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– extendedalgorithmof
see EXTENDED-EUCLID

EUCLID 10, 15,16,347,348
EuclideanAlgorithm see EUCLID

Euler function, see also ¬ g �pi 38,
39,49,133,310,344

Euler, L. 38–41,49,133,271,300,
310, 327, 328, 342, 344, 371,
372,378

Euler’sconstant,see also e 271,300
Euler’s criterion 40, 41, 327, 328,

371,372,378
Euler’sTheorem

see Theorem,Euler’s|S­sQNO g � i 221
Even,S. 307,407
event 46
exactconveyorflow shopproblem250
exact cover by 3-setsproblem 98,

103
– see also ® -

`
- LNM	­N|	P

exactdomaticnumberproblem see
domaticnumberproblem,exact

– generalized see domaticnum-
berproblem,generalizedexact��� Q � V - � - LsO T��	q | 243��� Q � V - � v - LNO T��	q | 243��� Q � V - ` - LJMNO�M	PsQrRUTSO T�V�X 184,251��� Q � V - c - LJMNO�M	PsQrRUTSO T�V�X 188,251��� Q � V - ¯ - LJMNO�M	PsQrRUTSO T�V�X 242��� Q � V - � - LNMNO	M	PsQSRUTrO T�VJX 184��� Q � V - �°v - LJMNO�M	PsQrRUTSO T�V�X 184, 188,
242��� Q � V - K - a�� l 184,242��� Q � V - ` - a�� l 184��� Q � V - c - a�� l 184��� Q � V - d - a�� l 180��� Q � V - � - aJ� l 172��� Q � V - � v - a�� l 173, 180��� Q � V - � - �sQ	­NM	PxT�Vs| 243��� Q � V - � v - �NQ	­sM	PxTWVs| 243��� Q � V - � - ±r^ 243��� Q � V - � v - ±�^ 243
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exclusive-or, see also
�

147
existentialforgery

see forgery, existential
existentialquantifier see quantifier,

existential
– polynomiallylength-bounded

see �	�
EXP 61, 70
expectationvalue, see also E

g �pi
47

exponentialspace
– deterministic see EXPSPACE
–nondeterministicsee NEXPSPACE

exponentialtime 61
– deterministic see E; see EXP
– nondeterministic

see NE; see NEXP| ��²N³1´ �
g � i

39, 359
EXPSPACE 61, 69,115
EXTENDED-EUCLID 11,12
extendedlowness

– see
§©¨µª�« w

– see
§©¨µª�« v

– see low hierarchy, extended

F¬ g � i 38¶ @ 342, 354· B
12

facet see cliquepolytope
facetproblem 6, 248

– see LsO T��	q | - �sQ � |	V
– see

_ ^ l - �sQ � |	V
factorbase 339�JQ � VsM	P�TWyN~ 334, 353�NQ � VsM	P�TWyN~ 353, 356
factoringalgorithm 7, 309,333–343

344,354,356
– elliptic curve 341, 342, 344,

356
– general-purpose 344
– numberfield sieve 341, 342,

344,356
– Pollard’s  �¸º¹ see Pollard’s  »¸¼¹

factoringalgorithm

–quadraticsieve 7,336–341,344,
354,356

– special-purpose 344
– trial division 335, 254

see also TRIAL-DIV ISION

factoringattack 343
– bruteforce 343
– elliptic curve 344
– general-purpose 344
– special-purpose 344

factoringmethod
see factoringalgorithm

factoring problem 5, 7, 106, 333,
334, 343,355

– asa decisionproblem
see �sQ � VsM	PxTAyN~

– asa functionalproblem
see �NQ � VsM	PxTAyN~�NQ	­sM	PxTWVs| 206,243�NQ	­sM	PxTWVs| - � �Sq 206�NQ	­sM	PxTWVs| - k |	� 206�NQ	­sM	PxTWVs| - ½ ��� 206

