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The circuit verification is a process to assure the correctness between the implemented
circuit and its specification. This thesis proposes a design and development of verification

process for quasi-delay-insensitive (QDI) asynchronous circuits by process algebra.

Our approach is the model checking by finite state machine (FSM) in formal verification
method. Both of the specification and implementation will be used to create a finite state machine
by using state graph and process algebra technique. In the procress of creating finite state machine
of implemented circuit, we also consider the environment model got from specification to control
input signal transition of implemented circuit. Then the behavior of the resulting implementation

will be compared to its specification by using the breadth-first search method.

Experiments on the benchmark circuits show that verification process had efficiency

93.10% and can verify 27 circuits from 29 circuits
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Algorithm 2 Find encode start state

Step 2.1 Initial encode state to unknow value

Step 2.2 AddQueue(queue, start signal transition)

Step 2.3 While encode state still have unknow value
BeginWhile

tmp_node = DeQueue(queue)
If encode state value of tmp node’s signal is-unknow value
If tmp node’s value =1 then
Set encode state value of tmp node’s signal to 0
Elself tmp_node’s value =0
Set encode state value of tmp node’s signal to 1
EndIf
EndIf



AddQueue(queue, next tmp node’s transition)
EndWhile
End
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Algorithm 3 Construct flow graph for STG
Step 3-1 Insert encode start state in flow graph-which derived from algorithm 2
Step 3.2 Insert start signal node which derived from algorithm 1 (step 1.3)
as encode start state’s child Consider current temporal relation
Step 3.3 For each signal transitions in STG traverse by breadth firth search and
start at reset signal transition
BeginFor
If encode signal transition not exit in flow graph

Insert encode signal transition (parent node) in flow graph



EndIf
Find children of signal transition in STG
For each children in STG
BeginFor
Consider causal relation of children in STG
If has causal relation properties
Encode children signal transiton
Insert children as encode signal transition’s child
Else
Add children to arry share node
Endlf
EndFor
Consider current temporal relation
Consider causal relation with share node
EndFor
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' 9 v
nouNaziINsesuleT1gaziBeareIlunouIsn 3 9zveesue Insedd Wdoyaveq
' Y 9 QYo w "o Yy 9 A
nsmensauney Tassasnedeyan lsdmsunilamenuszmiailuaeslasiasiaveyans

' A
Tasears19oyaued parent node a2 1A59d3 19901av04 child node Taeh Inssas1edoyans

E4
v A

aouiiuid hliimensidenTswesszilen Fulsznoud etoyadil
Taseas19doyavoq parent node
1 mewldeuulasduanaiidhsiauda
2. mwmaienTesnsidatuindasdayaer (child node)

E4
3. faxllda parent-node ol

Tnseas19doyavoq child node
1. manfasuasdyaaiidhsiauds
2. mandsuudasdayan

3. Awesmsndsundasdaaa

9

4. ¢2% 184 child node a1



snfusiailassadadeyaiiimlszandldfuiuneudsn 3 daiieaziPendad

Step 3.1 Huduaeusuusnveamsaiianslanoaiy Tagisezsiinisunsnua
Sududrgnalensnudaiulasadudoyauuy parent node Tavfisezihmsaniug
Suduidhsitaudrildonduaeudsi 2 s TuaGudy Suaadugi 45 @)

Step 32 WumsumsnTuamadsundasdayanasudui 1dnnmsdiaszdlu
Fune1TET 1 (step 1.3) Ty TuagnueaTuaiSudy (step 3.1) Taeii TnseatredoyavesTua
flazihmsunsnifulassadredoyauuy child node Svinimsdsuudasdayanasudud
11NN 1 81 15192 A0fi9 1 aAAENIA concurrent temporal relation 1&hiMsad1aTuafia
fmaumsnd 1) lunsmaean Tasdesdiilsdidwuvesmsin/aoundasdaaadiiiull
1ﬁﬁ§wuﬂﬁdaéwu%uTuﬂﬂwnﬂéﬂuuﬂaqﬁmqpﬂuéuﬁumaa%nuuamﬁ1u§%ﬂﬂ51Wmaaaq%i
C-element ﬁaﬂnﬂﬂéﬂuuﬂaqﬁQQﬂagAHW%JBH—Lﬁaﬁwniuw5ﬂuazﬁﬂﬁanﬂmauﬁﬁ
concurrent temporal ralation i]%nl@s]}ﬂﬁWf’fWNHﬁQzﬂﬁ 4.5 (b) uaz 4.5 (c)

