TAP CHi PHAT TRIEN KH&CN, TAP 14, S0 K2 - 2011

PAiD - MOT KHUNG SUON CHO VIEC THIET KE VA MO PHONG
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TOM TAT: Trai nguoc voi vi mach d&ng bé, vi mach bat d&ng bo hoat dong theo co ché déng
bé cuc b (khong can cé tin hiéu xung nhip). Tir nhiéu nam nay, vi mach bat dong bé da chimg minh
dwoc tinh quan trong cua no trong viéc thiét ké cac hé thé'ng nho vdo cdc tinh chdt: it phu thugc vao
thoi gian tré, cong sudt tiéu thu thap, it nhiéu dién tir va c¢é khd nang modun héa cao. Tuy nhién, viéc
thiéu cdc phuong phap ludn va céng cu hé tro thiét ké 1o mot rao can cho viée phat trién cac vi mach
bat déng bo. Bai bao nay dé xudt mét phwong phap lugn thiét ké vi mach bt dé‘ng b méi va by cong cu
hé tro thiét ké. Phirong phdp ludn thiét ké duge dé nghi mét mat cho phép mé td vi mach bang mét ngon
ngit ddc ta vi mach cdp cao va mdt khdc cho phép tao ra vi mach ¢ mirc cong. Phiong phdp ludn nay
duwegc kiém nghiém thong qua viéc phat trién mét s6 cdc cong cu hé tro thiét ké vi mach. Sw két hop gitta
phuwong phdp ludn thiét ké va cdc cong cu ho tro thiét ké nay tao thanh mot méi trwong phdt trién tich
hop vi mach, goi la PAiD (“Project of Asynchronous circuit Design”). Moi truong nay cho phép bién
dich va tong hop vi mach, duwge mé td bang ngon ngiv cip cao ADL (“Asynchronous Description
Language”), thanh vi mach bdt dong bd. Két qua ciia b tong hop la mét so do cdc cong (netlist), mé ta
chikc nang hoat dong cua vi mach. Ban netlist nay sau do co thé dugce anh xa vao mét thur vién cac ccfng
theo cong nghé dic thi cho vi mach bat dong bg. Trong qud trinh thiét ké, vi mach ciing ¢6 thé dwoc
kiém tra théng qua cdc qud trinh mé phong dwoc thiét ké & cac mirc trieu twong khac nhau.

Tir khéa: Vi mach bat dong bo, phuwong phdp thiét ké, cong cu hé tro thiét ké, tw dong héa thiét

ké vi mach.

1. GIOI THIEU

Nganh cong nghiép vi mach tich hop trong
nhitng thap ky gan dy d c6 nhimng budc phat
trién nhanh chéng. Ngidy nay ngudi ta cd thé
tich hop nhiéu hé théng phic tap trén mot con
chip. Su phat trién huéng dén mirc tich hop cac
hé théng ngay cang cao xudt phat tir sy cin
thiét phai c6 cac hé théng ngay cang hiéu qua
hon, nhe hon, nho gon va tiéu thu nang lugng it

hon. Trong boi canh nay, cac van dé trd ngai

trong viéc thiét ké mach déng bd (nhu viéc
phan phdi xung nhip, ning luong tiéu thy,
nhiéu, tinh modun) cho phép mach bat dong bd
ngay cang trd nén thong dung trong nhitng nam
gin ddy. La mot giai phap tu nhién va viing
chéc dbi voi cac han ché lién quan dén van dé
déng bd toan cuc, mach bt déng bo d3 md ra
mot hudng maéi cho viée thiét ké cac hé théng
phirc tap qui mé 16n. Céng nghé thiét ké bat
ddng b, tirc cong nghé khong dung xung ddng
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bo, di va dang 1a mbi quan tdm hang dau cua
mot sb cong ty cong nghiép, vién nghién ctru
va cac truong dai hoc trén khép thé gidi tir vai
nam qua. Mot s6 loai vi mach bt déng bo da
duoc nghién clru va phat trién, cho nhiing Kkét
qua rat kha quan. N6 cho thiy cong nghé thiét
ké bt ddng bo trong tuong lai s& 1a mot phong
cach thiét ké canh tranh hira hen véi cong nghé
thiét k& ddng bo truyén thdng ([1][8]).

