ek H3y H B £ % #H vol. 8, No. 3
1982 &£ 7 A ACTA AUTOMATICA SINICA July 1982
;iﬂfhftﬂ"Jhﬂ'fhﬂ BByt gyt :ET
: ZREWFN £
A N
| 3 =3 gy %
WEREZHRAGARERE R
e A =Y \ N —
] BRWIZHE ARG HIT
x| W W
(b5 R KF) (LW SEFR)
i =
AXREHN AT ETRERKRTHREZEZEREZNEREZERZNRBEFR, I

RHXWEZRE MR R, EFETAXRXBERE—E%, *M}Uﬁk@ﬁsTL—-ﬂH

N &P B E BRI ACR.

ERETFHRANMESEN ZaRERE et TEBEEIAANER, HETIH
B RBBRFRECELERBRAZI T 28, EBUEAMINEEEEHER, i
i—HARERERERTRNERSF AN G ZH eS8 AFTER., Hib, &
TR R AR ZIN, B FZERBARSE TR XA —F A EIMER T B, BT

1

B - M

iy

~F
v )t vh

1431__ = =
TURER, B

FERHA
1965 4F

I~ B BRI i PR
FS HUME. 2

b, KRRE

TUIR

Hl

,éh
2™

i

IAE R R

1) PIIARH A

iyl

‘u‘-rj,l
I"JI

EAMLAFH
FEREC BT Rk 5 T
RIEBRARETESEPTIR
T RAIREN RE RN BB (BT R B Az R A
2 R
, BARFEEZFEZDRIRETS

HE 5T

2 4 [A] R

RN

il

&3 F 1981 £

—

=11 F 12

aﬁj[s 91

EIRTH®REBES
&lﬂ?&?%iﬁz%‘ﬁﬁf
FEMREEESHESHL, LIT FS =R,
R F e F U T AWM, A — R URBEAZGZE
HArf ) FEE R AR
MR EELU TEA:

=i

.,:::F‘ pe
Fs
~

BCE,

N

G e

i 224 (Fail-safe, DL FR1E% FS) HiK.
B FHARX—REEAE J. Von Neumann, E. F. Moore A1 C. E. Shannon

P e AT SR A S, 10 Bl 2 H )

PR A R 4E R R A
R 2 T

(ARG ETE; 2) DIEE

=

(Fault-tolerant)  ARH—F]

FS ZHASNE

. TR RS — R BB, B3
EEMR K & B T =K.

X HR
A

i

[ SRV S

{78 [F U TR W] F2 8
X 8

v
3y
TNA.

DEMELTU4, AR AAKE

gk,

RELTE

A~ )

-EJX§FE!;F§A

/

75 & T

=] 930 25 5 W — S5 R T 2R B
IMHAEIE

FS BUME I TR AT ZE

LR R

LZR DL KR IR Ty

1208

EHARHEE & T EN, kE e

ZFANER TIEGEH FS #2, M

il

bl



3 3

s 3) b

{r 3L

PR N R E BB B AR TR AL 231

Ay
~

M3 WEZEZEAREHINS

TR EERREHEN RV BiR. Hit, MEiETrERERSHNREZ 2

AR, HITERNE—RNERZERENWRARE. 0 TXAIEN, BEBIRY FS &

I,

Xt FS fr FRYE Xig: "— T 2B AREREWERN, BBHSEERIER IR

M ERERRAENTENEIRE 050 1, WiZARFE W FS RLE. HRITE FERE 0 RUF

%JX_FE‘(:
ey inin g’

0 BIFS R4, HMMEERE 1 RIS AL, MHRESERGEHNBAERERE
= W 758 (Strongly) FS 155 (Weakly) FS BYHE2:.
» IRIXFSRIR TR —H FS ZEB IR R RILIHER H. Mine (=

