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for m0M-1
for y=0,N-1
for z=0, P-1
Bodyixyz)

=20 D=H0Y—)LEE

for w=0,M-1, TX

forymON-L,TY Intertlle loop
for m0. P-1. T2

for xx=x, TH+x-1
foryy=y, T¥+y-1
for 7=z, Tz+21  Intra-tlle loop

FPGAT 7t ZL—4&IZ
AIt=-N—TRdE%

= :“ *® The dimanilon for & I omitted, Body(xx,yy,zz)
S ’ B ] FEUBRWET—4 Jl" . 11’:;9#::12 d Loop-Acc
R0y Enaview: Kiiton '
Miﬁt_? —42 K2R ‘_T_,:lﬁ?“_aﬁégga {a) Atyplcal space traversal {b) A space traversal with loop tiling
DR R et A Polyhedrala s /8 A SEEMLE ~—.
1 .
PATT FANGAXER Fa—=v7
Exana Fa—= R /,
( 424, Profile I ETNE I HEE . KRR I Actlon : DS )
Exana-C2Sim ExanaDBT
T | e Ay S 2 SRE R WS FBYI—FERE
O oy BAERHL, O REEMET 18 AFUERICKYAEYFa—= T dasht
E— e | e [Sato, EuroPar’17] A—FISEARNIZHY 8RS [Sato, CF'17]
= | emay || ‘ x86 executable Optimized run
(o :_*_ __ht | conlltmiss | Q T MR R
Capacity mizs elf2asm & \pre—opt/ \
'mm:tr:r s'li:ﬂ:.;! M Inpll:lﬁ:: ;:llmbl.lgplnMP
|-wln-luur|l basad toel Our naw tool |
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for x=0,M-1
for y=0,N-1
for 2=0, P-1
Body(x.v.2)
e
*# The dimension for x is omitted.

y

YY

_—

Problem space
(MXNXP)

(a)

TOYOHASHI

UNIVERSITY OF TECHNOLOGY

T—AEROERETIZFILON—TRE

SCoP Iteration space (Domain)
extractor for (i=1; i<N; i++)

for (j=1i j<=ii j++)
S0

51
18i o

s i<
L3051

for x=0,M-1, TX
fory=0,N-1, TY
for z=0, P-1, TZ
. for xx=x, TX+x-1
T—HOEEE  foryy=y, TY+y-1
for zz=z, TZ+z-1

BAEAtEL Body(xx,yy,22)

. — |—>

Tile Shape ”’ME_} —

o |l
SANGAXORR| T
bEREICREE

(b) 2T EN-N—TREBRE

Inter-tile loop

Intra-tile loop

-~

LLVM-PollyZ FALNT

e <72 B
(i, 3) -» (i+1,i-1)
’ °
. :: EitD&HEIFHIZaRR
3328 B%E 5 % BHER
<’y HEETHELS

Jb—ﬁ’#ﬁiﬁ@%v*}Mt@ﬁll(SCoPﬁ?il‘.)
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Exana-C2Sim: Memory hierarchy performance simulator

HE:

