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A Distributed Object Platform
for Easy Handling FPGA from Software

TakesHi OHKAWA |+ Sosu1 TAKANO,r Daicat UETAKE,t
TakAsHI YOKOTA,+ KANEMITSU OOTSU+t and TAKANOBU BABAf

FPGA (Field Programmable Gate Array) is widely used for an optimiezed parallel processing
in many situations, such as high performance computing and constructing realtime systems.
However, there are barriers to introduce FPGA as a computing resouce for a general software
developer because it is necessary to write a design in Hardware Description Language(HDL)
to use FPGA.

This report introduces an abstraction method of a hardware programmed on an FPGA using
CORBA (Common Object Request Broker Architecture). By the abstraction of the hardware
on FPGA, a software developper can use the cirtuit or computing resource on FPGA very
easily. And the adaptability of CORBA platform for a development of an FPGA system is
exhibited by a case study of operating a digital circuit on FPGA from host system through
CORBA. A Java program on Android terminal is used to operates FPGA and the performance
evaluation results are shown.
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&, CORBA DA 2 MENHEEMLZ L. ®&EH
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Lo -BHETIE, TCP/IP MFR— b % LA
T2 LEATEET, 12 —3Y bk EIZ CORBA
DOATV 7 N ESEHEEL THRICERT S, v
D ORGTHEE ORI L < Ro /. TDDMBR
12, CORBA DIG#GHTI, AUy hT—2
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IV RT—=UTlE, EVIAVVATA VY T
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FXNTN3.
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515, SOAPY™ (¥ & & &% Simple Object Access
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SUE—R| 58 mE "m(fl,l‘zﬁﬂ
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AE Load/Store @ 50MHz 2.0E-09
— <y IR1/0|Load/Store @ 100MHz 1.0E-08
TINAR | Write 1.0E-06
F54/% |Open/Write/Read/Close 5.0E-06
SunRPC(TCP) 1.5E-03
Direct VRPC 1.0E-04
Reduced VRPC 6.0E-05
Optimized VRPC 4.0E-05
RPC  IlRec 1.3E-04
LRPC/MP 1.6E-04
TAOS 4.6E-04
Firefly RPC 2.5E-03
|openORB (CORBA, Java) 3.1E-03
JacORB (CORBA, Java) 2.1E-03
JavalDL (CORBA, Java) 3.9E-03
RMI (Java) 1.5E-03
YE—h ¥  [HORB (Java) 1.0E-03
AP xYb [JavalDL (CORBA, Java) 1.3E-03
$§M  |RMI (Java) 8.0E-04
OmniORB (C++) 1.3E-04
MICO (C++) 3.9E-04
OrbEngine (Spartan3E, C) 1.5E-03
OrbEngine (Virtex6, C) 5.0E-04
Apache AXIS (Java) 1.8E-02
|Apache AXIS (Java) 1.3E-02
H#—EX |[MS SOAP Toolkit (Visual Basic) 2.0E-01
8  |SoapRMI (Java) 3.8E-02
SOAP:Lite(Perl) 2.0E-01
Apache SOAP (Java) 2.1E-01
3 LR O

2.4 WMRIEHAOLLE

INETHIU 2 4 BBED/N— KT = 7 HIRALITH
UG VT Rz NoN—RY =7 % 1 [E#ETS
72D B E WS BURTE DD, X2
Thd. HLIZUT—&IE, H3ITRLTWS.

BELTORDZ Y AT AL U SIRHERNRDY AT A
OBEFBEIIE % TH DA, RKENRIENERT /2
iz, AemghRiconwCidzedTHRIZT
oy k47572

MR 1 BB : ATV Y 7R I/O 120V T
%, 50MHz & 100MHz T®D 1 ZJHY 27 TDHAE
)7 2% A (Load/Store) % & U 7zH HE (Fim
) 7Ow hUTHhD. /20 2 Bl : 751 2
RIANIFIZ20TI, — %742 PC (Intel(R)
Core(TM) i7-2600 CPU @ 3.40GHz) LT LinuxOS
(Cent0S6.3) #EEIXH, F/NA AR T A /NDH
72 H4RE (open/close/read /write) 2% R % &

~
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PUHEREZRLTHD.

F72, FIBEW ATV N/FIZO0TE, Ih
FTHEINTVS ORB DI U R 12)14),16).18)
270y hU7z. 2 S DERBERIEX 100Mbps ©
U<IZ 1Gbps DA —H 32w N THhS. HIZ, @A
TV MFEOH U OEBEA & U T RPC(Remote
Procedure Call) DIFOH U Z2F L LT 7Oy
U0, RPCIEA TV =2 MEHTIEAR VA,

SiE% FORTRAN OBEITOH L% A v —Ifk
UT, ERIPFOCHUETRICTRETHD. EIC
HPC ECHWON, ATV xy MEFOZIME X
DY, EEEICERIEINT NS0, LY EER
WEBEE WAV AT AR 5 2 & T 100us %
TEIBEOH LR 2 R3HE 5 5.

