1/58

I

ifgﬂ Egll /AR

RREKFYIERZERR

[Outline )

1. 707745 FEWA
2. *EYT U AmiEE
3. CPUFa1—=—245

Jun. 15, 2017 @&+ E R S E AT RA

ISSP, Univ. of Tokyo



2/58
Q e e
/I IE\

SHEEIT CElF. BT{SEDANEIC
@:t/u&‘fx( T’Ecs /\J

=12 TEOL32EZEWPHARDUND ]
ELNVSZEZITFR>THNTL Iz



3/58

=IR1E

=R &l h 2

TIWTVALZEZRY . REAEICE>TEITHREZRTSAE

s PILTYRLLRILOERE]

EWTZILOdYX LEERETEE
1=R1t

ZILOYX LN THLE

ERLANILOERIEEI A ?

[ INA SO E#IZOSLLVa—FZECE]

— A EROEEAZHHIEE

=R{E. TDHIIZ

ERL

CIERTLTWASIEZERE
L THEERR

L THRDLELH DS

PHLBICERIEZIILOHDDEF A L vEA

FI . ETHELD, ESLVWDIEE

—>TOT7AFIZ&KHHER

TEVIZHEZLTHS

ISSP, Univ. of Tokyo



4/58

SEEEZEL D

Fa—— 5 DENZIETaI7q4)5




5/58

095 LDHRyRRR YR
Ryk AR ykElE

TOTSLDEITICENT, Lo ELEEND MO TN DIGFR
(D FEAFEAETEADEEHE)

ZLDEE. —EDI—FUONAERFBOXRFELHDH S
(80:200D ;% HIl)

Fa—=L 5 DSkt

FIHRYRRRYNEIET

Fa—=UJRIZ. EOBRESRIETESIITIERELS

Fa—=2F1&. Ry RRYNDAHIZF AT S

RYRRRYRTLEWNIIL—F o D e b [ iTH 7R

o B3t BBEIEIZANT DEKELD-6
RYRRARYNTHEWNIIL—F UL, REXYAIGEEZER

ISSP, Univ. of Tokyo




6/58

JO274) 7 ZDHEII< (1/2)

f"’\ J 2t zt0a—+ 2L0BRLO? | s

= {@o(U’GEL\O)’&EO)(%L\O) 7 'n

ERENHEIRENEZFLELD

STEHON AT IR MRE & STREDIERAEVEEMEREIZ LT S

TR DML STEOME
B/F (Byte-per-Flops)f& JEE LR E (Flops/Byte)
N\VRIEZEE MR TR o= {E AN ERESI-YRIEEET S
-EWXEATEREEREA R LY ‘BWNERTRREAKE

BN EAERRIERE NIKTF

[FEAEDIZE AT EREREADRMLARYD

ISSP, Univ. of Tokyo




7/58

J0O274)7 . DRI (2/2)

RS B 7541 -

for(int i=0;i<N;i++){ Bi5lla, bl & ¥ 28/ 8 (double)
a[i] = a[i] + b[i];

}

1REHT-Y

« BEAriAA21E (16731 1) CNAERE— BB EEE
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gprof D{FELVA

gprof& I

ILEHLNDTOT7A45, perfhMEZ SiEbperfafE->f=AMNELY,
(MacTIXEZ LY, iprofiler&instruments TH B T= 5 A E{E)

fELVA

$ gcc -pg test.cc
$ ./a.out

$ls

a.out gmon.out test.cc
$ gprof a.out gmon.out

Hijl/ EYHZ 9 Each % timeZ I+ RN IELWNTT
Flat profile:
mple counts as 0.01 seconds. YTV TL—bbDLETRICTHIL

Each s4
% cumulative self self total
.

time seconds seconds calls ms/call ms/call name
100.57| 0.93 0.93 1 925.26 925.26 matmat()

¥,
0.00 | 0.93 0.00 0.00 0.00 global constructors keyed to A
0.00 | 0.93 0.00 0.00 0.00 __ static_initialization_and_destruction_0(int, int)

0.00 0.00 init()

