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An Availability Analysis Of Switching Control System
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ABSTRACT

In this paper, we propose two hot standby architectures which not only provide high system
availability but also lose little data on fault occurrence. In order io evaluate the performance of
the proposed hot standby architectures, the warm standby architecture which is made from the hot
standby architecture by eliminating its synchronization unit is considered. After system
unavailability for each architecture is computed by using the corresponding Markov state diagram,
the results are compared and evaluated. As the resulls, in most cases, hot standby architectures
have higher availability than warm standby architecture. Also, hol standby architecture with exter-
nal synchronizatien unit always maintains a little higher availability than hot standby architecture
with internal synchronization unit. Active set time and personnel recovery rate for each architec
ture have litlle effect on system availability. However, in the case that data recovery lime is too
long, syslem availabilities of hot standby architectures and warm standby architecture degrade rap-
idly. In this case, the performance degradation of hot standby architectures is severe, and system
availabilities of hot standby architectures eventually become lower than system availability of
warm slandby architecture.

LN oE o) A¥H N2l e Fa BAN) H

AQd A= wER A2 AwEdn o

NP, A7t golARA B 75T VS SaH

34

8 4 YAthy BFet Aok a2, eed FAE i P &7
3 9 EANEY IEHFE B o o] & o] B 0] =
-5';@—”,‘—:1995'-‘-1 3'ﬂ 29@\__]’ )ﬂ/\}%i:19951ﬂ llﬂ 2?—-1 o" TTU}7] '\’1?1- /\]i‘;@‘)“&i___] “1@‘5"‘] 07}'7}'



986 EEREEHMEEE ==Xl H2d H6=(95.11)

Ae w4 71%F NHxe FUt R4 ol==
2, A Az AddA AgE SAE 473
EA47F 2 4 ¥ gl £, fﬂlﬂoi‘- -
o] ;o] ARG A Awd APHA BHA
& = F JE TAH A8 FF ‘éf}%’- =3 72
E4E Popi v & AHAZI aFHIL,
aZe AgRold 717 L ANEE Ad A
~do] g7HT UE AFelh olHF & A
Hxd gt aTE HEAFI] 94T Aol ¥iE
23 2 Aasdeln. nF Z2UE A2gel
g ge aRL TAE sEdoht ATEH ]
oA mAre] WA EE A&MA FAT A
g suls $YPSHTE AT A2Eg duFct
[1~7].

zue 7|Zo ¥id ISDNe] BISDNo=
AgstHA 2nd FARAA S FaAe] F
AstA =ich. olei% BISDNS Fuie
5 g@rjes EdE JF b oldHC s
A4 9 H¥lx AFASE cﬂas}oq % bps
oA Z=ul Mbpsel] ol=2= ZH g B¥E
7= 2% Q25 FRAeR AFse HA
o Age ou|gct ol WA 7B FHA
= AH2d n&d4, 3, As A=, AR
rzEY, A7 7E¢EE 8814, 4F Jd
4 AHAsES EHEA zﬂ-ﬂé £ 2E 4A=
e Tl d itk BISDNY 712 HAES
2@Ey] §g deto g vFr|4 d4 EES
Apgstelet sedl, BErA AF =@ A
M| ASS AEA e 7|9 HE0Y dF
m=2o Ad P AZ F, €571H AEE ©@F
HE BN AL FAFAL ouch o]
2% nEo|AAT e AT AFE F=
FRN A Aol A el g7k o2y o
Ay &g FAeE ERE AR 7
22 oty AT Alade &FFE FR
717 @3 2HE &AL AL FYEE T
2R e 3@ xR Ado] 2T
oH 91

o 1P

o, M 9
20 ) > o o%

H;

2 =R AE oldd a7 $257] AHA
e JlEAE AFY BY o 1F WA

Holgl £48 HaAZL 5 A TF Aol A
~®le] 1A 7h)] FFZA hot standby

Aotstm o] e AAEE m2aE A B
Qe o] Reted ¥lm HFIFEACH

B = 284 AME 71 ¥ AlAgdA
Agds e 712 2 2 VIHE AEIA
ARE F 3734 AL hot standby I T
W Fel 2 FE PAE AUt 43dAME
hot standby T-=of tet 2 3Z TAE AA
stz o 2dd 2As BV EE vlE H7t
o} oiAe g 5FdAE 28 9 FF 4T
FA ¢ et =