FAD.Y. Koga (FHR3%22). )Tk FD S. Das &5 Hrh H. Mine 1 Y. Koga K
VEIFIA™E, Bivkig, HEBREAEEXLE IEEE iFEVNICF E, AEREER KR E

e

JEERR
&S ] RY R 5

“ﬁlb}z: {—:Fsﬁim A — E&ﬁiﬂgﬁ’ﬁ_gé: ﬂ%ﬁi% % Iﬁ]im;ﬁﬁﬁ
ANEIRE, B ais E a4

RIZHE ML ZAFE O<IXAR, EAZLDIHEERE f,feF (F AHWE

)L

5%

Pﬂ‘:h‘f,lz‘%)i"—‘
j@T? :I)

CBREA x,x€ X (A AME, X g AN, Kl

Z(x,f) < Z(x), (T 0EFS)

Z(x, f) = Z(x), (XTF 1HRFS)

R, DERFIEH—FM R 0 #HRMAHE 1 iR, RAHI 14

RBimA BRI 0 %E. BRHANFREEE T (Asymmstrically Fault Element, DL Ff&ji24 AFE);

2) BERAGHNZH AR

& (Monotone) PEEELIE A B 1E (Unate) PRHY; 3) BEoK

gt

e —mHsmOR T ZEERE YN BEERINARBEE, — XM E B #1E,
%——/\ﬁﬂﬁﬁiﬁ%ﬁ%mﬁﬁ XE=HESRINZH FS RGN EREAEE.

Xf T AFE j;
PEfER 5 H Zliii

TR RRIRIINE: PFEMREREEREZ T EWE BN EIE, )]
g RPEAMAEEM R SETH SR ERPHETUR. 3

AT N B s :l“%ti%ﬂ‘jj_ﬁ%%%m SR [42] A0 [43] W%t AFE HUHEBRIE T 4%

Epsgi

HKEH AFE RRNENFELER. BHRFYY. sENTHRZ DC-AC-DC

(- B ) FRNEESER AFE &4, EE MR RFIREZ HRBR# AFE “ 577,

XEHFHH2R I FoRBI S EHNER, CERI9]RMBSITENRRTHEZFIRE H

THRABENBEZETURREF Y. HF Y. Koga FAXEERT KBRS THFED
NE, BT —&FHgi.

HAXREZ, 838, = - Bl T. Takaoka(ZM ). T. Ibaraki (R A )+ Y. Tohma( 4
BEk) FIEERY W. Potterson, G, Metze, D. Sawin, L. L. Wang F1 Y. H. Chuang %}
FSIAFFHEEEAR TR, XR T ADXESS, XEewEIEKFSAHRH AFEFRH—
M TSI FS BRK.

M FS 2N ES HITENZEHIN, FRENRESZSARNIESSS, F

LERRESREETNKARETERENE R. C. Ogus YXES, X _{E FSRLE

] PR 30 4T 2 BT 07 T i A B R B 2 £ S 109




232 =

LR EHFS RENBE=1TERRKENFRE

PRFCER A RIEOK, XELRRE] T =

B 4 F R

8 &

SRR RATFERN. W ERZWE
{5 FS RGN A, RATEFKRERGET, 0 1 1 A—E

BEURE—GTR—HEZE., bU—EEEREN T —EBHE Failsafe Y.

HEFREBAMABREESMNERTH

M ZERNFS BB AR, HIERA SR, &

ARy C U B ER B FOAE s SRR SEXT BZ 1 R0 0 B2 R, DU HbER SR O iR, &

MARFEIHEEAN ¢, CRASHHREEN 1/2.

?Eﬁjﬁb%%#:l]giﬂ ::0 -*H]E$%ulﬂ

R A R SE 2R, A, “fE FS RERE _ME="HRAERE=HRETAREFE.

¢ M CE=—EHAAEZNXHNETEMNNEEANARE. o

FEeiFXAR. BHEF ¢VI=1/¢-0=0 HWEEH.

