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Abstract 
Time-dependently changing hierarchical data structures are commonly visualized with animated 
treemaps. Changes in the data structure produce correlated changes in the animation. While 
previous treemap animations exclusively consider hierarchical data where only the size of the data 
points are time-dependently changing, we present a novel method for animating treemaps where the 
hierarchy of the data structure is also evolving. A change in the hierarchy is referred to as a 
topological event of the animated treemap. Furthermore, animation stability is a quantitative 
indicator as to the visual quality of treemap animations. 
 
With the proposed method, the stability of animated Slice-and-Dice treemaps is maximized during 
topological events. Thus, the method produces topologically evolving Slice-and-Dice treemap 
animations of high visual quality. Inspiration for the proposed method was largely drawn from Köpp 
and Weinkauf’s recent work on the ordered visualization of time-dependently evolving nested 
graphs. The research question regarded whether their treemap method for spatially ordering 
hierarchical data could be translated to the 2D treemap space, in order to optimize the stability of 
animated Slice-and-Dice layouts. This study does not only report on the development of the 
proposed method, but also present an accompanying experimental evaluation. While evidence show 
that the proposed method is incapable of entirely mitigating decreasing stability scores, caused by 
any possible topological event in an evolving Slice-and-Dice hierarchy, the success of the proposed 
method has been proven for the most frequent topological events. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Sammanfattning 
Tidsberoende förändringar i hierarkiska datastrukturer visualiseras ofta med animerade trädkartor 
(efter engelskans treemap). Förändringar i datastrukturen producerar korrelerade förändringar i 
animationen. Medan tidigare trädkartsanimationer sett till hierarkisk data där endast storleken på 
datapunkterna förändras över tid, så presenterar vi en ny metod för animation av trädkartor där 
även datastrukturens hierarki förändras. En förändring av hierarkin kallas för en topologisk 
händelse i den animerade trädkartan. Animationsstabilitet är vidare en kvantitativ indikator för 
animerade trädkartors visuella kvalitet. 
 
Med den föreslagna metoden så har stabiliteten av animerade Slice-and-Dice-trädkartor optimerats 
under topologiska händelser. Metoden producerar följaktligen topologiskt föränderliga Slice-and-
Dice-animationer med hög visuell kvalitet. Studien har huvudsakligen inspirerats av Köpp och 
Weinkaufs arbete med den sorterade visualiseringen av tidsföränderliga, nästlade grafer. 
Forskningsfrågan gällde huruvida deras metod för att ordna den hierarkiska datan kunde översättas 
till trädkartors tvådimensionella rymd, för att i ett vidare steg optimera stabiliteten av animerade 
Slice-and-Dice-trädkartor. Studien rapporterar ej enbart om utvecklingen av den föreslagna 
metoden, utan presenterar även en medföljande experimentell utvärdering. Medan man ur bevisen 
kan utläsa att metoden ej fullständigt kan mildra minskningar i animationsstabilitet, orsakat av alla 
de möjliga topologiska händelser som kan ske i en föränderlig Slice-and-Dice-hierarki, så har den 
föreslagna metoden varit framgångsrik i de mest frekventa fallen. 
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Abstract

Time-dependently changing hierarchical data structures are com-

monly visualized with animated treemaps. Changes in the data

structure produce correlated changes in the animation. While pre-

vious treemap animations exclusively consider hierarchical data

where only the size of the data points are time-dependently chang-

ing, we present a novel method for animating treemaps where the

hierarchy of the data structure is also evolving. A change in the hier-

archy is referred to as a topological event of the animated treemap.

Furthermore, animation stability is a quantitative indicator of the

visual quality of treemap animations. With the proposed method,

the stability of animated Slice-and-Dice treemaps is maximized

during topological events. Thus, the method produces topologically

evolving Slice-and-Dice treemap animations of high visual quality.

Inspiration for the proposed method was largely drawn from Köpp

and Weinkauf’s recent work on the ordered visualization of time-

dependently evolving nested graphs. The research question re-

garded whether their treemap method for spatially ordering hierar-

chical data could be translated to the 2D treemap space, in order

to optimize the stability of animated Slice-and-Dice layouts. This

study does not only report on the development of the proposed

method, but also presents an accompanying experimental evalua-

tion. While evidence shows that the proposed method is incapable

of entirely mitigating decreasing stability scores caused by any

possible topological event in an evolving Slice-and-Dice hierarchy,

the success of the proposed method has been proven for the most

frequent topological events.
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1 Introduction

Information visualization is an important area of research within

the field of computer science. An appropriate visualization of data

can unravel mysteries and insights of the dataset, which would oth-

erwise only be known to an absolute expert of the dataset. Hence,

in a world steadily growing more and more dependent on digi-

tal information, making this information accessible has grown to

become a topic of digital democratization [1]. However, making

data accessible is not as simple as making the data available. The

accessibility of data also entails making the data perceptible and

interpretable to the recipient [2]. Oftentimes, the end recipient of

complex data is a human user.

In computer science, trees are commonly used to simulate hierarchi-

cal data structures. There are a wide range of techniques available

today for visualizing trees. What all of the tree visualization tech-

niques have in common, is that they simultaneously map the data

points and the hierarchical partitions of a tree to visual elements.

Consequently, the visualization method chosen is highly dependant

on the complexity of tree to be visualized. For a single-level tree,

a 1D tree mapping might suffice. However, since the complexity

of trees increase as new data points and hierarchical levels are

added to them, 2D treemap techniques have appropriately become

standard. Most of these techniques utilize nested rectangles as the

visual elements to which the data points of trees are mapped [3,

4, 5, 6, 7, 8]. While the proportional size of the rectangles corre-

spond to the size of the visualized data points, the nesting of the

rectangles relate to the data points’ locations in the tree hierarchies.