==

2. 7|= mE Nof AlLHoA 2F HH

714

23 Aol Azde gEEe 2% hH BF
g Aade] aFstE 1A 2 TARAERY
otu]z} /’\]"‘%"ﬂ o] TPT ALAT A2E
o] A% &rlE FFe FHYIE WHEES T
zaHotgk Hri15]. 23T 2UEE TAS
2EA7]7) 98 e5de @ Ao Al272
standby sparing 71%-2 7€ 1% W 7IHe
2 A=HsD oy £, Al2He] vlE g 23

=2 TEse giee] T@ Ao Az=gd o
Z3 HE FZEAH o|Feld vk standby -
sparing 718 ZA A7ZIA Bz s F 9
on ol tr&a 2t} cold, warm 131 hot
standby 7]

cold standby sparing 718l A, standby E=
L active Ao mAo] TAHUE @ cold
start§ich. =, HAFA] standby BE9] FH4S A
ZHotir} active BE4re] 1@ AR A AE F
Z3 pjEo] standby HEZ9 ZHFE& JHAIRTH
adez o] FEe 13 LAAAE LFES
e7EE TE Ao Aadds YA &

warm standby sparing 71HdAME 34 &
A active BEute] Zo|A AFE Lo} P&}
M standby BZ& F4ol FFH AHAAM I
2 wgA] dAE7] gsA dzdeed ok el
o, n7tEE 2 DAHHE KA AHHA
active 2 =9} standby B=l e vixz HE&L
Az L= FHok P} active HES
standby Bz w=d Y4 A4 % T



Hot Standby 1% 2L 728 XIS D8 K|0JAlALC| JIEE =M o087

B AE AXA7)7] deiA, active BEE o)
22| fge] WA Jokgt gul message pass
ing ¥hg e} concurrent writing & A&
t}. message passing ¥ AL active =t
VZE WolElE message WHE standby BT
A AE3H, concurrent write oA
active BE7} dojg} MBA I zAe] wimg
¢ standby BE9] wlgalE FAld BAHAZI.
message passing WL A2¥ szgojd 2
e F3 & Al 2ZEY e¥FH=s} 3
Th. ¥t el concurrent write e AXE 4o
LY =Tt A glor} sl=go] Hgo] 24
ok active BEAe|M 2] 13 wao] 7Y o)
standby E=F o Z=AE P & active
HzgA 2434 =0 oy FAHUE dF
H AFE A% S Ao

hot standby sparing 7]®8e) = ©a] active
Hxgre] I/0 Ade §F 9% aHd egs
T R 9 active B=9} standby H= 2E7}
718 RFEVAM 98 484 S8 g,
o] 7]¥-2 standby BEE% active BEol T
FHE FYERL A7) GEG 2 B 7y =
Al standby BR=7} active RE2M 2234 &
224 25 NHEEE Y § gdou HBs
°F & F7hA F2¥ EAEE Az Utk A
£ active HES standby B=7td] £7] 84
A oIt} active R=9} standby H=7ho] ww
T B\ Aad eHslse s FIHos 4
A% A2" 4% AiEE oA Brg=
micro-instruction, instruction, process Hd 5
AN FHE ¢ o1} o)Fg He TxE P
W Ao} A2RlME U Nx2" P 4
B8 37l A8 A process HWe) T8} AL
SEolol ¥t THAE 1g By oY By
T3 1F B 984 A g9 hot
standby B4 T 2 HolAF= EAo)u).
B =RAAE FH8 249 #Z2 wete A4
gglen, AA EAE @y sy E go
E B 477 ash ¥4 29 TDX n3
N2®2 AT&T Abe] ESS m@t Al2"e o=
3 e Fx4o)A.warm standby sparing 7|
2] concurrent write ¥} At ALgst

3 gleH8~14].
3. A2t hot standby & Zhl AjAEy

2 A7 AN A2 TEE gy
Z 24 M (processor)i= L7 HZ(check) 7%
£ WESR QA god, =2z (memory)et
W2 QlE#o]A(bus interface)= 27 A=
(check) 715& Wdstz =, w2 2<(bus
line)2 d2j7} B stx Fevin F1Ysg.

