07
Ci7 920 (3GHz), N=2K
swaprows time=9.78e+06
scalerow time=3.29607e+06
trans rtoc8 time=1.42135e+07
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trans ctor8 time=6.05478e+06

Ci7 920 (3GHz), N=8K

swaprows time=1.79584e+08

scalerow time=5.39146e+07

trans rtoc8 time=2.53306e+08

trans ctor8 time=1.1879e+08

trans dgemm time=2.07928e+08

trans nonrec cdec time=1.77051e+08

00000000000 000D 64MB, 32 MB, 32 MB, 32MBOOO000O0O

A64 2.1GHz  Ci7 3GHz Ci7 (N=8K)

SWaprows 4.1 19.6 18.1
scalerow 4.7 29.1 37.9
trans rtoc8 2.07 6.7 8.1

trans ctor8 4.1 15.9 17.2

oOo032K000000000200000000000000000000000DDO0O0ODO
goooooOoOoOoOOOOOODOOOOOOOOOOOOOO OMPOOOOOOO:

N=8K, Ci7

trans rtoc8 time=1.74734e+08
N=4k

trans rtoc8 time=4.94381e+07
N=2k

trans rtoc8 time=1.77795e+07

OO00000DO0O0OO0OON=2k000000000000 8K OO0 150000000000000
ooboooboooooooboobooooooobooboobooobooooboobobooboobobooooo
obooOoooooobobOobOooboobobo 3bobooooooobobooooboooobon
0000000000000 0ONOODOOOUOOODOOOO 8kOOOO 10-15% 0000000
11GB/s 0000000000 col2row DO OOOO

N=8K trans ctor8 time=8.79587e+07
N=4k trans ctor8 time=3.00645e+07

ocooooooobooboOobOoOoooOO0bOoOobOOoDO0 NODOOODOOOODOOOOODO
Open MP OOOOOOOOOOOOODOCOOODOOOOOOOOOOOOOODOOOUODOCOOOO
O00OpenMP OOODOOOOO 1000000000000000CCOOO0O 100000000
0000 OpenMP OODOOOOOO0OO0DODOOOOOODOODODODOOOOODODOOOO
obooooOobobooooboooobobooooboboooboooo

Cir(000D0OO0OCore2000)0000000O0O0O0OODO L20 2000 (128000)0000
O0oooooooooooooo0oooooDbobo0g BlesOOOODODOOOOOD 100000
goooboobooooobooooooooo

O00o0ooOo0oooDooOoOg Blosoooo

Nswap=0 cpsec = 46.3909 wsec=14.1913
swaprows time=1.80358e+08
scalerow time=5.39611e+07



o4

trans
trans
trans
trans
trans
trans

Nswap=

CHAPTER 9.

rtoc8 time=1.93491e+08
ctor8 time=1.01146e+08
dgemm time=2.42105e+08
nonrec cdec time=1.65904e+08
vvmul time=5.65689e+07
findp time=1.06555e+08

0 cpsec = 46.4709 wsec=13.9176

swaprows time=1.81601e+08
scalerow time=5.47325e+07

trans
trans
trans
trans
trans
trans

rtoc8 time=1.86051e+08
ctor8 time=8.86901e+07
dgemm time=2.48892e+08
nonrec cdec time=1.66319e+08
vvmul time=5.68656e+07
findp time=1.06808e+08

oNOOooOo

Nswap=

0 cpsec = 46.4349 wsec=46.4116

swaprows time=1.79092e+08
scalerow time=5.39498e+07

trans
trans
trans
trans
trans
trans

rtoc8 time=1.90267e+08

ctor8 time=1.01477e+08

dgemm time=2.3238e+08

nonrec cdec time=1.66845e+08
vvmul time=5.69506e+07

findp time=1.07196e+08

HPLOOOO (2009/9/20000)

Nswap=0 cpsec = 46.7269 wsec=13.9467 swaprows time=1.80993e+08 scalerow time=>5.44132e+-07
trans rtoc8 time=1.88233e+08 trans ctor8 time=9.26843e+07 trans dgemm time=2.40648e+08
trans nonrec cdec time=1.65907e+08 trans vvmul time=>5.64983e+07 trans findp time=1.06597e+08

gboboobboobooboobobboobboobbooboobboobbooooboo
goboobobogoboobobooboboobobboooboobbooobooboobbaann
000000000000 CereiT0000O0O00OOODO 20000000000000020GB/s =
"B/cycle 000 0U0O0OO0ODO 200000000000000000000OOOOOOO

gboobooboobgoobooboboobooboooboo

Nswap=0 cpsec = 46.4469 wsec=14.2066
swaprows time=1.82082e+08
scalerow time=5.46414e+07

trans
trans
trans
trans
trans
trans
solve
solve

rtoc8 time=1.89987e+08
ctor8 time=9.16793e+07
dgemm time=2.45399e+08
nonrec cdec time=1.68357e+08
vvmul time=5.64953e+07
findp time=1.08689e+08
tri u time=9.15278e+07
tri time=1.05368e+09
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matmul nk8 time=2.3478e+08
matmul snk time=3.00549e+08

nk8 D026 MBOODODOOOOOsnk ODOOO
6000000

Nswap=0 cpsec = 46.5109 wsec=13.6755
swaprows time=1.80648e+08

scalerow time=5.29178e+07

trans rtoc8 time=0

trans ctor8 time=9.17586e+07

trans dgemm time=3.54391e+08

trans nonrec cdec time=1.66416e+08
trans vvmul time=5.67401e+07

trans findp time=1.07049e+08

solve tri u time=9.06005e+07

solve tri time=9.15348e+08
matmul nk8 time=0

matmul snk time=2.97462e+08

0000O000000:512MBO0OO0 0.028000016GB/s00000O0O

matmul snk 0 256MB O 0.1 0000000000 8 x 8 /4*32=054e9 0000000
5Gflops

OMP_NUM_THREADS=2, snk 0 OMP O[O

Emax= 4.007e-10

Nswap=0 cpsec = 46.0989 wsec=23.3147
swaprows time=1.80596e+08

scalerow time=5.2993e+07

trans rtoc8 time=0

trans ctor8 time=8.32039e+07

trans dgemm time=1.84467e+19

trans nonrec cdec time=1.66061e+08
trans vvmul time=5.74618e+07

trans findp time=1.06753e+08

solve tri u time=9.12501e+07

solve tri time=1.06944e+09
matmul nk8 time=0

matmul snk time=1.55114e+08

gboabooaooobaood
m=8 0000000

Emax= 8.745e-10

Nswap=0 cpsec = 46.1349 wsec=23.2356
swaprows time=1.79216e+08

scalerow time=5.33178e+07

trans rtoc8 time=1.6885e+08



o6

ctor8 time=8.
dgemm time=1.

trans
trans
trans
time=5.
time=1.
time=1.
time=1.

vvmul
findp
tri u
tri

trans
trans
solve
solve
matmul nk8 time=1.

matmul snk time=1.

Nthreads=1, N=16384

Emax= 1.076e-06
Nswap=0 cpsec

CHAPTER 9.

19126e+07
95553e+08

nonrec cdec time=1.66091e+08

65165e+07
06811e+08
84467e+19
07682e+09
27066e+08
52946e+08

417.914 wsec=160.704

HPLOOOO (2009/9/20000)

swaprows time=7.40931e+08 ops/cycle=0.181147
scalerow time=3.47836e+08 ops/cycle=0.385864

trans
trans
trans
trans
trans
trans
solve

time=2.
time=1.
time=1.

vvmul
findp
tri u
time=1.
time=0
time=1.
time=7.
time=4.

solve tri

matmul nk8
matmul snk
trans mmul8
trans mmuléd

Nt=4
Nswap=0 cpsec

23035e+08 ops/cycle=0

84467e+19 ops/cycle=T7.

