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The Minimum 5pamfz l}g Tree Problem

/170&{/:
o Gralﬂh G=(VE)
o Edlge ueidé/s g: E—= R

Output :
A Spanm';g #ee 7 of @ of

minimum A)e(iy/z/

Spanm'@ hee = tree T2 G cwziu«'m’tg} all verhes of .



Minimum SFann/';g Tree Qs an /mévo er Linear ﬁg;mm

ln/eaer Iingar program (ZLP): LP whose variables are inkgers



[MHinimum 5lvam7itg Tree Qs an /m‘:vo er Linear ﬁg;mm

ln/eaer Iingar program (ZLP): LP whose variables are inkgers

. - 14 if ee MST
- o ifeg MST



Minimum 5/70}7/7/‘}9 Tree Qs an /m%o er Linear ﬁg;mm

ln/eaer Iingar program (ZLP): LP whose variables are inkgers

{i if e e MST
)<e= . .
o) if e ¢ MSI

[LP: Minimize 2 QeXe

eeE
st. Xee€ % O, 'l} VeeE < /'m{yer linear ,0/0;
"T=(V, §ecE | xe=12) is a e’



Characleriaing o Tree

De/‘/‘ﬂié'@n of a free:
A al‘a/ah is o free /'F arnol ong 1'/‘

o It is connecled andl

o Has no c<7c1c.



Characleriaing o Tree

Definibon. of a tree: Lemma: T=(V,E) isaq +ea
A gra/ah is a fee if onol °”é' if  if and oné«, il it sahspes ai
least dwo of He Fw//oaily

o It is connecled andl

Concli hons:
e Has no c<7c1c.
o m=n-4.
n = vl o T is connecled.

m = |E| o T has no cdc/e.



Characleriaing o Tree

| enme.: A 4ree has n-4 ea?_es Cn=1v1).



Characlen aing o Tree

| enme.: A 4ree has n-4 ea?_es Cn=1v1).

Lemmo: IF T has n-1 edges, dhen it is conneckd f and ongy
i it has no c(yc/es.



MST as an ILP

A tree has no cyckes:
Minimize Z eXe

eeE

s.t. 2 Xe = n-4

ceE

Z’ Xe & [Cl—i VCJC’E.C

€eC

Xe € 50,13 VeeE



Cuts and Connechis {J

Cut = ﬂDn-empg proper Subset F e SecV

(55

Ea[&e_s with one emolporm‘ in' S are said fo cross the cul S.



Characlen aing o Tree

| enme.: A 4ree has n-4 ea?_es Cn=1v1).

Lemmo: IF T has n-1 edges, dhen it is conneckd f and ongy
i it has no c(yc/es.

[emma: G is comeckd if and onfj if every cuf /s crossed b<7 !
leas¢ one eo(o-e.



MST as an ILP

A tree has no cyckes:
Minimize 2. FeXe

eeE

s.t. 2 Xe = n-41

ceE

Z Xe & [Cl-i VCJC’E.C

€eC

Xe € 50,13 VeeE

A Hree is connecled :

—
Hinimize 2__, JeXe
eceE

s.t. Z ’(e=n"i

eet

Z Cuv) 7 i \7/ Cu/ )
(uv)eE

UES

véSs

Xe € io,«l}



MST as an ILP

A +ree has no Cac[g-,
Minimize Z eXe

eeE

s.t. Z Xe = n-41

ceE

Z’ Xe & [Cl—i VCJC’E.C

€eC

Xe € 50,13 VeeE

A +ree js conrecled :

—

Hinimize 2__, JeXe
eceE

5-1&. Z xe =Nn- i

eet

Z x(u,u) >1
uv)eE

ues

véSs

VY cut S

Xe € io,«l}

Bodh ILPs have exponenh'alg marg{ constaints !



A Few Moks

o Exporzenbbé/7 malg Cons frainfs are ok in Huis CQSE».’

o Corzs#aim'%o vanables b be m/e&c/:s Is v“e 6Wer Iﬂfoé/em_.
ILP is NP-hand.

o Pim and Kuskal are fle simpler: fasks choice.