Axel vA(fail)2 s=go] nATH Ax
Edlol 37 B AR AF vsoz Qg 13
02 o|Rode. o¥d WTH s P Ay
7€) 2= Qdd sl mF BREo] o
T 1% S4B AdiHes Hoy B =R
M= Bt=dlo] wgo] A e Az &
T},

3.1 2|8 E7| unit2 FAE hot standby A}

2l

245 F7] unit:x FAH het standby &&=
(3" DA B vt} o] 0|28 7] unit
°of 9o £ o3 H= ABlI AB2}
B4 RN BT activestd] a9, e =
BEZA Az2gd #ig A4 lined FA+ Ah)
oA AME-Ex] gh=th =g o] RzgA= =
HE7L 2% activedld] ERslom H=)je]
component7} 17 B R A] o] AlAL A

dedicated

o ome .t Az || sswe |

system bus J

APU : processor unit
ALMU : local memory unit

AB  active board
AP : processor
ABIU : bus interface unit

(28 1) o =7| Unit2 A= Hot Standby £=
(Fig. 1) Hot Standby Architecture with External
Syne. Unit



ogs TIERELARENE =2A] W23 H6=(96.11)

¥ REJA HAE lined T dFE FF
Tho] "otk F T WAA Tad HEE
AUH EEd d4% Pt gk aEzE 3
ZF A5 98 APUE T/ Z2A4E EL
= 3 ALMUS ABIU= 2% 24 7158
Film ez wed unit T AMESE Foh
01 FzAA power nFo] ZAFHE A7l F

| =2 Zo| ZAE 4 9JenF warm stand-
by Tz M} o] power 1AL ZHA|F7] 4
s AL lined B F7iH A A= =<l
=R £ Bavt gk

o] Nade A TR Fd delek &7
{read) $24] AB1¢] APUL(AP11= AP12 &2
=) ALMUI2Z 2E HoletE gom AB2
8] APU2(AP21 3 AP22 %)y ALMUZ=Z
2y golgs et "ol #7|(write) F2F
A APUlel APll& ALMUlez, APUZS
AP21e ALMU2Z ¥IZE HolgtE 7% Bd
t}.

ABl Bz=9} AB2 Hck 34 F
Elo] FaElGe} SlER 5 BE7h
e FHFoz gFHAk F REE T 1 %7
#= micro-instruction ', instruction ¥4,
process #d THE FPE F AT micro-
instruction 23} instruction #W #9el F71
= WwNg 5718 FHos i Axme A
zo o AAZIch T =S process B
©9le] 27187t B Aol ALd AladelA
AHg-HTh

9y AamlozREe Helet g

% ABl % AB2 BEE #4 sy Qe
g Zustn olF ¢4¥ doles TotEcl7
gl8] 71 unitd] Z}Z} 27 44 Az E B
o}, olw] 7] unite ¥ EE=E FHY F7]
HNE7t 2F EBE “HW}Z] kiR
qY NEE BT wod 7] 2% A3
Bz FAlo Buin, %71 £+ Az E
= peE ztz g7|E 98 4F el
ApAle] RER °1oi=°1t+. % 57 24 ’&
&7} B7] unite] TREHE AZhe] AR 4
NET 2 A4S 7] unitsE o}y Byl A4 A
52 BUA % HEolA power TAel €A

0, m1ru om oiz,

ﬁ“a

LJFIO-{rlﬂ,oZ‘.

2 7tFsle] I of#H 4sE F REC

Z=Ao] EUA Ho} oF Aaglozel dolg
= Tolet P A8}t FLEA Tt
power 1% AL F7] unit Foll F BE=R
2y 57 44 A3V =gy e B=g
B2y 4AAzZEe] AUEE 57 A A3t &
23R 2o Ao ZAF oluf F7] units
= BodA power TS A AMME BEE
t}. & BEdA power TG AMEE FERIE
olg L oju] LAE o287} power TLAERE of
Uzt 571 unit® F7] 44 428 2fis =
9] nR] 7]9E $E 947] W&ot compo-
nent TAA] Alxuhfe] ZF ¥=2 component
= 3@ 2A 71sg HEST 7] WEd 2%
Wy =aA o9 BEE oY AsTt FA4 A&
line® =3 AUE Bco] AfErt olw T
o] Mgl @& B=E T8 FAPE FAA
Flm 92 Alaglel] wF LA AMEE FETF
single BEel Zo] FFeA Bk % LA
TAUR S HEE activedtA T Folole

