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A High-level Synthesis for FPGA from Java
TAKEFUMI MIYOSHIt and SATOSHI FUNADA it

It is considered that Java is employed as a high-level synthesis(HLS) Language in order to
implement complex algorithms onto FPGA. Cost for hardware design is reduced due to using
pure java program without additional special syntax, annotations, and libraries as a HLS. In
addition, it also reduces verification cost of the algorithm, since same program is executable
as a software on JVM.

In this paper, the motivation to employ Java as a high-level synthesis language for FPGA is
described, firstly. Then, the design of JavaRock which is a compiler from Java into HDL and
the rules to compile are presented. In addition it is described how to implement parallelized
modules running on FPGA by Java. Finally, evaluation results of generated hardware by
JavaRock in terms of the usage of hardware resources and the performance are shown. The
results show that Java is a dominant candidate of a high-level synthesis language for FPGA.
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1: public class sum{

2: public int sum(int[] a){

3 int sum = 0;

4 for(int i = 0; i < a.length; i++){
5: sum += a[il;
6:
7
8
9:

return sum;
B
}
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input_port_sum_a_waddr [31: 04

N
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reset

1: case conv_integer(sum_method_state) is

2: e

3: when 2 =>

4: sum_0 <= conv_std_logic_vector(0, 31-0+1);
5

6

7

sum_method_state <= sum_method_state + 1;
: when 3 =>
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: case conv_integer (sum_method_state) is

1

2: ...

3: when 3 =>

4 case conv_integer(state_counter_sum_1) is

5: when 0 =>

6: i_1 <= conv_std_logic_vector(0, 31-0+1);

7 state_counter_sum_1 <= state_counter_sum_1 + 1;

8: when 1 =>

9: if (conv_integer(i_1) < input_port_sum_a_length) then
state_counter_sum_1 <= state_counter_sum_1 + 1;

else
sum_method_state <= sum_method_state + 1;
state_counter_sum_1 <= (others => ’0’);

14: end if;

15: when 2 =>

16: e

17: when 3 =>

18: i_1 <= conv_std_logic_vector(conv_integer(i_1 + 1), 31-0+1);
19: state_counter_sum_1 <= conv_std_logic_vector(l, 32);

20: when others => state_counter_sum_1 <= (others => ’0’);

21: end case;

22: when 4 =>

23:
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1: when 2 =>

2 case conv_integer(state_counter_sum_2) is

3 when 0 =>

4: case conv_integer(array_index_operation_state_counter_3) is
5 when 0 =>

6 param_input_port_sum_a_raddr <=

conv_std_logic_vector(conv_integer(i_1), 11-1-0+1);
7 array_index_operation_state_counter_3 <=
array_index_operation_state_counter_3 + 1;

8: when 1 =>
9: array_index_operation_state_counter_3 <= (others => ’0’);
10: state_counter_sum_2 <= state_counter_sum_2 + 1;
11: when others => array_index_operation_state_counter_3 <=
(others => ’07);
12: end case;
13: when 1 =>
14: sum_0 <= conv_std_logic_vector(
conv_integer (sum_0 + param_input_port_sum_a_rdata), 31-0+1);
15: state_counter_sum_1 <= state_counter_sum_1 + 1;
16: state_counter_sum_2 <= (others => ’0’);
17: when others => state_counter_sum_2 <= (others => ’0°);
18:  end case;
19: when 3 =>
200 ...

9 W7 72 AT % a— FOLEH]

: U_param_input_port_sum_a :
: generic map(

DEPTH => param_input_port_sum_a_DEPTH,
WIDTH => param_input_port_sum_a_WIDTH

simpledualportram

1
2
3
4
5:)
6: port map(

7:  clk => clk,
8: we => param_input_port_sum_a_ve,

9: raddr => param_input_port_sum_a_raddr,
10: rdata => param_input_port_sum_a_rdata,
11: waddr => param_input_port_sum_a_waddr,
12:  wdata => param_input_port_sum_a_wdata
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FHL, AV FHETOA Y AZ Y ANTHOY Y — ik
D7D DY % BRE IS il XY v FIEOH L
DEHDI- 2L, procedure % function #Z D F
EHHT I LIETE R, ZD7%® JavaRock Tl
1L IR THED XY v FIERH LN ZEAT 5,

