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Field Programmable Gate Array
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http:.//www.altera.com/literature/wp/wp-01142-teraflops.pdf

< 1.25 TFLOPS, 10~12GFLOPS/W

CPU & bR T WLIEEE
Smith-Waterman {512 X 2 ZEHEI 7 74 X v MU E £V T ALk
R—Z DRI T 2 L — a v%& FPGA THEIT L 25&, 2 Z 4 CPU
IZEER T 228 %5 & 545 ISR T X 7

[ 1 ] Reconfigurable Computing in the Multi-Core Era.
In Internal Workshop on Highly-Efficient Accelerators
and Reconfigurable Technologies, 2010.
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@FPGA2013, FPL2013, FCCM2013

A Fully Pipelined FPGA Architecture for Stochastic Simulation of Chemical
Systems

A Hardware Accelerated Approach for Imaging Flow Cytometry

Accelerating Solvers for Global Atmospheric Equations though Mixed-Precision
Data Flow Engine

An FPGA Based Parallel Architecture For Music Melody Matching
An FPGA Memcached Appliance
High Throughput and Programmable Online Traffic Classifier on FPGA

Join Operation for Relational Databases
A Packet Classifier using LUT cascades Based on EVMDDs(K) 30+

Memory Efficient IP Lookup in 100Gbps Networks
A Flexible Hash Table Design for 10GBps Key-Value Stores in FPGASs

A Secure Copreocessor for Database Applications

Fast, FPGA-based Rainbow Table Creation for Attacking Encrypted Mobile
Communications
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FPGALEDT7AYVS5ZV7&E

Devicel()

Logic
Cells

Configurable Logic
Blocks (CLBs)

Slices(?)

Max
Distributed
RAM (Kb)

Slices®

Block RAM Blocks(%)

18 Kb

36 Kb

(5) (6)
Max Blocks

(Kb)

XC7Vvs585T
XC7V2000T

582,720
1,854,560

91,050

305,400

6,938
21,550

1,260
2,160

1,590
2,584

795
1,292

46,512

28,620

XC7VX330T

326,400

51,000

4,388

1,120

1,500

750

27,000

XC7VX415T
| XC7VX485T
| XC7VX550T
| XC7VX690T
| XC7VX980T

412,160
- 485,760
- 554,240
' 693,120
| 979,200

XC7VvX1140T 1,139,200

64,400

75,900

86,600

108,300
153,000
178,000

6,525
8,175
8,725
10,888
13,838
17,700

2,160
2,800
2,880
3,600
3,600
3,360

1,760

‘ 2,060 ‘
' 2,360 -
‘ 2,940 -
| 3,000 |
| 3,760 |

XC7VH580T
XC7VH870T

)

580,480
876,160
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90,700

136,900

8,850
13,275

1,680
2,520

880
1,030

37,080

52,920
54,000

31,680

42,480

3
4
2
2
4
2
3
3
4

Algerithm Englne
cPU2
ou

Mamery Contralier
Usar

|) http://japan.xilinx.com/support/documentation/data_sheets/ds|80_7/Series_Overview.pdf

2) http://hitechglobal.com/boards/virtex7_v2000t.htm

3) http://http://low-powerdesign.com/sleibson/201 1/10/25/generation-jumping-2-5d-xilinx-

virtex-7-2000t-fpga-delivers-1954560-logic-cells-consumes-only-20w/
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FPGADRAEFEDER

HDL(Hardware Description Language)
[C& BRTL(Register Transfer Level):&&t

process (a, b, x, y)
begin
f <= a + b;
g <=a * b;
if a > b then
h <= x;
else
h <=y;
end if;
end process;

process (clk)
begin
if clk'event and clk = '1"' then

if reset = "1"' then

counter <= (others => '0'); _’@__’Lcounter
else

counter <= counter + 1;

end if;
end if;
end process; clk
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ImpulseC, SpecC, GorillaC,AutoESL, CWB7Z &R
SystemC, OCAPI, HP-Machine

Java JHDL, Lime, MaxCompiler, Sea Cucumber, JavaRock
C# Kiwi
Python PHDL, MyHDL
Ruby RHDL
ML CPAH
Fortran DeepC Compiler, ROCCC, SRC-6

Haksell Lava, Bluespec System Verilog

Matlab MATCH, DEFACTO Comepiler
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ESL Synthesis
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Figure A. Sales of electronic system-level synthesis tools. (Source: Gary Smith
EDA statistics.)