Feige,U. 121,406
Feigenbaum,J. 168,405
Feller, W. 51
Fellows,M. 334,356
Fenner, S. 123,306,408
Fermat,P. de 39,342
FERMAT 318
Fermatliar 317, 319
Fermatnumber see number,Fermat
Fermat’sLittle Theorem

see Theorem,Fermat’sLittle
Fermattest

see primality test,Fermat
Fermatwitness 317, 319
FewE 119
FewP 119,123, 124,255,257,269��± 252
Fiat,A. 388,389,406
Fiat–Shamiridentificationscheme

388, 400,406
see also zero-knowledge

Fibonaccinumber
see number, Fibonacci
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field 38
finite automaton

–deterministic,see also DFA 20,
21,22,48,53

– extendedtransitionfunctionof a
20, 21

– final stateof a 20, 21
– Gödelizationof 48
– initial stateof a 20, 21
– languageacceptedby a 20, 21
–nondeterministic, see also NFA

21, 22,48,52,53
– stateof a 20, 21
– stochastic 263, 264

absorbingstateof a 263
transitiongraphof a

see Markov chain
– transitionfunctionof a 20, 21

Fishburn,P. 207,253
FL 79
F-Liars

B
320, 321,325,331

forgery
– existential 372
– selective 372
– see also total break

formulaisomorphismproblem,
see also ��± 252

Forstinger, C. VI
Fortnow,L. 123,124,256,258,304–

306,408
Fortune,S. 109,408
FP 77, 124
FPNP 192,252
FP-invertibility 110
frequency countsmethod see cryptana-

lytic attack,by frequency counts
Friedberg, R. 121
Friedberg–MuchnikTheorem

see Theorem,Friedberg–Muchnik
function

– associative 394
–census, see also � |Sy���qx� � 109,

124,125
–characteristic, see also ¾À¿ 202
– commutative 395

– compositionof —s, see also )
59

– computable
see function,partialrecursive

– domainof a, see also
� Y[Z \ 28,

57
– Euler see Eulerfunction
– exponential

modular — with module   and
base ¡ , see also | ��² ³1´ � 39,
359

with linearexponent,
see also

K ILin 59
with polynomialexponent,

see also
K IPol 59

– FP-invertible see FP-invertibility
– growth rateof a 59, 61,62
– honest 110, 393,401
– linear, see also ILin 59
– logarithm, see also Á ªSÂ 16

discrete— with module  andbase¡ ,
see also Á ª	Â ³ fÄÃ ª �   39, 359

– log-spacecomputable,
see also FL 79

– one-way see one-way function
– partial recursive, see also IP

25
Gödelizationof —s 57
effectiveenumerationof —s

see function, partial recursive,
Gödelizationof —s

– polynomial, see also IPol 59
– polynomial-timecomputable,

see also FP 77
– productive 110
– rangeof a, see also Å Y[Z \ 28
– s-honest 393, 401
– socialchoice see socialchoice

function; see SCF
–space, see also Spacej

g �pi
56

– space-constructible 67, 115
– time, see also Timej g � i

56
– time-constructible 67, 115
– total 25
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– totalrecursive, see also IR 25,
57

