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Maximum Deqgree Contraction

Input: Graph &, ints k, A

Can we contract abt most k edges in &
s.t. the maximum degree in the resulting graph
s abt most A7

Para: ke + A



Parameterized complexity of three edge contraction problems with degree
constraints. — Belmonte et. al. Acta Informatica, (2014).

Thm 2: When d = 2, Linear kernel => 270(k) algo. |

& ‘Po—tv kerhel k¢ + A7



R1: No algo running in time unless ETH fails.

ETH fails.

No aigc;) rw\mw\g i time unless
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Thm 2 Wkem ci 2 Lmear Lmrmel => 2 oigo‘.



R1: No algo running in time unless ETH fails.

(¢ x k)-MulkiColored-Cligque

R2: Algo running in time 270(1d).

Universal Sebts + Brawnching

Q: Po L‘j keriel ke + 4?7 K3: No, unless NP C coN?/ po Lv

KBDS para lBl + Log lf?;l
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Cur Conkribubions

FPT Algorithm

O‘F?em Questions



C — Cownkraction

IMPM%: Grarzk Cr, Nk ke
Can we contract abt most k edges in &
s.k. resulking graph is in G?
Para: Mk

Pablh  Tree Cactus Plawnar BE;Eer%@. Grrid
Cti;qua SFLE;% Chordal
moax-deq <= d (k) min-deq >= d (k)
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Cur Conkribubions

FPT Algorithm

O‘F?em Questions



Theorem 1. Unless ETH fails, there is no algorithm that given any

instance (G, k, d) of Maximum Degree Contraction runs in time n°®
and correctly determines whether it is a Yes instance.

Brute force algo: N 0(i)

Theorem 2. There is an algorithm that given an instance (G, k, d) of

Maximum Degree Contraction runs in time 29 - n®W and correctly
determines whether it is a Yes instance.

Lower bound:

Theorem 3. Unless NP C coNP/poly, Maximum Degree Contraction,
parameterized by K + d, does not admit a polynomial compression.



Kinowi Resulks

FPT Algorithm

O‘F?em Questions



Mox-Deq Contra:: Partition of V(&) s.t.

(a) Each part (called witness set) is connected
(b) Any witness set is adj with at most d other




Max-Deq Cowntra:: Partition of V(&) s.t.

(a) Each part (called withess set) is connected
() Any witness set is adj with at most d other

(@) + Solution size => 2k vert in big withess sets
(b) + Solution size => kd vert adj to big witness seks



A 2-coloring of V(&) that colors

2k vert in big wibhess sets with red-color
kd vert adj to big wibhness sets with blue-color
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(n, 2ik¢ + dk) Universal Sets




(n, 2k + dlk¢) Universal Seks
—~ Collection of ex[p(kfd) n Llog n 2-colorings of [n]

~ For any set X of size 2k + di, and its partition
(X1, X2}, there is a coloring compa&b{e with tE.

X1 = vert in big wiltness seks
X2 = vert adj J to bzg withess sets

- om W




Bad-red @ @ @ @ |
(Does not contain | j
a big witness set) @ @ @ ;

Maximum Deqree Cowntraction <=>

Griven a ‘compatible’ 2-coloring: good-red vs bad-red
Fix a hypothetical solution F. X1 = V(F), X2 = N(V(F))
IF] <= & => [X1] <= 2k; [X2] <= kd

One of 2-colouring in (K, 2k + dik)-Universal Sets is
campa&bt& wikh (X1, X2).



Griven a ‘aampa&bm' -coloring: qood-red vs bad-red
— Ay wikthess set is &ompie&ei.v LA redﬂparé

~ Any red-part is either union of wibthess sets or
doesnt inkerseck any wikhess sek

~ Ay vertex in btu@.mpar& can see ok wosk 4 redmp&rﬁs



~ Ay red-part is either union of wibthess sets or
doesnt tnkerseck any wikess sek

~ Ay vertex in btu,@.mpar& can see ok wmostk & recbpar%s

while( deq(u) >= 4 + 1)
U uin redwpar%: contract that part
i w i blue-part: branch over 2°d possibilities

Measure (k) drops in each case

Runining time = |Universal Sets| * |[Branching|
= QXF'(M’&) * @.xga(h:d)



Kinowi Resulks

Cur Conkribubions

O‘F?em Questions



Ql: When d = 3, does MAXIMUM DEGREE CONTRACTION
admiks a Fmtj?

~ d = 2, kernel of size O(k) on connected graph

— arbitrary d, no poly kernel

Q2: Lossy keriel for MAXIMUM DEGREE CONTRACTION?



Thawnle 30%!



