
Graphs
( or nodes)

- A graph G cos .sk of a set of vertices V

and a set of edges ( or links , or connections) E

- G = ( V , E)

- An edge ( u, v) is a connection between

Vertrees u and v I
2
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- IVI is the muse of velvet ✓
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- LEI is the number of edges yet



- Undirected graphs

- There is no direction to the edges

( u , v) is the same edge as Chu)

- Edges are represented visually with lines

- Directed graph

- Edges are represented by arrows

- ( u, v ) is a different edge than fu , he )



Weighted graph

- Every edge has a numerical weight

Unweighted graph

- Every edu has the same weight
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- Adjacency matrix

IVI x IVI matrix

- Each entry represents an edge (or lack of edge)

①-②

airs :: see #
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- Adjacency list

- Army of IVI linked list

- For each u E V
,
the kit Adj fu) contains

all vertus v such that (u, v) E E

- Directed graph

- Sum of the lengths of the late it let

- Undirected graph

- Sum of lengths is 2. HEI
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bank uses 0 ( V) or OCE)
- Sparse vs dense graph5 not owl) or OCIED

- Number of edsei in a graph is 0 ( V)

( upper bound )

- If IEI it done to IVI
'

,
the graph is very

dense

- A graph is spare if LEI is much less than Hl
'



- An adjacency matrix always requires Ivf entries

- For sparse graphs this is not space

efficient

- Time ↳pace tradeoff

- Lookup time
- Space

OG) for adj . matrix ① ( v2) fur matrix

OLE) and 04) for adi . list
① ( E + v)



- Paths

- A path fwm u to V U - v is a sequence

of edset Connecting u and V

- In a simple path , ho vertex appears more than once

(no cycles)
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- Connected component

- A subgraph wherein each pair of nodes is connected

Via a path

- Every hook is reachable from every other node

- A graph may have multiple connected components
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- Directed graphs

- Strongly connected component
,
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: ffl comment
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- would be strongly connected if

every edge was undirected





Breadth - first search

- Visits a vertices that are reachable from a source vertex

s

- finds vertices that are I edge away from S
,
then those

that are 2 edge.r away ,
etc

.

- As the algorithm runs
,

each vertex is in one of 3 stater

- White - uncles covered - Black - discovered
,

and all

neighbor discovered
- Grey - discovered

,
but has nudes covered neighbors
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- BFS predecessors

- All nodes except s are found via predecessors

- The graph that shows- predecessor relationships

is a tree rooted at s

- The BFS Free

- The shortest path from s to any vertex v

is the path from s to V in the DFS tree



BES tree
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- BFS fine complexity

- Every node n enqueued at most once ( when it at

white)

- A node turns grey when it it enqneueo.

- All edges are checked at most twice ( for undirected

graphs)

- O ( V t E)

- Not 0 because the graph might not be connected





Depth First search ( DFS)

- works its way deeper into a graph until it reaches

a hook with no undiscovered neighbor
,
then backtracks

- Use recursion or a stack to keep track of

where to backtrack
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v. d is the discovery time of u

global variable U .

f it the finishing time

G- (Vt E) time

- DFS - Visit is called

once for every vertex

- Every edge it checked once

for directed graphs
,
twin

for undirected







- Topological sort

- Uses DFS to form a linear ordering of

vertus

- Most useful fr directed acyclic graphs ( DAG s)

- If edu (u, v) is in the graph
,
U

comes before V in the ordering



- In a graph representing dependencies
.

of events
,

a topological sort gives an order ch while to carry

out events

- Perform a DFS

- when finished with a vertex
, put it at the

front of a list