VIGX {p E

BY,
LIE= PR

1/2 V1=1/2:1/2V0=1/2:1/2-
ﬁk{ 2

Z(x, f) = Z(x)
Z(x: f) = ¢,

1=1/2; 1/2:0=1/2,

Z(xa f) = 1/2,

NARGEHW=E 1, ¢, 0 Z[H]

XERGRLX T VieF,

TCRAL 1o 1/2, 0 /M2 AR R AR RS E B, X E B
Hit, XT Vfe F,V¥x¢€ X &

(EEE SR 12 ERER—TMHFETERZEERS 2R R, XXNTREM 05

1 HR IR ZEESAREE XNTEBEEENN. BRRZEFS REFE—-NMREFN=EEZ
HaFUBEIELL T ESEENE R, R ERRAHER 2

M=EHZE". ={EFSZHENS

T. Takaoka (5 )F1 H. Mine (=) HBH TN

, PEMEFRIRR T H ML
—PMRBETEEUMN— B ZHEBFEE. T&,

Y FS1ZER AL, NI FS RGN

A%, RZEEHIMOFAEH-N_EELEEBHAEGMRK. NTEELTE «=

<f41 ’ “2) %X

I THERXRHA_{E 1 B AFE,

0,0)) %A N (Null HEE), BNEER ¢
—ER, RAEZA—REZBITHFRE.
222 X — A 8 A Bk o r] 3.
EZEHEETEIATRERENER, &

u__{ 3%(“1)“2>_<1 0>
0, E <“u “:> = <03 1>
TCHEERT R « = (1, 1) (fEH 0 B AFE R4

RM=EZHEASEHELLEENEBAKEE
R R B IE” (Not) sBERBHINARE R
FEBHMNENAFS RSz B &
“HHR—EEREB R, FEE, H<0,0)—0;

(1,1)=>1 NEERBFRBAEHIXRRLE, HRENMEKERR EIERT <1, 0)—1;

<0, 1>—>0 ByJ7 R E A4 ",

RBEFFHE R Fail-safe ST, UK BANIET 2R
wo R fet, B ARFFHNZXE S RRELSRBIEH. M1k EE A TEREE

T % ﬁ[?ﬂ—?ﬂ

EFZ Y Fault-secure A1 Self-testing FUHE=. EHEHA T RO XEEEEIEE SN

REWILZ, TUARBRRIFRNVE

ARG, N ARG MIF, HMREET

SMRITTIE T TR EI#%E%%%KI’E%L% =]

~{Z 9Ly Fail-safe 2.

_4

~—

T XEHRFE S Fail-safe



3 3 [AISCSE: BERE BRIV Fitie KA H KR Z HARZLRIHEEE 233

T REH REELH#THN, BRERA T Failsafe R9AUE:, {HiZ Safe By LIMRARIERF
AR, B BB ARSI P SRR BE N ER, X EREMERSE T HEREHE,
FEEARTE (Fault-tolerant) FHINHRAREBRE, BERMBRESNNEEEREEILR
RARIGHE. 1968 &£ W, C, Carter X SRV ZHEER, BEHAREH TN E
PRI 715 D. A. Anderson F1 G, Metze, R. W. Cook, J. F. Wakerly, S. M. Re-
ddy, M, Diaz, J. M. Ashjase, J. E. Smith, A. Svoboda, M. A. Marouf, A. D. Frie-
dman, B. Parhami, D. J. Lu XX T —RIXFEILE", xEk [78]1,[80] X E
A LEPRFIWERE: (Sclf-cheking) T TEIFHHIRE X.
Anderson #ZH, Al EREHEEESFE, RE T B EENHEREL THRA&E:
(1) Fault-secure %4, % T V€l (I AASHELBAL X TEIT Vi€ F(F,
A Secure W[EEE, EMESE FIOTH)FER
Z(x,f) = Z(x) €S
By Z(x,f) &S,
(S ZRMHEEHDHFESREREANNEEES)NESLER—. XEA Faultsecure B[ L%
KBRS, BEARABEZE., MEERARFTUEL, BNEEE N LR Fail-safe 7F
W AT =HER.
(2) Self-testing &4, AT Vfe F, (F, An[MiKxESR, E FRTFE)FELE Ix€ X

