Index

AP 29,72,194,271-273, 286, see
hierarchy, polynomial, see set,
A%-complete

Iy 20,25, 28,271-273, see hierarchy,
polynomial

me 213,214

¥P19-21,25,28,73,108,271-273,
see hierarchy, polynomial, see set,
¥8-complete

£PC 213-216, 228

©) 18-20,27,29, 268, 271-273, 293,
see hierarchy, polynomial, see set,
©5-complete

— closure properties
or..

k

<% 306

<L 83,265,306, 307, see reduction,
logspace many-one

<randomized 70, 72,268, see reduction,
randomized

<pomP 241, 306, see reduction,

coNP-many-one

Sg{P () coNP 306

<P4 60,284,285

<& 1,18-20, 22, 60, 182, 268, 269, 305,
306, see reduction, polynomial-time
Turing

— closure of C—P downward under see
closure, of C—P downward under <%,

— closure of coC—-P downward under
see closure, of coC=P downward
under <%,

— closure of ®P downward under see
closure, of ®P downward under <%.

<P, 1,8-11,26, 268,296,298, 306
308, see reduction, polynomial-time
bounded-truth-table

— closure of P downward under see
closure, of P downward under <7,

— closure of PP downward under see
closure, of PP downward under <7,,

see closure, of

<P 306, see reduction, polynomial-
time conjunctive Turing

<P, 26,187,260, 305, see reduc-
tion, polynomial-time conjunctive
truth-table

— closure of C_P downward under

see closure, of C_P downward under

—ctt
— closure of coNP downward under

see closure, of coNP downward under

P
Sctt

<P 306, see reduction, polynomial-
time disjunctive Turing

<P 26,29,268, 305,307, see reduc-
tion, polynomial-time disjunctive
truth-table

— closure of C—P downward under

see closure, of C=P downward under
Sgtt

— closure of coNP downward under
see closure, of coNP downward under
<P

<p—dtt 306

—I{(n)-T

<imy-te 306

<P, 10,11,245,275,306, see <7,,,
see reduction, polynomial-time
bounded-truth-table

Sloepos 306, 307, see reduction,
polynomial-time locally positive
Turing

<P 1-6,8,9, 26,60, 187,194, 245,
267-269, 275, 305, see reduction,
polynomial-time many-one

— closure of PP downward under see
closure, of PP downward under <?,

— closure of SF5 downward under see
closure, of SF5 downward under <%,

— closure of the context free languages
downward under see closure, of the
context free languages downward
under <%,
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<Pos 296,306, 307, see reduction,
polynomial-time positive Turing

— closure of C_P downward under
see closure, of C=P downward under
Sgos

— closure of coC=P downward under
see closure, of coC=P downward
under <P,

— closure of NP downward under see
closure, of NP downward under <%,

— closure of P-sel downward under
see closure, of P-sel downward under
SZOS

<P, 248,251, 260, 296, 305, see reduc-
tion, polynomial-time truth-table

— closure of PP downward under see
closure, of PP downward under <%,

§ft[k] 249, 251, see reduction,
polynomial-time constant-round
truth-table

<7" 306, see reduction, strong
nondeterministic
oE 28

®L  82,87,89, 277,280, see class,
modulo-based, logspace-analogs

@L/poly 82,89, see advice

@OptP 181,183,192, 303

eP  28,72,73,76-82,97,101, 181-183,
185,186, 194, 213, 232, 259, 273, 276,
277,287,289, 293, 297, 298, 301

— closure properties see closure, of
GP...

