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PHUONG PHAP HIEN THUC VI M ACH BAT PONG BO TREN FPGA

binh Puc Anh Vi
Truong Pai hoc Bach khoabHQG-HCM

(Bai nhin ngay 27 thang 044m 2011, hoan a¢hh sra chra ngay 29 thang 11am 201])

TOM TAT: FPGA da vadang chém wu thé trong viéc lam phrong tién hiéu qui dé cung @p

khi ndng 1am nau va hin thee nhanh chéng cac aoh & Vi chi phi I§ thudt thap. Tuy vy, hau hét
céac lazi FPGA aing nhr quy trinh thét ké va hign thue FPGA hén ti khong 1 tro cho vise hién thuc
mach hit dong bj béi vi thiéu nhiing phin tr co ban aia mach hit dong bp nhe cong Muller. Nghién

ciu nay € trinh bay hai plrong phap hiu qui @ hién thec vi much hit dong bj trén cac lai FPGA
dang Look-Up Table (LUT). Hai plsng phap nayiuoc xay ding dva trén i thuit xay ding nhing

cong Muller khéng nhiu trong hai thr vien ¢ hai mic HDL va EDIF. C4c rang hic \é thoi gian

va/haic rang bwc Vé vi tri duoc sinh ra tr dgng dé bat busc cong @ hién thye FPGA anh x cac phin
tiz ndy 1&n cac ki lugn ly thich lwp cia FPGA. Cac h FPGA ding LUT aa Xilinx va Altera c6 th
duoc dungdé hién thyc much hit dong by bang hai phrong phap nay.

Tir khéa Mach hit dong by, FPGA, LUT.

1. GIOI THI EU

Thiét ké bat ddng b dangduoc dau tr
va phét trén boi vi nhiing uu diém ré rang co
né so i thiét ké ddng bt nhu: khdng Bch
xung nhp, tiéu thh nang lrong thip, hidu st
dugc tinh trong trong hop trung binh, kb
nang chuyn déi cong nglé tét hon va co kia
nang mddun hoa [[1], [2]]. C6 it nhiéu cong
trinh nghién @¢u xay dring cac pbong phap
luan dé thiét ké cac k¢ thong kit dong bH 1on
mot cach héu qua. Mac du cac B théng kit
ddng b cé thé duoc hién thec trén cac chip
tich hpp mat @6 cao thi cdng (custom VLSI),
nhung thyi gian ck¢ tao theo plrong phap nay
la qua daidé co thé lam ndu va kém thr hé
thong.

Trong khi d6, FPGA la mt phuong tién
cho phép phat #nh nhanh chéng cacsthdng

méi ¢6 cu trdc mch phi yp voi n6 [[3], [4],
[5]]. FPGA dang la plrong tién chiém uu thé
trong viéc lam mdu cac mch €. Tuy nhién,
kién tric ma cac lai FPGA thdng dng ding
nhu cac cdng ¢ hd trg thiét ké (CAD) hién tai
khong 1B tro mach kit dong k. Do d6, mot
phrong phéap B tro hién thec mach kit dong
bo trén cac lai FPGA théng tirong la nt doi
hoi cap thiét dé co thé phat trén cac i thong
bit dong by.

CA4c cong trinh lién quadén van dé nayda
gigi thigu nhirng kién trac FPGA ndi hd tro ca
mach déng b 1an bit dong b nhr la
MONTAGE [[6]], PHCB [[7]], PCA-1 hay
PLB [[8], [9]], PGA-STC [[10]]. Nghién 6u
trong [[11]] xem xétdanh gia cac Kn tric
FPGA ti¢ hé dau tién nay trongihh wrc phat
trién mach bit dong ko trén FPGA. Tuy nhién,
céach tép cin nay ch phi yp véi nhitng phong
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thi nghém va nhitng tneong dai hoc 16n duoc
dau tr trang thét bi day du.