i
Z(x, f) &S,

Self-testing B[ 1% 35 B MR

J. F. Wakerly {8 I R & FES2W,. — B oA — T AEEXESTCERN=MER
EXA TBEERE "B ERE M“BE—H R =R R,

AUEH N ARFE LR L2 hE 1" FREBAY Fault-secure R4, i CHY

ZEAGZNRE F.=F, WE2BERERSE. XER[521H%T “HAXFR 4 THH R FS”
Hﬁh%ﬁﬁﬁﬁ%ﬁ’]ﬁim“ﬁl% H 1971 £ —~RERAEITESIN (FTCS) LI
R R, HREBEEIBATIOEIRIEEB, i Fail-safe REERED JLRFIHIE
e, RN EX AR D ERESE A F IS OB , ancEk[89]1, [90 13HipHa(E
R TNUEMCHARGEERNERR AL, XTHKRR Failsafe fIBER, SCHA[91]
BT, IEAh S. S. Yan BRERTHEERB T EPXEY, K. F. Kapavoy ZEiEH
T EREA B,

PRI REZN BRERBEREATHE, 8RR ‘s bR E BEL, DxiE
R ] Berger HHFRLER—IMRGEUMLAERBANEZERTENRS,
RKE, HBEEE FICS-10 FRET 'L BN EBRE RIS, ZF
NERFEH—RE.

SLHEREN —NMEEREEERIE—ADTTURE B ‘B (Hardore), iX
RERKREDPEINCIBEEE.

ATes& Fail-safe i85 Self-checking PO, HBABRBES TLHNB S £4: 5
T ENAEAMEEFE RS, W. H. Pierce 7E3CER[95 1R H A8V B YRR MET,




234

-

v/ (¢

2

1% 8 4

PR ~ ﬁﬁﬂzﬁ'izzi:_iijﬁﬁﬁﬁ

23 %, K. Kawakubo RYICHA [46] M4 T EAR M ER

Fail-safe TURTTEILRZ.

HYJ

THERXTHEREPEFRENROUTR, MBEZEZREREANERKEE
28 TERKNHRE. 5 RAZEANE B TR . R 2 M40 fmft SR, e
ERELHANE. SREHFEBEELRNEEN. RNAECEMFZERENNANRIER
FEENEXR, BE5ZEAEEBFTEEMNRERLF I s BAMRIE K, &5 5 HEH
HAREREFTK.

Sla, MREMBIEIETZHERN AFE JJHHAFRI HENTARRANAREZAR
RKHYTES)., BADUER T FS RERUMER, hi# gk 7 B R RMITTR RFEAIE R A] .

| TAEZ FIRATIR,, R REemE. AR RES MNEXHHE TAENETRE—R

RBEN T REIIE, KRG R

[2]
[3]

[4]
[5]
[6.
7.
8.
[9.
[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]

[18)
[15]
[20]

[21]
[22]

[23
[24.
[25]

[26]
[27]
[28]

P*EEIJI‘"II;\

Z % X M

[1] J. Von Neumann, Probabilistic Logics and the Synthesis of Reliable Organisms from Unreliable Co-

mponents, Annals of Mathematical Studies, No.
E. F. Moore, C. E. Shannon, Reliable Circults Using Less Reliable Relays, J. of Franklin Insisiute 262,

(1956) 191—208.

EAEE S15%RY]
(1965)

Wi, FS ;

a2 A
HPg 4

B

YN

» Fail-safe

D . B e, FS ia

SRS SV
A B B3

5, Fail-safe 25
BN BRBIBRTFICLD T AV 4 7iRE
%EE:%}\%

HARESREZHS

E:Fﬁgﬁ]]ﬁi 1.
JH

=

'-,_J’ Fail-sate Gt

SHREES

=M,
T

MEWDO 7 ANV A7,
YJEFIRILBUIB 722 ANV 47,
BER .o v = 2D 7 ANV {7,

T g

1= [

CBREE DD B

1= HEEE -

il

il ot
] L.

A

——
il =y

— B

D —EERY:, BHABRTFEE

34, Priceton Univ. Press, (1956) 43—98.

