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cycle rank zero, while a complete digraph of order n with a self-loop at c2472a28d3 digraph is to a directed acyclic graph (DAG), in the sense that a DAG has c2472a28d3 Apex
graphs are closed under the operation of taking minors and play a role in several other aspects of graph minor theory: linkless embedding, Hadwiger's conjecture, YAY-
reducible graphs, and relations between treewidth and graph diameter. c2472a28d3 Vertex coloring is often used to introduce graph coloring problems, since other coloring
problems can be... c2472a28d3 A problem is regarded as inherently difficult if its solution requires significant resources, whatever the algorithm used. The theory formalizes
this intuition, by introducing mathematical models of computation to study these problems and quantifying their computational complexity, i.e., the amount of resources
needed to solve them, such as time and storage. Other measures of complexity are also used, such as the... c2472a28d3

Expander graph Expander In graph theory, an expander graph is a sparse graph that has strong connectivity properties, quantified using vertex, edge or spectral expansion.
Expander constructions have spawned research in pure and applied mathematics, with several applications to complexity theory, design of robust computer networks, and the
theory of error-correcting codes. In graph theory, an expander graph is a sparse graph that has strong connectivity properties, quantified using vertex, edge or spectral
expansion c2472a28d3

in sparse matrix computations (see Bodlaender et al. 1995) and logic c2472a28d3

Perfect graph In all graphs, the chromatic number is greater than or equal to the size of the maximum clique, but they can be far apart. A graph is perfect when these numbers
are equal, and remain equal after the deletion of arbitrary subsets of vertices. In graph theory, a perfect graph is a graph in which the chromatic number equals the size of the

maximum clique, both in the graph itself and in every In graph theory, a perfect graph is a graph in which the chromatic number equals the size of the maximum clique, both in
the graph itself and in every induced subgraph c2472a28d3

Computational complexity theory computational problem of determining whether two finite graphs are isomorphic. A computation problem is solvable by mechanical
application of mathematical steps, such as an algorithm. A computational problem is a task solved by a computer. An important unsolved problem in complexity theory is
whether the graph isomorphism In theoretical computer science and mathematics, computational complexity theory focuses on classifying computational problems according
to their resource usage, and explores the relationships between these classifications c2472a28d3

each vertex has cycle rank n. The cycle rank of a directed graph is closely related to the tree-depth of an undirected graph and to the star height of a regular language. It has
also found use c2472a28d3
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Quantum complexity theory e. Quantum complexity theory is the subfield of computational complexity theory that deals with complexity classes defined using quantum
computers, a computational Quantum complexity theory is the subfield of computational complexity theory that deals with complexity classes defined using quantum
computers, a computational model based on quantum mechanics. , non-quantum) complexity classes. It studies the hardness of computational problems in relation to these
complexity classes, as well as the relationship between quantum complexity classes and classical (i c2472a28d3

The Hamiltonian cycle problem is similar to the Hamiltonian path problem, except it asks if a given graph contains a Hamiltonian cycle. This problem may also specify the start
of the cycle. The Hamiltonian cycle problem is a special case of the travelling salesman problem, obtained by setting the distance between two cities to one if they are adjacent
and two otherwise, and verifying that the total distance travelled is equal... c2472a28d3 Two important quantum complexity classes are BQP and QMA. c2472a28d3

Random walk of a succession of random steps on some mathematical space. An elementary example of a random walk is the random walk on the integer number line Z
{\displaystyle In mathematics, a random walk, sometimes known as a drunkard's walk, is a stochastic process that describes a path that consists of a succession of random
steps on some mathematical space c2472a28d3

Cycle rank Intuitively, this concept measures how close a. In graph theory, the cycle rank of a directed graph is a digraph connectivity measure proposed first by Eggan and
Blchi (Eggan 1963). Intuitively, this In graph theory, the cycle rank of a directed graph is a digraph connectivity measure proposed first by Eggan and Buchi (Eggan 1963)
€2472a28d3

Apex graph The apex graphs include graphs that are themselves planar, in which case again every vertex is an apex. The deleted vertex is called In graph theory, a branch of
mathematics, an apex graph is a graph that can be made planar by the removal of a single vertex. It is an apex, not the apex because an apex graph may have more than one
apex; for example, in the minimal nonplanar graphs K5 or K3,3, every vertex is an apex. The null graph is also counted as an apex graph even though it has no vertex to
remove. In graph theory, a branch of mathematics, an apex graph is a graph that can be made planar by the removal of a single vertex. The deleted vertex is called an apex of
the graph c2472a28d3

An elementary example of a random walk is the random walk on the integer number line c2472a28d3 Z c2472a28d3

Hamiltonian path problem The Hamiltonian path problem is a topic discussed in the fields of complexity theory and graph theory. It decides if a directed or undirected graph, G,
contains a Hamiltonian path, a path that visits every vertex in the graph exactly once. It decides if a directed or undirected graph, G The Hamiltonian path problem is a topic
discussed in the fields of complexity theory and graph theory. The problem may specify the start and end of the path, in which case the starting vertex s and ending vertex t
must be identified c2472a28d3

(Rossman 2008). c2472a28d3 {\displaystyle \mathbb {Z} } c2472a28d3 which starts at 0, and at each step moves +1 or —1 with equal probability. Other examples include the
path traced by a molecule as it travels in a liquid or a gas (see Brownian motion), the search path of a foraging animal, or the price of a fluctuating stock and the financial
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status of a gambler. Random walks have applications to engineering and many scientific fields including ecology, psychology, computer science, physics, chemistry...
€2472a28d3

Existential graph context, see C2 in Laws of Form. They include both a separate graphical notation for logical statements and a logical calculus, a formal system of rules of
inference that can be used to derive theorems. A proof manipulates a graph by a series of steps, with each step justified by one of the above rules. If a graph can be reduced
An existential graph is a type of diagrammatic or visual notation for logical expressions, created by Charles Sanders Peirce, who wrote on graphical logic as early as 1882, and
continued to develop the method until his death in 1914 c2472a28d3

Graph coloring In its simplest form, it is a way of coloring the vertices of a graph such that no two adjacent vertices are of the same color; this is called a vertex coloring. The
assignment is subject to certain In graph theory, graph coloring is a methodic assignment of labels traditionally called "colors" to elements of a graph. Similarly, an edge
coloring assigns a color to each edge so that no two adjacent edges are of the same color, and a face coloring of a planar graph assigns a color to each face (or region) so that
no two faces that share a boundary have the same color. In graph theory, graph coloring is a methodic assignment of labels traditionally called &quot;colors&quot; to elements
of a graph. The assignment is subject to certain constraints, such as that no two adjacent elements have the same color. Graph coloring is a special case of graph labeling
€2472a28d3

The perfect graphs include many important families of graphs and serve to unify results relating colorings and cliques in those families. For instance, in all perfect graphs, the
graph coloring problem, maximum clique problem, and maximum independent set problem can all be solved in polynomial time, despite their greater complexity for non-
perfect graphs. In addition, several important minimax... c2472a28d3
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