81516e+08 ops/cycle=9

84467e+19 ops/cycle=8.

ops/cycle=inf

19488e+09 ops/cycle=1
07553e+08 ops/cycle=1
08479e+08 ops/cycle=1

420.382 wsec=118.056

rtoc8 time=1.84467e+19 ops/cycle=7.27596e-12

ctor8 time=1.84467e+19 ops/cycle=7.27596e-12

mmul time=1.35821e+09 ops/cycle=1.48229

nonrec cdec time=1.84467e+19 ops/cycle=7.27596e-12

.60178

27596e-12
.02621e-05
88178e-16

.79724
.51754
.31432

swaprows time=1.84467e+19 ops/cycle=7.27596e-12
scalerow time=3.48263e+08 ops/cycle=0.385392

trans
trans
trans
trans
trans
trans

time=2.
time=4.

vvmul
findp
tri u time=1.
time=5.
time=0
time=6.
time=7.
time=4.

solve
solve tri
matmul nk8
matmul snk
trans mmul8
trans mmuléd

21756e+08 ops/cycle=0
15484e+08 ops/cycle=0
81714e+08 ops/cycle=9
17148e+09 ops/cycle=3
ops/cycle=inf

14184e+08 ops/cycle=3
25474e+08 ops/cycle=1

rtoc8 time=6.80027e+08 ops/cycle=0.197371
ctor8 time=3.0702e+08 ops/cycle=0.437162
mmul time=1.37626e+09 ops/cycle=1.46285
nonrec cdec time=6.41575e+08 ops/cycle=0.2092

.605251
.323039
.01635e-05
.16814e-06

.49649
.48006

0895e+08 ops/cycle=1.3128

Nt=2, N=16384, NB=2048 0 O OO UOO0ODO

Emax= 1.471e-07



Nswap=

0 cpsec = 440.624 wsec=222.468

swaprows time=8.39751e+08 ops/cycle=0.15983
scalerow time=4.17531e+08 ops/cycle=0.321456

trans
trans
trans
trans
trans
trans
solve
solve

rtoc8 time=1.02016e+09 ops/cycle=0.131565

ctor8 time=5.5054e+08 ops/cycle=0.243793

mmul time=1.35954e+09 ops/cycle=1.48085

nonrec cdec time=6.41812e+08 ops/cycle=0.209123
vvmul time=2.22362e+08 ops/cycle=0.603601

findp time=4.15344e+08 ops/cycle=0.323148

tri u time=1.41841e+10 ops/cycle=1.1551e-06

tri  time=8.92199e+10 ops/cycle=1.83636e-07

matmul nk8 time=0 ops/cycle=inf
matmul snk time=1.19747e+09 ops/cycle=1.79335

trans
trans
DGEMM

mmul8 time=7.08126e+08 ops/cycle=1.51631
mmuléd time=4.09517e+08 ops/cycle=1.31099
time=4.85794e+11 ops/cycle=6.03555

o000 DIRSMOOODOOO
GotoBLAS 2 1.01 OO0

Enter

n, seed, nb:N=20480 Seed=1 NB=512

read/set mat end
copy mat end

Emax=

Nswap=

3.087e-07
0 cpsec = ©585.725 wsec=146.726

swaprows time=1.1845e+09 ops/cycle=0.17705
scalerow time=6.05163e+08 ops/cycle=0.346543

trans
trans
trans
trans
trans
trans
solve
solve

rtoc8 time=1.3443e+09 ops/cycle=0.156003

ctor8 time=8.0741e+08 ops/cycle=0.259738

mmul time=2.41859e+09 ops/cycle=1.30065

nonrec cdec time=1.02126e+09 ops/cycle=0.205349
vvmul time=3.63753e+08 ops/cycle=0.576532

findp time=6.51132e+08 ops/cycle=0.322078

tri u time=7.77699e+08 ops/cycle=2.63341e-05
tri  time=1.6045e+10 ops/cycle=1.27641e-06

matmul nk8 time=0 ops/cycle=inf
matmul snk time=1.94126e+09 ops/cycle=1.72849

trans
trans
DGEMM

mmul8 time=0 ops/cycle=inf
mmuld time=6.3223e+08 ops/cycle=1.32683
time=3.67084e+11 ops/cycle=15.6003

Enter n, seed, nb:N=16384 Seed=1 NB=2048

read/set mat end
copy mat end

Emax=

3.090e-08

Nswap=0 cpsec = 329.265 wsec=82.7602
swaprows time=8.37005e+08 ops/cycle=0.160355
scalerow time=4.17547e+08 ops/cycle=0.321443

o7



o8

trans
trans
trans
trans
trans
trans
solve
solve

CHAPTER 9. HPLODOOO (2009/9/20000)

rtoc8 time=7.71399e+08 ops/cycle=0.173993
ctor8 time=5.27207e+08 ops/cycle=0.254582

mmul time=1.59757e+09 ops/cycle=1.2602

nonrec cdec time=6.5203e+08 ops/cycle=0.205846
vvmul time=2.29239e+08 ops/cycle=0.585492
findp time=4.16039e+08 ops/cycle=0.322609

tri u time=5.49025e+09 ops/cycle=2.9842e-06
tri  time=3.42907e+10 ops/cycle=4.77797e-07

matmul nk8 time=0 ops/cycle=inf
matmul snk time=1.23869e+09 ops/cycle=1.73368

trans
trans
DGEMM

mmul8 time=0 ops/cycle=inf
mmul4 time=4.10097e+08 ops/cycle=1.30913
time=1.76038e+11 ops/cycle=16.6556

swaprows and scalerow OMP [

<cfcafs03:/home/makino/src/linsol>

Enter

n, seed, nb:N=16384 Seed=1 NB=128

read/set mat end
copy mat end

Emax=

4.767e-09

Nswap=0 cpsec = 306.351 wsec=76.7172
swaprows time=8.07664e+08 ops/cycle=0.16618
scalerow time=3.58689e+08 ops/cycle=0.37419

trans
trans
trans
trans
trans
trans
solve
solve

rtoc8 time=7.92825e+08 ops/cycle=0.16929

ctor8 time=5.24754e+08 ops/cycle=0.255773

mmul time=1.59751e+09 ops/cycle=1.26025

nonrec cdec time=6.50838e+08 ops/cycle=0.206223
vvmul time=2.30045e+08 ops/cycle=0.583441

findp time=4.15841e+08 ops/cycle=0.322762

tri u time=1.21474e+08 ops/cycle=0.000134877
tri  time=3.71787e+09 ops/cycle=4.40683e-06

matmul nk8 time=0 ops/cycle=inf
matmul snk time=1.25042e+09 ops/cycle=1.71741

trans
trans
DGEMM

Core i7

Enter

mmul8 time=0 ops/cycle=inf
mmuléd time=4.09244e+08 ops/cycle=1.31186
time=1.95923e+11 ops/cycle=14.9652

0000000 GotoBLASODODODOODODOOODOODOOOOOOOOOOOOO

n, seed, nb:N=20480 Seed=1 NB=2048

read/set mat end
copy mat end

Emax=

6.227e-08

Nswap=0 cpsec = 623.027 wsec=156.475
swaprows time=1.34135e+09 ops/cycle=0.156346
scalerow time=6.46645e+08 ops/cycle=0.324313

trans
trans

rtoc8 time=1.26259e+09 ops/cycle=0.1661
ctor8 time=7.75399e+08 ops/cycle=0.270461



trans mmul time=2.43097e+09 ops/cycle=1.29402
trans nonrec cdec time=9.99599e+08 ops/cycle=0.209799
trans vvmul time=3.49642e+08 ops/cycle=0.5998
trans findp time=6.44818e+08 ops/cycle=0.325232
solve tri u time=6.86921e+09 ops/cycle=2.98142e-06
solve tri  time=5.42023e+10 ops/cycle=3.77844e-07
matmul nk8 time=0 ops/cycle=inf

matmul snk time=2.04036e+09 ops/cycle=1.64453
trans mmul8 time=0 ops/cycle=inf

trans mmul4 time=6.36945e+08 ops/cycle=1.31701
DGEMM time=3.48804e+11 ops/cycle=16.4179

20k O O

swap 0.bsec

scale 0.24sec

trans (r->c) 0.47sec
trans (c->r) 0.29sec
large DGEMM 131.2 sec

DGEMM OOOOOOCOOOOOOOODOODODODOO0OO0O cbhlasdgemm OO00O0O0OOOOO

Enter n, seed, nb:N=16384 Seed=1 NB=256

read/set mat end

copy mat end

Emax= 3.875e-09

Nswap=0 cpsec = 300.335 wsec=75.2046

swaprows time=8.10285e+08 ops/cycle=0.165643
scalerow time=3.71966e+08 ops/cycle=0.360833

trans rtoc8 time=7.6822e+08 ops/cycle=0.174713
trans ctor8 time=5.02146e+08 ops/cycle=0.267288
trans mmul time=1.56957e+09 ops/cycle=1.28269
trans nonrec cdec time=6.43971e+08 ops/cycle=0.208422
trans vvmul time=2.26705e+08 ops/cycle=0.592036
trans findp time=4.13498e+08 ops/cycle=0.324591
solve tri u time=2.58505e+08 ops/cycle=6.33798e-05
solve tri  time=5.89804e+09 ops/cycle=2.77787e-06
matmul nk8 time=0 ops/cycle=inf

matmul snk time=1.24804e+09 ops/cycle=1.72069
trans mmul8 time=0 ops/cycle=inf

trans mmul4 time=4.10276e+08 ops/cycle=1.30856
DGEMM time=1.89628e+11 ops/cycle=15.462

DGEMM 000 712000000000 40

swap 0.3sec

scale 0.15sec

trans (r->c) 0.3sec
trans (c->r) 0.2sec
mmul in trans 0.6sec
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nb=2 0.3sec
small mmul r O.5sec

Enter n, seed, nb:N=20480 Seed=1 NB=256
read/set mat end

copy mat end

Emax= 1.686e-07

582.388 wsec=145.805

HPLOOOO (2009/9/20000)

Nswap=0 cpsec =

swaprows time=1.25323e+09 ops/cycle=0.167339
scalerow time=5.8671e+08 ops/cycle=0.357443

trans
trans
trans
trans
trans
trans
solve

vvmul
findp
tri u
solve tri
matmul nk8
matmul snk
trans mmul8
trans mmuléd
DGEMM

time=3.
time=6.
time=3.
time=9.
time=0

time=2.
time=0

time=6.
time=3.

