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Abstract

Graphs where each node includes an amount of text are often
used in applications. A typical example of such graphs is UML
diagrams used in CASE tools. To make text information in each
node readable in displaying such graphs, it is required there
should be no overlapping nodes. This paper proposes the Force-
Transfer algorithm to give a new efficient approach to removing
overlapping nodes. The proposed approach employs a heuristic
method to approximate the global optimal adjustment with the
local minimal movement. Scanning from the seed node, the
approach orthogonally transfers the minimum forces to only
those nodes recursively overlapping with the node from where
the forces start. We compare the Force-Transfer with the Force-
Scan algorithm by mathematical proofs and experiments. The
Force-Transfer approach can generate better results.

Keywords: Graph Layout, Neighbor Nodes, Mental Map, Node
Overlapping, Force Transfer.

1. Introduction

To remove overlapping nodes in graph layout plays an
important role in such a graph where each node includes
an amount of text in applications. An example of such a
graph is the UML diagram used in CASE tools. These
graphs are defined as practical graphs [1]. A generic
approach for practical graph layout has been proposed
[1], that is, to apply a classical graph drawing algorithm
to a practical graph first, and then use a post-process to
remove overlapping nodes and edge-node intersections
[1]. Many classical graph drawing algorithms are
available in [3].The approaches for removing overlapping
nodes are also potentially applicable to remove
overlapping windows in multi-window applications.And
they can be applied to layout information for small
devices, such as mobile phone, PDA [16].

The approach in [1] for practical graph layout is to make
use of existing classical graph drawing algorithms. The
critical part of this approach is to develop an efficient
post-process for adjusting the graph layout: removing
overlapping nodes and edge-node intersections while
preserving the mental map [12,14] of the graph layout.
The layout adjustment for removing overlapping nodes is
also needed after interactive operations, such as
enlarge/shrink sub-graph and add /delete nodes, while the
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metal map of the layout should be preserved.

There are three kinds of approaches to solving the node-
overlapping problem: Uniform Scaling [4,7], Force-
Based Algorithms [4,14] and Constrained Optimization
[2,5,6]. Uniform Scaling is a simple approach to remove
overlapping nodes by scaling the graph layout. It
preserves the original structure of the graph. However, it
may cause nodes to move unnecessarily and the whole
graph tends to grow too large. The Force-Based
Algorithm for removing overlapping nodes includes two
approaches: The Force-Scan Algorithm [4] (FSA) and
Cluster Busting in anchored graph drawing [14]. FSA
moves the nodes in both horizontal and vertical directions
to avoid overlaps. The main idea is to choose a ‘force’ f',,
between two pair of nodes v, u so that if v and u overlap
then f',, pushes u away from v. The forces are applied in
two scans: one from left to right, one from top to bottom.
FSA can preserve the mental map of the original graph
and it gives a compact layout compared with Uniform
Scaling. Another variation of FSA is to allow the pull
force between two nodes; this can make the graph layout
as compact as possible. However, this variation of FSA
with push and pull forces needs to run FSA a number of
times until the forces among nodes become zero [4], so
the speed of this approach is slower. The algorithms of
Cluster Busting in anchored graph drawing are iterative.
The nodes in the graph are iteratively moved according to
the measurable criteria. Those criteria are used improve
the distribution of the nodes (cluster busting) and
minimize the difference between the original layout and
adjusted layout (anchored graph drawing). Also those
algorithms need to run several iterations to achieve a
better-adjusted layout. The Constrained Optimization
approach to removing overlapping is based on translating
the overlapping node problem into a constrained
quadratic optimization one. The optimal objective
function is a quadratic expression about differences
between initial and adjusted coordinates. This approach is
to find an optimal solution to the object function, subject
to a collection of constraints [5,6]. This kind of approach
can “give better layout than the force scan algorithm,
although they are slower” [5]. Other related work
includes the SHriMp Algorithm [15], where nodes in the
graph uniformly give up screen space to allow a node of
interest to grow, and namely the nodes are scaled to fit
inside the screen, therefore it is a distortion technique.