COWFNHLFIETIE, £7, callee AV v F
WS L TEE I NS “X Yy P4 _method_req” (8%
7Y —FL, caller fllic A Yy FIEOH L ZY 7 =&
F9 %, caller fllClX, “XY v F4 _method_req” 2%
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callee caller time
[ —req <= 17
set parameters,
_busy <= 1
| busy <= 11
L_req <= 07

wait for

method execution: method execution

_busy <= 01

B 11 XYy FIFCH L L& T Rl

1: case conv_integer (sum_method_state) is

2 when 0 =>

3 if (sum_method_request = ’1’) then

4: sum_method_busy <= ’1°;

5 sum_method_state <= sum_method_state + 1;
6 else

7 sum_method_busy <= ’0’;

8 end if;

9: when 1 =>

10: if (sum_method_request = ’0’) then

11: sum_method_state <= sum_method_state + 1;
12: end if;

13: when 2 =>

14: e

15: when 4 =>

16: output_port_sum <= conv_std_logic_vector(conv_integer(sum_0), 31-0+1);
17: sum_method_state <= (others => ’0’);

15: when 5 =>

16: sum_method_busy <= ’07;

17: sum_method_state <= (others => ’0’);

18:  when others => sum_method_state <= (others => ’0’);
19: end case;

B 12 caller flIcH XY v FOEFHlfHa —F

TH—=FINBE, XVy FOETIREIZAD, “X Vv
F4_busy” 5% 7H—F 9 5. caller fllTIE “X Vv
F# _method_busy” G507 ¥ —FEN/6 XYy F
~DFEGH% caller DIRFIBUIIE L 72 A3 K — b
vy bL, BT “2Y v F#_method_req” %7 4
7Y —1+F 3%, caller i, “XY v F4_method_req’
WT 47— 3NN ZRRT 5.

51/ L7sum XYy FRSERLAXY v F
DIEFTHIENCEIT 2 HDL 2 — F2E 12 ITR7, R
7—F 0 Tecallee 5DV 7T A M2fEL, R7—
b1 CERABZEHERT 2, AT —F2TAY Y FO
WPEZ AT, AT — 1+ 4 TRDEZ ER— ITRA
5, WRICAT—F 5 TAY Yy FOETZETL,
AT —b 0BT S I L THOFOHE N D 2R
D, A7 — b 1 TREL T B[S callee flllXFE 51
ey b, THbb ANR—MEERAT S,

Ay FEDOFIBOZFMELIE, —fKicy 77 =
TTIEAYy 7BHveins, LrL, FPGA kT
A8y I RED DI, VYRS ESEAIMT 2
BlockRAM Z R\ % L27%023%, WUz LT HIER
IHHTE 20 TR, 2070, 737477k
EDOZ\FIE L ITIE, B signal TEZZITIET I &
ET 5. BAIDZITIELIC signal ZEHT 2 DI3Y
Y — A HEOBIECTHENTIZ 2\ ®, caller i
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S8 EZIT E 570D BlockRAM % T %, 3.4
fifiilz7R L 72 BlockRAMU_param_input_port_sum_a
5l a L LTEAO NS DEFE 2 —T 57
H?D BlockRAM ThH %,

7E, PO L 2 EBT 2RI oW TRREE
WAaEEE LT, £, BINIARSIHEL X
ETHDD, BUEOFRETIHEH L ICA> T 5.

4. Java lc kK2 M5EDFRFE

FPGA Tl&, HEDOWNI % [FREES] GBI HE 722
N=FY27EY2a— VEHMICHE T LNTE
%, EERE LRI 7 Tk v & R ENLEERE ) & 5
BT 270iciy, ZoWMIMERENT 2 &nEET
Y, EEREETIE, WEEIGHL 2 N—FYx
TOFGPTELZ LRDENS,

JavaRock 1%, Java TH 71 7 7 Lidubig ) o #ipH
BT 5 Z L, N—FY =TGN Java TG
THILEZHELTVRS, 20700, UEQIEERELT
J T = a v OB & 25O FNIE F Nk v»