49502e+08 ops/cycle=0
44612e+08 ops/cycle=0
28611e+08 ops/cycle=6
28552e+09 ops/cycle=2
ops/cycle=inf

02897e+09 ops/cycle=1
ops/cycle=inf

36088e+08 ops/cycle=1

rtoc8 time=1.2708e+09 ops/cycle=0.165026

ctor8 time=7.75856e+08 ops/cycle=0.270302

mmul time=2.42934e+09 ops/cycle=1.29489
nonrec cdec time=1.00069e+09 ops/cycle=0.20957
.60004
.325335
.23229e-05
.20559e-06

.65377

.31878

71893e+11 ops/cycle=15.3986

TIMETEST OOO0O0OOO0OO0OOOOO (0.100)000000
gooobooboooboobooooon

Enter n, seed, nb:N=16384 Seed=1 NB=256
read/set mat end

copy mat end
Emax= 3.875e-09

Nswap=0 cpsec = 300.427 wsec=75.2283

swaprows time=8.10422e+08 ops/cycle=0.165615
scalerow time=3.75172e+08 ops/cycle=0.35775

trans
trans
trans
trans
vvmul
findp
tri u
tri

trans
trans
solve
solve
matmul nk8
matmul snk
trans mmul8
trans mmuléd
DGEMM

time=2.
time=4.
time=2.
time=5.
time=0

time=1.
time=0

time=4.
time=1.

DGEMM 72.6 sec.

26423e+08 ops/cycle=0
67333e+08 ops/cycle=0

66089e+08 ops/cycle=6.
.77846e-06

89679e+09 ops/cycle=2
ops/cycle=inf
24246e+09 ops/cycle=1
ops/cycle=inf
10345e+08 ops/cycle=1

rtoc8 time=7.66713e+08 ops/cycle=0.175056
ctor8 time=5.03349e+08 ops/cycle=0.266649
mmul time=1.57006e+09 ops/cycle=1.28229
nonrec cdec time=6.97766e+08 ops/cycle=0.192354
.592773
.287199

15733e-05

. 72842

.30834

93737e+11 ops/cycle=15.1341
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gbd 256sec00000O00OOOOOOO

Enter n, seed, nb:N=32768 Seed=1 NB=2048

a, awork offset size= 7£223c800000 7£243d000000 200800000 200800000 200800000
size of size_t and off_t long= 8 8 8

read/set mat end

copy mat end

Emax= 4.229e-07

Nswap=0 cpsec = 2441.84 wsec=612.648

swaprows time=3.30799e+09 ops/cycle=0.162295
scalerow time=1.60583e+09 ops/cycle=0.334325

trans rtoc8 time=4.15807e+09 ops/cycle=0.129115
trans ctor8 time=2.23611e+09 ops/cycle=0.240091
trans mmul time=6.2654e+09 ops/cycle=1.28532
trans nonrec cdec time=2.62081e+09 ops/cycle=0.204849
trans vvmul time=9.41764e+08 ops/cycle=0.57007
trans findp time=1.66965e+09 ops/cycle=0.321548
solve tri u time=1.10225e+10 ops/cycle=2.97282e-06
solve tri  time=1.42092e+11 ops/cycle=2.30611e-07
matmul nk8 time=0 ops/cycle=inf

matmul snk time=5.46641e+09 ops/cycle=1.5714
trans mmul8 time=0 ops/cycle=inf

trans mmul4d time=1.62096e+09 ops/cycle=1.32482
DGEMM time=1.60535e+12 ops/cycle=14.6113

DGEMM 603.4 sec OO 9 sec
34KOO 10000000

3K 0000000000000 N,KO000O0O0O0O0O0O000 N?2/2000000000000
00000000000000 K/20000KN?/2

42.56GHlops O 29 OO

Enter n, seed, nb:N=34816 Seed=1 NB=2048

a, awork offset size= 7fb84£200000 7fba®91a00000 242800000 242800000 242800000
size of size_t and off_t long= 8 8 8

read/set mat end

copy mat end

Emax= 5.044e-07

Nswap=0 cpsec = 2912.46 wsec=730.613

swaprows time=3.72683e+09 ops/cycle=0.162625
scalerow time=1.96941e+09 ops/cycle=0.307745

trans rtoc8 time=4.34275e+09 ops/cycle=0.139561
trans ctor8 time=2.38512e+09 ops/cycle=0.254108
trans mmul time=6.94446e+09 ops/cycle=1.30912
trans nonrec cdec time=2.903e+09 ops/cycle=0.208776
trans vvmul time=1.02328e+09 ops/cycle=0.592288
trans findp time=1.86832e+09 ops/cycle=0.324396
solve tri u time=1.16829e+10 ops/cycle=2.98007e-06
solve tri  time=1.60738e+11l ops/cycle=2.16601e-07
matmul nk8 time=0 ops/cycle=inf
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matmul snk time=6.39244e+09 ops/cycle=1.51698
trans mmul8 time=0 ops/cycle=inf

trans mmul4 time=1.82715e+09 ops/cycle=1.32683
DGEMM time=1.91709e+12 ops/cycle=14.6758

boooboooooooboood

gbo0000d: K=1024 600Gflops 14 0

go0o0d 1/4 : K=512 300 7

oOo00 1/8 : K=256 150 3.5

o000 1/16 : K=128 75 1.75
goo: o0.21

Enter n, seed, nb:N=34816 Seed=1 NB=2048

a, awork offset size= 7fae21c00000 7fb064400000 242800000 242800000 242800000
size of size_t and off_t long= 8 8 8

read/set mat end

copy mat end

Emax= 5.044e-07

Nswap=0 cpsec = 2910.57 wsec=730.139

swaprows time=3.72784e+09 ops/cycle=0.162581
scalerow time=1.79725e+09 ops/cycle=0.337224
trans rtoc8 time=4.34249e+09 ops/cycle=0.139569
trans ctor8 time=2.40224e+09 ops/cycle=0.252296
trans mmul time=5.83755e+09 ops/cycle=1.55736
trans nonrec cdec time=2.9062e+09 ops/cycle=0.208546
trans vvmul time=1.02325e+09 ops/cycle=0.592304
trans findp time=1.86805e+09 ops/cycle=0.324444
solve tri u time=1.16613e+10 ops/cycle=2.9856e-06
solve tri  time=1.6063e+11 ops/cycle=2.16747e-07
matmul nk8 time=0 ops/cycle=inf

matmul snk time=6.36856e+09 ops/cycle=1.52267
trans mmul8 time=0 ops/cycle=inf

trans mmul4 time=1.82159e+09 ops/cycle=1.33087
DGEMM time=1.91704e+12 ops/cycle=14.6762

NB=256 OO

Enter n, seed, nb:N=34816 Seed=1 NB=256

a, awork offset size= 7fad35600000 7faf77e00000 242800000 242800000 242800000
size of size_t and off_t long= 8 8 8

read/set mat end

copy mat end

Emax= 9.244e-08

Nswap=0 cpsec = 2797.93 wsec=700.362

swaprows time=3.57559e+09 ops/cycle=0.169504

scalerow time=1.71234e+09 ops/cycle=0.353947
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trans rtoc8 time=4.35866e+09 ops/cycle=0.139051
trans ctor8 time=2.40053e+09 ops/cycle=0.252476
trans mmul time=5.83701e+09 ops/cycle=1.5575
trans nonrec cdec time=2.90349e+09 ops/cycle=0.208741
trans vvmul time=1.02339e+09 ops/cycle=0.592227
trans findp time=1.8687e+09 ops/cycle=0.324331
solve tri u time=5.74246e+08 ops/cycle=6.06291e-05
solve tri  time=2.66881le+10 ops/cycle=1.30455e-06
matmul nk8 time=0 ops/cycle=inf

matmul snk time=6.3678e+09 ops/cycle=1.52286
trans mmul8 time=0 ops/cycle=inf

trans mmul4 time=1.8209e+09 ops/cycle=1.33138
DGEMM time=1.83881le+12 ops/cycle=15.3006

swaprows time=3.57559e+09 ops/cycle=0.169504

scalerow time=1.71234e+09 ops/cycle=0.353947

trans rtoc8 time=4.35866e+09 ops/cycle=0.139051

trans ctor8 time=2.40053e+09 ops/cycle=0.252476

trans mmul time=5.83701e+09 ops/cycle=1.5575

trans nonrec cdec time=2.90349e+09 ops/cycle=0.208741
trans vvmul time=1.02339e+09 ops/cycle=0.592227

trans findp time=1.8687e+09 ops/cycle=0.324331

matmul snk time=6.3678e+09 ops/cycle=1.52286

trans mmul4d time=1.8209e+09 ops/cycle=1.33138

uboabodabooboobobboboobooboobooboooobobooboaobod

O00000: 9.7GB (not GiB)O O OO read+write 18GB, scale 9.7GB0 trans rtoc, ctor 00 0O
9.7GB

trans mmul: K=16 00 000000000D0CO0O le000000O09YGOOOODO 20000
4Glops OO OO0O0O0DODDOOODOOOOO00O0K=2,4,803000000000000D000
00000000000 1GBO200000 75GB/sO00000O0OO0O0O0O0O0OOOOOOOO
o0ooooooo0oooooDbo0o0o0o0D 4k0O0000 16004MBUOOODOL3OO0OO0OO
oooooooooboobooogoOono

oooobobo0ooboooooooboooooobooo

ubbooooooboobobobobd nxl6000000000000O0DOOOOOODOO
gboogbgooooboobobooboboboobobobooboobobooboboobonoobo
000000000000000M-)x160000000000000000000O00O00O00O0O
googooo

