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Abelian algebra, 153, 155, 158, 159, 161, 165,
167. 170
Abelian group, 135
additive model, 215, 219
adjacency, 250, 309, 310
adjoint, 10, 21, 126, 127, 183-186, 191, 201-203,
206, 207
self-adjoint, 124, 129-131, 138, 140, see also
operator, self-adjoint
adjunction, 31, 125-128, 130, 132, 136138, 140,
143, 144, 146-148, 155, 156, 163, 164
dual, 123, 138, 140, 143, 144, 147
triangle inequalities, 20
affine map, 139, 143, 147
Alice & Bob, 13,71, 72, 74, 79
ambient group, 270
annihilation operator, 225, 247, 256, 279
antimatter, 54
anyon, 229, 230, 299, see also particle, sub-
atomic
arrow, 111, 112, see also morphism
Artin group, 224, 226-230, 232-234, 260, 261,
263, 270, 281, 284, 292, 299, 300, 307, 330
Aspect, Alain, 13
associativity, 134, 141
atoms (of a lattice), 175
automated
proof checking, 178
reasoning, 178, 179
theorem proving, 178
theory exploration, 178, 179

barrier penetration, 25

basic distributional vector space, 205, 214
basic state, 8,9, 11

Bayesian inference, 178, 194

Bell measurement, 14

Bell pairs, 202

Bell state, 10, 13, 108
Bell’s inequality, 267-269
Bell’s Theorem, 12-14, 73
Bell, John Stewart, 13, 72, 73
biextensional collapse, 91
bifibration, 136
bifunctor, 17
bilinear map, 136
bimorphism, 142, 143
bipartite system, 110
biproduct, 140
bit, 9
bivalence, 33-35, 37-39
black hole, 68, 69
Bloch sphere, 9. 108
block universe, 33, 34, 39
Boolean algebra, 154, 157-160, 162
complete Boolean algebra, 154, 163, 165
Boolean logic, 224, 247, 252, 256, 310
Borel set, 152, 162
Borromean rings, 233, 238-240, 269
boson, see particle, subatomic
bounded operator, 152, 153
box. 179, 183-187
input-output, 191
bra, 258. 259, 289
bra-ket notation, 8, 125, 134, 258, 259, 280,
285-291
bracket polynomial, 227, 228, 230, 252, 274,
275,277, 278, 280, 282, 299-302, 304, 307,
312-314
colored, 320-322
braid, 226, 230, 232-234, 245, 270, 272, 280282,
284.293-295. 300. 320, 321, 324-326
generators, 232-234, 272, 273, 281, 324
group, 223, 225-228, 230, 231, 233, 234, 245,
263,264, 266, 267, 272, 274, 279, 281, 284,
291, 298, 300, 320, 321, 323-326, 328, 330
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three-strand group, 270. 272, 274, 280-282,

326

braiding, 223, 225, 226, 229, 230, 244-247, 261,
263, 271-274. 279, 291, 294, 296-300. 303.

304, 316-318, 324, 326, 327, 330
local, 304, 320, 323
universal gate, 266

braiding operator, 223, 226, 229, 245, 255, 260,

261, 266, 273, 296, 300, 317
Brauer algebra, 288
Brouwer algebra, 156

Carroll, Lewis, 31
cartesian product, 186

category, 14-16, 18, 152, 283-286. 288, 289,

291-293, 295
axioms for, 15
Cartesian, 112, 115
cocomplete, 135. 136
compact, 112, 115, 117, 189, 191
dagger, 22
compact closed, 21, 199-201, 209, 210, 219
complete, 135, 147
dagger, 21, 89, 95-101, 105, 108, 113, 114
dagger-compact, 184-186. 190, 192-194
distributional, 100, 107, 108
dual, 15
homomorphisms of, 16
Kleisli, 106
locally small, 15

monoidal, 15, 17-20, 88, 89. 91-101. 105-108.
110-117, 124, 135, 136, 139, 142, 176, 177,