=22 olg dolg &4 SR ¥

$E ’“""} BEi= *T-ﬂl’ﬂ Bzt smgle B
=4 354 B F 3% BF 53 g2
o wAd whd E}Esﬂcﬂ o 4§ A BTE
Axsn 27458 Ade 58 oA &7
2 gxgd. o3 B=E J=dolE FER
F @A active A F& ¢ BREqA AL

line& F3 1 AMNE FEIT I A9 W
g yge Ady nee vz WeFd dXA
7 Zulg &t ojn) BA activedtA FI
zo Bel= I AN dEd Y&L 5 €
H ywedA d4siy 1 F34e o 2.
A activesiAd] FZ I BEAA Fol
o] Q& ZAgds 2 4€ WA FYip, Tef
Holet W7ol aTHE Z-$dE concurrent
write HPES o]&3ted I AN W] g
A3 2ze fzg WEe FAd HRZA
t} old delet A4L Axd W2E FIHA
ol:e A} yhek activestA TF F9 BEd
A o]z Qo] ¢Ithd active BEE I ALY
feg Wees Aaw HaAg T AtE BE
o WEzas Agdct S g5 H=9] A2



Hot Standby J0Z&F ZHH =&

W&ol active HES oima) g FUsiy)
2 F 5 BED YEI7} o]2eix|n, oju
A Al2®& H4 hot standby Aglz 2
o

3.2 U

~g

S7| unit®2 PME hot standby Al

Yol AFTE ¥ Fr] unit®2 FAH hot
standby ¥Z& o|F3 BE= 9o £7] unile)

EAQnE mF A A *%9-1 StEdol A=
2 29 BIHHA EAE opr|Azlgh 8=
2 7129 2y o °|F8 Bt T=x

QK

 FAAZI7] A8 (2 D4 NP 3 B
Ediel]l 7] unitg& WAAF)= hot standby T
ZE AASEeh 7] unit® BEy £ o 4
AR F2E (2% 30 dehfgo. o) 7=
ME 5 BEZ] F718 e A= o
of gtelld AFH Fz BT} i —'?‘—7’-%]-&1 gl=
dlol 277 Frlele dEE AUA "o

W2 F7] unit® PAE hot standby =9

AB1 AB2
APUL sync fine APYZ
e e
i T
- dedlcted
o] [ e Tine w12 |

sysiem hus

(28 2) W5 =2] Unite A= Hot Standoy 7=
(Fig. 2) Hot Standby Architecture with Internal Syrc.
Unit

AB1 AB2

= | —
- a _.l:’]

(28 3) 7| Unitat £7] Line
(Fig. 3) Sync. Unit and Sync. Line

T ARG Q& MAI~EL 7158 24 959

=2 iy

Asl B4 dH BAS 2P PAA 23 5
A8 Z7] unilE FAE hot standby &
Lehth, 1 ShEEel UE slzam 48 w
ME Thadh

i e ro

5

3]

M

4. 4= "ot

4.1 A28 EJIEE

-Iu

AME zF 229 BAEE A4 0
1t RS olgElion, ojn A 3}
2% H=dols 1% w4 24 o
PR AT 7P s e

(:L = (2 DAlA =A% 98 57
unitZ FA% hot standby x| ojg rlz=z
Z JHREE BEoE Heg, 2" A N& A4
48, NDE BEE Ao n3o] 249 7L 73
&2 £ A, Isys 34 dEdA B8 &
Woll o] A% e, ND, lsy= 2= Ao
Rge] 2T AL PBAFA B Aol =
718 el o] wAgE e, D1 Bz 4
dAAel 23E& XY 4, D2s 1d B2

=N
T
R

f

N
i

7

°li‘ o o2 ¢

!

