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SUMMARY  We consider the minimum feedback vertex set problem
for some bipartite graphs and degree-constrained graphs. We show that
the problem is linear time solvable for bipartite permutation graphs and
NP-hard for grid intersection graphs. We also show that the problem is
solvable in O(n? log6 n) time for n-vertex graphs with maximum degree at
most three.
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1. Introduction

A vertex set F' € V(G) of a graph G is a feedback vertex
set (FVS) if the subgraph of G induced by V(G)\F has no
cycles. A minimum feedback vertex set (MFVS) is an FVS
with minimum cardinality. The minimum feedback vertex
set problem (MinFVS) is to find an MFVS in a given graph.
It is known that MinFVS has many applications in various
areas including integrated circuits and optical networks (see
[2],[22], for example).

We first consider MinFVS for bipartite graphs (bi-
graphs). The following relationships between bigraph
classes have been known [15] :

{Bipartite Permutation Graphs}
C {Convex Graphs}
C {2-directional Orthogonal Ray Graphs}
C {Chordal Bipartite Graphs},

and

2-directional Orthogonal Ray Graphs}

{

{Orthogonal Ray Graphs}

{Unit Grid Intersection Graphs}
{

C
c
C {Grid Intersection Graphs}.

It is known that MinFVS is NP-hard for bigraphs [23],
while it can be solved in O(n’) time for chordal bipartite
graphs [10], in O(n*m) time for convex graphs [13], and in
O(nm) time for permutation graphs [12], where n and m are

the number of vertices and edges of a graph, respectively.
We show in Sect.2 that MinFVS can be solved in O(n +
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m) time for bipartite permutation graphs. We also show in
Sect. 3 that MinFVS is NP-hard for grid intersection graphs.

We next consider MinFVS for degree-constrained
graphs. It is known that MinFVS is NP-hard even for planar
graphs with maximum degree at most 4 [16], while it can
be solved in O(n*) time for graphs with maximum degree
at most 3 [5], [20]. We show in Sect. 4 that MinFVS can be
solved in O(n? log® n) time for graphs with maximum degree
at most 3.

2. A Linear Time Algorithm for Bipartite Permutation
Graphs

2.1 Bipartite Permutation Graphs

A graph G = (V,E) with a vertex set V = {vy,...,0,}
is a permutation graph if there exists a permutation 7 on
{1,...,n} such that forall i, j € {1,...,n}, (v;,v;) € E if and
only if (i — j)(n(i) — n(j)) < 0. A permutation graph G is
a bipartite permutation graph (permutation bigraph) if it is
bipartite.

A strong ordering of a bigraph G with a bipartition
(X,Y) is a pair of total orderings (xi,...,x,) of X and
(W1, ...,yq) of Y such that for any 7,7, j,j/(1 < i < i <
p,1 <j<j <¢q),(xi,yy) € Eand (xp,y;) € E imply
(xi,y;) € E and (x7,yy) € E. For a bigraph with a strong
ordering, the vertices of the bigraph are said to be strongly
ordered. It is shown in [18] that a bigraph G is a permutation
bigraph if and only if G has a strong ordering, and a strong
ordering of G can be obtained in O(n + m) time.

It is also known that a strong ordering of a permu-
tation bigraph G has the adjacency property: For every
x € X[y € Y], the vertices in I'g(x) [['¢(y)] are consecu-
tive. Here I'¢(v) is the set of vertices adjacent to v in G. If
no confusion arise, we will omit the index.

2.2 The Algorithm

Let G = (V,E) be a connected permutation bigraph with
a bipartition (X, Y) and a strong ordering (x,...,x,) and
1, ...,yq). Define that

V; = {xl’-"9xi9yla--'9yj}

forl <i<p 1<j<gq, and G[Vj.] is a subgraph of G
induced by V}
For convenience, weuse S 1+S5,,81-S>,S+xand § —x
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instead of S 1US», S 1\S2, SU{x} and S \{x}, respectively. We
also use max{S,S,,...,Sx} to denote §; with maximum
cardinality.

A cycle-free set (CFS) is the complement of an FVS in
a graph. Our algorithm computes a maximum CFS (MCFES)
instead of an MFVS.

Our algorithm applies a dynamic programming scheme
and computes the following for each (x;,y;) € E.

