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F 1. gecd6 TALNANLIETFITLT U7 A NEDEEEDRECA TS a o DENT LD
ALLE PR ]
-OZL (ms) -O1 (ms) -02 (ms) -0O3 (ms) -Os (ms) -Ofast (ms)
laplacian_filter1 448.0 130.0 130.0 127.0 136.0 127.0
laplacian_filter2 328.0 99.5 86.4 85.1 96.3 82.1
laplacian_filter3 279.0 94.2 83.6 82.7 91.6 82.8
laplacian_filter4 228.0 123.0 92.8 93.3 114.0 92.7
= 500.0
6. XERIEH o |y
o o s s . - = |
(5. 27T 707 4 ZOFEETE IR L 300 1
FETY 7 by =T, ~—RY=7 OMREkERE | Tz
fTor, 4 Moy —2a—przhzn |22 M -
laplacian_filterl, laplacian_filter2, laplacian_filter3 . g 1?2-2 ] w laplacian_filter4
laplacian_filterd &9 %, LD Y —ZXa— RiZ 00 |
S \_,C @%}‘E% %Yk&:\ﬂi/{ 50 (():ES)L, -01 (ms) -02 (ms) -03 (ms) -Os (ms) ?;fla;t
® laplacian_filterl BEEA T

> V7 2T ELTERLE C V—X
a— R&EEH L
> Wiz 1 7 RAGRAT, 777V TV
TANVEMBEL 1 BT EICEL
® laplacian_filter2
> memepy() = L CHEEBET — X2 F L
Tt~ EE L (memepy)DFEHIZ LY
Vivado HLS TlI/N— R MEER{THR
%)
® [aplacian_filter3
> laplacian_filter2 OE| Y H A A F — h~
YA E HE L2 (Vivado HLS T i
PIPELINE 7 1 L' 7 7 4 7 %A LT2)
® laplacian_filter4
> memcpy()DfFE Y — A2 — K% Vivado
HLS (Zhcifk L72 (Vivado HLS Cidhx
W7 4 V7T 4 7 &ML CEiEk
X 72)

laplacian_filter] ~ laplacian_filterd % [X] 9 |Z/”3"
WY EEOLE LMD 2 BV E 01T D
Rl E LY 7 b =T BRENLEN
laplacian_fiter5 ~ laplacian_filter8 (ZxH)&d %,

7235, ZYBO AR ARM 7= v Cortex-A9,
IIEAPEL 650MHz TENMEY % Ubuntu 14.04 LTS
TV T N2 RUON—= R =T DFATEIT> T,
REMIEHANE Linux @ gettimeofday 3 A7 L =—)L
TITo7,

6.1 T2 /NA TIT gecd6 HEHLIESGE

RO gee 4.6 T AV LA O A
T a kDT T TIUT T 4V H R A R
1 (oRd ¥,

# 1 2EEbF S a7 L
KA 10 (21, K 10 Oftdixy 777 v
7 4 VX OMLEERER] ms HAL, AN RE (LA T
arIl DT TITUT T 4V DFEREDENIC

10. gecd6 TCALNANLIET TSI T
T 4 NE DOEREORELA T Y a v OEWIT L

LU 0 7 F 7
500.0
450.0
400.0
350.0
300.0
250.0 m-0% | (ms)
E %28;8 u-01 (ms)
E 100.0 =-02 (ms)
¥ 500
@ 00 u-03 (ms)
N S & 9 .
=) C&‘&Q b\&g K&'é &é ®-0s (ms)
o o o o = -Ofast (ms)
& & & &
A A A A
N N & N
FTIIT LT 1N DEEE

