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ABSTRACT

Fault-tolerant system is improved the reliability and safety by using hardware and software re-
dundancy.

Fault mask and detection, identification techniques are conditionally used with system’s appli-
cation areas. Here DMR system is operated with standby and fail-safe module method that has
minimal hardware and software redundancy, then its reliabilty and safety comparison is presented
respecively.

Also this paper propesed an effective methods of dealing with transient faults as compared sys-
tem’s MTTFs to transient faults tolerance capabilities of self-diagnosis program,
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l—( SYNC )—I
Diagnosis Pr A ‘) Proce ssof] Diagnosis

routine M N——] M2 routine
match

|
@Wd«
C
Eq A’f?’ ‘o E2
SWITCH

(a) Hot-Standby

~

INPUT

track 1/0

save,

Du:g;;w Processor 2 k) Diogresis

Toutine

g

Precessor 1

on—line back—up
restor

N

f

!
OUTPUT
{b) Cold-Standby

PLANT
Input

—

[ redundant inputs !

Diagnosis —— Diagnosis
m Ofrcesar | Pracesar 2 routine

Output
PLANT

{c) Fail-safe Methods
3% 1.DMR Aj2:¥le] B2 41% (a)Hpt-Standby,
(b)Cold-Standby, (c)Fail-safe ®4.

Fig 1. Block diagram of DMR (a)Hot-Standby,
(b)Cold-Standby, (c)Fail-safe Methods.

Il. DMR A|AEI0f| CHEH MARKOV 24

H271E M A2gE 74 e AA FES
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3)SFP (single point failure)(S) : o] UA 4
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g

2| 2. 2DMRO| o g 13 wha] #F
Fig 2. Fault-Tolerant process of DMR
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w}2k A FSC(Fail-Safe Comparator)[6]& 312 3t
ot 1Y 29] SPF el FS 4el 2 48 + 9
o 7| BN FHA 2FL ALY A
28 o g B £ lo22 NCF AH e &
8] aejakA] g

9] Ao 2)aiA Hot-Standby 9} Cold-Standby
Al 22" e] Markov 2d& 2 22 Markov Model
£ W3 sty 19 39 (a),(b) e} gon, 27] Jepl
A A nage] HAEA Ao A% §HE FH
3l Fail-Safe Al 28] 9] 2d-& 19 39) (¢) 9} @},

Adt(1-C) A 4(1-C)

{b) Cold-Standby Markov 28

{c) Fail-safe Markov 2%

1% 3. DMR A) 28 9] 0] 417t MARKOV 5.9
(a)Hot-Standby, (b)Cold-Standby, (c)Fail-safe.
Fig 3. Discrete-time model of DMR system
(a)Hot-Standby, (b)Cold-Standby, (c)Fail-safe
(a)Hot-Standby Markov 24
(b)Cold-Standby Markov %9
(c)Fail-safe Markov 2.9
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1) Hot-standby A| A
a9 39 (a)ell A Al2¥l9} Markove @& 4709
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AL thE ) g 9 £ gL FPeld o3
A k&3 g}
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Py(t+At) =20 AtCaP(t) + (1-2At)P(t)
Pg(t+At) = 22AtCc(1 - Cd)P;y(t)
+AAtCdP,(t) + Pg(t) (D
Pe(t+At) =20At(1—Cq) (1 —Cc)P(t)
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2.Cc(1-Cd) AALCd 10 Pg(t)
L22At(1-Cd){1-Cc) AAt(1-Cd)P1{t) 0 1 Py(t)
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Pr(t+At) =Ty Py(t) (2)

A7 Ce A7) datd AT g 4% <
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Fail-Passive Al2=®]9] Alg k= Al 2glo] A3
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A e FEEZ YRS e o 2(3) %
Fig=

Ru(t) =P (t) +Py(t)
Su(t) =Pi(t) +Py(t) +Py(t)