Mic di mach bit dong bd co nhing wu
diém va tiém ning to 16n, nhung cac qui trinh
thiét k& mach bt dong bo van chua ¢ nhiéu.
Giai quyét dugc cac van dé nay s& gitp vi
mach bat déng bd tré thanh mét trong céac loai
vi mach dugc chon lua trong viéc phat trién cac
san pham, thiét bj k¥ thuat sb ([2]).

Hién nay, co 2 truong phai quan diém
chinh trén thé gidi trong viéc phat trién vi mach
bat ddng bd. Truong phai thir nhit quan tam
viéc 4p dung cac phuong phép luan truyén
théng ciia vi mach dong bd cho viéc phat trién
vi mach bat dong bo. Truong phai nay ¢6 wu
diém chinh 14 tan dung c6 tinh thira ké cac kién
thirc, kinh nghiém thiét ké cia cac phuong
phap luan, cong cu san c6 va da duoc kiém
nghiém ctia vi mach déng bd. Tuy nhién, do
ban chét hoan toan khac nhau cta hai loai vi
mach, nguoi thiét ké gap rat nhiéu kho khan,
néu khong néi 1a khong thé trong mot sb tng
dung, trong viéc thiét k& cac vi mach dap ung
céc tiéu chudn cia mot vi mach bt déng bo.
Truong phai th hai tdp trung nghién ctu
phuong phap luan riéng, phu hop cho cong
nghé bit ddng bd. Trudng phai ndy cd nhing

khé khan ban diu trong viéc xay dung cac ly

thuyét phuong phap luan va cong cu hd trg
thiét ké. Tuy nhién nhitng két qua dat dugc s&
t6t hon, pht hop cho vi mach bat dong bo va
quan trong hon 1 cho phép nguoi thiét ké co
nhiéu chon lya — cong nghé, phuong phap —
hon trong cong viéc thiét ké.

Trong bdi canh nay, muc tiéu cua a8 tai tap
trung vao 2 hudng: mot mat dua ra dugc mot
phuong phap luén thiét k& va mat khac phat
trién cac cdng cu tro giup thiét ké. Hudng thu
nhét lién quan dén viéc nghién ctru mot phuong
phéap luan thich hop cho viéc thiét ké, cho phép
tao ra mach bt déng bd khong co nhidu loai
QDI (Quasi-Delay Insensitive). Huong thir hai
la mdt hién thuc ctia phuong phap luan trén:
phat trién mot sb cac cong cu phdn mém hd trg
thiét ké. Ca 2 hudng nghién ciru nay phai duoc
thuc hién trong mdi quan hé hd tuong véi nhau.
Phwong phép lun thiét ké vi mach bat ddng bo
QDI va cac cong cu hd tro thiét ké s& tao thanh
mot khung suon thiét ké (framework) cho cac
loai vi mach bat déng bo.

Bai bao dugc cdu tric thanh 3 phin nhu
sau. Phan 1 giéi thidu tong quan vé thiét ké
mach bt ddng bd. Phan 2 dé xuat mot phuong
phap luan thiét k& vi mach bit ddng bd & murc
cao. Phéan 3 trinh bay mét khung sudn cho viée
thiét k& va mo phong vi mach bat dong bo.
Cudi cung phén 4 két luan vé cong trinh.

2. PHUONG PHAP THIET KE VI MACH
BAT PONG BQ

2.1. Phwong phap tiép can

Diu tién nhom nghién ciru di tim hiéu vé
ché d6 hoat dong bat déng bd va cac wu diém

