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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.
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FTG (2 inputs) and an usual NAND gate.

. BMANANDY -+ 2 ATINAND-FTG
7= @f) —_— ._.a_r—\ 3
mmgw | L ] )
P R=(1-P)}(1-Ad) | R={1-147P )}-(1-6R0")
0% 099 0.956
10 |og9 0.99956
10% {09939 0.99999559
10° 0.99999 0.9999999559

10°  |0.999999 0.999999999559

7

10 0.9999999 0. 99999999999559

1 0_8 0.99999999 0.9999339999999559

1 0'9 0.999999999 0.999993993993999553

P>0) OT Pdi-1 XU PDOAEERL, Pd?io,
Pd3i-1, -, PdSi 1 BEU P4 P3, -, PT £ 4BAL 7238
&, Pd:i=T-P L1153,

Tx—Nbe bVFTF o F—LOHRART b
WRTTHE L 2L B HERRIC DV TREMNICHEL TA X
5. HET it Hl:-T, RE~OEERREER Pd
=

N

Pd:S-P

ERET 3.

72U, NE7z2—nVb e bVSy b o — 28
RT3857— 1 ¥TH3. R2KRTXHIC2ZAN
AND, 2 A#; OR, 2 A7 NAND, 2 A4 NOR @
Tax=bt e bUFV P = RERZTNERY —
PN 2IETHS. €7 NOT 72— b
SUbeH—1+TiE N=12, XOR 74— b » MU
S b4 —+Tik N=33 TH3. HELBOER
- roEEEHEICE VTR, BREORAE BT
g 27 PAd=0 LUTHHETZ ERRIE3IDL
S B,

(2) XOR 7x—wNbPe b5y b=t
(1) L ABOFIRTHIRTTRESHINIC L 2HEERE
KphiIRRD L Sicis 3.
R={(1-Pd)s+6+(1—Pd)5+ Pd +9+(1— Pd)*+ Pd?}

. {(1—P)”+3-.fl=“‘_1,1 e11Cn+(1—P)33-2. P}

=(1—363P2+6292P%—59895P4+---)
+ (1—6Pd*+4-4Pd3+9Pd*4—12Pd"%+4Pd*)



Vol. 21

No. 5

Tx—nbe bLIVE e F—OER

M4 2AH XOR-FTG niE#itt
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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.

K10 (a) OREBEOERY — b3 231 &' — +,
R 10 (b) OEEDERY — F it 120 4 — 1,
K10 (c) OEBOERY — F ML 12945 — b T
»5.
RIER10 (c) OAMABICBIL TIEEBLRYL
TH 3.
HAOSELT Co BUMTIREL % & 2RREL TH
N Rs,Re, &7 3,
LT, A1 A B,Ci RERTEETH 3 LR
U, Rs BXU Rc, 2RWDTH 3.
R1=(1~363P?+6292P3—-59895 P4 +-..)
R2=(1—363P2+6292P3—50805P4+...)
{(1=PP+3(1—P) P} (. Ri=1—P)
Ry=(1—147P?4 1568 P3—8967 P4+ -..)
R«=(1—147P?+ 1568 P3—8967P*+--.)
+ {(1=P1*+3(1—P1)2. P1}
&5, Ri=1-Ps, Ru=1—Ps 5§32},
Rs=(1—147P%4 1568 P3—896T P4+ -.-)
« {(1—Ps)3+(1— Pa)*+3(1— P3)3(1— Py)2+ Py
+3(1—~Py)?+(1— Ps3)2. P3
+9(1—P3)?«(1— P4)2+ P3. P}
Rs=Ri*R:=1-2P,
Rco=Ri*R3+R4+Rs=1—-3P;—2P,
&igs.

&3,

LDXI3XT 2=k bPUSY b o = ERAD
TEHOEEESB SN A ERI, B7+ -+ bL
GV R =PDIDODAHRZ bricdLTIE
FETOROITERNIZE R0 0TH3. T4
BABETRLIZKIIE, $B3T7+—NbebrVTY b
=t ORIRTRE > - WERREDO 7 + — b - b
VIV - OBREERRZZIZEAYEEL
BEZBEOHOTHS., Z+~NVbe bUFTYF o=
t ORBERERZAREBRL T34 — P OKBEHEER
IKOBEKETENRTTH 5.

BIZIRIBRDS2 A NAND 74— b o FLS Y
e —tDHE, BEEERER (Pd) i3 PAd=TP
&133.

ELOANED 74—V b bV - H—Lt %
NEROCTHERERRLBRT 284, $TOMH
FOBECERRIZELVEREL-LE, F0EK
LEROEEHII RY TH 5. 22LRR1DOD7 4 —
LMEebUSU b - OEEKTH B.

