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t A Proposal of Fault-Tolerant- Gates by YOSHIYASU TA-
KEFUJI and MASAHIRO IKEDA (Department of Electrical
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Fig. 1 An Example of a NAND-FTG (2 inputs)
and its logic symbol.

# Rk =

May 1080
dy —

RI‘I D

Ry 33

d >—d
R; j:: ’
Ran E

_:Eggg:::j>—————%

2 2 A NAND-FTG o#%mER
Fig 2 Logic diagram of a NAND-FTG (2 inputs).
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Table. 1 An Example of error corrections in a
Fault-Tolerant NAND (2 inputs) Gate.

AHRT b Ahszbr | WHRI b
d Ry Ral| do Ru Ra | d Ru Ra
0 0 0 0 () 0 1 1 1
1 1 (V)] @ 0 0 1 1 1
®© o0 o 0o @ o 11 1
1 1 @ (1] 1 1 0 0 0
1 © 1 1 © 1 0 0 0
0 0 0] 1 1 )] 1 1 1
¥ L didys BANF—4E 9 . Ry, R, Ry, Ry GANTURY
o b.

2. dy I AT—2E 2 +. Ry, Ra RHATTEE S b
3. OcHIhkEy FIBROY Y FERT.

BEXE GX)=X+X+1&+73. ZOERSAR
ORIRICOVWTEOEM%E 3SETENS. COERS
BERXE2HAW3E, AHAXZ brEL TR (000)
BB (111) BARELNNZ bLTHBH,
1ty FETOBRDERGUDANNZ PLIKHLTHIE
LOHANRZ bV (PR PVRBKRBD 7 + —V b e
PSSV P = bDANIRI PV EILD) DERE
h3 1ty FORODEQUAHNINI b ERDYT
DEHINE—TH5B.

OTHAKE y FREOE » FERT

NI | -El ectronic Library Service



I nformation Processing Society of Japan

Vol. 21 No. 5

(®o00)
2 (000) NZMAELAILTTED

(0®0)r Ty

(00Q®)

(®11)
(1©14¢i(111)~7bw&6ﬁﬁ6

(110

18y FOBROZEULCNOD6DDATRZ bAD
EDEIBHADLEE T 4=V b e FVF U ey —
MCEZTHELWVHIR PV EERTX 3.
BODN— ¥ 2 TRTRRKOTNEEA2HE D7 + —
WhebUFY b - rDOERFEEETEHZED
ToX3ic155.

(i) BAHIBOTLEELBEH 3.
(F=4mEy bCHLTRERE  })

(i) (1)DAEEBLXY, 74— be b5y
b~ P EBRTES — M REZZTER
EHEAERET 3.

wEIC, BRI 74—V b PUTY b« F—}

DEEFHERT.

3. Jx—=IbP-FUSYF-H5—PbOBRYHH

FABRRETRBHOMEADEIBELT, 74—
NP e bUTV e H—LRDA VE 7 2~REEZ
53LF—41Ey POLERARYE y FEDFIFNT
2=NbFe bVFIV P~ bON=FY L TEIH
KTHENTES, €LTF—4%21y b, TR
22y + &L, ERBREXE GX)=X+X+1 &
TEELRONCEMHBALK. DUTirc OB HEZ B~
5.

(i) 120AHRZ PAICHWLT, 1E, 8D
FTHETI-DICR, F—2Ey FETEEy FORUZ
3ty MALKETH 3.
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(i) F-#Ey PETURY » FORBIEDT 24
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wmic Bkic 2 A1 AND, OR, NOT, NAND,
NOR, XOR #'— bZlL T, Zho DR (F—4
ey b, TRER2E Y b, GX)=X*+X+1) T7

* KBXTiif@4 D4 —+ (AND, OR, NAND, NOR) ok A
HMEILLTVE. 20BHI3, RERRTCAVSHES —T
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Vb= RBRKIANITOY -+ ERWTERTAIHS
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RIDOREEAE 7 - LVATEDTE, RDOXSI
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+d2eRu+Ra+Ra (2)
(1), (2)X&kb, 2AHANAND 74—+ « b
VY b=t ERBRTHENZIRRT DI
3. COBASY— M2 EENLB.
fib FAROFHETHRH T 5.
(2) 2AFINOR 73 —N bbb TV el —}

3
JFrdo—
3
HATF—4Ey + do RROD X S RRERTHEDYE

5.
do=Ron=Roz (3)
do=(d1+Ru+d1-Riz+Ru+Ru) »

(d2+Ru+d 2+ Raz+ Ra1+ Ra2) (4)
d
Rn'x d
R I >——
Lad 4
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:D——D—'—Roz

3 2 A7 NOR-FTG oBmN
Fig. 3 Logic diagram of a NOR-FTG (2 inputs).
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Fig. 4 Logic diagram of an OR-FTG (2 inputs).