11. gecd6 TRNRNAN LT TITTT
T 4 VE DEFEOENNT L DB D 7T 7

L oMREAEEZERT, K 10 75 & gee ORxiEbA
7' a LTI, laplacian_filter]l ~ laplacian_filter4
F T CEMBANLABREH N> TV D DR DND,
FER 1 PO bEELS TV a VL & Sk A
Tva Y TR, RERRRICER D D DD
Do
M1 IET7 7T T 07 4 VEDORED L Ok
bA Ty a N RDMROEET ST T T 4L
FORIEZT LW T T 7 ThHD, KFPEHIT,
Ki{bA 7> a VL QMBS RN 8D
Moo, HEOMLPREEH & L CiX, laplacian_filter2
DI LA T 3 v-02 OEFAED 821 ms DMcH

CoT,

Wiz, FL gee 46 ZfEH LT, ARM 7rty
#d SIMD =¥ NEON #fHLTT7 77
%7V74w&ﬂﬁéﬁﬁbt%%%%zcvﬁi

gee DA — X7 BT A4 XEREZEH L T
A/LL NEON Ho=a— Rz i L7z, gee DA —
N7 %5 A4 XDAT T a > iZ-mepu=cortex-a9

# 2. gecd6DA— F_T BT A REREICE > TCNEONTZ DU A A LEBEDT 7TV T v

7 4 IV Z D RLERRER
NEON -OZEL (ms) | NEON -O1 (ms) | NEON -O2 (ms)| NEON -O3 (ms) | NEON -Os (ms) [ NEON -Ofast (ms)
laplacian_filter1 447.0 131.0 132.0 137.0 138.0 137.0
laplacian_filter2 313.0 95.0 78.3 83.4 92.2 83.0
laplacian_filter3 278.0 94.4 77.7 83.4 92.0 84.2
laplacian_filter4 229.0 123.0 96.4 96.3 118.0 96.2
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500.0
450.0
400.0

~ 350.0
3000

& 250.0 -

& 2000
150.0 -
100.0

50.0 -
00 -

H ]aplacian_filter1

N laplacian_filter2

laplacian_filters

u Japlacian filter4

EERERT

NEON NEON NEON NEON NEON NEON

O#F. -01 02 -03 -0s -Ofast

(ms) (ms) (ms)] (ms) (ms) (ms)
NEON+R#{LA i a i

12. gecd6 A — b7 2T A4 ZEREIZ L - T
NEON = VU &Ml L7235/ 0K FEiED K4
Ta U DEWIC L AR 0 7T 7

-mfpu=neon -ftree-vectorize -ffast-math

-mvectorize-with-neon-quad ZfEH L7z, AL, =2
NRANEEO R LA T v a e T IV T 7 41
X DI L - TIiE, NEON Hoz— R Eh
TRV B D, 3 2 THRVWTFIZE » ORI T ALE
e 723, NEON @ 22— R S =&k o %6 %
77, NEON ZfiH L7284 S gee DE{bA 7
varEANTIE O NENZ Enbnd, kkiElbA
T a X BB OENE T ST T T 4
NWNEDEET LT T 7 LK ER 12 1277,
B 10 & 12 [ E[F U %27~ Lz, gec 4.6 DA —
T ZT A4 XA LTI T3 T 7 40

450.0

400.0

350.0 .
Elaplacian_filterl

B laplacian_[iller2

laplacian_filter3

mlaplacian_filter4

®laplacian_filters

L00.0 o laplacian_filter6
50,0

0.0 -

laplaeian_filter 7

laplacian_filter8
O

(ms)

[Ral ]
{ms)

-02 -03
(ms)  {(ms)

o) [

-Os
{ms)

-Ofast
(ms)

13. gecd8 T ANV LT T IV T v
T4 NE DEREOKELA TV a L OE WL D
R D 75 =7

laplacian_fiter3 DO {kA 7" 3 -03 DKFD
77.7ms 72572, NEON ZfH LAaWGESIZHh~T
NEON % L7256 DIF 5 23 il O LUBRREfE] A3
FVELS o7,

6.2 2234 TIT gec 4.8 HHEH LI-GE

gee 4.8 DGEDTTITLT T 4 )VED gee fix
WiLA 7> 2 & NEON EHOBEDT 7T 2T
VT VAR AR 3, £ 4 (R T Pl ogec 48
ZH L7234 1% laplacian_filterS ~ laplacian_filter8
BB 2 HE L CRITEM LT, 7773 T
7 4 IV H DFEFIIB Y DA 7Y g v oEND