0000000 nxl6e OO00OO0O0OO0ODOOO0DOO0OO0DOO0DO32k0O0000000000O0
oo0400000000000O0O000O000DODOOOODOOODOOODbOO0ObODOOODOOODO
gbgboboboboooooboobooboboobobobobobobooooboboona
0000000000 60% 0000000000000000D0O00DULOoOOOUOO

000000000000 GotoBLASOOOOO

Enter n, seed, nb:N=8192 Seed=1 NB=128
read/set mat end

copy mat end

Emax= 6.833e-10
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Nswap=0 cpsec = 39.4825 wsec=9.88793 37.0658 Gflops
swaprows time=2.04298e+08 ops/cycle=0.164242
scalerow time=7.06527e+07 ops/cycle=0.474921

trans rtoc8 time=1.43615e+08 ops/cycle=0.233642
trans ctor8 time=1.37003e+08 ops/cycle=0.244917
trans mmul time=2.94734e+08 ops/cycle=1.7077

trans nonrec cdec time=1.69648e+08 ops/cycle=0.197789
trans vvmul time=5.64071e+07 ops/cycle=0.594862
trans findp time=1.13391e+08 ops/cycle=0.295919
solve tri u time=5.94506e+07 ops/cycle=0.000137795
solve tri  time=9.13853e+08 ops/cycle=9.39969
matmul nk8 time=0 ops/cycle=inf

matmul snk time=54240 ops/cycle=9898.06

trans mmul8 time=0 ops/cycle=inf

trans mmul4 time=8.26731e+07 ops/cycle=1.62348

trans mmul2 time=4.56105e+07 ops/cycle=1.47135

DGEMM time=2.50872e+10 ops/cycle=14.9516

goo:

N=8192 Seed=1 NB=128

Emax= 1.902e-09

Nswap=0 cpsec = 39.7945 wsec=9.97176 36.7542 Gflops
swaprows time=2.03733e+08 ops/cycle=0.164698
scalerow time=7.06972e+07 ops/cycle=0.474622

trans rtoc8 time=1.4062e+08 ops/cycle=0.238617
trans ctor8 time=1.36213e+08 ops/cycle=0.246337
trans mmul time=2.95006e+08 ops/cycle=1.70612
trans nonrec cdec time=1.6697e+08 ops/cycle=0.20096
trans vvmul time=5.64536e+07 ops/cycle=0.594372
trans findp time=1.10669e+08 ops/cycle=0.303197
solve tri u time=5.95494e+07 ops/cycle=0.000137566
solve tri  time=9.09796e+08 ops/cycle=9.44161
matmul nk8 time=0 ops/cycle=inf

matmul snk time=3.05898e+08 ops/cycle=1.75506
trans mmul8 time=0 ops/cycle=inf

trans mmul4 time=8.29545e+07 ops/cycle=1.61797
trans mmul2 time=4.55855e+07 ops/cycle=1.47215
DGEMM time=2.50133e+10 ops/cycle=14.9958

000 nx16 0 3.05898e+08 00D OO ODGEMM 00000000000 O0COOOOOOOOO
oKOooooood

DGEMM time=2.50872e+10 ops/cycle=14.9516
DGEMM time=2.50133e+10 ops/cycle=14.9958
HPL O OO0




WROOL2C2
WROOL2C4
WROOL2C2
WROOL2C4

4096
4096
8192
8192

128
128
128
128

e

N

1.36
1.35
10.18
10.10

3.362e+01
3.401e+01
3.601e+01
3.631e+01
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0000 N=8192 000000000 1.5% 00000000 (dtrsm ODO0OO0OO0D0)0000 2%
gboooooboooobooon






Chapter 10

HPL OO0OD0OODO 2 (2009/9/12 O
0oo)

0oo0oo0o0oO0o00o00oU0oO00D0U0U0U0000O00O00O00 (000 2000000
000)00ooooooooooo

200000

e 00O O0ODODOODODOLODOODODODLODOOLODODOODLDOODDODLOODO
uaod

oDDDDDDDDDDDD(GustavsonDDDDDDD)

e JJ00OOOI(DULDDO DTRSM) OUODGEMM OUOO DTRSM OUOOODOOOOOOO
gooooooo

0000000000000 000000000O00000O00000O0000000000O GRAPE-
brROOODOOOOOOOOOOODOOOODOOOOODOOODOOOOOODOOOO DGEMM
gooooooo0 brIRSMOOOOOOOOOOOOOOOOOOODODDOODOOODOOOOO

gboogbuooboboboboobobob e0bobobobboobon

void transpose_rowtocoll6(int n, double a[] [RDIM], double at[][n],
int istart)
{
int 1i,j,k;
const int m=16;
double atmp[m] [m];
int mend;
#ifdef TIMETEST
BEGIN_TSC;
#endif

//#pragma omp parallel for private(i,j,k,atmp)
for(i=istart;i<n;i+=m){
for (k=0;k<m;k++){
v2df * ak = (v2df*) ali+k];
v2df * akk = (v2df*) atmp[k];

67
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akk[0] =ak[0];
akk[1] =ak[1];
akk[2] =ak[2];
akk[3] =ak[3];
akk[4] =ak[4];
akk[5] =ak[5];
akk[6] =akl[6];
akk[7] =ak[7];
}
for(j=0;j<m;j++){
v2df * atk= (v2dfx)(at[jl+i);
atk[0]=(v2df){atmp[0] [j],atmp[1] [j1};
atk[1]=(v2df){atmp[2] [j],atmp[3] [j13};
atk[2]=(v2df){atmp[4] [j],atmp[5] [jI1};
atk[3]=(v2df){atmp[6] [j],atmp[7] [j1};
atk[4]=(v2df){atmp[8] [j],atmp[9] [j1};
atk[5]=(v2df){atmp[10] [j],atmp[11] [j1};
atk[6]=(v2df){atmp[12] [j],atmp[13] [j1};
atk [7]1=(v2df){atmp[14] [j],atmp[15] [j1};
}
}
#ifdef TIMETEST
END_TSC(t,2);
#endif
}

boooboobooooboobooboobooboobooobo leoboooOooooboOoon
0000000000000 0000000000160 (128000)00000000000 Core
ir0000oooOo0 20000000000000000O0O000O000O0DOODOOODOOOOO
oob0oooooobooobooboobooobooboooooooboooboobooOooooooobo
gbobooboboboboboboooooOoooboobobOOobOOobOObOOobOOobOOobOOobOoDboOoon
gbooobOoboooobobooooobooooon

O00000000000000000 Core i7 920 O 4GB read+write (00 8GB) O 1.4 00O
56GB/s0 0000000000000 0O0O0OOO0OO4.25MBO00O0OOOOOOOOOOOO
000 L3oo0oooo0ooooobo0ooooob0oooooooooooooboobooooooDobooo
0000000L3 00000000 50GB/s0000000O0DOO0 1/1000000000O0O0O
ooooogo

goobooL3goooon sobbooobooobbodledonoooon 128000000000 50
O00o0oooDooO0o0OooooDboDOOO0O00ooooDDODexl6e DO0O0O0O0 L1 00000
0000000000 00000000000000000000GCC O __builtin_prefetch 0 0O
ooooooboooooobooo

asm("prefetchtO %0"::"m" (a[i+m] [0]) : "memory") ;
(prefetchnta 000 000)00000000 SSEOOO0OO0OOODOOUOOOOOODOOOOOOOUO