A;.: an MCFS of G[V;.],
B;: an MCFS of G[V}] including x; and y,
C’: an MCFS of G[V;] including x; and y;,

j
and excluding the vertices in I'(x;) — y;,

D;: an MCFS of G[Vﬁ.] including x; and y,
and excluding the vertices in I'(y;) — x;.

Note that Ag = Bg = Cg = Dg =0, and A is an MCFS
of G.

Let I(i) and r(i) be the smallest and largest index of
a vertex in I'(x;), respectively, and let I(j) and r(j) be the
smallest and largest index of a vertex in I'(y;), respectively.

We use f{lj (1 <i<p,1<j<q)defined as follows.

A; if (x;,y;) € E,
Ai. = Ai(l.) R UGS PR/ B WA () RN A
A;(]) +{x,(j)+1,.-.,xi} if r(j) < 1.

Note that Ai. is an MCFS of G[V’]'.] even if (x;,y;) ¢ E,
since if r(l) < ] [r(]) < l] then yr(i)+l’.~ - Yj [xr(j)Jrl’ ey x,-]
are isolated vertices in G[V;].

We can compute A;., B;., C;, and Di. for all (x;,y;) € E
in linear time by the following relationship among these data
structures.

Lemma 1. A; = max{B;,AEA‘,AE] }, where iy = i — 1 and
Ji1=Jj-L

Proof. Consider the following four cases.

(1) If xj,y; € A then A, = B, i

) If x; ¢ Alf andy; € A} then A’{. = AJI'

(3)Ifx; € Al and y; ¢ A} then A, = A, .

D Ifx,y; ¢ A’j then A’j = max{Aj1 ,A;l ). O
Lemma 2. B;. = max{C;., Dj}.
Proof. Let

X1 = {xl(j),...,x,»l} and Yl = {yl(i)’- .. ,yjl}.

Notice that X; € I'(y;) and Y, € I'(x;). Suppose B; nX; #
(/)andB’anl 0. Let x € B’jﬂXl and j € B;mYl.
Since (x;,§), (%, y;) € E, we have (%, j) € E by the definition
of the strong ordering. It follows that B contains a cycle
(%, 7, xi, y;), a contradiction. Thus B;ﬂXl =0Qor B’jﬁYl =0.
If B,Ii N X, = 0 then we have ij = ij. If B’j N Y, = 0 then
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we have BZ. = C; O

We also have the following two lemmas, which are
proved in the next section.

Lemma 3. Cj. is

1oAY + {x ) iF1G) > i,

2. CY +x;ifI(j) < iy and (xi,,y,,) ¢ E,

3. max{A” + ), €+ xi, DY+ Ly iF 1) < i,
(XiYj,) € E, and (xi,,y),) ¢ E,

4. max{A? + (x,y;), C! + x, DI + (x,y;), B? +
Xy xi 3 i IG) < i, (xi,y5) € E (x,,y5,) € E,
and I(iy) = jo,

5. max{A"]?2 + {xiy), Cj} + Xi, D’}‘2 + {xi,y;}} otherwise.
Here iy = 1(j)— 1 and j, = (i) — 1. o

Lemma 4. Di]. is

L AT + ) i 10 2 ),

2. D’jl +y; ifl(0) < j1 and (x;,,y;,) ¢ E,

3. max(A? + (g, D 4y C2 4 Ly ) if 1G) < o,
(Xiy»y),) € E, and (xi,,y},) ¢ E,

4. max{A’jz2 + {-x,-,({j}, D’jI + Yy, C'J’l + {xi,y)l, B’jz2 +
{xiypyi 1V ifIG) < ji, (xiy,y5) € E, (xi,,y5,) € E,
and l(j;l) =1,

5. maX{A’jZ2 +{xny), D;] +yj, C;ZI + {x;,y,}} otherwise.

O

The lemmas above establish an algorithm using dy-
namic programming technique for computing A, B', C',
and D; for each edge (x;,y;) in an increasing order from
(x1,41) to (xp, y,) so that Aif,, ij,, C;’,, and D’j for every 7, j/
(" + j/ < i+ j) are available when computing the data for
edge (x;,y;). Our algorithm is shown in Fig. 1.

Theorem 1. Algorithm 1 solves MinFVS in O(n + m) time

for permutation bigraphs, where n and m are the number of

vertices and edges of a graph, respectively. O

2.3 Proof of Lemmas 3 and 4

We show a proof of Lemma 3. Lemma 4 can be proved by
similar arguments. We distinguish five cases.

