MAJAMA DY :
Networks ¢ Combinatorial Opfimization

Today® 814, §21,§22

From \ost fime

Given o connected graph G=(VE)

ond length function L-E=R, wonr

find minimum Yength Spaning tree -
()= Z{_ Qe).

Tham 1 S\APPDSQ
"Fis a greedy Sorest of 6
+ W is the vertex set of o conn. Component of F
-ee () has win. length in S(W)

then, FLled isa greedy Trest of G

Keuskol's Algorithe (1156)
) Sort edges sb. Rle)efie)e. <flen)  ([E\m
2) Set F,=(V, ¢)




3) For i=l,m, § Fuied oeyclie, =R vied
Otherwise F=FK.. Run fime:
O\K\"p\i\* T-E O(IEl tog(IE)))

Soding edges‘.

G
»‘7 1&‘"
( ook o{- comec’mess Stort 5 is a greedy forest

F ., uled is acyelie, € connects two connecied
components U U' of R, = e d(WU).

I§ ((F)lle;), end pts of § ove connected in oy
=> €; s win length among §(U1).

> By Thm |\, § isa qreedy Forest
Q: tow do we \W\\)\Q ment S‘&P (3)7

One way is o keep ack. ot the connected,
Com\wnwn’rs of F. FLufesd acyclic © @_®

end P\'S of ¢ lie in gifferent conn. O™MP-



Application |. 7 Mowiwum Reliokility Problen
Won to desSign 0 network ot mowimizes reliabilh
bput: Groph G=(VE), S-E=Ry
2ey= S’Weng\‘n of edge
The reliability of o path P is (P)= min s
(S‘\TQV\%“\ of weakest link W P) = & E®)
For verkices uNeV, define
)= max i) Pis opoth in & from whv

@v (Strongest wenkest ink!)

Let 1 be o maimum Shrength sponning ree
(minimuim | ex\g\M with ()= -sle)). o &
Qaien * v (UN) = V3 uy) ool \Ne\/ o 4

\

T




§21/52.2 Comex Sets

Aset CEXRis convex if °""°‘
Tor every x\eC ARl Ax+(1-Ny eC
Trad is, Containg the line segment ron-

between ony fwo points in C. comiex

Remark: The indersechon of convex Sets is Convex.
QQK\ Conlex forall iel= ﬂ.-e:Ca Convex

€G> xyeG Yie L (’
> A+ (\-Aye G Wie'l

= AX"'(\-)\\\[ e (g G
The convex hull of o set XS, denoted. cov(X)
is the mallest convex set containg X, ie.

conv(X) = () C
Atternatively, e w
conv(X)= iZAx, Xy-Xem€ X A;20, PR 1}

1=y

0 “Convex combination of ¥,... X
The convex hull of o finide Set is a polytope




Y

“X= 100, 0,0, 005 D

= QS{\\IOQ k) R %20, 420 12 xey}
L= (1-x-4)(00) +x(1,0)+y (1)
coef¥ gre 20 ond sumto 1

Ex 2: X%(o,o,o)ﬁui( ,\,,\3- x2+\,2 1] '
Cony () =3 (xy, 2V R+ e, Ox2 el |
Claim: For X¢R" ceR”

mox? C'x: xeX T = mon iy ¢ ye cor (%)

(Proot) "¢ Solows Ham Y ¢ carn (X).
for “2%, lek ¢ maxdickxeX and y e conv (X)

\;Z)\x, for some ... x,,.eX A20 st 2x:]

=?C\{‘2)\CX 42)\0_0
A N

\meax\-\'\| A 20 \'\ 2Nz
EX/ Def: o Closed halfs ace 1S a
0 Set of the form IxeR™: a™x b3

where 0 E(R be R

Convexity: oixeb, dycb = Adx < Ab
(-A)a'y < (-0

S o' (Ax+(-Ny) ¢ b




A poluhedvon is +he intersecion of /><r\
finidely- mony halfspaces, ie. -
D= TkeR: alkeby ... AT XE b}
whee Oy am ERY, by, b ER

Ex: k) e %20, 420 12xey] DA

T 24 E\IU\, po\\frope_ is 0 bounded Po\qheo\mn.

Aset XeR'is bounded i€ X is contained in
Some ball, ie. IReR,, st. Ix|.¢ R for all weX.
You chede: ¥ X is Younded, so is Con(X).

’\’h_m -. E\jex\/ \boonded po\g\nedron IS & po\(j’fope.(gb
We will tvanslode comb. opt. problems o

e forim  waxicx - xeX § with X finide
and then rep\ace X with conv(X).

Teaser for the futwee:
Sponning frees 0 O ?D\\1 e
6=(\/, E) Connected graph, L:E->R
For TCE, define I+ < Re =

|




_ 21 ik el
(l]h-)e % O ‘\'F e¢T

/rhen COYNiﬂT‘T IS O SP““- tree of 6}42
S 0 pokytope.
o ab ac oc
Ec A Telbad = 1e=(100) N
- © Tziﬁb,bd = ]l"|'=(|IDI|) e
T=3ac, bef - l‘r =(0,1,1)  comex ol

Cloim: length of min Sp. tree
= min | 2 4e)xe 1 xeP ]

eEE






