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Formal Verification of Fail-Safeness of a Comparator
for Redundant System Using Regular Temporal Logic
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Faculty of Engineering Faculty of Engineering
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Abstract It is necessary to verify that circuits which are required to have fault-tolerance including
fail-safeness surely satisfy those conditions. In this paper we propose a method of formal
verification of fail-safeness of sequential machines using regular temporal logic. We use a
comparator for redundant system as an example to illustrate the verification of fail—safeness.
In this example we present that it is rather easy to describe fail-safeness in form of
input-output sequences, and that it takes not so much time to verify fail-safeness on

Sun-3/50 workstation.
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sact | Fai 124 1 1 BB, WThOBASBEORERRIIIEFITINE D
AH #1 oK. | 419 | EEZoNS, PIZEK 4 DB, ¥ — M1 ICHBR
#2 OK. | 3322 BORELE, 2BEANA—HIBEN S E Tii—
EH D1 =D2 =0 ORERFLE LITHEOSBEICRE
& i :"“'2 SE ig;: ‘ T B, BERS, MBHRERES—ETS D1=D2=0
—~a— LKL .
A 8 Fail | 320 | 1 DREISHENE, EOY A 7 ATRLS DAREL,
# Fail 16.2 1 OHEBEDY AL 7NVT, V7 FUIUZRIADS [1] Dikb
NBIEITRD, ZOBERBHAIRELLZODST
&5 A s-a-0 | Fail | o116 1 1 b5, HEIZ, FiBDT = —)lb—THOERT. Hd
i R DR U BB A AN DR —IC 52 TOM. K
g6 A s-a-0 O.K. | 208.6
s—a-1 Fail 48.7 1
AJr # 0K | 447 D1 1111111111111 000000000000000 11111111111111
#2 Fail 28.7 2 D2 0000000000000 000000000000000 00000000000000
&7 Hh - s-a-0 OK. | 2089 CP1 0100000000000 001000000000000 00100000000000
s-a-1 | Fail 174 1 CP2 0000100000000 000001000000000 00000100000000
A 0 OK. | 46l CP3 0000000100000 000000001000000 60000000100000
#2 Fail 385 2 CP4 0000000000100 000000000001000 00000000000100
&8 W7y s-a-0 | OK. | 2218 RS 0100000000000 000000000000000 00100000000000
s-a-1 | OK ) 205.2 LS 0000000000000 000000000601000 00000000000000
Af m Fail 65.5 1
#2 Fail 12.9 1 S§1 1110000000600 060000000000011 11110000000000
§2 0001111111111 111111111111100 00001111111111
K1 HEEER B4 AHARSIOHN (F1471)
D1 0000000000000 0000000000000000 11111111111111 60000000000000
D2 0000000000000 1111111111111111 11111111111111 00000000000000
cP1 0100000000000 0010000000000000 00100000000000 00100000000000
cP2 0000100000000 0600010000000000 00000100000000 00000100000000
CP3 0000000100000 0000000010000000 00000000100000 00000000100000
CP4 0000000000100 0000000600010000 06000000000100 00000000000100
RS 0000100000000 000000000000000 001000000000000 00000100000000
LS 0000000000100 111111111111111 111111111111111 00000000000100
S1 1111110000001 111111111111111 111100000000000 01111110000001
82 0000001111110 000600000000000 000011111111111 10000001111110

K5 AHARIIOH (5172)



WY 7 IVBALT D1, D2 I NTOEI Y — Vi B
TBEOIFREEEBMUTRIE Ulc, £ORBETIEL
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WRTBIENbh o, JOXIIT. AKNRFNICES
WCEMZBN UTHEEEZIT) S &ICL D, BERZED
BEOLVRNVOZEDS ETT x—bz—T7HIERE
NELEBBIEHATHIENTEEDS, ZOFET
OERNBRIAOEFRTHSHEN) TENTES, .
RIDOHARMORANTHY ., T, MELEVE
AT NERET 2RRIIETTENC LD B,

6. b

RO 7 = — V-7 HORENARARFIOH
BTEBATEZILICHEE L, EAFEREERALT
IEFERED 7 = — e — 7 HERRNCRIET 22 &%
RELT, BAWEHE LT _ERRESABRORIELET
ot ZOER, 7z —Nb—7HONE L EBNES
KHEORTERT S ENTE, +HEHBEERT
BRIETEETH B Ehbh ot ERAIKAVESH
BT c—Ve—THEHRE LEOR, ANRID/S
—-VOWMBOEHEEMT L. MRTSIEWREN

a_10
a_01

b_cond

Ela_1): a_1: [E(a_0): a_0
El(a_0): a_0: El(a_1): a_1
espec N\ (LI(D1 A —D2) V TI(MD1 A\ D2))

b_rslt espec A (LI(T82) V O(S2) V (151 A 7182)

c0 £ TICP1 A TICP2 A TICP3 A\ TICP4
c1 £ cP1 A-icP2 ATCP3 A TICP4
c2 & icP1 A CcP2 ATCP3 A TICP4
c3 £ i cP1t ACP2 A CP3 A TICP4
c4 & ICPL ATICP2 ATCP3 N\ CP4 .
espec 2 (c0): O(c1): T(c0): Cl(c2): CI(c0): L(e3): T(c0): T(c4): Tl(c0): T(c0)
fix & [(TRUE)
g1 £ p2
g2 £ —(D1 A CP1)
g3 & (gl ACP2)
g4 £ (g2 N\ g3)
g5 & TRUE
g6 £ —(D2 A CP3)
g7 & T(g5 A\ CP4)
g8 £ (g6 N\ g7)
asrl 2 [J((RS = g4) /\ (LS = g8))
a_cond £ cspec /\ (LJ(D1 A D2) V O(D1 A —1D2))
a_l £ cspec A\ (D1 A D2)
a_0 £ cspec N\ (J(D1 A™1D2)
2

assertion

El(a_cond V b_cond)) N asrl) = O(b_rslt)

K6 AS8— %8N LIcBE Ok

720 IERIRHGREIZAHIRA — b= b v EEHLEBEN
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Fio, MEESTHOLT HHBEEREDATE { MR
WEEL AR E URIEDED TS,
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(fix /\ (C(a_cond) : (a_10 \V a_01): [l(a_cond) : b_cond :