cling nhu nhugc diém cta ché d§ nay so voi
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ché d6 ddng bo. Viée trao ddi thong tin giita
cac khéi mach trong hé théng bét dff)ng b6 duogc
thuc hién nhd vao céc kénh truyén théng. Viéc
giao tiép trén cac kénh truyén dugc ddng bd
cuc bd nho vao cach ma hoa dit li€u va giao
thirc theo kiéu bét tay. Dé hién thuc giao thirc
nhu vay, ngudi ta phai dung khai niém cdng
Muller. Co ché giao tiép bat dong bd co mot
dic tinh quan trong khién hé théng khong phu
thudc vao thoi gian tinh toan cac tac vu cla cac
khéi mach. Piéu nay c6 y nghia 1a cac khoi
mach bat déng b duge didu khién boi cac su
kién trén cac kénh truyén ciia nd. Chinh vi vay
ma cac mach bat dong bo phai khong dugce tao
ra nhidu. Dya vao mo hinh thoi gian tré cia cac
céng va day ndi, cling nhu dua vao ché d6 hoat

dong (hanh vi cua mach trong viéc quan h¢ véi

Asynchronous
Standard-Cell

Library

mdi truong bén ngoai), ngudi ta c6 thé dua cac
rang budc don gian hoa cho viéc thiét ké mach
bét ddng bo. Céc rang budc nay dic trung cho
c4c 16p mach bat ddng bd khac nhau va giup
phén biét chiing v6i nhau.

Nhom nghién ctru ciing nghién ctru tong
quan da chiéu vé cac phuong phap ludn thiét ké
vi mach va céc cong cu trg giup thiét ké di kém
ctia n6. Mot cach tong quat, c6 2 phuong phap
duoc dung dé dic ta vi mach bét déng bo:
phuong phap dic ta ding ngén ngit mé ta cip
cao va phuong phap dung dd thi. Phuong phap
tong hop vi mach bat dong bo c6 thé duge phan
lam 3 loai: phwong phap téng hop theo cu
phap, phuong phép tong hop luan 1y va phuong
phéap tong hop bang bién dich.

Transform

Logic Synthesis

Physical Design

Hinh 1. Qui trinh thiét k& PAID
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2.2. Phuwong phip luin thiét ké vi mach
bat dong bd

Phuong phap luan thiét ké vi mach bat
ddng bd dwoc dé nghi trong bai bio nay bao
gdm phuong phap dic ta vi mach bat dong bd &
mirc triru tugng cao va phuong phép tong hop
ban dic ta cép cao dé tao ra mach hién thuc &
mirc céng. Qui trinh thiét k& vi mach trong
PAID c6 thé dugc tom tit trong Hinh 1.

2.2.1. Phwong phap dac td

Céc ngdn ngit dic ta cap cao rat thich hop
cho viéc mo ta cac chirc nang toan cuc cua hé
thdng phtrc tap ¢6 ciu triic phan cip va cé tinh
modun ma khéng phai quan tim dén chi tiét
hién thyuc (giao thirc truyén théng, mé hinh vi
mach, ...). Trong khi cac dd thi thuong dugc
st dung cho cac phan tich thoi gian va qua
trinh tong hop. Viéc két hop ca hai cach tiép
can trén cho phép ching ta co thé vira mé ta
cac hé théng phurc tap, vira thudn tién cho viéc
phén tich thoi gian, tong hop va t6i uu hoa vi
mach tao ra.

Mot ngdn ngit dic ta cip cao duoc ding
cho viéc mé hinh hoa vi mach bét déng bo
phuc tap nho vao muc triru tugng cao cua no.
Tuy nhién, cac dac ta nay thuong khong thé
duge tu dong tdng hop thong qua cac cong cu
téng hop. Céc cong cu téng hop va cic cong
ngh¢ dich thuong ap dat mot vai rang budc
(gi6i han) 1én cac dac ta dé cac dic ta nay co
kha ning tong hop. Do d6 ngudi ta thuong phai
dinh nghia mot tap con cia ngdn ngir ¢ kha
nang téng hop theo mét cong cu tong hop nao

do.