This paper introduces a new approach (called Force-
Transfer) to removing overlapping nodes, which can give
better results (i.e. more compact) than FSA and has the
same process speed (i.e. time complexity) as FSA. An
example of using our Force-Transfer algorithm (FTA)
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(a) An overlapping graph

(b) Layout adjusted by FTA

(b) Layout adjusted by FSA

Figure 1. An example of overlapping graph adjusted by FTA and FSA

compared to FSA is shown in Figure 1.This demonstrates
FTA can remove overlapping nodes and also make the
graph layout more compact.

FTA employs a heuristic method to approximate the
global optimal adjustment with local minimal movement.
The force in this approach is different from that used in
FSA. First, we use the minimum force to separate two
nodes in the orthogonal direction so it can achieve the
local optimisation of adjustment. Second, the force is
restrictedly transferred to a dynamic sub-graph that is a
cluster of overlapping nodes. In the process of removing
overlapping nodes in this sub-graph, some nodes are
moved and no longer overlap, but some nodes might
newly overlap with nodes outside this cluster sub-graph,
so a new sub-graph is formed dynamically. The process
will terminate until no such sub-graphs exist. Another
feature of FTA is that the first node of the applied force
can be any node in the graph. This node is called the seed
node. Our prototype system can support the user to select
a seed node of a graph layout interactively. This can
make the whole graph move as little as possible while
removing overlapping nodes.

This paper is organized as follows. Section 2 describes
FTA in detail. We compare FTA with FSA in section 3.
The proofs for the properties of FTA are given in section
4. In section 5, we provide empirical evaluation by using
FTA and FSA for a set of arbitrary graph layouts. Finally,
we summarize and conclude our work in section 6.

2. The Force-Transfer Algorithm

We assume that a graph G=(V,E,v,), where V={1,2,...,n}
is the set of nodes , EC V XV is the set of edges in the
graph , and v,€ V , a seed node , which is a special node
on which a force will firstly work . Given a node v, its
centre coordinate is (x°, "), and its width and height
are w,, and A, respectively. Its four corner positions are
defined as (x',p'), (), (07), and (X', , )7%)
respectively (see node v in Figure 2).

The nodes in G can be sorted by x; (the coordinates of
upper left corner (x';,y';) of the node v;) in horizontal
direction, where i = 7,2, ---,| V' |. Similarly, the nodes

can be sorted by y'; in vertical direction.
2.1 Definitions and Problem Statement

Based on above preliminaries, we give three definitions
and formally describe the overlapping problem as
follows.
Definition 2.1.1 For each node v, u €V, if they overlap
each other, then the following expression should be
satisfied:

|x! —x)|<(w, +w,)/2+d or
|7 =i l<(h,+h,)/2+d

where d is a minimum gap between nodes v and u. We
define them as Neighbor Node, denoted by n (u, v),
where vV # ©. For convenience, we omit d in all the
following formulas.

@2.1)

Definition 2.1.2 The Neighbor Nodes NS(v) of a node v
is a set of the nodes that overlap with node v,
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Figure 2. Neighbor Nodes

that is, NS(v) = {u | n(v,u),u €V} . In Figure 2, NS (v) =
{uy, uy, uz}. We also give the definitions of Lefi, Right,
Up and Down Neighbor Nodes of a node v as follows:

LNS(v) = {u|x) < x!,ue NS(v)}
RNS(v)={u|x) >x!,ue NS(v)}
UNS(v)={u|y) <yl ueNS(v)}
DNS(v)={u|y, > y!,ue NS(v)}

Obviously, in Figure 2, we have LNS (v)={u;}, RNS (v)=
{ uy, uz}, UNS (v) =D, and DNS (v) = { uy, u, us}.



Definition 2.1.3 The Transfer Neighbor Nodes of a node
v, TNS (v), includes all the nodes around node v in which
every node at least overlaps with one other node. The
procedure of defining 7NS (v) is as follows: find
Neighbor Nodes of a node v, NS (v), and then all the
nodes in NS(v) in turn find their Neighbor Nodes and so
on, until the node that has no Neighbor Nodes is reached.
So the recursive definitions of TNS (v) maybe be given
like this:
=LTNS (v), = ( U NS(uI)JU NS (v)-{v}
u;eNS(v)
i>1:

INS(v), = (

then

U NS(u/)jU INS(v),, —{v}

u; €TINS (v);_;

INS (v) = INS (v),
where i =1,2,...,|V-1], and until the expression, TNS (v);
= TNS(v);.;, is always satisfied.