Mot cach tép cin khacdé giai quyét bai
toan hén thyc mach it dong b trén FPGA la
phét trén céc thr vién cac plhn tr chuyén bit
cho mach kit dong bd va sr dung ching trong
khi hién thrc mach bit ddng b trén FPGA
truyén thdng. Nam 1993, 4i Pai hoc Utah, Erik
Brunvandda thiét ké mot thu vién cac phn tir
dé hién thyc cac mach tr dinh thyi (self-timed
circuits) trén FPGA wa Actel [[12]]. Tuy
nhién, trong cach&p cin nay, tac gi da khéng
xem xétdén van dé& nhiéu cia cac phn tir khi
hién thuc trén FPGA. Nm 1995, 4i DPai hoc
U.C.Davis, Kapian Masheswaraid trinh bay
phrong phap Hin thrc mach bit dong b trén
ho FPGA Xilinx XC4000 king cach & dung
cac plan tir chuyén bjt cho much bit dong b
dugc dinh ngha tnrge v6i cac ham rang ke
thoi gian té ciia cac tin Hiu [[10]]. Boi vi cac
ho FPGA khac nhauéscé thi gian t€ tinh
toan trén cac ki luan ly cing nhr trén céac
kénh day @n la khac nhau nén pbng phéap
nay khéng th dung cho niing hy FPGA khéc.
Ru. R. Mocho va cadong sr da gioi thiéu mot
phuong phép & dung ngbn ng dic ti phan
cing VHDL dé hién thec mach bit ddng b
trén cac lai FPGA [[13]]. Bé hd tro phrong
phap ¢a minh cac tac gida dic ta truéc cac
phan tir dung riéng cho ath kit dong hing
VHDL. Tuy nhién, vin ¢& nhiéu cia cac phn
ta khi hién thyc trén FPGAda khbngduoc
quan tam.

Nghién @ru cia phong thi ngém TIMA,
Phap, dad gisi thiéu phrong phap Hin thuc

mach kit dong b trén FPGA théng thong.
bong gop chinh & nghién @u la da ching
minh cac éng Muller [[14], [15], [16]] $
khéng gay ra nu réu néduoc hién thec trén
cac ly FPGA ding LUT trong nét sb diéu kién
rang bwc [[16]]. Phrong phap nayisdung #ip
tin dinh cang XNF (Xilinx Netlist Format)dé
tao cac éng Muller, nhing dinh cang nayda
khéng condugc 1o trg nira.

Trong nghién ¢u nay, ching toi @i thiéu
hai cach #p cin @ hién thyc mach kit dong
b trén FPGA thong tiong. Cach éip cin dau
tién 1a s dung quy trinh thit ké FPGA tru@n
thdng Kt hop V6i sir dung cac 6ng Muller
khéng nhéu duoc dinh ngha tréc trong not
thu vién xay drng king HDL. Céach #p cin
thir hai 1a Kt hop phrong phap lan thiét ké
mach kit ddng by PAID (Project Asynchronous
circuits Design)tuoc phat trén boi truong Dai
hoc Bach Khoa #i cong @ hién thuc FPGA
truyén thdng. Trong @ hai cach tip cin nay,
chung t6i & dung cac rang bic trong fp tin
.ucf (user constraints file) [[17]}¢ chic chin
cac ©ng Muller dwoc &anh x vao kibi luan ly
thich hyp nhim bio dam khéng xy ra nhéu
trén cac 6ng nay.

Phin 2 aia bai bao dii thiéu nhing khai
niém co ban v mach bit dong k. PHin 3 §
trinh bay cach kn thyc cdng Muller khéng
nhidu trén FPGA aa Xilinx. Hai cach #p cin
dé hién thec mach kit ¢éng b trong nghién
ciru nay duoc chadng téi mé & chi tiét trong
phin 4. Pln 5 € trinh bay Kt qua thuc
nghiém da dat dwoc. Cwi cung plin 6 < trinh
bay Kt luan vadinh hréng sip ti.
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2. MACH BAT PONG BQ