ZIT, Ev FLRLE IO L SOV OHITRIEE
% Java TERT 5 2 L IZREETH B 72 OIHRM
7u 7 72iligidI s 2 i3, By LR
L DNFIEE HDL DA - BLiEfimt L~V Tl &
n, £z, A7 0y 7 NTOm L LMK EN]
HiZary 4 Ik 2Bt e RA—rT2528ET
%, ZOZEIRKD, Ry Iel3ERTS I ERL,
ZNoDL NV TOWIHLDORIR 2 EZTES, —/
T, AR L)VTOT =G, %4 774 Vil
MohHIZ, RO 3 V34 Sk 2 HEMLAEE L »
Lo Ladns, M- PhEDT— M50, <47
74 WHLEIE, Java @ Thread % wait-notify %
FHT2Z L CcREMBETH S, fiE->T, JavaRock
TREAN=FY 27 ECHFNCEIET 28 - PR ED €
Pa—)% Java DINGDEEREE o THEBIT S Z
LL95,

4.1 Thread I & %5018

FPGA ETIE, Q2179 T &2 RRIATHICEIE
S5 EBRBEARTRTH S, I ORIBHEITHVICE)
fET2EY 2— )% Java TEIT 57 DIZ, Thread
ZHV 3,

Java TlX, Thread 7 7 A%ZME L7 7 ADA ~
AV AD start ZIFOHT LT, HILWALY F
ZHEKTHIENTES, FILLALY FTIE, 20
AVAZYAD run XY v RO I, Z O
W&, MRV L OGO &2 AIc Ef T IS,

JavaRock Tl¥, FEARMIZIZ, Java DX Y v FIENR
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1: case conv_integer(wait_method_state) is

2 when 2 =>

3 if (d_notify_flag = ’0’ and notify_flag = ’1’) then
4: wait_method_state <= wait_method_state + 1;

5: else

6 d_notify_flag <= notify_flag;

7 end if;

8 when 3 =>

B 13 wait TOL—7

1: when 2 =>

2:  notify_flag <= ’17;

3: notify_method_state <= notify_method_state + 1;
4: when 3 =>

5: notify_flag <= ’0’;

6: notify_method_state <= notify_method_state + 1;

B 14 notify TDO 7 7 7O (R

L, 35 i TiliRALIic, POHLEXY v
P25 T 9 % £ CHEOM LIRS 5 & 9 i
2135, LD L, Thread ZAL 727 7 XD start
%, WA YA ¥ AD run_method_request % 7 —
P L7, XYy FOFETRT 2R $ICES ICURE
ZREL, XM LNGKES, 29352 LT, Java
DALy FHERARED 87 54 5% HDL THHHT
&5,

4.2 wait-notify IC&LB/IN1 T 71 VNIE

F— 7 WHE E BRI 84 754 vAHIE R TE
M9 %2 Lid FPGA 2R #) LTHETH
5. ZATZLRVDNNAL 774 Wi Producer-
Consumer 73% >~ & L THRILE N, Java TlE, Ob-
ject 7 7 ADRFOAY v FTH % wait & notify Zflfio
THEETE B, fE-T, wait & notify ZN—F 7 =
T EoBce vy Y ST EEEL D,

wait-notify I, A 7Y/ bouy 7&2E2LIN
X, By 7BROEEEZDZE N TIEY — T =
A FCRIATE S, notify_flagZ vy 7 AKEL,
d_notify_flag % notify_flag % 1 7 B v 7L X
IAFERETZEE, R13I1R8T HDL 2a— P T
notify_flag Vb M358 4 IV 7 ETHOL—
7L LT wait XV vy FEFEIETESL, —JT notify
AV v FiE, B1410377 7 VHETHEETE 2.