functionclass, see also complexity
class

– closureof a
underaddition 289, 301
underbinomialcoefficients 289,

301, 302
underexponentiation 289, 301,

302
underlimited composition 289,

301, 302
undermultiplication 289, 301
undersubtraction 289, 301

functionsymbol 34
Furst,M. 306

GÆ
-reducibility 257k	I

43
Gabarŕo, J. 8, 118,305,405
Gács,P. 305
Gál, A. 122,247
Gandalf 383,384
Ganesan,K. 123k	IJl

55,82, 121k	IJlJÇÉÈËÊ1ÈÍÌÉÎÍÈ
86, 87,116

gapj 289
GapP 260,288,289, 291,292,301,

302,304,306
– closurepropertiesof,

see functionclass,closureof a
GapP-low 290,291
Garey, M. 8, 62, 88, 99, 118,120,

250
Gasarch,W. 106
Gauß,C. 124
Gaussianelimination 124~ � � g �ÐÏÑ�pi 10
GCHQ see GovernmentCommuni-

cationsHeadQuartersk ± 43
Gibb’s Lemma, see also entropy,

propertiesof 158
Gill, J. 258,305

k �x± 294
Gödel,K. 27,120
Gödelization

– see finite automata,Gödelization
of

– see function,partialrecursive,
Gödelizationof —s

– see Turingmachine,Gödelization
of —s

Gödelnumber see number, Gödel
Goethe,J.W. von 171
goldencut 14,47
Goldreich–Micali–Wigdersonprotocol

384–388, 400,406
Goldreich,O. 8,168,251,305,307,

355,384,387,388,404–406
Goldschlager, L. 306
Goldsmith,J. V, 122–124
Goldwasser, S. 8, 168, 305, 307,

350,405,407
Golumbic,M. 51,118,120
Gottlob,G. 251,254
GovernmentCommunicationsHead

Quarters 355
grammar 17

– context-free 19
– context-sensitive 19
– derivationrelationwith respectto

a, see also
�

18
reflexive, transitive closureof

�
,

see also
� 


18
– languageof a 17
– productionsof a

see grammar, rulesof a
– rulesof a 17
– startsymbolof a 17
– terminalsof a 17
– nonterminalsof a 17
– regular 19
– type Ò 19
– typeof a 19
– variablesof a

see grammar, nonterminalsof a
– wordsof a 18

graph 43, 81



Index 453

– alternating 231
reachabilityin an 231

– bipartite 98, 121
– critical 248
– deckof a 307
– directed 81

acyclic 86
cycle in a 86
hamiltoniancircuit in a 246
pathin a 82

– edgeset of a, see also
¥ g �pi

81
– isomorphic—s, see also

(� 43
– join of —s, see also $Ó% 189,

243
– minimumdegreeof a, see also

min-deg
g � i

97, 181
– network 172
– planar 248
– simple 43
– undirected 93

automorphismof an
see automorphismof a graph

chromaticnumberof an
see number, chromatic

cliqueof an 93
coloringof an 95
domaticnumberof an

see number, domatic
dominatingsetof an 96, 172
hamiltoniancircuit in an 246
independencenumberof an

see number, independence
independentsetof an 93
isomorphismbetween—s

see isomorphismbetweengraphs{
-colorable 95

vertex coverof an 93
– vertex set of a, see also Ô g �pi

81
graph accessibility problem, see

also
k�IJl

55,82, 82,121
–alternating, see also

INk	IJl
231

– restrictedto acyclic graphs,
see also

k	IJlJÇÉÈËÊ1ÈÍÌÉÎÍÈ
86, 86,87,

116
graphautomorphismproblem,

see also
k	I

43, 307
graphisomorphismproblem,

see also
k ± 5, 7, 55, 43, 106,

107, 117, 121, 122, 171, 241,
252, 257, 292–300,303, 306–
308,334,384–388,400,406

– smallestsolutionof the 192
graphnonisomorphismproblem,

see also
k �x± 294

GraphReconstructionConjecture307,
308

graphthree-colorabilityproblem
see

`
- LJMNO�M	PsQrRUTSO T�V�X

greatestcommondivisor, see also~ � � g �ÐÏÑ�pi 10
Green,F. 306
Greibach,S. 66
Grollmann,J. 123,407,408
Große,A. V, VI, 122,247,252
group 37

– abelian 38
– commutative 38
– closurepropertyof a 37
– inverseelementin a 37
– neutralelementof a 37
– orderof a finite — 38
– orderof a — element 37
– operation, see also ) 37
– permutation

see permutationgroup
– subgroupof a, see also

*
38

groupaxioms 37
Gundermann,T. 249,250
Gupta,S. 306
Gurevich, Y. 249
Guruswami,V. 185,188,250
Guruswami–Khannareduction