179. 182, 200, 201
autonomous, 21
braided, 19, 20
dagger, 22
dagger braided, 22
dagger symmetric, 22
left autonomous, 21
planar. 18
right autonomous, 20
symmetric, 19, 20, 201, 207, 208
of convex sets, 139

of finite-dimensional Hilbert spaces, 126, 139,

see also Hilbert space, finite-dimensional
of Hilbert spaces, 16, 21
of modules, 123, 125, 134, 136, 143
of sets, 16, 20, 21
of vector spaces, 16, 20, 125, 135
operational, 94, 95, 98-102, 104111
opposite. 15

small, 15
strict, 176, 177, 179, 182, 184
symmetric, 93-98, 100, 101, 105, 112, 135,
136, 139, 142, 176, 177, 179, 182
tangle, 284, 295
tensor, 15
traceable, 113, 114
traced, 114-116
Cauchy-Schwarz inequality, 118
choice function, 160
Chu space, 91, 92, 94
classical computation, 12
classical computer, 52, 63
classical perspective, 153, 154
Clifford algebraic representation, 225, 243, 245,
256
clock, 45, 47, 50
clopen sets, 157, 159, 160, 162, 165
clopen subobject, 151, 152, 154, 155, 157, 159—
165, 167-170
CNOT gate, 11, 13, 192, 263-266
co-measurable physical quantities, 153
coalgebra, 207, 208
coarse-graining, 153-155, 157, 159, 165, 169,
170
cobordism, 225, 251, 252, 283, 285-287, 291—
293
category. 284-292, 295, 299
coequaliser of algebras, 135, 136
coherence. 58, 66. 68
conditions, 176
theorem, 18, 22
colimit, 135, 162
commutant, 153
commutativity, 134, 141
commutator, 62
compact space, 158
complement, 169, 170
complementarity, 25, 36
complementary observables, 12
completeness theorem, 19
complex matrix, 152
complex number, 123-125, 129, 175
complex vector, 258, 262, 263, 266, 280, 311,
329
composition, 15, 16, 96, 102, 111, 112, 115, 116,
174, 176, 180, 185
category-theoretic, 180-183, 185, 186, 189,
190
of systems, 176
parallel, 181-183, 185, 186
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sequential, 180-183, 185, 186
compound system, 8§9-92
conditional probability. 75
conjugate, 125, 126
conjunction, 153, 157
connective, 178, 180
conservation laws, 57
constant, 178
context, 153, 154, 159, 162, 165, 169, 170
maximal context, 167-170
minimal context, 165, 169
subcontext, 154
trivial context. 166
context category. 158, 159, 161
context vector, 200, 213-215
context-based approach, 204
contextuality, 108, 111, 153, 155, 159, 170
convex algebra, 124, 143
convex combination, 104, 109
convex set, 123, 124, 138-140, 143-145
convex sum, 139, 144
coordinate transformation, 48
gauge. 57
Lorentz, 48
Poincaré, 48
Copenhagen view, 66
copy object on relational matrices, 214
copy subject on relational matrices, 214
corpus, 188
coupling, 60
CPT Theorem, 55
creation, 225, 227, 247, 256, 266, 279, 296
crossing, 234, 239, 241, 242, 248-250, 252, 261,
275-279, 288, 296, 301
sign, 276
cyclic property. 127, 128

dagger, see adjoint
daseinisation
of projections, 162, 170
outer, 162, 167, 169, 170
decoherence, 59, 66, 68, see also coherence
definition classification, 200, 217, 220
delayed-choice experiment, 61
density matrix, 9, 138, 145, 146
density operator, 60, 99
determinism, 13, 33, 34, 39, 73. 83
strong, 73, 81-85
weak, 81-83
diagonalize, 214
diagrammatic calculus, 208, 209

diagrammatic formalism, 177-179, 185, 194

diagrammatic logic, 194

Dirac notation, see bra-ket notation

Dirac. Paul, 54

direct matrices, 214

disambiguation, 200, 204, 212, 214-216, 220

disjoint cover, 102-104, 108

disjunction, 153, 156, 169, 170

distributional model of meaning, 200, 202, 204,
205

distributive law, 25-28, 30, 38, 39, 102, 174, 175

distributivity, 175

double-slit experiment, 25, 30, 59

dual, 117, 123, 125, 127, 130, 132, 133, 136-138,
140, 146, 147, see also adjunction, dual, see
also space, dual