Step 3.3 Lﬂu%ﬁﬁalnniﬁwﬁ13ﬁh1ﬂﬂ§auuﬂamﬁmm1m1u§ﬂuuawﬁ1u§%ﬂﬂ51w
TAgas MMIUIZAUBNIUaNT UAFUNT 1MUY breadth-first  search H921TUAUINANT
Lﬂéauuﬂaeﬁmmwmﬁﬂ%vm%ﬁmau?%ﬁ1(mq>L$

Tudunsniszmmsnaomnladuyananesnves Tuaiimafinsen ndamiy
wwhmsdhsiadyyiaienn wazasivdeunuauiia causal relation fuTuafiad1e1uda
1un31ﬂﬁ1ﬂ¢n4uﬁaﬁﬁrﬁuwiﬂiuﬂmaqﬁmqnnmnaaﬂﬁﬂiuﬂi1WﬁWﬂ¢n4Tﬂﬂﬁiﬂﬁqﬁ?1q
Foyavosdyanumeeniiszihimaunsniulaseadiesfoyauny child node d1110737' i
AmANTA causal relation WMINsIANF U RIBeNURd IHAT M d R0 anTuszilion share
node%wnfuﬁ%wimwiTuauTuﬂgﬂMGQﬂwﬂﬂﬁauuﬂaqﬁﬁﬁgﬁmﬁﬁ1ﬂ1ﬁﬁﬂ1ﬁm131ﬁﬁ1u1ﬂﬂd1
1 Tun 15195 R0afi0 150171 concurrent temporal relation udaimsadaTuaiiogiing
unsnis U lunsilansan Tnedesiafisdedrduvesmsilasu asdayanadiilull1d
ﬁ%wuﬂuazﬁwnﬁuﬁﬂuuﬂaqﬁmm1mﬁ15uTﬁvﬁnnﬂmﬁuﬁﬁcmwdrdmmnﬁﬂﬁmqnmiu
seiflon share’ node S 1VANUITAMANIR. causal relation 1funsnluamsdsuuilag
Fyananive hluns oo waziinsn Tuamanlasuinlasdayaier share node 1iilu

g 9

Tuagn

(% 1 1 dy oaj as 9 a a o
aegae llfvzuaastuaouds lumsadunsasauvosgnuuansuasunsim
4 o = = o 2 9 2 9 A
UYDI293 C-element 1 Ai n Bi tumsnlasunlasdyanansudutazmsaoizisudun

!,"lal’ﬁﬁlﬁ'ugi]ﬁ@ 00001010 Gd]f\‘llﬁf]ﬁWﬂﬁLL'J$NWH@ﬂLLu&ﬂiWUﬁ%‘HﬂiWNLLUU breadth-first search



1 [ 4
w2 Iddaumalasunlasdyonuinegiimanonsandail Ai+ Bi+ P1+ P2+ P5- P4+ P3- P5+
Co+ Ai- Bi- P1- P2- P3+ P4- Co-
a 4 A o . A a a a o 1
Aaszmalasundasdyanm At wennsanlugnuuaniudsunsv azwun
msuldsunasdygueonae Pl+ uazlinuauiia causal relation gnABIATIAMENIUA
oo o & o A Y R o I
N uaFunINARiuIiImsunsn Tuamsnlasunlasdyanw A idsiaudaudigns v
189153 Inseai19doyatuy parent node tazunsnluamsnlasumlasdyanu P1+ 14
I~ x o : o . .
W TuagnaadiTaseaiedoyanuy child node 1 l# Tuamsulasuntlasdygim i+ 0
WsHaualisuauTuagniiiy 2 Tug 15192A9N9150AMANTIA concurrent  temporal
relation @i imsadaTuansgiimsunsnd 1 lunswenoau Tasdesdriladediduves
: @ { g 3 @ {
malasunlasdyanadullIdnme dwaaslugii 4.5 @)
a 4 d' o y d' a a a o 1
Wnsiznmalasusalasdyaaw Bir Wennsanlugnuuansmd@dunsvl azwun
A o A 1 =\ wAa . A 9 Y
manlasunilasdyanauaieonae P2+ e lilinuaiild causal relation 11109910 P2+ Aoeso 1
a A o \ 2 Y a =2 o A
inamslasunlasdyaiaued Pi+  tag Bit  (38U081T9N0U 131399110151 WNNIS
nldsunasdyana P2+ luszidlou share node
a 4 A o A A a a o 1
wnszmalasundasdyaia P1+ rennsan lugnuvansmasunsi azwun
= o A oA wa . A Y v
msasunlasdyansuieoniio P2+ ta lilinaauia causal relation 11109910 P2+ Aoe30 1
a A o X = Y = 1 A )
amslasuulasdygraves Pi+ tag Bi+ Gousosidonoy 11109910 Tua P1+ I Tuagnis