AutoESL, OpenCL, ImupluseC, CWB..2ERERE
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> Vivado ESL (AutoESL)

» ImpulseC

» Bluespec System Verilog
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Vivado ESL (AutoESL)

C, C++, SystemCZHR— bk
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Vivado HLSTY—h

int main() {

Int tmp;

int max_i = SIZE - 1;

Int a, b;

inti, j;
re for (i=0;i<=max_i-1;i++){
et - o, int max_j=SIZE - 1 - i;

ein oy for (j = 1; ) <= max_j; j++) {

" a = arfj;
b = arfj - 1];
if (a<Db){

arfj - 1] = a;

arfj] = b;

}

}

return O;
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Vivado HLSTY—h

800 '\ Vivado HLS - his_test (/home/miyo/Vivado/hls_test)
File Edit Project Solution Window Help
- cs =1 b ‘E“t G \‘i)

£ Dobug + |Synthesis I«‘iuAnﬁ/ﬂl
£ Modde Hierwch . = 0| ([ mine  \ClOuiumemmemainiie

RAM 4]

pp.utmn Control Step ][ co ][ cl1 “ c2 ][ c3 ]
[=]kocp 1 ]

exitcondl (1cmp)

1_1(%)

nax_j(%)

[-1Loep 1.1

|

| J
| J
| J
| J
[ 1(+) ]
[ J
[ J
| J
| J
|

|

tap (icmp)

Alread)

D (read)

tap 4 (1cnp)
node_28 (write) ]

node_29 (write) ]

< J Perdormance Resource
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Vivado HLSTY—h

library IEEE: architecture behav of main is

use |IEEE.std_logic_1164.all;

use |IEEE.numeric_std.all; == Snip -

: . begin
entity main is g

port ( -- snip -- 0w 7 IEJHH LT

ap_clk : IN STD_LOGIC;

ap_rst : IN STD_LOGIC;

ap_start : IN STD_LOGIC;

ap_done : OUT STD_LOGIC;

ap_idle : OUT STD_LOGIC;

ap_ready : OUT STD_LOGIC;

ar_address0 : OUT STD_LOGIC_VECTOR (8 downto 0);
ar_ce0 : OUT STD_LOGIC;

ar_we0 : OUT STD_LOGIC;

ar_d0 : OUT STD_LOGIC_VECTOR (31 downto 0);
ar_q0 : IN STD_LOGIC_VECTOR (31 downto 0);
ar_address1 : OUT STD_LOGIC_VECTOR (8 downto 0);
ar_cel : OUT STD_LOGIC;

ar_wel : OUT STD_LOGIC;

ar_d1 : OUT STD_LOGIC_VECTOR (31 downto 0);
ar_q1 :IN STD_LOGIC_VECTOR (31 downto 0) );

end;

AV TEUER

> 1 7)LiK— NRAMIZ AR B dafz L

Q?‘— trees.Japan _

-- ap_reg assign process. -- 'ﬂE% l/ :/Z 9 (!: 1%7.7;

ap_reg_proc : process(ap_clk)
begin
if (ap_clk'event and ap_clk = '1") then
if ((ap_ST_st3_fsm_2 =ap_CS_fsm) and (ap_const_Iv1_0 =tmp_fu_96_p2))) then
ar_addr_1_reg_145 <=tmp_3_fu_106_p1(9 - 1 downto 0);
end if;
if ((ap_ST_st3_fsm_2 =ap_CS_fsm) and (ap_const_Iv1_0 =tmp_fu_96_p2))) then
ar_addr_reg_139 <=tmp_2_fu_101_p1(9 - 1 downto 0);
end if;
if (ap_ST_st2_fsm_1 =ap_CS_fsm)) then
i_1_reg_120<=i_1_fu_74_p2;
end if;
-- snip --
end if;
end process;
max_j_cast2_reg_125(31 downto 9) <= "00000000000000000000000";

ESS2013 2013.10.16



Vivado HLSTY—h

-- the next state (ap_NS_fsm) of the state machine. --
ap_NS_fsm_assign_proc : process (ap_start , ap_CS_fsm , exitcond1_fu_68_p2 , tmp_fu_96_p2)
begin
case ap_CS_fsm s
when ap_ST_st1_fsm_0 =>
if (not((ap_start = ap_const_logic_0))) then —
ap_NS_fsm <= ap_ST_st2_fsm_1; AT — I\ N
else
ap_NS_fsm <= ap_ST_st1_fsm_0;
end if;
when ap_ST_st2_fsm_1 =>
if (not((exitcond1_fu_68_p2 = ap_const_Iv1_0))) then
ap_NS_fsm <= ap_ST_st1_fsm_0;
else
ap_NS_fsm <= ap_ST_st3_fsm_2;
end if;
-- snip --
end case;
end process;

