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o BRERENLSHIATNTNS
o IEEE 75458318 {R¥EB 53 bit(10¢ER T 164#)
o QO LIRDETEHIE

o TILC WS

2+ TROHME. =LV TLY

DIZEXRED(CIRFT ST TLVEL)
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s FPERESICEDYVIRDIY
o Knuth 1969 & Dekker 19710 >—2 YU —5?3%’
o QD Library (Hida, Li & Bailey)

o MEBRELBIEEICDODEN20BIDFPEENINE
o FMATZUCPUTI(ET coredp’c® ~ 100 Mflops (mpack PEH(201 1))

o AMD GPU ~ 70 Gflops (PH&$E(2012))

e NVIDIA GPU ~ 30 Gflops (*H 2011)

s CPUT®H~ 4 Gflops (4 core) (P& E(2012))
o INTERICKDY I DI 7PEE
o GNU-MP, FPR, exflib, HMLIB etc...
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o 1980FAN - BORZFEBTCEN B DT
OODERGERZ '81F) LEUDHD

o Caltech Cosmic Cube (1981)
o QCDZAsEH : COTSIC &BHDILFISHE
o Digital Orrery (1985)
o KBERDHFRNE SHELD 72U\
o GRAPE-1 (1989)
o BHEUBRERANISD, BHEREDIRE,
o DIYNA IVDENTHH D
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o BIAGDIC®H. LSIZRETLIE< TKLY
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o I\ATSA VERIET DINRETLR
o XEUFPHERDEHDEIHEEE
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fRRE . PGPGEPGR

> FPGA%{# > 7=PROGRAPE-1
o Hamada, Fukushige, Kawai, & Makino (2000)

o FPGADIAIC LD &

o 20008 PGPGAH

1]
o THESPDT 318, &

STREETIERL<E o
%9 2DNH

Zxconic(s LWy

o *EB 375\5': o *EB E ,é\ 75{5;4%:'2:0
CEETRETZODREL

e PGPG by Hamada, Fukushige, Makino (2005)

s PGR by Hamada & Nakasato (2007) ((REERX—/\—2 U IT—% —33%F)
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PGPG2D 4!

] JEN1TT LNt )iplins //
in lﬂ 14 acc [ ] fout;
intaZ Jjerk[3] fout;

nodegl

{{ force calculation LI,
{FloatEd.ZEJ{Hj - ®i); flot =
o= % cdx + H;l l__

{fl| at34,23)pg_powir2

-~ “ .
s Z b ] D i
. . ¢ an nodegl?
rainy ¥ f._, ot = Mot 2

p L
flog <

mdeslSi

ot 27

r3iny ¥ rZ; g2 )
+= (int6d)((mj * r3iny ¥ dx) << fshift); xn:“

(0

'/ Jerk calculation flot =

cy (float29,18)(vj - vi); okl §

nodegl Tia nodegl
) S | 19 Moy 9
(dv * (float29,18)dx); "
(float29,18)mj * (float29,18)rSinv;
s % mjroinv x {(float29,18)dx;
Jl <<

mjrainy
Jl
Jla

Il

node 44
S | M flog <
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Description vs. Programming
e HDL[c & T D s Sefel

70035 V7 Ci

o FPGA®DP(L. hardware descriptione XE U (C
program(ZZAL)E VS EERS L LY

o HOLBKIZ(Z

o BEMIZLN:. INTIFES(signal)
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o [I\SX=51L) HOIEE : PIRILEEVNARNEEDREERZ ] ZE(C
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VHDLIC K DAY

library ieee;
use leee.std logic 1164.all;
use leee.std logic unsigned.all;

entity int 1shift 27 8 0 is
port (
ss : 1in std logic vector (7 downto 0);
1 : in std logic vector (26 downto 0);
o : out std logic vector (26 downto 0)
);
end int 1lshift 27 8 0;

architecture source of int 1lshift 27 8 0 is
begin
with ss select
o <= i(26 downto 0) when "00000000"™, --

