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Abstract For designed circuits described with SFL ; hardware description language developed
by NTT, we propose a formal verification method which determines whether the properties that circuits
should satisfy is actually true or not. Against CTL model checking in general applied on logic design
level, we regard a register on system design level as an integer and execute CTL model checking using
integer data. In our research, we adopt Presburger arithmetic, a class of integer. As a circuit model
we introduce extended finite state machine(EFSM) with registers that can hold integer data, give the
translation algorithm to EFSM from SFL, and propose CTL model checking algorithm on proposed
EFSM. For implementation of the algorithm, the library we developed for the operation of Presburger
arithmetic is used. Finally we describe the results of verification for example SFL circuits.
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Bidi, s THRM LARITIER S RVWEELEE
LTW3. ¥£72 13178 TR CTL2 B s TR
LTWAEEEERL TS,

1TEDIWERHET L TY X ATHROEY.

Uv BRORMBEM, Tv B—EHHEEORBER L T5L

for (EFSM & REs T & 1K)
{{Tv=>cond ~ Uv->cond)

BATRICR LTHTH DM E S »rHE )



SITHDREFOREBCTIXI —R—DFNIY X
L) BEAIND. 70T ) b L
BB, 32F(2z)(z IREEER) IZX LT F(2)
NELRAFEEDOD D ¢ DFEEEHHL, ThE
nEz ITRALE2TCOREMERD, F(x) &%
Tz DENLROEEERDZTLIY ALTHD.
HBRFETIE, 81TE CBEEROHEBEWNT 2
HiZL Y, BEEROBEEOBEBVPRELZLT
PROFEERIZIE Y, —EO EU OHEIZL TR
¥ ARIBZORI ISR E L HHIC Lo TR
PILNZHEROLMICRD. TERHIET VI Y XA
TTv — Uv O—FHDORET->THBEDIE, EU
ORER USHEIZ L o CRIBZEMIZEFREmML, 2o
REAREBEMBARTHIEMREIN T BN
LThHb.,

REMAR CORETIX, HEBRENRE L/
MRS LDOTH-TH, TORRBEETIE
SN TRIEZIDMEZEE 2 DR-CRETRE SN 55
IR OB E R S, H0oREOFHIR
REFOEEHEORICBROBHEEIRESEE U
THEEITD. MBAE CIRRKLEERBR L T54
BES VATV B CRETHEDART UF
DEMOFTEEELZRLTWEN, OEE CIIEE
LB ORBEEER T I LEER.

REF

ATV CTL OBRBFIZITHS. CTLX%E
ARG R ELTERICBEF 2B LLEKIZRL,
Z DMK T HRBEMORBL, UTFOT7LH
Y ALTEETES., Z2TCTLLIZANRS VR L
725 CTL RBERAL T B IRHEZER] charfunc.d & L
TRY, INHREERESTWALDETE. F
v iiEEThD. BEOHHEIL, £TOBREK
BT B O& G OREME T VAT VT —Eif
TERALEHBDOTHS.

dv CTL1
FHEWL PR FOE s ITOWT
{state.name = s;

cond = 3v (CTL1->cond A B DFR);}
T % charfunc.d iZ & > TIRIBZEM 2 R,

4.2 MHPREEMOLEHE

HEz bk CTL REFRTHREBEHR L RON
i, ROIRBERICORBERBSGE SN2
EPERHETDS. HETNLITY XAXLUTOHED

Uy 235%2 bl CTL REFERTHRIBEM, Tv 298K
BEMETHE,

THRRIBIZ DV,
(BB OHHE — (Tv->cond — Uv->cond))

BEBFIAH L THTH N EI DEHE

BHOHMIZ, 2 CoBREERICETHEDOEL
HOBREME S VAT AT —EHTREALIZLOT
HB. Ei, MHREZER Tv->cond RO IS T
LTRODIENRHES.

Tv->cond = (& V¥R & OEIMEICBET 2 BHAK)

4.3 TNy XLDEHE

UEDOTATY AAZFEVREIEV AT LR FERL
o, HBRIZEHRAOFEIN—TTHELIET VR
TNH BT AT 5V ROF— % A+ 4o
B% L7 SFL S—¥Z2 AT 3.

—f#1Z BDD Ti, BbL0EHOIEFCIVRT
B ORI THED )~ REICKE RENELCDH
RMRHDEVIEPMLNRTRY, REDTS VAT
NH—BRNBAOT -3 ETHLRIETHS. &
H DR T LBV TR [5] ORBRIERITHEN,
ATERF O BETFHEMER CHIEF o2 A S8
FOREHEER LT, SFLZRFTICHETBIEF
ERNLOBEIEL LCRAL, SFLER» ST
AT NH —BH~OEBREIToTND, T, 2T
DEEPEFFETIREFICL > THEINT
WA VAT NI =R == DTN TY XA
BHERATAEES, Ve Ve, Ve, F& Ve, Vag. Vo F
e LCEEALETAEE2EFE L CHRNOMEITE
bbb, ZoEEFERTHIEICL Y EHEREN
KB EDIZERHNONTWS. ZHXEU 3ER
O IONBTHRETHY, EHEMETHIES
CEVEHERMOBKRECERDS. APETHR[B @
ERFERIZES %, EFSM OIS FICR T 5 KE
ERREVWERLEICHET LAY, HlES
FRFTHRETEZ R, T BT E2RTBRE
BEBIZHEEL TS,