SILER % 3 23 L LT RO RO A1, L BMAERMO 7T 7 E” 13 LR T,
# 3. gecd8 TAVNRANLIET T IFIVT U7 4 N DORKEED
Rcitifb A7 a v OENIT K B AL ERRER
-0 (ms) -O1 (ms) -02 (ms) -O3 (ms) -Os (ms) -Ofast (ms)
laplacian_filter1 425.0 145.0 126.0 125.0 125.0 126.0
laplacian_filter2 316.0 95.0 80.9 80.8 94.0 80.2
laplacian_filter3 299.0 95.3 84.4 82.2 94.4 80.2
laplacian_filter4 273.0 127.0 88.9 88.6 114.0 88.9
laplacian_filter5 420.0 148.0 137.0 137.0 139.0
laplacian_filter6 308.0 95.2 82.7 83.5 89.9
laplacian_filter7 303.0 95.7 83.2 83.5 89.3
laplacian_filter8 265.0 119.0 84.2 87.1 114.0

£ 4.

gec 4.8 DA — h_T BT A RFEREIC L > CNEON =2 DU 2 L2540
FTT T T 4 VA OB

NEON —0%&L (ms) | NEON -O1 (ms) | NEON -02 (ms) [ NEON -03 (ms) | NEON -Os (ms) | NEON -Ofast (ms)
laplacian_filter1 425.0 145.0 133.0 143.0 128.0 141.0
laplacian_filter2 315.0 94.2 75.1 75.3 94.4 76.3
laplacian_filter3 299.0 95.2 74.9 74.4 94.1 74.6
laplacian_filter4 273.0 127.0 88.9 88.9 122.0 89.4
laplacian_filter5 420.0 147.0 131.0 132.0 143.0
laplacian_filter6 309.0 95.3 79.8 81.1 88.9
laplacian_filter7 303.0 94.8 80.5 81.9 90.7
laplacian_filter8 265.0 119.0 87.7 86.9 116.0
# 5. llvm34, clang34 TR RA N LT TTUT V7 4 H DOFKERED
B bA 7 g v DENIT KD ALERERR

-0%L (ms) -O1 (ms) -02 (ms) -03 (ms) -Os (ms) -Ofast (ms)
laplacian_filter1 304.0 148.0 137.0 133.0 134.0 133.0
laplacian_filter2 238.0 109.0 99.0 101.0 103.0 101.0
laplacian_filter3 221.0 106.0 95.5 97.7 105.0 97.6
laplacian_filter4 241.0 121.0 94.7 95.0 94.9 94.9
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# 6.

FERLIESREDT I T7 7 4 L2 ORI

llvm 3.4, clang3.4 DA — b7 2 7 4 ZFEHEIZ L > TNEON = V> %

NEON -OZEL (ms) | NEON -O1 (ms) | NEON -O2 (ms)| NEON -O3 (ms) | NEON -Os (ms) [ NEON -Ofast (ms)
laplacian_filter1 300.0 143.0 134.0 134.0 133.0 133.0
laplacian_filter2 232.0 102.0 86.8 88.3 87.9 88.6
laplacian_filter3 219.0 102.0 89.7 90.8 88.4 91.0
laplacian_filter4 230.0 115.0 92.4 92.4 93.4 93.2

M laplacian_filter1l

M |aplacian_filter2

laplacian_filter3

e

NEON - NEON - NEON - NEON - NEON - NEON -
0#fL 01 (ms)02 (ms) 03 (ms) Os (ms) Ofast
(ms) (ms)