o [

Vedpaiimsnasanaauiia causal relation NUda M luszifiou share node UnAD QYR

9
= )

P2+ UsIngiiamantia causal relation NABIATIMMFALUANT IMATUNTIV ALTTUTIRINS
d' o - Y1 & o~ Yy v
unsnluansulaguudasdyaianivg Wignswaignuaay Insaas19903aui parent

{ @ I @
node tazunsn luamailasumlasdaamluszidion share node 1diiuTuagn dwaaslugy

45 (o)

A

[ o a L4 : o <] o 1 Y { o l
ﬁ']ﬁﬁ‘llﬂ']ﬁ'JLﬂﬁTSViﬂTiLﬂaﬂuLlﬂaﬁﬁﬂJﬂﬂm@u“’] ﬂi]z'ﬂH‘lfulaf]'lﬂuﬂﬂﬁﬂﬂ@'l@ﬂ’m

o

d‘ o a 4 d’ [ a Aa o 9 9
Lm%Lll@Li”I‘VHﬂﬁ’JLﬂiTgViﬂiﬂﬂﬂﬂ”li!ﬂaEJ‘L!LL‘]JE’NﬁﬂJiflﬂﬂﬂH“ﬁﬂLlUﬁﬂi?Hﬁ%uﬂ'i”IWLLﬁ’J‘l]zulﬂ

g g

NI NABNUFIHTVINTOINI A0 TINAUBIAVANBUZVDIIDT C-clement Aduaalugin

4.5 (f)



!

1

| 00001010 \J\] E—H 00001010 [\] -] 10001010] Ai 1| <] 01001010] Bi [ 1 ]\]

C-element C-element

A
N

(a) (b)
[3—»[cooozoi0], T Tocororo] A [1] [ ozooio1o] B [1]N]
L

C-element
| 10001010] ¢ | »{ 11001010 Bi [1[\]

| 01001010 \J -{ 11001010 | Ai 1]\

(c)
E—ﬂ 00001010 |y | 9 10001010] Ai J1] | 01001010] Bi | 1 []\]
C-element v

| 10001010], | 4{ 11001010 Bi | 1| 4{ 10101010 P11 [\]

| o1001010f, | = 12001010 [ Ai [1]\]

[ 11001010 ], | 9 11101010 [P1 1]\

v
| 10101010 [\J —H»{ 11101010 | Bi [ 1]\

[3—»{ooooio10T, TF»{1ocoroio] A Ji] F»{otooroio[ Bi[1]N]

C-element
10001010 11001010 | Bi |1 10101010 | P11
[l

»

| o1001010], | -9 11001010 | Ai 1 ]\{

4.

| 11001010, | 9»{ 11101010 [ P11\

L

| 20101010 | | 1 211101010 Bi [ 1]\

[ 12101020 N\J { 11111010 | P21 [\

(e)

00001010 | | =H»{ 20001010 | Ai [ 1| =] 01001010 | Bi | 1\]

C-element
| 10001010 | | <] 11001010 Bi | 1| —H»{ 10101010 | P1] 1 [\]

»

[ 01001010 |y | < 11001010 | Ai J1 ]\

4.

| 11001010}, | 9 11101010 | P1]1[\{]

»

| 10101010 [ | <] 12101020 | Bi |1 [\]

e

| 11101010 |y | 9 11111010 [ P2 ]2 [\

”

{11111010 | | —f 11111000 [ PS O]

”

[ 11111000 |, | 9 11111100 P41 [\]

4.

