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Fig.8: (a) A two-parallel P-node p with many possible embedding choices at
cutvertex v. (b) Three blocks By, By, and Bs of the shared graph sharing the
same cutvertex v. Block By is a binary block (faces f> and f3) with respect to By,
while Bj is a mutable block that can be embedded in all faces.

that neither of the vertices in U has to be contained in the vertex cover C' of
G if both v and v are contained in C', thus |U] is not necessarily bounded by a
function in ¢ + A;. In the SPQR-tree of G, u and v are the poles of a P-node p
with at least |U| parallel subgraphs and we therefore cannot afford to enumerate
all permutations of p. We call such a P-node two-parallel. Even if we fix the
embedding of 1, the number of faces incident to its poles is not bounded, leaving
too many embedding decisions if one of the poles of p is a cutvertex in G; see
Figure

To circumvent these issues, we show that we can limit the number of embedding
decisions involving two-parallel P-nodes of & using connectivity information of
the union graph, allowing us to hrute-force all suitahle embeddings of each shared
component in FPT-time. Subsequently, we can determine whether G admits a
SEFE with the given embeddings using the algorithm by Blasius and Rutter |7
that solves SEFE if every shared component has a fixed embedding. In other
words, we use the bounded search tree technique where the branches of the search
tree correspond to embedding decisions in the shared graph. We first branch
for all possible embeddings of the blocks in G, and subsequently branch for all
possible configurations of blocks around cutvertices.

Theorem 9 (x). When k is part of the input, SEFE s FPT with respect to
the mazimum number of degree-1 neighbors Ay and the vertex cover number @
of the shared graph and can be solved in

0(2°) . (2(p + A)) P35+ AP nOMD) time.

Proof Sketch. We give a high-level overview of our strategy. For details, we refer
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Fig.8: (a) A two-parallel P-node ;1 with many possible embedding choices at
cutvertex v. (b) Three blocks By, By, and Bj of the shared graph sharing the
same cutvertex v. Block B, is a binary block (faces f> and f3) with respect to By,
while Bs is a mutable block that can be embedded in all faces.

that neither of the vertices in U has to be contained in the vertex cover C' of
G if both u and v are contained in C, thus |U] is not necessarily bounded by a
function in ¢ + A;. In the SPQR-tree of G, u and v are the poles of a P-node p
with at least |U| parallel subgraphs and we therefore cannot afford to enumerate
all permutations of p. We call such a P-node two-parallel. Even if we fix the
embedding of i, the number of faces incident to its poles is not bounded, leaving
too many embedding decisions if one of the poles of i is a cutvertex in G; see
Figure

To circumvent these issues, we show that we can limit the number of embedding
decisions involving two-parallel P-nodes of GG using connectivity information of
the union graph, allowing us to brute-force all suitable embeddings of each shared
component in FPT-time. Subsequently, we can determine whether G- admits a
SEFE with the given embeddings using the algorithm by Blésius and Rutter 7]
that solves SEFE if every shared component has a fixed embedding. In other
words, we use the bounded search tree technique where the branches of the search
tree correspond to embedding decisions in the shared graph. We first branch
for all possible embeddings of the blocks in G, and subsequently branch for all
possible configurations of blocks around cutvertices.

Theorem 9 (x). When k is part of the input, SEFE is FPT with respect to
the mazimum number of degree-1 neighbors Ay and the verter cover number ¢
of the shared graph and can be solved in

0(2000) . (2(p + A})) @A 3% (o + AN nPD)Y time,

Proof Sketch. We give a high-level overview of our strategy. For details, we refer
to the full version [L1].
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Fig.8: (a) A two-parallel P-node y with many possible embedding choices at
cutvertex v. (b) Three blocks By, By, and Bj of the shared graph sharing the
same cutvertex v. Block By is a binary block (faces f; and f3) with respect to By,
while Bs is a mutable block that can be embedded in all faces.
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