0.00 | 0.93 0.00
0.00 0.00 matvec()
0.00 0.00 vecvec() @

0.00 | 0.93 0.00
ISSP, Univ. of Tokyo
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perfDFEWNA(HTIY)

perf&l(d
LiInuUXD /NI A— 2 AETY—IL
JO9SLOBFEIAVINMILAE

ELVA

$ perf record ./a.out
$ perf report

i 73
FROMDI—FZERBHETHMER

Samples: 155K of event 'cycles', Event count {approx.): 139416304992

mdacp mdacp ForceCalculator::CalculateForceNext{Var

mdacp mdacp MeshlList::SearchMesh{int, Yariables*, S

mdacp libgomp.s0.1.9.0 DxPBOPOBREBRATASC

mdacp mdacp ForceCalculator::UpdatePositionHalf{¥ar
MDUnit::MakeBufferForBorderParticles{in
PotentialEnergyObserver::0bserve(VYariab
VirialObserwve Observe{¥Yariables*, Mes
Meshlist::Makelist(¥ariables*, Simulati
Pairlist::CheckByDisplacement(V¥ariables

86% M N D& é
5%MARTYRNDIER ELVRTSER DD

ISSP, Univ. of Tokyo

mdacp mdacp
mdacp mdacp
mdacp mdacp
mdacp mdacp
mdacp mdacp
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JO07745(ARNREEERY)
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perfDELNF (AN EAD U 1/2)

ELVA
$ perf stat

th 73

Ja.out

Performance counter stats for './a.out’:

38711089599 task—c|ock #  |3.999 CPUs utilized ACPUa7Z#A
4,139 context-switches # 0.107 K/sec
5 cpu-migrations # 0. 000 K/sec
3,168 page-faults # 0.082 K/sec
138, 970, 653, 568 cycles # 3.590 GHz
56, 608, 378, 698 stal led—cycles—frontend # 40.73% frontend cycles idle
16,444,667, 475 stal led-cycles—backend # 11.83% backend cycles idle
233,333, 242, 452 instructions #  [1.68 insns per cycle IPC = 1.68
# 0.24 stalled cycles per insn
11, 279, 884, 524 branches # 291.386 M/sec R
1,111,038, 464 branch-misses #  0.85% of all branches ST RIS R

9.681346735

seconds time elapsed

MG TEBARUME perf listTHEER

ISSP, Univ. of Tokyo
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perfDELNF (AN EAD Uk 2/2)

ELVAE (AN E

XE)

$ perf stat -e cache-misses,cache-references ./a.out
vl aIZAOEH  FrolaiOBSREEHK

th 73

Performance counter stats for './a.out':

1,019,158 cache-misses # | 5.927 % of all cache refs

17,194,391 cache-references

0.444152327 seconds time elapsed

17,194,391
1,019,158

=

A

Ty aZSHBIZLV-T,. FNDO5H
vy aZRLE=HM5,

v 1 IRENL 5.927%E &, EVNSERK

ISSP, Univ. of Tokyo
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AEsiEIE1 BIVIEERD —RITELE (1/2)
LR

HEERAAFOERTERMZLILIZHEIL, ENENIZEEET S
FA—TIREE > 2R

int GridParticleNumber[4]; EDEIVIZRIERFNEFEET DH
int GridParticlelndex[4][10]; ©ILIZA>TWAHFES

iZ B DEILICADTULSEH DA FEHES = GridParticleIndex[i][j];

0 1 GridParticleIndexH & XIFEAEZE

419

51 8 [12

11

o o] ~ -

2|3 |10 13

IGWNAEYZERO—ELAMESTLVELY

()

2 3
Y 1o
()] - Fry aZIADER
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7 E A —b (Counting Sort)

iR I8

- BOMLOHT—EMNEYFHEEBR)DHNO>TVDRITHEZ D
- SHEEFON)

7ILaYX L

s HAEEEST—INENENREIBIRT 520 FE %5 O(N)
- HAEEREDT—EDNADFEDIEFAZETFNS
s T—AR%|BEICTADFTEDZIIZEESHTLIK O(N)

1: 2@
34,2,3,551,2,1,3 > | 2: 28
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4: 1@
5: 2{@