In Figure 2, according to above definitions, for example,
we have:

INS (v), = NS(u,) v NS (u,) v NS (u;)
Oy uy,ugy —{vy
={u, u,,u;,u,}
TNS (v), = NS(u,)U NS (u,) U NS (u,) U NS (u,)
Uu,uy,ug,u,—{vy

= {uy,uy,us,uy,us}
therefore, we have TNS (v)= {u;, us, us, us, us}.

Similarly, we can define the Lefi, Right, Up and Down
Transfer Neighbor Nodes, i.e. LTNS (v) = {u;}, RTNS (v)
= {uo, u3, uy, us}, UTNS (v) = @, DTNS (v) ={uy, u,, u;,
Uy, Llj}.

From above definitions, obviously, we have:

Corollary (1) TNS (v) DNS (v); (2) TNS (v) = RTNS (v)
U LTNS (v); (3) TNS (v) = UTNS (v) U DTNS (v); (4)
RTNS (v) N LTNS (v) = @; (5) UTNS (v) N DINS (v) =
Q.

Now, we can formalize the problem of removing
overlapping nodes. If the following expression

NS(v)=0Q ,forVv, eV
where i =1,2--,| V|, is satisfied, and then the graph
has no overlapping nodes.

For every node v, u €V, if the nodes v, u are separated,
the following expression should be satisfied:

|x! = x! > (w, +w,)/2 or

| v = vi & (h, +0,)/2
In Figure 3(a), for example, if a node v is kept still, in
order to remove the overlapping node u, then the
direction of the applied force on node u can be from
anywhere , but its orthogonal projection must make node

u move to right/left or to down/up along orthogonal
direction at a distance of either Ax, or Ay . FTA

calculates the overlapping distance between nodes v, u in
both horizontal and vertical directions:

: 2 1 2 1
Ax, = min {[x; —x, |[x, —x, [}
n(v,u)vuel (22)
0 0
=(w, +w,)/2=]x, —x, |
Ay, = min_ {yi—y,|ly;-y ]}

n(v,u)v,ueV (2.3)
=(h,+h,)/ 2=y, =y, |

then chooses the minimum magnitude of Ax,, and

Ay, asa“force” to work on u to push u away from v:

| .f;/u | = mil'l {Axvu 4 AYvu}

n(v,u);v,ucV

so we have:
Ax, i if Ax,, <Ay, Axlzx!ax!l>x!
—Ax,i if Ax,, <Ay, Axl<x!axl<x!
So =3 Wd 0 A >Ap, A 2Ny 2y,
~Ay,J A A AY, AYI<Y A<D,
0 othwerwise

(2.4)
where i, j is a unit vector in the x, y direction
respectively. The scan starts from the seed node v, to
those nodes that are located at its right, left, up and down
directions, respectively. For example, In Figure 3 (b),

| fi |- 4x,,,and | f'|-0, due todx,, <Ay,
while in Figure 3(d) | " |- Ay, ,and | f
Ax > Ay, .
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Figure 3. Overlap calculation

Figure 3 (c¢) and Figure 3 (e) are the results of
applying f" and f: to Figure 3 (b) and Figure 3 (d)

respectively.



2.2 Force-Transfer Model

Our approach to adjusting a graph layout is to choose a
seed node first. Then there are four scans starting from
the seed node in right, left, down, and up directions. The
Force-Transfer model is applied to the process of each
scan. In this section, we use the scan in the right direction
to explain the Force-Transfer model.

We define a cluster sub-graph as: C(v) =TNS (v) U {v},
which is a cluster of overlapping nodes (see Figure 4). To
get the boundary of a cluster sub-graph, we use a
rectangle to include this sub-graph. We consider this
rectangle as a new cluster node (i.e. a dummy node)
denoted by v¢. In Figure 4, we use a dash-line box to
represent this dummy node. Its four corner positions

1 1 2 1 2 2
are (', y! )22, 00 ), (2,2,
The

and

1
ofx, ,

1 2 : .
(x,.,¥,, ) clockwise. coordinates Ve

yic , xvzc and yf( can be calculated as follows:

. . I I . 1
X, = v[rggl(lv){xvi}, Vi v{?é?m{yvf}

2 2 2 2
Xy, v{gggg){xv,} Ve E,.E?Eiﬁyw}
The graph G can be accordingly regarded as an union of
C(v), C(u), ..., etc. (see Figure 4). Suppose the seed node
vy 1s included in C(v). We assume the scan begins with
the seed node and consider that the scan direction is from
left- to- right (see Figure 4).