duality, 123-127, 147, see also Gelfand duality

effect algebra, 124, 141-143

effect module, 123, 124, 138, 140. 141, 143, 144,
146-148

eigenform, 252, 254, 255

eigenstates, 9

eigenvalue, 12, 132, 133, 135, 138, 268

eigenvalues, 11

eigenvector, 9, 12

Eilenberg-Moore algebra, 123

Einstein, Albert, 12

Einstein, Podolosky, and Rosen, see EPR

electromagnetic force. 55

emergent relationships, 46

empirical model, 72-74, 83, 106-110

endomorphism, 97, 99, 113, 115-117

endomorphism ideal, 97, 98, 114, 115, 119

entangled quantum systems, 60, 67, see also
quantum state, entangled

entangled state, 10, 262, 267, 269

entanglement, 13, 88, 112, 183, 185, 226, 263,
265

entanglement swapping, 185

entropy, 69

epimorphism, 15

EPR, 61, 72

EPR pair, 13

EPR paradox. 12, 13

equational statement, 177, 185, 186

Equivalence Principle, 48, 49

error analysis, 219

error correction, 12, 66, 68

evaluation, 92, 94, 100, 101. 104, 105, 114

evaluation problem, 218
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evaluation rule, 90, 93
event, 45

expectation value, 12
exponent, 125, 136

expression, 228, 241, 247, 248, 259, 261, 265.

278. 281. 296, 313

fault-tolerant, 66

fermion, 223, 225, 227, 242-246, 252, 255, 256.

see also particle, subatomic

Majorana, 223-226, 230, 242-247, 250-252,

255. 266, 267, 273
Feynman, Richard, 63
fiber products, 77-80, 84, 85
of measures, 73, 74, 77
Fibonacci, 273, 274, 326, 328-331

model. 224, 225, 227, 228, 247, 252, 267, 307.

308. 312, 320-323, 329-331
number, 227, 311, 329
particle, 307, 310, 312, 313, 323
sequence, 312, 328-330
tree, 310

finite dimensional vector space, 200, 202, 204,

220
flipping (a box). 183, 184
formal sum, 134, 139, 144
four-vector, 48
frame, 102, 171
frame of reference. 46
free construction, 134, 137, 141
free group, 135
free pregroup. 200, 203, 205
Frobenius algebra, 193, 200, 207-210, 220, 221
Fubini’s Theorem, 85

functor, 16-20. 89, 93. 95-97. 100. 102, 108.
112-114, 123, 126, 127, 129, 132, 136. 139,
140, 142, 143, 156, 157, 163, 164, 182, 283,

284,292, 295
contravariant, 16, 21, 144, 154
covariant, 16
dagger, 21
endofunctor, 125
faithful. 16
forgetful, 137, 143
free, 135, 136
full, 16
homomorphisms of, 16
monoidal, 19, 191

braided. 20

strict, 20

strong, 20, 201, 202, 205

multiset, 134
product functor, 155
fusion, 223-225, 247, 252, 255, 296

gauge field, 56
gauge symmetric quantum theories, 57
gauge symmetry. 56, 57
gauge transformation, 57
Gel’fand topology, 159, 160
Gelfand duality, 124, 147
generative rule, 202-204, 211
geometry
Euclidean, 26, 29, 35, 39
non-Euclidean, 24, 29, 39
GHZ state, 10
Giry monad, 106
global element, 154, 171
grammar
theory of, 187-191
grammatical types. 180, 187, 189, see also word
graphical language, 14, 16, 18, 19, 177, 179, 182,
186. 189, 192
gravitational force, 55
Greenberger-Horne-Zeilinger state, see GHZ
state
group, 137, see also Abelian group, see also free
group
growing block, 33

Hadamard gate, 10, 13
Hadamard test, 282, 283, 321
hadron, see particle, subatomic
Hamiltonian, 256, 258
Hausdorft space, 158
Hawking radiation, 69
Heisenberg Uncertainty Principle, 12, 62
Hermitian matrix, 11
Hermitian operator, 59, 60
Hermiticity condition, 54
hexagon axioms, 19
hexagon identity, 297-300, 304
Heyting algebra, 102, 151, 154-157, 160, 163,
165
bi-Heyting algebra, 151, 152, 155, 157, 159,
160. 162, 164, 170, 171
co-Heyting algebra, 151, 155-157, 164, 165
complete Heyting algebra, 154, 157, 164, 171
Heyting implication, 155, 163
co-Heyting implication, 156, 164
Heyting negation, 156, 158, 163. 165, 169, 170
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co-Heyting negation, 156, 157, 164, 165, 167,
168, 170
hidden variable, 12, 13, 26, 30, 36, 71-74, 106—
109
hidden-variable model, 72-74, 78-81, 83, 84, 86
high landmark verb, 216
Hilbert space, 8, 16, 22, 24, 25, 35, 37, 88, 89, 95.
98. 101, 107, 110, 113, 116119, 123-125,
132-134, 137, 138, 141-143, 148, 158. 160,
170, 174-176, 185, 186, 243, 270
complex, 152
finite-dimensional, 123, 124, 126, 127, 137,
139, 140, 147
separable, 152
Hilbert-Schmidt isomorphisms, 123
homomorphism, 16, 136, 141, 143, 154, 158
bi-homomorphism, 136
homotopy. 191
horizon. 69
Holder inequality, 118