- Conflicts [%)
A : b — — sjs
Fry A RAERBEICETSF2a—=2 U DFEEE Ll 2 13
B = * . doitgen 87.68% 98.44% 0.00%
e %Téilf_- e 3DFDID®  37.45% 0.00% 0.00%
T a4 ESIZEBL. FOREDIEFELTRE. Himeo® 0204% 000% L76% -
Fehe — = > _— N asse — ) FDTD: tl‘m!lt!pl=s sam .i . - .
JEEF&@#%E\ &Us a::l-_—/o $EH§O)*E7]T -;mwoiym‘ﬂ')-lﬂ mﬁ m‘“mﬁf “dfra “: u.;‘
@) Himeno Benchmark: OpeoMP, C_Dynamic, size=8 inter-array%\lzg
° ~3E A, N . RYDN we = — oyt iy
ERLHEHEL FARYYSaESATYyL 1 & RE TOTPABEREL TS VBB REDE LRRRITEH 5
[C22al—2arvd 4l EICkYEE s X
SAVBRETOT7AIEERERA W -Fa—=29 70—
On-line mem
accesstrace | rwer | Reasoning Tuning strategy When
— mechanism Opt.1 Intra—array padding insertion To resolve intra—array conflicts
T [ Opt.2 Use of hugetlbfs (2MB page) To resolve conflicts in L2/L3 cache
ﬂmlhﬂ drop evhatss Opt.3 Inter—array padding insertion To resolve inter—array conflicts
el e By MET7RLUAZEROL3E
actua ideal 7 J l/X¢ L3 'V‘y:/:l. ) _ _
simlator  Simaior DAFARABEZET VL bignDF 2=V TR HimenoR> FDF21—=> THE
. naive I — peedup HWPF Speedup
e R R E s g WHERETFUAERLLRRIREw: 03;':1“1 :-‘l’g thread O 162
(Exana) 2 pico K q—’ opt.1 1‘21 on 1.75
. ) , ) ; . 3 ' off 1.50
0.0% 10.0% 20.0% 30.0% 40.0% 50.0% Opit.2 1.02 16 threads
Avg. max abs error = on 170
BEAX vy AETUL T OHE IDFDTDOF 2=V R Opt.31is performed
UIal—LarEEEKIEICHE o _Sl’e“-"“i’l 5 CSmDS( BEORRRHOBEREANT. &
**\—R 7Ty F (HWPF) AT EL TEHE 0;;.3’11:1] 1'32 EMICFa—=2T 45" EEMmEEEL. H5EM

ENBonSHIEEESR

TOYOHASHI [Euro-Par2017] Yukinori Sato and Toshio Endo. An Accurate Simulator of Cache-line Conflicts to Exploit the Underlying Cache
university o Technorosy  Performance. Proc. of the 22nd Int’l European Conf. on Parallel and Distributed Computing, Euro-Par 2017, pp. 119-133. 12




PATT: pPolyhedralfzs@LIZEIUL—TRAI YA XBEHFa1—=2 7 #iE

24 U‘/OI BBV A XDERIE, 7TV r—ay

PEITT ij?“JF77J' LigERRGEERIERTFT 518
*T:* F 7:‘* o
ata mm (i tile siz ] himeno (i tile size = EI
= L = 3 (a8
S = - =
| | > 1 I 0
[¢F]
j tile size k tile size k tile size g
B4 LA XIZEYMBEDRECET TS 3
O
Q
for x=0,M-1, TX 8.
for x=0,M-1 fory=0,N-1,TY Inter-tileloop 2]
for y-0d-1 forz=0, P-1, T2
FBZ'OJ P-Yj..l] fofr XX=X, T)_(I_;x -1
o oroars 2521 Intra-tile loop
=5 : ** The dimension for xIs omitred. Body(xx,yy,z2)

70.0
—i—all32(default) ,’Q‘"ik
60.0 —a—NoTililng ~7 ~0
i £
£0.0 =O=i-PATT(proposed) er
gemm, L size P
40.0 ’
30.0
20.0
10.0
0.0

1 2 4 8
The number of threads

12 16 24 28 32 48 56 64 128 256

l

¥

—_—
—_—
_

Problem space

Tile Shape
TAHRTYXTZ

tle0 tilel

(MXNXP)

{a) A typical space traversal {b) A space traversal with lcoptiling

PATT (Polyhedral compilation based AuTo Tile size optimizer):
F—TY—ZXDPolyhedralav A SEHBRBE LR EHAEHE
EEBFi1—= U BEBICEYRMIIL A XBIREZB81E

TOYOHASHI

UNIVERSITY OF TECHNOLOGY

F s Ml (2T, *=—37CPU (Intel XeonPhi KNL) IZELNT
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PATTIZBITAO0—KN\SVADETY Y

O—RN\SURZEHRELTHREETILERE

ALYRBHEYDRESNEHE M
TX -p

AAIVEITERMIT 5, oge T« Inter-tile loopMEHZN &L
Intra-tile loopMD EHZTXELTHEE o M i
TLBmodeI — - [- 1 -TX

‘ N . TX-p
EREHRETT ILE LB (KNL6AR L YIR)