Furthermore, the mapping of trees to other visual elements than

rectangles, such as bubbles [9], polygons within rectangles [10]

and Voronoi cells [11], have also been proposed. Altogether, these

techniques effectively utilizes the available screen space for the

visualization, while also producing visually perceptible mappings

of trees for human observers [3, 4].

However, further complexity is added to the cases where a tree is

changing, or evolving, over time.When evolving trees are to be visu-

alized, the animated series of several 2D treemaps are commonplace.

Here, each consecutive treemap layout in the animation directly

correspond to a snapshot of the evolving tree at a certain time.

There are a multitude of ways in which an animated treemap can

change between consecutive frames. To name one, if a data point

in the time-variant tree grows in size, the corresponding geometry

of the animation must also grow. The stability of a 2D treemap

animation thus directly relates to how much the 2D treemap anima-

tion change between frames [5]. Problems for the human user arise

when unstable animations make the evolution of the visualized

time-variant tree difficult to follow. Seeking ways to maximize the

stability of 2D treemap animations is therefore an adequate topic

of research. Consequently, this study presents a novel method for

the stability maximization of animated Slice-and-Dice [3] treemaps.

Stability maximization has been accomplished by translating re-

sults stemming from the visualization of topologically evolving

nested graphs [12, 13], to the 2D layout space of Slice-and-Dice.

What will follow is an in-depth review of the concepts used in the

development of this method.



2 Theory and Related Research

2.1 Trees - an Hierarchical Data Structure

A tree is a mathematical model and an abstract data type (ADT)
widely used in computer science to simulate hierarchical data struc-

tures. Tangible examples of trees are the document object model
(DOM) of XML and HTML files, a file system and the organiza-

tional structure of a company [13]. A generic tree simply consists

of nodes and directed edges, similar to other ADTs, such as the lin-

ear queue and stack data structures. However, trees differentiate

themselves from these counterparts by being non-linear.

Nonetheless, each node in a tree can be accessed recursively by

starting at the top of the hierarchy, at the root node, and following a
conditionally specified path downward, through the tree structure.

Any node in the tree, apart from the root, is defined by a parent node
located at an hierarchical level less than the one being examined.

Intuitively, any node at an hierarchical level greater than the root

of the tree, is thus referred to as a child node of it’s parent. Parent

nodes can have multiple children, while no child can have more

than one parent. Nodes in the tree hierarchy with no children are

referred to as leaf nodes, or leaves. Generally, leaves are found

at the bottom of the hierarchical data structure, see 𝐹𝑖𝑔. 1. The

height of a tree is defined by the number of traversed edges on the

path between the root node and the leaves located at the greatest

hierarchy level.

2.2 The 2D Treemap and Slice-and-Dice

Hierarchical tree data structures are commonly visualized with a

2D treemap. The idea behind treemaps originally stemmed from the

need for more efficient screen space utilization in the visualization

of complex trees [3, 4]. An example of this type of information

visualization, along with it’s corresponding tree, is provided in Fig.

1. The 2D space-filling tree representation on the right of Fig. 1 was

firstly proposed by Shneiderman in 1992 [3]. Every node of the tree

is represented by a nested rectangle in the 2D treemap, proportional

in area to some data attribute of the nodes. Assuming that the tree

on the left of Fig. 1 represents a file system, directories 𝑑 and 𝑒 are

sub-directories of 𝑐 , which along with 𝑏 are the sub-directories of

the root directory 𝑎. If the size encoded in the rectangles are further

assumed to be directory byte size, an interpreter of the treemap can

quickly draw conclusions about the properties of the file system.

Figure 1: From left to right: terminology labeled tree of
height 2 with it’s corresponding 2D treemap, as proposed by
Shneiderman [3, 13].

For example, directories b and c correspond to approximately 1/2

of the total file system size, while directories d and e correspond

to 1/4 each. Trees in which the nodes and/or edges are assigned

quantities like this are commonly referred to as weighted trees [14].

Throughout this report, only weighted trees in which the weight

of parent nodes are the sum of its childrens’ weights, have been

considered.

There are several ways in which the geometric layout of a 2D

treemap can be generated from the type of weighted trees described

above and on display in Fig 1. The layout algorithm proposed by

Shneiderman [3] is commonly referred to as Slice-and-Dice, due

to the fact that the algorithm slices each node of the treemap n-
1 times, where n corresponds to the number of outgoing edges

of the node. The alignment of the slices is alternating between

vertical and horizontal, as it is dependant on the node location in

the tree hierarchy. In Fig. 1, nodes have been sliced vertically on

even hierarchy levels and horizontally on odd levels. Consequently,

one inherent property of the Slice-and-Dice layout algorithm is that

the treemaps generated are sliceable. A treemap layout is said to be

sliceable if it can be "recursively sliced along a maximum segment
until the layout consists of only a single rectangle [15]."

2.3 Visualization of Time-Variant Trees

2.3.1 Animation with Local Moves
Time-variant trees change their appearance, over time. For the an-

imation of such trees, both topological and time-dependent data

changes can and should be taken into consideration. In 2018, Sondag

et al. [15] introduced a novel method for the 2D treemap animation

of time-variant trees. The general idea behind previous treemap an-

imation was to recompute the treemap layout for every time-step,

using the Slice-and-Dice or the alternative Squarified [4] meth-

ods for instance. However, one inherent problem with this simple

approach is that most layout algorithms disregard the previous

treemap layouts of the animation. In multiple regards this is not ap-

propriate, as inter-frame discontinuities in the animated 2D treemap

may occur [13, 15].

Consequently, in an effort to increase the time-dependent stability

[15, 16] of 2D treemap animation by mitigating such discontinu-

ities, Sondag et al. proposed the Local Moves algorithm. Inspired by

the work of Young et al. [17] on local modifications of rectangu-

lar layouts, the algorithm modifies time-variant treemaps locally.