Hé thong kit dong b [[2]] bao gpm mot
diéu khién dya trén s kién (haic mrc) va not
sz phan chia d liéu. Khéng gbng nhr mach
ddng b sir dung bt tin hiéu xung nhp toan
cuc diéu khién it ca cac hat dong, cac het
dong trong mach kit ddng b dugc didu khién
cuc by boi cac tin héu bit tay (handshaking
signal). Giao thc bit tay nayduoc dinh ngha
trén ndt cip tin hiéu yéu du hanhdong (req)
va xac nAin hanhdoéng da hoan thanh (ack)
nhe trong Hinh 1.Dé dam bao tinh dang dén
va thr tu, cac modun giao tép v6i nhau phi
dam bao cac quyic:

Quy tic 1: Bén @i khong duoc gri tin
hiéu yéu éu moi cho dén khi yéu @u di trugc
d6 dugc phin hoi.

Quy fic 2: Bén nhn khéngduoc giri tin
hiéu phai hdi trir khi né nkin duoc tin héu yéu

ciu.

Ack.

'

Sender Receiver

Data/Req.
Hinh 1. Giao tép yéu @u va xac nhn

Boi Vi cac giao thic bit tay dra trén g
thay d6i muac cac tin hdu nén nhdu khéng
dugc phép iy ra. Bé hién thyc cac giao thc
bit tay nay, ngoai cacdag @ ban ngroi ta con
phai dung thém 8ng Muller. Cac éng Muller
déng vai trd it quan tong trong véc hién thuc
mach kit ddng k. N6 dugc dungdé hién thuc
cac mch diéu khién bit tay va kém tra vic
hoan thanh tinh toan.68g Muller d6i xing 2
ngd nhip, duoc goi la cong MULLER?2, dugc

mo @ trong Hinh 2. Hinh 3 trinh bayém thuec
cbng MULLER2 khéng niiu bing dng AND
va OR.

1: ifA=B then S:=A
2:S=AB +S(A+B)

A 3: Truth table
s A B S
B 0 0 0
0 1 No Change
1 0 No Change
(@) 1 1 1

(b)
Hinh 2. (a) ky hiu; (b)dac t cdbng MULLER2

0 0 1 0

4
s 0 1 1 1

Hinh 3. Hi¢n thuc cdng MULLER2 khéng nhiu
bing cac éng AND va OR

3. HIEN THUC CONG MULLER TREN
FPGA DANG LUT

Trong phin nay chang téistrinh bay cach
hién thrc cac éng Muller khéng nHiu trén o
FPGA Xilinx Spartan-3. Tuy nhién, pbng
phap nay hoan toan coétitugc ap ding dé
hién thec cho cac lei FPGA daing LUT khac
nhu Altera Cyclone I, Cyclone llIDiém khac
biét chinh gira Altera va Xilinx la kich thac
cia LUT va du trdc #ip tin rang béc .ucf.

Trong Xilinx Spartan-3 cac K luan ly
kha ciu hinh (Configurable Logic Blocks
CLB) cung d@p tai nguyén ch yéu dé hién thuc
cac mach dong b ciing nhr cac mch 6 hop.
Mdi CLB bao @m 4 Sliceduoc két ndi voi
nhau. Mbi Slice gom 2 LUT 4 ngd nhp. Mdi
LUT c6 4 ngd nhp la 11-14 va ndt ngd ra O.
Diéu nay cho phépab ky ham Boolean 4 Bi
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nao ding co tkt dugc hién thyc dung 1 LUT.
Bai bao [[10]]d& ching minh &ng khi hin
thuc ham ling LUT thi nhéu do hén thyc s
khéng »y ra.

