
 

S331 Fall 2024 Today Graphs

lecture 7 9118
DAGS

APSP

Motivation from last time

on allsin
winning

What can get us in trouble

A
EEG
e g tic tac toe

e g chess key diff progrest



BadgrowbraphslpartI.se on4

GYetas's
n M
M Ifl

Typically identify VEG

Vertex names 1,2 in

indirected directed

Edges CEE CEE

is ji tail head

in i j

Weights Wee A Week



Caveat Simple us multigraph

All graphs assumed simple no
multi eoses

self loops

Hence ME n a 1 O n

Specialgraphy
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DirectedacyclicgraphstPartsets

Definition Directed graph

duh Acyclic

ExampleD

T.j.T.CI
Not a DAG DAG

It's not too obvious

Can we make it easier to tell

Yest topological ordering



Topologicaloroeing

Rename vertices 1,2 n

Alledges e i is

Claim F top order E DAG

t.IE 3 F4
Proof Suppose top order cycle

in iz Liz is in.ie Lik in
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Proof
we'll see in PartV

runtime O ntm



Consider DP also

Dependency graph mustbe DAG

Tetessurums
edges U 7 U ift SAF Sca

Exampled

Fibonacci OFF
Gametheory

8reverse of
game graph terminal

Claim evaluate in top order

Proof Strong induction
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DP recursion

SC Aig
Sci Wais

Evaluate in top order

Runtime O mta using Li

All pairsshortestf.tk PatIl sectn

The final boss Our tools

Prefix based DP DAGS

Multidimensional DP Divide and
Conquer

let's begin



Input G V E w
Warning

maybenot DAG

Output this EVxV it

p ma

We unreachable

PEE

Assumption no negative weightcycles

Yes
1,1

revisit in

PartV

Baseline Olan XO n DAGS

Old
we'll get this for all graphs



Issue progress notion
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Idea lengthofpath

Try SCI e

Shortest is path w El edges

lemma F shortest is path w Ent edges

Proof Suppose K appearstwice
Shortcut Remove all cycles

runs 3 5 t.mn
i k skips K j

At ero en vertices

E n 1 edges



Punchline

SCDC Cn D
Shortest is path w tht edges
shortest is path

DP recursion guess the lastedge
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p else

Order one slice l at a time
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Intuition layered graph
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Claim 1 DAG Proof layer progress

Claim2 i j shortest path

it's n shortest path



But wait there's more

Idea 2 Divide and

conquera
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Better
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Only 0 n login such problems
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guess the midpoint

Save base case but less problems

Runt've OCarlos n x 0 n 063lostul

Idea 3 Prefixes Floyd Warshall

Motivation less cases in DP recursion

SciJC Go
Shortest is path
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Observation can't duplicate a

through vertex

Case l no K

Case 2 divide and conquer

through G D throughChD

putting
SELICK Max SEE CKD

SCDCKCK D

SCHOCK D

Runtime Ola x 0117 063
DP done