1 2 3 4 S
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AE)&EIE1 EILIEEHRO—RITELE (2/2)
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A &iEIE3 ZEEYV—F (2/2)
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MREREDT I R)—F (1/5)

[TR14096/—F 0B FRIEDFAEZITV [RIBEBD T 1 FIVREMHEHA,

UTDmXELTHMR
H. Watanabe, et al. J. Chem. Phys. 141 234703 (2014)

WX ES[J. Chem. Phys. JO HERITTTHAHAIPKYTL X1 —X
) —REFIZTALI2—hl 24U EES =&

v\ DANEHADIRILF—FEHERS 7
How the Physics of Champagne and Soda Bubbles May
Help Address the World's Future Energy Needs \

ISSP, Univ. of Tokyo
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AIY— 7/15;%@0)_1—/1&4#(% JLIZK B EH)

Smithsonian.com £l6]1p]w]e =]

SUBSCRIBE  SMARTNEWS  HISTORY INNOVATION ~ ARTS&CULTURE  TRAVEL  ATTHE SMITHSO
AGE OFHUMANS ~ HUMAN BEHAVIOR ~MIND &BODY OURPLANET ~SPACE WILDLIFE VIDEO

It’s Time fori \» Tam'an ﬁ TARDNY)—FvR)LD)
_:L—X'U"rl*

%D TECH + SPACE + HUMAN ¢ EARTH + HISTORY « ANIMALS + ADVENTURE + VIDEO + Q
NEWS

The Physics of Champagne Bubbles
Could Help Power the Future

L— SE.  Winter Storm e -,—-_:‘Tp‘_:.r,-:— From Rocket

. . . . . MOTeLKETHIS ¥ el "‘f“f Hercules: | & < Bikes To
Studying the principles that govern bubble formation in spar} ...« W o @ &‘i; Mystery
wine could improve power plant boilers w | i

pNewsvideo

My

3 el TR WAL TN Ak o
. - 3 NN
- ECREEN 8 = 3 .,_ sf 16 A
B 0P e G Ay x Explainer: How Do Wars End?

5 b " Explainer: How Did
-9 i Hurnan FmdFatr

wIN 0)’.=37b\:|::?~)1,$ ODEEEIE’&?E( ,’ﬂh\l*)lx# il ’éﬁ#a"&?’é@
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MREREDT ) —F (3/5)

R IND RIN=DY T TADBERY A+
GLASS ST ONE DAY FI77 SCHOGL

of BUBBLY

;7 MAY 16TH 2015
57 AT BROWNS COVENT GARDEN

Champagne~ Prosecco Cava Cremant English Sparkling Other Sparkling Wines ~

M YRR Y
Could Champagne bubbles help address the world’s
energy needs?

We knew it all along, Champagne is always the answer!

Researchers in Tokyo may have discovered how Champagne bubbles could address the
world’s future energy needs.

Using Japan’s most powerful computer, they have explored the physcics of Champagne
bubbles to help find better alternatives for efficient energy.

N

WD TR VNN EFEAZATZTIET N> TI-IES !
\

ISSP, Univ. of Tokyo
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MREREDT V) —F (4/5)

~ L ART+CULTURE ' MUSIC ' SEX ' VICES ' WOMEN ' POLITICS '

S O

CHAMPAGNE POWER PLANTS IS JUST ONE OF
THE FOUR WAYS BOOZE IS HELPING THE
WORLD

CULTURE

«o  Weknew alcohol was good for something other than enhancing your ability to fallon your  * =~ =
3 o | face from a complete standstill. Here are four very inebriated ways how.

" CHAMPAGNE:
n Improves power plant technology

! Researchers are studying the way that champagne bubbles work in an effort to improve power
D plant efficiency worldwide. To do this, one study published in the Journal of Chemical Physics

s probed a phenomenon called Ostwzld Ripening, That, newds, is 2 thing where many smaller
n bubbles quickly morph into fewer large ones after a sudden decrease in pressure that occurs

s from, say, cracking open a champagne bottle with a sword. More importantly, to study this effect,
5 they popped about 4,000 champagne bottles using a RIKEN supercomputer to track the

,  Ultrz-fast changes that occur. They did this because while Oswalt ripening occurs in champzgne

# OVERHEARD

[ -HAREBEIL. COMRD=HITEHF DA/ ZEST
4000 RE D v INUIRBILEZEIT=F51,
RIZOHEZIIEBEFATNK G 7]

NMHEOTYR) —FoTHAESS?

