
#travellingsalesperson problem (TSP)

Given c : E(Kn) -> 1Rso ,
find a H . C .

CEK
,
whose weight <(c) :=Fees is minimum is

MetricTSP
Given c : E(Kn) -> 1 so

such that <xy) + <(yz) = c(xz) Yx , y , zeV(Kn)
, find

OPT(Ky , c) : = H . C . CE Ku of minimum weight.

& stands for OPTIMAL .

Common notation for many problems in CS.

Defn : A isaapproximation algorithm for f : I
-> IR>o if Alx) < p

· f(x) XX.

Notation : MST (Kn , c) := spanning free T& Kn whose weight CIT) is minimum .

Lemma : c (MST) < ClOPT)

e



roof : C = OPT(Kn , c) and e E(C).

C-e is a tree => CIMST) < c(C-e) < c(OPTS
-

#Multigraph : a pair IV , E) where E is a multiset such that e=X and le1 = 2 VeeE.

>Examples : To -
·

X.b

-hedouble freealgorithm (T
① Find a MST T

② Duplicate T
③ Take an Eulerian tour Win T (duplicated (
④ Shortcut W to obtain a H .

C
. C .

Output : C. ②



A

Ephe

MFG

H I

Evertour ADHDIDBEBFBACGCAH : ABDHIEF

Lemma : C = DTA(knic) - <(c) < 2 c (MST)·

Corollary : DTA is a 2-approximation algorithm for MTS.

③



-Christofides'Algorithm
Enput : Kn and : ElKn) -> 1

, o
metric.

Running time
= Olu3

① Find MST T w
.
r

.
t

. (Kn ,
c). (no proof here)

② 0 : = Ev : d
+
(v) = /(mod2)) ↓

③ Find a minimum weight perfect matching ME KnTO] w . r
. t . c.

④ 6 := (VIKn)
,
ElT)VE(M)) and W be Eulerian tour in G

.

⑧ Shortcut W to obtain a H
.

C
.
C

Output : C

⑭



A

Example:/...

··/ ....
·

H I

Euler four (without edges) : ABDHIDEBFGCA

&put : ABDHIEFGCA

Note that < (C) < c(+ ) + c (M) = c (MST) + c (M)·

Caim : <(M) < c(OPT) /2 .

⑧



&roof : D = OPT = H
.
C . of minimum weight .

D' = an arbitrary H . C .

in Kn[E] ·D
: Elkn) -> IR metric CD') <c (D) ·

·

Partition ECD') into two matchings , say M ,
and M2 . VID') =·

Then
, <(m)))+

<M2)<
M
,
= -

My
=

-

We just proved :

#hm : Christofides' Algorithm is a 312-approximation algorithm for TSP .

⑥


