Contents

Chapter 1 Four-Valued Logic and Its Applications

1.1 Introductioneseseeeesscccccsscscssscsossssccsscccsscscscosssscsssscccsscnne
1.2 Mathematical Basis-ooo:o-...-oo.oon---o--.oo.'oo-oooooo-oao-ooo.-..oo.
.2.1 Four-Valued Boolean Algebra quooooo.ooo..o.oooo-..-ooo--ooooo-.-
.2 Boolean Expre5510n°‘°°"""""""""""“""""""""“'

Mapping 34 - B, and Boolean Functionseseseccecceccscsccscccccccaces
Vector FOrmseeseccccccscscccrcsccscccccccsccscscscscscssscsccccscsone
Canonical FOrmsee®sseececcccocscscosccsssossscccccscscccscncsccccscsosnne
E)(pressions for Boolean Functlonsooo.oooo-.o'-o-oo.ocooonaoo..ooo
Expansions, Boolean Difference and Boolean Differentialecscccccces
.1 Expa_nsion Formulaeceeeccococcsscoccsssssssscssscccccsscsnssoccscsos

2B0°lean Differenceessececcscccccoscccscsscccscvesscccccsscssnssscsenss 11
3Boolea]1 Differentialesccccsccccccccvscocsccscccccccccccsccncncene 13
.4
b

ialalailale
gmm»w
DO W W=

b
w
P -
waww-‘ﬂmmmw N)

Geometrical Interpretationecscescesccscscesccescsscsccsscccccrsncaces 15
ined Componentsooocoo-..ooo..oo-o-o-o---o........ooo-o.-.-oooo.oo. 19

-
&

m
.1 Front and Rear Values*++eesccccccccescccsccsccscccscscscccsccccscscsscecs ]9
.2 Binary Coding-o-o---ooo-ocoo-o-o-ooooooo...-o-----oooooooo-o---oo 21
.3
1

el
n#n#rh

Interpretation for Testing............-.............-....-.o-o.oo 29
olean Equations-.-.oo......oooo.ooo-o-----o..-.o-.o.ooo--o--oo-o.--o 29
Basic Concepts-oooo-.....o..o.ooo.oc..-o—.....oco.ooo-oo-o-c..... 292

.1
.2 Equations A *Az***Aph*j=0 with j=1, D, D; and Aj=x, or Xqoeoovsees 23
.3 Deriving Star Expansion Via Solving Equationeccceccccccccscsccces 24
1.6 Test Generation for Combinational Circuitseecssccccccccsscccccccccccees 27
1.6,1 Fault and (static) Testo...-c.o.o.o.oo.o..o..oo-oooo..o‘o.....--. 27
. 1.6.2 The Test for Single Faulteecscscssesvescscscccscscssssscscsccacases 3]
1.7 Statical Test Generation for Sequential Circuitgecccccessccscscccceccecs 39
39
410
42

15B

]

el
U'IU'IUI

1.7.1 Exa]n‘ple to Derive Testseesecsccccessceevssescscsccscscscscscccscnce
1.7.2 Comparison with Other Methodss+sesssccsccaccossccncsscscaccsncasns
1.8 Identification of Hazards and Dynamic Testingeeescccccccccccscccccccecce
1.8.1 The Dynamic Behavior and
Dynamic Tests of Combinational Circuiteccescccccccssccscescess
1.8.2 Identification of Hazardseessesseesesescccrsscsccccccccscsscsccsvenne
1.8.3 Dynamic Tests and Hazardous Testsececcsccsscscsssccaccccsscssactos
1.9 Transition Logic-..-..-.-..---.-.-..-.---...o.o..o--.o.--..-o.o.o'.oo.
1.9.1 Proposition Calculus and Predicate Calculusesecccccccccccccrrenne
1.9.2 Logical Inferencesesccccccccccscsscscccvccscvscssccsccscccsccccssecne
1.9.3 Other LOgic"""""""""""""""‘"""""""""""‘ 5

CEEE2SER

|
Bibliografische Informationen HE
g digitalisiert durch 1 L
http://d-nb.info/920210953 ‘BI THE


http://d-nb.info/920210953

X

l.lo Comparison with other Logicsooooo.ooooooooooo-oo-.-..-o-ooooooo.o-.oo
1_10_1 Addition Of Stateseesecscccccccssccscssscvscsscssccssccsccssvcssscse
1.10.2 Extension to Power Sete*eeescccccccccscscccsccvscscrscscccccscene
1.10.3 Herging Of Stateseecececcccccccccsccscccnscccsccsessscsccscccnane
1.10.4 Extension by Direct ProduCteceseccesceccscccccccscccsccsccscscone

