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Development of JavaRock-Thrash : a High Level Synthesis tool based on Java language

KEISUKE KOIKE ,# TAKEFUMI MIYOSHI ,tt SATOSHI FUNADA ft
and HIRONORI NAKAJO

In recent years, as designing an LSI is getting more complex, high level synthesis has been
expected to be a useful designing tool. However, running frequency and occupied resource of
a circuit designed with a high level synthesizer are sometimes inferior to those designed with
an HDL. In this research, we have been developing a high level synthesizer called JavaRock-
Thrash with mechanisms for speedup and reducing circuit scale based on designing with a
Java language. In designing circuits of an FIR filter and an FFT with our tool, comparing
with designing with IP cores, though circuit sizes are 1.6 - 4.0 times as large as ones of IP
cores, execution time is limited up to 1.7 times slower. From this results, our tool can be
expected to be applied for hardware acceleration or prototyping of LSI design.
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Fig.1 compilation flow of java

class TopClass{

int numX;
final int[] arrayX
final SubClass sub

new int[1024];
new SubClass();
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class SubClass{

[
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short numl;
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double numB;

}
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Fig.2 An example of converting member variables

(Java source code)
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Fig.3 An example of converting member variables
(block diagram)

class ClassX{

int average(int dataNum, int[] matX){

}
}

B4 AYy FenRTA—LYZXOLEEH (Java Y —RAa3—F)
Fig.4 An example of converting method and parameter
list (Java source code)
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Fig.5 An example of converting method and parameter
list (block diagram)
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1 | class TopClass{

2

3 final SubClass subA = new SubClass();
4 final SubClass subB = new SubClass();
5

6 void startThreads(){

7

8 //A Ly ROUVBRER AR

9 subA.start();

10 subB.start();

11

12 try{

13 /ALy RO TRG

14 subA. join(Q);

15 subB. join();

16

17 catch(Exception e){}

18 ¥

19 | }

20

21 | class SubClass extends Thread{
22

23 public void run(){
o4 e
25 }
26 | }

6 Java AL v REtukf
Fig.6 A description example of Java Thread
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Q@JRThrashUnroll(
unrollType = JRThrash.pipeline
unrollNum = 4,
loopVariableName = ”i”)

public void multStream(){

for(int i=0; i<128; ++i)
c[i] = a[il * b[il;

© 00 N O U R W N

-
o
[}

7 — 7B

Fig.7 A description example of loop unrolling

public void multStream(){

for(int i=0; i<128; i+=4){
c[i] ali] * b[i];
c[i+1] al[i+1] * b[i+1];
c[i+2] al[i+2] * b[i+2];
c[i+3] al[i+3] * b[i+3];
}
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}

H 8 ER%or—F
Fig.8 Loop after unrolling

contorol step

9 EEININ—TDRy T a—1 v 7H
Fig.9 An example of scheduling the unrolled loop
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@JRThrashConvertedIntoIPcore (
availableNum = 45, latency = 0,

”

throughput = 1, outputPName = "p”,

)

int MAC(short a, short b, int c){
return (int) (a*b+c);

}

0 N O Uk W N

10 | public void macStream(){

12 for(int i=0; i<128; ++i)
13 wlil = MAC(x[i], y[il, z[il);
14| }

10 A Vv RoOEFEMEGkE]
Fig.10 A description example of defining a computing
unit with a method

16
++aMAC
16 32
->b P P>
32
->{C

p = a*b+tc

11 MAC #Y v FinbER SN HES
Fig.11 A computing unit defined with a MAC method
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Table 1 Features of the Fir Filter
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Filter Architecture | Transpose Multiply Accumulate
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FFT OF#AEE 2 1279, FFT 073U XA,
IP =27, JavaRock-Thrash & 12 2%k 2 @ Cooley-
Tukey 7V TV X L% Wiz, IP a7 DT —%7 7
F v 1% HEk 2 @ Cooley-Tukey 7 /LT U XL %KY
Y —ATHEITT 25 Radix-2 Lite % Core Generator
LTEIR L2, F7e, AT 57 —21%, 1024 50
HREEERE NS E L, &7 — X Z0BT 501
Mmofeh A I NVEyIalb—ay ETHMlLEZ.

7.1 #& B

FIR 7 4 Vv Z OB REZ K 3 IR, FIR 7 4
VL, JRT OART A ZAENIP a7 DO 4.0 &
2o TV DHO0, MBERIT 1.69 ffOEINICH 2
b, [ARRIC FFT OREHER 2K 41277, FFT
1%, JRT DR T A ZEMRIP 27 O 1.6 {51725 T
WBHDIZR L, ABRREEIT 1.67 5O TIZz 6
TWa.

8. & =

PLEDOFER MG, FIR 7 4V FZ DA T A ZEDEM
KN 4.0ETHDZ L EBRITIE, JavaRock-Thrash @
T DEIEIL, IP a7 LR THLEIEFEEL-TE
59, N—KRUxT - TI7ETL—va rOERST
0 hNA R TRETHARIATRETH D E VR D.

