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Abstract

This paper introduces a logic equivalence verification system called ASSURE” developed
by Fujitsu Laboratories of Americd] FLACfor verifying logic equivalence in two circuits. ASSURE
combines multiple verification algorithms with its unique heuristic method to realize faster and
more successful verification than other tools in the market. This verification tool can therefore
even be applied to designs as large as several million gates.

ASSURE has practical functions based on the latest verification technologies developed by
FLA, for example, automatic flip-flop matching and diagnosis for design errors. It also provides
a superior environment for design verification that guarantees 10000 verification coverage by
supplementing the conventional logic simulation used for design verification, which has been
causing problems such as increasing verification times and decreasing coverage rates.

ooboooooooooboo X 00ooO0ooDoO0O ooooooo O

19860 00 000000O0OOODO
pooo0o0oooOopooooo0on
goo00oO000DO000D000000
OCADOOOO0ODOO0OODO199600
gooooooooo

Advanced CAD Development
Department

198700 000000000000 O
gooo0o0ooOoOoooooon
pgoooovwsioocADOOOo0OO

00001980 000000000

oo

Advanced CAD Research Department

FUJITSU.50, 6, pp.351-356 (11,1999) 351



gooooon

ggobooobobooobbooobbooooboog
ooooooooboooobooobobooooog
ggobooobobooobobuooobbooooboobg
O00000ooooO0o0opoUoooooOoOoOoooooOo
goobooobobuooobobuooobobooooobog
gbodoboobobobobobooboobobobooboog
oooboooooDbooooboooboboooooog
00 0000 O FLAO Fujitsu Laboratories of America,
Inc.0O00O0O00ODOODDOODOOODO ASSURE'OO
gooboooooboooobooobobooooog
goobooon
O0o00o0ooooOoOoo0oooooooOooooooo
goobooobobuooobobuooobbooooboobog
ggobooobobooobobooobbooooboog
ooooooooboooobooobobooooog
goobooobobuooobobuooobbuoooboobog
O00000ooooO0o0opoUoooooOoOoOoooooOo
goobooobobuooobobuooobobooooobog
0000000000 0O0ODbDOASSUREDOODOOOO
goooogleo0oobooooobobooooooon
go7o0dboOooobOoOobOoOoossmudorsoMmO
gboocmoboobooobobooooobboobooo
JoooobOo00oo0oOoOobobOOASSURED DD DOOO
goobogo
010 BDMI Binary Decision DiagramO¥0 O O ATPG
0 Automatic Test Pattern Generationd”0 0 0 00 0 O
gobooboobodboobboobobooboo
[T robustness 0 O O
020 ODODOO0OO0O0O0O0DOODOO Verilog/VHDLO O

oooooo DI
Verilog/VHDL

0000000o0o0o0o0oooOoooUoooo
030 Dboooobuoooboboobmuoboobooo
ggodbobbobobo™oobobbobooooa
gooooooooo
U040 DOOOODODOODOOODUObLObOObDObDOO
0000000000000 oUum T T/TKOOOOO
00O0DOO0O0O0O00O0DOODO0OOOaeuln Graphical
User Interfacel 0 O O
00000ob0obDD0OO0O0OASSUREDOODODODOOOOO
gooooboboboASSUREDOUOOOOOOOOOOg
0000 00obO0o0bOob0bOobOO0O0ODbDOOASSURE
goooboooboboooboboooobooon

goooon

OASSUREDOODOODOOOOOODODOOOOOOoO

g0obO0ObbO0obO0o0obOOobOOobOoOomOonOspecd

gooDoo0oO0oooooobooobooooooo

O0O0000000DOOECQ Engineering Change Order

oo0oo0o0ooooOoO0o0oOoOoUoDoObDOoOomooo

implld 000000000000 00000O0000O00

ggobobuooobbooobo

010 SpecOlmplO OO0 OD0OOCODOOODO

020 DO000oobobobooooobobobooooo
goooboooboboobDmoboorFOOOooonog
gooooboooboboooboobooboobooo
ggboodbodbbooboobuoobooboo
ooo

030 BDDOUOATPGUOUOOOOOODODOODOOOO
ggboodboodbbooboobuoobooboo
goooog

U040 ODDOUOODOO0ODODMOODODODmObOOoOoOobooo

00O
0oooog
v v
0000000000 - DDDDDI
| [ EEIE]E]G |
| 00000000 |
GUI
| ooo | |DDDDDDDDq
0ooo0od Jooooo
0oooo
oooo

! DDDDDDl | EIEIDDDDEI! d

oooooooof| ooooooooo|f[ Bbb || ATPG |

O-10ASSURED O OOOOCO
Fig.1-ASSURE system architecture.