This contrasted the previous methods of 2D treemap animation

in which global recomputation of the complete treemap layout, at

every time-step, is performed. An additional and pioneering contri-

bution by Sondag et al. was that non-sliceable treemap layouts were

utilized by the Local Moves algorithm to provide high visual qual-

ity, i.e. low rectangle aspect-ratios, in their animations. However,

one issue with the Local Moves layout algorithm as it stands, is

that it is intended for the animation of time-variant trees in which

only the weight of its nodes are time-dependently changing. Conse-

quently, Local Moves [15] does not improve the animation stability

of topologically evolving 2D treemaps.
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Figure 2: Static visualization of a time-dependently evolving source code repository. The Temporal Treemaps algorithm [13]
supports topologically changing trees, exemplified by C++ file merges and directory splits.

2.3.2 Static Treemap Visualization of Topologically Evolving Trees
An alternative to using animation for the visualization of time-

variant trees, is to use a static visualization to represent several 1D

treemap layouts at different time-steps. The Temporal Treemaps al-
gorithm by Köpp and Weinkauf [13] exemplifies this approach, see

𝐹𝑖𝑔. 2. The method was particularly influenced by Lukasczyk et al.’s

Nested Tracking Graphs (NTGs) [12], aimed for the simplified analy-

sis of the topological and time-dependent data evolution of graphs.

Previous visualization methods to support such analyzes rendered

single-level graphs, meaning that for users to be able to analyze the

graph evolution at varying hierarchy levels, interface switches had

to be made. Thus, in order to retain a direct visual link between

graph hierarchies, Lukasczyk et al. proposed a nested graph visu-

alization approach. In practice, this approach is equivalent to that

of a static, time-variant tree visualization. The mentioned nesting

is clearly visible in the Temporal Treemaps representation of Fig.

2, where the position of each node in the hierarchy is indicatively

represented by color, along with Köpp and Weinkauf’s adapted

cushion rendering, at each time-step.

The extensions made to NTGs and presented as the Temporal

Treemaps algorithm, primarily enhances the spatial structure of

tree nodes in static treemap visualizations. To exemplify, consider

the leaf labeled simulated_annealing.cpp of Fig. 2 being spatially

positioned in the middle of its blue parent node, at time-step 1. At

time-step 2, when its siblings merge to become constraints.cpp, a
node-intersection would occur. The Graphviz library [18], used for

generating the node layouts of NTGs, processes each time-step of an

evolving graph independently [13]. Consequently, since the layout

of an isolated time-step is not adjusted in regard to past or future lay-

outs in the graph evolution, node-intersections become an inherent

property of NTGs. To mend this, the Temporal Treemaps algorithm

introduced two constraints for finding the optimal spatial ordering

of the tree nodes, to limit any node intersections in the time series.

Processing the time-variant tree of Fig. 2 with these constraints has

thus positioned the simulated_annealing.cpp node at the top of its

parent. Subsequently, no node-intersection at time-step 2 occur, nor

at any other point of the time series. Order-equivalence is the term
used to state that several treemap layouts can be used to represent

the same tree hierarchy [15]. The Temporal Treemaps algorithm

hence mitigates node-intersections by finding the optimal, order-

equivalent 1D treemaps for the entire lifespan of the time-variant

tree.

Köpp and Weinkauf [13] proposed both an hierarchical and a topo-

logical constraint to the spatial order of nodes in a time-variant tree.

On one hand, the hierarchical constraint forces nodes, or leaves

in Fig. 2, sharing the same parent node to exist spatially next to

each other for the entire lifespan of the parent. On the other hand,

the topological constraint requires nodes affected by a topological

event, such as node splits or merges, to be positioned next to each

other at the time-step of the event.

2.3.3 Stability Measures and Research Question
Measuring the stability of a treemap animation means to quan-

tify the discontinuous layout changes of the animated 2D treemap.

There are several metrics to use in this regard, amongst which

the Layout-Distance-Change function by Bederson et al. [6] and its

variant Variance-Distance-Change and Locational-Drift functions,
by Tak and Cockburn [16], are some. All of the aforementioned

stability measurements have in common that they quantify how

much the rectangles of treemaps move and reshape, as the data

of the time-variant trees are updated [6]. More recently, Hahn et

al. [19] proposed measuring the rotational change between rect-

angles of 2D treemap layouts with their Relative-Direction-Change
function. Their ideas was built upon by Sondag et al. whom intro-

duced the Relative-Position-Change [15] stability measure. While

most previous stability functions measure the absolute position

changes of rectangles in consecutive treemap layouts, the Relative-

Position-Change function accounts for how each rectangle move

and reshape in relation to other rectangles in the layout.
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Intuitively, discontinous layout changes in a 2D treemap animation

correspond to the time-dependent node intersections in the static

visualization of a topologically evolving tree, see Section 2.3.2. This

begs the question, how would the Temporal Treemaps algorithm

perform in the animation of an evolving 2D treemap? Could it be

able to mitigate inter-frame discontinuities, or node-intersections,

in the animation? Consquently, the research question of this study

was: "Will Temporal Treemaps ordered time-variant trees improve
the stability of 2D Slice-and-Dice animations?"

3 Method

3.1 Evaluation

To examine this question, a set of optimally ordered, temporal trees

have been generated using the Temporal Treemaps algorithm. The

research oriented visualization software Inviwo [20] was needed
for running Köpp and Weinkauf’s software [21] and for generat-

ing such a set. Furthermore, by utilizing the animation software

[22] provided with Sondag et al.’s [15] research, the animation of

these temporally order-constrained trees have been compared to the

animation of their unconstrained, disordered counterparts. With

reference to the order-equivalence property of treemaps, the ani-

mation of the time-variant trees with optimal spatial node ordering

have thus been compared to animations of equal, however differ-

ently ordered, time-variant trees. A large segment of the project has

regarded the translation of the Temporal Treemaps output data to

match the input specifications of Sondag et al.’s animation software.

The process of this translation is consequently described in Section

4.1.2.