-- snip --
exitcond1_fu_68_p2 <="1" when (i_reg_43 = ap_const_Iv9_1FF) else "0";
i_1_fu_74_p2 <= std_logic_vector(unsigned(i_reg_43) + unsigned(ap_const_Iv9_1));
j_fu_90_p2 <= std_logic_vector(unsigned(indvar_reg_54) + unsigned(ap_const_Iv32_1));
max_j_cast2_fu_86_p1 <= std_logic_vector(resize(unsigned(max_j_fu_80_p2),32));
max_j_fu_80_p2 <= (i_reg_43 xor ap_const_Iv9_1FF); = e
tmp_2_fu_101_p1 <= std_logic_vector(resize(signed(j_fu_90_p2),64)); E-I_E- Lj: ﬁ?ﬂ %Lé b _E.]_
tmp_3_fu_106_p1 <= std_logic_vector(resize(signed(indvar_reg_54),64));
tmp_4_fu_111_p2 <="1" when (signed(ar_qg0) < signed(ar_qg1)) else "0";
tmp_fu_96_p2 <= "1" when (signed(j_fu_90_p2) > signed(max_j_cast2_reg_125)) else "0";

-- snip --

QV'— trees.Japan ESS2013 2013.10.16



ImpulseC

>  ANSI-CH AN

» Stream-COrFR1L

> CSPR—ZDWHEMEET

> T—YAKNY—=LIFFIFO

S/W process
S/W process

P j tx l//\\\)l/\\ﬂ)_’-l_l'ﬂ:, H/W process
hw/sw® X Al (&40

P % j t A LiANSl an H/W process

» pragmalc & 5 &I (Pipeline, Unroll, StageDelay# &)

cf.ilink 771V > U B8RS, “ANSI-CEER ThwE Y 2 — VAR + CPUI Y & Dhwiswiniiz%sT CoDeveloper doc_Ver3.6”
QV' trees.Japan, 2% ESS2013 2013.10.16




ImpulseCTY—h

Imgulse CoDeveloper Application Manager Universal Edition - [sort] - [sort hw.c)

NN ALY il GRV & 7 @)

// Read values from the stream
i=0;
while ( co_stream_read(sortinput, &nSample, sizeof(co_int32)) == co_err_none ) {
#pragma CO PIPELINE
IF_SIM(samplesread++;)
ar[i++] = nSample;

- o

}
I/ Sort Body

for (i=0;i <= max_i- |;i++){
max_j = SIZE - | - ;
for (j = I;j <= max_j;j++) {
a = ar[j];
b=ar[j- I];
if (@ <b){
ar[j- 1] = a;
ar[j] = b;

et T BT B E T EE R AR R R R RUECRET
R P s 8 SV dD AL W o -

-0 9

, A A A
A wN

}

}

// Write values to the stream

for(i = 0;i < SIZE; i++){
co_stream_write(sortoutput, &(ar[i]), sizeof(co_int32));
IF_SIM(sampleswritten++;)

Q?'— trees.Japan ESS2013 2013.10.16



ImpulseCTY—h

® Stage Master Fxplorer
File Edit Tools Hebp

e ———————————
= D¥home¥miyo¥CoDevelos Source Code Dataflow - bSsO
=] sortproc

[ Block 0
Stage 0
(= Loop 1
- Block 1
[+ Pipeline 2
[#)- Block 3
=] Loop 4
[+ Block 4
- Loop 5

Sta
.. Sta
. Ota
Sta
= Block ¢
Sta
- Sta
Sta
[=- Block ~
Sta
[+]- Block 8
[=)- Block 9
Stage 0
[=- Loop 10
= Block 10
- Stage (
Stage ~
=Bl 11 BLOCK 5 SUMMARY:
~Stage 0 .
= Block 12 Block type: sequential

Stage 0 otal stages: 4
Max. Unit Delay: 32

o |
~11994.426011 :a2dZoomTool
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ImpulseCTY—h

library impulse;
use impulse.components.all;

process (r_suif_tmp3,ni207_suif_tmp0,ni213_suif_tmp2,ni210_suif_tmp1,thisState)
begin
case thisState is
when init =>
nextState <= b0s0;
when b0s0 =>
nextState <= b1s0;
when b1s0 =>
nextState <= b2s0;
when b2s0 =>
nextState <= b3s0;
when b3s0 =>
nextState <= b4s0;
when b4s0 =>
nextState <= b5s0;
when b5s0 =>
if ((not ni210_suif_tmp1(0)) = '1") then
nextState <= b8s0;
else
nextState <= b5s1;
end if;
when b5s1 =>
nextState <= b5s2;
when b5s2 =>
nextState <= b5s3;
when b5s3 =>
if (ni213_suif_tmp2(0) = '1") then
nextState <= b6s0;
elsif ((not ni213_suif_tmp2(0)) = '1') then
nextState <= b7s0;
else
nextState <= b5s3;
end if;

entity sortproc is
port (signal reset : in std_ulogic;

signal sclk : in std_ulogic;

signal clk : in std_ulogic;

signal p_sortinput_rdy : in std_ulogic;

signal p_sortinput_en : inout std_ulogic;

signal p_sortinput_eos : in std_ulogic;

signal p_sortinput_data : in std_ulogic_vector (31 downto 0);

signal p_sortoutput_rdy : in std_ulogic;

signal p_sortoutput_en : inout std_ulogic;

signal p_sortoutput_eos : out std_ulogic;

signal p_sortoutput_data : out std_ulogic_vector (31 downto 0));
end sortproc;