Ve uc

Vk 1 u
1
vy —d,
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o

The Scan Direction

Figure 4. Cluster nodes and Force Transfer

In the process of this scan, the forces are applied to the
nodes in RTNS (vs), that is, the force f;; between the
nodes v;, v; in RTNS (vs) will also be transferred to the
nodes in RTNS(v;) . So, for the node v; in C(v), where
s <i<|C) |+k — Iand k is the first subscript of all

ordered nodes in C(v), the total forces on the node v; are
as follows:

i-1
F'/X = /Z::j f.‘/’:#l)
where fﬁjﬂ)are calculated by formula (2.4). Since the

positions of the overlapping nodes will be moved after
the beginning of the scan, the width of the cluster node v¢
maybe be expanded in right direction. After scanning the
node v; , the width of v¢ has been expanded by Aw’

o

and obviously we have:

Aw, = |F;

i-l

:| < f;txjﬂ)'

j=s

so if there exists an integer ko, s < k, <i—1, and the
following expression is satisfied:

Aw! >d

=dist(ve,uc)—(w, +w, )2 (25)
where dist(ve, uc) is the distance between the central
positions of the cluster nodes v and uc, and W, W, is
their original widths respectively , then one of the cluster
nodes vc , uc becomes a Neighbor Node. Therefore, the
applied forces between the nodes in RTNS( anfl) i.e.

from the node v, to v in C(v), will also be

IC(v)+hk-1
transferred to all the nodes in C(«) Namely, a new cluster
node is dynamically created, which is composed of both

the nodes in RTNS( Vi ) and those in C(u).

We conclude that the transfer function, which describes
totally applied forces on the node v; in C(v), or C(u), is as
follows:

S S, SSiSCEl+k-1
S fr, ISiIC)l+I-1 A if(2.5) is satisfied

J=ko

'_ZIf/;N) I<i<|ICw)|+1-1 A if(2.5) is not satisfied

(2.6)
wheres < k, <i—1, k is an integer and / is the first
subscript of all ordered nodes in C(u),

We can give similar transfer functions of the left, up and
down scan directions.

In FTA, the transfer function is used to dynamically find
the Transfer Neighbor Nodes.

2.3 Pseudo-Code of the Force-Transfer
Algorithm

In the following pseudo-code, we assume that given G =
(V,E,v,), and x'; are the upper left corner x coordinates of
the nodes, where i =1,2,--+|V |, and v, is the seed
node. The Horizontal Transfer works in two directions:

from the seed node to the right nodes, and from the seed
node to the left nodes.

Horizontal Transfer:

Assume that the nodes have been sorted by their x';
coordinates
i< s
while 7 <|V| do{Right Horizontal Scan}
Find RNS(v;)
If RNS(v;) # @ then
Find RTNS((v;)
Jj=arg min{v,|v, € RNS(v,)}
J
lfxij| = xZi _xlé
[f7y [:= min{ly i—yl‘/\’\ v —yzj\}
& < min{[f"; |, |7}
If 6=|f"; | then



// Right Horizontal Transfer
for each v, e RTNS(v,) do

x) =x) +5+d
J

end{for}
end if
end if
i<—i+l
end{Right Horizontal Scan}

14— s
while i <0 {Left Horizontal Scan}
If Find LNS(v;) # © then
Find LTNS((v;)
Jj=arg max{v;|v, e LNS (v,)}

|/ 1= x; _xzj
7y |:= min{ly"; 7, b7 -y}
O «—min{[f; | | /% [}
If O =|f";| then
//Left Horizontal Transfer

for each v, € LTNS(v,) do
x!=x) -5-d
end{for}
end if
end if
i<—i+l
end{Left Horizontal Scan}

A vertical scan is similar. FTA includes horizontal and
vertical scans. That is, the force transfer starts from the
seed node and proceeds to other nodes in the four
orthogonal directions.