— exponential-time analog of see
analog, exponential-time, of &P,
see analog, exponential-time, of UP,
FewP, ®P, ZPP, RP, or BPP

@P/poly 78,82, see advice

HSAT 298, see computation,
modulo-based

#L 87,253,279, see set, #L-complete

#P 76,78-81,87,88,91-108, 110,
112-115, 119, 121, 163, 164, 237, 238,
240, 265, 273, 276, 286, 287, 289, 293,
297,299, see class, counting, see
function, #P, see set, #P-complete

— closure properties see closure, of

#P...
#P function see function, #P
#P, 287
#SAT 286
#accy(z) 76,77,79-81,121, 186, 187,

236-238, 251-253, 256-258, 278, 286,
290, 291, 297, 298

#eapy(z) 186,236,238, 239, 253, 254,
256, 258, 259, see function, GapP, see
function, gap, see GapP

#rejy(z) 186,187, 236238, 258, see
path, rejecting computation

2-ary function see function, ...2-ary...

2-disjunctively self-reducible set see
set, 2-disjunctively self-reducible

3-CNF formula see formula, 3-CNF

Abadi, M. 64,164
AC, ACF 88,193,194, 261, 279-281,
293, 301, 308, see class, circuit

ACC 193,194, see class, circuit

acceptance

— cardinality see cardinality,
acceptance

— categorical 283

— mechanism see mechanism,
acceptance

— probability see probability,
acceptance

— type see reduction, of the car-

dinality of acceptance types,
see type, acceptance, see type,
finite-cardinality acceptance
access
— k-round parallel 249
— parallel, to NP 18, 64, 89, 301
— sublinear-parallel, to NP 64

ACC, 88, see class, circuit
Adachi, A. 264,265
addition

— closure of #P under
#P under addition
adjacency matrix see matrix,

adjacency
Adleman, L.
adversary problem

adversary
advice 45,48, 84,86, 87, 277,

see C/poly, see coNP /linear,

see coNP /poly, see E/linear,

see EXP /linear, see interpreter, see

NL/poly, see NP /linear, see NP /poly,

see (NP [ coNP)/poly, see P/linear,

see P/poly, see P/quadratic,

see BL/poly, see P /poly, see

PP/linear, see set, small advice, see

UL /poly
— for the semi-feasible sets
— hard to compute 277
— linear-sized 49, 51, 52
— optimal 48, 52

see closure, of

87,277,289, 290
see problem,

47-56
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— subquadratic length-bounded 49

advice interpreter see interpreter,
advice

Agrawal, M.

agreement

— secret-key 36,43

Aho, A. 266

Ajtai, M. 232,280

algorithm

— census-based 18

— deterministic exponential-time 24

— enumeration 119

— greedy 272

— high-degree polynomial-time 264

— interval-pruning vii

— low-degree polynomial-time 266

— membership 294

— nondeterministic
P

k

- NP 62, see NP, see X

— polynomial-time 3,5, 6, 22, 23, 25,
41, 80, 139, 146, 165, 266

— query simulation vii

— randomized 67

— sampling 131,132,135, 136,
145-147,149

— self-reducibility 1

— semi-membership 294, 295

- X5 20,21, see 37

— that assumes a theorem’s hypothesis
1,2

- ©% 19,20, see ©F

— tree-pruning vii, 8

- UL 85,86, see UL

algorithms

— design and analysis of 265, 266

— their central role in complexity
theory wii, 1

Allender, E. viii, 28,29, 43, 88, 89,
231, 260, 261, 265, 270, 278, 279, 281,
283-285, 293, 308

almost polynomial-time set
almost polynomial-time

alphabet 7

alternating quantifiers
alternating

alternating Turing machine see
machine, alternating

alternation

— symmetric 27

AM 300

Ambainis, A.