Cit0O 32KBO0O0O0O0O L1O0O0O0O00O0010D00000000 2KkBO0OOO0OOODOOOOO
obooooOoboooooobooboboooboOoboooogoo

gbooobobooboobooooogoa

void transpose_coltorowl6(int n, double a[] [RDIM], double at[][n],
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int istart)

int 1i,j,k;
const int m=16;
double atmp[m] [m];
#ifdef TIMETEST
BEGIN_TSC;
#endif
#pragma omp parallel for private(i,j,k,atmp)
for(i=istart;i<n;i+=m){
for (k=0;k<m;k++){
v2df * ak = (v2dfx*) (atl[k]+i);
v2df * akk = (v2dfx) atmpl[k];
akk[0] =ak[0];
akk[1] =ak[1];
akk[2] =ak[2];
akk[3] =ak[3];
akk[4] =ak[4];
akk[5] =ak[5];
akk[6] =ak[6];
akk[7] =ak[7];
}
for(j=0;j<m;j++){
v2df * atk= (v2df*) (ali+jl);
atk[0]=(v2df){atmp[0] [j],atmp[1] [jI1};
atk[1]1=(v2df){atmp[2] [j],atmp[3] [j1};
atk[2]=(v2df){atmp[4] [j],atmp[5] [j1};
atk[3]=(v2df){atmp[6] [j],atmp[7][j1};
atk[4]=(v2df){atmp[8] [j],atmp[9] [j1};
atk[5]=(v2df){atmp[10] [j],atmp[11] [j13};
atk[6]=(v2df){atmp[12] [j],atmp[13] [j1};
atk[7]1=(v2df){atmp[14] [j],atmp[15] [j1};
}
}
#ifdef TIMETEST
END_TSC(%,3);
#endif
}

goboooooooboooooobboobobooooboooooobboobbooboooooDooDo
20000000C0O0O0O0000DOCOO0OOODO0O00ODODDOODODO0OOO0OO0O row-to-col O
obooo0Od 0000000 1600000000D0000O0n00000OOODOOOOOO
00000000 col-to-row OO 16 0000 nO0D0O0O0D 160000000000000
gbobooboooooboob 1bobooooboooo

gbhoz2g0boobooboobobobobboboobboobobooboobooboobon
gbooaod

asm("prefetchtO %0"::"m" (at [k] [i+m*3]) : "memory") ;
asm("prefetchtO %0"::"m" (at[k] [i+m*3+8]) : "memory") ;

gbooobooobooboobobboobooboo
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ctor N=8192 16384
no prefetch 0.2443 0.2613
prefetchnta 0.3177
prefetchtO 0.3180
prefetchtil 0.3235
prefetcht2 0.3239 0.3235
rtoc N=8192 16384
no prefetch 0.2327  0.2043
prefetchnta 0.2813 0.2506
prefetchtO 0.2789
prefetchtil 0.2608
prefetcht2 0.2605

builtin(0,0) 0.2778

OO0 prefetch O 2-30000000005000000000000000000rtec00DOO
gbooobOoboooobobooooobooooooboonoo

gbooooogd 0.5746
gboooobodnO o.ee43

gooboooboboobooboobooooboooboobooooOobooboobOooboobOooDbo
000o000oO0ooO0o0oo0oooOoUOoOD 080/0000DOO0UOOODOOOODOUOOOO
10/0000000000000000000DO0O00DOO0OOO0DOD

00000000000 00D00O000 40GHlops O 34k 00000 7000 0000001000
O00000000000000000 1Tfops 000000 250000000000000O00O0O
obooboboosboobboobooooboooboooooboooboobooobooobobooooo
O00000000000000000D00 (2009/9/1300)00034k 0000000

ooo 1.
goodoo 0.
O->000 1.
o->000 0.
ooodoooo 2.0

2000000 1.5

oo 7.6 (O0)

0 D D w

ooboooboooobooobo 230000000 oooooDooooooD L3gooooo
gbgbobobobbooooobooboobobobobobobobboboooobobooba
ooo

uboboobooooboboooooboooooobooog

void column_decomposition_recursive(int n,
double al[n] [RDIM],
int m,
double awork[] [n],
int pv[],
int i)

int j, k;
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int ip,ii;
double ainv;
if (m <= 16){
column_decomposition_with_transpose(n, a, m,awork, pv,i);
Yelsed{
column_decomposition_recursive(n, a, m/2, awork, pv,i);
process_right_part(n,a,m/2,awork, pv,i,i+m);
column_decomposition_recursive(n, a, m/2, awork, pv+m/2,i+m/2);
for(ii=i+m/2;ii<i+m;ii++){
swaprows (n,a,pv[ii-i],ii,i,i+m/2);
}
for(ii=i+m/2;ii<i+m;ii++){
scalerow(n,a,1.0/alii] [ii] ,dii,i,i+m/2);

}

gbooobooooobobboboobooboooba

o0 16 DOOOODOO
oboooooooooo
goooo
goooooobooboo
gooobooboooooboobooooboo
oooobooog
oboooboboooboobooooobobooooobooooboon

ooo

000000 (000 DTRSM) OODGEMM 0000 DTRSM O0OU0O0OO0ODO0OOOOOO
ooooboobooooobooog

for(ii=i;ii<i+m;ii++)
for(j=ii+1;j<i+m;j++)
for (k=i+m;k<n;k++)
aljl k] -= aljl[iil*alii] [k];

gboboooOobooooobooocoboboooo



72 CHAPTER 10. HPLODODOOOO 2(2009/9/120000)

Xooooobooooooooooooo o—Go0ooo Xgoooooooobooboooboooo
oobooooobooolrgooobooobooobooboooboobooobobobooboobooobooboooDo
obooobO1o0ob00b0oo0ooobooooon

for(ii=i;ii<i+m;ii++)
for(j=ii+1;j<i+m;j++)
b[j]l -= aljl[ii]l*b[ii];

0000000000 bOUOOOOOOO recurrent D000O0 bl 0000000 b[i+1) 000
0000000000000 0000 bkjOb[O)OO bk OODODODOUDOUOOUOOUOa0O0O0OO
ooo

for(j=i+1;j<i+m;j++){
c[j1=0;
for(ii=i;ii<=j;ii++)
c[j] += anew[j][iil*b[iil;
}

goobbooootbobbdUbUanew DO 0O0OO0O0OO0OO0O00DOOOOOOOOOOODOOOOOODOO
O000k0O0O0OOO0O0O0OoOoOooooODODOO0O0ODOOCOOO0O0OO0O0OODOO GRAPE-DR
gboooboooboobooboobooboobn

anew 10000000000 00DO0OO0DODODODODOODOOOOO
for(ii=0;ii<m;ii++)

for(j=ii+1;j<m;j++)
for (k=0;k<m;k++)

bl[j1 k] -= aljl[iil*b[ii] [k];

ooooo0ooo0ooooooOooooooDoboOoO0on0 bGEMM OODOOOODOOODOODODOO
ooooobooboooooon

static void solve_triangle_for_unit_mat_recursive(int n,
double a[][RDIM],

int nb,
double b[] [nb],
int m)
{
int i,ii,3,k;
if (m < 16){
solve_triangle_for_unit_mat_internal(n, a, nb, b,m);
return;
}

const int mhalf = m/2;
solve_triangle_for_unit_mat_recursive(n, a, nb, b,mhalf);

dgemm( mhalf, mhalf, mhalf, -1.0, &(a[mhalf][0]), RDIM,
&(b[0] [0]), nb, 1.0, &(b[mhalf][0]),nb );

double bwork[mhalf] [mhalf];
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double bwork2[mhalf] [mhalf];
for (j=0;j<mhalf;j++)

for (k=0;k<mhalf;k++)bwork[j] [k]=0.0;
for (j=0;j<mhalf;j++)bwork[j][j]=1.0;
solve_triangle_for_unit_mat_recursive(n, (double(*)[]) (&a[mhalf] [mhalf]),

mhalf, bwork,mhalf);

for(i=0;i<mhalf;i++)

for(j=0;j<mhalf;j++)

bwork2[i] [j1=b[i+mhalf] [j];
dgemm(mhalf, mhalf, mhalf, 1.0, (doublex)bwork,mhalf,
(double*)bwork2, mhalf, 0.0, &(b[mhalf][0]),nb );

for (j=0;j<mhalf;j++)
for (k=0;k<j+1;k++)b[mhalf+j] [mhalf+k]=bwork[j] [k];
}

oooooOo0o0o0ooObO0o00obOoOOoDOOOOO0ODOOOODOD

o000 140000000

o00oo0000 a000 /40000 bp0O0O0 /40000
00 1/4 00000

oOoooooO0d bp000 140000 bOOO /40000

Oo000o0oo0ooooooooooooboooO0o bGEMM OOO00O0OOO0OO 200000000
0000 GRAPE-DROODOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
gboo3gobobooboobobobooboboobooboooooboobooon
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HPL ODOOODO 3 (2009/9/14 O
0o0)

lw200000000000000 rowmajor 0000000000 OCO0ODOOCOODODOOODO
OO000000oooooooo0O000oooOooo0oDDoD hugetbOOOOOOO0OOOOOO
ooboobobooooooooobboooobOOoooooooooboooboOobooOooooooobon
obooooOoboooooon

gboobogbooboobobooobooboobobooboboobuooboboobooo
gooooooobooobooobooobooooooobbooboooloboooboooobooboooon
oobooboooooooooobooobooOoobooooboooooooboooboooooboooooo
obooooobooog

gbooboobooboobgoo200b0o0boobooobogo
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gobogboobbobooooobobuoooobobobobbobobooonooooboobobo
gbooaobooaobooabooo

oobooboobooob 2000 8b000b0O0oOoboooOo3boooooooooooon 20
obooobooobooooobooobooooboooboobooboobobooooooooag
goboobooboobooboboboooobooooboooo

oobooooobooobOobooooobooooboooooooobooooboooobooogon
gboboobOobooooboboooooboooooboobooo