Referencesesecceccccccnccssscccscscsccosssscscscsocsscccccnscocsossossosscasnse

282887

" Chapter 2 Computer System Diagnosis and Society Diagnosis
2,1 Introduction (PMC Model)c........-.-..........Q..........o...oo.oo.'.. 65
2.1.1 Self-Diagnosis of Systemeerescscscscscccccccccsssccscscscscscsccre G5
.2 Basic Definltlons""“"""""""""'"““""""""""‘ 68
e Step System Diagnosis for PMC Modelececescccccccsccecccnsccsccccses 69
.1 The Characterization Problemesecescscccsscceccccsccsscssccccsccscss 69
.2 Diagnosing Algorithmeereccccccccsccccecsccscrsaccccccscnscscccnss 73
.3 optimal Desigxloooo-o.o.ooooo....ooo--o....oo..oooo.o..oo.ocooo.o- i3
e Extension of System Diagnosiso...-o.-.-o...o.o.o-.ooo..-oooo.ooooo 76
.1 Extension along Diagnostic Goalsseseseescescecccccsccccccncccccss 76
.2 Extension a]_ong ModelsSeceeeccecscscscsesccscsvcccccssccncosscssones T8
.3 Extension alongz the State Valuese+esscsescscscecccccccccrcccrcccss 8
.4
.5

g

N
N

g

g

w
SESISIC IR CECET
WWwwwwENMD

Extension along Diagnosing Methodeseessscsssccccesccccccscecasces 83
The Combination of Different Extensionseccccccccccccccccccscecsccs

-

84
e Application of System DiagnOSis...ao--.oo--ooo........-o.o-.oo--o- 85
4.1 The Diagl’)osis for A])alog Circuitseseseececcccccccscsvscccecncccecee 85
,4,2 Fault-Tolerant Computinge*essesesecsccscscccsccccacscccsrsccsccess 89
2P0
93

NN

2.4.3 society Diagnosis""""""““""'”"""'"""""""”"

Referencesoo-ooc.oocooo.oooo.oooooo.o.o-.-.-o...o..oooo....o.ooo.ooo.ooooo

Chapter 3 Testability Design via Testability Measures
3.1 Introductioneessececccccsscoscsscscsscsorsccscecscvccccsoscsvscccsscosssccs
3.1.1 The Problem of Testability and Its Measureecccccccccccccccccssscse
.2 Definition of Testability and Measuressecscccscccscccsccssscscrcne
.3 Testability in Term of Controllability and Observabilitysecesccececs
.4 Testability Measure and Algorithm-.oooooooo---..--o.-oooo---o-o..
.5 J_Hayes' Suggestion..-...-.........ooo-ooo-o-.--o.-ooo-oo--oo-.ool(x)
.6 Problems Studied in this Chapterescscecccseccecccscccscscncccccss](}
stability Designooooooooooo-ooo..o--o.-ooaoooooo..o-.oo-oouooooo.cooloz
.1 Testability Measure®*cereecccscccsscccssccscccccsscssssncsveccsccs]()?
.2 Means to Improve Testability..o-o-.o.oooooooo.o.o..o.o.ooo.oooooolm
.3
.4
.5

BBRER

wwwww
0—!0—!0—!»-»»—

32T

Constraints A,B,C.D.E and Objective Function Feeeeccccccccosscceecs](5

ILP Problem for Testability"""""""'"“"""“"""""'107

Asynchronous Sequential Circuitsecscccccccccsccssccscscocsccccnsee](f
6 E)(perlmental Resultsoonnon.--o.o-oco-o...ooooooooo-..oo..oooooo.olos
sign for Testability at Module Levelescecrssscccecccscccsnscacacsces]])
.3.1 Definition of Testabilityesceccescosccscscaccaccccssecsascscsccss]]]
.3.2 Probability Functioneeeeerceccscsceccccccccccccscscossvcvsccccccnse]l]]
3.3 Controllability Spectrum""-°~'°°°°°°°°°°""""""""'°°°"°114
3.4
.3.5

WWwwwww
MMNNMNO

w
w
w8

Observability Spectrumeesesceccscccscscscscscccssscscccssesnaness]]f
Hodifications and Other Problems-oonoooooooooo...oo.ooc.oouooo..olls

WWwwww



X1

3_4 Applications-o.oooo-..oooo.oo-o.ooooooooooo-.........o-c.ocoooo-oooo-olls

References'""""_"""""""'"""“"“".'.'.""""""""""‘117

Chapter 4 NMRC: A Technique for Redundancy

4.1 Introductioneeseeseccccccccscccccccccnccsccccscccscscccccssscscccccceceess]]g

42NMRCSystem Model-........-..C...O.t..........................00000000120

2 1 system Descriptiono-.ocooooo.ooo.oooooo.oooooooo...o-.ooo-oc.otoolzo
2 Fault Patterne*esesessccscoscscscscccsssccccsssssccsssssssccccsccscs]l]
3 Maximum Likelihgod &lectionooo.ooo.-o-.ooo..ooooooooooo.o-.o-.--122
lysis of Fault Tolerance Capability------------'-°'°°°'°°°'-~--°--°123

4.
4.2.
4.2.
3.1 Definitions ®eseecccccccccsccesscssccsccscscsccscscnccsnscsccccscccnce]dl
3.
3.