296, 298

1,76, see NP, see

see set,

see quantifiers,

ix, 194
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Amir, A.

analog

— exponential-time, of P 28

— exponential-time, of the polynomial
hierarchy 28,29

— exponential-time, of UP, FewP, &P,
ZPP, RP, or BPP 28

AND circuits see circuits, AND

63, 163, 286, 296, 297

AND gate see gate, AND

AND-OR circuits see circuits,
AND-OR

Angluin, D. 87

Antioch

— Holy Hand Grenade of 67

aperiodic monoid see monoid,
aperiodic

approach

— census 18

— self-reducibility-based tree-pruning
2

— theorems via algorithms under
hypotheses 1

approximation see factor, of approxi-
mation, see nonapproximability

— enumerative 119,163

— NP-hardness of 166

— of perm 119, see permanent, of a
matrix

— of maximum clique
clique

— of #P functions 286

— of the proper subtraction of two #P
formulas 108

— of the sign function 235,242

— of threshold circuits by parity circuits
260

argument

— self-reducibility-based 4

arithmetic characterization see
characterization, arithmetic

arithmetic expression see expression,
arithmetic

arithmetic formula
arithmetic

arithmetization

Arora, S.

165, 166, see

see formula,

111,112, 126, 140, 163
165, 166, 267, 269

Arthur-Merlin = see AM

Arvind, V. ix, 27,277, 289, 296, 298
Aspnes, J. 289

assignment

— exactly one satisfying 69
— lexicographically largest satisfying
163
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— lexicographically smallest satisfying
57

— partial 199

— random, partial input 197

— satisfying 4,7, 56-59, 139, 163, 268,
269, 283, 294

— unique satisfying 45, 56, 57, 284

assignments

— even number of satisfying 298

— number of satisfying 286

associative operation see operation,
associative

associativity see function, ...associa-
tive..., see function, associativity
of

— of concatenation 38

— of multiplication 38

— weak 44

attribute-value description see
description, attribute-value

Ausiello, G. 166, 267

automata see machine

— k-state 302

— nondeterministic auxiliary pushdown
281

— nonuniform deterministic finite
see NUDFA

— pushdown 281

automorphism see graph, automor-
phism counting in

— counting in graph 289

average-case cryptography see
cryptography, average-case

193,

Babai, L.
Baker, T.
Balcéazar, J.
287,293
Barrington, D. 192-194, 281, 302
Beals, R. 261, 278, 279, 289
Beame, P. 233
Beaver, D. 163

28, 163-165, 232, 273, 300
231, 268-270, 272, 273
27,43, 64, 87, 273, 286,
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— normal 28,29
Beigel, R. ix, 29,43, 63,89, 106108,

163, 194, 260, 269, 284, 286, 293,
296298, 308
Bellare, M. 166

Ben-Or, M. 164, 194, 300

Bennett, C. 87,232, 268, 269

Bent, R. viii

Berg, C. 232

Berman, L. 26, 27,43, 269, 275-277,
282

Berman, P. 26,27

Berman—Hartmanis Isomorphism
Conjecture see Conjecture,
Berman—Hartmanis Isomorphism

Bertoni, A. 286

Beygelzimer, A. viii, 44
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connectivity, bidirectional

bijection 168
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91,92

— between strings and pairs of strings
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binary tree

— full see tree, full binary

bits

— a probabilistic circuit’s random 219

— generation of random 289

— quadratic number of random 88

— quasilinear number of random 88

— random, of a probabilistic circuit
220, 221

blackboard

— polynomial-sized 274
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Blass, A. 283

Blaylock, N. ix

Blum, M. 164

Book, R. 27,64, 65,87, 273-275, 286,
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boolean formula see formula, boolean
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see problem, boolean formula
minimization

boolean function see function,
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boolean

boolean operation see operation,
boolean
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bottleneck machine see machine,
...bottleneck...
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— lower 43,44,194,197,207, 223, 232,
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— superpolynomial-size lower 264

bounded
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— polynomial-time 145,182, 187,192
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bounded-depth

bounded-fan-in circuits
bounded-fan-in

bounded-width branching program
see program, bounded-width
branching
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— logarithmic-space 85, 86, 254, 255,
258, 259, see L, see NL, see UL
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118,119,121, 122, 135, 187, 238,
239, 246, 250, 255, 259, see machine,
nondeterministic polynomial-time,
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Bovet, D. ix, 268, 285