downto 0)&"0" when "00000001"™, -

downto 0)&"00" when "00000010",

downto 0) &"000" when "00000011™,

downto 0)&"0000" when "00000100",

downto 0)&"00000"™ when "00000101",

downto 0)&"000000" when "00000110",

downto 0)&"0000000"™ when "0000OO111"™,

downto 0)&"00000000" when "00001000",

downto 0)&"000000000"™ when "00001001"™, -- 9

downto 0)&"0000000000" when "00001010", -- 10

downto 0)&"00000000000"™ when "00001011"™, -- 11

downto 0)&"000000000000" when "00001100", -- 12

downto 0)&"0000000000000" when "0OOO1101"™, -- 13

downto 0)&"00000000000000" when "0000O1110", -- 14

downto 0)&"000000000000000" when "000O1111"™, -- 15

downto 0)&"0000000000000000" when "00010000", -- 16
downto ) &"00000000000000000"™ when "0OO1OOOL1L™, -- 17
downto 0)&"000000000000000000" when "00010010", -- 18
downto 0)&"0000000000000000000"™ when "00010011"™, -- 19
downto 0)&"00000000000000000000" when "00010100", -- 20
downto 0)&"000000000000000000000"™ when "00010101"™, -- 21
downto 0)&"0000000000000000000000" when "00010110", -- 22
downto 0)&"00000000000000000000000"™ when "000O10111"™, -- 23
downto 0)&"000000000000000000000000" when "00011000", -- 24
downto 0)&"0000000000000000000000000"™ when "00011001"™, -- 25
) &"00000000000000000000000000" when others; -- 26

0
0
0
0
0
0
0
0

end source;
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VHDL(;A:%Z-EJT’ ~

librar y ieee;
use 1e std logi 1164 all;
use 1ie std logic unsigned.all;

entity int 1shift 27 8 0 is

r (7 downto 0);

with ss select

| = i(26 downto 0) when "00000000", -- O
(25 downto 0)&"0" when "00000001", -- 1
(24 downto 0)&"00" when "00000010", -- 2
(23 downto 0)&"000" when "00000011", -- 3
(22 downto 0)&"0000" when "00000100", -- 4

(20 downto 0)&"000000" when "00000110%, -- 6

I
E
(21 downto 0)&"00000" when "00000101", -- 5

( P
’___|(1 9 downto O)&"OOOOOOO" When "000001 117,

- o et v
)& OOOOOOOOOOOOOOOOOOOOO wh en OOOlOlOl -- 21
o 0)&"0000000000000000000000™ when OOOlOllO -— 22
o 0)&"00000000000000000000000" when OOOlOlll , —— 23
) &"000000000000000000000000"™ when "00011000", -- 24
o 0)&"0000000000000000000000000" when "0OO11001™, -- 25
1(0)&"00000000000000000000000000" when others; -- 26
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VIOL—RIVIVDTERE

o PGRZZE= UTCERRD\ S
o CTNRIEEE(EHR, ma~vo0OFESIH?
o Ruby TE S ICHRBIZLH?

o T CT W L.— R/ e X
o HDEMHNSNRIYVA XAENICHTMLZAERK
o HTMLIZ&\WY TIL—T) PREDIRA TR
o 200658, » o Ruby on RailshViiiT7E L7

o RORDF—F0./0VI(&

o RoRII(E>7=C EDB o7 : eRuby
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50912855

library ieee;
use ieee.std logic 1164.all;
use leee.std logic unsigned.all;

entity int 1lshift 27 8 0 is
port (
ss : in std logic vector (7 downto 0);
1 : in std logic vector (26 downto 0);
o : out std logic vector (26 downto 0)
);
end int lshift 27 8 0;

architecture source of int 1shift 27 8 0 is
begin
with ss select
o <= i(26 downto 0) when "00000000"™, --