000 swaprows 000000000 15GB/s000000000000OODOOOOOOOO
gbogboooboboboodb swaprows UDUOOUOOOOO0OO0O0OOO0OOOOOOOOOO
oboooboboooooboooooo

void swaprows_simple_with_scale(int n, double a[n] [RDIM],
int rowl, int row2,
int cstart, int cend, double scale)

int j;
if (rowl !'= row2){
int jmax = (cend+l-cstart)/2;
v2df *al, *a2, tmp, tmpil;
v2df ss = (v2df){scale,scale};
al = (v2dfx) (a[rowl]+cstart);
a2 = (v2dfx) (a[row2]+cstart);
for(j=0;j<(jmax & (Oxfffffffe));j+=2){
__builtin_prefetch(al+j+32,1,0);
__builtin_prefetch(a2+j+32,1,0);
tmp = alljl;
all[jl=a2[jl;
a2[jl=tmp*ss;
tmpl = all[j+1];
all[j+1]=a2[j+1];
a2[j+1]=tmpl*ss;
}
if (jmax &1){
tmp = all[jmax-1];
al[jmax-1]=a2[jmax-1];
a2[jmax-1]=tmp*ss;
}
Yelsed{
scalerow(n,a,scale ,row2,cstart,cend);

}

oooooooooOoOOOOO0o00oObooUbOOOOoOoOoOogUbOoooD M4k0ODDO+000
uboooboo13bo00obooboooobobooobo oebOoboboOonOg

20000000000O0O0O0O0ODODODODOBLASIODOD DAXPYDDODDDOODOOOOODODOOODO
000 sse 0000000 4000000000000000000O 20GB/sO0000000OO0O
obooobooooonboon

goooobobooobobooooooobooobbboooooobboboooooooobobboooo
gono



Enter n, seed, nb:N=34816 Seed=1 NB=256

read/set mat end

copy mat end

Emax= 1.136e-07

Nswap=0 cpsec = 2784.11 wsec=696.654 40.3857 Gflops
swaprows time=3.43235e+09 ops/cycle=0.176578
scalerow time=1.56005e+07 ops/cycle=38.8497

trans rtoc time=3.14886e+09 ops/cycle=0.192475
trans ctor time=1.89551e+09 ops/cycle=0.319744
trans mmul time=5.14042e+09 ops/cycle=1.76856
trans nonrec cdec time=2.94967e+09 ops/cycle=0.205472
trans vvmul time=5.03337e+08 ops/cycle=1.20412
trans findp time=2.44507e+09 ops/cycle=0.247877
solve tri u time=3.80914e+08 ops/cycle=9.14013e-05
solve tri  time=2.67092e+10 ops/cycle=11.6182
matmul nk8 time=0 ops/cycle=inf

matmul snk time=67816 ops/cycle=142993

trans mmul8 time=0 ops/cycle=inf

trans mmul4 time=1.39435e+09 ops/cycle=1.73866
trans mmul2 time=8.13527e+08 ops/cycle=1.49

DGEMM time=1.83959%e+12 ops/cycle=15.4628

0000000000000000000000Intel00000'00000000000000
SSE20000000000000000 23000000000000000O0DODOD0O0OOODO

00 GotoBLAS O idamax OO0 OO0 OKOOOO

Enter n, seed, nb:N=34816 Seed=1 NB=256

Emax= 1.136e-07

Nswap=0 cpsec = 2782.51 wsec=696.245 40.4095 Gflops
swaprows time=3.43022e+09 ops/cycle=0.176688
scalerow time=1.56175e+07 ops/cycle=38.8077

trans rtoc time=3.14043e+09 ops/cycle=0.192992
trans ctor time=1.89603e+09 ops/cycle=0.319656
trans mmul time=5.14364e+09 ops/cycle=1.76745

trans nonrec cdec time=1.40592e+09 ops/cycle=0.431089
trans vvmul time=4.97509e+08 ops/cycle=1.21822

trans findp time=9.07189e+08 ops/cycle=0.668083
solve tri u time=3.85358e+08 ops/cycle=9.03471e-05
solve tri  time=2.66933e+10 ops/cycle=11.6251
matmul nk8 time=0 ops/cycle=inf

matmul snk time=59096 ops/cycle=164093

trans mmul8 time=0 ops/cycle=inf

trans mmul4 time=1.39377e+09 ops/cycle=1.73939

trans mmul2 time=8.11773e+08 ops/cycle=1.49322

DGEMM time=1.84005e+12 ops/cycle=15.459

O0000o0oooooO0O0O00 k=80000000k=40000000000D 2000000
0000000000000 20000 100000000k=80000 GotoBLASODOOOODO

Thttp://download.intel.com/jp/developer/jpdoc/w_max_app_j . pdf
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gobooooboooboobooooooobobooboboobobobooboooUD k=4a00D00O0O0O
O0k=20000000000 1000000000000 000DOOO00OODOOO 3000
00400000009/80/0000000000000000O00OO0OUOOOOUOOOO
ooooOo0o0oobOOo0o0ooo0ooboooOoO00DOb000oDOO00DOO000DOO00DOk=40
gboboobOobobooooobooboooooboobobosbobooooboobobooooonn
gooooboooooooobbo4b00b0obo0ooooobboobbo 3oooboobooOooDo
OO0000Oo00b0o0DooO00D k=4a0000000000

static void matmul_for_nk4(int nl, double a[][ni],
int n2, double b[][n2],
int n3, double c[][n3],
int n)

register v2df b00 = (v2df){b[0][0],b[0][0]};
register v2df b0l = (v2df){b[0][1],b[0][1]};
register v2df b02 = (v2df){b[0][2],b[0][2]};
register v2df b03 = (v2df){b[0][3],b[0][3]};
register v2df b10 = (v2df){b[1][0],b[1]1[0]1};
register v2df bll = (v2df){b[1][1],b[1][1]};
register v2df b12 = (v2df){b[1][2],b[1][2]1};
register v2df b13 = (v2df){b[1][3],b[1][3]1};
register v2df b20 = (v2df){b[2][0],b[2][0]};
register v2df b21 = (v2df){b[2][1],b[2][1]1};
register v2df b22 = (v2df){b[2][2],b[2][2]1};
register v2df b23 = (v2df){b[2][3],b[2] [3]1};
register v2df b30 = (v2df){b[3][0],b[3][0]};
register v2df b31 = (v2df){b[3][1],b[3]1[1]};
register v2df b32 = (v2df){b[3][2],b[3]1[2]1};
register v2df b33 = (v2df){b[3][3],b[3]1[31};

v2df * a0 = (v2dfx*x) al[0];
v2df * al = (v2dfx) alil];
v2df * a2 = (v2dfx*) al2];
v2df * a3 = (v2dfx*) al3];
v2df * c0 = (v2df*) c[0];
v2df * c1 = (v2dfx) c[1];
v2df * c2 = (v2df*) c[2];
v2df * c3 = (v2df*) c[3];
int nh = n>>1;
int j;
if (nh & D{

j=nh-1;

c0[j] -= a0[j]l*b00+al[jl*b01+a2[j]*b02+a3[j]*b03;
c1[j] -= a0[jl*bl0+al[jl*bli+a2[j]*b12+a3[j]*b13;
c2[j] -= a0[jl*b20+al[jl*b21+a2[j]*b22+a3[j]*b23;
c3[j] -= a0[jl*b30+al[j]l*b31+a2[jl*b32+a3[j]*b33;
nh--;