2.4 Choice of the Seed Node

From previous description, we know that the seed node
plays an important role in our approach. In order to
choose an appropriate node as the seed node, we define
the cost function as the sum of the moved distances of all
the nodes in V after layout adjustment:

£, 0)=2Ax+Ay,)

velV

The candidate of the seed node should enable to minimize
the value of above function. Thus, the problem can be
translated into an optimization problem, that is, to

minimize the objective functionf (1), subject to the

condition of removing all the overlapping nodes. Many
methods can be used to find the solution, such as
Simulated Annealing [8], Genetic algorithm [9] and Tabu
Search [10, 11], etc. In order to approximate the global
optimization, those algorithms try to escape from getting
trapped in local minima by different ways. Applying
those approaches to our problem, we maybe find an
optimal point as the centre of the seed node. If the point is
not the centre of a node in V, we can regard it as a
dummy node. However, the process of finding the
optimal point is time-consuming. We therefore have to
employ a heuristic method to approximate the optimum.

Our experiments show that: in most cases, choosing the
leftmost node as the seed node can give a better layout,
but for the symmetric overlapping graph, the centre
node of the graph should be chosen. Another choice is to
let the user select the seed node for a fast graph layout.

3. Comparison With the Force-Scan Algorithm

FTA is based on FSA, but there are some differences as
follows.

Applied forces: FTA chooses only one of the minimum
magnitude projections of the forces to separate two
overlapping nodes. So one of the overlapping nodes is
only moved in the horizontal or vertical direction.
However in FSA the node is moved in both orthogonal
directions because the forces have two projections. The
forces used in FTA and FSA are shown in Figure 5.

v QL
U Q, (a) Overlapping nodes
v O V\Q\
*u @) u \O\
AN
(b) The force in FTA (c) The force in FSA

Figure 5. The forces in FSA and FTA

Transfer of the forces: In the right scan of FTA, for
example, the forces are only transferred to the nodes in a
dynamic sub-graph (a cluster of overlapping nodes) on
the right, i.e., to the nodes in the Transfer Neighbor
Nodes of the node where the applied forces start. The
forces in FSA are transferred to all the right nodes in the
graph from the nodes of the applied forces.

Seed node: In FTA, a seed node can be any node in the
graph, even a dummy node, while in FSA it is only the
leftmost one.

Position of the node: In FSA, the centre coordinates of
the nodes are used for the force calculation. In FTA, the

top-left corner coordinates of the node are used.

Compared with FSA, FTA gives a nicer and compact
layout.

4. Properties of the Force-Transfer Algorithm
In this section, we discuss some properties of FTA.

Theorem 1 The output of FTA is a more compact graph
layout than the output of FSA.

Proof. We use the cost function previously defined to
show above result. The smaller the value of the cost
function is, the more compact the layout is, because the



graph layout has less been changed. That is, we need to
prove: f " (v.) < f(v.).

In FTA, from (2.2), (2.3) and (2.4), we have:

S Hf

_ {(w, )2 x| i Ax <Ay, A )

0 otherwise
and
5=l £;
) {(hi+h,)/2—|y:’—y;f| i Ax,> 4y, An(i.))
o otherwise

(2.10)
Similarly, In FSA, based on [7,13], we have:

by i Ax,>Ay An(i, ))Ay' =y

(w, +w )/2=|x]=x)| if Ax <Ay, An(i,j)
8, =
0 otherwise

(h,+h )2 =y =yl if 4dx >y ,~An(ij)

8 = o, if dx <Ay An(i, j)Ax]#x)
0 otherwise
(2.11)
where
=g )
i = o _on)N\X X
R T /
and
w+w
V(14— )y =Y
oy =1+ 2(xj,_xi,))(y, )

We suppose the seed node v = v, the leftmost node in V.
For FTA, in the worst case, like FSA, all the applied
forces between node v; and node v; will be transferred to
all the nodes which are located on the right side of node
v, so that in both algorithms, the total adjustment
distances are
V] i-1 i1
S V)= 2 (X8, + X&)
i=2 j=1 j=1

2.12)

We also suppose there are M; pairs of overlapping nodes
between nodes v; ,v;, and among them there are m; pairs

which meet Ax; < Ay, ,where 0<m, <M, < j—i,

and M; and m; are integers.