V6i muc tiéu phuong phép dic ta mach bat
ddng bo trong dé tai nay duoc nhim dén khong
chi cho van d téng hop ma con cho vin d& mé
phong, kiém tra, nhém nghién ctru da gisi thiéu
mot ngdn ngit cip cao ADL (“Asynchronous
Description Language”) ([9]). Pay 1a ngdn ngir
cho phép dac ta mach bét déng b0 dua trén cac
qué trinh giao tiép ddng thoi. Trén co sé ngdn
nglt CHP do truong Caltech gidi thi¢u, ngon
ngit ADL nay khéng nhiing khic phuc va giai
quyét duge cac nhuoc diém coa CHP ma con
dugc bd sung thém mot sé cdu trac ciing nhu
mot s6 rang budc dé thich hop trong vi¢c dac ta
cép cao vi mach bat dong bd. Cu phip hoan
chinh ctiia ngdn ngir nay dugc trinh bay trong
[4].

Tir ban dic ta cdp cao, nhom nghién ciru
trinh bay dinh dang biéu dién trung gian cho
mach bét déng bd. Pinh dang nay 1a su Kkét hop
ciia mang Petri va dd thi dong dir licu DFG
(“Data Flow Graph”). Nhom nghién cru ciling
dé nghi mot dang dic ta kha téng hop dudi
dang cac luat DTL (“Data Transfer Level”),
gidi han viée sit dung cac phin tir nhd trong
mach ([9]). Mach bt déng b duoc mo ta bé“mg
ngoén ngit ADL s€ dugc téng hop tu dong néu
ban dic ta tuan thu cac luat DTL. Mt s6 phép
bién d6i ciing dwoc nhom nghién ctru dé nghi
trong treong hop ban dic ta khong thoa man
cac luat DTL.

2.2.2. Phwong phap t(fng hop

Phuong phap tong hop duge dé nghi trong
nghién ctru nay dugc tom tit trong Hinh 2. Qui
trinh bét ddu tir ban dic ta bang ngdn ngit cip

cao ADL cua vi mach cn thiét ké. Ban dic ta
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nay s& dugc bd parser phan tich theo tir vung
va cu phap. Qua trinh phan tich nay cung véi
cac phép kiém tra ngit nghia theo mét sb luat
dugc dinh nghia trude, s€ tao ra cAu truc biéu
dién trung gian. Két hop giita mang Petri va do
thi dong dir liéu, cdu tric trung gian nay cho
phép biéu dién tinh phan cip cia cac thanh
phin, cho phép dic ta phan didu khién ciing
nhu phin dong dir liéu trong mot thiét ké. Tur
cAu truc nay, cac cong cu back-end sé€ tao ra
mach hién thuc. Ngoai ra, cAu triic nay con
phan biét ranh gioi giita phan front-end va
back-end cuia h¢ théng. Uu diém ciia ranh gidi

nay la ching ta c6 thé d& dang thém vao mot

trinh bién dich, cho phép bién dich dac ta cia
mach dudi dang mdt ngdn ngir khac; hoac thém
vao mot cong cu back-end cho phép tao ra loai
mach hién thuc khic ma khéng can thay dbi
phén kia. Pay 1a mot huéng mé rong cua dé tai
trong tuong lai.

Mang Petri sau d6 s€ dugc kiém tra theo
cac ddc ta DTL. Budc kiém tra nay dé dam bao
mang Petri ¢6 kha ning tdng hop dugc va ton
tai mot gidi phap hién thuc QDI ctia mach.
Mang Petri nay tiép tuc dugc mé rong bang
cach phan ra tAt ca cac nhanh, dé thu dwoc mot
tap hop cac mang Petri, trong d6 mdi mang

biéu dién mot nhanh cua thiét ké ban dau.

Asynchronous Circuit
described in ADL

- Syntax Analysis
Semantic Rules mw—>
Semantic Verification

ADL to Petri-Net Compilation

Representation of circuit
in Petri-Net and DFG

: : > DTL Verification
BIRSpesitication DTL-compatible Transforms

I DTL-compatible Petri-Net I

Petri-Net Extension

Set of extended Petri-Net I

Dependence Analysis
Equation Generation

| Equations of dependence I

I ~ Equation Optimization

[ Optimization Algorithms Mapping on a Generic Library

| Netiist of Standard Gates |

Hazard-Free ] . o
[ Optimization Algorithms 15— Logic Cptimization

Optimized Netlist of
Standard Gates

e Logic Decomposition/Qptimization
Technology-Specif —
e nclx-in?)gr:rypea © o Technology Mapping

| Technology-Specific Metlist I

Hinh 2. Qui trinh téng hop vi mach bt ddng b
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Nhoém nghién ctru da dua ra mot s6 thuét
toan dé khao sat cAu triic mang Petri va do thi
dong dit liéu, dé tim ra tit ca moi quan hé gitta
cac kénh truyén thong trong mach. Cac méi
quan hé nay dugc biéu dién dudi dang cic
phuong trinh phu thudc. Cac phuong trinh nay
khong phu thudc vao giao thirc truyén théng va
cong nghé hién thuc dich.