ISSP, Univ. of Tokyo
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MERRDT V) —F (5/5)
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SHEDFLARILY AISMCT S
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T4

Fr )L

11l

RDEEMRNR S REER/ B8

RAOFBHERRE. MFACSHEME, A X
(HEBABELRET, FUEMN-RENFE
HASKMMBRESSaL—LavISRALEL
t2a SRV U CRBREORESTDE, 1:XEA
DBHHET A, FOR. KEDKEHEYKEC
IEDBHEYNEL B0stwald RV I TR
HEEET . RABBSZZOBRRE R LTH
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RALELL, RRRIZEYKAORE, RRDS
HXLOMBHREY . BEDITERVFT PR B
Va—GEDRBIZOUNBEMITAET , X5 ;
RERIZAIP publishing) Journal Highlights&L T
Y LFshELL.

YoulTl) "

AP pubkshingl =k STLARYY—R

http://www.aip org/ publishing/journal-highlights/how-physics -champagne -and-soda-bubbles-may-help~i

worlds—future

£l 458
ML E : Ostwald ripening in multiple-bubble nuclei

#25 :Hiroshi Watanabe, Masaru Suzuki, Hajime Insoka, and Nobuyasu Ito
#M1E:J. Chem. Phys. vol. 141, pp. 234703 (2014)

http://scitation aip.org/content/sip/journal/jep/141/23/10.1063/1.490381 1

Multiple-bubble nucleation simulated with the
molecular dynamics method / 2 F8HFEIC &
DRUBERYIal—YyaYy

fREE[O] % 873 [T

ISSP, Univ. of Tokyo
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Ui 22

FHATEIM?

J—A

const int N = 10000;

void func(double a[N], double b[N]){ | $ 9++-O2-S test.cpp

for(int i=0;i<N;i++){
a[i] = a[i] + b[i];
}
}

$ c++filt < test.s

- [-S1ATLarTT7EVTIHE A
sc++Hfiltld, B SN =R RIZFTTIC

7toJ Ry Y-
func(double*, double*):
LFBO:
xorl %eax, %eax <« i= 0
.align 4,0x90
L2:
movsd (%rdi,%rax), %xmmo < Xmmo = a[i]
addsd (%rsi,%rax), %xmmo < xmmo += b[i]
movsd %xmm@, (%rdi,%rax) <« a[i] = xmmo
addq $8, %rax < i++
cmpqg $80000, %rax < if (i<10000)
jne L2 « goto L2
ret

CPUF1—=20 %9507V ITRADIIRE

34/58
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K HIFR (1/5)

FH D IRHIFREE

CFORE DEMEIZEY, SrLTEHSNEEEIRT R
- EITYRYMBEETS

FHRIRT T DB
alilhv & DT bliIZMZ =L

: _ : L1:
\c/g;zt int N = 100000; (1) alil L 0% ES | | O
func(double a[N], double b[N]){ (2) OcF”ﬁéHﬁ(iLZ““/’("/?
for(int i=0;i<N;i++){ » (3) ali] = a[i] + b[i]
if(a[i] < ©.0) a[i] +=b[i]; L2:
} 4) i=i+1
} (5) IBNKYNSIFNIELIAND YT
fd:_uslaﬁ 85 tfd:%) 75\ ~ X RBEDT LTV EFEENELD
(=] 3= !

