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Abstract: Background The problem of visualizing a hierarchical dataset is an important and useful technique in
many real-life situations. Folder systems, stock markets, and other hierarchical-related datasets can use this tech-
nique to better understand the structure and dynamic variation of the dataset. Traditional space-filling(square)-based
methods have the advantages of compact space usage and node size as opposed to diagram-based methods. Space-
filling-based methods have two main research directions: static and dynamic performance. Methods This study
presented a treemapping method based on balanced partitioning that enables excellent aspect ratios in one variant,
good temporal coherence for dynamic data in another, and in the third, a satisfactory compromise between these two
aspects. To layout a treemap, all the children of a node were divided into two groups, which were then further
divided until groups of single elements were reached. After this, these groups were combined to form a rectangle
representing the parent node. This process was performed for each layer of the hierarchical dataset. For the first
variant from the partitioning, the child elements were sorted and two groups, sized as equally as possible, were built
from both big and small elements (size-balanced partition). This achieved satisfactory aspect ratios for the rec-
tangles but less so temporal coherence (dynamic). For the second variant, the sequence of children was taken and
from this, groups, sized as equally as possible, were created without the need for sorting (sequence-based, good
compromise between aspect ratio and temporal coherency). For the third variant, the children were split into two
groups of equal cardinalities, regardless of their size (number-balanced, worse aspect ratios but good temporal
coherence). Results This study evaluated the aspect ratios and dynamic stability of the employed methods and
proposed a new metric that measures the visual difference between rectangles during their movement to represent
temporally changing inputs. Conclusion This study demonstrated that the proposed method of treemapping via
balanced partitioning outperformed the state-of-the-art methods for several real-world datasets.
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1 Introduction

Techniques for visualizing hierarchical datasets have many important applications. Hierarchies can be more
naturally represented using a tree structure in which branches are used to connect data at different hierarchical
levels.

When different leaf nodes have different values, the tree structure is limited in that it shows the connections
between nodes but not their values. Therefore, area-based methods are often used where the hierarchy is
encoded by inclusion and the values are visualized by areas. The sum of the values from the child nodes
defines the value of their parent in the hierarchy.

The corresponding area-based methods fall into two categories, namely top-down and bottom-up ap-
proaches. Top-down approaches first create an area as the representation of the root node, and then recursively
arrange children of the root node into this area!', whereas bottom-up approaches first make use of a layout
algorithm to arrange the representation of all leaf nodes into an area and then recursively pack these re-
presentations into larger areas, depending on the input given hierarchy'”.

Rectangles are the most widely used shapes for representing nodes in area-based methods, where the areas of
the rectangles correspond to the values of the nodes. Rectangle-based treemapping methods create compact
structures that are efficient for computation and easy to read, making them popular for visualizing hierarchical
datasets, especially ones that are large and dynamic.

Given that all elements of the hierarchy are rectangles, visually clear structures can be created in a variety of
ways. These advantages allow rectangle-based treemapping methods to become popular tools for visualizing
hierarchical datasets.

Given the same dataset, there are many ways to generate the corresponding rectangle treemaps. Two factors
have an important impact on the quality of the treemap results. One is the visibility and aspect ratio of
individual nodes, whereas the other is dynamic stability.

The proposed method improved both the factors using a top-down approach. For each layer of the treemap,
we subdivided the children of each node into two groups, which were then subdivided until groups of single
elements were reached. In two variants of the algorithm, the grouping was based on the individual sizes of each
child and therefore, an instance of the balanced partitioning problem (e.g.,[3]). Both groups were represented
by two rectangles arranged to partition the father rectangle. As the recursive division optimized the aspect ratio
at each step, this strategy allowed the aspect ratio of all elements to be kept in a better range than previous
methods.

The balanced partitioning problem is an NP-hard problem but several approximations exist. One of these is a
greedy strategy in which elements can be sorted according to their size and where both bins are filled
alternatively so that they always have a similar size. While this achieves good results, the variation between the
two groups is maximized and this is not ideal for aspect ratios. Therefore, this study used another group
assignment strategy whereby all big elements were grouped into one group and all small elements in another
(size-balanced splitting). This created satisfactory aspect ratios for the treemap as well as inconsistencies in the
dynamic case when the sizes of elements and the corresponding order changed over time.