BURD JavaRock TIE, 4 Y A Y A2 HETET
F7, # 35 Hi TR~ k9T, BIBERIFOHT callee
I, PP 37z caller 23LBHE %A L T 3 fifth oo ALEE
BTER, WAL, K13 &M 14 1R Ll e
Y= x4 T wait-notify ZHEETE T2,

5. FF i

B 1HITIRRZ X 91T, JavaRock BHFE D 1 2 Bk
&, ERTEBZN=FY 27 OHETIEAR L, PIFEER
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£2 XC6VLX240T-1 YV — 2 EOFEIE

BHH EES

#. of Slice Registers 301,440

#. of Slice LUTs 150,720

#. of Slices 37,680

#. of BRAM (32KB) 416

#. of DSP48 768

®3 )V — A RO

LY 2A&% | LUT ¥ | Block RAM
sieve 106 246 16
sort 268 408 1
connect6 2990 4469 2

OHETHL, LoLuars, NHO7axy ¥ Tlk
7 { FPGA THM % FIT§ 2 HNO—21%, WHD
Taty Y TEBESNRVLE AN 2S5 T
H5. D=, JavaRock DFHli & LT, o EhL
BHSHENERT AN 27 OHELIK T L
WIREEZEDLZVL OO, AR L 2 BIESE AN
VY —ZAfEHRICIMZ oNE I ERY, V7T
DIIFREINCE S L DA ORI LDSEHETH %,

ARTIE, TIAPFFRADSS\OIC K B ERHE
(sieve) ENT7LY — b (sort) B X, FPT 74 ~
IV RF 4 avdDconnect6™ DYV —Za—F C4+
% Java ICZEHAL 72 b D Z T, JavaRock 23K
THEN—FY =7 DMRER, VY — AR &0
REOBIHTIHII L, Java ZEMAKSHEE LTHY 2
LR ERT., HEONRETZ FPGA &L
T Xilinx #:0F 2 IR Virtex-6 XC6VLX240T4
ZHV, A EEBERICIE, Linux O XilinxISE
13.1 E@Ic XST a v 34 52 $ 5. %72, con-
nect6 NDiXil VGA DT 7 7 4 7 A% HiWT 3 —
FY 27 DREZT—ARI T4 ELTY 7727
Ay 7 &R LT Ny FFRRIZOWTHRS,

51 YY—RERA=E

BERININ=F 7 =272 H5R LSRG S )
V—AHHBEZR I ITAT. 22T, sort 1X 512 D
int BIOHFED 5 72 2T %, sieve 1 65536 F TOH
DPOERZHET Z2N—FI7=27THD. 202
NOREEERRENL, 269.179MHz, 230.153MHz,
B LU 152.70TMHz TH - 7=,

JavaRock Tl3 V)V —2 &% HIH T % 72 b DL,
EZETFT—IRRAT— e v ORERZEHT 57
D4 signal ZAMITHIEL Yy FIZIFITHIT 5
&z —UfrhoTwukw, L2rLAaMs, £30D
MRIck2E, V7727 TEELLY Y —2E
QU NN RVESS vl bR /ATl MV gl ol o
YZEINTED, BEEOAK - BLERHR Y — iz k-
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Core i7 2.93GHz
16GB 1333MHz DDR3
MacOSX 10.6.8
1.6.0-26 64-Bit Server VM

AEY
oS
JVM

T, RTL TOHELANET SN T2 2 Laibrd,
XC6VLX240T DL Y A7 ¥ & LUT #lZ, 2Nz
301,440 & 150,720 TH 245, KBz FPGA 12
MLTE, V—RXF 7Nzl —AEAERCHrEM
BBERLTETNWDLEEZ 5,

5.2 AL I % g8

RICEIHEBEETY 7 F 727 & L Tsieve & sort &
EIT LA LB L 7an—F7 = 7 CONIEHE %
Lelg U 724 A2 RS, 22T, sort OXWRET L7 —
SIS Zeb b £ o7 OWIE TR D D% AT
L<ChEZ %, JavaRock T/—Fv = 7{LA[gE7% 7' 0
75 DM Java D 7R TS L TH BN, FOD
FFEIEE LD JVM THEITTE LB TE S, MK
WNROFEREDFHICIIR 4 ITRTHEY TH 5. FPGA
TOUIRNEREIE, Xilinx ISE13.1 )& ISim CaHifi
L7.

FHI ORI 200MHz T FPGA 238fE$ 2 & L 728
£, FPGA T sieve & sort OLERIZ 222> % Il 1 Z
nzn, 7.3mpL 9smpLRkp o, —45T, Gt
BB ECHETL LA, 2 102m B E 7.6m
Bchot, 2Fh, o7 uT I LDETICE
W, Java 254 S 47z HDL IZ X %5 FPGA 3
200MHz TEIff$ 2 %5Ericid Core i7 2.93GHz IZPE
WY BN ERE 2 EHCTER, LFRA 5.