3.2 Measurements

Two different measures of animation stability have been used to

make inferences about the stabilizing effects of the Temporal Treemaps

algorithm. These are the Layout-Distance-Change [6] and the Relative-

Position-Change [15] stability functions. A Layout-Distance-Change

stability score represent how much an average rectangle in an ani-

mated treemap move and reshape, from one time-step to the next,

see Equation 1.

𝐿𝐷𝐶𝑡 =
1

𝑛

∑𝑛
𝑖=1

√
(Δ𝑡−1,𝑡𝑅(𝑖)𝑝 )2 + (Δ𝑡−1,𝑡𝑅(𝑖)𝑤)2 + (Δ𝑡−1,𝑡𝑅(𝑖)ℎ)2

𝑅(𝑖) is the i:𝑡ℎ rectangle, 𝑝,𝑤,ℎ are its position, width and height,

𝑡 is the time-step and 𝑛 is the number of rectangles in the layout.

(1)

Furthermore, tomeasure Relative-Position-Change, the space around

a rectangle 𝑅(𝑖) is subdivided into 8 sections, see Fig. 3. The rel-
ative position of 𝑅( 𝑗) with respect to 𝑅(𝑖) is determined by the

percentages of 𝑅( 𝑗) that are contained within each of these sec-

tions. In the first layout of Fig. 3, 25% and 75% of 𝑅( 𝑗) are contained
in sections 𝑁 and 𝑁𝐸 respectively. In the next layout, section 𝑁

contains 100% of 𝑅( 𝑗), which results in a stability score of 0.25.

The global Relative-Position-Change is calculated by averaging the

Relative-Position-Change stability scores of all pairs of rectangles

𝑅(𝑖) and 𝑅( 𝑗) of two treemap layouts. RPC scores range between 0

and 1, where 0 is the optimal value.

Figure 3: Example of Relative-Position-Change [15].

Both the Relative-Position-Change stability function and the Layout-

Distance-Change function can be found in the source code repos-

itory of Sondag et al.’s [22]. However, in the source code, the

result of Relative-Position-Change is inverted, thus making the

value 1 optimal. This definition of Relative-Position-Change is also

used throughout the remainder of this report. Henceforth, Layout-

Distance-Change and Relative-Position-Change stability functions

are referred to as LDC and RPC respectively.

3.3 Limitations

Results presented in this report are strictly quantitative. Hence,

no perceptional user study regarding the animations’ visual per-

formance has been conducted. Moreover, the stabilizing effects of

Temporal Treemaps have been computed and analyzed in relation

to only one 2D treemap layout method, namely Slice-and-Dice [3].

A discussion regarding this decision can be found in Section 5.2.3 of

the report. Lastly, the intent of this study has not been to measure

the computational efficiency of 2D Temporal Treemap animation.

In contrast, the focus has been on analyzing the quantifiable effects

on stability of Temporal Treemaps animation.

4 Results

4.1 Translation Algorithm

4.1.1 Data Description
An optimally ordered time-variant tree can be exported from Köpp

and Weinkauf’s research software [21] in the NTG (Nested Track-

ing Graph) file format [12]. The file format contains three sets of

lists, each describing different properties of a time-variant tree.

The list 𝑁 contains every tree node of the time-variant tree. Each

node in 𝑁 contains information about its spatial size, time of ex-

istence, hierarchical level and its spatial position in the optimal

order. Furthermore, the list 𝐸𝑁 contains all hierarchical edges of
the time-variant tree. Hierarchical edges describe the parent-child

relations between tree nodes at a single time-step, see Fig. 1. 𝐸𝑁
thus contains one set of hierarchical edges, for every time-step.

Lastly, the NTG file contains the list 𝐸𝑇 , in which the temporal
edges of the time-variant tree are stored. A temporal edge indicates

how a node in the time-variant tree evolves, by pointing each node

in 𝑁 to a new node, existing in the next tree of the time-series. If

a node is pointed toward multiple new nodes, the node has split.

Furthermore, if multiple nodes are pointed toward the same node,

the multiple nodes have merged. Otherwise, if a node is uniquely

pointed toward one single node of the future, the node has only

evolved in terms of spatial size.

4.1.2 Aggregating Nodes and Translating the Order
The primary task of the translation algorithm [23] was to aggregate
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the separate optimal orders into one globally optimal order. One

separate optimal order is passed for each time-step 𝑡 of a time-

variant tree. All optimal orders can be found within the output NTG

file of the Temporal Treemaps algorithm. Moreover, a second task

of the translation algorithm regarded the mapping of the globally

optimal order to a 2D treemap layout. Shneiderman’s Slice-and-

Dice [3] layout has been used to accomplish this mapping. This

layout algorithm is more thoroughly described in Sections 2.2 and

4.2.4. Lastly, the translation algorithm was written in Java and it

iteratively computes the globally optimal node order of each tree

level, see Fig. 1.

The translation algorithm begins by locating the initial nodes of

the time-variant tree, located at the iterating tree level currently

being processed. The ID attributes of these initial nodes are saved

in separate lists, which in turn are stored in a 1D array𝑋 . The array

index 𝑖 at which each list is stored correspond to the initial nodes’

spatial positions in the optimal order. Now, for every time-step 𝑡

of the time-variant tree, apart from the final one, each list 𝑋𝑖 is

revisited, starting at 𝑖 = 0. If the identifiable node found in the

back of list 𝑋𝑖 has a temporal edge uniquely pointed toward one

single node of the future, see section 4.1.1, the future node’s ID is

appended to the back of 𝑋𝑖 . Köpp and Weinkauf refer to this as the

aggregation of a time-variant node [13].

