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Abstract: Field-programmable gate arrays (FPGAS) in heterogeneous computing have been attracting more and more attention due to its
customizability and reconfigurability. Development of acceleration systems based on FPGAs involves the cooperation of both hardware
and software developers. Building the systems by integrating software part and hardware part that are developed by independent tool
chains introduces steep learning curve and difficulties in testing and deployment, thus preventing rapid prototyping. It has been a long
academic history on how to make hardware design benefit from the progress in software engineering and software programming languages.
This article will first present a survey on the design of development tools for hardware or hardware acceleration systems, and then will
show the work of authors. Finally, a conclusion is drawn and the future prospect is discussed.
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Table 1 High-level HDLs classified by characteristics of input languages

1O NE SRR R R R

S T R B A G S S
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Fig.2 The prospectives of high-level HDL and HLS
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class Arithmetic[T](clk:
HDL|Boolean]. rst: HDL[Boolean],

a: HDL[T]. b: FIDL[T], z HDL{T].
f: (HDL[T], HDL[T]. HDL[T])
HDLExp[T])

extends HDLBaseClass
with BasicOps with Translator{
del arithmetic = modulef
synelelk, 1)§
when (rst)f z:= 0 }
‘otherwise{ fla, b, z) }

it

Arithmetic.scala

A O 2o |
Lo .'r LA

| class Adder[T](
clk: HDL [B-‘Juh.:m] rsi:
HDL[Boolean].
a: HDL[T], b: HDL[T], z:
HDI ATy
extends HDLBaseClass
with BasicOps with Translator {
def add = module §
synel(elk, 1)§
when (rst) { z :-
otherwise { z:=a

i

0}
+b}

Adder.scala

class AdderTestBench|T ]{

clk: HDL, ,]Bnol;.:m] rst iDL[(Bcule'm]
a: HDL[T], b: HDL[T], 2zHDL[T]

A: llt,rntdj ‘ B: Iterator|T
extends Adder| T Jiclk, rst, a
with 1nm|.1.1.'|lmn‘>|.11lq.. {
def bench = modul;.{
delay(1) =Tclk}
syne(elk, 0) {

rst == b a = Anext() b := B.next()

H

i
override val toSimulate = 1 I‘il{ﬂd(l bench)
override val traceFileName = "adderved" §

!?J

—»

AdderTestBench.scala

class AdderTest extends FunSuite §
test("test adder"){
val elk = HDL(bO)
val z = HDL{Unsigned(0, 5))
val bench = new \dﬁcrlmtlkm.l]{dk
hﬂ{ Iil;l_.ﬂt.d{{} 4).Unsigned(0, 4).
Z
bench since 0 until 14 every 2 run
{assert(clk =
bench since 1 unllI 4 every 2 run
{assert(clk === 1)
asseri{z === 2. m:\ij}
}l}wnch test

AdderTest.scala

Fig.6 Code overview
K6 ARSI

module add (clk.rsta,bz),

endmodule

add.v

module addwithshim §
clk, rst, addr,
re, we, datain,
dataout,
L

add add ins(.....)

endmodule

addwithshim.v

class AdderInter face (s:
Int. run: Int, clk: Int, we:
Int, din: Int) {

AdderInterface.scala

Table 2 Resource consumptions of both variants (generated Verilog code and direct Verilog code)
F 2 A Verilog A 5F5 Verilog A5 ) % U5 v FE 0T LE (2F B¢ Verilog AARS/F5 Verilog £36i5)

Rt #LUT #Register (25 #LUT #Register
RAM 3/3 3/3 Encoder 2/2 0/0
ROM 0/0 2/2 Mealy FSM 3/3 11
FIFO 9/9 17/17 WA | Moore FSM 11/11 71
FE it v ADD 5/5 6/6 Hash Map 119/119 111/111
SUB 5/5 6/6 Bitonic Sort 40/40 0/0
AND 11 11 5 et MIPS CPU 1237/1237 1112/1112
OR 1/1 1/1 K SQL Filter 417/417 198/198

FATR I, ScalaHDL A1 Verilog £ & S A H I I 5¢ 4 5 FEAR [R) A0 A 2 25 98 th -+ ScalaHDL 5 Verilog 4b
T AR 52 R X RE 1 25 SR 5 T AR ) &

AT VAl VeriScala HES2 11 S FH M, Bl 156 T VeriScala A4  1 HL 23 ¥y e 12 Ik i 248 s 3R 4, i3 FH A Scala
Yn'55 K Scala B BV L HLEHRE PR IR 1% 4y FPGA &b B, T2 [ ik 38 5 (M B Al AL il 1l PCIE 3.0 #2158 k.
gk L B HE FRAT IR T Scala SEIR T 43 H CPU 58 il i S8 F8 . 12 0 A FH TR R A4 P LK 3.

Table 3 Experiment environment

Fz 3 MAIAEE
Kl e Bl B Bk (W)
CPU 15 4590 4 3.3GHz 84
FPGA Kintex-7 XC7K325T 1 250MHz 3.534
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T e B L g 512MB Bl HLEHE 9134 (1 000 WR)AT 4532 4TI 0], ol LAAS 2126 4 Ji 7R i B Bk A4 4
ER IS B 385 D00 v A8 Ak 0 3 B, 52 BT S50 A FH 1) FPGA W 5SS R AT SR ARl 98 28 U S 0K A Hi 32KB &
BATRELE 250MHz FIB4T KIS A AE. 5256 45 5Ok VeriScala HESE G845 A R M CPU+FPGA HI N R 4.
Table 4 Performance comparison between FPGA accelerated filter and CPU filter
4 FPGA Jnidtid JE4% Al CPU ik & 1 1k BE X Hb

AR (KB) 4 8 16 32
CPU (ms) 1559 1559 1559 1559

FPGA (ms) 1675 1198 996 902
i Lt 0.93X 1.30X 1.56X 1.73X

3 BEFMRE

2009 4, Martin A1 Smith 754 77K £33 SCE 45 2 I AN AE — BT A MESLRERS [7] I SR B A7 (10 el
FI A S ASIC M1 FPGA. BEHLIZ AR M S5 AR, DUSAE AR . PR AN BE D[] %% A 10 it AR g
A B ) B R B A B2 ) 1 B0 JHE 2 A 1y 40 A AR, [ B A ok (1 % J 7 1y U8, 25 10 4
MR e, B2 TR T A 1 B i) TR SRR, e R G A0 et R A 4t 3R 0 35 8L T A 0 s 313X — 24 FI A,
T 3CAT 4 BRI AN AL LR 1o 2 IR S Al LA AR B A2 23428 o) A AL A ) sl il O 5 8 R S HE SRR ) 2
SR A3 5 R A B A0 A T e B T 5 AR AR A T AR PR il 5 2 I T R SR R SUR R A 1)
SV A SE AR A — DN E R ARE R, IX P REARE S At R e ?
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Fig.7 The future architecture
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9 1 T 5 S HE SRR A AT AL IR i e T

B S AEAT I 3d 28 98 T e TR (38 B IR T 0T it it 55 T B 2803 (10 Y-, 224 P 5 50 ke oA TR S RSB AP ¢
TR B2 DR 4% 5 KBRS i T 24 B B8 AN S RSN, T 2R 00 ) O 4 S K 5 i DAL 6 T e T R e
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