5 fIREE % T D ET

FERLURIEL R TFAIR L, SFL TR LEH
BHERRIC L > Tl 21T -7, BB Pen-
tiumIIl 600MHz, A€V 512MB @b D% Az,
R AR INRT. BIRAICSWVWT, MPX i3~/
F7 L7V, DMPX iXF<NVF 7LV 27, adders
IX 8bit ISR, PENCIZTFS5AFY F 4= a—
&, counter16 IX 16bit 77 > Z, mutexl {X 22D
7 ROV CHMLEIE 21T O RERK TH S.
AERRIEIEEE CTL I X D B2 AV e RBE TRl &
N3, FEBROBRIEICKE L U R R OFISREH B
BIIED3IFIE, 4FIBDOBY ThHA. FIEHER
IERER T SE L Ui VATV —ENES 47
FUBRAWE/—FETRREL TS,

WEFORR, FIEERROIEE A Y DOHEEITONT,
BB CTEL KM TAHEZ 1 DUNTRIET 23N
Hk. —F TiL, RIETERPSIARCHER
BIEFIZKRE S R->TVBEHELRONE. Zhb



[E&EZ i RER (s) |

MPX AG(Qf SEL = 0 then OUT.D =INTI else if SEL = 1 then OUT.D = IN2 0.016 941
else if SEL = 2 then OUT.D = IN3 else if SEL = 3 then QOUT.D = IN4);

DMPX AG(if SEL = 0 then (OUT-DT = INT and OUT.D2 =0 and OUT D3 = 0 and OUT.D4 = 0));| 0.033 1130
AG(if SEL = 1 then (OUT.D2 = IN1 and QUT.D1 = 0 and OUT.D3 = 0 and QUT.D4 = 0));| 0.033 1115
AG(if SEL = 2 then (OUT.D3 = IN1 and OUT.D1 = 0 and OUT.D2 = 0 and OUT.D4 = 0));| 0.033 1091
AG(if SEL = 3 then (QUT.D4 = IN1 and OUT.D1 = 0 and OUT.D2 = 0 and OUT.D3 = 0));| 0.033 1029

adder8  |AG(If éA_IN F BN + CIN > 255; then ((5 = AIN + BN + CIN- 256) and C = 1)); 0.000 504
AG(if (A_IN 4 B_IN + C.IN < 255) then ((S = AJIN + BN 4+ C.IN) and C = 0)); 0.033 1989

PENC AG(1f (256 > INT and INT > 128) then S=7); 0016 1095
AG(if (128 > IN1 and IN1 > 64 ) then S=6); 0.016 1094
AG(if ( 64 > IN1 and IN1 > 32 J then S=5J; 0.016 1091
AG(if ( 32 > IN1 and IN1 > 16 ) then S= 4 0.016 1088
AG(if ( 16 > IN1 and IN1 > 8 )'then S= 3) 0.016 1086
AG(if ( 8 > IN1 and IN1 >74 )'then S=2); 0.016 1084
AG(if (4 > IN1 and IN1 > 2 ) then S:l ; 0.016 1082
AG(if ( 2 > IN1 and IN1 > 0 ) then S=0); — | mem out

counterl6 | AG(if RESET then AX(COUNT.TMP = O)) 0.283 5727
AG(forall(n: if (not RESET and LOAD and DATA = n) then AX(COUNT.TMP = n))); 540.200 | 6147042
AG(forall(n: if (not RESET and not LOAD and INC and COUNT.TMP = n) then 1.666 49212

AX(COUNT.TMP = n + 1)));
AG(forall(n: if (not RESET and not LOAD and not INC and COUNT.TMP = n) 1.150 32348
then AX(COUNT.TMP = n}));

mutexl not EF(CD and cl); 0.050 1195
AG(if then AF(c0 0.266 3179
AG(if tl then AF(cl 0.283 3280

#£ 3: PIREEIE OREERER

i AG OHERETFICXTHRBERHEOKRN
HEW 25T, AGHEPOFEREFLBIZREY
T/ —FEBRKRELS o lzblEL NS, #R
FRITBBERER S EFSM OWREZ L 1249%IL,
FOREDLETHEAETAL Y XA LY REBIEED
HEZFT->CNBDT, FREIEEE RO LS 2E
B (mutex1) IZH L THPTH D LEZX OIS,
MEBPL<=ALF 7L I7HREY MES By h DE|
BRI TARIEBRTHHMB, Yy EZR 16121
Th, BEEICHI»IEHFHER, ERFERICEL
R ON 2otz KD CTL EF/VREELETIX
Ey MEZELTHCONTHMFEERTIHD
EEOBLEMUHERRKE KRBT LBTHRX
AN, REFECIELEREFERT50OTE Y
MERELLTHEROEBEDLL RV D TH
5. Lo THREBEFERIL Y MIZAVE LY 2V R
F AL YLD OERICH L TEMTHR EEX
bihb.

6 FLOLSERDERE

AFETIY, SFL #HWTREFShERICH L,
ZOEKECHREBETREHENIHBRIN TSN
LY e HREICRIET A FE2RRB L. 4%0
BEEL LCIY, EFSM OFH, ticEks7r o
Y XA TOREFLBIZBIT 5 B8R EHIEORE
BT oD, SEEA LEEEEIESEERD
ERIZBWTHDE T2 b O THY, ThBAYIZ
EFSM ORFEZEBNWTHENTHINE I pEFH
ELEW., BELE CTL EFVREBERICK 5
BFEOEALBEO—>THY, #lXIE Forward
State Traversal[6] LB OEKFRRE EE L TR
DIRVEEEH B UHIEETSFE([7]8], CTL
75 ZADHIR[9] 12 LT OEHRERTHS. L
FOXORURBFERFERL, SR VHEOKR
X\ EFSM OREERITVVEW.
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