In the case of a node merge, multiple neighbouring lists 𝑋𝑖±Δ have

node IDs in the back pointing toward the same future node. The

future node’s ID is appended to the one aggregated node in the

neighbourhood 𝑖 ± Δ whose spatial position 𝑖 correlates with that

of the future node’s. The remaining aggregated nodes in this neigh-

bourhood are removed from the array and stored with their outgo-

ing 𝑖 values in a hash map. The 1D array is resized in accordance

with the removals before the algorithm proceeds.

In the contrasting case of a node split, a node ID in the back of

list 𝑋𝑖 has a temporal edge pointing toward multiple new nodes.

The aggregated node 𝑋𝑖 that is split is removed and stored with

it’s 𝑖 value in the hash map, before the 1D array is resized to fit

the aggregate lists of the resulting split nodes. At every topological

event, the 𝑖 values of the hash map are updated in accordance with

new removals and additions of aggregated nodes in 𝑋 . Once the

algorithm has proceeded through all time-steps 𝑡 , the aggregated

nodes in 𝑋 are merged with those stored in the hash map to pro-

duce the optimal aggregated node order of the tree level. A short

schematic of the translation algorithm can be found in Fig. 4.

4.1.3 Reconfiguration of Aggregated Nodes
Once the nodes have been aggregated and their optimal order has

been computed, see Section 4.1.2, the aggregated nodes are recon-

figured to match with the input specifications of Sondag et al.’s

animation software [22]. Primarily, the aggregated nodes are recon-

figured in regard to parent- and name swaps. The Europe dataset,
used in the study by Köpp and Weinkauf [13], is appropriate for

demonstrating how the aggregated nodes are reconfigured. This

demographic dataset [24] describes the development of European

populations over the time period 1975-2016. Trees generated from

the Europe dataset are of height 2, meaning that leaves, or countries,

are hierarchically nested inside a European region at tree level 1.

Figure 4: Simple schematic of the translation algorithm.

Examples of such regions are Western Europe and Northern Europe
(Pre and Post-USSR).

Since Sondag et al.’s Local Moves algorithm does not handle topolog-

ically evolving trees, neither does their animation software. Hence,

the software can not be fed aggregated nodes containing a topolog-

ical event. An example of such an event is when Northern Europe

(Pre-USSR), at the aggregated node split of the Soviet Union, evolves
to become Northern Europe (Post-USSR). At the time-step of this

event, the aggregated Northern Europe node need to be partitioned

into two separate aggregated nodes. The partitioned aggregated

nodes are stored at the same, optimal order index. Thus, this partic-

ular name swap has been accounted for. However, for children of

the aggregated Northern Europe node, the aforementioned name

swap entails that a parent swap also has to be accounted for. Exem-

plified by the aggregated Sweden node, it must also be partitioned

at the time-step of the topological event. After partition, each part

of the Sweden node effectively now has only one unique parent,

namely Northern Europe (Pre-USSR) and Northern Europe (Post-

USSR). Thus, the parent swap has also been accounted for. The

reconfiguration of aggregated nodes, in regard to parent- and name

swaps, was essential for the continual work with Sondag et al.’s

animation software. The consequences of these aggregated node

reconfigurations are further discussed in Section 5.2.3.

4.2 Experimental Evaluation

4.2.1 Europe Dataset
Order-equivalent time-variant trees generated from the Europe

dataset [24] contain several topological events. For example, multi-

ple nodes in the time-variant trees do not persist throughout the

entire lifespan of the trees. Examples of such internal tree nodes are

the Northern Europe (Pre/Post USSR) nodes mentioned in section

4.1.3. Further examples of leaf nodes with this characteristic are

Yugoslavia and Latvia. There are also multiple aggregated nodes

in the time-variant trees, generated from the Europe dataset, that

encounter parent swaps. Furthermore, one node merge is encoun-

tered at the unification of Germany and multiple node splits occur.

Apart from the aforementioned dissolutions of Yugoslavia and the

Soviet Union, see Section 4.1.3, nodes Czechoslovakia and Serbia &
Montenegro also split. Due to the several node splits in the dataset,

time-variant trees generated from the Europe dataset have 42 nodes

at the first time-step and 61 nodes at the last.
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Figure 5: Measured stability scores for the Europe dataset,
animated using Ben Shneiderman’s Slice-and-Dice layout
[3].

In Fig. 5, the RPC and the LDC stability scores for the order-constrained

time-variant tree, generated with the Europe dataset and animated

with the Shneidermans’s Slice-and-Dice layout [3], are shown in

blue. The animated stability of each instance in the set of uncon-

strained reference trees are shown in dotted red, while the mean

stability of this reference set is shown in saturated red. The ref-

erence set contain 10 unconstrained, time-variant trees. The LDC

scores pictured in the bottom half of Fig. 5 have been normalized

with a scaling factor 𝑘 = 1.608 × 10
−3
, for simplifying the compari-

son of LDC scores from other animations.

A drop in RPC stability along with a spike in LDC, for the animated

reference set, can be seen at and around the 15𝑡ℎ time-step. This

irregularity, in an otherwise stable animation, is contributed to sev-

eral nodes being spatially re-organized and shifted, in connection

to the dissolution, or node split, of the Soviet Union (USSR) node.

Other topological events contributing to the width of this spike is

the German unification and the dissolution of Yugoslavia. Some

volatility in the stability of the animated reference set further down

the time series, primarily observable in terms of decreasing RPC

scores, can be derived from the node splits of Czechoslovakia and

Serbia & Montenegro.

Contrastingly, for the time-variant tree processed with the Tempo-

ral Treemaps algorithm, shown as blue in Fig. 5, neither a drop in

RPC nor a spike in LDC was noted at and around the 15𝑡ℎ time-step.

Minimal volatility in RPC and LDC stability can be observed at any

animated time-step of this order-constrained tree. However, these

minimal deviations from the optimal RPC score of 1 and LDC score

of 0 can be deemed negligible in this context.

4.2.2 Code Repository Dataset
In Fig. 2, a time-variant tree generated from a slightly modified

dataset to one used by Köpp andWeinkauf [13], is shown. The static

visualization depicts a topologically evolving C++ code repository.