idempotent, 99, 101, 102
identity, 153, 166
inclusion map. 130, 132, 136, 137, 140
inertial frames, 47
infimum., 175
information storage, 68
initial element, 105
initial state, 258, 259
injectivity, 145, 146
inner product, 8, 10, 127, 131, 258, 259, 299
operation, 182, 186, 189, 190
structure, 175
interaction field, 56
interference, 52. 53
intuitionistic logic, 151, 154-156. 162, 171
inverse, 16
left, 15, 189
right, 189
involution, 125, 126, 183
iso(morphism). 111, 112
isometric, 207, 209
isometry, 118
isomorphism, 15, 125-128, 130, 132, 137, 140,
144, 147, see also Hilbert-Schmidt isomor-
phism
coherence, 114
dagger, 95, 99-101
natural, 112, 114
isotopy. 276, 293
ambient, 230. 231, 233, 276, 277, 293

iterant, 225, 254-257

join, 153, 156-158, 160, 162-165, 169

joint distribution, 106

Jones polynomial, 227, 230, 231, 239, 274, 275,
277-280, 283, 312, 320-323, 326

ket, 258-260, 289
ket notation, see bra-ket notation
knot, 223-225, 230-234, 236, 238, 239, 241, 242,
245, 270, 275, 277-280, 283, 295, 298, 299,
321,322
invariant, 227, 232, 239, 260, 261, 278-280,
299
logic, 227, 234
quantum, 245, 269, 270
set, 225, 236-245
Kochen-Specker Theorem, 13, 86
Kripke, Saul, 23, 26-35, 38-40
Kronecker product, 185, 213

l-complementarity, 37-40
Lagrangian, 51
A-independence, 72, 73, 81, 83-85
JA-notation, 127
Lambek pregroup. 200, 201
languages
dagger compact, 192
lattice, 102, 151, 153, 155-160, 171, 175, 183
complete, 102, 152, 155, 156, 160, 162, 170,
171
distributive, 153, 163, 170
orthomodular, 124, 141, 142
projection, 162, 170
law of excluded middle, 156
law of noncontradiction, 157
least action, principle of, 52
left adjoint, 136, 137, 140, 143, 156158, 162,
164
left inverse, 15
lepton, see particle, subatomic
light cone, 13
linear algebra, 175
linear map, 200, 202, 206, 208-210, 212
linear mapping, 263, 286. 292
linear operator, 14
link, 227, 230-236, 238-242, 260, 261, 269, 275~
279, 295, 299, 321
local model, 109
locality, 13, 72, 73, 79, 80, 83, 84, 86. see also
non-locality
logic, 174, 178, 194
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logical algebra, 251

logical connective, 153
low-landmark verb, 216, 217
Lowner order, 132, 138

manifold, 227, 278, 284-289, 291-293, 295, 298—
300
map, see morphism
mass
gravitational, 49
inertial, 48
matrix, 228, 255, 257, 259, 261-264. 270, 271,
273,274,278, 279, 281-283, 291, 295, 296,
306, 307. 309, 316. 317, 319-321, 324, 330
Hadamard, 264, 265, 282, 321
transpose, 309
matrix transposition, 105
maximal element, 175
Maxwell’s equations, 56
meaning, 174, 178, 186-191, 194
distributional, 188
of a sentence, 178, 179, 186-191, 200, 203,
206. 211-213, 220
of a word. 178, 179, 186-191. 205
scope. 188
vector, 188-190
basis vector, 188
vector space, 188, 190
measure theory, 73, 86
measurement, 11-14, 25-28. 30, 36. 58, 60. 62,
66, 67, 90-93, 99-111. 114, 258-260, 267,
269. 279. 290, 291
measurement operator, 13
measuring instrument, 45
meet, 153, 155-158, 160, 163, 164
meson, see particle, subatomic
metric. 182
metric tensor, 48
minimal coupling principle, 57
minimal element, 175
mixed state, 9
model theory, 175
module, 123, 124, 132-138. 140, 141, 143, 145,
see also effect module
modus ponens, 31
momentum, 13
monad, 123, 124, 134-136, 138-140
distribution, 124, 138, 139
multiset. 124, 134-136, 138, 139
monoid, 134-136, 141-143
commutative, 134, 135, 137, 141-143