WIZ, FHA4ER:bY—YAI/F £ LT WEB¥—
YA (SOAP) OO H UK Z 7w kU229,
WEB ¥ —E ADIEOH UKL, ZRI2E T XML
DIFRDPBETH D728, MEREA—/S—~w RIZH 3
BEEDENRYREILRDEILENBDND.

2.5 FPGA RO A TV =) MR

~ORBIvVYY

EHX, BUROTNSA AR T A NERALZN—R
U= 7 OEMETIE (55 2 B (IS LT, 28 3 B
ATV N 1/F TOMGALEFTS Z & CRaEEN
ZB U CKRIERM E24TD ZEBNAHETH D EERT
W, K212k 5 e, 53 BBEOERIRNIE 0.1ms~
10ms IZHELTWS. —7F, 52 BB OSSR
WATH 10 7 UPRETHS. VE—bhe—
FIVDENIDH DD, N— RO =T 2D 72dDA
B—=T A AL UTH, TAARTAND10YA Y
O HIEIZZARS. 10 ¥ 7 0% 1GHz ¥ AT A
raw 7w E LB, 10K Yo ZIVITHY T 57
b, PRCEEH10 /51 D CORBA AV & —Y
DTN IV EIT DL, DRV IVERTH
5LEZOND. £72, BUE—BRIZ AT THES ORB
iE Linux FOBBECHET 2 Z L 2 ME LB Y AN
MY THY, BMBDO7y b 7)Y h2ETHW,

T DRy, FPGA T rIREZ & - B B 80 7
Vs MR UTEZEMERE LD ORB =Y
VTHBH . ORB TV VL, FPGA [AITD
V7 ha7 7ot wY MicroBlaze 1T 16KB FEED
7y NV Y NTEERBER C SREY 7 b T &
MMZUT, FPGAN— R =7 #EGHT— 2B LY —
IVEECHER I VT E Y, SourceForge TARI T2
A—=TVI)=2AV T 7 TH5). ORBTV YV
DOFLROFFOH UKL, K4 13R3T&E8Y, 0.5ms f2
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4 ORB TV Y VOINERH

[ (FPGA ¥ AT A JEIE 100MHz, 100Mbps 1 —
Yy hERBELUTHEM) THD. HL, 5HIF
FPGA ON— R D = 7 &% £ U W HLEIZ &
Y, HICNERMZEMET 2 225U TV,

3. ORBIYYVERMWLFPGA YT A
R

AREITIX ORB TV YV & WY AT LBIFEH]
%9, ORB TV Y VEADEMMEERT72dDIZ, &
AT LAOFFHAIEZ [HFay YA FOA—FT 14
JPE%E FPGA EIZEBLLU Android #ik 2 S GUI T
BEd2Z22] 2 UA. ZHuX, Android HEHD & v
F 05 FEHE E TITIEEL 10ms FEIE D BIRE S ME A SR
IN, TOHTOWHERPBELRT TV ENLTH
%. ABFTIE FPGA LOHFOEEN— R T %
FTV T MEFIDN—R Y27V 2 —T 2 AT
%A LU, Android & FPGA #2484 7Y 7 bd
0NN KD BETHIET D Z L & FIRISE /2.

AT LARFEEE X Digilent #:80D Atlys(TM)
Spartan-6 FPGA Development Board % f\>/z. [
A—RIZIE AC’ 97 (Audio Codec 97) &4 AH 1D
TEWMBEL TREINT VWD, ZhEzXR—2k L
ORB TV YV %MAWT, FPGA %ifgA Y v RIFH
UHRERA TV 7 MET B, BB, Y AT LEED
FEMIE, BIOWE'S THMITRL TV 20, K
TEN=RY =T OHHLE TO T T LM EDHWN
HHUMHT .

3.1 FPGA O%EI4HiE

FPGA & Android D##EY 27 L& &G BRI
I, 2 FOWHIEN DY L E P BRETH L. K
VAT AIBWTIE, K5 IRT LI FPGA flle
PC/Android Ui A MO 2 3L 7=

ToneGenerator |&, FPGA il W THH =Y
TEATI NTHY, K6IIRTAI VR —T A
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FPGA

Tone
Generator

Java (PC / Android)

User

Music
Sequencer
3 Android D GUIIZ&D
1B

5 FFEHGIOBEDH

interface ToneGenerator {
void keyOn (in long channel, in long frequency, in long velocity);

void keyOff(in long channel);
b

6 ToneGenerator D1 V4 —7 1 AEFH (IDL)

AEH (7 74 )% : ToneGenerator.idl) D2 &
U7, keyOn ZFHE 1T OEMETHY, NI A—X
& UTIHAIICHE IRER 3 DDF ¥V A inb—D
% $87E (channel), JEEEZHE (frequency), FHEED
REX (FTHEE T velocity) 252 5. F7z, keyOff i
FEHIEIETBEETHY, channel DAZIRET 5.
PC/Android il 7Y =7 M, MusicSequencer,
MusicNote, MainActivity @ 3 222574 %. Music-
Note (3 H B2 B ER G FFIE R % (REF T 1% E T
Hb. £/, FPGA LA TV bO#EEZRITH D
I%, MusicSequencer T4, Android 7 7)) Dif%
& 72 % MainActivity 2*5 DH#/R T, ToneGenerator
DAYy REMOHUTHES ZHIEHT 5.

