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Index

k-colorable 123
k-coloring 123
n-ary relation 60
pth-order cone 389
r-combination 167
r-permutation 164
2-norm 87
90-10 complexity rule 194

a
abstract problem 225
active 312
acyclic 108
adjacency list 267
adjacency matrix 268
adjacent 107
adjacent basic solutions 313
affine subspace 90
algorithm 181
alternative optimal solutions 303
anti-paradox 5
anticycling 335
antisymmetric relation 63
arithmetic series 53
arrow-shaped matrix 366
assignment problem 112
asymptotic analysis 181
asymptotic notation 199
atomic proposition 5
average-case analysis 192

b
back edge 280
balanced digraph 125
balanced vertex 125
basic feasible solution 312

basic solution 312
basis 89
basis matrix 314
basis vector 314
best-case analysis 192
biconditional 14
big-oh 200
big-omega 202
big-theta 203
bijection 70
bijective proof 150
bilinear map between matrices 396
bilinear map between vectors 364
binary relation 59
binary search 246
binding 312
binomial 149
binomial coefficients 150
binomial series 150
binomial theorem 150
bipartite graph 111
Bland’s rule 336
block 186
bounded above 78
bounded below 78
bounded sequence 78
bounding running time 197
breadth-first edge 273
breadth-first search 270
breadth-first tree (forest) 273
bridge 113

c
canonical form 320
cardinality of a set 55
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Cartesian product of sets 56
ceiling function 68
central path 381, 409
certificate 226
chip and conquer 225
chromatic number 124
clique cover 401
clique cover number 402
clique set 401
CNF satisfiability 29
codomain 66
column vector 87
combination 166
combination without repetition 167
combinations with repetition 168
combinatorial proof 150
combinatorics xv
comparable elements 63
complementary slackness 345
complete bipartite graph 111
complete graph 111
compound proposition 5
conditional 9
cone 94
congruence class 62
congruence relation 62
congruent modulo 62
conic combination 94
conic hull 94
conjunction 8
conjunctive clause 25
conjunctive normal form 28
connected component 109
connected graph 109
consistent system 88
constant time 210
contingency 16
contradiction 16
contrapositive 12
convergence of a sequence 79
convergence of a series 81
converse 13
convex combination 91
convex cone 94
convex function 91
convex hull 91
convex set 91
cross edge 280

cubic time 210
cut weight 403
cut-edge 113
cycle 108
cycling 335

d
DAG 127
decent direction 261
decision problem 226
decision variable 297
degeneracy 317
degenerate basic solution 317
degree list 108
DeMorgan’s laws 18
dense graph 112
depth-first search 277
depth-first tree (forest) 280
determinant of a matrix 88
determinant of a vector 365
diagonal matrix 88
dicycle 126
digraph 125
dimension 89
dipath 126
direct proof 13
directed cycle 126
directed edge 106
directed forest 126
directed graph 106, 125
directed path 126
directed tree 126
disjunction 8
disjunctive normal form 25
ditree 126
divergence of a sequence 79
divergence of a series 81
divergence test 83
divergent sequence 79
divide and conquer 225, 246
DNF satisfiability 29
do-while statement 185
domain 66
domain of discourse 31
domain of the relation 60
double counting proof 150
double implication 14
dual HRVW/KSH/M direction 410
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e
edge 105, 106
efficient algorithm 210
eigenvalues 89, 365
eigenvectors 365
elements of the set 55
elliptic cone 389
empty graph 111
empty relation 60
empty set 56
entering variable 322
equivalence class 61
equivalence relation 61
Euclid’s algorithm 253
Euclidean norm 87
Euler’s formula 117
Eulerian cycle 119
Eulerian graph 119
Eulerian path 119
excess variable 310, 345
exclusive-disjunction 9
existential quantifier 31
exponential time 210
extreme point 311

f
facility location 370
factorial 150
factorial function 223
factorial time 210
feasible problem 341
feasible region 297
feasible set 297
feasible solution 297
Fibonacci recurrence 145
Fibonacci sequence 78
finite geometric series 83
finite set 55
floor function 68
flowchart 214
for-statement 183
forest 110
forward edge 280
free variable 33, 297
Frobenius inner product 396
Frobenius norm of a matrix 397
Frobenius norm of a vector 365
full relation 60

full tableau method 323
function 66

g
general form LP 297
generalized pigeonhole principle 162
generating function 138
generating function method 138
geometric series 84
gradient 258
graph 106
graph complement 112
graph cut 403
graph faces 117
graph structure 214
graphical method for LP 302
greatest common divisor 253
greatest integer function 68
guess-and-confirm method 133

h
half-space 93
Hamiltonian cycle 121
Hamiltonian graph 121
Hamiltonian path 121
Hessian 259
horizontal line test 70
HRVW/KSH/M direction 410
hyperbolic constraint 370
hyperplane 93

i
identity matrix 88
identity vector 365
if-else-statement 183
if-statement 183
image of a function 67
implication 9
implication law 11
in-degree 125
incident 107
incident from 125
incident to 125
independence number 402
independent set 402
induction 51
infeasible LP 303, 341
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infinite geometric series 84
infinite series 81
infinite set 55
initial condition of a recurrence 134
injection 69
insertion sort 248
integer power 223
integer program 308
integer-valued function 68
interior-point methods 347
intractable problem 226
inverse of implication 14
inverse of matrix 88
invertible matrix 88
invertible vector 365
isolated vertex 107
isomorphic graphs 113
iteration method 136