2 (LITHEIEA IECE)) R&X %

&—ﬂ&wﬁm:, IECE] #— k= b ¢
#»> IECE] &3k (1967),
S RODEERR:
.faﬂ%.@ T AN 47
AEEERR D BII

B B R E R (1966)

IECE] Trans. (), 52 (1969).

s IECE] Trans. (¢), 54 (1971).

BHAD —HpkH:, IECE] @ﬁﬁﬂ%ﬁﬂ:(l%ﬁ).
i[Ol B% ¢ —E LR

., IECE]J &3k (1967).

4k, (1980),
B IE, 8 EEIIBITB 74V 47, IECE] k&, (1974),

H. Mine, Y. Koga, Basis Properties and A Construction Method for Fail-safe Logical Systems, IEEE
Trans. EC-16, (1967) 282—289,

JII

G2 YRs Fail-safe,

ABRFE

3, (1971),

BAVE &4, Fail-safe Logic and Duplicated Logic Through the Use of Asymmstrically faulty eleme-
nts, IECE] £:58.(1967),

B

TEBHRIB 7 AV 475

HEEs—FARIEFILRD T AV 4 750

B DE

75 B AES A BRETH

D f R D — HEgk H:s IECEJ Trans. (¢), 92, (1969),

4:.695(1969)

T. Takaoka, Algabraic Theory of Automata and It’s Application to Fall—safe Systems, Ph. D. disserta-
tion, Kyoto University, Japan, (1970).

N. Tokura, T, Kasami and A. Hashimoto, Fail-safe Logic Nets, I[EEE Trans.,
Y. Koga, Studies on Logical System Analysis and Synthesis, Ph. D. dissertation,

Japan, (1971) 156—189.

LA Fail-safe R E

2 |0

ZRAKEAKBFE, FS ¥ A7 4, IECE] AL HE,5(1972),

S. Das, Fault-tolerant Digital Systems Using Fail-safe Logic, D. Sc.

Eng. Washington University, (1973).
=ZiR.E By Fail-safe ¥y 27 2 DR IRIZDOvCs IECE)] k& WE,(1974),

EREHE T A Ve A7V AT 2D REM
PEBIANHEDRMEZER LI 7 AVt 4 7K KE

= A
infﬂi

C-20 (1971),

Kyoto, University»

R RE 756 BTHEEIIO0T, IECE] Trans, (D), 55 (1972),

dissertation, Dept, of Electrical

BEAIMED 5,¥ 257 & EH#H,(1974),

D%, IECE) K& H, (1967),



3 A I3CMSE: WEZREHARALNH T EENMFIEREEZERTIIEE 235

29] HELRC e F A7 v 2R GTII 7 AV 4 75 0.5 _E,

30] HE,FTFrAL X 7 AWk A 7EARBIRD —FR & XD, IECE] A%, (1968),

31] HFE, 7= ANVt 4 7iHBERBOME TS ~D b H-HIM8 L5, (1969),

[32]  Hhifs R Bk i _.,.?ﬁ“ép‘qﬂs::z # FSL O#k & 2 D> 1ECE] k&30 %,(1969),

[33] HEEH, Ba ZEAEIRRORTILL2BEE + FSL O#K L x DR L,

[34] i, FET Ik 2 R _ERIEE FSL EAFMDER & X DM, IECE] X&XHE,(1970),

35] TE2ZECEB I ANtw 4 75FER, B ARGTRBIIRIEES mIE-(1970),

36] HMEEAUEARBWEFE FSL O x DL EN, B A RBHmELER 615,(1971),

37] WEH.H ~:@B’QEH’ERE% L DL TEAE FSL DL & MM, IECE] AKX %,(1972),

[38] HE,HAZEHR FS RBAROERAMKERNEE & BiERImIT X 5 HBL, IECE] X&X%E,(1973),

39] B, NTAPRIZEkDBDLT ANV {7558 AR, IECE] Bk, (1965),

[40]  JIPH, BbEG R T 7= 4 T2 4 7REET, IECE] JFocikl, NM43—23, (1969).