A F A ~Y —L(FIFO)
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Vivado HLSTY—h

s_b2_stall <= '0'when (s_b2_vstall and s_b2_stage) = "000" else '1';
s_b2_vwrite(0) <= s_b2_stage(0) when s_b2_stall ='0"'and s_b2_final = '0' else '0';
s_b2_vwrite(1) <= s_b2_stage(1) when s_b2_stall = '0' and s_b2_final = '0' else '0';
s_b2_vwrite(2) <= s_b2_stage(2) when s_b2_stall ='0' else '0';
s_b2_vcont(0) <= (s_b2_stage(0) and not s_b2_vbreak(0)) and not s_b2_final;
s_b2_vcont(1) <= s_b2_stage(1) and not s_b2_final;
s_b2_vcont(2) <='0"
s_b2 final <='0";
s_b2_flushing <= "1 when s_b2_state = flush else s_b2_final;
s_b2_flushed <=
"1"when s_b2_stall = '0' and (s_b2_vflush or s_b2_stage) = "000" else
1" when s_b2_vflush(2) ='1' else
|O|;
with s_b2_state select
s_b2_done <=
'0' when init,
'0' when run,
s_b2_flushed when flush,
'0' when others;
-- b3s0
ni206_i <= X"00000000";

-- b4s0
ni208_max_j <= sub(X"000001ff", r_i);
ni209_j <= X"00000001";

-- b5s0

ni210_suif_tmp1 <="0000000000000000000000000000000" & cmp_less_equal_s(r_j, r_max_j);

Q?‘— trees.Japan _

process (clk)
begin
if (clk'event and clk="1") then
case thisState is
when b1s0 =>
r_i<=ni201_i;
when b2s0 =>
if (s_b2_vwrite(1) ='1") then
r i <=ni205_i;
end if;
when b3s0 =>
r_i<=ni206_i;
when b8s0 =>
r i<=ni215_i;
when b9s0 =>
r_i<=ni216_i;
when b10s0 =>
r i<=ni219_i;
when others =>
end case;
end if;
end process;

process (clk)
begin
if (clk'event and clk="1") then
case thisState is
when b4s0 =>
r_max_j <= ni208_max_j;
when others =>

end case; 7 Ry 7 -‘/—\;b-t;_]-’z‘

end if;

end process; H{,u () ;k)tJ:—(
VAYICty bk
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Bluespec System Verilog
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module mkTest(Test_ifc);
Reg#(Bit#(26)) counter <- mkReg(0);
rule rO;
counter <= counter + 1;
endrule
method Bit#(26) result();
return readReg(counter);
endmethod
endmodule

module mkTest(CLK, RST_N, result, RDY_result);
input CLK;
input RST_N;
/* snip */
// register counter
assign counter$D_IN = counter + 26'd1 ;
assign counter$EN = 1'd1 ;
/* snip */
always@ (posedge CLK)
begin
if {RST_N)
begin
counter <= 'BSV_ASSIGNMENT_DELAY 26'd0;
end
else
begin
if (counter$EN) counter <= "BSV_ASSIGNMENT_DELAY counter$D_IN;
end
end
/* snip */
endmodule // mkTest
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BSVTY—h

import Vector::*;
import DReg::*;

interface BubSort_ifc#(type size_t);
method Action start(Vector #(size_t, int) a);
method Vector#(size_t, int) result();
endinterface

module mkBubSort(BubSort_ifc#(size_t));
Vector#(size_t, Reg#(int)) x <- replicateM(mkReg(0));

Reg#(Bool) init <- mkReg(True);
rule print_version(init);
action
$display("Bubble Sort");
init <= False;
endaction
endrule

Q?‘— trees.Japan _

function Bool sorted();
Bool flag = True;
for(Integer i = 0; i < valueOf(size_t) - 1;i =i+ 1) begin
if(1(x[i] <= x[i+1])) flag = flag && False;
end
return flag;
endfunction

for(Integer i = 0; i < valueof(size_t) - 1;i =i+ 1) begin
rule swap((x[i] > x[i+1]));
X[i] <= X[i + 1];
X[i+1] <= X]i];
endrule
end

method Action start(Vector#(size_t, int) a);
writeVReg(x, a);
endmethod

method Vector#(size_t, int) result() if(sorted());
return readVReg(x);
endmethod

endmodule
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faNo \ GTKWave - bluespec.bsort,32/dump.ved