4.3
2 Module-FT Degreeoo-o.oo.oo.ooa.u-..o--o-oo.-..o.oo.oooo.--oc-.oool24
3 Hodule—Commrator FT Degree"'"""""'°°"°°°~°°°°°""°"'°'°126

optiml NMRC system Desigxlooooo.oooo.oa.....o..-o....ooooo-oooo.o-00-0126
An Example for Commrison Analysis..o..-....'..o...o..........ot.o.o.0129

4.
4.
4.

4.4
4.5
5.1 Performance Comparisdn.c..o-o.n.o.aoooooooooo..oo.oo.-..tof.ooo.olzg
5_2 COSt G)mmrison.cooo---uoooo-o-coo-ooo..o.o-..-.--o-ooooooooo..o.lw
5.3 Reliability Comparison--""--“-"-""-----'"""--------'""130
.5.4 Diagnosability Comparison---------°-°°~-----------------000------131
4.6 Q’nclusion--ooooooncooo-oooo-ooooooooooo-.ooo--.o.ooooooo-o..o.-oo-oool32

Referenceseseseevecccccsecsccseccccescsccsccsccscnsosssssnccsccscscsscsccsvcesece]ll

4
4.
4.
4

Appendix R R I I I N I T R R R Y R P R R R RS 2 ]

4.A.1 The Proof of Theorem 4_4..........................................134
4.A.2 The Proof of Lemma 2...--.--.-.ooooooo-o.......}-.-oo.cooo....---134

Chapter 5 Fault Tolerance of Switching Interconnection p-Networks

5.1 Introduction-oor-.-o.oooo.--...-.--.-.o.oooooo.oooo-oo-.--000000000000135
5.1.1 Hulticomputer Systemsooooo.ooo-.-.o-oo.o-ooooooooooo.-.-o-o-oooo-135
5.1.2 Connecting Capability and Structure of ICNssescsccccccccscscceecse]136
5.1.3 B-elements and B-networkesseceseccsccccccccccccoscccsccccssssecsses]lf
5.1 4c°mmunicati°n Delayoooooooo-no..-c..oooooooooao---o-oa.oo--ocooools'?
5.1.5 Fault Model for a f-elementeccccscccccsccscsscccccsccccasssscscee]3g

5.2 General Inequalities'""""--"'-"'"""""""-'"'"""'-'--"140
5.2.1 Proof of |logan|+l € d € nesesesssscccccccccrorcccscccccrcccccceclq0
5.2.2 Proof of K { d = leeececccccccceccccsscsccssscccnscsncsccsscscssec]q]

5.3 ISE-MISE-RMISE++cscssoccccscoccesscoscsecsesescsscscssscsssscssccssscaccseld]

. 5‘3_1 ISE.-.-o-o-oo...oo---ooo-u.o-o.oooooo..o.ao--.0-00000000000000000141
5.3.2 MISE cccccccecccccccscccssccescscccossscsosncscscscscccsccsccccvsccccce]qdl

5.3.3 RHISE...oooco.oooo-ooootooooooo.ooooooo-oooo-oooooooo.oooo-ooo.00144

.-"’s

_networks-..o.o-c-----.-...-..---o.ooo-oo-oooo--o-----o.-.ooooool46

, t

4.1 Definition of (:l'll ¢ Networks""-"--"---------"-"-"----------146
.2 Expressions for K and do.oooooocooooooooo.c-oc-o.oooo-oo-.ooaoooo146
.3 Relative OPtimization....-......-.-...o-o-oo........-.-.o..oocoo-147
.4 Maximize d-co-ooc--.--ooo-o----oc-.o.o-ooo.oooo-o.ooc-oo---ooooool47
.5

Maximize Kevoesevccoevsvensesccsscccccoscccscssssvssccsccccscnceeees]qgTy

5.
5.
5.
5.
5.

uhrb-bub



XII

5.5 RFT Networkooocoooooooo-.o-oo‘o.ooc--o--o..o.oo.oooooooocooooooo-.-o.ol48
5.5.1 Switching Elementsecececcccccccccccccnccccosssosccsccsccscnssccces]qs
5.5.2 RFT Networksooooooooooo-o.o.o--ooooooo----o-ooo.oo.-o-.o.oooooocolso
5.5.3 Routing Algorithm and Fault-Tolerancesssescccecccccsccccccssscsces]5)