Thus, the study developed two other variants of the method to better maintain temporal coherency. The most
stable result is obtained if the data are split into two groups of equal cardinalities, regardless of element sizes
(number-balanced splitting). A good compromise between temporal stability and aspect ratio is reached when
the sequence of children is not sorted, and then two groups, sized as equally as possible, are created using the
greedy algorithm (sequence-balanced splitting).

To evaluate the quality of the treemaps, this study used several standard datasets as well as an extremely

(4]

varying synthetic dataset. The treemaps were numerically analyzed using both established measures'™ as well
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(a) Size-balanced partitioning (b) Spiral placement (c) Strips (d) Slice and Dice

Figure 1 Our treemapping that relies on balanced partitioning is extremely easy to implement. One instance of our size-balanced
partitioning (a) Shows a better aspect ratio compared to other methods, e.g., (b) Spiral placement, (c¢) Strips, (d) Slice and Dice.

as a new measure that takes the movement and shape change of a rectangle into account at the same time.

The evaluation showed that the size-balanced splitting (Figure 1a) achieved excellent aspect ratios with a
very simple algorithm, while the number-balanced version was as stable as the state-of-the-art solutions, more
commonly used within the field. The sequence-balanced version of the algorithm created treemaps with an
ideal composition between both properties and was thus recommended as a strong choice for general-purpose
treemapping.

The contributions of this paper hence include:

* Size-balanced partition maintains near-square aspect ratios of rectangles in a treemap such that small

elements are better readable.

* A sequence-balanced partition better preserves the dynamic stability while maintaining a good aspect ratio.

* A number-balanced partition that only focuses on the number of elements is the most stable for highly

temporally dynamic data.

* A new metric with respect to visual change complements existing dynamic stability measurements, which

usually only considers distance and size changes.

As shown in Figure 2, given a sequence of input data belonging to the same hierarchical level, performing a
number-balanced partition (Figure 2a) ensures that the number of nodes in the subsets is balanced and that the
temporal coherence is well preserved. However, because the total values of the two subsets vary dramatically
(8+9 vs. 1+2), the corresponding rectangles have poor aspect ratios. A greedy searching algorithm for the size-
balanced partition problem (Figure 2b) sorts all nodes by their sizes in descending order and assigns large
nodes first. Even though the two subsets at the first level are perfectly balanced in size, the split at the second
level cannot be balanced because of node size variation within the subsets. Like the greedy strategy, the
proposed size-balanced partition (Figure 2c) also orders the input nodes according to their sizes, however,
instead of alternatively assigning nodes to the two subsets, the small nodes are kept in the same subset and thus
reduce size variation within subsets. This allows for balanced partitions at all hierarchical levels. When there is
a need to maintain the order of nodes in the input sequence, the proposed sequence-balanced partition (Figure
2d) divides the sequence directly without attempting to achieve better temporal coherence when handling
dynamic datasets.

The remainder of this paper proceeds as follows: after reviewing related work, Section 3 demonstrates the
proposed method in theory and describes the alternatives for an efficient computation of treemaps, whilst
Section 4 presents the new quality measurement for treemapping methods, provides results on three datasets
and compares them with related works. Section 5 draws a conclusion and identifies potential opportunities for
future work.

2 Related works

Shneiderman!" proposed the first space-filling-based method for visualizing a hierarchical dataset. This
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Figure 2 Comparison among different partitioning approaches.

method subdivides the rectangle for the entire representation into smaller rectangles by alternatively splitting
the rectangle horizontally and vertically. If a node has many children, many thin rectangles will appear.
Bruls et al. introduced squarified treemaps with the aim of maintaining good aspect ratios for each sub-
divided rectangle™. This method first orders children from large to small after which elements are added
successively as rectangles with the aspect ratio being optimized at each step. If the rectangles are too thin, the
filling order is changed and thus, the input order is destroyed, and for temporally changing inputs, large
rearrangements might occur. Bederson et al. refined squarified treemaps using the strip method, which

maintained the order of the input'®

. The child elements are arranged top down and left to right in a sequence of
strips. Tu and Shen proposed a spiral-based method to maintain the input sequence during treemapping!”’. Both
methods arrange elements linearly, thus creating rectangles with large or small aspect ratios.

