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1. Introduction

Pre-processing algorithms are frequently employed when solving large problems and are often tfundamental to do so. Until
recently, however, these algorithms were designed without theoretical guarantees, and measuring their effectiveness was a
completely empirical process. Parameterized complexity offers a sound theoretical framework that allows us to prove lower and

upper bounds for these kernelization algorithms, as they came to be known in the community 2|. Given an instance (x, k)
of a parameterized problem [, we say that 1l admits a kernel of size g(k) when parameterized by k if we can build an equivalent
[T instance of size at most g(k) Motivated by the fact that MULTICOLORED INDEPENDENT SET is a central problem in
':)arameterlzed complexity, we prove the following theorem, where a class G is non-trivial if, for every t € N, G contains a graph

on t vertices; we point out that INDEPENDENT SET does admit a polynomial kernel |3| under vertex cover.

2. The theorem

For every fized non-trivial graph class G, MULTICOLORED INDEPENDENT SET does not admit a polynomial kernel
when jointly parameterized by vertex deletion distance to G and size of the solution, unless NP C coNP /poly.

4. Cross-composition

We use the cross-composition framework of Bodlaender et
al. [1] to show that 3-COLORING OR-cross-composes into
MULTICOLORED INDEPENDENT SET parameterized by dis-
tance to ¢ and size of the solution. That is, it is a many to
one reduction with the following constraints:

Hy

t instances of Q (G, ©) is YES

3-COLORING iff some H; is YES
Hy,

VH) =[] -

for every H; - Parameters must be
@ bounded by poly(n + log t)

/

5. Instance Selector Gadget

eraph of G, and add Y as a part of .

Begin by adding to G a set Y = {y1,...,y;} that induces a

6. Vertex Gadget

For each v € [n], add to G a gadget G, containing an in-
dependent set A(v) = {ve(a) | a € [n] \ {v}} and a copy
K (v) of the complete tripartite graph K1, 1,-1. For each

Gy, add parts {p(v,a) | a € [n]\ {v}} to ©; each p(v,a) con-

tains ve(a) and three non-adjacent vertices vi(a), vo(a), v3(a) of

K (v). Foreach H;,ifav ¢ E(H;), add edges {yzv]( a)}jepz and
ia;(v) }jepz, otherwise add edges yve(a) and y;a.(v). For
each av € Uie[t] E(H;), add vj(a)a;(v) for every 7 € {1,2,3}.

Ug(a) Ug(b) UQ(C) Ug(d)
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3. Multicolored Independent Set

An instance is a pair (G, @) where G is a graph, ¢ is
a partition of V(G), and the goal is to find an inde-
pendent set of G that hits each part of ¢ exactly once.
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7. Intuition

e For each v € n| we can only choose vertices of one
color class of K(v) = v;(-) is in the solution Z if
and only if we color v € |n| with color i.

olf v;(a) € T , then a;(v) ¢ Z = v and a cannot
have the same color.

o [fuv.(a) €T, we canignore edge av = when v.(a) €
L. v and a can have the same color.

e There is a unique y; € Z and, for every av € E(H;),
ve(a) & I, so some v;(a) must be in Z and a;(v)
must not = 1if y; € Z, vertices that are adjacent in
H, cannot have the same color.

v;i(a) a;(v)
ve(a) o O ® a.(v)