T

=
tE
I

=2lo
4)

—

(28 4) =¥ 57| Unit=2 748 Hot Standby T7=of
Ci#t ot=a= AT

(Fig. 4) Markov State Diagram for Hot Standby Ar-
chitecture with External Synec. Unit



o000 EFEEEXCRE =PA| M2W MEZ(85.17)

= €58 FREAM 2

a3 steE AE, D32 nd Bz9] e
1, hol standby +%&

= 717 fElA AErEte Addeld, F

£ Axmel @ 13U gHE g¥u.
Ao R =S ND 4

HE Helsid =59, 2xufjo] I olefe] 1AL
EA =g A2de N Az ie D1 4
= HolAlZrk

(Z 1) 218 40Me Line majoflE
{Table 1) Line Parameter of Fig. 4

A HE 3240 H
1 Ah+isy
2 Asy
3 hd
4 2/sy
5 sy
.6 1hé
7 2ih2 j
8 24hl ;
9 278y X
10 8y
11 2Ah1
12 Ah !
13 ) thl
14 Lhl
15 2ih2
16 Ah
17 Ah
18 Ah
19 Ah
20 th2
21 3
22 tha
23 1h5 - 2 sy

ol r>ﬂ o 4y o

(B DoA= 9% 27] unitg FAH hot
standby Tz HE dHEE HaFe (¥
)9 line dElBHE Vet he B
o] Aol Al Ah2e) L ojnls
I, sy F713 Rl niE, he HE
£ oju|g.

(28 5)E (2¥ 2)dM Bd4FE WHF F71
unit2 FA¥ hot standby ©]F3 BE T
& nleaz JHEE HAE AR, IH
A Ne A4 A8, NDE 2= 4o 37 &

(Z8 o) = &7 Unit2 74E Hot Standby F&of
Lish ol=2a= &E(x

{Fig. 5) Markov State Diagram for Hot Standby Ar-
chtecture with Internal Syne. Unit

§ Zie ZAEA] 23 ), DL 2= A
o] mae ZAT ZH, D2y nHd HEE
gty B4 H=E 4F5 FEEA S
% A, D3= nRY 29 g4zt &

22l® 4el, D4¥ hot standby FEZ A7}

/‘?']7] g A AF2Eke AHeld, Fe Al
o] 43 nEG AE Sudnt. o] 2%
o= power TFAlATE ND Ateglz #HolghH,
2 olgde] BE WE AL AAFE DIGHE
HolAl T

(ZE 2) 38 5ollMg Line miEbols
{Table 2) Line Parameter of Fig. 5

‘ A B e
1 2Ah2
2 27h1
3 Ah
4 thl
5 Ah
6 #h2
7 Ah
3 #h3
9 4
10 Ah

11 Ah
12 #5
13 ph6

(E 2DNAH= N2 £7) unitd FAE hot
standby ©]Z3 BoTad dF AH=E B2d



Hot Standby 0ZE £

=T (2" 5)elM9) line ZaloyE Liglyg
T she BEAAMY pR}Eo|d Anl= 2h22]

&g guistn, hs YEES o

5%,

AT A= #Hetet T4 hot standby F
Foolulgt hot standby FZe|A 7] unit
& Fozm T8 warm standby F30
B8 271EEE 2T 4 Bug ogad
T8 F Az vy #rletge). ¥laEs warm
standby TZ9 E7IFE dE ctzz=
Tot 4 HepEe (2¥ 6)3 (F 3)d
et (28 6)dld N& dd Axde
A4 4", UDE active 224 13 2gg
Zx X% 4, SB1 active BEE4Ab] 138
ZA% A, SB2= standhy H=7} active B
EE Hold 4w, SB3: 1@ B=9 =4
7t €73 IR dH, Fe Aare] 4339

2

{18l 6) Warm Standby T =0l Ci#t Dj==3= ME(T
(Fig. 6) Markov State Diagram for Warm Standby
Architecture

(& 3) 218 62 Lineo|2|uil&
(Table 3) Line Parameter of Fig. 6

A ¥z Tehu B
1 Al
2 4
3 A2
4 2
] 22
6 #3
7 A
8 I
9 A
10 A

X1|O-‘/\]AE.-HO JSE =4 991

18 (F 3belM i A

23 delg ow
Holl Mo} nFERA Alw 429 Folny, p= 4]
28 HEEE dHTct

A activestd] BZ ZFgl & Boola i
o] TPE H-2, hot standby TZA A= Ao
BET SYPHOF activedtd 53 Fo
TA S o =z 918 volel o] FA =3
F9 Eeo) $4s REd o8B, o 7
$o hot standby FE A= Hols B Fa
o] Fgglty ¥hie] warm standby T A]
aclive B =0 Aol LA AL active BE

o—]o:

i

--7} concurrent write #4102 standby R= o

] 5.2 Lﬂ%—% active B=ol vjwg Wl&x 4

& dAATF= Folglen= standby HE=e] 4
= '“'c}o] A active B=of o8 ke
gtk F, Z2AM e local Wz 1A

ofl&= A3 Holet7} concurrent write =] &
standby 2=9] u2ajd] Hag £ glo.
=Fo TR A= o]ET AL active BE=
ZEAAMN B8 AEE standby Bl #A
T 4= gle =2 recovery log filee] o] check-
point Y X|7}x]e] Holel BEF Fzbo] g7}
A warm standby FZo|A active B Ate]
power 1L7to] WG ZFe mB Ao} Alxwld
A aFste AT Mg BFAD £ gom
2 power LA w35ty 4L £4HT

(2% 7)2 A activedtAd] B3 2ol ¥ =4
el LAY Ay A B=vt dojg BT
L - s o BRl:s  AlZH(active  set
time) o] Wzlel| 7 2k Txe] EVFEES =4
sl

_‘e.rk::?‘:'

Unavailabilily
1. 50E-09
1. DOE-09
5.00BE-10 warm

I Hol _ext
{2 Hat_in!

1. 10E-10
1. 09E-10
1. O8E-10
1.Q7E-10

1 1020 30 40 50

aclive sel 1ime

(38 7) Active Set Timeol Cist 27|58
(Fig. 7) Unavailsbility vs Active Set Time



992 B=EHSXMEEE =2X H23 NH6Z(95.11)

Hieolgl 27 Zz& warm standby FZollA
= P2 AL 2 7= hot standin TR0
qeE Bavt go=g I uehiigixe]

= 4
e ZA$ hot standby FZ7} warm sandby
FzEG A28 JEEe] WY Hojde ¢ %
Atk S, £7] unite] Sle] EAE hot
standby 727 7] unite] JEd E=s=
hot standby FZ3} Al2® 71FEo] &gt =

(:L%J 8)-2 Al activedtd] =2 Fol 29
IN = & =N

o] .= 2=
ol

nare] 243 AL nAG F :
Lol FAFH ¥ Z-E(personnel recovery
rate)o] W 2 F=o BIIEEL BT U
.

warm standby Fx9 AAa" EV-5E

Unavaylaby ity

1. 508-09 -
1. DDE-0%
1. 50E-10

B B rars ;
1. 00E-10 %

M ol _exl
5.00E 11 O Eex_inl :
1

T. QOE+00 LEGAOC

0.0001 €. 001 0.01 0.1 !

prrzonnal recovery rale i

(32 8) Personnel Recovery Rateol CHet E?‘—‘Eg
{Fig. 8) Unavailability vs Personnel Recovery Rate

Unzvailabilily
2.50B-08 ¢
2,008-08 |
1.508-08 |
1.00E-08 ¢+
1.408-09 F
1. 20B-09
4. 50B-10
3.00E-10 }
2.50E-10
2, 00B-10
1. 50B-10
1. 00E-10
5. 00811 !
0. 008¢00 d B 4,

100 1000 10000 100000 [00QOGO

B warm '
W Hol_=xl b
{1 Het_ini

dala recovery Limm

(28| 9) Data Recovery Timeo| Cist E7|S5E
(Fig. 9) Unavailability vs Data Recovery Time

odgke. dlz] oF

vy

personnel recovery rateel] A 2j

Lt hnt stundbhy FERAAE )Grqomel recov

ey oraieTh o @lAl sl ol ETlEkd A2 IS E

ol MEEEL ¢ 4 glrl K3l o 7so'rc’ﬂ.‘i hot
standby +~Z7F warm standby FZHEC} A2~
reES Y 282 ¥ £ %ed, F hot
stanchy TR Al2®] VIEES He Y3

(7= 9E zPdge B=71 d=d0 £5
SET T 7 actived}td T =9l BREg
= £ o =palel dze] JRE A4 o

Zzl= A)7H(data recover'y time)

&l ¢ HoFT 9l

éﬁ‘.érﬂlm

DR A 2 g gl%e] data recovery timeo]
7ZLol= warm standby TZu}
hot standhy T=Fo| A9l E7LEEo] A9 #Hal
b g o 10000 o)4tell 4= hot standby +F
aixiel 71 5E A7} warm standby Tl A]
¢ JIEE Heiru Y wE £TF o]Folx
I itk 217 data recovery time®] 1000000
olgel %E%eal= hol siandby FZ9 gl
warm siandby FF 9 VIS EHT ol