Duarte et al. proposed a neighborhood preserving method to maintain the similarity of the input data!®’. This
method involves laying out the input data in a rectangle in which a slice line is then drawn and subsequently
moved by means of scaling to a place that maintains the ratio of its two parts. While this method enables good
preservation of neighborhoods, it does not offer sequence preservation or a dynamically stable result. Lu &
Fogarty proposed cascaded treemaps to visualize child dependencies within a treemap using cascades of
elements"”. There is a trade-off between showing the hierarchical structure and space filling.

Many treemap approaches change their appearance significantly when there is a change in the size of the
data. Tak & Cockburn proposed a location-drift metric to show the dynamic stability of a mapping method,
using the variation in the center of a moving element over time!'”. This metric is particularly useful for
comparing local and global movements within treemaps. The authors also introduced Hilbert and Moore
curve-based treemaps, which can be used to obtain spatial stability. The addition of extra space to the

visualization is key to dynamic stability. This was done by Itoh et al.”) who used rectangle packing to arrange
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child elements in a top-down manner. Sondag et al. presented a dynamic method that updates the rectangles of
a treemap from the last time step within a sequence by stretching and flipping neighboring rectangles'”. This
scheme can be combined with different treemaps but may be considered as being too complex to be used for
large-scale datasets. More rectangle-based treemapping methods can be found in an online survey!'".

In addition to rectangles, many other forms of treemaps exist. Wang et al. used nested circles to visualize the

121 Zhao et al. used a

hierarchical data, packing circles, level by level, according to a top-down sequence
continuous packing method to generate a circular-based treemap and presented a fisheye distortion-based
interactive technique for zooming!"!. Fischer et al. attributed circular treemaps to glyphs to visualize time-
series datal'*. Balzer et al. proposed Voronoi treemaps using Lloyd’s method to compute a centroidal Voronoi
diagram using the element weight to control cell sizes!'. Although this method offers a better aspect ratio than
slice-based methods, it involves a much higher computational cost. Gortler et al. presented bubble treemaps
that use bubble outlines to pack circles, adding transparency or jaggedness of the outlines to visualize data
uncertainty, thus making it more compact than circular packing!'®.. Vernier et al. proposed two metrics for
comparing the performance of different treemap methods: the first is to normalize the aspect ratio to one
whereas the second aims at the rectangular position and shape changes over a time series!'”. A recent survey
and classification of different treemap methods can be found in Scheibel et all'®). Li et al. proposed a barcode
treemap method that uses rectangular bars to show the changes in a hierarchical dataset where the width of
each bar indicates the node level"”’. An advantage of this method is that it can visualize several variations in a
tree structure at the same time. Finally, Scheibel et al. used an initial layout onto which all changes in the

dataset were mapped!"”.

3 Methods

The proposed algorithm uses a hierarchical dataset as the input and generates the corresponding treemap. First,
a rectangular area is created with a default aspect ratio of 1.25 to form the root node that holds the whole
dataset, with the data elements at the top hierarchical level being treated as the children of this node. The root
rectangle is then split into multiple smaller rectangles, one for each child, after which its area is determined
based on the value of the corresponding data element. When a child rectangle contains more than one data
element in the hierarchical dataset, it is split further under the same criteria. The recursive splitting process
(Figure 3) continues until each rectangle represents a single data element, which is referred to as a leaf
rectangle.

The following section explains how to split a given parent rectangle into child rectangles as well as how to

split all elements into subgroups based on their size, input sequence, and input location in the sequence.