25.0 Nirr=8 Niei =2

B N1 =1
500 o Nirt=4 ® Actual A LB model

- =
D) ) Lo
g oo ] v gemm, L (1000)(1100)(120‘(11“““““ f§: e loen] st poaheosbordeto)
< ) 44509 < ' o Tile shape (TX, 32, 32)
o o Lakad
= °le £ 100 | e e
g >0 a2 M 2 1% o g
X 1 % S | - alpha=5.52
« Tile shape (TX, 32, 32) alpha=3.43 =
0.0 0.0
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
X-dimension tile size (TX) X-dimension tile size (TX)
600  Ner=8  Npr=2 I © BAYUT DHRNERINTLVEUD A gemm TIELBmodelE B H L — 3
= o Nert .+ ULal.ataxlZRENBESIZ TRTHO 7 TUEFRITEHEL RS
(o]
E 40.0 atax, size=L (1900x2100) o e— —srre . . - .
5 Tile sha = A—RN\SUADETIVYT + FoolaEHOFRILHTE
] pe (TX, 32)
5 200 . alpha=3.60
e ® e o —_ S S = —_ — S »
: o o Mo U RO N L COAO—RNSURICETHIHMREZEICZAD

TOY( o 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 ﬁ{fﬁ@]?l—:yﬁ\*&*ﬁpATT§]:%§

X-dimension tile size (TX)
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PATTD KL E L TE 8EFT

h 2R

PATTIZBWLZNTIZAO—KRN\SVRDETF) G L
BAINHAXERICHEHIEL-ERERREL

Input: <Source code>
<arguments, data> ;‘i 1-6‘ :]:iEIE %
r E - - o [ - -."\
PATT: I N0 4O -7 080
LLVM *
| Front-end S \ \ )= O
<IIVM-IR> i 2 X
- i g gl @ ,, 10 x ()
<Tile param> }
,—' Polly L. \ ' P6isbetterthan
Polyhedral CJ P37 Yes
_ | Optimizer Diml P9 Is better than
ATuner <Tiled code> v P67 Mo
. . . . : : I L
Au’gfoetiﬁr?stﬁ%t | 1) Hill cllmbmg,ﬂ J:é*iXJ )
Notyet EVa
oK Representative points fir evaloation Re-partition the space around
(as neighbors for searches) Dimi the current fastest points
Output: <optimaltiling parameters> o 0 ) T -f >
P ., e A G @ty e
PATT: REERIO /(L —23Y L S S ==
: ﬁ B - _ _ =4 A
[CED®BILIL—LT—Y | G S S §
o O G =

In this example, np=5

2) WIEEIAYD 2 ICHEDUER

To be published in ACM TACO December 2018. Yukinori Sato,
TOYOHASHI “pn Autotuning Framework for Scalable Execution of Tiled Code via Iterative Polyhedral Compilation”.

UNIVERSITY OF TECHNOLOGY

N 872 &8 1k Fi& (Simulated Annealing,
NelderMead;%) WEXfF D fENTHVE F &
(TurboTiling) KUY B REAAIL A XEHER

| M NoTiling PATT M Nelderm ® SA(best) lTur'boTiImg‘
g
3 Xeon Phi (KNL)
“ 3.0 L data set
a Baseline = all32
§
= 20
o
3
g "
g 1.0 1 1
) Jif | | |
0.0 I "
A A % & & S + F a3 &
GFSS‘ 1@‘,\. 6‘\{\ & §‘<° 0:&\ & I;\g- £ &03' \?}\oc' f}"\“ &
¥ ¢ & & & F
% & @ A
Repent this uniil
iis convergence

Tomoya Yuki, and Toshio Endo.
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PATTD 7 L) X LD EEHE

Algorithm 1 PATT _ATuner_main

Input: Problem space (M, N, P) or (N, P) for 2D, #threads (p)
if Problem space is 3D then
foralli=1,2,4,8 do
CTX; = [4]
foralli =CTX; —1,CTX;,CTX; +1do

) = Hlee0al(323) g O —R RS RDAREERAL.
BADRTDIA LA XTXERDS

end for
select i such that it minimizes f;
TX =i

else if Problem space is 2D then
TX = NONE

end if

TY, TZ = Custom_ATuner_for_TSS(N, P)