Tu cac phuong trinh phu thudc nay, qua
trinh téng hop s& dugc trién khai voi giao thurc
truyén théng va cong nghé dich chon lira trudc.
Mach hién thuc QDI cia nhidu tic vu khéc
nhau dugc trinh bay. Viéc hién thuc nay cho
phép tao ra so dd cac cong (netlist) ciia mach
theo mot thu vién téng quat. Giai phap nay
thich hop cho viéc 1dm mau nhanh vi mach bét
ddng bd ma khéng cin cac cong dic thi rieng
cho mach bit déng bd. Mat khac, netlist nay s&
duoc t6i wu va 4nh xa vao mot thu vién theo

mot céng nghé cho trude. DE dam bao tinh

dung dan cua mach dbi véi cac nhidu (hazard),
cac ky thuat t6i wu, phan rd va anh xa cong
nghé khong chi khong duoc tao ra cic nhiéu
ma con phai dam bao cac r& nhanh dong ding
(5D-
3. MOI TRUONG THIET KE TICH HQP
CHO VI MACH BAT PONG BQ - PAiD
Nhiam cung cip cac cong cu dé dang sir
dung cho viéc thiét ké vi mach bét dong b,
PAID c6 thé duoc xem nhu mot bd bién dich
nhiéu ngd vao (trién vong phat trién trong
tuong lai) va nhidu muc tiéu, duge td chire dua
trén mot biéu dién trung gian bing mang Petri
va db thi dong dir liéu DFG. Pau vao 1a nhimng
ban dic ta ding ngoén ngit mé ta mach cip cao
ADL. O ngd xuit, PAiD cho phép tao ra nhiéu
dinh dang ngd xut nhur ban mo ta hanh vi béng
ngoén ngir cac ngdén ngit HDL, C hoac ban md
ta phan ctmg & mirc cong bang ngoén ngir HDL

hodc dinh dang netlist EDIF ([3][6]).
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Hinh 3. Mo6i truong thiét ké va phat trién vi mach bt ddng bs PAID
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Hinh 3 trinh bay front-end clia moi truong
PAID. Thuc ra day 1a mot trinh bién dich, cho
phép bién dich va bién d6i ma nguén ADL ctia
hé théng bit ddng b thanh tap hop cic mang
Petri va dd thi dong dir liéu DFG. Ngon ngit
ADL cho phép mé ta mach dya trén khai niém
cic qué trinh ddng thoi giao tiép voéi nhau
thong qua cac kénh truyén thong nhu ciia CSP.
Mang Petri cho phép ding ciu truc diéu khién
va céu trac chon lya (tudn ty va song song) dé
mod ta nglr nghia hoat dong cua ban dac ta,
trong khi d6 thi DFG duoc ding dé biéu dién
su phu thudc dir li¢u.

Phén back-end ciia méi truong PAID dya
trén dinh dang trung gian dé tao ra cac mé hinh
mach dich. Pau tién, mé hinh hanh vi tuong
duong theo VHDL ctia mach s€ dugc tao ra dé
cho phép kiém tra chirc ning ctia mach vai cac
cong cu thwong mai ¢ san. Song song do, mot
mod hinh twong duong theo ngdn nglt C ciing
duoc tao ra dé kiém tra viéc mo ta theo ngon
ngit ADL bang cich mé phong hanh vi dudi hé
diéu hanh Unix/Linux ([7]). Viéc tong hop vi
mach bét dong bd dira vao dic ta DTL ma thyc
chat 13 tap hop cac luat dé dam bao ban moé ta
mach theo ADL c6 kha ning tong hop. Hién
tai, mach tao ra thong qua qua trinh téng hop
thudc 16p mach QDI. Tuy nhién cac 16p mach
khac (vi du micropipeline) ciing co thé dugc
mé rong dén trong tuong lai. Vi mach QDI tao
ra dugc biéu dién ¢ muc céng dudi dang mot
netlist bang VHDL hoic EDIF (cho ca phin
didu khién va phan dong dir liéu). Trong cong