3.1 Balanced partition of a given node

Given a set of data elements belonging to the same parent node, the objective of this study was to find an
appropriate and efficient way to split the parent rectangle into child rectangles, such that: (1) the union of child
rectangles fills the parent rectangle; (2) no two child rectangles intersect; (3) the area of each child rectangle is
proportional to the value of the corresponding data element; and (4) the shape of each child rectangle is as
close to a square as possible.

To achieve these goals, a recursive partition procedure was applied. Set L was split into two subsets, namely
L, and L,, each time after which the parent rectangle was cut into two child rectangles with areas being
proportional to values in L; and L,. To ensure that the child rectangles were as close to a square shape as
possible, the parent rectangle was always cut along its shorter edges. The values of subsets L, and L, were also

balanced so that the two child rectangles had similar areas.
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Figure 3 An example of the recursive splitting process: a root rectangle is split first in (a) by continents, and then each continent is
split in (b) by countries.

As previously mentioned, splitting a list of numbers (sizes of elements) into two subsets so that the
difference between the total values (sum of element sizes) in the two subsets is minimized is a well-known
problem in computing and is referred to as the balanced partitioning problem™. As a NP-hard problem, several
algorithms have been proposed to achieve near-optimal solutions'*”’. Commonly used here is the simply greedy
algorithm, which sorts all numbers in descending order so that larger numbers are processed first after which
the next largest numbers are assigned to the subset with a smaller total value. The pseudocode is presented in
Algorithm 1.

Algorithm 1 Greedy solution for balanced partition

function SPLIT(L)

Li={};
Ly={};
while L != {} do

x = L.largestElement();

L.remove(x);

if sum(L;) < sum(L,) then

Ly.append(x);
else
L,.append(x);
end if

end while
return L;; Ly;

end function

While the above greedy algorithm can generally balance the size of the two subsets, further partitioning each
subset often leads to unbalanced subtrees (Figure 2b) as the algorithm tends to alternatively assign data
elements to the two subsets, resulting in high variance among data values within each set. Assume that the
following sequence of element sizes is given: [2,15,20,21]. The partitioning would split this list into two lists:
[20,21] and [2,21], which creates a perfect split of the initial rectangle, but two poor splits for the subsequent
lists.

To address this problem, the strategy involved splitting L into subsets such that: (1) the intra-variance within
each subset was minimized, and (2) the total values for L, and L, were as close as possible. A simple heuristic
for achieving this goal was to group large elements in L; and small elements in L,, so that both subsets had a



348 Virtual Reality & Intelligent Hardware August(2022) Vol. 4 No. 4

low intra-variance. To balance the total value in L, and L,, L,=@ and L,=L were initialized after which the next
largest element in L, was gradually moved to L until such a move increased the total value difference between
the two sets. The pseudocode for this splitting method is presented in Algorithm 2.

Algorithm 2 Variance-minimizing solution for balanced partition

function SPLIT(L)

h = sum(L)/2;

Ly={};

Ly=L;

x = L,.largestElement();

while (abs(sum(L,)-#) > abs(sum(L,+x)-4)) do

Ly.append(x);

L, remove(x);

x = Ly.]argestElement();

end while
return Ly; Ly;

end function

This method (Figure 2c¢) has several advantages in terms of filling the parent rectangle: (1) it is efficient to
compute and has a small storage footprint, (2) it is easy to implement, and (3) compared to other methods, such
as the unslice and curve-segmentation method" it maintains a similar rectangular structure for all child
nodes. For further details, see Figure 4.

It should be noted that although a similar idea was used to obtain an as-equal-as-possible partition of the
rectangle, this method is different from the pivot by the split size method'®. The split size method aims to
maintain the order of the input sequence within each rectangle and thus involves laying out the two parts of a
rectangle according to the sequence order. In contrast, the method used employed by this study recursively
divided the element lists until the parts consisted of only a single element. For each pair of child lists, the
corresponding rectangle was divided into two parts, creating aspect ratios closer to the square, as shown below.