LR DO D SE T, RICETIANSWMRHARETLLLDD
BOE IS BHIETEEN T R—ESIN TS, 5?(“75\@“%%%%%)@

W
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&4 7 Iz HIFR (2/5)
EIE & 1E A
void const int N = 100000;
func2(double a[N], double b[N]){ void
for(int i=0;i<N;i++){ func(double a[N], double b[N]){
double tmp = b[i]; « for(int i=0;i<N;i++){
if(a[i] >= ©.0) tmp = 0.0; if(a[i] < ©0.0) a[i] +=b[i];
a[i] += tmp; }
} }
}
L1:
(1) ToRZVEHtmplZb[i|Z KA
(2) ’E;La[l]h\IEEbtmp’E 0oU7 o i o o D 1s
(3) FISEMT afi]“tmpEMNE - IV=THE L v TUND
(4) =i+ 1 O TODEAT=
(5) IMNKY/PNEFNIFELIAT YT

EEIZENENEALTETNH S,
[g++-02 -S| THLTHBH_ &

ISSP, Univ. of Tokyo
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7 HIFR (3/5)

EEROa—K

const int pn = particle_number;
for (int i = 0; i < pn; i++) {
const int kp = pointer[i];
const int np = number_of_partners[i];

const double qgix = q[i][X];

const double qiy = q[i][Y];

const double qiz = q[i][Z];

double pix = 0.0;

double piy = 0.0;

double piz = 0.0;

for (int k = @; k < np; k++) { o L
const int j = sorted_list[kp + k]; for I *ﬂ%
double dx = q[1[X] - qix; B 3T
double dy = q[j1[Y] - qiy; for J,j:y-% " =
double dz = q[j][Z] - qiz; Rt E g
double r2 = (dx * dx + dv * dy + dz * dz); I,J*J%O)Eﬁﬁﬁén-l-ﬁ

if (r2 > CL2) continue; |< jj‘yl\j_juifd:l;)continue

double ro rZ2 * ri2 * r2;

double df = ((24.9 * r6 - 48.9) / (r6 * r6 * r2)) * dt; j]%%'l’ﬁ

¥ % % 0

pix += df * dx; ; = .
piy += df * dy; BEEIENEZTERL
piz += df * dz;

p[F1[X] -= df * dx; end for

p[F1[Y] -= df * dy;

p[j1[Z] -= df * dz; end f()r

}

p[i][X] += pix;
p[i][Y] += piy;
p[i][Z] += piz;

|

ISSP, Univ. of Tokyo
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KU HIFR (4/5)

EIE#OI—K

const int pn = particle_number;
for (int 1 = 0; i < pn; i++) {
const int kp = pointer[i];
const int np = number_of_partners[i];
a[i][X];
a[i][Y];
ali][z];

const double qgix
const double qgiy
const double qgiz
double pix = 0.0;
double piy = 0.0;
double piz = 0.9;
for (int k = 0; k < np; k++) {

const int j = sorted_list[kp + k];

double dx = q[31[X] - qix; fori BIF

covble dr - aB() - 4iv] for j #IF

double r2 = (dx * dx + dy * dy + dz * dz); |,J*ﬁ?®ﬁﬁ%ﬁ§§+§
jgﬁgiz 216° 2%22.22**r‘22i 48.0) / (r6 * r6 * r2)) * dt; jj%g-l_%

[Gf (r2 > CL2) df = 6.6; J« HybATU LGS hzEvEOs)7

pix += dt * dx;

o m n .

piy += df * dy; E@J%@%%EL
piz += df * dz;
pLF1[X] -= df * dx; end for
p[31[Y] -= df * dy;
p[31(2] -= df * dz; end for
}

p[i][X] += pix;
p[i][Y] += piy;

} p[i][Z] += piz;

ISSP, Univ. of Tokyo
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K7 HIFR (5/5)

fE R
11916451 F. Z/E1.0. hybA73.0

8

7

E1THREI30%K

6

0

TS

Xeon E5-2680 v3 @ 2.50GHzTO#E R

ISSP, Univ. of Tokyo
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FHEDIRBIFRDEED

o SHDIRIZELB Ty T (breakfocontinueZ )& HIE T 5

FHIZKYETLEYLGN YT 5a—kTJ Oy oh
EWNEDITT D

RN HINESIMIBIEKRE

SPARCAPOWERGZE THIEMNKEM T
T D86 THERLGAHIENHD
BN ELH D (KNLTIEE LG oT)