BP operator see operator, BP

BPP 28,72-75,77,78,81, 87,273, 276,
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FewP, ®P, ZPP, RP, or BPP
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— arithmetic 126 — depth-2 o n_gise probabilistic
— robust, of low-degree polynomials 88
111, 112, see polynomial, low-degree — depth-3 21080(1) "_size polylogarith-
— robust, of NC 281 mic bottom-fan-in 88
Chari, S. 89,231,270 — depth-4 2108 M n_gize polylogarith-
Chebyshev’s Inequality  see Inequality, mic bottom-fan-in 88
Chebyshev’s — depth-k 197
Chebyshev’s Theorem see Theorem, — depth-k bounded-fan-in 174
Chebyshev’s — depth-k linear-size 232
Chebyshev, P. 135,163 — depth-O(klog k) bounded-fan-in
Chen, S. viii 170
Cheng, Y. wviii — deterministic 89, 220, 221, 231
Chinese Remainder Theorem see — family of 201
Theorem, Chinese Remainder — for SAT, size of &7
Chor, B. 300 — for sets in DSPACEIn], size of 87
Church A. 264 — in the shape of a tree 227
circuit see graph, representing — logarithmic-depth polynomial-size
boolean circuit, see graph, repre- bounded-fan-in 171
senting unbounded-fan-in circuit, see ~ — logspace-uniform 279, 280
subcircuit - NC! 176
— depth reduction see reduction, of — OR 205,210,225
the depth of a circuit — OR-AND 201, 204, 206, 207, 211,
circuit family see family, circuit 212,224, 227
circuits 175,197, 200, 276, 279, see — P-uniform 279
class, circuit, see disjointness, of — parity 260
circuits — polylog-depth constant-size 308
- AND 203,225 — polylog-depth polynomial-size 280,
— AND-OR 88,201, 206-208, 211, 308
224,227,232 — polynomial-depth 176
— bounded-depth 211 — polynomial-size 233
— bounded-fan-in 167, 169-171, 174, — probabilistic 219, 220, 231
177 — small 276,277
— computing the exclusive-or of three — small, for BPP 277
bits via 220 — small, for NP 277
— constant-depth 207, 212, 213, 218, — small, for the semi-feasible sets 45,
223-225, 228, 232 47

e 218 — stratified 198

o
— constant-depth 2'°%" " "_size >
— superpolynomial-size 222

— constant-depth polynomial-size 88,

89, 201, 202, 207, 223, 231, 302 — threshold 260

— constant-depth polynomial-size — transforming trge into 169
unbounded-fan-in 280 — unbounded fan-in 198

— constant-depth subexponential-size class ) _
213 — advice see advice

— constant-depth superpolynomial-size =~ Arthur-Merlin 300

223, 224, 232, 280 — being “almost” closed under an
— depth-0 170 operation 108
— depth-1 199,204 — bounded-ambiguity 43, see FewP,
~ depth-2 202,232 see UL, see UP )
I — circuit 88,279, see AC, AC”, see
— depth-2 2% -size 89 ACC,, see ACC, see circuits, see NC,
— depth-2 910 n_gize polylogarith- NC*, see nonuniform-NC*, see SAC,

mic bottom-fan-in 88, 89 SACEF, see SC



counting 64, 82,290-293, 297, see
C=L, see C=P, see PL, see PP, see
#L, see #P, see SPP

