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Self - Error Detection / Correction by Replication. { On - line Testing ).

* For detection of intermittent and stuck - at faults and for

correction of independent errors.

m 1
Input m Kk
nMR For nMR
K k
Detects 2s faults
Output Corrects s faults
m n K
Module,
Widely used n = 2 (duplication )
n =3 ( triplication )
n =4, n =5 (military space applications)

If p - probability of a fault - free copy ( Voter is fault - free ),

Reliability :
R = p° + 3p*(1-p) = 3p* - 2p° forn=3
no faults —% N onefault
Example : p = .1 FoR SUYMME TRicAL ERRORS
R =028 FornMR(n=2s+1), R= p“+('1')p“'1(1-p) +ooot+(g) pstl1 - p)®
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let j=2$+4—i . Then
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Implementation of Majority Voters.

MAJ(A,B,C) = ABv AC vBC
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Example : C.vinp ( Computer voted multiprocessor )

Processors

Memories

Basic Structure of C,vmp with TMR.
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TMR with triplicated majority voting,
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For the fault - free case :
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{ Spare )

Initialize

TMR with l_lecunﬁtiﬂn.

A=B=C=D

Example : FTMP computer '
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Adaptive Voting.

Voter = Treshold Element

n

(y:l)@_zlxiz'r
1=

T is a threshold , T = T(pgy1,P10)

n=2s+1

Pg1 - probability of 0 ---> 1 errors
P1g - probability of 1 ---> 0 errors

1. po1 = P1g (sSymmetrical errors) ---> T = s + 1 ---> majority voting.

2, Undirectional errors : pp1=0--->T=1,V=0R
correct n-1 errors Pip=0-->T=n,V=AND

3. Asymmetrical errors : pyy > pyop-—> T > n/2
P1g > Pp1 > T < n/2

For undirectional errors n - 1 errors corrected by nMR.

D. P. Sewiorek, R. S. Swarz, “ The Theory and Practice of Reliable
System Design”, Digital Press, 1982, Ch.3.
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Self - Purging Redundancy.

Combination of reconfiguration and adaptive vofing

1. Locate a faulty module {comparing voter outputs and outputs of modules).

2. Switch out a faulty module.

3. Modify the threshold of the voter
(e.g. after switching out 2 modules decrease the threshold by 1).

Graceful degradation of performance.
( J. Losq, IEEETC, C-25, June 1976, pp 569 - 578).

- 120 -




"DEPTH  0F REPY AT oa) %

—_—
-E\ F. Pn?é bf n g rrov’
E_’-®— th a ng

(:1}/ Py - prob g om0 €rror

(w e voter

Nz 25+4{
for n=2

- 38+ ‘ '
PIZ%( PHY pastt- t[{ P ; R=Pv(~2,=3+391)

ZQ!‘ ‘de 0!’9""‘9P Sﬂs{fm 56

D4 P P; ~ prob. sl
_':—-——m— Lvrror :H fbf

‘3 D\Oi‘ﬁe r"efelt-d‘l"wu, ne 3
22
D R= Pu é"ﬁiﬁf )@pﬁﬁ)

2L

\ } -

e T SR el =t BTy




~ >

Computer Systems with Replications and Voting.

C.vmp ( Computer Voted processor )

TMR {(voting on bus level)

JPL - STAR TARP (Test and Repair Processor) TMR (reconfiguration, Arithmatic codes (mod 15))
FTMP (Fault Tolerant processor) TMR (voting at outputs)

FTSC (Fault Tolerant Spaceborn Computer) TMR for control unit

SIFT computer(Software Implemented Fauit Tolerance) Software voting

Sperry / Univac 1100/ 60 Duplication

ESS-1 CCLESS-2 Duplication

Space Shuttle Computer SMR
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