INDEX

effect, 139, 141

partially additive, 141
monoidal functor, 201, 202, 219
monoidal tensor, 200, 202
monomorphism, 15
morphism, 15-18, 21, 125, 142, 145, 283-289,

291, 293, 295

adjoint, 21

counit, 20, 22

Hermitian, 21

identity, 15, 16

inclusion, 137

self-adjoint, 21

tensor product of, 18

unit, 20, 22

unitary, 21

zero, 97, 98, 100
multiplicative model, 214, 219
multiplicity of an element, 134

natural language, 174, 178, 179, 186, 188, 204,
205, 219

natural transformation, 89, 94, 96, 112, 113

negation, 151-153, 166, 170, 223, 224, 246, 247,
250, 251

nesting, 250, 252, 309, 310

no-cloning theorem, 12, 14, 62, 66, 88

no-signalling model, 88, 89, 110

Noether’s Theorem, 59

Noether, Emmy, 57

non-contradiction, 31, 34

non-locality. 86, 88, 89, 102, 104, 106111, 176,
177, see also locality

possibilistic non-locality, 86
norm, 9
noun, see word, noun

object, 15-18, 111, 154, 171, see also subobject
codomain, 111
domain, 111
dual, 98, 113,117
tensor product of, 18
unit, 17
observable, 9, 11-13, 45, 66, 91, 101, 124, 147,
268
octahedron, 142
operational representation, 89, 91, 93-95. 99.
100, 102, 105-107. 110
operational theory, 88-93, 105, 106, 109-111
operator, 123-132, 138-141, 146, 148
bounded, 123-125, 148
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density, 123-125. 133, 138, 139, 141, 146

effect. 123-125. 133, 138, 141-144, 146-148

linear, 124, 125, 129

positive, 123-125, 131-134, 138, 142, 148

projection, 123, 124, 133

self-adjoint, 123-125, 129-133, 148

space of, 133, 134, 137, 138, 141
orthocomplement, 151
orthocomplementation, 183

orthonormal basis, 116-119, 138, 146, 259, 260,

282
orthosupplement, 138, 141
outcome, 90, 92, 99-101, 106-111, 114
outcome independence, 72, 80. 82, 86

paraconsistent logic, 157, 165
parameter independence, 72, 79. 80, 82, 86
partial order, 175, 189
particle, 46
free, 46, 50
fundamental, 46
subatomic
anyon, 67
baryon, 55, 57
boson, 55, 57
fermion, 55
gluon, 58
hadron, 55
lepton, 55, 57
meson, 55
photon, 58
quark, 55
Pauli Exclusion Principle, 55
Pauli matrices, 66, 226
Penrose, Roger, 14
pentagon axiom, 18
pentagon identity, 297-299, 304
perihelion precession of Mercury’s orbit, 49
phase gate, 192
physical quantity, 152-154, 159, 162, 170
physical system. 44, 91, 175, 190
confined. 46
interaction, 45
isolatable, 45
localizable, see also locality
predictive, 45
Planck scale, 50
plat closure, 320, 321
Podolsky, 12
Poincaré
group, 48, 57

symmetry, 51, 57
Popescu-Rohrlich box, 110
position, 13
pre-composition, 144
predicate, 138, 147, 178
predicative models, 203, 204, 213
pregroup. 189. 191
grammar, 190
preparation, 90-93
preparation process, 180
prepared states, 58
presentism, 33, 34
presheaf, 151, 153-155, 157-159, 162, 171
spectral presheaf, 151, 152, 154, 155, 157-162,
167,170, 171
probability, 258-260, 268, 269, 278
probability amplitude, 9
probability distribution, 90, 92, 105, 106, 109
discrete, 105
process logic, 179-182, 186, 192
process space, 228, 295, 298, 321, 324, 326-328
product measures, 74, 76, 83
program correctness, 147
projection, 152-154, 160. 162, 163, 165-170
projection operation, 60
projection operator, 123, 152
projective
measurement, 99, 100, 103, 104
projector, 99-101, 103, 104, 287, 300-302, 304,
312-317, 319, 321, 322
proposition, 152-154, 156, 157, 159, 162, 170,
171
local proposition, 169, 170
pure state, 9, 10, 158
Putnam, Hilary, 23-31, 34-36, 38