“exactly-half”-based 192, see C=L,
see C=P
exponential-time 23, 28, 29, 274,

275, see EXP, see E, see NEXP, see
NE

GapP-based characterization of 240
interactive proof 299, see IP, see
MIP, see system, interactive proof
logspace 82,277-279, see C=L, see
L, see NL, see ®L, see PL

low-error probabilistic, as intuitively
feasible 289

majority-based 192, see PL, see PP
modulo-based 297, see coModP,
see FTMyP, see ModgP, see
ModZiP, see ®E, see BL, see BP
modulo-based, logspace analogs
277, see ®L

one-way function 31, see UP
optimization-based 297, see OptP
output-cardinality-based 297, see
SpanP

polynomial-time 28,274, see P
probabilistic 277, 290, see BPP, see
PL, see PP, see RP, see ZPP
“promise”-like 293, see BPP, see
coUP, see FewP, see RL, see RP, see
UL, see UP, see ZPP
query-order-based 303

uniform complexity 168, see advice
whose name sears the tongues of
mere mortals vii

whose very name contains hundreds
of characters vii

clause 112,139
Cleve, R. 27,194
clique 165,166
closure

of a class under a reducibility,
potential 235

of a class under an operation,
potential 235

of C—P downward under positive
truth-table reductions 260

of C_P downward under <%,
240, 260

of C—P downward under <%,, 240
of C-P downward under <},, 260,
293

187,
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of C—-P downward under coNP-
many-one reductions 241

of coC-P downward under <},
260, 293

of coNP downward under coNP-
many-one reductions 241

of coNP downward under <%,, 240
of coNP downward under <%, 240
of F (a class) under o (an operation)
92

of F (a class) under integer division
98

of LOGCFL under complementation
280

of ModgP under union 298
of natural polynomials under
multiplication 247

of NP downward under <P,
307

of NP under intersection 268
of NP under union 268

of OptP under proper subtraction,
potential lack of 104, 105

of P downward under <,, 96

of P under union 36

of ®P downward under <7 182
of PL downward under P-uniform
NC! reductions 260

of PP downward under constant-
round truth-table reductions 249,
251

of PP downward under <7,, 245
of PP downward under <%, 239,
245

of PP downward under <%, potential
lack of 252,259

of PP downward under <%,
245,293

of PP downward under P-uniform
NC" reductions 260

of PP downward under polynomial-
time parity reductions 260

of PP under complementation 97,
239, 245, 260

of PP under disjoint union 245

of PP under intersection 235,242,
244, 245

of PP under union 245

of probabilistic-NC! under intersec-
tion 260

of P-sel downward under <P, 296
of P-sel under almost-completely
degenerate boolean functions 296

268,

235,
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— of P-sel under complementation 52,
296

— of P-sel under completely degenerate
boolean functions 296

— of P-sel under intersection, lack of
296

— of P-sel under union, lack of 296

— of SACF under complementation
280

— of SF5 downward under <!, 177

— of #P under addition 76, 87,92,
100, 101, 106, 287

— of #P under finite sums of multiples
of binomial coefficients whose upper
element is the input and whose lower
element is a constant 107

— of #P under integer division by 2,
potential lack of 100, 101, 287

— of #P under integer division,
potential lack of 98,99, 101, 287

— of #P under maximum, potential
lack of 100-103, 287

— of #P under minimum, potential
lack of 100-103, 287

— of #P under multiplication
101, 106, 287

— of #P under operators in relativized
worlds 107

— of #P under proper decrement,
potential lack of 100, 105, 106, 287

— of #P under proper subtraction,
potential lack of 91,93, 95, 96, 98,
99, 104, 107, 287

— of SpanP under proper subtraction,
potential lack of 105

— of the context free languages
downward under <?, 279

— of ©F under complementation 20

— of UP under intersection 284

Cobham, A. 264,265

coC=P 260,293

— closure properties
coC=P...