downto 0) &"0" when "00000001"™, -

downto 0)&"00" when "00000010",

downto 0)&"000" when "00000011"™,

downto 0)&"0000" when "00000100",

downto 0)&"00000"™ when "00000101"™,

downto 0)&"000000" when "00000110",

downto 0)&"0000000" when "0000OO111"™,

downto 0)&"00000000" when "00001000",

downto 0)&"000000000™ when "00001001", -- 9

downto 0)&"0000000000" when "00001010"™, -- 10

downto 0)&"00000000000"™ when "00001011"™, -- 11

downto 0)&"000000000000" when "00001100", -- 12

downto 0)&"0000000000000"™ when "00OOO1101"™, -- 13

downto 0)&"00000000000000" when "00001110", -- 14

downto 0)&"000000000000000" when "00001111"™, -- 15

downto 0)&"0000000000000000" when "00010000"™, -- 16
downto ) &"00000000000000000"™ when "0OO1O0001"™, -- 17
downto 0)&"000000000000000000™ when "00010010", -- 18
downto 0)&"0000000000000000000" when "00010011"™, -- 19
downto 0)&"00000000000000000000™ when "00010100", -- 20
downto 0)&"000000000000000000000"™ when "00010101"™, -- 21
downto 0)&"0000000000000000000000" when "00010110"™, -- 22
downto 0)&"00000000000000000000000" when "0O0O010111", -- 23
downto 0)&"000000000000000000000000" when "00011000"™, -- 24
downto 0)&"0000000000000000000000000" when "00011001"™, -- 25
) &"00000000000000000000000000™ when others; -- 26

0
0
0
0
0
0
0
0

end source;
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eRubylC X BHDLAERK

architecture source of <%= @name %> is
begin
% S = n-1
with ss select
%(0..(n-1)).each { lil

% U=§-i eRubyLCA:%>X97’ T30

% l=u-n+1

% if | <0 then \

% z=0.0_b(-) (VHDL + 3£ 8 A H#Ruby)
%  zero ="&\"#HzN\"

% =0

%

%

%

%

%

0 <= i(<%= U %> downto <%= | %>) when "<%= i.to_b(@nexp) %>", == <%=1 %>

% when n-1

I(<%= U %>)<%= zero %> when others; -- <%= %>
% else

(;(<%= U %> downto <%= | %>)<%= zero %> when "<%= i.to_b(@nexp) %>", -- <%= 1 %>
% en
%}
end source;
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eRubylC X BHDLARY

architecture source of <%= @name %> is
begin
% S = n-1
with ss select
-1)).each { lil

eRubylC&H XY 7O
(VHDL + £ 83A &Ruby)

W|th ss select -

| = (26 downto 0) when "00000000", -- O |
(25 downto 0)&"0" when "00000001", -- 1
(24 downto 0)&"00" when "00000010", -- 2
(23 downto 0)&"000" when "00000011", -- 3

E
(22 downto 0)&"0000" when "00000100", -- 4

(21 downto 0)&"00000" when "00000101", -- 5§
(20 downto 0)&"000000" when "00000110%, -- 6
~1(19 downto 0)&"0000000" when "00000111", -
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eRubylC KB X5T7003=VD

o HDLCOJigZ:%519 D IC(&
o VIKDIPICKDENFER (CS5E
o TNICXIT SHDLECHM
o U= L=t/
s TODEEELERT BIC(

o CEBITOVSADETERTAMMYFER >IYZTaL—Y3V-iE
R DL

o CTEDITBEENELTZLY
s RTEXYTOISIVI LK D4R
> GHOLIC& 288 ZaL—y 3V

201253 H7HKEHR




AT7I 1D ~ERDER

VHDLMODULE
VHDLSUBMODULE|INTOL
INTmodule
WL EIFP > TULVRL(ERSTELY)
A S Eclass(3b3{Ed o 1=

eRUbYIZ&AHY — R Z AL

INATS5A JE&(@E%FBﬁ@itR%JL):E)RUbyT“




float mul.vhd.erb

% definelO :in, :x, @nfloat
% definelO :in, :y, @nfloat
% definelO :out, :z, @nfloat
% definelO :in, :clk, 1

% nfloat = @nfloat

% nman = @nman

7% nexp = @nexp

%

% width_nf = "#{nfloat-1} downto 0"
% width_nm = "#{nman-1} downto 0"
% width_ne = "#{nexp-1} downto 0"