Mot cong Muller 2 ngd nhp cé the dugc
hién thrc bing mdt LUT-4 (LUT c6 4 ngd
nhap) vadam bao khong nhdu. Hinh 4 mo &
hién thec aia ddng MULLER?2 va ling thrc tri
cia nd. Trong cach &m thyc nay cac ngd vao
A, B va ngd ra Sia MULLER2 dugc anh x
vao cac ngd vao 10, 11 va ngd ra Gad.UT-4
theo thr ty d6. Tin hiéu hdi tiép S* dugc anh
Xa vao ngd vao 2@ LUT-4. Béu thic cho
tin hiéu Sla S = I + 1102 + 120D. Trongdd
10, 11, 12 va 13 &n luot & cac tin Hiu lra chon
cia LUT. Bang thrc tri trong Hinh 4 & dugc
ghi vao B nhs cia LUT-4 hién thyc adng
MULLER2.

A
— J0
S
B .n -
w12
—ml 13
13 12/8" | 11/B | I0/A (0]
X 0 0 0 0
X 0 0 1 0
X 0 1 0 0
X 0 1 1 1
X 1 0 0 0
X 1 0 1 1
X 1 1 0 1
X 1 1 1 1

Hinh 4. Anh xa cing MULLER2 vao LUT-4 va
bang thrc tri cia LUT-4

Déi v6i cac dng Muller chém nhiéu hon
mot LUT nhe MULLER3R (adng Muller 3 ngd
nhap co tin héu reset) do thi gian té trén cac
day i gita cac LUT nén nBii c6 thé xay ra.
Bai béo [[16]]da chrng minh khdng hinh ttt

raing réu cdng Muller duoc hién thyc trén 1
CLB thi nhu do hén thuc & khong »y ra.

Dé giai quyét van dé cac éng Muller sr
dung nhéu hon mot LUT phai dugc anh x vao
mot CLB, nghién é¢u nay § dung rang bdc vi
tri. Mac du cac Slice trong CLBua Xilinx cé
hai LUT-4 nhrng ki céng @@ P&R (Place and
Route) khéngut dong gip dat hai LUT hién
thuc cho ndt cong Muller vao nt Slice. Cac
rang béc vi tri s dugc sinh ra vatit vao trong
tap tin rang bdéc .ucf. Cac rang k¢ nay §
diéu khién by P&R sip dat cac LUT hén thec
mot cdng Muller vao cung it Slice. Gu tric
cua rang bac vi tri dugc mé & trong Hinh 5
[[17]]. Trong d6 “<Name LUT>" la tén @a
LUT, tén naydwoc gan tr dong hoi cong a
tong hyp, RLOC=X#Y# chi ra mdi quan k¢ vi
tri giita cac LUT; &c la réu hai LUT c6 clung
gia tri X#Y# thi n6 € duoc dat trén cung rat
Slice @ia Xilinx CLB, réu hai LUT c6 gia tr
X#Y# trongtng KAn leot 12 XOYO vaX0Y1 thi
hai LUT € dugc anh % vao hai Slice & nhau

trén cung mt hang.

[INST| *<Name LUT>" | RLOC=X#Y#

Hinh 5. CAu tric rang béic cia Xilinx FPGA

4. CAC PHUONG PHAP HIEN THUC
MACH BAT PONG BQ TREN FPGA

4.1. Phrong phap dung quy trinh thiét ké
FPGA truy én théng

T pheong phap Hin thec odng Muller
khoéng nhéu nhr & phin 0 va quy trinh thk ké
FPGA truyn thdng, nghién ¢u nay dé ngh
mot pheong phap (PP1) B thyc mach bit
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dong bH trén FPGA c6 th tom tt trong hinh
6.

Dau vao @a quy trinh thit ké nay Ia nach
bit dong k dang QDI (Quasi-Delay
Insensitive)duoc dit ta bing md hinh éu trac
st dung nhing dng Muller khdng nHiu da
dugc dinh ngha treéc. Mach bit dong by nay
c6 tht da duoc thiét ké bing tay hay bBng
phurong phép thit ké naodé nhr Tangram éa
Philip hay Balsa wa Dai hoc Manchester....