Lo Lidss, Za—nbs bFv b F—1 %
RAOTEE TR &) N BEEREOR L #R T 518
A, RD2EEERTAHLENS 3.

(1) XOR 2#BW\T 74+~ b« bUFU ko
— FOEEEEERMRERS - VO 2R LI E.

(2) 2AH74—NbebUSU X —LOH
J1%% (fanout) HEHD 1/6ic15 3.

(2)icBSL TR, 74— b bUSY P e HF =~}
DAFIBS 3 iR B BERA BT H HEkic
LOHRIERENZ. MERERF B itk 3
EEEETIR, 0o BEEERE Pd 3 Pd=
N3P ;5 Pd=N[3-P+P. it BICT #1540, 1=
PEUNERY - ¥, Piy— 1 BOBKBEERS &
U P 2 B EDOHERRE T 3.

7. 72=bF-PFPUSYP-AVPa21~%
DRE
BT REBEREE S REBERE S U CRRRENN

ENEIoND. RNREENBLEEEALT 21
i, 3ETRLALZ4—A b+ b5V -H¥—1+T



454 " -8

WEEL 1o hds, (BEEBION~FYTREEZD
LBRTHDE. HROLY .y P HIFERBE 7+~
FebUFY b4 —THRLZBE N—Foux
TRT=EE 4 — 1 {EOEEMkE 10FIT &
UBMTE T=1243:20ORKBEEME O EH
i3 0.002 FIT BELILS.

BIDEZFELT, BMADF— +TiZizERED
DK BYBARSTIREDO NS VERZRERNEE
BT 2 5E,H 54, KNREERRESOBE, TR,
~FY 2 TENBBODOICIZBVITERINFOT
BOEBkRBs L NTEL.

LZAT, 7a—nbe bUFV o~ DER
B2 IC 2 )cb@ATE, N—VUTRBEXU
EHEtcBEL TRERNDTH 3.

LT+ = PSSV b - L OFHEET—
FERBICHEIEL, TOEAFE_REMERICOR
BIEZFETHS.

10 FIT o4 — + 2BV, BABO72—L -
FUS Y b e H— Mk DRSS REEEE A MR L
feedre, BUTE T=1XL0L1BA, ZOHMER
R¥AFIT &35, , ‘

ZDEH L7 +—=Nb e bVF VP = FERAD
B3ricE-T, BREEED Y ©a—20RENT
Beic iz 3.

8. X b b i

FROF -+ AEMERNTZ+ -V LYY
Pe = ERBRTEE, THEHMRLTHAY -}
1EsvOEEEL VBV EEROY — P BEET
3. ‘

F#—= b bUSy b=+ THEDKEZBR
THEZTBUEDNN—FO = TENBREELNLDY, £
o REEEERRENICHET 5. FIAZ 100FITE
BOy — FTHRIW 72— bVIV RN

n

i

ay 1980

~ FEFEAVERTEZ S, 202&K0HBERIT
¥ FIT it TE3.- :

RO — + T, BML BARRT 3 DA CHE
MITFRIS A, Fa— bk FUSY b A=}
T, ZOMBOEEERENICHEL EL VB
HIES5ETSE. CZOBMER, 72— be bS5y
b ey — bhic S NIROITERAICLZ 00T
5. COESIREIFIZ, BOEHMELLOR
RFCHILTHED, WbhiIAMOBIRICHEYT2HE
B bOTHBLELSNS. '

L7itsT, 72—k bUSY b ¥— %
Wacrikiy, BREBE I P2 —2ER~OH
1T e —FRRREE L LR B,

Rikic, xBROREEHLOh, CRBNIED
7 BISBBRRFTEBEBRBREZICELBALBEL»
FET. EUTRERBECHELEL T L -7F
HREFLHER)IBERCE L BH LT T

2 % X M

1) YEEEh: 74— b FUT Y PEZOME
£itf, MFEEF¥ L, Vol 59, No. 4, pp. 359-
368 (1976).

2) STEPHEN Y.H.SU. et al.: An Overview
of fault-tolerant digital system architecture,
Proc. NCC, 46, pp. 19-26 (1977).

3) BOKEM, ER 3h: zv 7 bu=7J Rk
Zia8k, BT EEYLR, 2ok (1978).
4) DeSOUSA, P.T. et al.: Modular redundancy
without voters decreases complexity of resto-
ring organ, Proc. NCC, 46, pp. 801-806(1977).
5) &Il ¥ BEFH SHES: HESER W
BY (1973).

6) ALGIRDAS AVIZIENIS: Fault-tolerance:
The Survival Attribute of Digital Systems,
Proc. The IEEE, Vol. 66, No. 10, pp. 1109-
1125 (1978).

(Ff154 428 § 31 AXAY)