}

for(j=0;j<nh; j+=2){
c0[j] -= a0[jI*b00+al[j]l*b01+a2[j]*b02+a3[j]*b03;
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c0[j+1] -= aO0[j+1]1*b00+al[j+1]*b01+a2[j+1]*b02+a3[j+1]*b03;

c1[j] -= a0[jl*b10+al[jl*bl1+a2[j]l*b12+a3[j]*b13;

c1[j+1] -= a0[j+1]1*bl10+al[j+1]*bli+a2[j+1]1*b12+a3[j+1]*b13;
}

for(j=0;j<nh; j+=2){
c2[j] -= a0[jl*b20+al[j]l*b21+a2[j]*b22+a3[j]*b23;
c2[j+1] -= a0[j+1]*b20+al[j+1]*b21+a2[j+1]*b22+a3[j+1]*b23;
c3[j] -= a0[jl*b30+al[jl*b31+a2[j]*b32+a3[j]*b33;
c3[j+1] -= a0[j+1]1*b30+al[j+1]*b31+a2[j+1]*b32+a3[j+1]*b33;

uboogz20000000000000000O00DOO0O0ODOOOODOOODOOODO cOOO1IO00OO
oooooobo0oooobo 2,30000000D00

0000000%0000000000 L1 00000000 read/write0O000 20 /Cycle (L2,
3000000 1/400000000L3 0000000000000 000OUOoOoUoOO 7420
OO000O0 1le000000 L30O00ODO0OO0DO0O0 400000 16000L1 00000 3.5
oobo0o le0oooo0ooboo0oooboooooooobobbobOoLIoobbooooooDo
gooooooooboooobobobobobooood xmm o000 l6e000O0DO0OO
coooooOoooooooOoOobop0DOOOOOOO0ODOO 32000000 200000L1
ocoooobooooooooooboobo0oOooobo sgooooooOoooDooOooo vbbObOOO
obooboboooooobooboobooooooooooooobooboOooOooobobooooo
000000000 bOOOOODODOUDOOOOOO (gec4.1.2,-02000)

static void matmul_for_nk4(int nl, double al][nil],
int n2, double b[][n2],
int n3, double c[][n3],

int n)

{

v2df * a0 = (v2dfx*x) al[0];

v2df * al = (v2dfx) al1];

v2df * a2 = (v2dfx) al[2];

v2df * a3 = (v2dfx) al3];

int nh = n>>1;

int j;

int k;

v2df * cv;

v2df * cvv;

register v2df bO;
register v2df bi;
register v2df b2;
register v2df b3;
register v2df b4;
register v2df b5;
register v2df b6;
register v2df b7;

2http://journal.mycom.co.jp/special/2008/nehalem02/011.html



80

for(k=0;k<4;k+=2){

cv = (v2dfx*) clk];

cvv =

bl =
b2 =
b3 =
b4 =
b5 =
b6 =
b7 =

for(j=0;j<nh;j++){

(v2df*) clk+1];
b0 = (v2df){b[k] [0],b[k] [0]};
(v2df){b[k] [1],b[k] [1]1};
(v2df){b[k] [2],b[k] [2]};
(v2df){v[k] [3],b[k] [3]1};
(v2df){b[k+1] [0] ,b[k+1] [0]};
(v2df){b[k+1] [1],b[k+1]1[1]1};
(v2df){b[k+1] [2],b[k+1] [2]};
(v2df){b[k+1] [3],b[k+1]1 [3]1};

register v2df
register v2df
register v2df
register v2df
register v2df
x+= aalx*bl;
X+= aa2xb2;
x+= aa3d*b3;
cvljl-=x;

X

= aal0x*b4;

x+= aalx*bb;
x+= aa2*b6;
x+= aa3x*b7;
cvvljl -= x;

aal
aal
aa2
aa3
x =

CHAPTER 11. HPLODODOOOO 3(2009/9/140000)

= a0[j];
= al[jl;
= a2[jl;
= a3[jl;
aa0%*b0;

00000000 2600/00000000000000000000O0

.L19:

movapd
addl
movapd
movapd
mulpd
movapd
mulpd
movapd
mulpd
movapd
mulpd
movapd
mulpd
addpd
movapd
mulpd
addpd
mulpd
mulpd

(%rax,%rsi), %xmm6

$1, Y%edi

(Yrax,%r12), %xmm3
%xmm6, Y%xmmil
%xmm10, %xmm6
%xmm3, %xmmO
%xmm14, %xmml
(%rax,%rbp), %xmmé
%xmm13, %xmmO
(%rax,%rbx), %xmmb
%xmm9, %xmm3
%xmm5, %xmm2
%xmm7 , %xmm5
%xmmi, %xmmO
%xmm4, %xmml
%xmm11, %xmm2
%xmm6, %xmm3
%xmm12, %xmmi
%xmm8, Y%xmmé



addpd
movapd
addpd
addpd
addpd
subpd
movapd
movapd
subpd
movapd
addq
cmpl
jne

%xmm0, %xmmil
(%rax,%r10), %xmmO
%xmm3, %xmm4
%xmml, %xmm2
%xmmé, %xmm5
%xmm2, %xmmO
%xmm0, (%rax,%r10)
(Y%rax,%r8), %xmmO
%xmm5, %xmmO
%xmm0, (%rax,%r8)

$16, Y%rax
%riid, %edi
.L19
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00000000 %xmmn) 0 SSE20000000000000000000O00OO00OO0OOO
000 (movapd (%rax,%r12), %xmm3 0 0)0 60000 (movapd %xmm0, (%rax,%r8) 00O ) O
2000000000 b0o0b0ob0ooo0obOobLDOo0o0oboobOobD0oobOobDOoobOobOobDon
gbobooboooooobooooooooooboooooooboboboobooooobobo

goooboopooboboboboobooo

Oo0oo0o0oOooobo L1ooooboo0ooooooDooooooDobo00 k=8 00000D0O0

gbooobOoboobooboooobooboooobooboooooboon






Chapter 12

eASIC 0000
GRAPE(2009/9/14 0000)

OO0 eASICOOO0OO0OOOOOOODO Nextreme-2 00000 GRAPEOOODOOOOO THops
OO0O0o00O0 gpUOOODOOOODO

e IOOO
e IOOO

00000000000 0DCO0O0000OD0000D treecode 0O0O0O0O0O0OODOOOODOOO
0000000000000000 10TF 00000 300G interactions/sec, 300MHz 00 0 OO
0 1wooo0b0oboooobooboobooboooobobooooon

NX21000 0 1000 eCel DOOOOOOCOO 100 24000000000000000000
oooo

000000 100000000000 3o00MO0O/00000030000 10000000000
goo

gooooooobobooooooboboooooo400b0bOo00 120000000
000 36 GB/sO000000O0OOOODOOOOOOOOOOOOOOOOOOOOOOOOO
20GB/s0 0000000000000 UOOOOUOOUOOUDOUOO0O0OOOUOOOOO FPGA
0000 Gen28 000000 2GB/s00000O00O0OO00OCOOOO 100000000

goooboobooboooboboooboboooooooooooobobbooboboooDbOoo
ooooboooboooboooboooboboooboooboOoooboooboooooooboooobooogo
oobObO0oobooobooooooobOoooobooobbooboooooooooooboooboooboonoo
gboooboooooogn

goboooooobooooboooooooboboooboooobobooboooobooboobooobDoo
obooobooooooooobooboooooboooboooooooooboooo0o 1ocobooboooon
goboocooOoboooobOobooooboobooono oobobobooooobooboooboooaoo
obooooboooboobobooobooobobooboooboobooooobo0oooboooboOooDn
uoodoo 1-2000000000000000DO000DO 40000000 100000000O0OOC
0000 1300000000

oboo0o3booobooooobooooboobooooboboboooobooooboboooonog

gboobodboobooboboobobooobobooboboobuooboboobobo
00000000 CPUDOUOODOOOOD treecode (TreePM OOOO0)0000O0DOOOO
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00000000 GreeM OO Barcelona 2.2GHz 1000 5-70000 00O /(0000)00O0O0OO0OO
00000 20-300 (000000000000 0000000O00O0O00OO0)000000GRAPE
ooo0ooboob0omoooboog icoobooobboooooooboobooooooooon 20M
obooooOoboooooon

go0000ooO0OoOooOoooOoooO0OoOoOoU0DOO 20000000 PC1ODOOOO 2000
oboooboboo3sbobobooboobobobobo oMb OoOooooDoooooobogon
000 20GB/s00000O0O 1/30000 1/300000000000000 1/300002GB/s
gbooobOobooooobobooooooo

GPUUOOODOOUDUOO0DDOOUO0O0OUOO0OODO0OUDOOO Hamada et al. (2009) OO OO
Core 2 Quad 6600+nVIdia GF8800GTS 000 UJODO0O0O (D000 10000 1000)3500
0000000000000 TreePMOOODOO puretree 000000000000 O0O0OODOO
gobooobooobooooobooooboboboooooob 1000 oooboOooooooooDo
OO00000000000000000D000 treecode 0O0OO0O0D0ODOOOO0ODODO treewalk
00000000 (0000000)0 GreeMOUOOO 10% 00000000000O0O0O0OOO
OO00000000DOOO0O00000DOCDDOOO0O0 treewalk DO0O0O0O0O0O0OO0DODOO ng
000000000000 00000000000 10Tfops/card 00O 0O02GB/s 000000
bobooboboobooooooooooooooooobobooooooboobobooobonn
0000000 GRAPE60 PCIOOOOOOOOOOOODO 1000000 GRAPE-70 PCI-X
uboooo1boboooooobooboboooono icobobobobooooooobooboon
oood