FHEZ o] &3y "]"‘E“ EVMEESE 7 £
o g vlm Hriskgrh. Add QF 5
unit® F49 hot standby == FEgoiE
$7187F vind e d@x AdeskEolsle
ol & EE T Ao A2Ee = A

B eG4 Be 3 8TIEE o ZAE 3
A7) fFA 7] unil® BE B T4
7]*= hot standby ?—}.E EE= Agtse. 2

=t E7] unito] R TEE= hot
standby FZ¥ a}t 10%7401 278t £ o
2D s=go 23T FUetE @dEE A
vz 9l

Al2~dl A= 37FA] hol standby F3F8] 7HF



Hot Standby 10

& B7beY) s 3 FzelA E7] umit T
A AHebed F44F warm standby 3ol iF
TESE Adstgded, vx Z2x= degn g
o thFEe] AL hot standby —TL;‘?} warm
standby vEEG ¥ & 7MFEL ATA
o9, 973 7] unit2 FAE hot standby e
Z7F JIE F7] unit®2 742 hot standby T
o g ekt =2 JtEELS fAEEd.
active get time2 AFgH TZEd BT =S
o dgkg w|A A Fsrert, personnel recovery
rate7}t DA A ol4 F713E hot standby =
9] A~ JhEEo]l AIEL & F Ak
data recovery timeec] A x| o4 Zr}sls= A
% hot standby FZ£} warm standby FZ9]
745E Ast=Ev, 53] hot standby Fz=
warm standby TEET 4 FAF 7158 A
5t A€ JEldedth hot standby FFel A H
Al AR He e A dlelg A4 o
=zl AHE-E TS AE, A dzEd A
£o] Alx®l 7 WA data recovery time-S
F7HA7 2R AHHEEE AHREDA sl A
+ AN2" ZFEEe] A" HETIES BEAT
t A AE3}A o} Tt

E dF 23, HeE dole &4 g A~
g 29 dolA AR WE 57 unitz2 7R
hot standby =7} &% si<E wE Ao A
e iF A et AlgEY, FFY A7
A 2A AT Frisz Q8 " A2y £
=7} A#=E= hot standby T2 EXHEE 3
Ao nHe Zudk FATE TY Ao
Al 2] F2E Naatnzt o

#I1Ed

[ 1] D. P. Siewiorek, “Architecture of fault-
tolerant computers : an historical perspec-
tive,” Proc. IEEE, Vol. 79, No. 12, pp.
1710~-1734, Dec. 1991.

[2] P. Nelson and B.D. Carroll, Tutorial :
Fault-Teolerant Computing, IEEE Comput-
er Society Press, 1987.

3] B. W. Johnson, Design and analysis of

IE MAINES| TIEE =4 993

fault-tolerant digital systems, Addison-
Wesley Pub. Co., 1989.
Randell,

ware {ault tolerance,” 1LEE

[ 4

B., “System Structure for Sofi

Trans. on
Soltware Engr., pp. 220~232, June 1975.
[ 57 Laprie, J-C, et al., “
sis of Hardware and Software Fault-Tol

Definition and Analv-

erant Architectures,” Computer, pp, 39~
51, July 1990.

[ 6 ] Shem-Tov Levi and Ashok K. Agrawala,
Fault Tolerant Syslem Design, McGraw-
Hill, 1994.

[ 71 A. L. Hopkins, T. B. Smith, and J. H.
Lala, “FTMP-A highly reliable fault-ioler-
ant multiprocesser for aireraft,” Proc.
IEEE, Vol. 66, pp. 1221 ~1239, Oct. 1978.

[8]W. N. Toy,
Local ESS Processers,” Proceedings of the
IEEE, pp. 1126~1145, Oct. 1978.

[ 9] Daniel P. Siewoirek and Robert S. Swarz,
Reliable Computer Systems, Digital Press,
1992,

[10] R. M. Wolfe and N. A. Martellotio,
“Telecommunications Data Base Applica-
tion with the 3BTM20 Processor,” 1SS "84
Florence, 7-11 May 1984..