[ 11111100, | 9 11110100 | P3O \]

»

[ 11110100 |, | 9 11110110 | P51 [\{]

»

[11110170 [y | -] 11110111 [Co 1]

i

| 11110111 |4 | 9 01110111 | Ai JOo] 4 10110111 | Bi JOo[\]

1

|o1110111 | | 9{ oo110111 | Bi Jo\J

»

[ 10110111 ], | 4 00110111 | Ai Jo| <] 10100111 P2 0 [\]

»

| 00110111 |, | 9] 00100111 P20 \]

»

| 10100111 |, | 9 00100111 | Ai Jo[\]

»

[ oo1o00111 |, | < 0oooo111 [rijo\J

»

| ooooo111 |y | 9 oooo1111 [P3J1[\]

”

[ oooo1111 |, | 9 00001011 [ P4]o\]

| oooo1011 \J] | 00001010 | CoJo[\]

®

A 1
4.5 GUABUITMITAS 1IATOITNTAD UL T INAVDINUANHUZUDIIIT C-element




4 { J o <3| 4 @ o w Y
Wosnnnsmlaenui latvziih ld1dduniednsaougiinavesnuanyuzaes

A 9 [ o A 1 = [ ~
2oz Flumsniugeuisasae li isvzdimsnlasuavesmsulasuulasdyaun
9 @ 9 Qle d' d? 1 d‘ d' 9 a Y =1 1
s anad TaemsdarounluiiieNazazain1unsd1aoe 1ags19e a3 191 aneun1ve
maasundasdyanaidiswandnuaniug uaziinisud luarvesmslasuniag
o A Y o v o ! o = Y 5 o
dyaraindisdandaiaiuaseaanad audadluaisied 4.1 azlanslaeanudmsy
1N3099N3 A0 IUEIINAVINUANYAUZY09995 Awaadlugii 4.6

A13197 4.1 M3 1UAVAITEHIN state N encode signal A115UIATOIVNTADIULIINAVDS

AMANYULUDIINDT C-element

State Encode Signal
SO 00001010
Sl 10001010
S2 01001010
S3 11001010
S4 10101010
S5 11101010
S6 11111010
S7 11111000
S8 11111100
S9 11110100
S10 11110110
S11 11110111
S12 01110111
S13 10110111
S14 00110111
S15 10100111
S16 00100111
S17 00000111
S18 00001111
S19 00001011




B— I PE AP =N
C-element v
ENE . EEAE . EIEAAN
EANE BN BN
[E N B BN
EANE 4B EIBN
ENE 4 E R BN
E N B E RN
AN BRI BN
[E N g EE E RN
EINE . EUE RN
[s1o] | gwis11]co] 1 [\]
[s11], | gw{s12] Ai]o] i3] Bi [o[\]
[si2] | 991 s14] BiJo[\]
[s13]; | g»{s14] aiJo] 1w s15]P2]o[\]
BEEANE . EEAERN
[s15] | 9wis16] ai]Jo[\]
Isi6], | 4wis17]Pi]o[\]
[s17], | F¥ls18]P3] 1 [\]
|518|Y|—|-)|519|P4|ON

s19 sO | Co] O

”

”

”

”

”

”

”

”

”

”

”

”

”

L«

”

”

Start state: sO
Stop state : sO

(a) (b)

< A4 o 0w o
E‘IJVI 4.6 IATDIINTADIULIINAVDIAUANYULUDINIT C-element “lugﬂl,mmmﬂsww (a)

uaz Tnsaadravesdoya (b)

k4 ] [

PUADUATMI A3 1ATOIINTAD U S INAUDINUANY UL V092995 NNA 1IN MITU
a I~ a Aa o o a Ao >
sunailugnivansmdiuns vl nazaziamsaiie state graph NFIUUANTIUATUNT W

a 7 o Y c 4 any Yo A Yo L =
AN503ATIZHANNFDFoUVITUABLAT Iaasil Tasliuassvesnislasunilas
@ I
doyananiuna

dmsuFnuuansuasunsnlavesdyguuuia s a1 uazliranis

[ @

~
wasulasduanavuia T a

g 9

QAq Y 9 A 9 A o a 1 Y @ o ~ '
nsainldnaiosiige vwxdedlidyanadunaediatios 1 a2, dyaimilul

g 9 Q

v

4

AU

' o o

oy
a 1 Y o § [ ] A
Buna 0d19tioe 1 1 waziimsuldsunlasdyanuedaiosngaminuiuiuves T
A Y

99 q

naangavesluaouiine T+T=2T 1iufe O(T)