352

FUJITSU.50, 6, (11,1999)



goooDOiMmoomi@moooooomooo
gmooog
Oi0 DOoooooooOooooooooooooood
gomooooomobooboooooooooog
gooooooooooeuiInbobobooooog
gooooo
Oii0 JooooooooCooo0ooooooooooo
gboboooobobobooooboobooboooobog
gooGuiboooooooobbbooooooo
goooooo
0ooooooo@io40o0o00 midoimod
OOASSURED 0000000 O080000ASSUREDO
go00oO0oDOOo0oO0o0ooOBbDOATPGOOOODOOOO
goooooooooobooooboooboooooooon
000000000000000000000000d
goioooooooooooboooooooooooo
goooooboboboobooobooboobooboooog
0go0o000o0000000000000000000d
ASSUREDUODOOUOO0OOOODOOODOOOOODOD
gooooobobobooboooboobooboboooog
goooooboboboboooobobobooboo
gobooooooooooooooooboomooo
FFOODOOOOMDODOoOooOooOoooOrFFOODOODOD
gooooobobobobooooboobobooboo
goooooboboboobooobooboobooboooog
g0o0oo0o0o0o00o00o0000000o0000o000d
Tel/TKOOOODOOOOOOOOOODOOOGUIOOO
gooooo

ooobooooo

e OO ODOODO

oooooobooooobooobooboboooooooboo
gbooboooooobobooooboobobooog
gboboooooboooboboooobobobooboo
gooboOO0OOFFODOOOOOODOOOOODDOO
OO00000DO0OO00O0O0DOSpecOImplDOOOOd
gbobooboooboobooboboobooobobobaoobo
gboobooooooboboooobobobooog
gboboooooboooboboooobobobaoonoo
ooooooooooooboobboooboooooo
gbobooooooobobooooboboboonoog
gbobooboobobooboboooobobobaooboo
O0oobobobo0obDOo0obOo0obOnOASSURED OO
gbobooooboboobobooooboboboboo

FUJITSU.50, 6, (11,1999)

0000000000000000000000000
0000D000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000 p00000MO00000MO00$mOn
0000000000000000000000000
00000000000000000
e OFFODOOO
O0000OFFO00000O0O0O00000000000
0000000000000000000000000
0000000000O000000000FFOO0000
0000000000000000000000FFOO
0000000000000000000000000
0000000000000000000000000
000000000000ATPGOOOO00O0O0O0OO
O00OO0O0O0OO0OO0ASSUREDOOOOOOOOOOOO
00000000000BDDOOOOOOOO0O0000O
ooooooo
OoBbDOOOOOOOOOOO
0000000000000000000000000
0000000000000000000000000
O0OFFO0000000000000000000000
000000000BDDOOOOOOOOOOOOODO
0000000000000000000000000
0000000000000000000000000
00000000000kO0000000000000
0000000 O00000000000000000
000000000000000000
e 000DD0O0ODOOOODO
OASSURED 00000000000 D0O00000O00O
0000000000000000000 M 100 3
ooo
010 00O00O0Specd Impl0 000000000000
0 {0{Dago
020 00000000000000000000000
000000000000000000000000
00000000000000000000000
00000000 {0Mb300000000000
00000000000000000000mMmO0
0oooo0m
030 00000000000000000000000
000 {0clo

353



:% Spec ol
- 02
i3 —
:% Impl ol
- 02
i3 —

ODa0O0000000000000o0

:; Spec ol
i3 >—<>§ | 02
:% Impl ol
i3 | 02

ObOODOO0OO00O0O0O0O0O0O00O00O

il
io ] Spec g%

i3 !
. B
i3 02

OcOOOO0O0O0O0O0ODOOOOOOOOO

0-2000000000000
Fig.2-Verification algorithm.
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Fig.3-Error diagnosis based on Xlist.

0000000000000000000000000
oooo
O0ODOASSUREDODOOOOOOOODOOOOD
0000000000000000000000000
0o0DO00o0O0Dn

ooooooooo
0000000000000000XIst®00000 Xlist
0000000000000000000000000
0000000000 Xist000000000X 0000
0oO0DO0oOo0oon
OXist0ODO0O00O00D00040000MadO0O00d
0000000000000 000000000000
O00Specd Impl0 000000000000 DO0OO
000000000000 MbMOOODOOADOD
OOXistO 00DO00D000000000000000
0000D00A0DDOODOODOODOODOOOO

OcOO00O0D0O0BOOOOOXstOODODOOOOO
000X00OOO0OO0OO0DOBOOOOOOODOOOO
0000000000000000000000

poooooboog
OxlistOOOooooooooooo®0000oon
ooQ

010 DO000O0DO0000D0OXistD00000000

oooooooon
020 00000000 MDOO00XmMOO00Xlistd O
00000000000000000000X3000
OD00OXistO0DOODO000000000000
O00000DOXO0OO0OOOXist0OoDOoooo0on
ooooo

