


































































Recap

Gedeon Run DFS and check for backwardedges
Ilogicalfort Run DFS outputvertices in decreasingfinishtime

SeeDAG_thinktpogicalsort





































































t.fr nnectedCmponents SCC KosarajuSharir78 81

stronglyconnecte.de A directedgraphGIVE is stronglyconnected

if u VEV utu pathfrom u to v andfrom to u

9 no

Claim A strongly connectedgraphmust contain a cycle

Canbe asinglevertex Otherwise mustcontain a cycle

no v pathu tov path to u

cycle

G subset EV edgeswithbothends in V

fff.IE iafi.Asdraphotaehat
Wecannotaddanyothervertices to V and
have it still stronglyconnected

verticesnotvertex

a
11 cannotadd a or b alone

I I but canadd a andbtogether
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tol

l l

I

edge

Gs Component graph

Claim Thecomponentgraph is a DAG

Proof Acycleforms a larger SCC Contradiction

ConsiderrunningDFS on G

WecanpretendthatthisDFStakesplace in Gs inthefollowingway
Mark a component discovered YELLOW whenanyofitsvertices is

discovered

Mark a component finished GREEN when allofits vertices are finished
A component startsWHITE thenYELLOW thenGREEN





































































Keylemme the virtual walk above on Gs inducedby DFS
on G is a valid DFS explorationofG

Proofides When a component C is first discovered sayby
a call to DFSVisit on some UEC when thatcall returns

allvertices in C as well as in all components reachablefromC

bywhitepath are finished i e GREEN just like a real
DFS visit on

II i i
l

If we have in G then

finish C finish C Therefore the
componentwiththe largest finishtimemustbethefirst
in the topological sortof G

Observation thelastvertexto finish is the leftmostcomponent
in thetopologicalsortofGˢ





































































Let'ssayuisthelastvertextofin.is

G c is the leftmost component
I I 1 How do we findoutwhatvertices

5 areinC

weranDFS visitcat.us

I_ 4
G copyofG withalledges
reversed

he
SCCCG
1 Run DFS G to compute finish a for all uEV
2 Run DFSCGTI.butinthema terlo.pe
consider vertice in order ofdecreasing finishtime







DFSCG
1 time D
2 For allu EV
3 Colorlu WHITE

4 parent w

5 Forall UEV here Loopbydecreasingfinishtime

6 If colorful WHITE
7 PFS VisitG u

3 DFS in step 2 gives a DFS forest

Output thevertices ofeachtree in the forest
as a separate SCC

Runtime IVTIED

If you see directedgraph think SCC