Fle Edt Search Tme Markers View

! 4¢ -~ ror 20( « renr D 1.
s LJ » 1955 us &Y Marker: 290 us | Cursor: 290 us

DOOO4AL 0N 00001 000011 %
DOOOS33S 00 DO0O4 L 08

5ES

(e

ort_x_12[31:¢

sort_x_13(31:0] 00« 00+ (00
ort_x_14(31:0] Or 100

ort x 15

T
0O0&F]

ort x 16[31:0)
ort_x_17(31:0]
ort_x_18(31:¢

sort x 19(31:0)

state run pw

state run pw whas
ort_x 20[31:C
state standby —a—. 1 -
ort x 21131:¢
tate _start_pw Ort x 2 I =~ ; - o

0 e\ 31.9) . CO0060 3 0 ( 00 OC OO0

ort_x_23(31:0]

signed _IF_i_39 EQ 0 _45_ T 01 t_x_;dl 31:0)

signed | 39 d282(31:0] sort_x 25131:
sort_x 26[31:0] D¢ 100 O« 10O+ 00 ( D+ 00C D¢ 100
SOt _int )
sort_x_27(31:0] 20+ 100+ 00« 000+ 00+ 00+ [O0+ D00+ | DOOCHOY DO+ 000+ 00« 100+ (00«
sort x{31:0]

x_28(31:0] 00« 0 5F Q0 D0« |00+ 00« 0N 000+ 100+ 100+ 100

SOt x
sort
sort

SO x 1:0 ~)
2

F|‘.or:[

;\p::ondl l"'.t"‘.I Rnpln:ol

D000 AL

0D4CH

OO0CESAS

DOOORD 2

DOOOCAAS
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http://javarock.sourceforge.net

JavaRock & (&
JavaRockMBigd & 5

JavaZ7 07 5 L% ZFDFEFHDLICER-FPGALEDHWICT 3
EIIEN, T—YRIFEALKRL
LN ICHIRIEINZ S
‘HDLTE T35 2 &ZJavaTEIFT AL DICT B TR
‘JavaTE T 5 Z £ = 23HDLIC T 5" TlE/& Ly

http://lavarock.sourceforge.net/

Javaa /NS5
INYIIUR

Javaa /{45 /
JAVkIVR \\\5‘

JavaRock
TITOD —
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http://javarock.sourceforge.net
http://javarock.sourceforge.net

=R SRLIER ADWEZEULTRILJava

JSRAICEBATI TV MNEMEERE
—HW®DEY 1 —I)LE&ETE DFRMENTZ S

Thread¥wait-notify, synchronized D {t#H#
RN TAFEDEERNTEZE D

IE PN NPV g AR S AT YAV AN
—SROBEITZAETUBENSBHHICBNES
> AV ZTHAIRNSD?

FNSIRDEVWHNTKEALH D
—HWIt 9 5DIXIENZF S
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JavaRock®Dz&st At

JavaZ a7 o Lz FDEREXFHWILT 3
EMNEX, T—YREEALRL

SO (PRI A B
TILNO VI ZRAT— I VICER

F9IF, 1XTAT—h
forvwhilelcEhB=AT—K Y I V4

XYy RO H UEHHOHDL O — M &R
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JavaRock®Dz&st At

‘HDLTZ(T5 2 &&xJavaTETD L DICT B " TIE7R LY
“Java TE (7D 2 & ZeEHDLIC T 5" Tl Ly

Java(D 7t v ) ZFE{TAEHRHDLO— KRN
&H B W [E
7 ~DixWJava7 Oty -
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® OO0 || Hoge.java

<=>J[X] 0+ Hoge . java |

public class Hoge extends Thread{

private int counter;

public boolean isFlag(){
if(counter > 1000000){
return true;
}else{
return false;

}
}

public void run(){
while(true){
counter++;

All (1,0) [@] ((Java/1 Abbrev)--2:55PM ©.39

QV'— trees.Japan ESS2013 2013.10.16



A1 IV A—

N

l

( Java Compiler Frontend )

N\

( Java Compiler Backend )

1 o

1

( Synthesis + Place&Route )

"

Q?'— trees.Japan ESS2013 2013.10.16



Y77 EN—=RO 7 TCRIUEHE

Q?'— trees.Japan ESS2013 2013.10.16



EDOPo T

JavazHDLICZ




Y=Ad—F UAJLTHDLICE

Java

\I/\

4
( Java Compiler Frontend )

/TN

( Java Compiler Backend )

1 o

1

( Synthesis + Place&Route )

"
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Java®d¥—X 11— N &

OpendDK (http://openjdk.java.net) Djavac & F:

> )\ S A{E: com.sun.tools.javac.main.JavaCompiler.java

<@ VA IBORSIC T v % B

genCode(Env<AttrContext> env, JCClassDecl cdef) ~
5z26nfkY—Xd—R%ZJavaRockY VU —|[c X i

compile(List<JavaFileObject> sourceFileObjects,
List<String> classnames,
lterable<? extends Processor> processors)~