3.2 Sequence-balanced partitioning

The above partitioning algorithm focuses on creating near-square shapes for all elements in the treemap.
Owing to the sorting of the elements when splitting each parent node, small changes in the values of elements
could affect the sorting result and thus lead to a range of treemaps. Therefore, the temporal coherence among
the treemaps may be poor when visualizing a dynamically changing dataset.

A particular advantage of the proposed variance-minimizing solution for balanced splitting is that it also
works for sequences that are not sorted. Even though the size difference between the two subgroups may be
larger than that of the original algorithm, this solution obtains two approximately equal groups that can be used
for dividing the parent rectangle, resulting in a sequence-balanced partition (Figure 2d). Although the aspect
ratios may be worse, the sizes of the elements change over time and thus the sequence would not be reordered
and temporal stability could be maintained.

3.3 Number-balanced partitioning

The structure of the treemap will only change if, due to changes in element sizes, the splitting must be
performed differently. To avoid this type of structural change, this study proposed a third variant of this
method. Here, each parent node was, without sorting, successively divided into two groups with equal
numbers (cardinality) of elements. It should be noted that the main drawback of this number-balanced partition

(Figure 2a) is that it yields a higher variation in aspect ratios and thus results in the reduced visibility and
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Figure 4 Comparison between greedy algorithm (a) and the size-balanced partition (b). Leaf nodes in this study’s results were found
to have better aspect ratios, with an average of 1.69 vs. 2.88 by greedy.

esthetic appearance of the small rectangles. However, the method is ultimately advantageous in that it pro-
duces a fully dynamic stable treemap result with each subdivision being determined according to the number
of input sequences thus allowing for the positions of all elements to be determined continuously.

4 Evaluation and results

The method was tested on several widely used datasets, namely Coffee, Name, and Population, all of which
varied over time but not dramatically. Therefore, this study involved the creation of a synthetic dataset with
200 elements over 20 frames in a two-level hierarchical structure. The size of each element varied from less
than one to more than 9000. Figure 5 shows the treemapping results compared to the squarified treemaps and
incremental methods.

The quality of the different methods was evaluated conducted using two measures. The first involved the
readability of the rectangles of a static treemap, which is typically measured using the average mean and the
medium aspect ratiol. The second involved the stability of different methods for dynamic data where changes
in the positions of the child elements were measured as well as any changes in size. This measurement was
amended using a method that also measured changes in elements shapes.

4.1 Evaluation of static quality

The readability of the rectangular elements of the treemaps were measured used their average and median
aspect ratios. For a parent element with n children where the aspect ratios for each child are denoted as ary, ar,,

..., ar,, the average aspect ratio is computed as %Z ar,
i=1

An alternative for measuring the average aspect ratio is as follows: if each child rectangle has a size of wy, w,,
..., w, and the size of the parent rectangle is w_sum, then the weighted average aspect ratio is defined by the

following weighted sum: %Z’_’_lari X w, / W sum.

The weighted average aspect ratio has the advantage of reducing the contribution of extremely small
elements with large aspect ratios. In the following, the weighted average aspect ratio remained unused as small
elements with large aspect ratios often disturb the appearance of a treemap and thus hinder the readability of
the content. Small objects should thus be judged as big objects, or one could also add a weighting term
between large and small elements.

If several treemaps are given from various data sets or from a dynamically varying single set, the aspect ratio
values can be further processed by computing their average and median values. These averaged aspect ratios

are referred to as the average mean aspect ratio and average median aspect ratio.
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Figure 5 Three time steps of a synthetic dataset: (a) result of the number-balanced method, (b) squarified treemaps, and (c)
incremental treemaps. Rectangles with the same parent root share the same color.

4.2 Evaluation of dynamic quality

A hierarchical dataset can change over time. For example, in a file, system files might be modified, added, or
deleted. To obtain a treemap visualization that reflects such dynamic sets, a treemap can be constructed for
each time step but this often results in an incoherent visualization. Another possibility is to update the initial
treemap for every time step (incremental design). Both ways have been gone, we will compare our method,
which belongs to the first category, with state-of-the-art methods of both kinds.