AAq Y ~ Y = o 1 A 3 o
ﬂiﬂ!ﬂﬁlsﬁljaTNWﬂﬂﬁ;ﬂ VCADINLFAVINTYYIUDYIWUINNGAVUIA S AT LUASNINIG

1 v 1 b4
asundasdyarmediaunniigaunnudiuiuves Tsn - lagfin - ABMIAUATIVOINT

9 v
v W I

A o A o A v A
Lﬂaﬂutlﬂa\i YUY @Quul’lﬁ’]ﬂu’]ﬂ‘ﬂq@mﬂqmu@@uu'ﬂﬂ S*T*n UUAD O(STn)

4.2 agl
dy 9 1 =3 ng ad 9 d'i [ o w [
TunniildnandaiunsulTnmsad1unioldnsanIuzINAvoINUENHUTYDINDT
a ] Q' a Ja a
Tasldmaiinued state graph g19azden lagisuanmsosuigsduuvveslidounasn
grap 3 \

a o a L4 o A v o QSJI
uuammﬁ%uﬂﬂw, ﬂ1§3lﬂﬁW$WW1ﬁﬂJuﬂlﬂmlﬁll(§l}u, ﬂWiL"lahﬁﬂﬁﬁiUuiUuWﬂl LLﬁﬁﬂlu@lﬂuﬂWiﬁ%ﬂ

Y H
v ad A

Y QSJI @ 1 o [ Aq Y o Y o A
nil wowunsendredializnen dmsunamldlumsinuvesduneuisn Idiuausdo
adqy 9 { q ¥ { {
o(T) Tunsainldnandesiaa uaz o(STn) lunsainldnamnniga Tagh S AvvuIAuD BwH

o A

1 4 [
dyana, T Aevinaveuyamilasuuilasdynia waz n Aodduassvesnmalasunila

[

Ty



UNN 5

4 (% o w v (Y d
!ﬂ%@x‘]fﬂﬂ‘iﬁﬁn‘t!%fi]1ﬂﬂ‘ll9&33%5ﬁ15ﬂ1ﬂﬂ1‘§ﬂ\1!ﬂ‘513ﬁ

dy 1 3 a 9 4 (Y] o (%
Tuuniiis1aena1nnesIeazBeanuoaTuaeUITNMI AT 1UATBITAT AU IINAUD
{ 9 [ 4 a o a 1
19950 lAnnmsdunszd lagvgesuienamsiuemganssvveanadeslulesuuaasly
o Ay v e a ¢ A o 4 o &
sdupuvesnsl vazihnsdlansnuandinszdnimsulasunlasdygrafszimaiy
Taglddinszinnms * ludivasiaiFanszuaunsnlanan 13 luuns 2 uvazdrienaTuaa
A 9 I [ o [ :/‘ agn 9 A Y] o W =\ A I
dunadeudunan dmsuduaoudslumsaivaiostnsaniuzdinasell liasunyaiy
A 9 [ o= (] a P 1 = [ =Y
v Idnnmsdunsizidgeeglugduuvvesinainununanaazina lurarsnisssaenuy
[ 5 [~ [ H (] 4 Y]
uazdall delete signal FuiludnanalureesnlidesnmsliuaaclunsinTosinsanius

e guuuvvewiinlud nagguuvvesineizuandlugii 5.1

A a 4 a 4 a o . .
PFOINVT = UNWIU 1 * UWIU 2 * ... * UWIU n [- (delete signal 1, delete signal 2, ...)]

(a)

gate n (input signal 1, input signal 2, ..., input signal n, output signal, start state)

(b)
{ < s 4 o @
517 5.1 (a) gdnuvveunn lavessasn Idanmsdunsizs

(b) Ut niludin IWd

5.1 pvlngAnssuveann
1 ~ o a a 4 A
nauaazmasasanazimganssumesuielugluuvvesnsld Tashlua
woeanshiznaasadyaavesmedyaiauaazidu s natlanainis uazidui¥ou
' =2 A 1 o &£ A o
3219 Tuavzuaasnamsndsun)asvesmdyga $INAD state graph 10
AI0IINFUNYANT THVOUNA OR N 2 UNAUAAIAIA1T19N 5.1 LAZWOANITNDTLY
Tugdunvvesnslauaaslugin 5.2