Thw vién céng
uller khéng nhiu

)

Do d6 mach kit ddng kb nayda dugc bao dam
tinh dang din cing nhr théa man cac rang
bubc cia mach hit dong k. Cac éng Muller
tham gia hén thec mach bit ddng b nay da
dugc thiét ké dung niing phin tr co ban caa
FPGA la cac LUT va cac Multiplexer né@d s
khdng h thay doi boi bo tong hyp. Netlist Kt
qua tong hop duoc s bao @m cac LUT va cac
Multiplexer hién thyc cac éng @ ban va cac

cbng Muller.

Kiém tra thiét ké

DAu vao thiét |
ké
(Design entry)

(Design Verification)

Constraints Generatar

Mo phong hanh vi
(Behavioral Simulation)

Mo phdng chirc nang

-

(Functional Sim.)

Phan tich Téng hop
Tép tin EDIF (Synthesis)
vy
v Hién thuc thiét
Sinh rang buéc | ké
Tap tin .ucf o (Design

!

L&p trinh thiét
bi

_|Phan tich thoi gian tinh
"] (Static Timing Analysis)

Implementation) ﬂ Mé phdng thdi gian
Annotation (Timing Sim.)

.| Kiém tra trén mach

(Device
Programming)

H3 tro mach B&t ddng b3 Quy trinh thiét ké FPGA truyén théng

(In-circuit Verification)

Hinh 6. Quy trinh hén thuc mach bit ddng b trén FPGA trong PP1

Nhu d& dé cap ¢ trén cac éng Muller tham
gia trong mach kit ddng b phai duoc sip dat
trén cung mt CLB, didu nay c6 th lam duoc
bing cach xay dng cac rang bic. Dodd cin
cé mot quy trinh ph cing nhr mot céng @ hd
trg dé sinh tr dong cac rang kic nay. Nghién
ctru nay phat tdn mot cdng @ sinh rang béc
tu dong (Constraints Generator) #th yéu éu
céng @ P&R dip dat cac LUT hén thec cho
tirng @ng Muller thic cung nét CLB cia

FPGA. Dau vao @a cdng a nay la mach bit
ddng b da duoc thng hyp va duoc dic t &
dinh cang EDIF. Constraints Generatd ghan
tich va tim ra nting LUT dung hén thec cho
mot cong Muller dé sinh ra rang bic é vi tri
theo dinh cang aia @p tin .ucf cho #ng hp
FPGA.

Mach it ¢dng by sau khi éng hop va @p
tin rang béc $ duogc tiép tuc hién thec trong
budc hién thyc thiét ké. Qua trinh md ping
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sau P&R 8 dugc thyc hién dé bao dam tinh
dangdin aia mach sau khidp trinh trén FPGA
thuc .

HDL/CHP/SystemC &a vi mach, qué trinh
tong hop hanh vi 8 bién déi dic t nay thanh
dang mé pléng trung gian ¢a vi mach bit

ddng  bing sr két hop gita Petri-Net va
DFG (Data Flow Graph). Bu dién trung gian
nay sau khitwoc i wu va mé phbing tinhding

4.2. Phrong phap két hgp PAID va phin
mém hd tr¢ hién thuc FPGA

PAID [[14]] |a phrong phéap lan dé thiét
ké vi mach bit dong b dang QDI duoc phét
trién boi truong Pai hoc Bach Khoa -PHQG-
TPHCM nim 2008. Phn diu Hinh 7 trinh bay
quy trinh thét ké cia phrong phap PAID. Xét

dan s dugc chuyén d6i sang dng DTL Petri-
Net kha tong hyp. CWwi cung quéa trinhdng
hop luan ly & sinh ra du trdc netlist éa mach
bit ddng b theo dinh cing chuin EDIF.
Netlist mach kit ddng b tao ra ki PAID s3 c6

phéat tr dic ta cip cao theo ngdn g ADL o .
duoc tinh dling dan cing nhr dwoc ©i uu &

(Asynchronous Design Language) aho N
nhieu mic luan ly khac nhau.
HDL/CHP |« » ADL [« » C/SystemC
PN-DFG
Capture Behavioral Synthesis
Y
Behavioral Petri_lietwork Behavioral
Optimization DEG Simulation