Output: Output tile size (TX, TY,TZ)

Procedure 2 tile_eval

Input: tile size (i, j, k)
build_exe(i, j, k) LVM Polly[ZF LV T "—polly-tile-sizes=x,y,z’

fexe = measure_exetine(L 1K) —CRA L4 A XEHRELEAIY
Output: feye

TOYOHASHI

UNIVERSITY OF TECHNOLOGY

Procedure 3 Custom_ ATuner for TSS

Input: Problem size (N, P)
pos_start[] = initg;m1. initgimo. pos_end[] = N, P
np=2=8
loop {/* Loop for AGS mechanism */}
step[] = calc_step(pos_start, pos_end, np) WLE Ay 2[R DIER
dim1_list, dim2_list = calc_AGS_points(pos_start, step, np)
for g = 0 to np — 1 do {/* Body of 2D hill climbing */}
j=diml_list|q]
forr=0tonp—1do
k = dim2_list|r]
tj = tile_eval(TX, j, k)
if tjk > teurrent then
break this loop [/* Pruning points for dim2*/]  Hill climbingi&[Z&%
end if dim2 A MmN Y
teurrent = tjk; tilecurrent = (TX,f, ?')
end for
if fastest_time > toyrren; then
fastest_time = toyrrent; fastest_tile = tilecyrrent

else
break this loop [/* Pruning points for dim1*/]  Hill climbing;%1Z& %
end if dim175 A XY
end for

if all of s in step[] = 0 then
return fastest_tile
end if
pos_start, pos_end = update_pos()
end loop




:|t:ﬁEI$l//f)V0)C?f’L'éE’G‘0) y3 LT

MERYBPATERRNIEREFA—=V T OHR AR
£y T4 us |
HERERIEEE R T B4 D s
VIR T7DAE)SRBEFTEZRIFEIC -
N—FOT7DEHMEICHRITAXTBHIE | |
[Sato, ACM CF’'17] ZHRTEAGI—F FOEBEHOATYHIVRFLA
¥86 executable T ranciat 'I‘unedbn
(a.0ut) ranslate - Execut
O‘ Dxt?jseftsggle LLVM-IR Preif\ﬁf,',r_‘]'l'fed .

E Va , \ / '\
P‘ ‘
W e

Switch to the tuned

i‘ X86toLLVM cod using diopen
! v \ kernel as a shared library
K it —shared
"\uh m—b TlleSize param [ !
HEETZLAVIZBTD TN (FuturePlan)____ e 7

ExanaDBT (/N1 F B ZEIL) +PATT(BEIFo1—=2) IZKDE B REF 2 —=29

SUFEEIEY—ILDOAAELZLLVM-IRODEMNEL, ZILTYXLLAN)VIZIEEULMKEFERE R
TOYOHASHI [CEYRT D a— )L EBEIENAEEL TNV =ESIZITALGLELSRBIREIZHNESZNDS
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Halide R a—I)lZxEE R LL-Eiiimz@Eit

MITORIEF—LIZEKD/N\MF ) E&EE1E

[PLDI 2015] Helium: Lifting High-Performance Stencil Kernels from Stripped x86 Binaries to Halide DSL Code

BGESRR L —ANSTILTY X LEET

SAFUDSERMEBOH—FLESE  PETI-EDmamoR0ER
E{RALIE R [TDSLTH HHalidelZE IT I_Iftlng

Helium Code localization Expression extraction e : bl analysis on |
e : E;ecuta 8 dynamic |

' SEs Eiie : tfraces |

Buffer Reconstruction S i L |

ToE 1 = r' ile(*halide_out_0",argsl:
¥ 2 5 . = ) P cetuzn O:
Halide source - ‘ Generated Halide DSL code

75% faster ] F§ 0D Adobe Photoshop®
Presentation materials in http:/-/p;rojects...csail.mit.edu/helium/ / "rj— U (H%iﬁ’ftiﬁ) %75%% E“:

Halide D fxE{L 28 T
i\-.l-%/ \_I:':-?\ytosjg“ Autotune schedules

ExanaDBTOIIE CTELATFLWM-RIZEITFTATZILTYRXLERT D 1a— )LD
et HalidelZKYEEBELTHRRINTHY., SfimE b EFEEA LU
TOYOHASHI "
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7)) r—a> b A4XIZE T BHalide