M13 199 5.1 WYANIINVOIUNA OR UYUIA 2 DU

Input A Input B Output C
0 0 0
0 1 1




319 5.2 3 MugANITUYRINA OR YUA 2 DUNA

9

A av A g = Ja aa 1
LL!ENmfNTLHﬁ]EJL!L“IJ‘Llﬂﬁ‘l/l?luﬁ’i]‘]_I’N%i’f)ﬁiJ’NimJ‘]JﬂTﬂkl“]fﬂLaﬂﬂul%uclmw ﬁ]ZUlﬂJ‘JJ

[ a < @ @ a2 S 4 A Y
ﬁmumu”|mu1Wﬂ1L‘1JumDMUQMW’Jﬂumimﬂﬂuwﬂ LlﬁSLE’)T@]V!?‘ILﬁW%Qél}BQLWN%@UQﬂU

A A

Y d' [ a dl [ [ [ 9
ez Iimslasunlasdyanuuesninamsilasunlasdyaiuvasnndyanauudi
mamalasunlasdygrandl nazmsnlasunlasdyauvndinzdosseldinans

A o =g Y = ' = a Y o o a 1
naswmlasvesdyanavivondiaGouseadenou FanslngAnssuvesdoisauinanun
13192130071 causal delay taglunsainmnanisnsznevesdgyailulumannumiruuun

4
= 1 U £

I a 1 1 @
79 leAmdoumsudivaztoinumislusedyaramnduiiauiinunaug (isochronic

fork) Aqueraslugiin 5.3

output- output 1-, output 2-, ..., output n-

D@ :

input+ input- input+ input-

@ g

output+

output 1+, output 2+, ..., output n+

(a) (b)

317 5.3 (a) N5NOANTINVDA causal delay (b) NIIUNGANTTUUDA isochronic fork

5.2 lumaaanndon

A o v Y I3 A

Yynindingvosadrunsodnsamuzi1naveI99s i lannmsdunsiznnne
Suan sty Y (state  explosion)  FIULLANAINIINATOIANT AU IINAVD
[V 4 4 % o w { 9 @ 4 o
AUANHAUZUDINF H10INNATEINNTANIULTINAUDITN 191NN 1FHUATIZHIZ 00N U
BUNANNNT A UYL NATEITNTADIULTINAVOINUANHULVYDINVTIZHOUTVBUNATYN
Y z [ QSJI A A [ ~ a d? d?} 9
panuuy Pmniv dulwieNzaavuavessiuaniuznznaduluduasumsaiig
A [V 0o w ~ 9 [ I'd R o =R =2 A 9 =& 3
INT04TNTADIULIINAVD2995 N AT FUATIEHIT IR DedaIndeuTFsazidu
o o [ A @ a 4 = a Y
airuadanizmanlasunlasdyarasuna tazeidna lasazsaaiu Tumadainaon

@ < @
éllﬂ\iﬂﬂlﬁﬂ]ﬂmgeuﬂﬁjﬂﬂﬁlﬂuwaﬂ



ni Tumadanedevausannsan ldanniesdnsanuzsinavosguanyme
Y9I1TFINABIATOIINTA U T RvRIn A NAIZYDIT AT N T U U YB IS

A @ a 4 @ A
nasun)asdyanadunn tazeiana awaadlugili 5.4

Start state: sO
Stop state : sO

Start state: sO
Stop state : sO

(a) (b)

3111 5.4 (a) 1AT0TNT A1 TINAVOINUANHDZVDI495 C-element

(b) ﬂiTi/nmﬂaﬁé\ilﬂﬂéjﬁmmﬂﬂjﬁﬂi C-element



: v oW ' v d
5.3 ﬂ]ﬁﬁ%ﬁﬂ!ﬂ%ﬂﬂ‘ﬂﬂﬁﬁt’n‘ug‘ﬂ]ﬂﬂ‘lli’)\‘i')ﬁi]iﬁvl(’gllﬁl"lﬂﬂ"lﬁﬁﬂlﬂﬁ1$ﬁ
) o :/} dy I 3 Y A o o w Ay Y
ﬁTTYﬁ‘UﬂIuﬁ@uu‘ﬂzlﬂu‘ﬂuﬁi’)uﬂ?iﬁi?ﬂmii’)\ﬁ]ﬂiﬁﬂ"lu%iﬁ]"lﬂﬂsl]f’N'N‘ﬂiTIulﬂ‘tnﬂﬂ”li