trinh nay, cac kénh truyén thong str dung cach

mai hoa khong phu thudc thoi gian tré (DI —
Delay Insensitive) va giao thtc bt tay 4 pha.

Mbi truong PAID dugc phat trién bing
ngon ngit ANSI C, bao gdm hon 50.000 dong
chuong trinh véi mot s6 thu vién API co thé
dugce tai sir dung cho viée phat trién cic cong
cu khéc trong tuong lai. Viéc str dung ANSI C
cho phép moi truong PAID khong phu thude
vao h¢ diéu hanh. N6 c6 thé duoc bién dich va
chay trén cac hé didu hanh
Windows/Linux/Unix.
4. KET LUAN

Bai bao da trinh bay phuong phap luan
thiét k& vi mach bt déng bd va cac cong cu
thiét ké cho phép thiét ké cac hé théng vi mach
bat dong bd. Phuong phap luan thiét ké vi
mach bét ddng bo va cac cong cu tro giap thibt
ké tao thanh mot moéi truong thibt ké
(framework) cho céc loai vi mach bét déng bo.

Tac gia da dé xudt mot qui trinh thiét ké tir
trén xuéng, bat dau tir ban ddc ta vi mach &
mtc d§ triru tuong cao. Thong qua cac qua
trinh bién ddi dwoc thuc hién béi cac cong cu
tu dong, vi mach s& dugc bién doi tir mic triru
tuong cao din dén mirc triru twong thap — mirc
cbng. Qui trinh nay ciing dé nghi cac kha ning
mé phoéng cho phép kiém tra chuc ning vi
mach ¢ nhitng budc dédc ta khac nhau. Tac gia
cling da phat trién cac cdng cu tro giap thiét ké,
hién thyc hoda cua cac phuong phap da duogc
trinh bay. Pay 1a mot moi truong thiét ké bao
gém mot chuong trinh bién dich, mdt chuong
trinh mé phong, mét chuong trinh tdng hop va
mot chuong trinh hién thi, chinh sira mach.

MBoi truong nay di duoc dung trong viée thiét
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ké mot sb tng dung cu thé mang tinh minh hoa toan DES, ...

nhu bd loc s6, bd ma hoa/giai ma theo thuat

PAID — A NOVEL FRAMEWORK FOR DESIGN AND SIMULATION OF
ASYNCHRONOUS CIRCUITS

Dinh Duc Anh Vu
University of Technology, VNU-HCM

ABSTRACT: Contrary to the synchronous circuits, the asynchronous circuits operate with a
mechanism of local synchronization (without clock signal). For many years, they showed their
relevance with respect to the synchronous circuits thanks to their properties of robustness, low power,
low noise and modularity. However, the lack of design methods and associated tools prevents them from
being widely spread. This paper deals with a new design methodology for integrated asynchronous
circuits and EDA tools. The suggested design method allows on one hand to model circuits in a high-
level language, and on the other hand to generate circuits using only elementary logical gates and
Muller gates. This method was prototyped by the development of an EDA design tool for asynchronous
circuits. The combination of design methodologies and supporting tools creates a design framework for
asynchronous circuits, namely PAiD ("Project of Asynchronous Circuit Design"). This framework
allows compilation and synthesis of circuits, described by high-level language ADL ("Asynchronous
Description Language"), to generate asynchronous circuits. The result of the synthesizer is a functional
netlist of the circuits. This netlist can be then mapped to a specific-technology gate library for
asynchronous circuits. During the design process, the circuit can be tested through the simulation

process in different levels of abstraction.

Keywords: Asynchronous circuits, integrated-circuit design methodology, CAD tools, EDA
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