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\I\/EIGHTED GRA?HS

A wegtted graph s o gragh G(VE) ‘togeJtl'lar wih o Sunchon
) : E——» l_—O, OO)

For e £, the number wie) is the weight of e.
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\I\/EIGH'TED GRA?HS

Gragh \ertices F clges Weights
Communication Computers gihvfop’cic cobles | response time
aur trove | oarports g:\ig\rrlis g‘ug‘n& fimes
Cor travel Stveet, corners Styveets olistances

Kevin/bacon actors Common movies (

ctock market Stocks transoetions cost
(clirecte] edlges)

Py | prieds | ARUIEEL | Himes




DI STANCE PROBLEMS

Teaveuing SaLesmAN ’BZGBLEM. Given a list of \c{Jn'es to visit,
what s the minimum olistance
Jou rieedl to travel /

TSP is really o question about weighted graghs.

EQS!EK?'IZO‘BLEM. Giventwo Vertices N a we{cjbniol qmph, what
is ther  “distance”




EXAMPLE
PROBLEM. Eno( ‘H’le. oistance Be)cuoeen A and E .

How 4o find the shortest path 1n generat?



DIJKSTRA'S ALGOR THM

To find the distances +rom a given, vertex Ain a weighteol
graplq Ball other verdices, oo the f(owmg

Fer‘E give A ‘I:LLL nent la’oel 0, and qive all oﬂlef
torbes e, Lemommrg label 00,

Then repea:(: ’ﬁmﬂowl st
e Find the vu%tanv O\I&ﬂ'\ the hewest permanest |abel
¥ o each verkex v’ OdJOCUFt’tO v letha terporory
A ~' (ﬂb@l d’leck !
; (el on + w(vv) = [a[pe[ oF v

H:Sod'\ the temporor a.belogv
Moke the smﬁs)c *éem;::ffrg L | permanent.

Remanet [abels ave the distances fom AL




DIJKSTRA'S ALGOR THM
Find the dlistonce from A 4o each, other verdex.
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DIJKSTRA'S ALGOR THM
Mu( obes Dijkstra's algon‘ﬂun work

Use duchion on ‘H’Le\numloef d eol%QS needed. 4o walk from
Ao the other verhices,

Ba& cose.: O Tke onl such verdex 1s A, w|/\ose oyt
[obel anj( distance fom A ave both %m
Inductive S“fep Sup se we need to cross at least one ed%z,fo
Qet Eom A 4o v (F Herets a path of (ongth o
from A to v, thee is a_path. of length d'<d from.
Ao some Nerter v thet is odacent o v anol
1S one '(Sﬁp" closer to A. Bt{ induchort, He,
mamrrt labe| & V' is s distance Fom 4. 1
{ (a%llows that v will get the correct pormanent
abel.



DIJKSTRA'S ALGOR THM

What s the complexity of D |<chra‘5 olgortthm, i Size
is measured wgie nwnloe/ verhices and cost s measureo]
1A o rwmber of OpemJUOVlS ( addrtions and cpmpo\nsons)/?

M kP step, Hhee are n-k verkices without a. pamanent (abel.
~at most -k additions, n-k compansons.
Then need r-k-| Compansons 'to fml the Smallest temporary

L
o f(n)- (Z(n ) ea-ke)
:gn-zm - O(n*)



DIJKSTRA'S ALGOR THM

What if we 1C4v‘ther ward o find o walk betoesn Lo verbices
M‘JCL\ ﬁle shovtest lEVqH’L (no‘ﬁ )'uS{' 'Hledfgf:amce, bvtwem the,
tuo vertices)?

bz Everyy time we make a lakel permanent, draw a [Hle arrow
from Hhad vertex o all other vertices that are “ent route”

1o the home \/ef/’czZ(ArA
9 g Wm, )(;How the
not on 9 G{Lv;rbr;)cjco Fn\nlé)f ali(
'H’l ) "\ Shor: walKS Noww.
e O\}j — l7
{0



DIJKSTRA'S ALGOR THM
Find all shortest poths from A 4o E.
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DIJKSTRA'S ALGOR [THM
Find the shortest pa{]ns...

5
@ o 128

from LAX 4o JFK [rom Nakamurt o Tokushima



FLovo -\n/ARsHA L ALGoRlT\-lM

[dea: Number the verhices ..., Va.
S‘l’ef) K: Find the shortest pcrar\ %m Vi to V] W You are only
allowed 4o use Vi .., Vk 05 indeymedicde Vertices
(; ot 5‘\'096}.
Con wrike this wls 10 & matrix M.
Wrte 0 if thee & no path.
Do this for k=0 ... .n. (At Step O, no pit Stops allowed.)
“The 1j-entry of Mo s the olistance from V: to ;.

\(e.\j observoon. for kst
Mk(l,.” < (Ylé‘ﬂ {MK-l(i.j)) Mk’\ (1, p) Y M((-l (P,j)z
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Fl:oYD -\n/ARSHA

L ALGoRlTl—lM

Finol all distarces using the, Hoyd-Wasshall algonthm.

v, Z o\
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DuksTRA vo Frovd-WaRsHALL

To $ind distances for all oRI(S of vertices, we neeod 4o run
Dijkstra's algortthm n times ~ o)

ﬂoqol-\/\/xrs}ml s also d(rﬁ), ut s qmicker ‘E)r lar%e gfqphs.

One ao/\/anfage to Ho‘{o( Warshall 15 Hhat i evens works
With mgcrh'\/e, ed%rz weichS.