M laplacian_filter4

NEON+&# A 73 3

14. 1llvm 3.4, clang3.4 4 — b7 X% T 1 Xhk
HEIZ & > T NEON = ¥ U 2 L7286 Do fmit
F7 T a K DB D ST

laplacian_filterl & laplacian_ filter5 (%2734 73 i
RHIENTROT, F&ALHCERMERT,
laplacian_filter2 & laplacian_filter6 # & D1t & [FI45
Thb, gccd6 & gecd8 DT TTVT T 4K
OUHFH A T 5L, —R-ETHLZ LMD
Molo, REOWHEEMIX, gc 48 ODFEHD
laplacian_filter3 @ NEON #%ffiH L72-03 DA T,
744 ms 7Zo77,

6.3 22734 F|Z llvm 3.4, clang 3.4 % f#
A LE%E

llvm 3.4, clan 3.4 ZfFEHA L Ca A LIgGE
DE{bA 7> g & NEON HHOSAED T 75
ST T 4 VAR AR 5. # 6 [T W)
NEON T D560 4—  RT X574 DA

-mfloat-abi=hard Z [ L, & ZZ&iEfb4 7 v a v
ZBMLTWD, F7z, gcc TRy XAV LESLE
ERIERIC, A= NI X FGAXDFT > a v EHH
LCay AL TH, NEON &4 5a— K%
195 EIER 5, & 6 @ NEON i35
I — RREEN TN D FAT 2 — N OMBERFH] 2 JR 0
FTCHERLIZ, llvm 34, clang3.4 A — 7 X T4
THEREIZ X > T NEON = P U 2 L7=85a D
LA 7 a SN LD O 7T 7 2K 14
W27, 14 #R5 L, REfbAr 7> a LD
B A, gcc Ta vy 4Lk
laplacian_filter2 ~ laplacian_fiter4 D ZLBRRERE]D 223
WIRNZ ERN o7, gee 4.6, gee 4.8 [THART
llvm 3.4, clang 3.4 TIXT 7T 7 7 4 VX DHLH
FERIDR RS DB BHANH D Z ERNbhoTz,

6.4 OpenMP % H\\T 2 -2® CPU =7
A L5 E

gee 4.8 IZFBUWT OpenMP ZEHT B2 D A
7'a - fopenmp A AL RA )L s FT gk L
TEBML7ZSG O bA: 7Y a ek b7 77w
T VT 4 VAR R 2 7 ISR Pl gec4.8 1T
BT OpenMP A2 A3 5, HIZ, NEON =
VR LIEROREA T a LT T T
VT U7 4 VBB AR 8 (1T Bl ek,
JUERIF O ARFE NEON = P v T 52—
RSN TN Z L 2RT, 777707 4
JL S ALEREE BT laplacian_ fiter] ~ laplacian_filterd.,
laplacian_filter8 T RifE RN T DD o7z, KED
AVER IR (X laplacian_ filter8 D ik A4 7" v 3 »
-03 OEED 725ms 72o7-, T, Y7 hU=

ARV = G

-mcpu=cortex-a9

-mfpu=neon

THREFGEDOT TS5 T T 4 NE LR TH B,

< 7. gec4.8 2BV T OpenMP Z M L7356 O b A7 > 3 2 K 2 ALEERER]
-OZL (ms) -O1 (ms) -02 (ms) -O3 (ms) -Os (ms)
laplacian_filter1 209.0 117.0 105.0 101.0 211.0
laplacian_filter2 236.0 107.0 94.4 93.9 144.0
laplacian_filter3 224.0 100.0 87.0 87.0 94.1
laplacian_filter4 167.0 90.0 74.4 76.8 90.0
laplacian_filter5 231.0 111.0 95.2 95.3 203.0
laplacian_filter6 204.0 95.4 80.9 81.6 111.0
laplacian_filter7 204.0 94.2 80.9 81.9 111.0
laplacian_filter8 182.0 93.9 74.3 72.5 88.6