For the right scan of node v; to adjust its overlapping
nodes, in FTA, all nodes in its Transfer Right Neighbor
Nodes, TRNS(v;), will be moved to right at a distance of

o, if the overlapping distance Ax, <Ay, , so the

totally moved distances are 5; | TRNS(v))| . According to
(2.10) and (2.12), we have:

Seost 1)
4 )
=D {m, | TRNS () |8} +(|TRNS (v,)|-m)8}}
i=1

(2.13)

However, in FSA, all the nodes on its right (|[V|-i nodes)
will be moved at distances of both 5; (or 61}] ) and (1)1); (or

¢; ). Therefore, according to (2.11) and (2.12), we have:

4
S0 =YV 1= +m (V=)
H(TRNS()|-m)(V | )3,

+( TRNS(v,)[-m)(V | =)y }
(2.14)
in both (2.13) and (2.14), where

Jj=arg min{v,|v, € RNS(v,)}
j

Obviously,|TRNS (v,)| < |V|—, and from (2.13) and
(2.14), we have f7'(v)< f™(v). If v, # v, According

to the definition of the cost function and the node v; is
always the node v, in FSA, then we can

deduce £708) < £70) <L) =), Intuitively,
the reason is that FTA moves the nodes only by a
distance of 5; or 8;. in horizontal or vertical direction for
every two overlapping nodes, whereas FSA by distances
of both §i(or &) and ¢y (or¢;) in both horizontal and

vertical directions.

e V)< (V,); only in

special cases, such as two overlapping nodes and their x
or y centre coordinates are equivalent, then

L 0)=100).

Additionally, in most cases,

Theorem 2 FTA ensures its output has no overlapping
nodes.

Proof. For any two nodes v; and u; on the same side of the
seed node v, we need to prove NS (v,) =g OF

NS (u )= ¢ - Suppose their original and new x
coordinates are xl_u,x;) xf",x;", respectively, and xf Zx,”,
so we have
0 0' 0 j L X 0 i 2 X
x, - :ijr Z z5mn_(xi * Z Z:é‘mn)
n=s+lm=s n=s+lm=s
J=i n
_ .0 0 x
=X, -X; + 2 26,
n=s+lm=s
0 0 "X
Zx/' _'X-l +5mn
w
=X —=x-|x —x [+——"
W+
2
Similarly, for yf >)", thus
0 0 > hi +h]
yj _y; - 2



That is, the forces applied to these two nodes can separate
them either in x or y direction with a distance of either

w+w

i J

0' 0 0' 0' hi +h/
X —x = or y. —y, =—— . If the nodes v;, u;
J i J i 2 ‘
are on different sides of the seed node vy, for example, on
left and right sides, we also can give a similar proof.
Therefore we have N (v,) = ¢ OF NS (4 ) = ¢ -

Theorem 3 The time complexity of FTA is O(n”).

FTA cannot guarantee to preserve the “orthogonal
ordering” mental map model [12]. Since the forces are
only transferred between the neighbor nodes, the relative
positions between them will be kept. However, it cannot
guarantee to keep the relative positions between
neighbored nodes and non-neighbored nodes. So, we
need to change FTA a little to preserve the “orthogonal
ordering” model. That is, in the process of the force-
transfer for each node, we move all the successive nodes
in the scan directions, no matter whether they are
neighbor nodes or not. This variation of FTA will
produce a less compact graph layout, but it preserves
“orthogonal ordering”.

5. Empirical Evaluation

We have implemented FTA and FSA in a prototype
called PGD by using the Java programming language (see
Figure 6). In this section, we compare a set of arbitrary
graph layout, some of which are similar to those in [5], by
applying FTA and FSA, and discuss some features.

= II=] E3
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Figure 6. A prototype system for graph layout

We can see different layout results with different seed
nodes for the graph in Figure 7: the graph in Figure 7(b)
is generated by using the leftmost node as the seed node
in FTA, and the graph in Figure 7(c) using the centre
node as the seed node. If we want to find which node in
the graph is the best candidate for the seed node, we
should try every node to calculate the cost function and
find the minimum one. Our prototype system provides a
facility for the user to use the mouse to select the seed
node for a graph; this would be faster than using the cost
function. For example, for the graph in Figure 8 (a), when

the user selects the central position as the dummy seed
node, the layout result will be the graph in Figure 8 (b),
which is better that that in Figure 8(c) with the leftmost
node as the seed node, because only two nodes in Figure
8(b) are moved in the left or right direction, while three
nodes in Figure 8(c) are moved in the right direction.