ﬂ'ﬁg TOYS LERTESEZ B TRIERS
Q) CLtHROTHTBRESS

ISSP, Univ. of Tokyo



41/58

SIMD&(F

SIMD& &
Single Instruction Multiple Data 1 3 3
(VLTa—. VLK) 5 5 10
BHOT—RIZ, —EEDEHEE 3 X 12 ) 36
RIFFICEITT S 5 9 18
EHE DR Z— 18— 2 SIMD
—_— 19 A47)LHT=Y 1S H=YD
Hgb | = =i % s — iy Aot g
|£|:|_ He E)M’EF &'ﬂ& X @'l:ﬁi'%%'f‘j"!ﬂ X S %laz
)—UBRDELET (kEEFRFIVID HEBEOE LD
2000FEEM 5 FRET. LOEEFTH b

EHA->TUVELY
77— TOF B ULTSIMDX It (X whzE

ISSP, Univ. of Tokyo
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SIMDTTEZ4CE

i

15

ERE(EXSIMDDIEIZ(FRIEFIZ, M DOMILIZEITTES (NIJMLEER)
a+b=c

alla2|a3(a4| 4 |b1|b2{b3|b4d| =|c1|{c2|c3|c4

F—ANDO—K/ AT

—EITLoTHER L INTINTITHSTLAEEL
AE!) D|C|B]|A FE!) D C B A
Lozs [D]c|BA Lozs [D[c[B|A

UxyIb, YAV MR
LUEZ fBEOaE— o) YRV HE
D|c|B|A plclelaA D|{C|B|A D|{C|B|A
\ TG ST
I;/g A|D C g c|c H|G|F|E JE; 00 /J;

ISSP, Univ. of Tokyo
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SIMDD{ELNA

SIMDIXESCPUD G Y MMIEUKTFT S
— SIMDIFRAIELTTZ TS5 TEL
(ERRICIE. 7T IS IGLI-CEEEDEMZEED)

E=ERNa—K45

vddf vqj_a = _mm256_load_pd((double*)(q + j_a));
v4df vdg_a = (vgqj_a - vqi);

v4ddf vdl_a = vdg_a * vdg_a;

v4ddf vdZ2_a = _mm256_permuted4xo4_pd(vdl_a, 201);
v4ddf vd3_a = _mm256_permuted4xo4_pd(vdl_a, 210);
v4df vrZ2_a = vdl_a + vdZ2_a + vd3_a;

O—K/ARTZ/ vy )L RISV HL
MAEE DR ATERIZETS

ISSP, Univ. of Tokyo
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FA4—27%SIMD1E (1/2)

JL—J7>a—)L

FEIARF(FR)EHMEERT SR F%
ADG DEEDOHTHET S (EESIMDIE)

TA—TLRE
ADDEERET—REL R EIZO—F

~1 1+3 1+2 1+1 1
dy

R, Qe | 9 dz

@; AN AR A R XA

~1

d:vzgg;—qx

r2 — dA$2 + d}f + CZZQ EEREM4 D\ SN

ISSP, Univ. of Tokyo
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45/58

Fl:ﬁ E nE\\

HMEERNMFDOATYIRILERTIHGEL
— 4DDT—RZ/NT/\F2O0—k

x5 b

EFRIZF

(1) AZxmmO T fLizA—k

AE!)

D

C

B

A

xmmO

Vi mM

A

(3) CExmm1 T IIzA—F

AE

xmm<1

(5) xmm1E{AZymmO0_E{i2128bitlcaE—

xmm1

ymmO

AE)

LOR%

*EY

xmmO

D

C

B

AEY

\ vmovsd

C

D

C

// vinsertf128

D

C

B

A

xmm1

[

(2) BExmmO Lfz(za—Fk

D C B A

vmovhpd /

B A

(4) DZExmm1 EfIlza—F

D C B A

\movhpd

D C

K INEXYZEBENENTPS
X T—HNESRLLE

=)

L
o211

ERERIEL

4\
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46/58

Pof=C&

T—ARERFEHAR T D _RTESHITES
double q[N][4], p[N][4];

HMFES 3 2 1 0

AE!) z |y | x z |y | Xx z |y | x z |y | x

SNLLNEE
(X,y,2) D37 DT —42%256bitL P RAC—FKO—FK
f=1=L. 1572 (64bit) (X HEEKIZ/5 S

HFES 3 2 1 0

AEl) z |y | Xx z |y | x z |y | x z |y | x

movupd/movapd

ymmO z |y | X

ISSP, Univ. of Tokyo
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L f=SIMDAE (2/4)