E4
v

[ d A [} dy
Funs1zd Hiuaouasas i
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Algorithm 2 Add Delay to Gate Behaviour Graph

Step 2.1 Create Causal Delay Behaviour Graph
Step 2.2 Combine Gate Behaviour Graph and Delay Behaviour Graph
End
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Algorithm 3 Combine gate behaviour graph and causal delay behaviour graph

Step 3.1 Create and insert start state in flow graph
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Insert input signal transition into flow graph

new_state first part = state of input signal transition changed
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new_state second part = state of input signal transition changed
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Elself (tmp_state second part has only output change)
Insert output signal transition into flow graph
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Algorithm 4 Construct Finite State Machine for Circuit Implementation

Step 4.1 Construct environment graph of circuit specification
Step 4.2 Create and insert start state in flow graph
Step 4.3 AddQueue(queue, start_state)
Step 4.4 While (queue is Not Empty)
BeginWhile

tmp_state = DeQueue(queue)

For each input signal

BeginFor
Analyse input signal transition
new_state = input signal transition from tmp_state
If (have delete signal)

new_state = step_look forward(new_state)

new_node = Create Node(input signal, siganl value, new_state)
Insert new node into flow graph
AddQueue(queue, new_state)

EndFor

For each output signal

BeginFor
Analyse output signal transition
new_state = output signal transition from tmp_state
If (have delete signal)

new_state = step_look forward(new _state)

new_node = Create_Node(output signal, siganl value, new_state)
Insert new_node into flow graph
AddQueue(queue, new_state)

EndFor

For each internal signal

BeginFor



Analyse internal signal transition
new_state = internal signal transition from tmp_state
If (have delete signal)
new_state = step_look forward(new_state)
new_node = Create_Node(internal signal, siganl value, new_state)
Insert new_node into flow graph
AddQueue(queue, new_state)
EndFor
EndWhile
End
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Algorithm 1 Check Relation Between 2 FSM

Input Specfication FSM, Implementation FSM
Output Verification result
Step 1.1 InitialQueue (spec_queue)

InitialQueue (imp_queue)
Step 1.2 AddQueue (spec queue, spec_startstate)
AddQueue (imp_queue, imp_startstate)
Step 1.3 While (spec_queue is Not Empty)
BeginWhile
spec_state = DeQueue (spec_queue)
imp_state = DeQueue (imp_queue)

While (spec_state have Child)



BeginWhile
If (imp_state have Child && imp_child = spec_child)
AddQueue(spec_queue, spec_child)
AddQueue(imp_queue, imp_child)
Else
Not Verified
End
EndIf
Next Child
EndWhile
EndWhile
Veritied
End
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Specification Implementation
Circuit Verification
State Time (ms) State Time (ms)
C-element 20 0.41 20 0.44 verified
Converta 20 0.39 20 1.21 verified
Ebergen 18 0.32 18 0.87 verified
Half 14 0.25 14 0.37 verified
Hybridf 80 8.13 80 5.14 verified
Nowick 22 0.46 22 0.89 verified
Trimos-send (R1) 262 123 262 131 verified
Trimos-send (R2) 262 123 262 131 verified
Trimos-send (R3) 262 123 262 131 verified
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Vbeba (R3) 192 89.4 192 51.5 verified
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Vbel0b (R4) 256 199.7 256 101.5 verified
Wrdata 24 0.64 24 0.98 verified
Wrdatab 703 1778 * - not verified
Chul33 27 0.74 27 0.73 verified
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Specification Implementation
Circuit Verification
State Time (ms) State Time (ms)

Sendr-done 9 0.12 9 0.12 verified
Alloc-outbound 22 0.45 22 1.24 verified
RIlm 12 0.17 12 0.21 verified
Full 16 0.31 16 0.24 verified
Input 16 0.28 16 0.38 verified
Master-read 2525 39584 = - not verified
Ram-read-sbuf 39 1.64 39 3.84 verified
Sbuf-ram-write 64 6.03 64 12.85 verified
Sbuf-read-ctl 19 0.61 19 1.75 verified
Sbuf-send-ctl 27 25 27 2.07 verified
Sbuf-send-pkt2 33 2.18 33 1.83 verified
Rev-setup 11 0.34 11 0.58 verified
Nak-pa 58 6.79 58 14.06 verified
Mp-forward-pkt 32 1.51 32 1.66 verified
Fifo 26 0.65 26 2.89 verified
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