J
Jacobian 258
jump statement 182

k
Königsberg bridge problem 119
KKT conditions 375

l
L’Hospital’s rule 80
Lagrangian function 340, 375
Lagrangian multipliers 340
law of contrapositive 12
leaving variable 322
limit at infinity 78
limit characterization of notations

207
line 317
linear order 63
linear programming 296
linear search 244
linear time 210
linear-time algorithm 210
linearithmic time 210
linearly dependence 89
linearly independence 89
linearly ordered set 63
literal 25
logarithmic barrier 365

logarithmic time 210
logical equivalence 8, 17, 33
loset 63
Lovász’s theta function 402
lower bound 78
lower triangular 88
primal standard form LP 339

m
manifold 363
mapping 66
matching problem 112
matrix 87
max-cut graph problem 402
maximality 109
merge sort 252
minimum index rule 336
minimum ratio test 322
mixed-integer program 308
module 62
modulus 62
monomial 149
multi-edges 107
multi-graph 107
MZ family of directions 382

n
negation 7
Newton direction 258
Newton iterate 260
Newton step 260
Newton’s method 255
Newton-Raphson method 255
node 105
nonbasis vector 314
nonnegative orthant cone 318
nonrecursive function 220
nonrecursive program 220
nonsingular matrix 88
NP class 227
NP-complete class 228
NP-hard class 227
NT direction 410
null statement 182

o
objective function 297
one-to-one correspondence 70
one-to-one function 69
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onto function 68
operator commutativity 366
operator norm of matrices 397
optimal solution 297
optimal value 297
orthogonal matrix 88
orthogonal subspace 90
out-degree 125

p
P class 227
paradox 5
parallel edges 107
partial order 63
partially ordered set 63
partition 64
party problem 163
Pascal’s identity 152
Pascal’s triangle 153
path 108
perfect graph 402
permutation 163
permutation without repetition 164
permutations with repetition 165
Petersen graph 109
pigeonhole principle 161
planar graph 111
pointed polyhedron 317
polyhedron 93
polyhedron in standard form 313
polylogarithmic time 210
polynomial 67, 149
polynomial time 210
polynomial-time algorithm 210
polytope 93, 296
portfolio optimization 371
poset 63
positive definite 88, 395
positive semidefinite 88, 395
powerset 56
predicate 30
preimage 67
prime number 215
principle of inclusion-exclusion 160
product principle of counting 154
proof by contradiction 17
proof by contraposition 12
proof by contrapositive 12

proper coloring 123
proper subset 56
proper subspace 89
proposition 4

q
quadratic representation 366
quadratic time 210
quadratic-time algorithm 210
quantifier 31

r
Ramsey number 163
range of a function 67
range of a relation 60
rank 89
real-valued function 68
recurrence 54, 133, 222
recursion-tree method 140
recursive function 220
recursive program 222
reduction 227
reflexive relation 60
regular cone 94
relation 59
residue 62
residue class 62
restricted variable 297
root-finding algorithm 255
rotated quadratic cone 369
row vector 87
running time 188, 189

s
satisfiable proposition 29
Schur complement 398
scope of the quantifier 33
second-order cone 364
second-order cone programming 363
selection sort 250
self-dual cone 94
self-loop 107
semicycle 126
semidefinite programming 395
sequence 77
sequence of partial sums 81
sequential program 213, 214
sequential search 244
series 81
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set 54
set equality 55
set-builder notation 57
Shannon capacity problem 402
shortest path problem 274
simple big-oh bound 208
simple cycle 108
simple digraph 125
simple graph 107
simple path 108
simple statement 182
simplex method 320
simultaneously decomposition of vectors

366
simultaneously diagonalization of matrices

398
slack variable 310, 345
smallest integer function 68
solution of a recurrence 134
span 89
spanning forest 111
spanning subgraph 108
spanning tree 110
sparse graph 112
square matrix 87
stability number 402
stable set 402
standard form LP 310
standard inner product 87
step-size 260
strongly connected 127
strongly connected component 127
subgraph 108
subpath 108
subset 56
subspace 89
substitution/induction method 134
subtraction principle of counting 160
sum principle of counting 158
summation 81
super-exponential time 210
surjection 68
surplus variable 345
symmetric matrix 87
symmetric relation 60
symmetrization operator 399

t
tautology 16
telescoping series 82
ternary relation 60
tight Big-oh bound 209
time complexity 209
topological ordering 283
topological sorting 283
total order 63
totally ordered set 63
trace of a vector 365
tractable problem 226
transitive relation 60
transpose 87
tree 110
tree edge 280
tree structure 214
truth table 7
twice continuously differentiable 259
twice differentiable 259

u
unbounded LP 297, 303
undirected edge 106
unit lower triangular matrix 397
universal quantifier 31
universal relation 60
universal set 19
universe of discourse 31
unrestricted variable 297
upper bound 78
upper triangular 88

v
vector 87
Venn diagrams 56
verifiable problem 226
vertex degree 107
vertex of a graph 105, 106
vertex of a polyhedron 311
vertical line test 66

w
weakly connected 127
while statement 185
worst-case analysis 192