F—rBERSTIHIC, &dikk (4) REEKT
3.
do=(d1+ Rn)+(d1+ Riz)+(Ru+ R12)-
(d 24 R21)+(d 2+ Raz)+ (Ra+ R2z) (5)
(3),(5) R&b, 2AHINOR 74—t - bV
Y- EHRTHIR3ICRT LIS,
(3) 2AHIOR 7 4—Nb e PUTFY b o —F
3
HAF—2Ey b do RRO&K S RRBRTRDOE
3.
do=Ro= Roz (6)
do=d1*Ru+di+Riz+Ru+Riz+dz2 R
+dz¢R22+ R21+R22 (7)
(6),(7) R&b, 2AHOR 7+~ b+ bV 3
b ERRTOIBACRTXSIC 3.
(4) 2AHNAND 74— bebU TV by =1}
3

———] 3

FT.G.
|

3

HAF—2Ey b do BRDK S BRERTEDE
3.
do=Ro1=Roz (8)
do=(di1*Ru+di*Riz+ Ru+Riz) + )
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5 2 A AND-FTG 0z#EN
Fig. 5 Logic diagram of an AND-FTG (2 inputs).
(d2¢ Ra+d2+ R22+ Ra1+ Rz2) (9)
Y- rERERSTID, ok (9)REEHT 3.
do=(d1+ Ru)+(d1+ Ri2)+(Ru+ Riz)+
(d2+ Rn)«(d2+ Ra2z2)«(Ra+ Ra22) (10)
(8)) (10) ﬁibv ZAjJ AND 7 = |
v b —rEBERTHE, BSKIRT L DL
5.
(5) XOR 74—=WN~F e+ bVFv b s —t
P
3
HHF—42Ey b do kL TEDOREBRIRD &
JICIEB.

do=Ro1=Roz (11)
do=(d1+Ru+d1i» Riz+ Ru1+ R12)
@(d2* Raa+dz2+ Ra2+ Ra1+ R22) (12)

(11), (12) KL, XOR 74— PebV S5 be
F—r2RBRTHER6ICRTXHILE 3.
(6) NOT 7xg—nt - bPUSY b el —}

'dl . do
R NOT —— Ry, 2 o3
Bp—  |—~y
do=Ro=Ro2 ‘ (13)
do=d1+Ri+Ri+Ra+d 1+ Rz (14)
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Fig. 7 Logic diagram of a NOT-FTG.

TH5. §hbb do ORERIZ (17), (18) R &k

; i35,
~
3 3
e
F.T.G.
3 3
6 XOR-FTG o#®mER
Fig. 6 Logic diagram of an Exclusive OR-FTG do=Ro1=Roz (17)
(2 inputs). do=d1+Ru+d1+Ria+ Ru+Riz
(13), (14) RKicky, NOT 74— b« L5 +dz2+Ra+d2+Ra2+ Rar+ Rz (18)
b — FOBRERERTICRT ()55 (6)ETD7 44— bUTU b b~
(7) BANAINAND 74— b bUSU b o4 MZOWT, ¥— MRICBT 2L T-7-. £
-} BEM2ICRT
SAJINAND 74— b« FUS YU b e =D - PR AR S BELBAENE D, —RAC
do @%Eimi (15)2‘3&(5(16)5‘&@; 5‘Cf£5. ’f- b&b!iﬁﬂ‘&fgﬁ'ﬁim{&?ﬁ“% Tﬁ’bg, 7 %
=Nk bUSU L= ERBRT Y — PO
—3 M, REBUCHEMSNE 72— bL 5> b
3] Fre X y'— b O EES RIS 5.
— 3 RELZZNSDT7 32— b bV ¥ —+D
Sl CERMIZR LS.
do=Ron=Roz _
~ d0=¢il'R11+d_l'Rlz+Rll'R12 4. Fx—=Wb-bLSYb-T- OEER

+d2eRa+dze Riz+Rau+ Rz
+d 3+ Ra+d3+Ru+ Rae Ra
+dsRa+d i Riz+Ra+Raz
+dseRsi+d s+ Rs2+ Rs1+ Rsz

(8) ZoMid 74— b« PUSU P e H—}
KDL T 4—NbF e bUFY L F— FOBR (1)

“WROHY — FEANT, €04 — DLl B E
ERD74+—~NF e bUIV L HF— L 2RBLTER
TE3N?” LVHIRLEELTECAL TR, MiE
® 2 AJ; NAND, 2A; XOR, &t NOT iz
THEEEE TN ZNERBCRATHOBRNT 3.
2AHNAND 74— b+ bUFY b o 4

X — i 2 AJ1 NAND oiga oy — r e R— -t

2 Tx—be P HF—PERERY—- M
Table 2 The number of gates required for realizing an FTG.

2AN 2AN 2 AN AN 2AN
IRER[EIRE AND-FTG ORZFTG NOT-FTG l NANDFTG . NOR-FTG | XOR-FTG
H— b () 3x7=21 3x7=21 3x4=12 l 3x7=21 | 3x7=21 3x11=33
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BOE2AURI PABAHINTHZOHANEL
WREBERERRICLS. THOBRERTRLHAICS
ZHRER, 74— PVUITU L HF—FERBRK
T54—+ 1 EOKEHRERE P, 72—V} PV T
VheHF—rD1DDOANCEBOBBAL TL 3R
(B mEmER) % Pd &7 3.

