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graphs

A (directed) graph is a pair (V. E) where V isa
finite set of vertices (or nodes) and a relation £ C V x V,
a set of (directed) edges (or arcs).
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Ubuntu package dependencies
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adjacency matrix

A

Recall the matrix
representation of
relations.

With graphs,
the adjacency matrix
is always square.
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directed & undirected graphs

An (undirected) graph is a pair (V; E) where V is a set of vertices (or nodes) and a
symmetric relation E C V' x V, a set of (undirected) edges (or arcs).
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paths

Given a graph (V. I7), a pathis a finite sequence ao, ... an in V withn > 1
such that (ag_1,a;) € E for 1 <k <n .Thelength of the path is n.

A cycle is a path ao, ..., @n where ap = an . ? B fes
A graph that does not contain cycles is called acyclic. : T

trees

A (rooted) tree is a graph (T. R) such that T is empty or there
isan a € T' such that:
(i) for every x € T, 2 # a there is exactly one path from a to x
(i) there is no path from a to a.
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properties

(1) Any non-empty tree has a unique root.

(2) A root has no parent.

(3) Every non-root has exactly one parent. 9 What does (4) imply?
(4) A tree with n nodes has n-1 links. e

(5) A tree contains no cycles.

link height / level node height
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defining trees recursively

(1) The empty graph (0.0) is a tree.

(2) Given a family of disjoint trees (T3, Ri)i=1.n ,ie. Ty N T; =0 wheni#j,
and with roots B = {b; € T, : 1 <i<n},aswellasa fresha ¢ |J 7; wecan
create a new tree with root a: i€l.n
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This construction is
bottom-up.

Compare to the
top-down construction
in SLAM Section 7.2.2.

labeled trees

Givena tree (T, R) , and a set of /abels L , a labeling is a function \:T — L
A tree with a labeling is called a /abeled tree.

In practice, the labeling function
is often realized by adding data
to the nodes of a tree.

What expression might the free represent?
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ordered trees

Given a tree (T 1) with root a, we say it is orderedif there is a function
p:T\{a} — Nt
such that for every node its n children are labeled 1.7 .
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binary trees
Given a tree (T, R) with root a, we say it is binary if every node has at most two
children and there is a labeling function
B8:T\ {a} — {left, right}
such that no two children of the same node are labeled identically.
B:T\ {a} —> {left, right}
left right
left right @ right
Labels are usually represented by
oft @ A the Ief‘r-‘ro-.rlgh'r order of child nodes
and angled links.
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binary search trees
Given a binary tree (1, R) , with root a , binary labels 5 : T'\ {a} — {left, right} ,
and labeling function A: 7 — L and a totally ordered label set L.
It is a binary search treeiff for all nodes their label is greater than
any label in their left subtree, and less than any label in their right subtree.
“Jones" Could the same be achieved with
B an ordered free, instead of a
Gkl “MacIntosh” ‘®  binary tree?
“Albertson” “Jackson" \ “Veh! IOW, is a binary tree a special
L] case of an ordered tree, or

something else?
@ “Christensen”




unrooted trees

A structure (T',5) is an unrooted (undirected)tree iff
(T, R) is arooted tree and S is the symmetric closure of R.
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of an unrooted tree.

spanning trees

Given an undirected graph (7',.S), an unrooted tree(T, R) is aspanning treefor it iff
RCS

? How fo construct a /””"*‘w
/e  Spanning tree? /\\
There may be many spanning .\\
trees for any given graph. nNwn
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example: spanning tree protocol

RP: root port
DP: designated port
BP: blocked port

Root ?ndqe