185, 189,250

H
Halevi, S. 122,247
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Halldórsson,M. 8, 121,251
haltingproblem 235
Han,Y. 305
hamiltoniancircuit problem 246

– for directedgraphs 246
– for undirectedgraphs 246

Harary, J. 51
hardness see

*,9 41:; -hardness;
see

*,<; -hardness;
see

* <= -hardness;
see

* <
tt-hardness;

see BH v g NP
i
-hard;

see
� � w -hard;

see coNP-hard;
see NP-hard;
see � �w -hard

Hardy, G. 51
Hartmanis,J. 6,108–111,119,122,

123,125,255
hashing

– universal 293, 307
hashingfunction 293

– family of —s 293
collision-free 293

Hassan,N. V
Håstad,J. 305,350,356,405
Hausdorff, F. 175,249
Hausdorff hierarchy 175, 250

– see also booleanhierarchy, nor-
mal form

Hay, L. 216,254
Heggernes,P. 250
Heller, H. 281,305,405
Hellman,M. 7, 355,357,358,389,

404,406,407
Hemachandra,L.

see Hemaspaandra,L.
Hemaspaandra,E. V, 119,121,218,

251–254,256,257,308
Hemaspaandra,L. V, 8, 62, 111,

118, 119, 122–125,175, 216,
218, 249, 250, 252–258,302,
305–308,401,402,407,408

Hempel,H. VI, 218,256,257
Hennie,F. 70,119

HH 232, 234,235,239,240,246
hierarchy

– alternatingsums
see alternatingsumshierarchy

– Arthur-Merlin
see Arthur-Merlin games

– boolean see booleanhierarchy
normal form see booleanhier-

archynormalform
– Chomsky

see Chomsky hierarchy
– counting

see countinghierarchy
– Hausdorff

see Hausdorff hierarchy
– high see highhierarchy
– low see low hierarchy
– nesteddifference

see nesteddifferencehierarchy
– parallelquery see queryhierar-

chyoverNP,parallel
– polynomial

see polynomialhierarchy
–querysee queryhierarchyoverNP
– space see spacehierarchy
– symmetricdifference see

symmetricdifferencehierarchy
– time see timehierarchy
– truth-tablequery see queryhi-

erarchyoverNP,parallel
– union-of-differences

see Hausdorff hierarchy
HighÕ 233,292
HighF 233
Highw 292
high hierarchy, see also HH 6,

232, 234, 235, 239, 240, 246,
257

– first level of the see HighF
–
{
th level of the see Highv

– secondlevel of the see Highw
– zerothlevel of the see HighÕ

Highv 232, 234,235,238,240,246
highness 232,238,257

see also highhierarchy
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Hill cipher see cipher, Hill
Hinrichs,M. VI
Hoffman,C. 307
Hoffstein,J. 406
Hofmann,A. VI
Holy Grail 4, 383
Homan,C. V, 407,408
Homer, S. 8,118,51,123,123,255
honesty see function,honest
Hopcroft,J. 51,99,408
Hörner, H. 406
Huang,M. 356

I
IBM 169T � 41
id 41
idempotence 31
Immerman,N. 77,119,121
immunity 258
Impagliazzo,R. 407
impersonationattack see attack,im-

personation
implication, see also �µ� 29, 30
impossibilitytheorem 206
independencenumberproblems 202