Case 1. I(j) > iy
We show Cj. = A’j‘2 +{x;,y;}. Notice that [(j) > i, implies that
A’;z +{x;,y;} is an MCFS of G[Vj.] that contains no vertex in
Y;, since there exists at most one vertex in V,ll adjacent to x;
or Yj.

Case 2. l(]) < i and (xiwyjz) ¢ E:
We show C; = C;‘ + x;. Notice that I(j) < i; implies
(x;,,y;) € E, and (x;,,y;,) ¢ E implies [(i1) = [(i). Thus
Cl + x; is an MCFS of G[V'] that contains no vertex in Y.

Case 3. l(_]) <1y, ('xil’ij) € E, and (Xiz,yjz) ¢ E:
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1: Obtain a strong ordering of G.

2: A5, BY,CY, DY 0.

3: Compute (i), I[(j), r(i),r(j) foriand j, 1 <i< p,1 < j<gq.
4:
5: for all (x;,y;) € E do

6 i1—i—1,j1« j—1,ip < I(j)—1,and jo « (i) — 1.
7: ifi] < l(j)~then

6O el i)

9: else if (x;,y;,) ¢ E then

10: Ch e Cll 4.

11: else if (x;,,y;,) € £ and I(j) = i> then

i i i
12: Cj. — m.alx{Aj“2 + {.x,»,yj}, Cj.1 + )g,
D;lz +{xi, 5} 3322 +{xi, yj, xi b
13: else - ) )
14: C;. — max{A}z2 +{xi,y5}, C;.l + Xi, D;lz + {xiyj)
15: end if
16: if /1 <1() then
17: Dl — A% + {xi, ).
18: else if (x;,,y;,) ¢ E then
19: D; — D}l + Yj-
20: else if (x;,,y;,) € E and [(j1) = i, then
. i ip o i .
21: Djemax{Aj2 +{)c,,yj},Djl +yj,
C7 +{xiy), BY + Lxiyjoy ).
22: else L ' ‘
23: Dy max{A;?2 +{xi ) DY+, cj?] +{xi, g}
24: end if

25: Bj. — max{C}, Dj.}.

260 A — max{d, A4, B},
J A A

27: end for

28: print V- 47

Fig.1  Algorithm 1.

We show
Cl = max{A? + (x.y;). Co + 3, D + xi,y;))

by a series of claims.
Let C;(xil) be an MCFS of G[V;] that contains x;, y;,

and x;,, and let Cj.()c,'l .Yj,) be an MCFS of G[Vj.] that con-
tains x;, y;, x;,, and y;,. Let

Yo ={yiiys - Yjp )

Note that C;(xil) contains no vertex in Y;, and Cij(xil,yjz)
contains no vertex in X; — x;,, since the vertices are strongly
ordered.

Claim 1. Ifl(j) <1, and (x;,,y},) € E then
Cl = max{A? + {x,y;}, Ci(x;)).

Proof. Let & € X| — x;,, and C be an MCFS of G[V}] that

contains x; and y;, and no vertex in Y;. If ¢ contains £ but

not x; then C — X + x;, is also an MCFS of G[V}], since

Lrviy(xi,) € Tgpyig(X). Thus we have the claim. O
J J

Claim 2. IfI(j) < ij and (x;,,y;,) € E then

Cl(x;,) = max{C!} + xi, Cl(xi,»y,))-
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Proof. The proof is similar to that of Claim 1, and is omit-
ted. O

Claim 3. If l(j) <1y, (xi,,y),) € E, and (x;,,y},) ¢ E then
Cixi»yjp) = DY+ (i, ).

Proof. Notice that (x;,,y;,) ¢ E implies I(j») = I(j). Thus

D’j‘2 + {x;,y,} is a CFS of G[V;,], since no vertex in VZ is

adjacent to x; or y;. Notice that Dj?2 + {x;, y;} contains x;, y;,

x;,, and y;,. Notice also that any CES containing x;, y;, X;, ,

and y;, contains no vertex in V;. - VJ’2 —{xi,yj, xi,,y,,}, since

the vertices are strongly ordered. Thus D;‘z + {xi,y;} is an

MCEFS of G[V;] that contains x;, y;, x;,, and y,. O
Case 4. [(j) < i1, (x;,y),) € E, (x,,yj,) € E, and

(i) = jo:

We show

C’j = max{A;2 +{xiyjh le + X,
Dljlz +{xi,y;}, Blfz + {xi, yj» iy 1}
by the following two claims together with Claims 1 and 2.