The distance change'*” was a technique first proposed by Shneiderman and Wattenberg to assess the stability
of a treemapping method with a dynamic dataset by measuring the change in the position and size of a
rectangle over time. The variance of the distance change can also be used to measure the stability around the
average change in distances.

Some methods implement a location-drift metric!'”, which focuses on the position change over an entire
period of time rather than just between two time steps. The elements of a divided rectangle that move only in a
local area should have a lower location drift value than a rectangle with global movement. Sondag et al." used
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a dynamic metric. They claim that in a dynamic dataset, the stability of a treemapping method depends on the
neighbors of a segmented rectangle. If a segmented rectangle moves significantly at different time steps, but its
neighbors remain stable, this rectangle will receive a low stability value. Both metrics are meaningful from a
perceptual perspective.

In real life, a dataset in a hierarchical structure can be seen as a sequence-like system and it is for this reason
that readability” is proposed here as a measurement of the sequential order of a treemapping result. The
readability metric calculates the number of required changes for a reader’s eye scanning direction corre-
sponding to the input sequence. To optimize this, strip- and spiral-based treemapping layout methods have
been proposed in [6] and [7], respectively.

These metrics are useful to some degree but, unfortunately, do not fully capture the dynamic stability of
treemaps. For example, these metrics all focus on distance changes but ignore shape variations over time. For a
dynamic dataset, the change between two rectangles relies not only on its position differences but also on its
visual change. The visual change between two rectangles is shown in Figure 6 below. The two rectangles were
aligned with the same center after which the difference between their areas was computed as dashed. This was
computed using the following equation:

visual change = s; +s, +s3 +540 (1)

S

S
Figure 6 The visual change between two rectangles is measured by their difference in-between their areas (dashed).

To obtain a value for the complete treemap, the visual change of its elements was normalized by the change
in the dataset size. The absolute size of the changes at two time steps was not considered, however, the size
change for each leaf node was accumulated. Thus, the study proposed to measure the stability of a treemapping
method as follows: Given a hierarchical dataset with n elements, we specify how much the hierarchical dataset
changes at two time steps and normalize these changes according to the accumulated change of the leaf nodes.

For example, in the distance change metric, we normalize the distance change metric as follows:

Y (size(f),,, — size(),) (2)
where i and i+1 are two consequent time steps, and size(j) denotes the size of the jth rectangle in the treemap.
The reasoning behind this normalization is that the changes in a treemap closely follow the changes in the
dataset.

In this study, both center movement and visual change were used to evaluate the stability of treemapping
methods for a dynamic dataset. Both metrics were normalized by the size of the input data (see Equation (2)).

4.3 Results

In all histograms, lower values for visual change and center movement were preferred. For an aspect ratio of 1
to 1.5, was preferred.

The results using the Coffee and Name datasets are shown in [4]. Eleven treemapping methods were tested
using these two datasets. A population dataset downloaded from the Internet was also tested. The Coffee
dataset contains 85 countries with the amount of coffee imported from 1994 to 2014, with the hierarchy of the

coffee dataset presenting three levels. Countries were considered as leaf nodes and were grouped into con-
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tinents, such as North America, West Europe, and East Asia. The highest level of the hierarchy includes
America, Europe, and Asia.

The Name dataset contains 62 popular names in the Netherlands from 1993 to 2015. This dataset has only
one level and the difference between names is smaller than those found in the Coffee dataset. The population
dataset includes more than 200 countries from 1980 to 2010 and presents two layers. The top layer is the region
layer, which contains Asian Oceania, Europe, North America, Central and South America, the Middle East,
and Africa whereas the lower layer contains all countries. Although this is not a deep hierarchical dataset, new
elements appear for some time steps, making it useful for dynamic considerations.

The proposed methods were tested using the aforementioned static and dynamic metrics and compared
against the existing methods identified above. More specifically, the average and median aspect ratios were
used as static metrics and the average center movement and average visual change as dynamic metrics. The
average center movement and average visual change were normalized by the global change in the size of the
hierarchical datasets.