<%= generate_header %>
<%= generate_entity %>

architecture source of <%= @name %> is

<%= generate_components %>

signal signx, signy, signz, sz : std_logic;

signal manx, many, manz, mz : std_logic_vector(<%= nman %> downto 0);
signal expx, expy, expz, ez : std_logic_vector(<%= width_ne %>);

signal zerox, zeroy, zero, zero_regl : std_logic;
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float mul.vhd : 32 bit D&
ﬂzgairei::‘z;_logic_1164.all; EEJ?E ﬂ% \/ _2] 69‘/[3'

use ieee.std_logic_unsigned.all;

entity fp_mul_32_23_8_4 is
port (
x : in std_logic_vector(31 downto 0);
y : in std_logic_vector(31 downto 0);
z : out std_logic_vector(31 downto 0);
clk : in std_logic
);
end fp_mul_32_23_8_4;

architecture source of fp_mul_32_23_8_4 is
component extract_32_23_8
port (
X : in std_logic_vector(31 downto 0);
s : out std_logic;
m : out std_logic_vector(23 downto 0);
e : out std_logic_vector(7 downto 0)
);
end component;
component rounding_32_23_8
port (
m : in std_logic_vector(23 downto 0);
e : in std_logic_vector(7 downto 0);
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JNA T 24 VECihh 5 D BENERK

o JN\N1MTSAVZLLTDXDICEEHh

o RubyT/{—2 LTVHDL, CE35, APIDOY —2,
Makefile’ & = BEhAERY,

/VARI X|i yl,. zu,. eZ;. | EN: m, (I_; i ZIZ‘_})
/VARJ xj, V], zj, mj; ]3/— (|.CE_; —QI;‘_;-|2 _|_€2)15

/VARF fx, fy, fz;
dx = xi - Xxj;

A ) 5462017 E4RM

r2 = dx*dx + dy*dy + dz*dz + e2; Y -~ A o', =
i = powm12(r2): “ SRIB SR HVINE

r3i = rli*rii*rii;
ff = mj*r3i;
fx += dx*ff;
fy += dy*ff;
fz += dz*ff;
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o HTMLC(37& < VHDLD AR (SE A
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o BIZDY —RZFRRICINDAXA—=51t
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GRAPE-MPD1 2

o JRBFZNMD 128 bit FE/INIRK T A=YV k

> GRAPE-DR7—%7 % F ¥ £ 88 : SIMD51&28
o BAEUTP—FTOFv: BEBEDSLVVERER (T
o PCl-Express(C& DRR LEtE#E & B U TR

o Structured ASIC(eASIC)DHEFE

o eASICEFPGAISEEREZRRE(E 555 LUTEFIA)IEN, FPGAT
FLUTBOBSA BIEBMROIAEADICT L. eASICTRERELNBESNT
2. REN(CIERED T D DEME(ZeASICDIESNER, —AFPGATIE
FW T ORIFED R ~ FHERN,
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GRAPE-MPR— I

d ﬂl’.]Elh!ll'I -
A2NLT
fe i1

EFIAGX60EF1152CEN
K CABIX0843A

Control processor GRAPE-MP chip[Nextreme NX2500]
(FPGA by Altera) (structured ASIC by eASIC)

EE

MARTEEDSFPGAZ T UL CTGRAPE-MPZ il
FPGAICPCI-Express x4 Gen.1 Z1&&,
FPGADXEUIC "J0OU35L) ZRE




GRAPE-MPF v
GRAPE-MP Fvy7 M7 RAvI K

inst(63) adr(8) wr(64) rd(64

=5k SOOMB/];

L
:

LIS PR ESTEIRL IR o e RN IR TR iR B LTI E S ST RS PR E T B TR A LR DR PR el Rl L SRR ] R

1 128Dbit, 128 words
EM in . EM out

HEXEY
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[
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[
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&
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&
L]
n
L
L]
T
:
[
4
L]
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:
L
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.
.

-Zliﬁx 100MHz x 6 PE =1.2 Gf
« 4 5w IR "pipelines x 6 PE = 24 pipelines /chip
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GRAPE-MPDE&E 1=

BM out

[

128 words
GRF1 128w

GRF2 2.