Let Cj.(x,-1 .Y j,» Xi,) be an MCFS of G[V;] that contains
Xis Yj» Xiy» Y j,» and x;,. Let

Xz = {xl(jz), ey xiz}.

Note that C ’}.()cil ,Yj,» Xij,) contains no vertex in ¥, —y,, since
the vertices are strongly ordered.

Claim 4. If l(j) <1y, (xi,y),) € E, and (x;,,y;,) € E then
Cilxiy»yj) = maX{D;‘z +{xny5b CiXi gy %0}

Proof. The proof is similar to that of Claim 1, and is omit-
ted. O

Claim 5. If I(j) < i1, (xi.yj,) € E, (x;,,yj,) € E, and
l(iy) = j, then

Cixiy, yjps Xiy) = Blfz +{xi,yj, xi, -

Proof. Notice that I(iy) = j, implies that B? + {x;,y;, x; } is
a CFES of G[Vj.], since no vertex in VE -y, is adjacent to x;,
yj, or x; . Notice that B’jz2 +{x;, y;j, x;, } contains x;, ¥, X, Y,
and x;,. Notice also that any CFS containing x;, y;, X;,, ¥,
and x;, contains no vertex in V; - VZ =X, Yjs Xiy s Yjs Xin )
since the vertices are strongly ordered. Thus B’;z +{xi, yj, xi, }
is an MCEFS of G[V}] that contains x;, y;, X;,, ¥j,, and x;,. O

Now we consider the remaining case.

Case 5. l(]) < il, (xil,yjz) S E, (xiz,yjz) S E, and
(i) < ja:
We show

Cl = max{A? + {xi,y;), C +xi, D'} +{x;,y;})

by the following claims together with Claims 1, 2, and 4.
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Let

i3=1(j») =1, j3=1(iy) =1, and Y3 = {yyi), ..., yj,}.

Let C. (X Yo X Y ;) e an MCFS of G[Vi] that contains

Xis Yj» Xivs Yjos x,z, and y;,. Note that C (xll,yj,,x,z, Yj,) con-
tains no vertex in X, — Xiy s since the vertices are strongly
ordered.

We distinguish two cases.

Case 5-1. (x;,,y;,) ¢ E:

Claim 6. lfl(]) < il) (-xil’yjz) € E! (xip yJZ) € E) l(ll) < j2)
and (x;,,y;,) & E then

C'ixiy, Y jps Xiy) = C’jzz +{xi, ¥, xi, ).

Proof. Notice that (x;,,y;,) ¢ E implies (i) = I(i;). Thus
Cﬁ + {xi,y;, x; } is a CFS of G[V;.], since no vertex in VZ
is adjacent to x;, y;, or x;. Notice that CZ + {xi, ¥, xi,}
contains Xx;, y;, X;,, Yj,, and x;,. Notice also that any CFS
containing x;, y;, X, yj,» and x;, contains no vertex in
V; - VZ —{xi, ¥}, Xi,» Y j,, Xi, }, since the vertices are strongly
ordered. Thus CZ + {x;,yj, x;} is an MCFS of G[V}] that
contains Xx;, ¥, Xi,, Y,» and x;,. O
Claim 7. Ifl(j) < i then

|C}' + x| > |CZ +{xi, yj, X3}l

Proof. Let ¢ = C;zz + {x;, ¥}, x;, }. There exists a vertex £ €

X, such that £ ¢ C, since I(j) < i;. Thus C‘—yjz + X contains

no vertex of ¥ + Y3, since the vertices are strongly ordered.