For the Coffee dataset, the aspect ratio (Figure 7a) varied significantly for the different methods. The size-
balanced method received better results than most other methods with the average median aspect ratio being
better than that of all other methods. The sequence-balanced method had a better average median aspect ratio
than the existing methods, with the average aspect ratio also being better than that of Moore, Spiral, Pivot,
Slice and Dice. The number-balanced method did not work well for the average aspect ratio, however, it
presented a good performance for the median aspect ratio. For the Coffee dataset, the difference between the
different countries was significant. Therefore, many methods have a large average aspect ratio, for example,
larger than 100. For this challenging dataset, the proposed method presented good static measurements.

Figure 7b shows the dynamic metric results of the Coffee dataset. The size-balanced and sequence-balanced
methods presented a better average center movement than most methods, except for Slice and Dice. For the
average visual change, the Slice and Dice technique presented the best stability. The value of the sequence-
balanced method was only slightly higher than that of the incremental method and was higher than that for
Slice and Dice. Thus, the sequence-balanced method offers good dynamic stability for the coffee dataset. The
value of the size-balanced method for the average visual change was in the middle of all these methods with
the difference between the size-balanced method and the better methods being less than 1E-07. Hence, this
method also performed well with respect to visual changes. The number-balanced method performed well in
terms of the dynamic properties, presenting the best average visual change, with its average center movement
being only higher than that of the size-balanced, sequence-balanced, and Slice and Dice methods. The results
of this in comparison to the other methods can be seen in Figure 8. For the Coffee dataset, the methods
performed well both in terms of visualization and stability as many small rectangles can be seen and the
dynamic variations can be easily traced in the dataset.

For the Name dataset in Figure 7c, all methods, including the proposed, presented a good static stability
except for that of spiral and Slice and Dice. The values of the size-balanced and sequence-balanced methods
were approximately 1.5, which was competitive with the incremental, Hibert, Moore, pivot by size, simplified,
and strip methods. The number-balanced method also performed well in the dataset with the average and
median aspect ratios being approximately 1.8. Many methods perform well on this dataset, as they had only
one level and the difference between elements was small.

For a more dynamic name dataset in Figure 7d, Slice and Dice still presented the best dynamic stability
among all the methods. The size-balanced and sequence-balanced methods had higher values in the average
center movement than both the incremental and Slice and Dice treemaps and were competitive with the spiral
and pivot by middle methods. These methods did not perform better than the other methods for the average

visual change, however, the number-balanced method performed well for both average center movement and
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Figure 7 This study computed the average mean aspect ratios and average median aspect ratios of three datasets (Coffee, Name,
Population), which are presented on the left, and their average center movements and visual changes, which are presented on the right.

average visual change with the result value being only slightly higher than that of the Slice and Dice method.
The results for this set for three continuous time steps are shown in Figure 10. The number-balanced and
sequence-balanced methods were found to have preserved the sequences well.

For the Population dataset, the proposed methods offer ideal aspect ratios, as shown in Figure 7e, performing
better than all other methods except for the incremental and approximation methods. While the size-balanced
method presented a slightly higher average mean aspect ratio than these two methods, it also presented a lower
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Figure 8 Visual results of the Coffee dataset. The methods (a-c) are compared with Moore (d), Slice and Dice (e), Squarified (f), Pivot
by size (g), Pivot by split size (h), and Hibert (i) methods. Leaf nodes with the same parent root share the same color.

average median aspect ratio. The sequence-based method also presented a higher average mean aspect ratio
than the incremental and approximation methods but comparable average median aspect ratio results. The
number-balanced method did not yield satisfactory results for the aspect ratio. The average mean aspect ratio is
better than Pivot by middle, Squarified, and Slice and Dice, and the average median aspect ratio is better than
Slice and Dice. Another interesting observation, here, is that the simplified treemap method did not present a
satisfactory average mean aspect ratio, which would ideally be more than 2000. This is because the average
aspect ratio is easily influenced by very thin elements and squarified treemaps contain extremely thin rec-
tangles.

