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Branch decompositions and mim-

e Mim-width of branch decomposition: Max mim-value over all cuts.

e Mim-width of graph: Min mim-width over all its branch decompositions.
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Mim-width and algorithmic prob
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[J., Kwon, and Telle STACS 2018, Algorithmica 2020]
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[J., Kwon, and Telle IPEC 2017, DAM 2020] [Bergougnoux and Kante ESA 2019]
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SUBSET FEEDBACK VERTEX SET :  DISTANCE-r LCVP [Galby, Munaro, and Ries TCS 2020] :
[Bergougnoux, Papadopoulos, and Telle WG 2020] [J. et al. IPEC 2018, TCS 2019]
HAMILTONIAN PATH GRAPH COLORING

CLIQUE CO-DOMINATING SET MAXIMUM CUT NP-hard

Each problem expressible in logic L is efliciently solvable on graphs of

e Vertex variables x, vy, z, ... and vertex set variables X, Y, Z, . ..
e Vertex set constants (colors) P, Q, ...
e Connectives: and (A), or (V), negation (—) only on quantifier-free formulas.

e dr dX x =y, v € X, E(x,y) (adjacency)

Example: dzy ... dxy /\i%j - F(x;, %‘)

Neighborhoo

operator

N /(X') is the set of vertices
v at distance at most r to at
least d vertices in X \ {v}.

Neighborhood terms

...are built from set variables (X, Y, Z,...) or set constants (P, Q,...), by applying
e the neighborhood operator N7 () for a neighborhood term ¢, or
e basic set operations t1 U ty, t1 N iy, t1 \ Lo, t1 for neighborhood terms ¢y, to.

distance neighborhood (DN)

...1s the extension of Existential MSO; with

e size measurements of nbh. terms ¢: |t| < m or [t| > m,
e comparison between nbh. terms t;, ty: t1 € t5 or t; = o,
e connectivity constraints on nbh. terms ¢: conn(t), and

e acvclicity constraints on nbh. terms ¢: acy(t).

Examples

e MAX. INDEPENDENT SET: 3X |[X|>m AN (X)NX =(
e MIN. DOMINATING SET: 3X | X|<mAXUN(X) =0

e MIN. FEEDBACK VERTEX SET: 3X | X| < m A acy(X)
e LONGEST INDUCED PATH: 3X |X| > m Aconn(X)Aacy(X)AX\N;(X)=X

Theorem

There is a model checking algorithm for A&C DN logic that runs in
nO(deOP) tirne7
e where d = d(y) is the maximum such that N (-) appears in ¢, and

e w 1s the mim-width of a given branch decomposition.

Our meta-theorem...

e ...captures almost all problems solvable in polynomial time on graphs of bounded mim-
width (see in the dotted box to the left), and morel

e ...also implies single-exponential algorithms param. by tree-width and clique-width.

e ...is (nearly) tight in terms of run time and in several senses, expressive power.
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