quandle, 239, 241, 242

quantifier, 178

quantitative diagrammatic logic, see diagram-
matic logic

quantum ampliudes, 227, 231, 269, 279

quantum computer, 259-261, 267, 279, 280

quantum computing, 10, 13, 15, 22, 88, 176

quantum correlations, 110

quantum expectation, 268

quantum field theory, 52

quantum formalism, 177, 179

quantum gate, 10, 11, 65, 192

quantum information, 22, 176, 177

quantum integer, 305, 306

quantum interference, 58
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quantum logic, 13, 15, 23-29, 35, 39, 40, 123,
125, 151-153, 157, 159, 162, 170, 171, 174—
177, 183, 194
quantum mechanics, 51, 88, 89,91, 99, 101, 105,
107-111, 174, 185
categorical, 88, 89, 91, 95,98, 110
quantum model, 110
quantum operator, 223, 256, 258
quantum phenomenon, 176, 177, 182, 184, 194
quantum protocol, 88, 178, 185, 199
quantum state, 53
coherent, 58
entangled, 65, 66
mixed, 58, 60
pure, 58. 60
quantum system, 8, 9, 11
quantum teleportation, 13, 14, see also telepor-
tation
quantum theory, 54, 174-176, 183, 186, 192,
193
quantum topology, 223, 227, 231, 283
quark, see particle, subatomic
quasi-local interactions, principle of, 57
quasi-particles, 225, 230
quaternion, 223, 224, 226, 243, 244, 255, 256,
271-273
qubit, 9, 10, 13, 14, 226, 228, 244, 260, 261, 263,
266, 267, 269, 270, 280, 282, 290, 311
Quine, Willard Van Orman, 31

random variable, 12, 268
realism, 13
realization-equivalence, 74, 84, 86
recoupling, 227-230. 296, 297, 300, 303-310,
312, 316, 317, 319, 321, 323, 325, 330
regular conditional probability, 78
regular element, 152, 165-167. 169, 170
Reidemeister moves, 231, 232, 236, 237, 239—
242,245,274, 276. 278
relational model, 219
relativity, 47, 49, 58
general, 49, 50, 68, 69
special. 50, 54
restriction map, 159, 161, 167
retraction, 15
reversible process, 67
right adjoint, 155, 157, 163
right dual, 20
right inverse, 15
Rosen, Nathan, 12
rotation, 245, 272, 274

scalar, 256, 259, 280, 286, 288
Schrodinger, Erwin, 54
Schwarzschild radius, 69
section, 15
self-adjoint matrix, 11
self-adjoint operator, 152-154
self-reference, 236, 238
semiring, 96, 100-102, 106, 123, 132, 134136,
141-143
sentence, 178, 180, 186-191, see also meaning
of a sentence
sentiment analysis, 217
separable space, 119
separable state, 10
single value decomposition, 204
soundness theorem, 19
source, 15
space, 132, 138, 141
compact, 147
conjugate, 125
convex, 147
dual, 125
Hausdorff, 147
trivial, 124
spacetime, 227, 256, 296, 299
Spearman’s p, 215
special relativity, 24, 34
spectral decomposition, 11, 101
spider, 192-194
spider form of the verb, 213
spin, 108
spin network, 295, 300, 304
split-epic, 111, 113
split-monic, 111, 113
Standard Model, 44, 55
state, 91-93, 99-106, 108-110, 124, 125, 138,
144, 147, 175, 180183, 186, 188, 223, 239,
248-250. 258-260. 263. 267-270. 274, 277~
279. 282, 290, 291, 295, 308, 309, 311, 312,
see also entangled state, see also initial state
Bell. 10, 13, 108
mixed, 104, 105, 111, 114
pure, 99, 103, 104, 111, 114
tracial, 115
state space, 8, 151, 154, 155, 162, 170
stochastic map. 88, 89, 105, 109
stochastic matrix
bi-, 105
row-, 105
Stone space, 157
string diagram, 208
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string-diagram representation, 88
strong contextuality, 86
strong force. 55
strongly monoidal functor, see functor, mono-
idal, strong
sub-category, 92-96, 98-100, 102, 105, 113, 114
tracial, 113, 114
subalgebra, 153, 158
minimal subalgebra, 167
subalternation, 32
subobject, 154, 155, 157, 159, 161, 163-168, 170,
see also clopen subobject
tight, 167, 169
superposition, 8, 9, 11, 52, 53, 58, 66, 104,
174-176. 245, 258, 269, 270
supervaluation, 33, 34
support, 134, 139
supremum, 175
surjectivity, 145, 146
switching formula, 276, 277
symmetric monoidal category.
monoidal, symmetric
symmetry, 19, 20