Transform

DTL Petri-Net

Netlist
Capture Logic Synthesis
y V¥
Logic Optimization : Post-Synthesis
Jechnology Mapping Netlist (EDIF) Simulation
Asynchronous
Standard-Cell library .
PaiD Tool
Constraints Generator: e
) PAID gates library
| Edif parser Tranform for FPGA
.ucf file
generation
Y .o
Xilinx tool
> Implement
Design with NGDBuild

Hinh 7. Quy trinh thét k& mach it ddng b trong PP2
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Trong nghién 6u nay, ching t6i & hop
PAID véi cong @ hién thec FPGA trugn
thdng dé tao ra quy trinh thit ké va hin thec
mach kit ddng b trén FPGA hoan dhh
(PP2). Do i ho FPGA § c6 du tric khac
nhau va quy trinh thi ké khac nhau, cho nén
nghién @u nay § trinh bay chi ét quy trinh
thiét ké sir dung két hop céng @ PAID va cong
cu ho tro hién thee FPGA NGDBuild [[18]]
cta Xilinx (Hinh 7). Visc két hop PAID va cac
phAn mém S trg hién thec khac cé th duoc
thuc hién trong t.

Cac éng trong netlist nch kit dong b
sinh ra & PAID duoc hién thuc trong thr vién
cac pln tir mach bit dong b co ban (bao §m
cac éng @ ban va éng Muller). Tuy nhén,
FPGA hi sir dung cac LUTdé hién thrc céac
cong Muller va cac mch © hop. Do d6, dé
netlist sinh ra bi PAID c6 thé dugc hién thuec
trén Xilinx FPGA thi n6 &n duoc chuyn ddi
vé dang Kt ndi gitta cAc LUT. Trong nghién
cru nay ching toi xayuwhg ndt cong @ dugc
goi la cdong @ Transform. Céng ¢ nay cé
nhiém wu thyc hién viéc chuyén déi cau tric
netlist sinh ra bi PAID vé dang két ndi gitra
cac phn tr co ban cia FPGA (LUT, 16 phan
kénh.... [[19]]). Cac éng Muller duoc dinh
ngha trrdc trong thr vién theo chan EDIF dé
bao ¢am khong xy ra nhéu khi hién thec trén
FPGA. Két qua caa netlist sau khiwgc chuyén
di s3 phu fyp dé hién thec trén FPGA.

Ngoai ra, éing nhr ¢ pheong phap th
nhit, dé dam bao cac éng Muller khéng gay ra
nhiéu khi hién thec trén FPGA &n phai c6 cac

rang béc V& vi tri cho cac LUT 4o thanh éng

Muller. Céng @ Constraints Generatog gugc
sir dung dé thuc hién céng véc nay. Ciéi cing,
netlist dinh chng EDIF sau khidd chuyn dbi
phu hyp Wi FPGA va #p tin rang bdc <€
dugc bién d6i trong céng @ NGDBuild va
duoc hién thuc trén FPGA Xilinx.

4.3. So sanh dka hai phwong phap

Trong phrong phéap tir nhit, ngroi thiét
ké sr dung ngbn ng dic ta phan arng HDL dé
dic ta mach bit dong b va dung congctong
hop di kém FPGAd¢é tong hyp mach thanh éu
trac cac LUT. Dod6, & luong cac LUT &
dung trong plrong phap nay&it hon phrong
phap thir hai. Tuy nhién do plong phap nay
st dung md hinh &u tric dé dic t mach bit
ddng b nén At khé cé th hién thrc nhiing vi
mach tinh vi cé kich théc 16n, hon nira viéc
kiém tra md pbng ddi voi dic ti cu trdc phii
duoc tién hanh dt cin than va 6n nhiu chi
phi.