— treg

NC oY=y
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GRAPE-MP )’

o JOG

JRIICF

\S o=

VD SHEER

o = DTCEWCI—rZVY(203— ~CEH

o ETCOMRBIEIND -

o Ruby C=E%

sub bm16v raOv rb40v
sub bm20v radv rb44v
sub bm?24v ra8v rb48v
mul rb40v rb40v ra36v
mul rb44v rb44v tt

add ra36v ts ra32v
mul rb48v rb48yv tt
add ra32v ts tt

1006600214000003
1106600214800007
120660021500000b
130660021580000f
1406600216000013
1506600216800017
160660021700001b
170660021780001f
1806600218000023
1906600218800027
1a0660021900002b
1b0660021980002f
7224000245001
7a24000255201
7a24000265401
7224000275601
3e24000005801
3e24040005a01
3e24080005c01
3e240c0005e01
7802000200091
7802000210095
7802000220099
780200023009d
3e24000006001
3e24040006201
3e24080006401
3e240c0006601
1e02000000081

=4& UTIRkbnnd

00010000000001100110000000000010000101004
0001000100000110011000000000001000010100
0001001000000110011000000000001000010101(
0001001100000110011000000000001000010101
0001010000000110011000000000001000010110(
0001010100000110011000000000001000010110
0001011000000110011000000000001000010111(
0001011100000110011000000000001000010111
0001100000000110011000000000001000011000(
0001100100000110011000000000001000011000
00011010000001100110000000000010000110014
0001101100000110011000000000001000011001
000000000000011110100010010000000000000000100100(
000000000000011110100010010000000000000000100101(
0000000000000111101000100100000000000000001001104
000000000000011110100010010000000000000000100111(
000000000000001111100010010000000000000000000000(
000000000000001111100010010000000100000000000000(
000000000000001111100010010000001000000000000000(
000000000000001111100010010000001100000000000000(
000000000000011110000000001000000000000000100000(
0000000000000111100000000010000000000000001000014
000000000000011110000000001000000000000000100010(
000000000000011110000000001000000000000000100011(
0000000000000011111000100100000000000000000000004
000000000000001111100010010000000100000000000000(
000000000000001111100010010000001000000000000000(
000000000000001111100010010000001100000000000000(
000000000000000111100000001000000000000000000000(
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LSUMPZ 07 2= 3w AT A

o ¥F0ETE D F{LFADSL
o GRAPE-MP, GRAPE-DR, GPUZ& & [CXI ity
o Eéﬂ%i%\ 1%*%13\ }L1€‘*§1§7§ﬁ7ﬁ—|\

VARI xi, yi, zi, €2; bm_in bm12v ral2v pe0

VARIJ ¥}, y), zJ, mj; bm_in bm8v ra8v pe0l

VARF ax, ay, az, pt; bm_in bm4v radv pe0
bm_in bmOv raOv pe0

dx = xj - xi; mov zz ral6v

dy =vyj -vi; mov zz ra28v

dz = zj - zj; mov zz ra24v
mov zz ra20v

rli = rsqri(dx**2 + dy**2 + dz**2 + e2); sub bm16v raOv rb40v
sub bm20v radv rb44v

pf = mj*rlj; sub bm24v ra8v rb48v

pt += pf; mul rb40v rb40v ra36v
mul rb44v rb44v tt

af = pf*rli**2; add ra36v ts ra32v
mul rb48v rb48v tt

ax += af*dx; add ra32v ts tt
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GRAPE-MPX & &

o BB EEEASIMDESTERR
o 1TIN—K&H7=D1.2 GflopsDI4EE

o TflER CTIEBRNICFIAOIEE
o HEUR— R TOMIULERT—ILT 3

U< B TFRANE RS RBH

e http://dx.doi.org/10.1016/j.procs.2011.04.093

Q@
=11

e http://galaxy.u- alzuadf)/trac/note/attachment/W|k|/TaIks/
MPCOMP_Nakasato.p
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http://dx.doi.org/10.1016/j.procs.2011.04.093
http://galaxy.u-aizu.ac.jp/trac/note/attachment/wiki/Talks/MPCOMP_Nakasato.pdf
http://galaxy.u-aizu.ac.jp/trac/note/attachment/wiki/Talks/MPCOMP_Nakasato.pdf
http://galaxy.u-aizu.ac.jp/trac/note/attachment/wiki/Talks/MPCOMP_Nakasato.pdf
http://galaxy.u-aizu.ac.jp/trac/note/attachment/wiki/Talks/MPCOMP_Nakasato.pdf