3.2 VAT LK

B 7, ARBEFEFEHNZS T2V 7 b TR T
Hd. kD IDL 7 7 A NVins, FPGA EY—N\E
& Android 117 74 7 > MZME$ % CORBA 7
o0k 2VILEH O Skeleton 7 71 )V (C 538) %K
ERUMHL . FPGA LD ORB VY Vi3
Y — ADBENS TCP/IP XY 3, UDP/IP %
HHLTWS. £D7d, Android fliZH W T TCP
Ny N UDP STy MIEHRT DTy Vk#ET
2. ZOTVYIIEORBIYY VDN =Tk
HIMINTNS.

Android ¥R T GUILIZ & B &y F AT U 725
faA 7Y = MO U 2475 72812, Android SDK
(NN—=2 2> 4.0.3) ZH\W/z Java 124 D Android *
17477 TV =y aviEEiTo7z. KI8T, Bl
U7 Android 7 7V 7 —¥ a VOME G H % /R d.
PAEAZ SeekBar #FlE L, £ 0D _EIZHZ ON/OFF
PO RE Y, FITidEdhz BEIHZERRT S8
2y aBlE L2, 12—k SeekBar 2 XV F§ 5 L
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Native application Native application
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UDP/IP \ TCP/IP socket \
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FPGA SO EFRNH NI NS, EHIM»HHE
R L, SHEOHNINIEED. /2, EAICEHNT
DS UOBE L BT, IO JERE
PEFIND. FEHBEHERBRL 242y T Uk
PIZIHRZE X N D MNE PO Java 7107 T APRIZHID
AAET—4 (MusicNote DV A K) & U7z,
FPGA FEMMIT, CORBA DgEhg A Y v RIEH L
WG U S B 245 /20 DN— R = 7R % X
9 IR, FE, FPGA Ot AT Y BLUAHA
I LSI 2 &R L T\ d. FPGA NEICHWT, £
NHEDLSI DA VA —7 =+ AREEERL CTHiH
T5. N— Rz T7HRRIHHLZY Vi, Xilinx
#1# ISE Design Suite Embedded Edition (13.4) T
HB. MEOTEYAT AIBWTHRICERH AL
WL BoTWlzd, AREFIZENTOLEERIZ

Ethernet @5 1P (Xilinx -8) @&, #v) JZ)JSK
55 DS, M BlockRAM DR RZH (16KB —

64KB) DATH > /.

3.3 N—RUTTADT Y& ABEIFHER

BAF U 72 Android/FPGA M 257 AIZEWT,
GULDE Y FELEDON—=R I T ~NDT 78 ZIZHh
MBI Z S U8R 2 10 1I2RY. g
SeekBar % & v F U 2B H I 115, ToneGen-
erator A 7Y =7 NOD keyOn A Y v RDjafg A v
RIEFHLU & Uz, kiR &Y keyOn AV RO
U U5 31.5ms FiERIC FPGA fllITDO A Yy R
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' Reset/Clock ‘JTAG ‘ UART
| | | | FPGA
MicroBlaze .
BlockrAM [/ Lol N 3pit M';'e"bi'aze Uartlite
64KB B Soft-core 8 For debug
Module
Processor
E 3 2
< AXi4-bus >
DDR2 AC'97 E”:_Tt:et
INTC GPIO GPIO Memory Audio
Controller (by Digilent) (100Base-
voe 7X)
DDR2 AC'97 Ethernet
LED SW 128mB Audio I/F PHY
$ rudio $ ro0ase-1x
9 N— KU THEEK
Measured . TCP/UDP UDP/TCP ORBE
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'
0.1ms TCP packet=> recv start
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NZHELER, 7541472 8 TCP /37y ha2
DIIHPNTEEINT VD HIHI U 72, R
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FPGA EON—RDU 7%V 7 N7 56D
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FPGA ¥ AT ADFEHEFEVER L0 728 D% EHFiE
EREUZ. EEON—RY = TSRO T
PEPA R L 7D I, KB - EMERE FPGA i
RATKIE U 72— R = T g LTk e LT, FPGA
D CORBA ¥ #A 7Y 22 b TdhsS ORB T
VIVIZOWTHMN L.

HIZ Android 7 7V r—> a v b FPGA % #fE
T2EMERTI LT, FPGA 258V A7 ARTE
AND CORBA #HDERMEZ R U 7.
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Feo TR U TITAD ZE WA TEZ. ZhiE
CORBA DOFHAT FPGA IZA 7Y =27 MERDA
VR—=T A AEBERITIOENFEL TS, T8O
H, FPGA OFNEHI SR NY 7 v = 7 Hiffi& T
H->TE, ORB TV YV ZHWVWSHET FPGA &%
IZHEEL 72V AT ARG TH LI FEEZ R LT
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