– ±W� -
� �	q 202, 204,245

– ±W� -
k |�� 202, 204,245,253

– ±W� - ½ �J� 202, 204,245,253
independenceof irrelevantalternatives

206
independentset problem, see also±r^ 93, 94,116

– approximationheuristicsfor the
254

informationandcodingtheory see
theory, informationandcoding

integerlinearprogramming
see linearprogramming
problem,integer

integer see number, integer
interactiveproofsystem

see proofsystem,interactive
intruder-in-the-middleattack

see attack,man-in-the-middle

IP 244,305, 306
– see also proof system,interactive±�^ 93, 94,116

ISO
g �ÖÏA� i

43
isomorphism

– betweenbooleanformulas 252
– betweengraphs,

see also ISO
g �ÖÏA�pi

43
– betweensets 108

isomorphismconjecture 6,108, 109,
110,122,125,255,408

Ito, T. 405
Iwama,K. 261,304

J
Jacobisymbol, see also

? @ BDC
40

Jacobson,N. 51
Jensen’s inequality 157, 158
Jerschow, Y. 4
Jha,S. 119
Jiang,Z. V, 258
Johnson,D. 8, 62,88,99,118,120,

250
Jones,N. 121
Joseph,D. 110,111,122,123
jump operator 235

K×µg � i
103, 208Ø

235, 236,246Ø g � i
236, 238,246Ø B

236, 237,238,246Ø B g � i
236, 237,238,246Ø

-operator see
Ø g � i

; see
Ø

– iterated see
Ø B g � i

; see
Ø B

Kadin,J. 217,218,249,254–256
Kahn,D. 168
Kann,V. 8, 251
Kaplan,H. 120
Karp,R. 99,120,254
Karp–LiptonTheorem

see Theorem,Karp–Lipton
Karpinski,M. 8, 251
Kaliski, B. 169,356
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Kasiski,F. 140,141,143,145,151,
163,168

Kasiski’s method140, 141,143,145,
163
see also cryptanalyticattack,on
theVigeǹerecipher

Kayal,N. 106,118,309,333,342,
355,356{

-CNF 31{
- LNMNO�M	PNQSRUTSO TWVJX 95

Kellerer, H. 406
Kelly, P. 307
Kemenization

– local 254
Kemeny electionsystem 253,254
Kerckhoffs von Nieuwenhof,J. 129
Kerckhoffs’sPrinciple 129
key 127

– spurious 167
key equivocation 151,155,159, 160
key-onlyattack see attack,key-only
key space 127
key stream see cipher, stream
Khanna,S. 185,188,250,251
Khuller, S. 252
Kiometzis,C. VI
Kleene,S. 17,51,394
knapsackproblem 5, 98,104

– high-density 406
– low-density 406

known-plaintext attack see attack,
known-plaintext

Ko, K. 8, 118,123,257,306,405,
408

Köbler, J. 121,216,250,254,255,
257,258,303,305–308,405

Koblitz, N. 334,355,356
Königstein,G. VI
Kortsarz,G. 121
Kozen,D. 257
Kratsch,D. VI, 307
Krentel,M. 252,254{
- ^ IJ_ 83, 304

Kumar, R. 168,254,407
Kuroda,S. 77

Kurosawa,K. 405
Kurtz,S. 111,122,123,306
Kurur, P. 297,307

L
L 61, 69,72,81,122,193,116,244Ù g �pi

56,25Ú Õ 19, 20,28Ú F see CSÚ w see CFÚ � see REG
Laaser, W. 121
Ladner, R. 106,106,121,121,241,

252
Lagarias,J. 406,407
Lagrange,J. 39
Lagrange’sTheorem

see Theorem,Lagrange’s
LaMacchia,B. 404
Landers-Appell,C. V
Landers-Appell,K. V
Landry, F. 342
Lange,K. 257
language 16

– cardinalityof a 16
– complementof a,see also 17
– concatenationof —es 17
–context-free,see also CF;

Ú w 19,
20,50

– context-sensitive,see also CS;
Ú F

19, 20,77
–
¤
-freeiteration,see also

�
17

– formal 16
– intersectionof —es, see also

�
17

– iterationof a,see also



17
– Kleeneclosureof a

see language,iterationof a
– nontrivial 78
– operationon—es 17
– recursively enumerable,see also

RE 27, 28
– reductionto a 254,255
– redundancy of a 167,169
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– regular, see also REG;
Ú � 19,