Thus C —y;, + & is a CFS of G[V;], and [C + x| > |C~yj, +

X =1C% + {xiyjxi Ml - O
Case 5-2. (x;,,y;,) € E:

Claim 8. Ifl(]) < i], (x,-l,yjz) € E, ('xiz’yjz) € E, l(l]) < jz,
and (x;,,Y;,) € E then

Cixiy, yjps Xi) = max{C’ji + {xi,yj, xi, ),

C;(xil sYjos Xins ij)}'

Proof. The proof is similar to that of Claim 1, and is omit-
ted. O

We further distinguish two cases.
Case 5-2-1. (x;,,y;,) € E:

Claim 9. Ifl(]) < i], (Xil,yjz) (S E, (xiz,yjz) € E, l(ll) < j2,
(xi,.Yj,) € E, and (x;;,y;,) € E then

C;'(xil’ijxiz’ Yis) = D‘llz'; {0 Y X Y j )

Proof. Notice that (x;,,y;,) ¢ E implies I(j3) = I(j2).
Thus D’]?BA+ {xi,yj, X, yj,} is a CFS of G[Vj,], since no ver-
tex in V;: is adjacent to x;, y;, x;, or y;,. Notice that

D'2 +{xi,y;j, X, y;,} contains x;, y;, Xi,, y;,, X;,, and y,. No-
tlce also that any CFS containing x;, y;, X;,, Y, Xi,, and y,
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contains no vertex in V; - VE —{Xi, Y, Xi,, Y, Xipn Y j, ), SINCE
the vertices are strongly ordered. Thus D’; +{xi,yj, Xin Y}
is an MCEFES of G[V}] that contains x;, y;, X;,, ¥,, Xi,, and

Yjs- [m}
Claim 10. IfI(i\) < jy then

DY+ {xisy )l = 1D+ {xi, o iy, -
Proof. Let D = D’; | !
y € Y, such that j ¢ D, since I(i1) < jo. Thus D — x;, +
contains no vertex of X; + X> — x;,, since the vertices are
strongly ordered. Thus we conclude that D — x;, + § is a
CFS of G[V}], and |Dlj‘2 +{xnyl 21D -x;, +9 = |D’ji +
{xiyjxi yp il O
Case 5-2-2. (x;,,y;,) € E:

Let C;(xil,yjz,xiz,yh,xiQ be an MCFS of G[V;] that con-
tains Xxi, Y, Xi,» Yj,» Xir» Y j» and x;;.

Claim 11. If1(j) < i1, (x;,,y;,) € E, (x;,,y),) € E, l(i1) < o,
(xi,,Yj,) € E, and (x;,,Y;,) € E then

+ {xi, ¥}, xi,,yj,}. There exists a vertex

C'iXiys Yjos Xiys Y js) = maX{D?} +{Xi Yjs Xi s Yo )

C;’(-xl'l ’ yjza xiz’ y]S ’ 'xig)}'
Proof. The proof is similar to that of Claim 1, and is omit-

ted. O

Claim 12. Ifl(]) < i], (xil,y_h) eE, (xiz,yjz) ek, l(ll) < jz,
(xi,,yj,) € E, and (x;;,y;,) € E then

|C;] + xil > |Clj(xi19yj29-xi2, yj3axi3)|'

Proof. Let C = Cj.(xi, Yjr» Xiys Y j5» Xiy). There exists a ver-
tex £ € X; such that £ ¢ C, since I(j) < i;. Thus
¢ - y;, + X contains no vertex of Y; + Y + Y3 — y;,, since
the vertices are strongly ordered. Thus we conclude that
C- yj, +Xis a CFS ofG[V’] and |C’l +x>|C— Y, + X =

ICj(x,, Y j»s Xirs Y jy» Xiy)| by the definition of C;.‘. O

3. NP-Hardness for Grid Intersection Graphs
3.1 Grid Intersection Graphs

A bigraph G with a bipartition (X, Y) is a grid intersection
graph if X and Y correspond to sets of horizontal and verti-
cal line segments in the plain, respectively, such that for any
xeXandy €Y, (x,y) € E(G) if and only if a line segment
corresponding to x and a line segment corresponding to y
intersect. The following is shown in [8].

Theorem 1. Any planar bigraph is a grid intersection
graph. o

3.2 NP-Hardness

We consider a decision problem associated with MinFVS
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defined as follows.
FEEDBACK VERTEX SET
INSTANCE: Graph G, positive integer k.
QUESTION: Is there an FVS of size kin G?

It is known that FEEDBACK VERTEX SET is NP-
complete for planar graphs [11] and bigraphs [23]. We show
the following.

Theorem 2. FEEDBACK VERTEX SET is NP-complete
even for planar bigraphs.

