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Logistics

« For every exercise, you’'ll receive feedback from me on the exercise
session next week !

« Anki cards

CodeExpert videos

- Regular recap kahoots in class on the weeks without the minitest



Connectivity Kahoot






Closed « A sequence of vertices (vg, vy, ..., vk ) is a closed walk (german “Zyklus”) if it is a walk, & > 2

Cyc I eS walk and vy = vj.

Cycle « A sequence of vertices (vg, v1,. .., Vi) is a cycle (german “Kreis”) if it is a closed walk, k& > 3

D efl ni t I0ONS and all vertices (except vg and vg) are distinct.

« Hamlitonian Cycle

» A cycle in G that contains every vertex exactly once

» Eulerian Cycle

- A closed walk in G that contains every edge exactly once




CYCIeS « Hamlitonian Cycle

Ha miItOnia n Cycle Exa m ples - A cycle in G that contains every vertex exactly once

|lkosaeder Petersengraph
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CYCIeS « Hamlitonian Cycle

Ha miltonia n Cycle Exa m ples « A cycle in G that contains every vertex exactly once

Grid Graph

Letm,n > 2

A n x m Grid has a hamiltonian cycle iff n x m is even



Cycles

Hamiltonian Cycle Examples

d-dimensional Hypercube H

V :={0,1}d

E := “All vertex pairs that differ in only one coordinate”

d=2:

« Hamlitonian Cycle

« A cycle in G that contains every vertex exactly once

d=3- 110 111
10‘ 11‘ /7
010
| — | 101
00 01 — /'
'_-
000 001

Has a hamiltonian cycle for all d > 2



Eulerian Cycle

Lemma

A connected G has a Every vertex has an even
eulerian Cycle degree



's take a break

AW © &

WhatsApp group




Hamiltonian Cycle

Given a Graph G = (V, E) , does G have a hamiltonian cycle ?

NP - Complete



NP-Complete

Given a Graph G = (V, E) , does G have a hamiltonian cycle ?

A
NP-Hard
NP-Complete ,
P : polynomial
NP C e :
............................ NP : non-deterministic polynomial
| g « NP is the set of decision problems solvable in polynomial time
g by a nondeterministic Turing machine.
S * NP is the set of decision problems verifiable in polynomial
time by a deterministic Turing machine.
NP - Complet

A problem a in NP is NP-complete if :

ae€P = P=NP



https://en.wikipedia.org/wiki/Nondeterministic_Turing_machine
https://en.wikipedia.org/wiki/Deterministic_Turing_machine

Hamiltonian Cycle

Dirac’s Theorem

V| = 3 and A G has a hamiltonian

the minimum degree o(G) > | V|/2 cycle



Hamiltonian Cycle
DP Approach

Forall S C [n]with]l € Sandallx € Swithx # 1 :

1 , If there exists a 1-x-path that only uses vertices from S

U5 P[S]IX] =

O |, else

Initialization:  P[{1,x}1[x]1=1 iff {1x}EE

Schleife:

forall s=3ton
forall S c[n] mit 1e Sund [§] = s Rekursion Dynamische Programmierung:

Laufzeilt: ~ N2 2n
Speicherplatz: = n2n

Psx = max{ Psyxy : yeNX)nS,y=1}

Ausgabe: G enthalt Hamiltonkreis gdw dxe N(1) mit Ppyx=1






TSP

Problem Description

Given: « A complete Graph K, of n vertices

. . n
. Distances [ inbetween every 2 vertex [: <[2]) — R

Tofind: « “shortest round trip”

min Z l(e)

H : Hamiltonian Cycle
also NP-Complete



Metric TSP

Problem Description

Given: + A complete Graph K, of n vertices

. Distances [ inbetween every 2 vertex |[: ([Z]> — R

To find: « “shortest round trip”

. [ satisfies the triangle inequality

min Z l(e) Z(X, Z) < l(.X, y) T l(ya Z)

H : Hamiltonian Cycle



Metric TSP : 2-Approximation

Problem Description

Given: + A complete Graph K, of n vertices

. Distances [ inbetween every 2 vertex |[: ([Z]> — R

. [ satisfies the triangle inequality

Tofind: < Hamiltonian Cycle C s.t.
[(x,2) < l(x,y) + I(y,2)

[(C) < 2I(OPT)

min
where OPT = H: Hamiltonian Cycle Z l(e)
ecE(H)



Metric TSP : 2-Approximation
Algorithm
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Metric TSP : 2-Approximation
Algorithm
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2. Duplicate all edges of 1

3. Find Eulerian Tour

4. Traverse once using

shortcuts s.. each vertex is visited exactly once

= Hamiltonian Cycle C
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Metric TSP : 2-Approximation
Problem Descr iption

Metric TSP : 2-Approximation e

Correctness
where OPT = H:Hamilt:;,rl:l;:zln

« [ satisfies the triangle inequality

1. Find the MST T I(T) < OPT(K,, )

2. Duplicate alledgesof 7' 2 [(T') < 2 OPT(K, ,[)

3. Find Eulerian Tour

(W) =2KT) <20PT(K,,])

4. Traverse ~ once using shortcuts
s.t. each vertex is visited exactly once — Hamiltonian CYCle C

- [ satisfies the triangle inequality Z(C) S Z(W) — 2 Z(T) S 2 OPT(Kn . l)

I(x,2) < lx,y) + I(y, 2)
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