Figure 9 (b) and Figure 9 (c) show that the forces are not
transferred from one cluster node to another by using
FTA, because the formula (2.5) is not satisfied in this
graph. In the bottom level of the graph in Figure 9(a),
there are two overlapping nodes. When the force is used
to remove the overlap, the force is not transferred to other
nodes on the right of the first overlapping node in Figure

9(a).

Figure 10, 11 and12 show the initial and resulting layouts
for graph 4, 5 and 6, respectively. The graphs adjusted by
FTA are more compact than those by FSA. Furthermore,
the areas of the resulting layouts by FTA are smaller than
those by FSA.

The biggest node Graph 7 in Figure 13(a) overlaps with
other two nodes, so FTA moves only the biggest node in
Figurel3 (b). However FSA moves all the nodes located
on the right of the first node that is overlapping with the
biggest node.

Graph 8 in Figure 14 is used to show that layout
adjustment may introduce edge-node intersections by
using FSA, although FTA does not produce edge-node
intersections for this graph. However, sometimes FTA
may also generate edge-node intersections. Fortunately,
this problem can be easily solved by the approach in [1].

Graph 9 in Figurel5 is an X-shaped graph with symmetry
about both the x- and y-axis. Both layouts by FTA and
FSA are reasonable but the gaps between nodes in Figure
15(c) are a little bigger.

Graph | 3 4 5 6 7 8 9

Nodes | 10 13 8 12 110 | 5 18

FTA 7 127 | 86 | 76 | 4 | 18 | 258

FSA 74 | 1318 | 457 | 399 | 89 | 85 | 1335

Table 1 Value of Cost Function f{v;)

In summary, we conclude that graphs adjusted by FTA
are more compact than those by FSA from above
examples. Furthermore, we can also use a numerical
measure of the quality of the adjusted layout by the cost
function previously defined. The results are reported in
Table 1, which shows the values of cost function f{v;) of
using FTA and FSA for those graphs in Figure 9 — Figure
15 (i.e. Graph 3 — Graph 9). They can also be illustrated
in Figure 16. Note that the leftmost nodes (v;) of Graph 3
— Graph 9 are chosen as the seed nodes for the cost
function.

In [5], the authors point out that the ranking of methods in
terms of CPU time taken to find the adjusted layout, from
fastest to slowest is Uniform Scaling, Force-Scan, and



Constrained Optimization. Uniform scaling and Force-
Scan are considerably faster than Constrained
Optimization. Our new approach, the Force-Transfer, has
the same time complexity as the Force-Scan. It is not only
a fast algorithm for removing overlapping nodes but also
make the layout more compact.

Adjustment Cost for the Graphs

—o—FTA
—l— FSA

Cost

Graph

Figure 16. Comparison of values of Cost function for Graph 3 -
Graph 9

6. Conclusion

In this paper, we propose a new approach to removing
overlapping nodes in graph layout. Compared with FSA
and other algorithms, we conclude that FTA is a good
choice of balancing between a nice layout and less
calculation time. Our approach is not only used to adjust
graphs, but it can also be applicable to lay out non-
overlapping objects, such as windows and labels, by
specifying a minimum gap between these objects.
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Figure 7. Initial and adjustment layouts for graph 1

(a) Graph 2 (b) Layout by FTA with a virtual node in the centre ~ (c) Layout by FTA with vg=v,
Figure 8. Initial and adjustment layouts for graph 2
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(a) Graph 3 (b) Layout with FTA (c) Layout with FSA
Figure 9. Initial and adjustment layouts for graph 3
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(a) Graph 4 (b) Layout with FTA (c) Layout with FSA
Figure 10. Initial and adjustment layouts for graph 4

— — || — -
N S [ 1
[ 1 —— [
L1 ]
e I:I
(a) Graph 5 (b) Layout with FTA (c) Layout with FSA

Figure 11. Initial and adjustment layouts for graph 5
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(a) Graph 6 (b) Layout with FTA (c) Layout with FSA
Figure 12. Initial and adjustment layouts for graph 6
(a) Graph 7 (b) Layout with FTA (c) Layout with FSA
Figure 13. Initial and adjustment layouts for graph 7
(a) Graph 8 (b) Layout with FTA (c) Layout with FSA
Figure 14. Initial and adjustment layouts for graph 8
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(a) Graph 9

(b) Layout with FTA

(c) Layout with FSA

Figure 15. Initial and adjustment layouts for graph 9