coefficients

— binomial 93

— multinomial 93

cofinite set see set, cofinite

92,93,

see closure, of

coin

— fair 74,131
— unbiased 288
collision

— in image of one-way function 31

— potential relationship between
intensity of and collapses 31

combinatorial game see game,
combinatorial
commutativity see function, ...com-

mutative...
— of concatenation, lack of 38
— of min 41
— of multiplication 38
— of subtraction, lack of 38

commutator 168,172,174,175

coMod;P 194,298, 301

companion

— best v

comparison

— lexicographic see order, lexico-
graphic

complementation

— closure of LOGCFL under see
closure, of LOGCFL under comple-
mentation

— closure of PP under see closure, of
PP under complementation

— closure of P-sel under see closure,
of P-sel under complementation

— closure of SAC* under see closure,
of SAC* under complementation

— closure of ©% under see closure, of
©% under complementation

complete equality see equality,
complete

completeness

— of a protocol 110, 115,116, 131, 132,
134,135, 138, 145, 147, 149

— of a set for a class C  see the entry
for that class C

— of a set for some class C
“[that class C]”-complete

complexity

— circuit, of SAT 89

— Kolmogorov 269

— nonuniform 45, 51, see advice

complexity theory see theory,
complexity

computation

— ambiguity-bounded 281, 285, see
FewP, see UP

— bottleneck 181,300, see ma-
chine, bottleneck, see machine,
bounded-width bottleneck, see
ProbabilisticSSF, see SFy, see SSF

— deterministic logspace 278, see L

see set,



deterministic polynomial-time 22,

see P

— error-bounded probabilistic 288,
289, see BPP, see coRP, see RP

— exponential-time deterministic
see EXP, see E

— exponential-time nondeterministic
275, see NEXP, see NE

— majority-based probabilistic
symmetric bottleneck 192

— modulo-based 106, 297, 298, see
coModyP, see FTMyP, see ModP,
see ModZiP, see ®E, see ®L, see P

— nondeterministic logspace 278, see
NL

— nondeterministic polynomial-time
22, see NP

— nondeterministic space-bounded
125, see NL

— polynomial-ambiguity 283, see
FewP

— polynomial-space 176, see PSPACE

— PSPACE oracle 213

— quantum 194, 195

— relativized logspace 279

— semi-feasible 294-296, see P-sel

— single-valued nondeterministic
function 57, see NPSV

— unambiguous 281, 283, 285, see UL,
see UP

— unambiguous logspace
UL

— zero-error probabilistic
7ZPP

concatenation
concatenation

condition

— truth-table 10,11, 13, 14, see
refinement, of a truth-table condition

Condon, A. 164

coNE 275

confidence

— high 109

configuration

— unique accepting 126,129

— unique middle-point 112

configuration space see problem,
robotics configuration space

conflicting oracle results see results,
conflicting oracle

conflicting relativizations
conflicting oracle

Conjecture

275,

84, 85, see
290, see

see assignments, of

see results,
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— Berman—Hartmanis Isomorphism
26, 282

— One-Way 282,285

coNL 82,277,278

connectivity

— bidirectional 177

coNP 5,6, 28,52, 59-62, 64, 95-97,
100, 104-106, 194, 240, 241, 269,
271-273, 276, 277, 287, 296, 306,
307, see set, coNP-complete, see set,
potential lack of sparse <%,-complete,
for coNP, see set, potential lack of
sparse <P -hard, for coNP

— closure properties see closure, of
coNP...

coNP/linear 52,296

coNP/poly 61, 64, 276, 296

constant function see function,
constant

constant-depth circuits see circuits,
constant-depth, see circuits

constant-to-one function see function,
constant-to-one

construction

— oracle 197,223

— widely-spaced 53,223

context-free grammar see grammar,
context-free

context-free languages

— closure properties see closure, of
context-free languages...

context-free set  see set, context-free

Cook’s Theorem see Theorem, Cook’s

Cook, S. 58,59,64,91, 163, 266—268,
275, 279-281, 305, 308

Cook—Karp—Levin Theorem see
Theorem, Cook’s

Cook-Levin Theorem
Cook’s

Cormen, T. 266
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— coNP-many-one, closure of coNP
downward under see closure, of
coNP downward under coNP-many-
one reductions

— constant-round truth-table, closure of
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