2DOOANRI PVEACEL TR EZ1E, T
ET2205, ANNOBBTTELANIRS PLOHE
RViZ, 220AHXZ PARELWVER Vo, 200
AR P 1 AR TR BBATIHER VI, 25
VI 2DDAARZ v ViL& A2 1 BT DOBROBEBA
TAER Ve 2T TMALbDIRIES. Tbb,

V=Vo+V1+ V2
=(1—Pd)s+6(1—Pd)s« Pd +9(1— Pd)* Pd?

—F4, 74—t kUSV M- FEBRLT
WBEAY — FMEL <BhET 2 BRIX (1-P)* TH
3. -y — 1 @E0EET 3R, aCe
(1—P)*.P TH Yy, &4~ rthnfl@<a<N Dy —
FOSERREL T, HRTEEEARHANI P EERT S
PRI,

3¢7Ca(1—P)2-#. P*,
E13,
THROLEBAIELHARE 5HER,
R={(1—Pd)s+6:(1—Pd)’Pd +9(1— Pd)!- Pd?}
- {(1—=P)? 42Ci(1—P). P

7
+3+ 3 Car(1- P~ P}

=(1—147P2+ 1568 P3—8967P4+..)
«(1—6Pd?+4Pd*—9Pd*—12Pd5+4Pds)
TH 3.
RBEADEBBREERPI 37—V b bS5V
b e - EBRTES — b ORERRICX D IR
EBEND. LELESHE, FIBRLSOEENREIIZOBR
D7 x—Nbe bUSV e - MCXDEITESD,
ZDHENRBEMEEIN S HRIBRTE BN
{125 TH5. £DEHIZ, AZAIL2 AJI NAND
Zax—=NVbes bUIV P = HOEREBROT +—N
FebUTV b= NGB INZBERER (Pd))
RRAc LD FEHLEIO S,
Pd=1—-(1—P)«((1=Pd i-1)8+6+(1—Pd ;-1)"
+Pdi.1+9+(1—Pdi-1)* Pd?;_1)
TZT Pdia B2AN7x—N1FP e bVT Y b
Y= b OEBNERERTH 5.
—fic Pdic BEUOPRAEZD AD>Pdi-1>0,1>

# &k =B

May 1980

;3 2 A7) NAND-FTG o{S@ii:

Table 3 Reliability comparison between a NAND-
FTG (2 inputs) and an usual NAND gate.

o1 | PR ONANDY
smpw | —L P
p

R=(1-P)(1-Ar}| R=(147P})(1-6R02)

QJTSDNAND-FTG

1o 0.99 0.956

10°  |0g9 0.99956
10t 109999 0.99999559
10°  |0.99999 0.9399993559

10°  |0.999999

107 ]0.9999999

-1 0.9999998393559
0.99999999999553

1 0-8 0.99999999 0.39999933999999559

1 O_3 0.999999993 | 0.933999393999999559

P>0) T Pdi-1 BXU PDIEERL, Pd?i,
Pd3i, -, PdSicn B XU P% P3, -, P7T Z4BEAL 1245
&, Pdi=T-P L33,

Tx—NbE e bUFUE o HF—PDOHIRT P
BREHEL L ABRRICOVTRKNICHEL TA X
5. HET2ICHc»T, RE~NOLEERERSR Pd
%

N

Pd=3-P

LIRET 3.

7212, NE7z2—NVb e bV S b —rai
RT3 — 1 ¥TH3. R2ZKRTIIKZAN
AND, 2 A OR, 2A7 NAND, 2 A7 NOR @
Fx—=NbebUFU L HF—rRENEFNERY —
PN 21 ETHSB. £ NOT 74— b« bV
Sy be S —pTld N=12, XOR 73—} » PV
Sy b —1+Tik N=33 Th3 HBESRBROER
¥— b OEBEEHRICE TR, BEOBRAL BT
g 37 Pd=0 LUTHEATI LREIRIOL
2T 3.

(2) XOR 74x—=nbF e bV I b=t

(1) LEROFIRTHBTESUINCI 5HWERRE
KHIRADOLHIT15 5.