47158

LORBZADO—RDE. T—3DEENNE(ZLD

| RIFDEEAE
-1 KIFDEEAE

=i-j1 DAEREEAE

df =

rl4

i

q-

i

Qe

71
7z

11
q

!

dz]

A RTHEE

—)

(48 — 24 x 75) X dt  «Lennard-Jones FDHE LTEHE LIzLVE

(X EEEED B TDRBIE )
dz |dy | do’ - dz? |dz®|dz?| da’
22 |dy?| da? e
——— q iy |dy3|dy?| !
27 |dy°|dx
417.3].7.2| 7.1
24 |dy?| da? e |dejdz]dz

B3R

v4dfvdg_1=vq_j1-vq_ij;
v4dfvdq_2 =vq_j2 - vg_j;
v4df vdq_3 =vq_j3 - va_i;
v4dfvdq_4 =vq_j4 - va_i;

v4df tmp0 = _mm256 unpacklo _pd(vdq_1, vdq_2);
v4df tmp1 = _mm256_unpackhi_pd(vdq_1, vdq_2);

v4df tmp2 = _mm256_unpacklo _pd(vdq_3, vdq_4)
v4df tmp3 = _mm256 unpackhi_pd(vdq_3, vdq_4);

v4df vdx = _mm256_permute2f128 pd(tmp0, tmp2, 0x20);
v4df vdy = _mm256_permute2f128 pd(tmp1, tmp3, 0x20);
v4df vdz = _mm256_permute2f128 pd(tmp0, tmp2, 0x31);
v4df vr2 = vdx * vdx + vdy * vdy + vdz * vdz;

ISSP, Univ. of Tokyo
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Bookkeeping;k(Z &Y. HHE /SR
vblendvpd: YRV DEZEDI

AVX2an T %)
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JLM=SIMD1E (3/4)

H

src1| D1

C1

B1

A1

mask| &

1F

a

+H

NDRTENSESTRYAULIE

% EREIZIEmaskD & EGIbitAA 0N M THIEL TS

‘DZ

C1

B1 | A2

src2 | D2

C2

B2

A2

FHEERAEREAVNA DM TYRIZERL., hEEOJ)7

src1 (@b

dfc

df B

df a

src2| O

0

0

0

RTF7ALDHO B RERE S

=)

0 [dfc|dfB| O
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AVX2ar 2z AL /=SIMD1t (4/4)

“12FKF. ZE1.0. Hvk423.0
- NEE(HBOEZTRELET)Z100ETOID (2Hh > 1=K HE]

=/
Z1THFRE [s]
0 1 2 3 4 5 6 7
ST
HFTY— K
=5(C SWP
B X 223

=5(c SIMD 1k lifezo4]

https://github.com/kaityo256/lj _simdstep

SIMDUNTTEAEITTREIELI=ECAMD, SHIZ2{BLL EEEL
% SWP, YIRS T ISA TSA=24 . S CIEEMAIL LS, \

ISSP, Univ. of Tokyo
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AVX-5128 = AL =SIMD1E (1/7)

AVX-512&(F

- 512bitiE D SIMD

- BRAREE S DB (gather/scatter)

- XeonPhi (Knights Landing, KNL)IZZEZEXNh TS

AL ES BN 5D (AVX-512F, AVX-512ER, AVX-512VL ...)

gather/scatter
AVX2ETIINTNSIZHE-TLBHEEMNT=

AE D C B A

LORA D|C|BJ|A

AVX-512Tl&. A4 EY M S8ERREFIZ/NS5/\S5(ZA—KTE 5 (gather)

AE H|G F E D C|B A

Lez2 |H|G|F|E|D|C|B]|A
INDINTIZARNF TE5scattertb, 5

ISSP, Univ. of Tokyo
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AVX-5128r 5% FAULN=SIMDIt (2/7)

SIMDA1EHI] KNLF [ E5 [ F O I SADI—RESEIZLELE
https://github.com/kohnakagawa/lj_knl

E1THFE [s]