5.6 mnclusiono..o-oooooo....o-oo-oooocoo.-.-o-ooo.o-oo-.oooo.ooo000000000-154

Referencesoo-oooooooooooo-o--ooo.o.ooooo-oo.c.o.oo.o.ooo..o..oo.--o---ooools5

Chapter 6 The Connectivity of Hypergraph and the Design
of Fault Tolerant Multibus Systems

6.1 Introduction"""""‘"""""""'-““"""“"""""""""“157
6.2 Connectivity of Hypergraph--o-ooooooo-...............----oooo--o---o--lsg
2.1 Definltlons°°"'0-'---°~°°‘°°°°°°--°---°-----°°°~°-°-0"°°~°°°~°-159
.2 Basic Theoremse*+*vevsccsccccccccsccsccsssccscsscsssscscssccsscscssees]B)
3 Properties of Hypergraph with the Best Connectivityeeecccscecccse]163
B Design and the Optimized Multibus Systemeeccccccccccccccccccccenees]64

BIB Design-o.oo.oooo.oo..oo-oc-oooooooooooo.'o-n--o-o.oo.o.-...o-164

@
“ooo
CRLY

B

=~

.1

.2 Theoremse+eceseccccsscscccsccccccsscssscssscsssscsccssscsccssenses]Bh
30ptimized Design°°°°'°"°°°'°“°°°°°°°°°'°°°'~-~°°-~°--'--°°'°'00167
B and the OPtimized Multibus System------"'"""'"'"'"""""168
.1 Exa_mples of WBIBo-o.-..o-oooooo.oooouo--oo.o-.o.-.----.-.o-o..o-oles
.2
.3
.4
.5

2
.h
[ M2l
§www

I

Definitions of WBIB Designoo--.-ooo.ooo.oooooooo..oooooo-o...-o-.l'?o
WBIB Design for 6:2.......-...ooolo....oo.oo.o..l.ooo.........o00171
WBIB Design for 6:3..-.--.oo....oooooooooooo--o-----o.-ooooooo.o.l'?s
WBIB Design for 6)3ccsecsccrcccccccsccsccccscccccccssccscccccscee]7h
neration of WBIB to Other Networksee+eesceccccccccsccccsccsccscccsneceel?5
.1 Reduced to slmple Grapho---oooooo.-.ooo.o--.--.....--..o-..-.....175
.2 Optimized Sparse Crossbar Networkes+eseesssccsccccccccccaccesccsss]76
5 3 Optimized Multibus System with Common Memoriesescccccccecccccceces176
6.6 Conclusionoooo--o..ooo.oocoooooo.o-ooo....oo....o-o---oo.ooo.oo--ooo--l'?s
Referencesoooooo-oooo-o-..oooooooooo-...-o---.o.o...ooooooooooooo-ooo.oo-olso

Appendix: The Proof of Theorem 6.6esccsscccccccccccccccscccccccsccccssescslS]

o

n
PO _ NN
mm9¢A¢¢¢

Chapter 7 TMR Design of Distributed System for Sequential Faults

7.1 Introduct:iorp"----'-°°°°°°°---°'°--"'-"000000000"0-'-°-------°-°°°185

7.2 DFT Concept..oooooolo-o-.c....ooo.oo..o.o-o.o-.o...oo-a..o.oo..o.-o-oools'?

7.3 The Fault Tolerance Degreeo-oo-ooooooooc-.-o--oc.oo.-c-o-c...ooooooooolss
T7.3.1 The Operations of Graph escsccccesesscccrcrscscscosscscecceceasese]ly
7.3.2 The Degree of Fault Toleranceesesssvsoccsscocccssscssnceccnccsssseee]9)
7.3.3 The Center of Fault Toleranceeeesssecccccssccccscecccsccccsccsssecses]g]

7.4 The Relationship Between the Architecture
and the Fault Tolerance Degree-oooooocoo.---.--.-.c-..-..-.ooooooooooolgs

7.5 optiml Designoooooo-ooooo.--.oooo.oooooo.o.o.---..-o.o.oo.oooo.ocoo.olgs
7.5.1 Cost OPtimlooo...oooo-o.-oc.o--oo...oooooooo-coo.o-c-...o-.oooo.lgs
7.5.2 TX(G) Optimalececcccccccerrcccceccsccacccccensscccccrccssccncecees]0f

7.6 Conclusionooo.o.oo-.-oo-...o.o...ooo.c.'oo.-..-..o..o..oo.oooc-occ-coolg'?

References""""""'"""""”"""'"""""""“""""""""197



