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In this project, we investigate the

framework of many-to-one boundary
labeling, where every site in a map is
connected to a text label placed on the
boundary of map by an axis-parallel
polygonal line segment, called leader; more
than one site may be connected to a
this
number of

common label. In case, the

minimization of the line
crossings and the total length of leaders is
the main aesthetic criteria of many-to-one

boundary labeling. This project focuses on

DR KR R SR ETEIAEL

coping with various issues in optimizing
these aesthetic criteria.

Keyword: map labeling, boundary labeling
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In boundary labeling [1][2][3], each
point site is uniquely connected to a label
placed on the boundary of an enclosing
rectangle by a leader, which may be a
rectilinear or straight line segment. To
our knowledge, all the results reported in
the literature for boundary labeling deal
with the so-called one-to-one boundary
labeling, i.e., different sites are labelled
differently.
boundary labeling, however, more than
one site may be required to be connected
to a common label. In this case, the
presence of crossings among leaders
often becomes inevitable. Minimizing
the total number of crossings in
boundary labeling becomes a critical
design issue as crossing is often regarded
as the main source of confusion in

In certain applications of

visualization. In this project, we consider
the crossing minimization problem for
multi-site-to-one-label boundary
labeling, i.e., finding the placements of
labels and leaders such that the total
number of crossings among leaders is
minimized. We show the crossing
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Figure 1: Illustration of leaders
minimization problem to be  where

NP-complete under certain one-side and
two-side labeling schemes.
Subsequently, approximation algorithms
are derived for the above intractable
problems. We also present an O (n? log®
n)-time algorithm for the problem of
minimizing the total leader length for
multi-site-to-one-label boundary
labeling, where n is the number of labels.
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Figure 2: A 4-side many-to-one labeling
with type-s leaders.
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A k-side type-t many-to-one boundary
labelled map (or k-side type-t map, for
short), where k € {1, 2, 4} and t € {opo,
po, S}, is M = (P, L, ny, Ny, N3, Ng, f)

® P={p,psy. P} picREL<I
< N, is the set of sites (points) on
the plane enclosed in a rectangle,

® L is the set of labels with |[L| = n; +
N2 + N3 + Ny,

® Ny, Ny, N3, Ny € N are the numbers of
labels to the East, West, South, and
North,
axis-parallel rectangle
all sites in P,

® f: P — L isan onto function which
assigns each site in P to a label in L.

respectively, of  the
enclosing

Note that f is a many-one function

in general.
W.l.0.g., we assume that for k = 1 (resp.,
2), labels are only placed on the east side
(resp., east and west sides) of the
enclosing rectangle of P. Hence, ny+ n3
+ns=0fork=1andn; +n,=0fork=
2. On the other hand, labels can be
placed on the four sides of the rectangle
when k = 4. The parameter t, t € {opo,
po, s}, refers to the type of leaders
allowed for connecting sites to labels.
The opo, po, stand for
orthogonal-parallel-orthogonal,
parallel-orthogonal and straight-line,

and s



respectively. See Figure 1 for these three
types of leaders. For notational
convenience, we refer to the East, West,
South, and North sides to be the 1st, 2nd,
3rd, and 4th sides throughout the rest of
this project. One should also note that
every label | is connected with [f*(l)|
sites; hence, | has to have [f*(I)| ports to
which the sites are connected. Here we
assume that the locations of ports of each
label are predefined (see label I3 with
three ports in Figure 1 (a)). In addition,
the leader connecting site u to label | is
denoted by u,.

A boundary labeling of a map M is a
sequence of labels (I11, ..., lin, 21, ..
lon2, 131, ooy l303, 141, -y l2,na) such that
V1<i<4,0<j<n, Ii,j € L. Intuitively
speaking, li1, ..., lini is the sequence of
labels along the i-th side. W.l.0.g., for i =
1 and 2 (i.e., east and west sides, resp.) a
top-down ordering is assumed; for i = 3
and 4 (i.e., south and north sides, resp.) a
left-to-right ordering is assumed. Figure
2 illustrates a 4-side type-s boundary
labeling. Note that we assume labels
(drawn as rectangles) along the same
side to be of uniform size; hence, the
ordering of labels along each side is
sufficient to determine the exact
positions of the labels. As f
many-one function in general, there
might be several sites connecting to the
same label. For example, three sites are
connected to label I3 in Figure 1(a). It is
easy to observe that to minimize the
number of crossings (or the total leader
length), the ordering of ports at which

is a

the three leaders touch label I3 (drawn as
a rectangle) must respect the ordering (in
increasing order) of the y-coordinates of
the three sides. The crossing number is
the number of crossings among leaders
in a drawing.

One of the optimization problems
considered in this project is as follows:

The Crossing Problem for k-Side
Many-to-One Labeling with  Type-t
(CPKML-t, for short): Given a k-side
type-t map M, determine a boundary
labeling for M so that the crossing
number is minimized.

Our main results are correlated with two
NP-complete problems, namely, the
Decision Crossing Problem (DCP) [4]
and the Max-Bisection Problem [5]. The
DCP is stated as follows:

The Decision Crossing Problem (DCP):
Given a two-layered network G = (Lo, L1,
E), an ordering yo of Lo, and an integer
M, is there an ordering y; of Lj, so that
cross(G, Yo, y1) < M?

The Max-Bisection problem is stated as
follows. So far the best approximation
ratio for the Max-Bisection problem is
1.431 [5].

The Max-Bisection Problem: Given an
undirected graph G = (V, E) with
non-negative weights w;; for each edge in
E (and w;; = 0 if (i,J) ¢ E), partition the
nodes in V into two sets S and V \ S of



equal cardinality o) that

w(S):= > w, ismaximized.
ieS, jev\S
Reduced from the DCP, we can show
the following theorem:

Theorem CP1ML-opo is NP- complete.

In addition, we show that the median
heuristic introduced in [4] is an
approximation algorithm with
approximation ratio three.

Reduced from CP1ML-opo, we can
show the follow theorem:

Theorem CP2ML-opo is NP-complete
even when n; = n,.

In  addition, we  modify the
1.431-approximation algorithm [5] for
the MAX-Bisection problem to devise an
approximation algorithm for the CP2ML
with an approximation ratio about three.

As for the case of type-po leaders, we
have the following results:

Theorem DCP1ML-po is NP-complete.

We investigate an alternative objective to
minimize the total leader length, called
the leader length  problem  for
many-to-one labeling (LLPML).
Following Bekos et al.’s result [2], we
can show the following:

Theorem LLPML can be solved in O (n?
log® n) time.
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The main contributions of this project
include: (1) Crossing minimization problems
for  both
many-to-one labeling with type-opo leaders

one-side and two-side

are proved to be NP-complete. We also
design approximation algorithms to cope
with such intractable problems. (2) Crossing

minimization  problem  for  one-side

many-to-one labeling with type-po leaders is
proved to be NP-complete. A heuristic
algorithm with satisfactory experimental
results is also given for this problem. (3) We
show the many-to-one labeling with the
objective to minimize the total leader
length to be solvable in polynomial time.
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o Display and interaction devices

o Theoretic foundations of visualization

e Usability and human-factors

e Visual models and representations

e Visual knowledge discovery

e Visual data mining

o Visual analytics

o Interaction techniques

o Scientific visualisation

o Information visualisation

e Graph drawing algorithms

e Visualisation of large data sets



Visualisation of time-varying data
Visualisation in bioinformatics
Visualisation in social network analysis
Software visualisation

Case studies

Real-world systems
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