8.1 [EIRIMREDEM

JRT @ LUT OFMHENIP 27 D 4715 L7 -7
HHIZOWTEX 5. JavaRock-Thrash 1%, A%
WS DEDAT— MG TETTH70, 7T —H
ANEHEZ 22 D0 FRIZ, V—T R AT Y
B, AT TAUEREOTZDICEL DAT— MR ER

% 2 FFT OF5%
Table 2 Features of the FFT

T FRE R B NN
A v Nk 1024
TIY XA radix-2/Cooley-Tukey
Implementation Options(IP =27) radix-2 Lite
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Sh, FERE LT LUT om»asEss. —70, &£
3I2BWT, JRTOLVYARZEITIP a7 DOF 2.7 f%
T, LUT OB LD/, 2, v oRZ U=
TUTIZEY, VRSP TE 72D TH D
LEZLND. LLEXY, LOREOERY =T v
THEERIBRL, LAZ E LUT OFHRONT A
MENTEEEARTHZENEETHDHENZD.

8.2 ALIEEFREDIENMN

KUERIEREI 2SN 2 SRR, ALER A 7 AR s
EEMEREEEB DR T 2 > Th 5. BIERRENMET
L72JRIRNE, RIS G R 7o 2 &1 L DD N
Th5D. QEY A 7 VBB L7 IR, AEICE
BEMROMENZ T — | (for LOHEER L) 1TER
THEDTHD. ZNHEDOAT— NIEBETH L, N
AT T NHENIEE DT, AV—T > MK T
5. AN—""y NOKTEZRET DT-DITIE, V—TD
R ERELTHIZ VD, BRRkE KEL<T5L
BRI 2, BEEEER DR TIC SRR D, oF
D, B A 7 VL BIWERI DN T A EBE L
TN—TDREABERD DLERD L.

8.3 FIR 7« /L% & FFT DOEIBHEDEME

#4 L£ 3D JRT © LUT O#IIRICERTS &,
FIR 7 4 /v % @ LUT O#MFEL, 4.7 THD DI
XL, FFT @ LUT O#IIERIE 2.9 f5ICE>TWD.
ZiuE, FEE TR LEZRBIEOT —Z AR, FFT
DFBFIR 74V Z LV EHTHINHLELEEZD
na. 2%V, FIR 7 A VZ T —Z S ANEHMTH
D2, WA EEO AT — My EIT 5 JavaRock-
Thrash & OEIEHEOENRKELS RoTE BN
L. W, T HRAREHEREIFROIZ S S, BIFEH
PEDZEN/INS L 725729, JavaRock-Thrash TARL
FTEHDIZMNTWE EERD.

8.4 FEZD HDL H» H1ERL LT=EIEE & DLLES

AT TRtk L7 HDL 2> HAERK L7z [mli#g & JavaRock-
Thrash 2VERKT DRI O g A1T 5. 30k 4) TIE, 64
RO FFT %3452 © Cooley-Tukey 7 /v 3 U X L%
JANT FPGA (XC3S5000) kRizgas L Tna. fER
X, AT A ZEH 1000 T, BIERERELH 125MHz
Thd. R4OHERLHARD L, JavaRock-Thrash ™
AT A AT 4) D 14 ETHY, BEENKT
1.6 fF & 7> T\W\WA. 3k 4) THWE= FPGA I, &
HHRTHWZ FPGA L0 t\WZ A4 7 TiEH D5, X
ik 4) CUBT BT —F N 64 T D LA EET
U, JavaRock-Thrash O/ L7-[FIKAFEX D
HDL X Y B ES X OB E R A oo /i i 12 350 T
b, SFEL-S>TVRNEEZD.
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% 3 IP =27 & JavaRock-Thrash 23VERE L7z O (FIR 7 4 /L %)
Table 3 Comparison of the IP core and the circuit generated JavaRock-Thrash (FIR Filter)

reg  lut  slice DSP  @fFENE [MHz]  AEEYA 7 A% LB [ms]
P =27 94 84 34 2 290 331782 1.14
JRT 257 394 139 2 224 432137 1.93

% 4 IP =27 & JavaRock-Thrash 234£5& L7z B O (FFT)

Table 4 Comparison of the IP core and the circuit generated JavaRock-Thrash (FFT)

reg lut slice  DSP  ®ifEAE%k [MHz]  QAPH1 27 v %k ALERIRER [us)
IP =7 | 2471 1551 890 8 256 13419 52.4
JRT 3101 4514 1412 8 201 17648 87.8
South Pacific Design Automation Conference.
9. ¥ & ®

AR TlE, JavaRock-Thrash O #+ A2k ~7=
£, Java V—Ra— FOEHBHRLEH L, AE
LIS BT B HEREIC W THBA L. 7z, FIR 7 ¢
B E FFTIZHOWT IP 27 L Ol EITV, T—
Z AR B THIVE, BRI, LIRS &
HIZSIBEELLRNE NI FEREET.

SHOBBE LTS, BIRHEEIR & QB Em -
DIZDHD I b7 DI b=, HHEHREZ 295 RTL
DFLIIABTIL ER DT LS.
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