
Algorithms - Spring25

MSTs
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· Midterm

results :

#13 people

· Reminder : = Ilalisla-dup

Only20%
ofgee

· AW this week - on paper

· Evolutions open
-

↳ close tonight
-



Mimum Spanning Trees undirect
↓

Goal : Given a weighted Graph G,
-

W :E->A the weight function,

find a tree T of G
that Spann,: S

wH) = [ w(e)
eeT

I

00g

Assume MST is

unique
.



The magic
truth of MSTS:

You can be SUPER greed,
Almost, anynaturala
This is highly unusual

,
7

there's a reason for it :

these
of solarareexama
-> matroid.
-

(Way beyond this class...)



property:

Consider breakingGinto, toa
S#weledgesse

w(es)= &⑧
-lowestweight

The MST wil always Jcontain the lowest

edge connecting thetwo sides.

matter what ! MST
No

S min isU-S
· V
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Generic Algorithm :

Buildaforest : an acysas
↑

D : An edge IS beless
-

If it connects 2 endpts
insame componenta

iso
edges

Thata An edge is safe If it
=

re
IS minimum edge fromI some carpet ofF to

&

o

Fat
A



So idea :

Add safeedgeaa free
isn't connected,Ifeverythe someafter

edge .

Why?
Use lemme : 2 comps formal,
so make one of then =S.

Add it a recurse.

-



We'll see 3 ways
:

⑪ Find all safe edges.&

Add them a recurse.

② Keepasingle connecta

Atech iteration,dedge.

③ Sort edges lola
throug
IfedgeIs safin



First one : (1926-ish)
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So we need to :

While more than 1 component :

- Track components
use

wiS
· End all safe edges
· Add them
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comp 3

More formally :

·O ↓

o->
- &

O(E)
S

-O()

4
-

Si
-
O(v)

· f

E ⑤ 3
count=4

-

OCE)

(OCV)

Uses WFS-variant from Ch5 : O(VTE)
- &

in forest,
EIV

-

↳O(V)



Correctness st have any* safe edge (by lemme)
- We keep computing safeedges a adding

-

-Stop whenconnected
components = 1
-

->HartMST !



&time er !
Depends on howmatedges
Claim at- There are

least #components/
safe edges each time.

Why? 2

[

· O
·

4

· each comp picks one
edge .



S : runtime :

oh full graph !

JOCES
O

- Looks at each vertex + edge
in worst case :

OCE+v) =O(v)

BFSFOCE)
ore)

↳ Fa Ha
Hemays?

loga V
In worst case

Total : 0J (V+E)-logaV)



Prm'salgorithm :

Creally Jarnik, we think)
keep one spanning

subtree.

While ITIV :
S

add next safe edge

G o



Implementation :
From all edges goingfrom W

VIT) to V(6) - v (T),

-

add

safe on
a

&

I:Which data structure?

prioritygree at
runtime? logan-

for inset or exact
Min

-

-



Runtime :

loop V-1 times

each edge will be

added ( possibly removed)[from heap

↳O
Aside :
Book goes over alternative-

uses a cooler data structure.
-

Comparison to Borivka :

Faster (worstese) , unless E= OCV)
But practically I

Borika usually wars.



Kruskal's Algorithm:

How to implement ?



Algorithm:

Date Structure :
Unionfind



tompsonFlogv)

· Prim :O(E +VlogV)

· Kruskal : OE logV)
· remember : Worst case !

(plus-hidden constants)
· also : EFV . Might have
EEVY

,
but also could be

smaller.