Nguoc lai voi phuong phap tir nhit,
phuong phap tir hai cho phép Bn thuc duoc
nhirng vi mach cé kich tixéc l6n boi vi mach
bt dong dwoc dic t bing ngdbn ng cip cao
chuyén bit cho ding mach QDI. Mach hit
dong b duoc tong hop sinh rad PAID s bao
dam tinh dang dan va i vu. Ngoai ra,dinh
dang EDIF ding cho phép ath QDI nay cé
thé duoc hién thuec trén nhiu loai FPGA khéac
nhau. Tuy @y khi tiép cin v6i phuong phap
hién thyc nay @n phii sir dung thém céng ¢
Transformdé chuyén ddi mach kit ddng b
theo du trdc @a PAID & dang LUT nén 6
lwong LUT s khéng nhéu hon trong plrong
phéap 1.
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5. KET QUA THUC NGHIEM

Sau qua trinh nghiénira va thr nghém
ching t6ida xay drng hai thr vién cac éng
Muller khéng nhéu & hai mrc HDL va EDIF
dé hién thec mach bit déng b trén FPGA
Xilinx Spartan-3 nkr trong Bing 1.

Bang 1.Cac éng Mullerda hién thec

Cong Muller bac ta # LUT
Hai ngd nlap

MULLER2 MULLER2 1

MULLERZ2R reset 1

MULLER3 Ba ngd nlp 1

MULLER3R MULLER3 2

MULLER4 reset 2
Bén ngd niap

Chung t6ida hién thec cac mach kit dong
bo Buffer, Comparator va Selector [[20]}irg
hai phrong phap trén & FPGA Xilinx
Spartan-3 xc3s200-5ft256.éKqua mé phong
cho thiy hai phrong phapda trinh bay lating
dén. Bang 2 trinh baydng két vé két qua hién
thuc cac mch hit ddng b trén xc3s200-5ft256
dé kiém tra phrong phap

Bang 2.Két qua hién thrc cac mach bit dong
bo trén xc3s200-5ft256

# LUT/Slice xc3s200-5ft256
Mach
PP1 PP2
Buffer 3/2 3/2

Comparator 6/3 6/3
Selector 20/10 21/11

6. KET LUAN VA CONG VIEC TIEP
THEO

B&o cao naya trinh bay hai pkong phap
hién thrc mach bit dong b trén FPGA dng
LUT. Cac plwong phap nay @a trén véc xay
dung @ng Muller khéng nku. Qua niing két
qua mo phong, c6 i két luan ring hai plrong
phépding din. Bao c&o nayimg da trinh bay
cach xay dng cac 6ng Muller khéng nHiu
trén cac LUT.

V6i nhirng Kt qua d& dat duoc, chang toi
tin tuong ring, nghién ¢u mach kit ddng bH 3
dugc day manh trong éng dong nghién Gu va
trong Pai hoc Bach Khoa nb khic phic duoc
mét trong nhirng han cké caa mach bit ddng
la thiéu phrong tién hién thyc. Trong giaidoan
sip i, chang t6i & thuc hién viéc két hop
PAID va cac phn mém hd tro hién thec FPGA
khac nlr Quartus Il éa Altera. Ngoai ra,
ching t6i @ng c6 K hoach phéat trén cac
phuong phap nay cho FPGA khongral trén
LUT nhu FPGA ding Flash @a Actel.
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METHOD FOR IMPLEMENTING ASYNCHRONOUS CIRCUITS ON FP GA

Dinh Duc Anh Vu
University of Technology, VNU-HCM

ABSTRACT. FPGA device is a dominant implementation mediumm digital circuits.
Unfortunately, they do not support asynchronoususts because of the lack of asynchronous circuit
elements such as Muller gates, etc. In this papew efficient approaches are proposed to prototype
asynchronous circuits on Look-Up Table-based (LBPGA rapidly. The developed techniques are
based on building of elements which play an impdrtale in asynchronous circuits. The hazard-free
elements are predefined in libraries in HDL and EDbrmat. Timing and/or area constraints for
place&route tool are automatically generated to nthp asynchronous elements on suitable FPGA'’s
logic blocks. Several FPGA devices such as Alt&rbnx and Actel could be used as target for the
implementation.

Keywords Asynchronous circuits, FPGA, LUT.
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