# 8.

el AV BV Y B

gee 4.8 123V T OpenMP Z 273 5 NEON = o &l L 72 Rf D

NEON -O%E_ (ms) | NEON -O1 (ms) NEON -O2 (ms) NEON -O3 (ms) NEON -Os (ms)
laplacian_filter1 210.0 117.0 99.9 103.0 210.0
laplacian_filter2 234.0 107.0 94.6 95.7 144.0
laplacian_filter3 228.0 99.4 85.6 90.4 95.0
laplacian_filter4 173.0 89.4 76.8 73.6 90.0
laplacian_filter5 213.0 109.0 96.1 96.5 209.0
laplacian_filter6 190.0 92.3 80.2 79.6 110.0
laplacian_filter7 190.0 92.5 80.5 79.8 111.0
laplacian_filter8 172.0 89.0 73.0 72.8 89.5
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#% 9. VivadoHLS ZHWWCT 7 I 7 7 4 VAU Z N— KT = Tl L 7= R D L ER IRE [

£ BEDY IR ONEER(ms) N—Fx7 QUNIEFFRE(ms) SW/HW

(YIrIIT7EE) sw E i HW ESis

laplacian_filter1

(laplacian_fiter5) 95.2|OpenMP -03 509 [PIPELINEZEL 0.19

laplacian filter2 74.9|NEON -03 80|PIPELINE£EL . memcpy() 0.94
PIPELINEEY . memcpy(). El

laplacian filter3 74.4|NEON -03 60|UEEL 1.24

laplacian_filter4 PIPELINEERY . memcpy(). |

(laplacian filter8) 72.5|0penMP -03 153|UEEL . SRERIEZH 4.74

6.5 Vivado HLS # W T /n— Ko =74k
L7=%a

VI NT=2T TCDITTFITTT o7 4 VEDFEEL
JaElE—o C Y —A=a— K% Vivado HLS Z{H
LTRLEHICE Y N—= Ry =TI LD 7 75
VT VT 4 NS RERRER A 9 (TR Ty
b0 = T ALBRRE R E AL I D FEEE T iRl oD AL BRI
MazFRLIen, V7 F 7 =7 T OpenMP # i H
L 72356 1% laplacian_filter] ~ laplacian_ filterd O fX;
# & LT laplacian_filter5 ~ laplacian_filter8 7% fi#i /i
L7z, Vivado HLS T/— R = 7k L7z EEE 1IN
A A B —T 2 — AT AXI4 Master ZEH L. 5
HZENTHLEVITT 4 V7T 4 7 &BIML Tk
H{k L CThD, HE#lE, Vivado HLS T/N— R =
74t L7z laplacian filterd @ 153 ms 72>/, Z®
N R =T7RELY T N =T REDT T TUT
VT AV H BB OMFRIL 4.74 (5T, @A K
WX N—FRT =T b L= Y 7 b7 X0 b
PEReA ) L7z, {H. L. laplacian_fitlerl Ti%, /~—
RO =7 HEL YT MU =T L ORI OfF
KT 019 5T, YT MU =TOLREETE ST,
KoT, V7 b7 x=T EN—F=T7TOMHREIX C
VA= ROFRRAFT D2 EBnhoiz, A
REZHEREZ M EESE D200 ) 7T % FRilIR
R

® memcpy)EFEAL T, FLFEoT—FH
fra —EICHRET 5 & AXI4 Master 1 >
H—T 2= ADN—A MREEHERT L 2
ENTE THERED M BT 5,

W4 72 for()/L— 7 PIPELINE 7 4 L 7
TATEMNMNT D ENRAT T4 U PRFEES
NTANV—T"y b2 BT 5, (BLRE 24
PHICHET T2 &Y — OB BIERE R,
BRI RELS 2D, £2U VY —AbHIHE
LTLEIDT, HEENLETHD,
FOEIILAT o BREVO TR DAL
R LN &,

EUVEREZ LB L T DIGE1T, AR D N—
Ry =7 ZHH LR S, FKiz C Y —2A
a— NOMREZEE L, WERT 1 LT 4
TEBENTLHZENKETHD,

6.6 HDL Zz W h— Ko =71kl 7
5o

B2, Verilog HDL (Verilog Hardware Description
Language) # AWV C/HN— R =T L LG50 T 7
FYT T AV E BRI OV TR D,
=R T TTTFITIT T 4 IVEEERT 55