7 2 AEOEROEN, EY1—-I)LORBEZRE
a1l

11— R4&RK
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http://openjdk.java.net
http://openjdk.java.net

JavalB AR ZHDLIB X KICE

class

—— var decl
—— method decl

vV

entity

—— var decl

—— block

—— var decl
—— block
——while
—— for

if

continue
—— block
—— return

|———-architecture———-signa:l decl

Q?‘— trees.Japan

L———process

|————state machine

state machine
——while
—— for
if
continue
—— return
assign
—— block

expr statement— expr

ident
binary expr
—— unary expr
—— method invocation
—— assign
—— parens—— expr

—— array access

—— exXpr statement—— expr

ident

binary expr
—— unary expr
—— method invocation
—— parens—— expr
—— array access
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: public class sum{
public int sum(int[] a){
int sum = 0;
for(int i = 0; i < a.length; i++){
sum += al[i];

}

return sum;

}

© 00 NO O WN -

S

sum: entity
notify _method_request—» —» noti1fy_method_busy

sum: process
sum_method_request—j b

input_port_sum_a_lengthA4 > sum_method_busy
input_port_sum_a we[0: 04 #» output_port_sum[31:0]

input_port_sum_a_wdata[31:0+4

input_port_sum_a_waddr [31: 044

reset —»

:

Q?'— trees.Japan ESS2013 2013.10.16




dA— RERRRLY: BEXRRNGBA M TY
> JavaD I X Z 1 AT —hETBDRAT—FY VYV

If, while, for, {]

Besl 77 & A IEBRAM Y 7 -
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: public class sum{
public int sum(int[] a){
int sum = 0;
for(int 1 = 0; 1 < a.length; 1++)1
sum += al[i];

}

return sum;

O© 00 NO O WDN -

case conv_integer|(sum_method_state)

when 2 =>
sum_0 <= conv_std_logic_vector(0, 31-0+1);
sum_method_state <= sum_method_state + 1;

when 3 =>

t FiEDjavad— RN ICHHE T D5 AT — |\)




: public class sum{
public int sum(int[] a){
int sum = 0;
for(int i = 0; i < a.length; i++){
sum += al[i];

}

return sum;

}

O© 00 NO O WDN -

S
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for(int i = 0; i < a.length; i++){ }

case conv_integer|(sum_method_state)| is
<<XT—|\’2§§'§5Z )

when 3 =>
case conv_integer(state_counter_sum_1) is Z@for)b—jd)X?—l\Q%Z)
when 0 =>
i_1 <= conv_std_logic_vector(0, 31-0+1);
state_counter_sum_1 <= state_counter_sum_1 + 1;
when 1 =5
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’);
end if; A

when 2 Gc‘)ndﬁ ) C‘ initT\ )

when 3
i_1 <= conv_std_logic_vector(conv_integer(i_1 + 1), 31-0+1);
state_counter sum 1 <= conv_std _logic vector(1, 32);

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

end case; updateﬁ)
when 4 =>

© 00 NO Ok WN -

e
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: public class sum{
public int sum(int[] a){
int sum = 0;
for(int i = 0; i < a.length; i++){
sum += alil;
}

return sum;

}

O© 00 NO O WDN -

S

N, RCIBBDTRDAZT1A KA




sum += alil; KXJEUTGtXO)X%—I\’E%&)_

1: when 2 =>
2: case conv_integer(state_counter_sum_2) is ( =T R L AEEE )
A

when 0 => - -
case conv_integer(array_index_operation_state_counter_3) is V

when 0 =>
param_input_port_sum_a_raddr <=
conv_std_logic_vector(conv_integer(i_1), 11-1-0+1);
array_index_operation_state_counter_3 <=
array_index_operation_state_counter_3 + 1;

when 1 =>
array_index_operation_state_counter_3 <= (others => ’0’);
state_counter_sum_2 <= state_counter_sum_2 + 1;
when others => array_index_operation_state_counter_3
(others

end case;
when 1 =>
sum_0 <= conv_std_logic_vector(

conv_integer(sum_O + param_input_port_sum_a_rdata),
state_counter_sum_1 <= state_counter_sum_1 + 1;
state_counter_sum_2 <= (others => ’0’);
when others => state_counter_sum_2A<= (others => ’07);

end case;
: when 3 => (

( 1 1 7IIViFRKEWE L\H?EL\L)

T —4% Z st CTsumlIC IR )




d— R&ERRIRE: XYy RKEEUHU

Java
public class Hoge{ Hoge hoge = new Hoge();

/] XYY REE .
public int zero(){ return O; } hoge.zero(); // XV v RIEHE U

52, 34|

set parameters

__busy

req

wait for :
method execution: method execution
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: public class sum{
public int sum(int[] a){
int sum = 0;
for(int i = 0; i < a.length; i++){
sum += al[i];