20,50
– sparse 109,110,119,122,123,

125,218, 254,257
– tally 71, 124,125

binary representationof a, see
also

z TWy g � i 71
– tally encodingof a, see also_ QNOJOSX g �pi 71
– type Ò , see also

Ú Õ 19, 20,28
– typeof a 19
– unionof —es,see also

�
17

LasVegasalgorithm see algorithm,
LasVegas

latticeproblem 350,406,408
– average-casehardnessof —s 408
– worst-casehardnessof —s 408

latticereduction 350,406,408
lattice-basedcryptography

see cryptography, lattice-based
Lautemann,C. 305
Legendresymbol, see also

?A@ B C
40

legitimatedeck see deck,legitimate¢J|	~xT�VxTÛ�xQ	Vs| - as| � } 307, 308
Leibert,M. V
Leiserson,C. 51
Le Lasseur, H. 342
Lenstra,A. 342,356,406
LenstraJr., H. 104,342,344,356,

402,406
LERC 296, 297–299
Levin, L. 88,120
Lewis, P. 119
LH 232, 234,235,239,240,246
Lien, Y. 121
ILin 59
ILin

g � i
59

Lindner, C. 4
linearboundedautomaton 26
linearfeedbackshift register 151
linear programmingproblem 104,

249,253,253
– integer 104,253

linearspace
– deterministic see LINSPACE

–nondeterministicsee NLINSPACE
linearspeed-uptheorem

see theorem,linearspeed-up
lineartape-compressiontheorem

see theorem,lineartape-compres-
sion

lineartime see LINTIME
Linial, N. 251
LINSPACE 61, 69,115
LINTIME 61, 66
Lipton, R. 122,247,254
Lischke,G. VI, 258
Li śkiewicz, M. 124
LLL algorithm 406Á ª	Â 16
logarithmfunction

see function,logarithm
logarithmicspace

– alternating see AL
– deterministic see L
– nondeterministic see NL

logic 4, 29–37, 51
– modal 254
– nonmonotonic 252
– predicate 34–37

first-order 37
second-order 37

– propositional 29–33Á ª	Â ³ fÄÃ ª �   39
Long,T. 123,255,257,258
Longpŕe,L. 119,255
Lovász,L. 249,406
Low Õ 233
Low F 233
Low w 288,290,292,294,295
low-exponentattack 349, 356
low hierarchy, see also LH 6, 7,

171, 232, 234, 235, 239, 240,
246,257,258

–extended,see also
§©¨µª�« v 258,

– first level of the see Low F
–
{
th level of the see Low v

– secondlevel of the see Low w ;
see also m �w -low

– zerothlevel of the see Low Õ
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Low v 232, 234,235,238,240,246,
290

lowness 232, 238, 257, 260, 288,
290, 292–300,304,305,307
see also low hierarchy;
see also self-lowness

Luby, M. 8, 168
Lund,C. 251
Lutz, D. V
Lynch,N. 121,252

M
MA 284, 285–288,290,301,304,

305,308
– see also Arthur-Merlin games

Mahaney, S. 109, 111, 122, 123,
255

majorityquantifier
– see quantifier, polynomiallylength-

bounded,majority
– see � �

majority rule 207
– defeataccordingto the 207
– win accordingto the 207
– winneraccordingto the

see CondorcetwinnerbNQJÜJM	PxTWVJX -̂
I�_

272
MAM 284, 285,286,301

– see also Arthur-Merlin games
Manasse,M. 342
Manders,K. 257
man-in-the-middleattack

see attack,man-in-the-middle
many-onereducibility

see reducibility, many-one;
see

* 9 41:; ;
see

*,<;
Markov chain 263, 264
marriage problem see matching

problem,bipartite
matching

– bipartite 98
– tripartite 99,117

matchingproblem 98
– bipartite 98

– three-dimensional
see

`
- a�b

– tripartite see matching prob-
lem, three-dimensional

– two-dimensional
see matchingproblem,bipartite

matrix
– adjoint see adjointmatrix
– determinantof a, see also

�s���
124,138, 167

– inverseof a 138
– permanentof a,

see also perm
g �pi

124
Maurer, U. 408
Mauve,M. VI
maximalnon-hamiltoniancircuit

problem 246, 249
– for directedgraphs,

see also b��J�NL 246, 249
– for undirectedgraphs,

see also b�aJ�J�NL 246bNQ � - ^J|	V l Q � }xTWyN~ - k |�� 208, 245
May, A. 356
Mayer, I. VIb �J� - aJ�J� 245,251
Merkle–Hellmancryptosystem 357,