A dynamic comparison is presented in Figure 7f, showing good center-movement results for the size-
balanced and sequence-balanced methods, however, the average center movement of the proposed method was
only higher than those of the incremental and slice and dice methods. The visual change of the sequence-based
method was higher than for incremental, strip, and slice and dice treemaps, and the visual change of the size-
based method in the middle of all methods. The number-balanced method performed well for dynamic
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(d) Squarified (e) Slice and Dice (f) Slice and Dice

Figure 9 Visual results of the Population dataset. The size-balanced method(a) is compared with Spiral(b), Strip(c), Squarified(d),
Slice and Dice(e), and Pivot by middle(f) methods. Leaf nodes with the same parent root share the same color.

properties, competing with the Incremental and Slice and Dice methods.

In addition, the study also showed the size-balanced treemap in Figure 9, compared to spiral, strip,
squarified, slice and die, and pivot by middle. The results of other methods were obtained using the software
provided by Sondag et al.l*!.

It should be noted that the local moves method* aims to solve the problem of dynamic stability by using
other treemapping methods for initialization and to form an approximation approach. In dealing with a simple
dataset, such as the Name dataset, the proposed method and local-moves method performed similarly with
respect to aspect ratio, however, the proposed method was found to better preserve the sequences. For
complicated datasets, the local moves method sometimes fails with very low effectiveness. Figures 5 and 10
visually compare the results relating to the proposed method with those of the local moves, showing that
similar aspect ratio results were obtained but that the sequence-balanced and number-balanced variants
demonstrated much better preservation of both sequence and dynamic stability.

Finally, the computation performances of different algorithms are reported in Table 1, where the time is
measured in milliseconds. The results clearly show that all three variants of the proposed algorithm can
generate satisfactory results faster than most existing approaches.

5 Discussion and conclusion

From the problem discussed in the abstract, this study aimed to obtain better visible performance of small
elements as well as achieve dynamically stable results, resulting in the input dataset being visualized in a
relatively stable position of the treemap. However, satisfactory static and dynamic performance can be
difficult to achieve at the same time in one treemapping method and it is for this reason that the study put these
two directions into one framework. In the framework, we have three sub-branches: one has good static
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Figure 10 Visual results of three continuous years in Name dataset (from 1993 to 1995). The proposed methods (a-c) are compared
with the Incremental (d) method. Slighter gray color indicates the earlier input whereas the darker gray color indicates the later input.

performance while with worse dynamic performance; one has good dynamic stable results while hard to
visualize all small elements; one has static and stable dynamical performance between the former two.

This study proposed effective treemapping strategies that either maintain near-square aspect ratios for the
rectangles of a treemap so that small elements are more visible or create stable layouts for time-dependent
sequences (stock market variation with time), while these two aspects can be weighted in their influence.
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Table 1 Computation performance of different approaches

Method Time Method Time Method Time
Size Order 7.8 Sequence Order 20 Number Order 35
Slice and Dice 7.2 Pivot by Middle 25 Pivot by Size 28
Pivot by Split 22 Strip 22 Squarified 30
Spiral 23 Moor 25 Hilbert 38
Approximation 78 Incremental 75

Three alternatives for arranging the results are thus designed: a size-balanced visualization maintains near-
square aspect ratios, and a number-balanced version preserves the temporal coherence. An in-between is
formed by a sequence-balanced partitioning method that maintains both aspects reasonably well.

For better comparison and evaluation, the study introduced a new metric that is defined based on the visual
changes. It complements existing measurements for dynamic stability that usually only consider distance and
size changes. This metric reflects shape variations, in addition to absolute distance and size changes. By
comparing and discussing various methods using this measure in addition to other established measures, the
study presented the behavior of the treemapping results with respect to standard datasets.

In the future, it is recommended that studies continue minimizing variances and maintaining temporal
coherence. The use of a non-sliced method to divide rectangles is also an interesting exploration direction.

For the number-balanced partitioning method, we can combine hierarchical clustering and layout methods to
not just two as close as possible. Moreover, for digit twins, the methods proposed in this study can be used for

hierarchical dataset layout and visualization, which can be helpful for digit twin pipelines.
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