FA—D1RL

HFTY—

SKIZSWP

« KNLOL 24 )La7 DERITEE (X Core i5 (Skylake)D6~ 7L
\

ISSP, Univ. of Tokyo
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AVX-5128r 5% FAULNf=SIMD1t (3/7)

F—AEEDEE S
Array of Structure (AoS) » Structure of Array (SoA)
double q[N][4], p[N][4]; double q[3][N], p[3][N];

0 5 10 15 20 25 30 35 40 45

F4-7%R%  39.454

ifLFTY—F

S K IlZSwWP

T—ABEDEEICELY

F-z@Exik 10.701 3fEEELE

ISSP, Univ. of Tokyo
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AVX-512ai 52 FHLNf=SIMDAE (4/7)
fAhEE=-mn"7?

AoST—41E & FT—ANKRFEIZEFEFH->TLNS
Z Y X Z Y X Z Y X Z Y X
SoAT—A1E1E TFT—AHEREIEIZEE-> TV

4 z Y4 Y4 y4 Y Y Y Y Y X X X X X

AN TN D /83— LT gather/scatterhME Z 5 | &F B
gather/scatterspn 5 Z=F1TL 1=

for (int k = 0; k < np; k++) {
const auto j = sorted list[kp + k];
const auto dx = q[X][j] - gix;
const auto dy = q[Y][j] - qgiy;
const auto dz = q[Z][]j] - qgiz;

)
) sz %4SIMDLURSICO—FEh, 87 EEHE

ISSP, Univ. of Tokyo




AVX-5128 5%

JLM=SIMD1E (5/7)

54/58

AoOSTIZ?

AoSTiHgatherlXFZ M., AV /NASIXEFTHITEGM 1=
FTZ(tIXgather/scatter(FfEZ %

AoS

SoA

4

Y

X

Z

Y

CHELDAMNAVIRASIZ[F MY PT H ol

z

4

4

z

y4

Y

Y

Y

Y

Y

X

o

7
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AVX-512ai 52 FHLMf=SIMDAE (6/7)
SoALA0S

gather/scatter®F TEZ (T, SOALACSHEEIFIELLEHRELLA
CCTEODLTHARBEZIRLTHD

Array of Structure (AoS) » BEELEREFLHTLES
double g[N][4], p[N][4]; double z[N][8];

FA—-7LHEEK 39.454

ares -+

T Hlzswp

To2@EEHR 10.701

8E %/ WY +F Egather/scatterlZ &Ll
P it
8ER/Yv7  6.905

ISSP, Univ. of Tokyo



IA\\/><'512'I2ﬁ'.l~{|-_|_\§J : L\f:S'MD,ﬂ: (7/7) 56/58
A EEET=h 7

FEE zlzlz|lz|lz|y|Y|Y|[Y|]yY|x]|x]|x]x]|x
SoA t
0 =y zlz|lzlz|lz|y |y |y |Y ]|y |x]x]|x]|x]x
FryasMoH4A4X
1HFDIEER
AoS 8E % h >

VZ | VY | VX 0 Z Y X 0 VZ | VY | VX 0 X X X

A

» d
Ll |

XyyasMoHY (X =Rl e 7 4

v

s —DDRAFMN.BIOHEEFVEDDF Y YL 2TAUIZES

- BBIEZIZTIEALL, EFEDEHREFT Yy 22150 TLS
(EFENDEZTRLDE. HETREIZEDIER)

- XYL A RADIET-4RER E
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SIMDiEDFEESH
VY BASREILSIMDIEIZ&RY . HE L L SEL T AATEEEN B D

NV T—AEEETIRTAHIET, AV AMSHABEITSIMDIE
TBHZENHD

M HEMESIMDILIFT—2EEDEFTE S

AVX2DinH
T—H%ASDAEFR /W IICLTFHSIMDIL T LT 2E 5 &1L

AVX512MD iz &

AOSHSSOoAIZLT=5ar /(1S EEISIMDIEL T3{EE &L
A0S SEZFE/\WIIZLTFHFSIMDIEL-5E5(235%51E 1t

CETOOIMNIEATRE---
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EHRDFELED

EAE . EFMEIEEFESEADPRIE LKLY

BRORFEIFSHEIETTHIDEND
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