This time-variant tree contain several node merges and one node

split. In Fig 2, time-variant tree nodes CMakeLists.txt and readme.md
seemingly appear as the result of two node splits. However, both

Figure 6: Stability scores for the C++ code repository
dataset, animated using Ben Shneiderman’s Slice-and-Dice
layout[3].

of these nodes appear in the tree as entirely new nodes, with no

predecessors. The code repository dataset generate far smaller time-

variant trees than the Europe dataset does. At its largest, these

time-variant trees contain 9 tree nodes, and at its smallest, only 7

nodes exist in the trees.

Fig. 6 shows the RPC and LDC stability scores for the animated

C++ code repository trees. Drops in RPC and increases in LDC

are easily distinguishable for the unconstrained time-variant tree

animations. These changes in stability score primarily occur at times

of topological events such as node splits and merges, see Fig. 2. In

contrast, none but minimal changes in RPC and LDC stability scores

are noted for the animation of the Temporal Treemaps processed

code repository tree, shown in blue. However, a persisting drop

in RPC along with an increase in LDC is noted for both the order-

constrained and the unconstrained time-variant trees at time-steps

7 and 8, see the right-hand side of Fig. 6. After having closely

inspected the animation of this order-constrained time-variant tree,

it can be concluded that these decreases in stability scores are not

the cause of any topological events. The decrease in stability is in

fact the result of the evolving spatial sizes of nodes CMakeLists.txt

and readme.md, see Fig. 2. No significant changes in stability have

been noted at the time-steps during which the two aforementioned

nodes appear in the order-constrained tree animation. These two

nodes appear in the animation at the 4𝑡ℎ and the 6𝑡ℎ time-steps

respectively.

4.2.3 Cousin Merge Datasets
Up until this point, all datasets used have had topological events oc-

cur amongst child nodes of a shared parent node. Although informa-

tive in their own right, further experiments were conducted to mea-

sure how topological events, including nodes of different branches

of the tree hierarchy, impact the stability of order-constrained Slice-

and-Dice treemap animations. Consequently, what hereafter will be

referred to as the Cousin Merge datasets were created. The Cousin
Merge datasets have been used to generate a set of three time-

variant, optimally node ordered trees. The tree in the set with the

smallest amount of tree nodes is the building block for the other
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Figure 7: Optimally ordered time-variant trees of different sizes. Containsmultiple topological events in which cousinsmerge.

two trees in the set, see the top of Fig. 7. While containing one node

merge and one node split amongst child nodes with shared parents,

both occurring at the second time-step, this smallest time-variant

tree also contain two merges of cousin nodes. These merges occur

at time-steps 4 and 6. Cousin nodes are nodes which do not share

the same parent, but instead share the same grandparent node. At
it’s largest, this building block tree contain 9 tree nodes and after

the two merging cousin events, the tree contain only 7 nodes.

The second to smallest time-variant tree in the set is simply two

versions of the building block tree stacked on top of each other.

Moreover, the largest tree in the set is a stack of three such building

block trees, see Fig. 7. While the number of nodes increase for

every time-variant tree in the set, so does the number of topological

events. Intuitively, an increase of rectangles sharing the equal space

of a treemap layout will result in better stability scores, since the

proportional size of each rectangle becomes smaller. This can be

derived from the definitions of the RPC and LDC stability functions,

as both the absolute distance and the relative position changes of

moving rectangles will decrease. However, the opposite effect on

the animated stability should happen due to the increase in the

number of topological events.

In Fig. 8, the RPC and the LDC stability measurements for the order-

constrained time-variant trees, generated with the Cousin Merge

datasets and animated with Shneiderman’s Slice-and-Dice layout

[3], is shown. The greatest decreases in stability can be observed for

the smallest animated tree in the Cousin Merge set of time-variant

trees, both in terms of drops in RPC stability scores as well as spikes

in LDC scores. All of these drops and spikes occur at time-steps

during which cousin nodes merge. Moreover, while the second to

largest and the largest time-variant trees, see Fig. 8, have close to

equal trajectories in terms of RPC stability, a slight improvement in

LDC stability was noted for the largest tree in this order-constrained

set. This can be derived from the increase in rectangles minimizing

the moving distances during topological events. Lastly, no notable

changes in stability have been noted, for this order-constrained set

of time-variant trees, at time-step 2. This being the time-step at

which topological events amongst child nodes of the same parent

occur.

Furthermore, in Fig. 9, the RPC and LDC mean stability scores

for the unconstrained reference trees, generated with the Cousin

Merge datasets and animated with Shneiderman’s Slice-and-Dice

layout, is shown. Each line in Fig. 9 represent the mean stability of

10 order-equivalent time-variant trees. One immediately noticeable

difference in measured stability scores can be found when com-

paring the mean values of these unconstrained animations with

their order-constrained counterparts, see Fig:s 8 and 9. Namely, a

third decrease of stability scores has appeared in the animation

of the reference sets. This third drop in RPC stability and spike in

LDC occur at time-step 2, during which one merge and one split

amongst child nodes with a shared parent take place.

The set of smallest time-variant trees in the set of Cousin Merge

reference trees encounter the greatest decreases in stability score

at time-step 2. The same pattern can also observed at time-steps 4

and 6. Moreover, while the order-constrained second to largest and

largest trees shared close to equal RPC stability trajectories, see Fig.

8, the second to largest unconstrained time-variant trees now show

signs of a slight improvement. Whether or not this improvement is

caused by the sample size of the time-variant tree sets being too

small will be further discussed in Section 5.1.2.

By more specifically comparing the stability scores shown in Fig.

