
 Zeca Strongly Connected Components SCC

Given a directed graph G v E findits SCCs

I da

edge

Gs Component graph

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

DFS Walk on G DFS Walk on G topologicalsortofG

Itextfinish is.IEif Efascy



Togettheentire leftmost component from somevertex a
Run DFS Visit Gin where Q is G w alledgesreversed

Overallalgorithm Kosaraja Sharir

SCC G
1 Run DFS G to compute finish lu for all uEV
2 Run DFS GT but in the macterly
consider vertice in order ofdecreasing finishtime

3 DFS in step 2 gives a DFS forest

Output thevertices ofeachtree in the forest
as a separate SCC

DFS G Runtime OLIVHIEM
1 time D
2 For allu EV
3 colorlu WHITE

seedirected graph
think SCC

4 parent a

5 Forall UEV here Loopbydecreasingfinishtime

6 If colorful WHITE
7 DFS VisitG u



t.IE TreeCMST

InputG is an undirected connectedgraph with aweight

w un associated to eachedge in v EE

Goal Find a spanningtreeTEE acyclicandconnectsallvertices

with smallesttotalweight
WCT want

eg

How to find MST Growthetree greedily

GenericUST G w LoopInv

A A issubsetof someMST
While A isnot a spanningtree I

findEun EE safeforA
A Autun fun safeforA if Autu u

Return A also a subsetofsomeMST



By loopinv somesafeedge buthowdo we find it

SomeDefinitions First

A cut of GIV E is a partitionofvertices S V S

Edge u v crosses cut S VS if ues andVEVS
sameas IV u

Cut respects A if no edge in A crossesthe cut

A

tu v3 a lightedge crossing a cut if it hasminimum
weightof anyedge crossingthecut

S V S

lightedge



Tmt Let A ETEE forsomeMST T S VS bea cut

respecting A andLuv3be a lightedgecrossing S V s
Then u u is safe for A

Proof LetTbea MST containing A If Luv ET we'redone
So assume u v T
SinceT is a spanningtree path in T from u to v

Further since UES and VEVS someedge x y
in that path crosses the cut S V s

S r s

Since un is a light edge
Wlan wla.gl

Let T TV17.93 Uttar It is a spanningtree and

WCT WCT why tw un

WCT

But I was MST so T is alsoMST Luv is safe



KruskalisAlgorithm

Idea Puteachvertex in its own connectedcomponent
Thenrepeatedlyaddtheedgewithloy.es w.eightthat

E.IE eIitbec.tnen
the edge we added is a lightedgeforthecutCC.ve
and is therefore safe

MST Kruskal G VE w

1 A
2 For all vEV v1 T Makeset
3 Makeset v 11eachvertexin its own connectedcomp
L Sort E in non decreasingorder E logle 2Elloglul

For fun EE
If findset.lu FindSetlv 1uandvindiff.comp

7 A AUTUN
Union u v 4mergew'sandv's components

ReturnA
Zunting.lv TCMakeSettTlSortE tIEl.TCFindSet tIvl.TUnion
DisjointSet CLRS519.3

t.ISIi.IfhgnQ
Mt Ellogluttlelogin
Wllogul LIElog V1
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