MITORF—LAFELI-SEEEE{ZNIER D EE [http://halide-lang.org/]
- BHEEETTILO) X LERER
« —HERE.HEIEFRIIRATC1—ILELTTIL T X LML BEL TR

Func halide blur (Func in) { [CACM, January 2018]
Fune bh, bv;
Var =, v, =1, vi;

1]
o]
Q
=
=]

row-major column-major tiled parallel sarallel tiles

Zeg
o —_—— —— - R ————

/] PV R L — + * + * zz| (22| =] /|ZZ] oo
bh{x, w) (in{x=1, wy) + in(x, vy) + in(=x+1l, 1:,.']].-’1-:: — e i =k b ‘—*— = | = function
bv(x, ¥) (bh(x, y-1) + bh(x, y) + bh(x, y+1))/3; —— S = = = =S

// Zb-:)l_}l/ /\‘gl“)[/'“: in bh bv
bv.tile(x, y, xi, yi, 256, 32) I—TRE R iR

vectorize (x1, B).paralleliy); )l/—7°’5¢/r')‘/7‘ &
bh.compute at (bv, x).vectorize(x, 8); ALwk 5] _i]

compute_at(bv, tile_x)

od per-tile)

AV INASOREN—F D7 IZHE T -&EIEF1T5

return bwv;

3 X 3 box filter MA—F D4l = AT Ta1—)LOHINEFE-TRINEDO BN I—FFIFEK

« BERF. ZRITEIICTBHETEI A RE T AN ITHIETE I E IS Rl
« R a—)LIEPolyhedral BT JLIZE T ASCoPIZx G BT1=O B iz Bt A & HE Rl HE
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HalidelZ XA #EAFEFE X D HEIE

RIkLiE

(a) Clean C++: 6.5ms per megapixel

void blur(const Image<uintlé t> &in, Image<uintlé_t> &bv)
Image<uintl B_t.‘h bhi{in.width(), in.height();

for (int y 0; v < in.height(); y++)

for (int = 0; x < in.width () ; x++)

bh(x, ¥) (in{x-1, y) + in{x, y) in(x+1, y))/3;
for (int y 0; v < in.height(); y++)
for (int x O0; % < in.width (); x++)
v (=, ¥) (bhix, yv-1) + bhix, y) + bhix, y+1))/3;

3 X 3 box filter Wa—K Dl

I—TRE
IW—TRA)2T
ALwFitiFl4E

.b 20f&ER1E
B Tt Al

CCBY-SA3.0

BEHTED

CCBY-SA3.0

(c) Halide : 0.29ms per megapixel
Func halide blur (Func in)

Func bh, bwv;

Var =, vy, xi, vyi;

bBhix, v)
bv(x, v)

(in(x-1, ¥)
(bhi{x, v-1)

in(x, ¥)
+ bhi(x, ¥)

bv.tile(x, v, =i, vi, 256, 32)
wectorize (xi, B).parallel(y):
bh.compute at (bv, x).vectorize (x, B);

return bwv;

+ in(x+l, v))/S3;
+ bhix, y+1))/3;

S mE{E A
HWIZ&HHET
O—RZ4AER

&

CCBY-SA3.0

ﬁ 20fE Bl

(b} Fast C++ (for x86) : 0.20ms per megapixel

void fast blur (const Image<uintl6 t> &in, Image<uintl6_t> &bv)

__ml28i one third = mm setl epil6(21846);

for (int yTile 0; yTile < in.height();

_ ml28i a, sum, avg;

__I:'.'_2':3"_ bh[(256/8) = (3242)];

for (int xTile 0; xTile < in.width(); xTile 4

_ ml28i sbhPtr = bh;

1 for (int v =1; w < 3241; yt+4)

const uintlé_t »inPirx E(in(xTile,

for (int = O; = < 256; x += B) |{

i a _mm loadu sil28((__ml28is) (inPtr - 1));
b _mm loadu sil28((__ml28is) (inPtr + 1));
C _mm load sil28 ((__ml28is) (inPtr));

yTile += 32)