+

return sum;

}

O© 00 NO O WDN -

S

b, RKBEDTROAZA RN




int sum(int[] a){ }

CXVvPﬁWUﬁéh%w%%j)

case conv_integer (sum_method_state) is
when 0 =>
if (sum_method_request = ’1’) then V
sum_method_busy <= ’1’;
sum_method_state <= sum_method_state + 1;
else
sum_method_busy <= ’0’;
end if;
when 1 =>
if (sum_method_request = ’0’) then
sum_method_state <= sum_method_state + 1;
end if;
when 2 =>

O© 00 NO O WD -

_ =
= O

12:

( zomic/isxsz3I=ET )

when 4 =>
output_port_sum <= conv_std_logic_vector(conv_integer(sum_0), 31-0+1);
sum_method_state <= (others => ’0°);
when 5 =>
sum_method_busy <= ’0’;
sum_method_state <= (others => ’0°);
when others => sum_method_state <= (others => ’0’);
: end case;

(#eb-1n, ERfEEEY FLTHELEL )




JavaRock<TY—h

public class BubbleSort{

private final int[] br = new int[512];

public void test(int[] arX
for(inti = 0; i < ar.length; i++){ br[i] = ar[i]; }
for(inti=0;i<= (arlength-1) - 1; i++)X
for(intj=1;j<=arlength - 1 - i; j++)X
int a = br[j];
int b = br[j-1];
if(a < b)X
br[j-1] = a;
br[j] = b;
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JavaRock Hardware Interface(JR
JavaRock HDL
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AN
Vd

EARXT7OVvIANDE
> YR - T—5 LX)LDAFE
—JavaD AL v RZHWICY v E
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—wait-notify Caoilt
—JavaRock HDLTT®D3
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JavaDALvy RZHWIcvYvEYY

led objO = new led(): BE DOREEEO T U

echo obj1 = new echo();
sc1602_test obj2 = new sc1602_test();

caller callee
re ’1’§

objO.start();
obj1.start();
obj2.start();

RS v public class echo extends Thread{
ALy RDER rs232c obj = new rs232c¢();
& byte[] data = new byte[128];

-/
RAT oublic void run()(
while(true){
obj.write((byte)™>"); R =P
inti=0:; DiIiZH
byte ¢ = 0; caller callee
boolean flag = true; req <= 114
public void run(){ Whll_e(tg_;e){ do: \k"
while(true) It A :
if(c == (byte)\n" || ¢ == (byte)\r'){

c.up(); .
int v = c.read(); break;

if(v == 1000000){ Jelse{
c.clear():; datali] = c;

flag = Iflag; } ARE
}
for(int j = 0; j < i; j++){
c = datal]]

public class led extends Thread{
counter ¢ = new counter();
boolean flag;

QV'— trees.Japan ESS2013 2013.10.16



HDLEY 21—V DiEHA
> IPd7, FEZHDLEY 2—I)LDF

> N\—RDx7ZEEUIcJavad— o3&

4 )

JavaZ a4 S L JRHI JavaRTLOEZE®» %

. J

VHDL, Verilog, rvykJRK

N
JavaTEIFRWEZIC<W)

T2
N y
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JavaRock Hardware Interface

VHDL/VerilogTggit U 7=

Javam 5 & TE

fdﬁ/—( 77

=33 —)LZEfELZ LY

T AL7W

Java7 07 Z LhRCE Rz Wi Tz < 780N

VHDL/Verilog

HDLHRTREZE L 12 7

QV‘— trees.Japan _

\%

31 —)L@J\t:'ujj Zr JavadD & 28

v 7 RAMZ BCHl ICHE S
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JavaRock Hardware Interface

entity sc1602_wrapper is
port ( sc1602_wapper
clk : in std_logic;
pLCD RS : out std_logic; pReq
pLCD_E : out std_logic; pBusy
pLCD_DB : out std_logic_vector(3 downto 0); pWriWe

pLCD_RW : out std_logic; pWrData[7:0]
PpWrAddr[31:0]

pReq : in std_logic;

pBusy : out std_logic;

pWrData : in std_logic_vector(7 downto 0);

PWrAddr : in std_logic_vector(31 downto 0): SC1602Wrapper

pWrWe : in std_logic; pReq: boolean
pBusy: boolean

reset : in std_logic; pWrWe: boolean

) pWrData: byte
end sc1602_wrapper; pWrAddr: int

fFEWNFZWHDLEY 2 —)L \

public class SC1602Wrapper extends VHDLSIimpleLibrary implements JavaRockComponentiface({

public boolean pReq;
public boolean pBusy;
public boolean pWrWe;
public byte pWrData;
public int pWrAddr;

public SC1602Wrapper(String... args){
super(“sc1602_wrapper”, args);