[41] BN, REESHEHEE O —FV 27 1LH/ T 74V 47 HRE, BAERFEFZ® XK (C);
(1975).

[42] T MEEE, 7z AV 4 7HRBEETFOETHRR DILEKRADELR, IECE] Trans. (D), 59 (1976),

43] :Enﬁﬁ EES 72 ANV A TRBRTONM L FER L.

44] LR W OLE, BN R & E S E R o RN #iE FE R ,2(1980),58—66,

45] E%%aﬁﬁfé@%ﬁ%ﬁ“%”?%ﬁﬁ B S, PEEE N R (1980),54—67,

46] K. Kawakubo, H. Nakamura and I. Okumura, The Architecture of a Fail-safe and Fault-tolerant co-
mputer for Railway Signalling Device, Proc. FTCS-10, (1980), 272—374.

[47] Y. Koga, Y. Suzuki and K. Mizukami, Logic Elements for Fail-safe Circuit Design, Rl |4 351—3533,

:48: ﬁﬂ\%ﬁ\ﬁjﬁ} ES JIEJ$U%®“E'%&E: IECE] k%i%? (1966)-

49] EEES.ERE BESA, FS HFERKIZ DT, IECE] #— F ~ b > 2 HEHIAR AR, (1966),

'50] Y. Tohma Y. Okayama and R. Sakai, Realization of Fail-safe Sequential Machines by Using a k-out-
of-n code, IEEE Trans. C-20 (1971).

[51] MEEZ7Vwr7nrelTi e AVt 4 78RO E:s IECE] Trans. (C), 54 (1971),

[52] MBE>TIHRBDHICE DU I ANV 4 78RS, IECE] Trans. (D), 55 (1972).

[531 T. Takaoka and T. Ibaraki, Fail-safe Realization of Sequential Machines, Information and Control, 22
(1973).

[54] M. Diaz, T. C. Geffroy and M. Courvoisier, On-set Realization of Fail-safe Sequential Machines,
IEEE Trans., C-23 (1974).

[55] W. W. Partterson and G. Metze, A Fail-safe Asynchronous Sequential Machine, [&_F.

[56] Y. Mukai and Y. Tohma, A Method for the Realization of Fail-safe Asynchronous Sequential Circuait,
q) .,

'57] Y. Tohma, Design Technique of FS Sequential Memory, [& [,

58] S. Das and H. Y. H. Chuang, Unitied Approch to the Realization of Fail-safe Sequential Machines,
FTCS-4 (1974).

[59] D. H. Sawin, Fail-safe Synchronous Sequential Machines Using Modified On-Set Realization, [g] .

[(60] L. L.Wang and H. Y. H. Chuang, On the Improvement of F-S Synchronous Machine Design Using
On-Set Realization, FTCS-5, (1973).

61] H. Y. H. Chuang, FS Asynchronous Machines with Multiple Input Changes, [F |,

62] D. H. Sawin and G. K. Maki, FS Asynchronous Sequential Machines, IEEE Trans., C-24, (1975).

631 1. Okumura, Electronic Interlocking to be Tried in Japan, Railway Gazatte International, (1980).

[64] R. C. Ogus, Fault-tolerant of the Iterative Cell Array Switch for Hybrid Redurdancy, IEEE Trans., C-
23 (1974),

[65] M. S48, IEAK 2% RGP SRR AR |7 B B R > 1, (1980),

[66] WE.ELBEW, PR Fail-safe ZF A, IECE] F— F = b > ER, A67-41, (1967).

[67] HMEBHEB.CHR 7 ANV 4 7GBBOEFRHKE, [ECE] Trans. (C), 54 (1969).

[68] dhaE,PHRE. 2 i BT »&%nbéﬁmﬂ{ﬁnmﬂ& D> IECE] AR, (1977).

[69] T. Takaoka and H. Mine, N-fail-safe Logic System, IEEE Trans., C-20, (1971).

[70] MK, 7 AVt A 733, ( ﬁ)%$ﬂ$:(1974).