D, C,

256)

yTilety));

~]

sum _mm_add epil6( mm add epilé{a, b}, c);
avg _mm mulhi epilé(sum, one third);

_mm_store_sil28 (bhPtr++,
inPtr 4= B;

avg) ;

':.':'_'.1Ptr bh;
for (int y 0:; v < 32; y+4) |
_ ml28i soutPtr (_ ml28i «) (&(bv(xTile, yTilety))):

for (int x 0; % < 256; x += B) {
a _mm_load sil28(bhPtr + (256 « 2) [/ 8);
b _mm load sil128(bhPtr + 256 / 8);
c _mm load si128(bhPtr++);

sum _mm_add epil6(_mm_add epilé(a, b), c);
_mm mulhi epil 6 (sum, one third);
_rrr._stv:::t:_s‘_'_zﬁ (outPtr++4, avg):

- bzt
TOYOHASHI HalidelZ kb 3FELEE

UNIVERSITY OF TECHNOLOGY

x86[A] 17 D E R E L (c++)

[CACM, January 2018]
B ERICLSHRELGTILT) X LR
AT Oa—I)LDRENZKEHBHEME - E Rk D RE
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T—H3I7A—ARKD/N—K)L7T

Out-of-orderJ5 =t ‘5%1%3&%'%%/\—%)5&%1%

7—#70—J—L  R—/\—RANT |5 czsEEEm =,
DT DEFEKRENRZLAE T
——
T—270—9357 Instruction : i i |
Cache/Decoder 1]]?[% | e
b Ma tChlng Unit Register File |« Hennessy & Patterson. “Computer Architecture, 6% Edition”

Systolic array in Google’s TPU

F v h

ALU |ALlJ \---| ;!\L‘lrj|

¥_ ¥ 3 F L

PE |...

P 3
Reorder Buffer
TAREREBRANETIIER :"'E RO HEICE T y
ZeR A Az D A EREShT- T—R70—NDExER Feature Extraction stage in
PEIZE+2 it 5l A0 38 Microsoft Catapult [ISCA 2014]
ZREIEE A RICREASH T
FlynnD45 EDMISDA R

-
TOYOHASHI
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MISDARHWRBZLINATSA D ELLEFEIE

- 7O —La BT OAREEERLEEL
S HERETEFLAY ERAHDBENEYRT LERTHE

| {
| Stream buffer
| 1 7 !
Partial sums ALU %
o _ | F/F | [ F/F ]
MISD/SA T4 D) PAYARN

I»
Z
c

% HEARKIC J:ZD,HPFHI:

Hennessy & Patterson. “Computer Architecture, 6t Edition”

Systolic array in Google’s TPU

N

Eﬂ._

-n
)
]
Q

BRAM
/
On-board DRA
»

+—
— ose

Hit vector
——=| preprocessing
FSM

Stream buffer

@g @@% '
e el e 7TV D
~— oaemg e % - % HNRBLISATSAEER
i FrfEZEE T[S RBALT:
= = & Halide [PLDI 2013] F—BIO—5 5% BETIELY

Feature extraction FSMs 77 IJ I/ 4 V

Feature Extraction stage in M. Flynn, “Maxeler uses a dataflow approach, which goes
Microsoft Catapult [ISCA 2014] back to my old taxonomy, MISD, where the data flows
through a fixed set or a fixed graph of instructions.”
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MISDA =

T—RIJA—HRBLINAT A4

WPL: Program analysls and

[E[E]

—* ALU

MAXEL,ER
v FPGA board
Maxeler DEF

The MAX3 card
(Virtex-6 SX475T

FPGA, 24GB DDR3,

PCle gen2 x8) -

Dats flow semantics analysls

Host server

partitloning for accalsrator |( [T
—[AlU m

J\LU —

DRAM (646B)

\

’ .