Proof. Our proof is similar to that used in [11] and [23]. We
show a polynomial time reduction from VERTEX COVER
for planar graphs to FEEDBACK VERTEX SET for planar
bigraphs. It is well-known that VERTEX COVER is NP-
complete for planar graphs [7].
VERTEX COVER is defined as follows.
VERTEX COVER
INSTANCE: Graph H, positive integer /.
QUESTION: Is there a vertex cover of size h in H, i.e.,
a subset S € V(H) with |S| = h such that for each edge
(u,v) € E at least one of u and v belongs to S ?

Let H be a planar graph as an instance of VERTEX
COVER. Let G be a graph obtained from H by replacing
each edge (u,v) by a cycle (u, Xy, v, Yup), Where x,, and y,,
are new vertices. It is easy to see that G is a planar bigraph
and can be constructed in linear time.

It is also easy to see that H has a vertex cover of size h
if and only if G has an FVS of size h. O

From Theorems I and 2, we have the following.

Theorem 3. MinFVS is NP-hard for grid intersection
graphs. O

4. A Polynomial Time Algorithm for Graphs with
Maximum Degree at most Three

A vertex set S € V(G) of a graph G is a separating set if
the number of connected components of the subgraph of G
induced by V(G)\S is more than that of G. A vertex set S C
V(G) of a graph G is an independent set if no two vertices
of S are adjacent. A maximum nonseparating independent
set (MNIS) is a maximum independent set that contains no
separating set. The maximum nonseparating independent
set problem (MaxNIS) is to find an MNIS in a given graph.

Like MinFVS, MaxNIS is also NP-hard even for planar
graphs with maximum degree at most 4 [6], while it can
be solved in O(n*) time for graphs with maximum degree
at most 3 [5],[20], where n is the number of vertices of a
graph.

A graph is said to be k-regular if the degree of every
vertex is k. Let n(G) and v(G) be the number of vertices in
an MFVS and an MNIS of G, respectively. It is shown in
[20] that for any graph H with maximum degree at most 3,
we can construct 3-regular graphs G and G’ in linear time
such that n(G) = n(H) and v(G’) = v(H), respectively. It is
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also shown that for a 3-regular graph G,

v(G) +1(G) = u(G).

Here u(G) = m — n + ¢, where n, m, and ¢ are the number
of vertices, edges, and connected components of G, respec-
tively. u(G) is known as the nullity, cyclomatic number, and
first Betti number of G.

An embedding of a graph G in Sy, a sphere with k han-
dles, is a continuous one-to-one mapping. The components
of S —G are called regions. An embedding is said to be cel-
lular if each region is homeomorphic to an open disk. y/(G)
is the maximum-genus of G, which is the maximum value
of k such that G is cellular embeddable in S. It is shown in
[9] that

Yu(G) = v(G),

for a 3-regular graph G. Moreover, it is known that comput-
ing yu(G) can be reduced to the cographic matroid parity
problem [3], which can be solved in O(nm log6 n) time [4],
[5], where n and m are the number of vertices and edges of
a graph, respectively. Thus we have the following.

Theorem 4. MinFVS and MaxNIS can be solved in
O(n? 10g® n) time for graphs with maximum degree at most 3.
O

5. Concluding Remarks

It should be noted that our linear time algorithm, Algo-
rithm 1, for permutation bigraphs is similar to an O(n*m)
time algorithm for convex graphs proposed in [13]. The dif-
ference in the time complexity is due to the strong ordering.

It is known that the class of grid intersection graphs is
a subclass of the boxicity-2 graphs [1], [8]. Thus, from The-
orem 3, we conclude that MinFVS is NP-hard for boxicity-2
graphs, settling an open question posed in [17].

A vertex cover S C V(G) of a connected graph G is a
connected vertex cover if the subgraph of G induced by S
is connected. A minimum connected vertex cover problem
(MinCVQC) is to find a connected vertex cover with mini-
mum cardinality in a given graph. It is shown in [14], [21]
that MinCVC for quasi-wheels, which is a subclass of 3-
connected graphs, can be reduced to the problem to find an
MNIS that consists of only vertices of degree 3. It is also
shown that this problem can be reduced to the cographic
matroid parity problem in linear time by the reduction sim-
ilar to that shown in Sect.4. It follows that MinCVC for
quasi-wheels can be solved in O(n? log® n) time, where 7 is
the number of vertices of a graph.

The time complexity of MinFVS for orthogonal ray
graphs and unit grid intersection graphs remains open.
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