R={(1—Pd)s+6+(1=—Pd)s+ Pd +9+(1— Pd)*+ Pd?}
< {Q—P)%+3. 5 «11Cae(1—P)3-2. P2}

n=1
=(1—363P%+6292P%—59895P4+---)
+ (1—6Pd?+4Pd3+9Pd4—12Pd5+4PdF)
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Ta—be bUFVPH-LORE
5 NOT-FTIG gt

® 4 2 AN XOR-FIG 0fsHitk

Table 4 Reliability comparison between an Exclusive
OR-FTG and an usual Exclusive OR gate.
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Table 5 Reliability comparison between a NOT-
FTG and an usual NOT gate.

N F%ONOTY -+ NOT - FT6
Twan | —D>— e
p R=(1-P)(1-Pd)| R=(1-48P"H1-3Pd")
1o’ 099 0.9904
10° | o999 0.99990
10" | 09999 0.99993904
10° | 099999 0.9999999904
10° | 0993999 0.39999939904
107 | 09999999 0,99999399999304
| 0-8 0.99999999 0.999899993999990
10° | 0999999999 | 0.9999999999999599

e my |AROXCRT T 2RP O TG
wwas | L | FD+ .
P R=(1-PR-PO | R=(1-363P7)- (1-6 Ad?)
102 |o@ 0.691
10° | 0997 099891
0% | 0.9997 0.99998911
107° | 0.99997 09999996911
10° | 0993997 0.9999999989
10" | 09999997 0.99999999998911
10° | 099999997 | 0.99999999999969
10° 0.999999997 | 0.399999999939969
Pd=11P

EHRLT, ROHERREELICORT.

R EHBENROERD XOR ¥— i 34—+ &b
BRIh3b0EL, FOLBKEERPIIZ0LT
3. COLXTORRERACRT

(3) NOT 74—=nb e bV by =t}

z D4R,

R={(1—Pd)*+3+(1—Pd)*-Pd)}

D {(1—P)13+3- él 04C.o(1_P)12—n_P-}

=(1-48P2+272'};=—780P4+---)
« (1—3Pd?+2Pd?)
Lizh, WBiCERD NOT LOHKERT.

AE(1)~(3)DOHERERLTAHZE, 72—
FebbIvb ¥ —tOEEEICESL THIkD S8
BEFTBCENTEE. DT 0N — b ORBEREED
BHTENEA (M IBEERER P=102), Zh b0
etk THBRENEZ 74—V PV b
F— L OBEMRIERINZ Y — tOBMERLY
HELANBTEEHARRRIRLTHA.

LT AT, BENBREROBERI—BCRT VY
AECRI DD EREENB[6) ZCTH — bO&
Bl ThZORELEALTHS. ¥—+ 1ED
HEEPEEL P, ¥— + 1 HOBERE 1LT3E, K
ARTPREDLENS.

P=1—e™T
ZrTCCORMEERRERANT, BIRL - ERER
P=10"2 |t D TCHNRTH 3. EEEREIN Y-+

ORI R 30~300 FIT [3)BE LD T A=10"7
(MREEM WM ERELZBE, ¥— POBBERER
P=10"% %7 TR T 13, T=10° (B5f) &7253.
Txbb T=0tBF B4 — PRTXNTELERET
ol TrE, T=10° Bitkic 0 — + £ RE
L2 100@0> b1 HIEELT WA T &iTE
3.

Lz AR HEHRI/NE W BE 0<PKI07?)
i, 74— be FVF Vb e F— bOEBERE
LemLEd 3. #iid 1FIT (2=10"%) o4 —t%H
WTT#—Nbe bUSYF e F—rEBERL, T=
105 BRI T REL 2 LT5L, EROY -t
1 HOMpRER P=10* Hhd7+—Nb - bV TV
b e — FOHBERE P=10KHKEINS. EDIC
»— r OEREEI 10 To/hSn(FIZE, (11K
RS T @0, (2] 4 — b SkERMSED) B
wit, ehoxBOTHERENS 74—V PV T
Vb er—rOEEERX KRR LTS, —4
LT, ¥—rOBERRE P=107 &L E, £
AR 7 2=+ b5V b o — b OBERE
RiF P=10"2 rRIickEINS. chirsichd
103 FIT R0y — VEAFL L LTI S
V. b, B T=1¢EELIEE, BEOT —
b 1 EHoKmERIZ 100FIT TH 5.

5. BB ETBEICRTIER
AHPDE » P EERBOTIBIL, F—2Ey PRI
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MEZoh  SEART

PR

E 8 AR D2AH NAND #°— b
Fig. 8 An Example of a Voting NAND (2 inputs).
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Fig. 9 An Example of the improved Voting

NAND (2 inputs).
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- Fig. 10 Examples of a Fault-tolerant Full Adder.
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