8 and Fig. 9, we find that the order-constrained time-variant trees

encounter smaller drops in RPC stability at time-step 4 than their

Figure 8: RPC and LDC stability scores for the Cousin
datasets, animated using Ben Shneiderman’s Slice-and-Dice
layout[3].
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Figure 9: Mean RPC and LDC stability scores for the set
of unconstrained time-variant trees, generated with the
Cousin datasets and animated using Ben Shneiderman’s
Slice-and-Dice layout[3].

unconstrained counterparts do. The smallest order-constrained tree

demonstrate the largest improvement, with its RPC score at time-

step 4 being 0.7130. Meanwhile, the corresponding mean score of

the unconstrained reference set is 0.5981 at this point. However, at

time-step 6, these relationships have shifted, and the unconstrained

reference sets on average now outperform the order-constrained

trees, see Fig. 8 and 9. The cause of this shift in stability performance

will be further discussed in Section 5.2.3. Lastly, every LDC score

during cousin merges was improved in the animation of the order-

constrained cousin merge trees. During time-steps 4 and 6, the im-

provements in LDC scores were (27.8560, 26.083), (38.5674, 2.4100)
and (40.9717, 21.7994) length units for the smallest, second to small-

est and the largest order-constrained trees, respectively.

4.2.4 Optimizing Slice-and-Dice for Merging Cousins
When cousin nodes merge in Köpp and Weinkauf’s [13] static

tree visualization, the merging cousins lie at the edges of their

respective parent nodes, as direct spatial neighbors. Consequently,

node-intersections are avoided at time-steps 4 and 6 in the static

visualizations of the order-constrained cousin merge trees, see Fig.

7.

More specifically, in Fig. 10, time-steps 3 and 4 of the smallest order-

constrained tree in the set of cousin merge trees are depicted. Fig.

10 also contain a depiction of how Shneiderman’s Slice-and-Dice

algorithm [3] positions the order-constrained tree nodes in the

treemap layout. All child nodes of every parent in the tree are

added to the treemap layout from top to bottom. As depicted in

Fig. 10, the vertical positions of the Slice-and-Dice tree nodes at

hierarchy level 1 directly correlate with the vertical positioning of

the corresponding nodes in the static tree visualization. Moreover,

when the alignment of the slices is shifted 90
◦
, the leaf nodes that

are vertically positioned from top to bottom within each parent

node of the static visualization, now are added to their Slice-and-

Dice parent rectangle from top to bottom, in direct orthogonality

to the 90
◦
shift, see Fig. 10.

Figure 10: Demonstration of themodificationmade to Shnei-
derman’s Slice-and-Dice layout algorithm [3].

However, the strict top to bottom method for mapping static tree

nodes to a Slice-and-Dice layout has the effect of erasing the rela-

tionship of merging cousin nodes being direct spatial neighbors, see

Fig. 10. This does have a negative effect on the stability optimizing

effects of the order-constrained, time-variant trees, when being an-

imated with Slice-and-Dice treemaps. Thus, in an effort to optimize

the stability of the animated cousin merge trees, a modification was

made to the Slice-and-Dice layout algorithm described above. This

simplemodification alternates the order at which cousin nodes, who

share the same grandparent node, are added to the Slice-and-Dice

treemap layout. By modifying the layout algorithm in this regard,

the direct spatial neighborhood of merging cousin nodes is more

appropriately preserved, in the translation of order-constrained

trees to 2D Slice-and-Dice layouts. The effects of the resulting mod-

ification to the Slice-and-Dice layout are depicted in the right-hand

side of Fig. 10.

In Fig. 11, the RPC and LDC stability scores for the order-constrained

time-variant trees, generated with the Cousin Merge datasets and

animated with both the traditional [3] and the modified Slice-and-

Dice layout, is shown. The modified process of alternating the order

at which cousin nodes are added to the Slice-and-Dice treemap lay-

out does not exacerbate stability changes during the type of topolog-

ical events primarily examined in Sections 4.2.1 and 4.2.2. These are

topological events during which child nodes of the same parent are

solely affected. Similarly to animating the order-constrained cousin

merge trees with the traditional Slice-and-Dice layout, the stability

changes at time-step 2 have been mitigated from the animation

with the modified layout.

An easily distinguishable improvement of stability scores occur

for the smallest tree in the set of order-constrained, time-variant

cousin merge trees. This improvement can be observed at time-step

4, during which the RPC score have increased by 0.0648 and the

LDC score have decreased by 33.4599 length units, see Equation

1. Meanwhile, the second to largest and the largest time-variant

cousin merge trees have minimally affected RPC scores at time-step

4. The modified Slice-and-Dice layout was entirely unsuccessful in

improving any of the RPC scores measured at time-step 6. However,

in terms of LDC stability, the modified Slice-and-Dice layout has

generated additionally improved scores. Apart from the aforemen-

tioned LDC score improvement of the smallest cousin merge tree

animation, the LDC scores of the second to largest tree animation

have decreased by 14.9417 and 24.2504 length units at time-steps 4

and 6 respectively. Lastly, the largest cousin tree animation have

decreased its LDC score by 16.4477 length units at time-step 6,
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Figure 11: RPC and LDC stability measures for the Cousin
datasets, animated with Ben Shneiderman’s Slice-and-Dice
[3], as well as the modified Slice-and-Dice layout. To sim-
plify comparisons, the LDC scores have not been normal-
ized.

while its decrease in LDC at time-step 4 is minimal. In conclusion,

whether the improvements are big or small, all LDC stability scores

of the order-constrained, cousin merge tree animations have been

decreased by the use of the modified Slice-and-Dice layout.