see category.,

tangle category. see category, tangle
target, 15
teleportation, 66, 185, 290, 291
Temperley-Lieb
algebra, 228, 280-283, 285, 288, 289, 301,
302, 323-331
recoupling theory, 227, 252, 292, 300, 305,
307. 308. 312, 321. 331
temporal shift operator, 254, 256
tensor, 100, 136, 140, 142, 143, 174, 190, 260,
261, 263, 267-269, 287, 290
non-symmetric, 190
product, 8, 10, 14, 17, 118, 119, 176, 185, 186
pure, 92, 94, 99
rank, 208, 210
rank-1, 208
rank-2, 208
rank-3. 208, 211, 212
unit, 97, 102, 135, 136, 140, 142
terminal element, 105
tetrahedron network, 303, 314
three vertex., 297. 302, 305, 307. 316-318
top element, 155, 156, 161, 164
topological quantum computing, 67. 68, 224—
228. 230, 263, 267, 300

topological quantum field theory, 96, 98, 102,
191, 200, 202, 207, 220, 227, 228, 230, 274,
283,291, 292, 294, 295, 298-300, 304, 308

topological space, 156, 157, 171

topology, 156, 158, 171, 181, 183, 191, 192

topos theory. 151, 152, 154, 155, 170, 171

trace, 98, 99, 103, 113-115, 117-119, 126-129,
132, 139, 140

global, 97
parameterized, 97
partial, 115

trace class, 98, 99, 117-119

trace ideal, 89, 97-100, 105, 113-115, 117-119

trace property, 118, 119

transformation, 91-95, 100

natural, 16, 20
monoidal, 20
unitary, 53, 66

transition amplitude, 51

transpose, 126, 127, 137, 184, 186, 188, 190, 191,
194

trefoil, 237, 241, 242, 277

triangle axiom, 17

trinion, 292-294, 296, 299

truth-value, 154

Twin Paradox, 50

two-particle system, 12

two-slit experiment. see double-slit experiment

type dictionary, 203

type of a transitive verb, 203

type reduction, 203, 204, 206

type-logical grammar, 202-204, 220

type-logical model, 200, 205, 209

uncertainty principle, see Heisenberg Uncer-
tainty Principle

uncopying, 208, 216

unit, 113-115

tensor, 97, 102

unit norm, 99, 103

unitarity, 60

unitary group, 227, 228, 234, 264, 270, 272, 320

unitary map, 139

unitary operator, 12

unitary representation, 224-228, 231, 261, 267,
274, 279-281, 292, 300, 307, 322-325, 330

unitary transformation, 10, 11, 16, 228, 258-
261, 263-265. 267, 270, 280, 291, 300, 305.
321,330

universal quantum gate, 227, 260

Universe, 47
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valuation, 180182

value, 181, 182
value-definiteness, 25, 27, 29, 38
variable, 178

vector cross product, 271

vector space, 124-127, 129, 130, 134, 137, 226,
229, 245,258, 259, 261-263. 266, 271, 280,

282, 286, 289, 290, 292, 295, 299, 311, 329
of meanings, 188, 190
vector space model, 209
verb, see word, verb

von Neumann algebra, 152-154, 157-159. 161,

162,165, 167, 170, 171

wave equation, 54

wave function, 12, 53
wave-particle duality, 53
weak force, 55

wire, 16, 18, 21, 181, 183-188, 190-193
cap-shaped, 184, 189, 190, 192, 194
cup-shaped, 183, 184, 188, 190. 192, 194
input, 180

Witten-Reshetikhin-Turaev invariants, 227, 320,

322

word, see also meaning of a word
context, 188, 189
noun, 180, 188, 189
scope. 188
verb, 180, 188, 190

transitive, 188, 189

writhe, 276, 277

Yang-Baxter equation, 227, 260-266, 278, 279.
295, 296, 298
yanking conditions, 201

zero, 141
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