ERABEEXYTOT 3=

o (LB ERETE(HPC) = Fortran

o CDSEEE
2 H'?E%?b\’(b DTS

o IRNDSRETE =

D

e A

D €

AL (SHBEERY

AOBIBESHE Do (Rt SN
%
W5t E

o FORTRANDARY RJULEIEIFE SRS W >TWelTnE, - o

o LM TE

/7 1\

ANGY )

EOR

AL

o SSE/AVX, XL vk, CPU-GPU, MPLI....

o RRBEFSTEURTXY TOTSIVIE

[T

)

2
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Domain Specific Language

o ZNHAY 70T S ais

o HPCOERTHAEFEBRAPOSNELHTVSD
o LSUMP (LLVM-SUMP)

o Nakasato & Makino (2009)

o NI FEYV=aL—Y3V(CHFHELTEDSL

o JTRX GRAPE-DRAD® I VI\1 S5 & UTERE

o GRAPE-DRIFHFIVZ 2 L—Y3aVICEWENBTEK
o ZICGPUICHX T
o B, &, DH—FRI)LZ=ERKO]BE
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o X700 2V TICKDcihEDHIR
X, :[t’i'J"w“"’/ VADHPCICEX T XTI RH
LCRANNEANTS

o 18 : FortranD X SRS EBETRIT XITEND
° : OOPTCE72<GPOAET
o 511 Eigen (C++1T73lECHIS 1A TS )

o Template meta programming TSSE/AVXHHi
s 12 PETSc (C++ HPCRIA >S4 S V)

s Template meta programming Cil:F!| L3R (Z XT i
o BEFA-—N-O0—rZAMBLEY—T Y SEDI—FERK
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EY VIREBICELDHPC

o ZDHD THPCEHE T HR/THIE

o DSLOEEXKSEEUTIEEND
o B1 : Liszt (R HIEINDIZHDDSL)

s ScalaCT=EE=NTLS

o DSLHAMSCUDA, MPIZ&TC++D I — &Rk
s 512 : Paraiso (EulertiiifA R & — AFHDSL)

o HaskellCEE=NTW3

o DSLHNS5CUDA, MPIZEELC++DI— ~Z4ERK
s http://www.paraiso-lang.org/
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If order == 1" and transa == """ and transb == "Il & RNN
W << “lvec_type! “lk_width!  “blk.m) ™" If use_shared_a
W << “lvec_type) tblk.k! | = iblk.n/vec_width! ™" if use_shared.b
W << tisblk_mshift) "
W << = ishift_hash[sblk_n/vec_width]]
i f use_shared_a
W << tisblk_mshift)
'u.?< : “(shift_hash[blk_k/(blk_n/sblk_n*vec_width) ] '™
elsi
W << t(shift_hash[blk_k/(blk_m/sblk_m)] ™"

: << t(shift_hash[sblk_n/vec_width]) ™
en

W << "flvec.type t{sblk.m) #isblk.nd) ™"
('...sblk_m).each do |y|
( sblk_nd) each do |x|
RIENE iy} 118 {x) “lvec_type!
end
end

i f use_shared_a or use_shared_b
W << “blk_k]

1 f use_shared_a
( ..Sblk._m) .each do |y|
..[blk. k/(blk n/shlk. n*vec. width), ] max) each do |x|
u << % {x) tly) tly ¢ {vwshift) “lvwshift)
end
end
end
if use_shared.b
.[blk_k/(blk_m/sblk_m), ' ].max).each do |y|
( ..sblk_n/vec_ undth) each do x|
z << ly “ lvwshift) gix)} 1N
en

o HAARE A =EXFD2)

W << “blk_k] #{sblk_k}) (™"

W << "Hlvec_type) t{sblk_m) tisblk.nd] ™
("...sblk_k).each do |z]
i f z%vec_width ==
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xEOH

o _WFIBEEREDERZ N
o TB1E) LWV E5BN TPDUHLEL
%

o eRubylC KB XHYT0O095=VD

s HPC TR XY TOTSIVINETEY
BE(CHD

o BEIREILEZILF2—2I—KFDEET
o Ruby®dD X 573889 Z5E(EDSLEEM(CE <
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