5.3 T—ARI T+

RIZ, connectb DEKElE VGA DT I 7 4 7 A
MEAN— Y27 OREZ T —ARY T4+ ELT
JavaRock & i3 7en—F 7 = 7N BT 2 Y 7 b
VT ARYy 7R LT Ny FFEIZOWTHR
N5, L, REOHEL, VGANDT 7747
ZHiEiN— R = 7 D%iHE, Altera Cyclone® IV
EP4CE115 Z#5# L 725l % » b TdH % DE2-115'%)
ERNRE L.

5.3.1 connect6 D/\—KU 71t

BIFEICH 25T, 3, Web ¥4 13 oI NT
W5 CH+ TR I 417z connect6 DY — A 2 — F %%
W Java ICEHLL 72, WRE L72DIE, connect6 D
A—F)VTdH %, connetc6.cpp NDFKHET-RIDFHIE
B zRKD 5 calulatepoints & TR T DAL K DM
iz G5 L F %387 % connect6ai D DD T
b5, ZOZOOBEE ZNFN, Calculator. java



F53E TOYSIUY-DURUY L 20121

xecutable
o
s

e

B 15 connect6 DTNy FTHW/IV7 7 AD 7 7 AKX

16 777 4 7 AffliliNn—Fo 2 7070 D 7 7 ARG

& ICFTPPlayer.java & L C Java THE¥ET 2,

B 15 12, Java THE L 72 connect6 % 7 /¥v
ST LI 9 ARD 7 7 AERT,
ICFPTPlayer & Calculator ¥*5 7% % ICFPT T
N E N7z connect6 LA Yk, oK OLD L —
YHEIE LI Player A VI — 7 A A% FEET L
FATHD., 2DV IFTADA VALY VAL, Game &
FPGAGame THA I %, Game ¥ JVM ETHIfEZ ¥
LLEDAAL VY NV—FTHD, FPGAGame | FPGA
LicFHET2LED by TV T4 T4 IKHHNST S S
TATH %, Game ZET 7 7 AR IVM CHEBEFET
$5 I LTE, FPGAGame 2 &8s 7 7 AL FPGA
WCHEEMRETH L., ZDkHie, YV7rhozT7EL
TOTNy VEREZREET 2 2 & T, fEHE> ORI
TNy JTE5,

5.3.2 VGAJ371 7 AEEIN—KV 7

VGA 757 4 7 AfliNn—Fo 272G 5 2
EREZL, Rl —F, 72 ABEERE
ALBOMETEINL—F 2N N—F 27T 3ET
%, B16 127y VDD @Et Lo 5 AWE%
Y.

N=F7 27T XRE, Hil)L—F v 25dL
VGAJavaTest 25, FEEEROMENER L LT Swing T
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B 17 VGA 7774 7 AfiliNn—F 2 27%2Y7 7 =27TT
Ny 7

/4 i i .
B 18 VGA 7774 7 Afiifi/N—F7 =7
FERL U 7=l T d % SwingFrame % 4 Y A V¥
I—>av¥$3ILTRIITICRTEIICY 7Y
7ELCEITHRLMERTES., —HFTh—Fv=z
7EY2—)L% JRHI T7 v 7' L7 VGAIf %4 v A
Y I—avi3sliT, B18ITART LI ICHE
N—=F 7 s L TETHREHEETE S,
ASENZEHO -1, N—F 7 = 7HERIREY 7+
DT ARYY 7 LD I ATREILR D77 A4% -,
L»L, ACZI7ALTY 7727 H50EN—F
TIT7DEY 2a—NEZHFELTEE, av 3 LVIKE
FUOETRD Y AR TENEFNEZHEOHT LS
TB2ET, V—AIA—FRRE->L{LHE TSI L

%L, EHLo0BEBFHTESZLIICTEIEDT
ERR
6. £ & &

JavaRock 1, 77 7V r—>a v % FPGA T
MBS 2 7- 0 DEAFEE Y R — T3 EMNARSTEOR
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