389–392, 401,402,406,407
– iterated 406
– security of the see cryptana-

lytic attack,onMerkle–Hellman
Merkle,R. 357,389,406,407
Merlin, see also

Arthur-Merlin games 4
Merz,J. VI
message see plaintext
messageauthentication 130
messageintegrity 130
messagespace see plaintext space
Meyer, A. 107,121,251,254
Meyer, G. 248
Micali, S. 305,307,384,387,388,

405,406
Micciancio,D. 8, 168
Miller, G. 7, 309, 321–327,333,

352,354–356
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M ILLER-RABIN 322
Miller–Rabinliar see MR-liar
Miller–Rabintest see primality test,

Miller–Rabin
Miller–Rabinwitness

see MR-witness
mind-changetechnique 214
min-deg

g � i
97, 181b�TWyUT��xQJO - ` -�Ny � MNO�M	PsQrRUTSO T�V�X 248,

– restrictedto planargraphs 248b�TWyUT��xQJO - ` -�s�s^ IJ_ 248, 247
minimumequivalentexpressionprob-

lem, see also b ��� -aJ�J� 171,
245,251b�aJ�J�NL 246b��J�NL 246, 249

mod see congruencemoduloan
integer

modularsee also function,logarithm,
discrete— with module   and
base¡

Monien,B. 261,263
monoalphabeticcryptosystem 131,

132, 134, 135, 140, 142, 167–
169

monoid 37
– abelian38
– commutative38

MonteCarloalgorithm
see algorithm,MonteCarlo

Moore,J. 356
Moran,S. 7, 305,405
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– Gödelizationof —s 27, 63,68,
70,239

– languageof a, see also
Ù g �pi

25, 56
– multitape 54
–nondeterministic, see also NTM

23, 54,56
computationof a 56

– normalized 268, 303
– one-way 53
– oracle 28, 190,191

see also DOTM; NOTM
deterministicpolynomial-time,

see also DPOTM 193
nondeterministicpolynomial-time,

see also NPOTM 193
positive 244

– probabilistic 54,267, 305
– randomized 384

see also Turing machine,prob-
abilistic

– semanticsof a 24
– stateof a 23

accepting 25, 221
existential 221
final 23
halting see Turingmachine,

stateof a,final
initial 23
rejecting 25, 221
universal 221

– syntaxof a 23
– threshold 268, 305
– transitionfunctionof a 23
– two-way 54
– unambiguous 54,111

Turing reducibility
– see reducibility, Turing
– see

* <=
U
Ulam,S. 307



472 Index

Ullman,J. 51
Umans,C. 251,252
Umanski,O. 4
unambiguouspolynomialtime see UP
unicity distance 167,169
uniformdiagonalizationtheorem see

theorem,uniformdiagonalization
uniquesolutionproblem 248,249�JyUT��	q | - ^ IJ_ 243,249
UnitedStatesDigital SignatureStan-

dard 7, 367,404
universalquantifier see quantifier,

universal
– polynomiallylength-bounded

see � �
unsatisfiabilityrule 31
UP 5, 111, 112,113,117,119,123,

124, 175, 242, 250, 269, 290,
292, 303, 306, 308, 334, 356,
395,407,408

upwardcollapse 177, 198
upwardseparation 70, 71,119,124

– limitationsof 119
U.S.Congress 254
userauthentication 130
U.S.PresidentialElection 206
U.S.Secretaryof Defense 382

