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1 Introduction

In this paper, we consider the following k-partition
problem.

Input:

(1) an undirected graph G = (V, E) with n = |V/|
vertices and m = |E| edges;

(2) SC (VUE)(S| > k)

{3) k distinct vertices and/or edges a;(1 € ¢ <
k)€ S; and

(4) k natural numbers ny,ng,...,n; such that
Zf:i ni = |S].

Output: a partition S; U S; U ... U S of the
specified set S such that for each i(1 < i < k)

(a) a, € 5;;

{(b) |Si] = ni; and

(c) there is a connected subgraph G; = (V;, E;)
of G such that S; C (V;UE;) and Gy, Gy,...Gi are
mutually edge-disjoint.

The problem is called the mixed k-partition prob-
lem with respect to edge-disjointness and it is sim-
ply called the mixed k-partition problem unless con-
fusion arises. Each a; is called a base of the sub-
graph G; and if all bases are not specified for the
mixed k-partition problem, the problem is called
the imixed k-partition problem without bases.
if § =
E then the problem corresponds to the k-edge-
partition problem([3] and if § C V then the prob-
lem corresponds to the k-vertex-partition prob-
lem with respect to edge-disjointness [8]. The
mixed k-partition problem becomes the k-vertex-
partition problem(3. 5] if S = V and the condition
"edge-disjointness” in (c) is replaced by "vertex-

In the mixed Fk-partition problem.

disjointness™,

It has been shown that the k-edge-partition proh-
lem and the k-vertex-partition problem with respect
to edge-disjointness always have solutions for ev-
ery i-edge-connected graph [3. 8] and the mixed

k-partition problem has a solution for every k-edge-
connected graph [9]. Although efficient algorithms
are known for these problems provided that k is lim-
ited to 2 and 3 [6, 8, 9], no polynomial algorithms
are known so far as k > 4.

On the other hand, if we conider the mixed k-
partition problem without bases, the following re-
sults have been ontained:

1. For any k& > 2, the mixed k-partition
problem without bases can be solved in

O(IV]V/IV]log, [V] + |E|) time for every 4-

edge-connected graph G = (V, E).

(S

. The mixed tripartition problem without bases
can be solved in O(|V|?) time for every 2-edge-
connected graph G = (V, E).

3. The mixed 4-partition problem without bases
can be solved in O(|E|?) time for every 3-edge-
connected graph G = (V, E).

In this paper, we show that if the input graph
is planar, all the mixed k-partition problems stated
above can be solved in linear time.

2 The Mixed k-partition
Problemm Without Bases

Proposition 1 (9] Let k > 2. If G = (V.E) has
an Eulerian cycle as « spanning subgraph, the mized
k-partition problem without bases can be solved in
O(T..(G) + |E|) time, where T..(G) 1s a computa-
tion time to find a spenning Eulerian cycle in G.

A spanning Eulerian cycle G.. for a 4-edge-
connected planar graph G can be obtained in linear
time as follows.

1. G is transformed to 4-connected graph G’ with
preserving its planarity.
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2. Since G’ has a Hamiltonian cycle, we can find a
spanning Fulerian cycle of G using the Hamil-
tonian cycle.

Since this graph transformation can be computed
in linear time {7] and a Hamiltonian cycle for a 4-
connected planar graph can be computed in linear
time [2], we have the following.

Theorem 1 Let k > 2.

If G = (V,E) 1s 4-edge-
connected planar graph, the mized k-partition prob-
lem without bases can be solved in O(|E]) time.

3 The Mixed Tripartition and
4-partition Problems With-
out Bases

Using the graph transformations from k-edge-
connected graphs to k-connected graphs, we can
show that it is sufficient to show algorithms for
k-connected graphs to solve the mixed k-partition
problems [9].

3.1 Tripartition

In order to solve the mixed tripartition problem, [9]
uses the property of a minimal biconnected graph
G = (V. E) such that G — (r,y) has a linear struc-
ture of blocks for any edge (z.y) € E. However, it
takes O(|V]?) time ta compute the linear structures
until the partition is completed. If the input graph
is planar, similar linear structures can be found in
linear time [7].

Theorem 2 The mized tripartition problem for 2-
edge-connected planar graph G = (V,E) can be
solved in O(|E|) time.

3.2 4-partition

If G = (V',E’) is a biconnected planar graph and
P = ({J“IO << f},{(.ri,.riH)lU <i<f- 1})
is a path graph such that either ry or r, is con-
tained in V7, the mixed 4-partition problem with-
out hases can be solved by using Theorem 2 anf
the idea shown in [9]. Since any triconnected graph
has such strucrre [1] and if it is planar such struc-
ture can be found in linear time [4]. the following
theorem 1s ohtained.

Theorem 3 The mazed 4-partrtion problem with-
out bases for a 3-edge-connected planar graph G =

(VL E) can be solved m O(|E]).
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