[11] Frank, R. J., Siegel, El H. Jr. and
Watters, R. J., “Attached Processor for
4ESSTM and 1A ESSTM Switches,” 1SS
84 Florence, 7-11 May 1984.

[12] Jan-Erik Andersson, Per-Erik Gustafsson
and Lennart Soderberg,
and Mainternace Functions in AXE10,”
Erricsson Rev. No. 3, pp. 104~111, 1986.

[13] Thomas Edsbacker, “New Regional Pro-
cessor for AXEIL0,” Ericsson Rev. No. 3,
pp- 112~118, 1986.

(141 Ingmar Jonsson, “Control System for
AXE10,” Ericsson Rev. No. 4, pp. 146~
155, 1984,

(157 G. Fantauzzi, Digital Switching Control
Architectures, Artech House, Inc., 1990.

“Faull-Tolerant Design of

“New Operation



904 BEHZMEE =2X| H23H H6%2(95.11)
5 # A
jored peEdEtn dxFEd 2A(EAD
S1edid TEdEdn oSy Az FERIA(HA
19929 mEidtn ey WA FER(EAh)
- 19523 Georgia Institule of Technology

2GR

19823 ~ ¥ FFRAFANGF L AAA =R ETEE
- §AlBol ¢ Fault Tolerant Control System, Comput-

er Architecture, ATM Switching Sysiem

of % &

19813 ABgS A7 g
Z4 (A

19833 ZEddy qad A3
gk (AL

1992~ AEET d%
9 AT WS FE

1993:3~94d U. of Mearylend

SRT ELES °.i-_|"$_
19833 ~ 87 FEANGEAATE AAXNLLETE
g4eia7e
@Al=o} ; Fault Tolerant Computing Syster, Dis-
tribuled Computer Architecture, ATM Switching
System

of = uf
1979 mA g En AAFEF
E (38D
19799 ~81d mAdetm AR
F8E G
19813 ~82¢ A4 e AT A
19823 ~83d #4 d7T4
19843 ~ 863 Univ.4of Southe-
m Califonia, Computer Engineering 8 (F2-44h)
19863 ~911d Arizona State Univ., Electronical En-
gineeringAg (F&=AD
1092 ~ 8 FA N HA-FEH
1994~ gARFey =283 411
Aol Hegjutiei(gy4 2 24 2
Ay B 2L ZAFH (prolog Ho“ﬁ.), Commum—
cation System(Z@ 7l &)

d 2B 3
19943 wHAYEm AxFEI
ZH(FEAD

1994~ HAWTT HA
Faks A AR

BAECE ATMEA, z3ZU
H Azg A, Bzt
(37 =&l

19894 HAYER HAFE
2(FEA)

19943 BARGT WAFE
ZA(ZEAAL)

19943 ~ &+ =HAgEn =7
&=t vhal A&k

_;J}.}J\:'o]: %’Ei )\]Aﬁ] Y E
9= 7z 3 47, Hol 34
% % ¢
—_— 19893 FHAGEn ARFED
T Z4(FEAD

19918 BANYm AT
Z2H(FEHAD

19919 ~@A) =gz 2A
F&ta wha) A e

R ) _z,J-/'IHO}:' @%—E‘} ,%2._;12;v qu-E_]‘.Dl

tjel, =AM EH, ASIC

A8 %

1978 3Hdsn ARFEH
EP(FEAD

1978@ ~803 mHAGET H=
F&a 2H(FE4AD

19808 ~87d3 TEUYdw =7
F&a 2Y(FEEAD

19803 ~81d BUFUAEH
& Az ALTA

19813 ~88d A FAFTHA AYAAL =

= o~
e, Fnlg

19881 ~90 Arizona Siate Univ., Computer Sai-
ence™ & ( Adijunct Faulty)

1990 ~EA Az E AAFTES ZF

199413 ~ 83 hedAFEs =2 AEAHL

ARl Hevgel(dd 2 &4 AzHa), B
Zxg ¥ I 74*‘E1(prolog H““) Communi-
cation System{( % ZHE)

& % %
19799 Aegdw FE (G4
.1984d U. of Texas at Austin AREHEYG (R
.1989d Zol®d} g Aaretnt A
19903 ~ ¥ 7 AW AFEHTYH 21
.mAlRol: AAZ R, BEV} A2®, AFE7H