V
V
g �pi

47Ô g �pi
81

Valiant,L. 111,123,124,249,306
vanHelden,P. 121
variance,see also V

g �pi
47

Vaudenay, S. 406
Vazirani,V. 8, 248,249,251,252,

306� L 93, 116
Vereshchagin,N. 305
verifier 305,405

– dishonest 405
– honest 405
– see also proof system,interactive
– see also zero-knowledgeprotocol

Vernam,G. 151,154

Vernam’s one-timepad 151, 154,
155

vertex see graph,vertex setof a
– degreeof a 181

vertex cover problem, see also
� L

93, 116
– approximationheuristicsfor the

254
Vieta,F. 344
Vieta’sTheorem

see Theorem,Vieta’s
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Vyskoč, J. 257

W
Wagner, K. VI, 8, 76, 118, 179,

180, 204, 216, 218, 249, 250,
253,254,256,306

Wagner technique 179, 184, 188,
189,203, 206,251

Wang,J. 5
Wanke,E. VI, 250
Watanabe,O. V, 109,119,122,123,

255,257,258
weaklyassociative

see associativity, weak
websiteranking 254

– manipulationof a 254
Wechsung,G. V, VI, 8, 76, 118,

119, 122–124,171, 247, 249–
254,256,305,306,405,408

Wegener, I. 8, 118
Wegman,M. 293,307
Welsh,D. 8, 124,168



Index 473

Widmayer, P. 51
Wigderson,M. 307,384,387,388,

406
Wiener, M. 346,348,354,356
Wiener’sattack 346,348, 354,356
Williams, H. 405
Williamson,M. 355
witness 190, 214

– numberof —es see accepting
computation,numberof —s;
see accj ;
see also

E
P

– setof —es see witnessset
Wit j g �pi

191
witnessset, see also Wit j g � i

191
Woeginger, G. 8, 251
Wolf, S. 408
Wolfe, D. 248,249
Wollermann,O. 4
Wolters,I. 4
World War II 2, 166,169
worst-casecryptography

see cryptography, worst-case
Wrathall,C. 251
Wright, E. 51

X¾ g �pi 95¾ ¿ 202® -
`
- LJM	­s|	P 103

– see also exact cover by 3-sets
problem

XP 306

Y
Yacobi,Y. 307,407
Yamakami,T. 258
Yannakakis,M. 173,248,249
Yap,C. 218,254
Young election system 206, 207,

208, 253
–homogeneousvariantof the 253
– ranking problem for the, see

also �sMSqJyJ~ G QSyN}�TWyN~ 208, 245

– winner problem for the, see
also �sMSqJyN~��UTWyJy |SP 206,208,
211,245

Young,H. 206–208,253
Young,P. 110,111,122,123
�NMSqJyN~ G QSyN}xTWyJ~ 208, 245
Youngscore, see also YScore

g �ÐÏÑ�ÐÏÑ�pi
208

Youngvotingscheme
see Youngelectionsystem

Youngwinner 208
�NMSqJyN~��xTWyJy |	P 206,208, 211,245
YScore

g �ÖÏA�ÖÏA� i
208

Zo 10o � 248o B 38
– arithmeticsin 50o 
B 38

Zachos,S. 281,305,306,405
Zappa,F. 163
zero-knowledge 382–389, 405

– almost-perfect 405
– computational 405
– honest-verifier 386,405
– perfect 386,405
– statistical 405

zero-knowledgeproperty 384,386,
400

zero-knowledgeprotocol 2,7,41,260,
357,382–389, 405

– see Goldreich–Micali–Wigderson
protocol

– see Fiat–Shamiridentification
scheme

Zimand,M. 251,254,258
Zippel,R. 402,406
ZPP 6, 255, 259, 266, 271, 272,

288,301,305,308
ZPPAM n coAM 356
ZPPNP 255,256,307
ZUP 306