000000000000 Xist0O0O0O0000000

FUJITSU.50, 6, (11,1999)



ooooooooooobobboboooooooobooo
oooOoOOoO0oO0ooooobobOoOOoOoooooobobooo

ooooooon

e DD OOODODO
OASSUREOODOOOOOOODOOOOOOODOODOD
goobooobooooboboovwowobobooobobooda
ooooooogooysoMOObooooozeoooonog
0o00b0oooooooooooeGooooooonoo
goobooobobooobbooobbooooboog
gooboDbDb200000DbO0O0O0O0OUOOOODeoDO
go7ooodbobobDoobobobooooonb2o0
gobooobooobboooboouoboobbog
0000000000000 0OASSUREDODOODODOO
oaoooo
goboooobobooobbooobobooooboboa
oooooooo

e 00O UODODOODOUODDOOO

OASSUREO OOOODODOUODOOOOOOOOO
goobooobobooobobooobboooooog
goobooobbooobbuooobbooooboboog
0o00o0o0o0oooooooooooooooooog
O000000O0D0ODOOOOcorrespondd OO0
goooooooboobobbbobbobobbobooogodd
equivalenceD OO Ocomplementd D00 O0O0O0DOOOO
O0000000000Ologic_ 0000Ologic_ 1000
O000o0ooooOooOooooooOoOoOoooooo
O0O00OskipdOOODOODODOOOOODOOODOOoOO
O0000Odont care0 00000000 ODOOOO
ooo0o0oo0obob0oooboboooboooooog
goobooobobooobbooobbooooboog
Oo00o0ooU00oooOoooUoooUooooooooo
ooooooooboooboboooobooooooog
gogobooobobooobbuooobboooobooga
0o00o0o0o0oooooooooooooooooog
goobooobobooobobuooobboooboog
goobooobboooobbooobboooobooboog

O-10ASSUREOOOOOO

oooo OO0 kGates(T] 000 O 000000 MO
DATAL 70 5 120
DATA2 170 12 280
DATA3 200 18 370
DATA4 700 55 750

000000000 Ultra-600 2GO O ORAMO 6 GO O O swap

FUJITSU.50, 6, (11,1999)

goboooobobooobooooboooobooooo
ASSURED O O0OO0OO0OO0O0O0O0OO0O0O0ODOOO0O0DODOOO
gobobooboooooooobooobooooooboboobooooo
gooobooobooboobosoobooboomooo
gobobooooooooobooooooooboboobooooon
000000 CLK_ 010 0OCLK_09"0O 0" CLK_0<1-9>*"
gbooooooobobooooboobobooooo
gboooooooba

e 00O OODODODOODODODO

OASSURED O OOOOOO0OOOOOODbOOO0ODbOonOO
gboboooooboboboooboobobooboooo
gbogooLssbomMuxpooooJrTAacGoOOooOoO
gbooooooobobooboooboobobooboooo
goooooboooboooobooooooooo
gboboooooobobooooboobobooboooo
gbooboooooboboooboooboobobooboooo
gooooooobobooooboobobooooo
gboooooooboboooboooboobobooooo
gobooooooobooooooooooboooobobooo
gooooooobobooooboobobooooo
gboboooooboboboooboobobooboooo
gobooooooobooooooooooboooobooboo
gbooooooooboon

OASSURED ODUODOO0OODOO0OOOODOOOODOOOn
gooooooobobooooboobobooooo
gbooooooobobooboooboobobooboooo
gobooooooobooooooooooboooobobooo
oooooooooooooooooooooooon
gbooboooooboboooboooboobobooboooo
00000000000 0DOO00OoODskipOOOOO
gboooooooboboooboooboobobooooo
obooooouobOFrFFOSIODODSOOOOOODO
skipOOOOOOODOOoOooOoooooooooooo
gboooooooba
gooooooobooobobooooooobooobooo
FFOSIDOOOsoOOOOOOskipOOOOOODODOO
gbooooooooba

ooooooo

U00000FLADODOODOODOOODOOODOODn
goooooooooooooooboooboboboDon
ASSUREMIODODOOOOOODOODODOOASSURED
gooooooobobooooboobobooooo
gboboooobobobooboborFFODOOOO

355



oooooooooooooooobooooooboobogoo
gboboooooboooobo
gbobooooobooboboooobobobooboo
gboboooooboboboboobobooDbo

oooao
010 R.E.Bryantd Graph-based Algorithms for Boolean Function
Manipulation. IEEE Trans. on Computersd] C-350 pp.677-691
[0 August 198601
020 P.R. StephandR. K. Brayton and A. L. Sangiovanni-

Vincentellid Combinational Test Generation Using

Satisfiability. /IEEE Trans. on CAD/ICASO 150 90 pp.1167-
1176] Sep. 199601

356

030 D. BrandO Verification of Large Synthesized Design. in
Proc. Int. Conf. Computer-Aided Design[] 19930 pp.534-537.

040 Y. Matsunagal An Efficient Equivalence Checker for
Combinational Circuits. in Proc. Design Automation Conf.[]
199601 pp.629-634.

050 R. Mukherjee et al.0 An Efficient Filter-based Approach for
Combinational Verification. in Proc. Design Automation and
Test in Europe Conferencel] 199901 pp.132-137.

060 V.Boppanaand M. Fujitall Modeling the unknown! towards
model-independent fault and error diagnosis. in Proc. Int. Test
Conf.00 19980 pp.1094-1099.

070 V.Boppanaetal.O Multiple Error Diagnosis based on Xlists.
in Proc. Design Automation Conf.[J 19990 pp.660-665.

FUJITSU.50, 6, (11,1999)