WP2: Designing custom
memory hierarchy and

optimizing data transfer

Extend the Exana tool set

s Max)IEEZ ALV -MISDEIBRNE I &L
(Java-base meta programmi

)
AR REBADTIE S (3 2 B

Himeno Benchmark (19-pt stencil)% L\T_FPGA77t7I/ 2D i

BigData in Cloud

Flash S5D {178)

datasize=S

————————————————————————————————————————————————————————————————————————————————————————— |GFLOPS)
Ny 100 3x speedup
) 100 from GPU /'
L j“ am.offset i 1200
S _E, 30.0
’ Z / x19 speedup from
P Np 60.0 512
N,,hﬁx p e Host CPU PCle  'FPGAboard _ l d ata locality
Host CPU re F ,1,’,94,?9}:'!9 ,,,,,,,,,, . A0 is ne W “0 ptl mization
(1) Data tranSfer Vla PCIe (2) USIng Iocal memory On FPGA o0 CPU[1 cora)  GPU+pger GPUSCUDA  FPGA Acc. FPGA Acr.
iee Tast [Phillips:2010] only PCle  w/ BRAM

TOYOHASHI
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(1)

(2)

Bk

[Sato, ReConFig’12]
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T—RIR—ITSA~DEA) T DFER

l/ MaxCompiler 2015.2, Altera Quartus || 32 kit Version 13.1.0
X _

vV

\ 4

Analysis domain — for x=0 M-1
(2D MXN) for y='0,N-1

B FPGA Accelerator
1 Maxeler Galava card

(a) 2UTED I D — k72 722 QEL—7) |
1 Altera Stratix V + 12GB DDR3 memory

B APGAICE RSN B AT H (X5 E | M=, v “

B A SE . A 3 ~ .
BE. A AEIBEDARENSEIENERTELEL Eﬁ?e%nwggkfg&g 32GB DDR4 memory
CentQS 6.8
Tile size
TX\" T BA) T 1ZEYFPGAR— “j%ﬁ'c% BEF
~ —. HBAST—3&WMIEMNTREIC ! !
Domain size \\\ ~~~~~~~
MXN | tileo  tilel T[N
for x=0,M-1, xx ® / \ * On-chip BRAM
fory=0O,N-1,yy ‘4————m1 - CPU DRAM On-board DRAM
for xx=x, TX-1 (D) L—T BAY T % N T T2 AE Y BB~ D B

for yy=y, TY-1
TOYOHASHI
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Circular pipeline

Matching Unit

PE| | PE|.. | PE

ERFIZRBRERERETITER
SOENKT—270—

JERI#A D Matching logic
Token + firing => output

NAZBET (B FLAILIASITE)
IKEFRIZ)Y—R = BH

Circular pipeline architecture
Feedback-looplZ& AR —SET4D RN

VIR T7EELDHNEE
TOYOHASHI
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Input I
stream

Host CPU

Qutput l
stream e

On-board

DRAM FPGAboard
MISDAR T—470—
A P R

AN)—=LT—2DOHA T NE

I—TEEEARIZEHEER QXITIZ)

73 Iz 038 D HEFR (Predication)

Feedback-loopZ 4B N LI=HBERICE R S/\1TS5142
EE/NI—2 DEHNIEBENTR, I\ATELiFHZF 5
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1R DA LB

T—RIO0—ARDEGRSEELEITERL, 77 -V Th-N—FIC
Hi-YT7T—470—FTEBTHE— abf E1E L TLK R AR EI RS

[ROFIT—D(2&KBLE]
BENEER LA RYbADEZERIEA . E{R0IE

) )JJX
x1000 - jo g LT PREFESHHOREMULOEIY L (P
E ﬁ j-h i E%/\_F Layerfi-1] Layerfi]
. Viva do— H I_ S e (input feaff;re maps) (oulput feature maps,}:\
Halide-HLS Y
100 w__
X (Stanford) (ERY—IL) gﬁ
: ROMAE- ALY - :
x10 [ Halide 1 L S 1=C/C+
| &—xa)c/c.H. By Fabi(-) Nell
| | >
: > Harris®a—7F—t&H 38
MR TAIMIEDY — a— R — EHTAHIELL N \
HalideD) RO M) THESNTWNSI—FZFIA

= = HEMHE — gL
Vivado—HLS. Halide—HLS&LEAR =7 T sEib Oz @b DBFED L =14
ETICHITAEREMELZTESMICLEEL . BT R T EE
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