(3.1
(3.2

2) Cold-standby A| A&

1y 39 (b)ohrl Cold-standby Spare*] 2% 2]
Markov 29§ ¥ oFr}
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gt
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A FUx Betd&o g Al2Ho] 523l 799
%, 1)On-line unite] 33 HZ& A9 2)Spare L&
AAMe 33 7+& A9 On-line unito] AW
spare®] Ap-g-o] A i g Z$-olr},

olmfe) Al2we FHEEHZA ¥& nY TZIZAAMR
23ty Al 2ol Azl 24 191 On-line unit <
Spare7} 1% A& E5Q AL u¥d Aol
7] W&ol On-line unite] 233 Spare A d
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mebad 1§ 39 (b2 8 AUt f = doh

Pi(t+At) = (1—-22At)P,(t)

Pa(t+At) =20AtC4P(t)+(1 —AAt)Py(t)

Pu(t+At) = 2At (1~ Cy) P1(t) +(1—AAL) Pus (t+AL)

Prs(t+At) = AAtC4P (1) +Pgs(t)

Pau(t+At) =2At(1—Ca)P1(t) +aAt(1—Ca)Pa(t)
+Prlt)+AAtP (1)
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[Py(t+At)

Pa(t+At)

Pu(t+At) |=

Pg(t+At)

| Pru(t+At)

[1-—2aAt 0 0 007 [Pit)
21AtCy 1-AAt 0 00 | [Paxt)
AAt(1-Cq) O 1—AAt 00 | |Pu(t)
0 AAtCy 0 10| |Pwlt)

[AAt(1-Cq) AAL(1—Cq) AAt 01 | [Palt)

o 7] M3z Cyiz A7) A gk Ak 74 2o of
3 Al xtoln, Cold-Standby Al =88] Alg) vt
el 2, e 1, AEl Fs, e Usol lg &2 4
(7Y g3 ot 4] (8) 3 ok

Seslt) =P1(t) +Pa(t) +Pus(t) + Pglt) (8)

3) Fail-safe A|AE|

A 2Eg PAET e REAA AW s1Ao)
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£ Fail-Safe Al28]o} del+=(193) 3709 dej=
Y ol AulA & 22 Aol ofa|A] 2(9),
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Pi(t+At) = (1-20A) Py (t)
Pes(t+At) =20At (C.—Cc % Cy+Ca) P (t) + Prs(t)
Pr(t+At) =22At(1 -C) (1 —C.) +Pg(t)

e

[P1(t+At)
Ps(t+At)

1—2AAt 00 P(t)
2AAL(Cc—Cc #Cd+C) 1 o] [sz (10)
22At(1—C)(1—Cc) 01 Pa(t)

ojuf A% A% A(11.1)o]H HA=E FA
o] g M4 7} Fault-Freedt 27] Al 2d] Ae)e} of
L oz Ao o] AR Dol dEAl
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ol E2¥ FeiQ] FSoll £AE &g9] oz 4(11.
2)sk gk

R(t) =P(t) (11.1)
S(t) =Py(t) +Py(t) (11.2)

-2, AjAELS| Bl @2 a4

LF7 HAEHW, 0F 2 e A AHE 3E(re-
cover)3t7] 918 Zw(rollback)o]i}t 2 A) 2 restart)
ol FeEn, oFuge) 49 vk L7
ol oM Alxe] A TAo| o) FolNEE MAY
DMR A 2H& mgo] 7|53 oz 4AE ALon
AT FHZ sty gL AA A== Aot g
Fuek 3 duk oz Ao Fo 90%7 HEe
e A2 daiA loy oy d AreHr) A4
Hol At ZolX)= A4 77 Ak 2P L 0758
AT gAg

Husl2e 3 RAAE Ay glgosz 9
A HEoF 3]EAHA(transient fault recovery
process) ¥ 77} HEQHo| 23 Fgoz &9l
S Alxdo] daidaE 2V E RS4RI S
E3sforgict melA BE @ Foll ol gk DMR Al &%)
o et FEE A3y 28k Markov Y& 19
49t gol A B, T Fol w2l WaE:E
MTTF9 g& #A] 3}