GPUOODOOOODODOOOODO 700Gllops DODDOO 160GHops DOOOOODODOOO
bobobooooooobooboboooooooboobooooobooooooooboooboooo
0000 12000, ng O 500 (? 2507) O000O0i00 100000 24-500 jO000O0OOOO
00000 160000000 400-800000000 GPUO PCle0 00000 8GB/sO0OD0OO
oMOOOOO0ODoOOoOoOooooooGpUDOOOOODOD 30o00000ODODODOODODDOOO
oooo

GpUCOOOOOOOOO0O0O0O0O0O00O00O0O0O0O0OOOOOOOOOOODODODOD GPULCOCOO
O CPUD 13000000000D00CO0O0ODODO GRAPEODOODOUO CPU,GPUDODODO 100
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ooboooboboooooooboooboooooooboobooooobooooooboooooo
Otree J0000O00D0OO0DD direct scheme 000000000 O0DOOCOOOOOOOOODO
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gboobogbooboobobooobooboobobooboobobooboboobooo
obooo00d TreePM ODODOOOOOODOO0DOO0OOOOO0ODOOOOOOODOOOOODOODOO
oobooobobooooboooboooboooooooboooboobo400000000000DO0
gooooo

r5inv = r2inv*r2invrinv

phiq = (-.5%((dx*dx-dz*dz)*
quad(p, 1) +(dy*dy-dz*dz) *
quad(p,4))-(dx*dy*quad(p,2)+
dx*dz*quad (p, 3) +dy*dz*
quad(p,5)))*rbinv

phi(pbody) = phi(pbody)+phiq

phiq = 5.*phig*r2inv

acc(pbody,1) = acc(pbody,1)+dx*phiq+(dx*

5 S = =
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&

quad(p,1)+dy*quad(p,2)+dz*

& quad(p,3))*rbinv

acc(pbody,2) = acc(pbody,?2)+dy*phiq+(dy*
quad (p,4)+dx*quad (p,2) +dz*

& quad(p,5))*rbinv

acc(pbody,3) = acc(pbody,3)+dz*phiq+(dz*
(-quad(p,1)-quad(p,4))+dx*quad(p,3)

& +dy*quad(p,5))*r5inv

153

&

goboooooooooobooooobooooobooboooobooobo 4000000000000
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GRAPEOUOUOOOOOODODOOOOUOOOODOOODUOUOOOODOOOODDOOOODOOOOO
oobooboooobooobbooboboono 1200000000000 00O000DOO0O0000O00OAO0
OO0O0O GRAPE-DROODOOOO0OOOOOOOOOOOOOOOODASICOOOOOOOOOO
0000000 GRAPEOOOOO 2000000000000000000O0O0O0O0O0O0O0O00O
0034000000 GRAPE-DROOOUOODOOOOODOOOODOOOGRAPEODOOOO
oboooooboooobooboboooooboooogo

00000 eASICOOO0OO0OOOO ASICOODOOOOOODOOO300000000OOODODOO
OO0 eASICO 4nm 0000000000 CCOOOOOOOODODODODO 200000000000
00O ASICO00 10000000000 Bnm OOOOOO0O0O0O0O0OODOODODOOOOOO
o030b0o0ogo0o0 ooboooboobooobooooboobobobo0boo0 1v0bobo0oDo
ooooOobOoobOoobOoobooooboooboOoooOoonb 1-20000000000000 230
obooooOoboooooboon

gboboodbgoboboobobooboooobobobobooboboboobooboobo
0000000000000 000 ASICO000D0D0D0D0D0DDoDOooooooOoOoOODODODODOO
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HPL OODOOO4 (2009/9/16 O
000)

lw20000 GRAPE-DRODODOOOOODODOOOOOOOOODOODODOOODODOODOOOOOO
coooooooooooooOoooo0oO0OoooooOoooooogo GbrRODOODOOOOO
oobooboooboobooobooOoooobOoobOooobooboobboOoooooooooo
gboboobOoboooobooooobooboooobobooooboobooooooo

gboogbgobooboooboo
goo

HPLOOO = 13.1
(DGEMMOO)+(000000) (13.1)

gboooboobooobooboooobOobooooboboooboobOobooooOoo

GDR DGEMM O[O
ogbooo
gbooooooboooood

K=2048 OOO0OO
K<=1024 0O OODO

GDR DGEMM [ 0
ob0OO000 DGEMM
gbooooboooobooooon

Corei7 0 12GBO0ODOCOOOO0O GDRDGEMM OO0 GDRODODOOOODOOOOODO 200
Os0000000000000000000 DGEMMO kOOOOOODOOODOOOOOO
5-100 000000000 5700000000 GDROOCOOOOO 200000000000
20000000000000C0O0O0O000000 4000000 700GHlops 0O0OOOOOOOO
1Tlops OOO0ODOOOODODO 280000000000 DGEMM OOOO0O 100000000
STF 000000000000 0000000O0

0000 GRAPEOOOOOOOOOOOOOOOOOOOOUOOOOOUOOODOODODOOOO
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for(i=0;i<n;i+=m){

column_decomposition(n, a, m, pv,i);

process_right_part(n,a,m,awork, pv,i,n+1);

}

HPLOOODODOO 5(2009/9/16 0000)

column_decompositiond process_right_ part DO OO0 O0O0O0OO0O

e swaprows 10O 0O0ODOODOOOOO
e scalrow 00 O0OODOOODOO
e pv OO

obooooooooogon

void column_decomposition(int n, double a[n] [RDIM], int m, int pv[], int i)

{
int  j, k;
int ip,ii;
double ainv;
for(ip=0;ip<m;ip++){
ji=i+ip;
int p = findpivot(n,a,ii);

if (fabs(alp]l [1i]) > 2% fabs(alii][ii])){

pvlipl=p;
swaprows(n,a,p,ii,i,i+m);
nswap++;
Yelsed{
pvlipl=ii;
}
// normalize row ii
ainv = 1.0/alii] [ii];
scalerow(n,a,ainv,ii,i,ii);
scalerow(n,a,ainv,ii,ii+1,i+m);
// subtract row ii from all lower rows

vvmulandsub(n, a, ii, ii+1l, i+m, ii+1, n);

}
}

void process_right_part(int n,

double al[n] [RDIM],

int m,

double awork[] [n],

int pv[],

int 1,

int iend)

{
int ii;
for(ii=i;ii<i+m;ii++){
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swaprows_simple_with_scale(n,a,pv[ii-i],ii,i+m,iend,
1.0/alii] [1i] );
}
solve_triangle(n,a,m,awork, i,iend);
mmmulandsub(n, a, i,i+m, i+m, iend, i+m, n);

global index 0 colum 11-12 0000000000 COOO0O0ODOCOOO0ODOOOOOOOLOO
obooobOoooooooon

Oooo0oboO0o00 nooooobbo0 2.1 0000000000000 00O0DOOOODO
goooboobooooboboooogboooooobooooobooo

oooobooooboo pOO0b0O0 gOOOOOOOOO
ooo0o0ob0o0ooobooobooboo0obbooboboOoooboOobupdateD 00 OOoooonOog
bll =bl20000000000O

bll1!=bl200:bl1 0000000O00O00000O

pl2 J00O0000O00O0O0OO0O0

gbooobdd: v11 DO0000D000D0000000O vl2 0000000
gooood

googooboogo

0000111122223333000011112222333300001111222233330000111122223333
0 1 2 3 4 5 6 T 8 9 A B C D E F
X Y

X: 18, Y: 38
c1 c2

0:6111:4102:473:47

godoooooooooooooooboooooooooooooobooooooooouoon

0oo0ooo: 000 100000000 boooooooa

000000 b 0000000000 O0O0DOO00O0O0O0OOOO0O0O0O0OOO0O0000
C—=1LU (14.1)

gooobooooboboboo uuoboogoo

U=D"'xU, (14.2)

uo






Chapter 15

HPL OODOOOS5 (2009/10/3 O
000)

goboooobooboooo ppLO0O0ODOODOO0OO0ODOOODOOOODOOOOOO0ODOD
ooooobooon

e OO

e DTRSM

e UODO

e JOODOOO
gbooooobobooboooobobobooooobobooooooboboooooooobooo
ooooooooD DTRSM O DGEMM O0O0ODOOOOO0OOOOCOOODOOOOOOO0OO UOOoQg
0000000 P lO00000D0O000000O0ODOOOO00O0 LOOO0O0OO0OO0OO0 L(P7U)
00000000000 00o000o00oU00U000o00o0o0ooooO(SL(P{-1H)Us, 0000

000000000 LO P'O00000O0ODOO0O0ODODOOOOOO DITRSMOOOOOOO
gboobooobodgbodgbooboad

105