[71] YW 7 ANV L A7 AT LDHEH. IECEJ R EEly R77-6, (1977).

[72] Eﬂ? Z2x ANV 47D %%? IECE] £ = i :(1979)

[73] M. A. Breuer and Friedman, Diagnosis & Reliable Design of Digital System, Computer Science Press.,
(1976).

[74] W. C. Carter and P. R. Schneider, Design of Dynamically Checked Computer, IFIP, (1968).



236

173]

[7¢6]
[77]
[78]

[79]
[80]

{81]
182]
[83]

[84]

[85]

186]
[87]
(88]
[89]
[90]
[91]
[92]
[93]

194)
[95]

[96]
[97]

H ® £ % Ik 8 &

W. C. Carter, D. C. Sessep and A. Wadia, Error-free Decoding for Failure-tolerant-Mamories, IEEE
Trans., C-19 (1970).

W. C. Carter, A Simple Self-testing Decoder Checking Circuit, IEEE Trans., C-20 (1971).

D. A. Anderson, Design of Self-checking, IEEE Trans., C-20 (1971),

D.A. Anderson and G. Metze, Design of Tolerant Self-checking Check Circuit, IEEE Trans., C~22
(1973). -

R. W. Cook, W. H. Sisson, T. F. Storey and W. N. Toy, Design of A Self-checking Microprogram
Control, IEEE Trans. C-22 (1973).

J. F. Wakerly, Partial Self-checking Circuit and Their Use in Perform Logical Operations, IEEE Tra-
ns., C-23 (1974).

S. M. Reddy, A Note of Self-Checking checker, [§_ L,

M. Diaz, Design of Totally Self-checking and Fail-safe Sequential Machines, FTCS-4, (1974).

A. Svoboda, Self-checking Adder for Large Scale Integration, 3rd Symposium on Computer Arithme-
tic, (1975).

M. J. Ashjase and S. M. Reddy, On Totally Self-checking Checker for Seperable Codes, IEEE Trans.,
C-26, (1977).

M. A. Marouf and A. D. Friedman, Efficient Design of Self-checking Checker for m-out-of-n Codes,
FTCS-7 (1977).

M. A. Marouf and A. D. Friedman, Design of SC Checkers for Berger Codes, FTCS-8 (1978).

B. Darhomi, Totally SC Peripheral Circuit for Associative Devices, [ |,

D. J. Lu,Quantitative Comporision of SC Circuit Design, [& .

K. K. Hong and Y. Tohma, Signal Reliability Evoluation of Self-checking Networks, FTCS-10 (1980),

i3, K. C. Smith, i CMOS = {i| I BS HypR A — F T BUIR — (858 B8 45, SLELMLAE R, 4(1981),

BV 7F 2w % > 7/ BIEODTEE, IECE] K& 4E,(1978),
S. S. Yan and R. C. Cheung, Design of Self-checking Software, PICRS, (1975).

M. F. Kapavoy and E. S. Sogomonyan, Compared Riliability Analysis of Redundancy Systems, FTCS-8
(1978).

Y. W. Yang, S. W. Liu and T. C. Chen, Threshold I’L Totally Self-checking Circuits, FTCS-10
(1980).

W. H. Pierce, Fault Tolerant Computer Design, Academic Press., (1965).

24 K o Fault-tolerant Computing |27 %2, 3 DFEHE, H R IFRERHELSWHRER,(1975),
WMkte 7 AWV 4724 X, IECE] £3,(1978),

PROGRESS IN THE RESEACH OF FAIL-SAFE LOGI CAL
SYSTEM AND ITS EVOLUTION TO SELF-CHEC KING

LOGICAL SYSTEM

L1 Menc
(Shanghas Institute of Railway Technology)

He WEeNQING

(Northern Jiaotong University)

ABSTRACT

In this paper, a btief survey is given to the development of fail-safe logical system and

self-checking logical system in the past ten years and more, and their differences and relation-

ships are pointed out, At the end of the paper.

a bibliography of about hundred articles is

given. Major results of the reseach in this field during that period were included in these
articles.