25

B, BATMNHEDA RN — A « T—H ZH R
FSTITUT T ANENEET LI ER—RITH
%, = 0OFEIETIE, DDR3 SDRAM % 7 L— LRy
77 ELTHERALRVWO T, AV HRICRHBNT
XH5DONRAY Y N THDBH, "Ry T TSIV
T T 4N ERERT DA O— kiR T vy 7 ¥
X 15 27,

22 e L3
hA5 P24 |
@’429—71—1_» /\—%}g:?

iy —3

HAERER

memory

X 15. "= KU =T TITTITIT 7 4VH ERERK
THEEO— N7 e v 7K

A [A 0 Verilog HDL (2 X 2EETIE, V7 br=
TOEECEDLEDLT-HICHE L DDR3 SDRAM
DI AT EBEIL N DFEAIAALT, T TV T >
T ANEBRIL T ST T T 4 X AVERGEIR I
FEXRAALTWDS (¥ 8 ZM) . Verilog HDL %1 [
LI=o 737 7 4 VAU RIE 10.1 ms™ T,
R % L CRORTE > 72,

ZhHIE, C SEICHERTEL LR EETH D
Verilog HDL TERR/A 774 a2 EL ZENRT
Xl ThD, 8 IZFBWVT, memory DI AT
B REIR N D FARATEH AT« T —F W3- 7=
ST, TCIRTITIIT 7 4 N ZABEZRRG LT
WB, FTTVT U7 4 NEAEE L T ey s D
LI 1 B ELVDORBEESTET TEL, KoT, I A
ZEBEIR D D OFEHRIRABRDN 1 T4 3T Lz
BT 97TV T 7 4 VFABIT T LTWA,
TTTUT T VA SN T 2%, EbIZ
TTTIT T 4 VH BRI EE T I LR T
x5,

AE VIR RN HIUE, B AT - T —H D
BRI 55T T 4 VB ABRED AE Y ~D
EXH LAFERICTE 50T, EITHEREN EANATRE
ThD,

7. FEH

Xilinx tt0 Zynq ZfEH L7 FAERHDO Y 7
h =7 Lon— Ko = 7 PERE PLl FEBR S i A ERL L
oo TTTVT T 4 NHBUZONWT, HEfk L
SO ORIRBY T Fy =T EE NEON =P 0%
R LY 7 bU=794E, OpenMP 2 L7z Y
7 b7 FEE VivadoHLS T C Y—Ra— K%
N— Ry =T L3, HDL TON— KD =7
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RIECHREL LT A2 Z ENTE T, TOREEL
TRITRTFHER DT,
° Vivado HLS T/hn— R = 7k L THREN
Bw C Y—Ra— K&, —E&BIcY 7 kK
U =7 CHHERAR,
® gcc DA—RIT X T A XFEREEFEA L C
NEON ZfEH T 2% &N M L35 Z &0
2\,
® gcc O OpenMP HENFFI{LA T a %
FEFHS 2 EPERED M BT D8NV A, N
TN E S C Y—Ra— NotEEs
ERTHLEND D,

8. HiEf

Vivado HLS Ofgifb sz C Y —Aa— %
BELTCFIomMASHA A=V T v 7 K
FARICRS BB L £ 97, Bix i T, ISHRATE
WE B R Y AT SEHFR ORI HBE—ZdZ 12 <
BN LET, AE o BB O &REIC SV TR
WFE IR ZE (15H00371) 0 2 KB4 TH X £ Uiz, R
ﬁbiﬁ—c

SE X

[1]1 /DEF HESR, C-6 [Xilinx #L0> FPGA 28T 5 @hih
> —/L Vivado HLS DN & PERE) JEFE R,
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Zyng-7000 All Programmable SoC 77 =7 /L U
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/NBF SR, gec & clang T -Ofast fidfbA 73 =
VEMT GG OFATHE, FPGA OHFE,
2015/07/14,
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