— 25 2%

aq3 F

I8 A4 F= o F9) Bpol mE Al 2" o] e ol Nx

Fig 4. The state transition diagram of system from
transient error and repair

7)) 4

a=a'%, b———b’%, c=d'-l{— olm, A9} At 7

AT

(permanent error)$} #% ¢ % (transient error)
o o &t 324 & (failure rate)o]t},
3y .48 (repair rate) & JER B
a:YTHE ASHE e HY ug
b dE 200 HEHA g AR v g
d: 3 1914 HEHR e A0 H vgS Y
Epd ),

oluf Ak tollA] i A Aejo] BE-L Pi(t)at shw
ohE-3 2ot

Pi(t+At) = (1 -2a(1+a-+b)At)P (t) +puAtP,(t)
Pg(t+At) =21(C+H)AtCP1(t)
+(1=a(1+d+u)At)Py(t) (12)

Pe(t+At) = 2A(1 —c+b)AtP,(t)
FA(1+d)AtPs(t) +P(t)

UA E 2 b,

Py(t+At)
[Pz(t+At) =
Ps(t+At)
1—2a2(1-+a-+b)At HAL 0 Py(t)
2A{c+a)At 1-a(1+d+u) At 0:| I:Pg(t)
21(1—c-+b) A(1+d) 1 Ps(t)
(13)
2 g,

el Fe Al2do] 3 el & Jehle, AE]j2
o Fell1e AT A wER S35k Ay 5
Uel g8 38k AU E qAFu)
& o]822 ¥¥ MTTFE 1% (failure) 2] 7}
ol #t(expected value)& Mg oz Al At} [9],
[10]

@ ¥ (random variable)xol o & 7joy ke
Elx]= [ f(x)dx (14)
f(x) : &8 W%E <4 (probability density function)

M A s A o] &5 MTTFE thg3

ot
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M’I"I‘F=E[X]=r; t£(t)dt (15)

f(t) : 1% 9% &5 (failure density function)
B A2 27 4 & the ) o] A9 dn

P2(0) =1
p1{(0) =pf(0) =0 (16)

Alzel o} wiAl ) A (unreliability) & Pg(t)a} shd,

2 e §HE og 3 2o
_ dP«(t)
f(t) TR 17)

14 (17)9ll th3) Laplace ¥ g o] &340
F(s) =sPs(s)
2 (13) e 2ja) A

Pf(S) =2—L
S

s+A(1+d)+pu—(c—b) (s+u)+a(1+d) (a+d)
(s+a(1+d)+u) (s+22(1+a+b)) ~ p2a{c+a) )
(18

olc},
o2bA A (15)9 4 (17)o A MTTF= o9
A3 2o
E(x) = — dF(s) l

s+=(

A(1+d+2(c+a))+u
T2 (Hd) (I+a+b) Fpu(l—ctb)] (19

N AlZgolMd R gt

Nzdol nFE AT A E st=solu
AZEojHC Y& e FUIAE A/E es
Bag am o ool uhMs) 2lsja A 2eel
AL AFEDSF A} B8 2ZTEY oI s&
o dEiMe g Ty A o0& ulx] =8 o)
AR A AA Al 28] oyl AW B4
" gk
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Cc :09
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3} g}

Ao A & F Uxo] Al=de] M xe= Cold-
Standby 7t 28t x] %t ¢HA Aol o 8] A &= Fail-Safe
Azde] ¥ &t} WA o7l &8o] Aot
g7 oA AW Fail-Safe A2y o2 A
o}712 74 siok 3l Al A RE Cold-St-
andby7l EA¢ o) nde g HER A=l A
ZALe 27 G Aol oj@&str] iR ok Ao
A dfglEe] AN Teagye] #dE 2F
ux]7)5o] B4 8 7-Erh

uj
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s

Reliability
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o
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. [ 2] [ 2] .3 L3 (2] (2] ©y (2] (2] [}
Timetlallure rate

718 5. DMR A] el th g Al8) % ¥
(a)Hot-Standby, (b)Cold-Standby, (c)Fail-safe

Fig 5. Comparision of reliability for DMR system
(a)Hot-Standby, (b)Cold-Standby, (c)Fail-safe
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Fig 6. Comparision of safety for DMR system
(a)Hot-Standby, (b)Cold-Standby, (c)Fail-safe
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