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EdgeClassification

TreeEdge Visitnewvertexviaedge i e vertexwaswhite
Forward Edge node descendant in tree
BackwardEdge note ancestor in tree
CrossEdge betweentwo non ancestorrelatedvertices

treeedges

f o
forwardedge
backwardedge
cross edge

How do we detect typeofedge un

TreeEdge V was whitewhen weexploredthisedge
ForwardEdge green
BackwardEdge yellow
Cross Edge green

CrossEdge v3 Forward Edge
Add discoverytime disc andfinishtime finish

ForwardEdge V was green disc v disc u

Cross Edge V wasgreen disc v disc u

andalso finishv diselul





































































UndirectedGraphi

The In DFSof anundirected graph G everyedge is
either a tree edge or a backward edge i e

when we firstexplore un EE from u v cannot
be green

Corollary An undirected graph is acyclic iff
there are no backward edges





































































1 Eclassificationcont'd

DirectedGraphs

ThalwhitePathTheorem v is a descendent of u in the DFS
forest iff at time disc u thereexists a pathfrom a to v

withonlywhitevertices

Rod
Steffi

set u.eu a uh Univ be a path in the1 0

DFSforest alledges Ui Ui aretreeedges Then

U is discoveredfromUs UsfromUi etc Therefore
um

disc Ur discUK discUi diseUs

SoattimediseUs diseu UsUs Ur are allwhite

At timedise us discu U Ur are allwhite

Wehave disc Ur discUK discUi diseus

finishUr finishUni finishUi finishus

Therefore UrV is discovered duringthevisit from Usu and

theremust a path from u to v in theDFSforest

Corollary Adirected graph is acyclic iff DFS finds no backwardedges





































































Proof Weprove a directedgraph is cycle if DFSfinds a backwardedge

Anybackwardedgeimmediatelygives

acycle

Assumethereis acycle
up.FIYuzLet usbethefirstvertexdiscovered

in thecycle Soatdisc us U Us Urare

allwhite Bywhitepaththen Ur is descendentof us
Then the edge Uk Us is a backwardedge

Cycledetection RunDFSandlookfor a backwardedge

2 Topcoat
Imagine scheduling a listoftasks and sometasks mustbe
completed beforeothers

We can representsuchdependencies as a graph
Thename comes from thegraphbeing a topology





































































eg to cookBeefWellington

chopmushrooms

grocery fhmqfhhtᵈhmtÑ
ᵈs

athhftfhassemble.estake
shopping

makepuffpastry

Problematic if we have a cycle So we have a DAG

Algorithms

Input DAG G V E
1 RunDFS G
2 Outputvertices in descendingorderof firsttime

Runtime WHET Don'tneedsortingfor step2 Wejustadd
verticesto thefront ofa linked list whentheyfinish

Correctness Thealg above outputs a topologicalSort i e a node

is outputonlyafter all its parents dependencies are output





































































Proof Weshowthat forall u v EE finish u finish v

8

Notewhenweexplore u v v cannotbe yellow nobackward

edges in aDAG So u canonlybewhite green
If green finish v alreadyset butwe'restill
exploring u so finish u finish v

If white we will recursivelyvisit v When
recursivelycallreturns we set finish v but
not finish u So finish u finish v

If you see DAG think topological sort

Alternative
way todo topo sort
A source in a DAG is a vertex w o incomingedges

Each DAGmusthave a source why

Algorithm
While thereare still vertices left

Outputarbitrarysource s

andremove s andedgesoutof s fromthe graph





































































Correctness Whenwe output a vertex v it is a

source meaning all its parentshavebeen
output removed

Runtime Maintain in degreeforeachvertex and a list
ofsources IV LEI