JRHIZ 2 X
Q?'—trees.Japan® ESS2013 2013.10.16




JRHID#FIH

public class SC1602Wrapper extends VHDLSIimpleLibrary implements JavaRockComponentlface(

public boolean pReq;
public boolean pBusy;
public boolean pWrWe;
public byte pWrData;
public int pWrAddr;

public SC1602Wrapper(String... args){
super(“sc1602_wrapper”, args);

2 UJIRHIZ X

public class SC1602_USER({
private final SCT1602Wrapper obj = new SC1602Wrapper();

public_: void put(){
objpWrData = (byte)'a’; EENENES I N Ve gu DI W CIT:E
obj.pWrAddr = O;
obj.pWrWr = true; JavaRock THDL7&sc1602_wrapper &
obj.pWrWr = false;

obj.pReq = true; HArehES
obj.pReq = false;

(ESSRE
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public class MemoryDevice extends ~{
public byte[] byte_data;
public int[] int_data;

public MemoryDevice(String... args){
super(“memory”, args);

JRHIZ Z X

public class MemoryDevice USER({
private final MemoryDevice obj = new MemoryDevice();

public void put(){
obj.byte_data[0] = (byte)100;
obj.int_data[0] = 1000;

}

E) D—f8%ZHDLEY 2 —/ILAD

T5E VWD K D{EWVWADEIEE
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JavaRock HDL
> 7/ 55— gvickBdJavadHDLAE

® OO0 i| test.java

<->|[X] 0+ test. jova |

import net.wasamon.javarock.rt.*;

@javarockhdl
public class test{
led obj@ = new led();
echo objl = new echo();
scloPZ2_test objZ2 = new sclelZ_test();
//NGAJavaTest vga = new VGAJavaTest();

@combination
public boolean led(){
return obj0.led();

}

@auto

public void main(){
obj0@.start();
objl.start();
obj2.start();
//vga.start();

test. java All (7,0) [@] SVN-128 [(Java/1 Abbrev)]--8:09AM 0.49
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@javarockhdl |2 DT T A HYavaRockHDLTH S Z & &R T

XYy RADifPwhileDEAHIE R ZHDLIC B2
XYy RO HENSCERLKEET L DICT D
ZHDbitlEZEFRI 5

@no_ wait Ay RIERTZFLEI XYy RIEEH U T DALE
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FPGA fifEf] (FF %)

FPGA i (JavaRock)

11.3 A M | | k.

209

Cw MB35 75y YT 4LY)

47 [mns]

Java (2 K B Fcak D

392

Andoird NDK %% H

8.85

FPGA i/ (&%)

8.83

FPGA f#/H (JavaRock)

105

Q?'— trees.Japan_

;
&
il

DDR2 SDRAM CPU
(Atom Z530 |.6GHz)

ESS2013 2013.10.16




ERSEH 3/4

= 51| K3

> N=RDFPIAFLOIAVY—)BE

} private boolean parseIP(int addr, int offset){
' int s, e, v;
s = offset;

byte sep = "."; ¢« '3) :
REAIRIPANSPRNI | 97. | 68.10.1” — 0xc0, Oxa8, 0x0a, 0x0|

1f(1 == 3){ sep = (byte)O; }

e = str.match(s, sep, true);
= str.atoi(s, e, 10);

1f(v == -1){ return false; }

value[i] = v;

} ’:3 public int match(int offset, byte ch, boolean flag){ 3

for(int 1 = offset; 1 < arg.length; i1++){
3 1f((flag == true &% arg[i] == ch) || (flag == false && arg[i] != ch)){
5¥3},,f,,;,¢_9;Wﬁ,,¢f return i;

}

return true; §

}

return -1;

I

k.

3 &
X

. .. -
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YRB Enai th Rocl
» Networked FPGA system based on OR

1000

ORB Engine
Platformg / [ Description } \ 800 ——F*ﬂ%
of IDL

—~=ORB (PC)
~0-ORB (FPGA)
—a—Raw (PC)
—e—Raw (FPGA)

o)}
o
o

Interface . High Performance IP
Definition || COde generation or Real-world IIF

(.IDL) on FPGA

S
o
o

Delay [us]

— |

Client Stub : Server Skeleton Object behavior
Generated Software I Generated Java Java
|

N

o

o
|

(Java/C++/Python) (HDL by Javarock) (HDL by Javarock)

Client Server Object
Application uni

Software on Remote System FPGA

o

Remote Calls

Figure 3 ORB Engine design flow including the

Figure 11 Measurement performance of the synthesized ORB
communication code generation from IDL file

Protocol Engine compared to RAW protocol system

T. Ohkawa et al., "Reconfigurable and Hardwired ORB Engine on FPGA by Java-
to-HDL Synthesizer for Realtime Application," Proc. 4th International

Symposium on Highly Efficient Accelerators and Reconfigurable Technologies
(HEART 2013), June 201 3.
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