5 Discussion

In this study, the animated stability of Slice-and-Dice treemaps have

been measured. Animated Slice-and-Dice layouts with optimal tree

node ordering have been generated by extracting the results of Köpp

and Weinkauf’s [13] Temporal Treemaps algorithm, for finding the

optimal node order of static tree visualizations, and translating it to

the 2D Slice-and-Dice layout space. Optimally ordered time-variant

trees used in this study are referred to as order-constrained trees,

see Section 2.3.2. For each order-constrained tree animation, the

animated stability scores have been compared to the scores of un-

constrained and disordered reference trees. While these trees have

not been constrained in terms of node order, the hierarchical infor-

mation contained within the reference trees are equivalent to that

of their corresponding order-constrained tree. Consequently, the

unconstrained trees are said to be order-equivalent [15]. All of this

has been done in the purpose of answering the research question:

"Will Temporal Treemaps ordered time-variant trees improve the

stability of 2D Slice-and-Dice animations?"

5.1 Results

5.1.1 Topological Events Amongst Sibling Nodes
From the gathered data, notable effects on the animated stability

of the order-constrained Slice-and-Dice animations have been ob-

served. For the 5 order-constrained trees used, every decrease in

stability score caused by topological events amongst child nodes of

the same parent have been mitigated. The stability scores of two of

these animated trees are shown as blue lines in Fig:s 5 and 6. Addi-

tionally, the three remaining stability scores corresponding to the

previously explained topological event is found at time-step 2 of Fig.

8. Furthermore, the mitigation of decreasing stability scores during

this type of topological event have been observed at varying levels

of Slice-and-Dice treemap hierarchies. For example, in the time-

variant trees generated from the Europe dataset [24], node splits

and merges amongst sibling nodes occur both at hierarchy levels 1

and 2. The same is true for the time-variant trees generated from

the code repository dataset, see Fig. 6. It can be assumed that order-

constrained trees of even greater heights would similarly mitigate

decreasing stability scores, further down the tree hierarchy. This

can be derived from the inherent nesting of the 2D Slice-and-Dice

layout, where the child rectangles of a parent rectangle, outside of

it’s context, can be interpreted as a standalone order-constrained

layout. To summarize, order-constrained trees generated from Köpp

and Weinkauf’s Temporal Treemaps algorithm have been proven

successful in mitigating decreasing stability scores during topologi-

cal events amongst sibling nodes, at all hierarchy levels of animated

Slice-and-Dice layouts.

The stability decreases that have been mitigated by the order-

constrained, animated trees can otherwise be observed as the drops

in Relative-Position-Change (RPC) [15] and spikes in Layout-Distance-

Change (LDC) [6] of the reference trees. These stability scores are

shown as red lines in Fig:s 5, 6 and at time-step 2 of Fig. 9. Generally,

the reference trees containing the smallest number of nodes have

encountered the largest decreases in stability score at the times of

topological events, see Fig:s 8 and 9. This can be derived from the

definitions of the RPC and LDC stability functions, see Section 3.2.

Intuitively, as the number rectangles sharing the equal space of a

treemap layout increase, the proportional size of each treemap rec-

tangle is minimized. Consequently, both the absolute distance and

the relative position changes of moving rectangles will decrease.

The development of stability functions which scale in accordance

with the number of treemap rectangles might thus bring added

value to future research in the field.

5.1.2 Merging Cousin Nodes
Moreover, for topological events amongst child nodes who do not

share the same parent, the order-constrained trees were unable

to entirely mitigate decreasing stability scores. Topological events

with this characteristic occur in the order-constrained trees gen-

erated from the Cousin Merge datasets at time-steps 4 and 6, see

Section 4.2.3. The inability of the order-constrained trees to entirely

mitigate RPC stability decreases during cousin merge events can

be derived from the definitions of the RPC stability function and

the Slice-and-Dice layout. Spatially neighbouring child nodes of

the same parent, primarily discussed in Section 5.1.1, lie completely

across a shared edge, throughout the entirety of their existence in

a Slice-and-Dice treemap. Subsequently, upon a topological event,

the RPC score of a pair of neighbouring siblings will remain optimal.

This is a consequence of the siblings always remaining entirely in

only one out of each other’s 8 RPC sections, see Fig. 3. However, in

the case of merging cousin nodes, the cousins do not invariably lie

completely across shared edge. Consequently, during topological

events, the RPC stability score will likely be impacted negatively.

Interestingly, while the order-constrained cousin merge trees had

an improved RPC stability score at time-step 4, the stability scores

of the reference trees were superior at time-step 6. With keeping
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the aforementioned in mind, we can come to the conclusion that

this is caused by RPC stability function not being entirely applica-

ble for topological events of this type, occurring in an animated

Slice-and-Dice layout.

However, a substantial improvement in terms of LDC stability per-

formance was noted for all of the order-constrained cousin merge

trees, see Section 4.2.3. Furthermore, while the modified Slice-and-

Dice layout was intended for the increase of RPC stability scores,

by maximizing the length of edges shared by merging cousin nodes,

see Fig. 10, instead the LDC scores of the order-constrained anima-

tions were improved by the modified layout, see Section 4.2.4. Still,

this was not an unexpected outcome of the modified animations,

since the absolute position changes of the merging cousin nodes

were also minimized by the new animation layout. In summary,

order-constrained trees from the Temporal Treemaps algorithm

and the modified Slice-and-Dice algorithm are useful tools for in-

creasing LDC scores in the animation of topologically evolving

trees, where cousin nodes merge.

5.2 Method

5.2.1 Time-Variant Reference Trees
In this study, an experimental evaluation on the effects of Köpp

and Weinkauf’s order-constrained time-variant trees, on topologi-

cally evolving Slice-and-Dice treemaps, has been conducted. The

experiment was constructed as to compare the quantifiable stability

scores of the order-constrained animations with the animations of

unconstrained, disordered reference trees. Thus, a clarification on

the process of generating the reference trees is appropriate. The

method for generating the order-equivalent reference trees, ten ref-

erence trees for each order-constrained tree, was constituted by the

random rearrangement of the optimally ordered aggregated nodes.

Before the the optimally ordered aggregated nodes are passed to

the output CSV writer of the translation algorithm [23], they exist

in an indexed 1D array 𝑋 , see Section 4.1.2. The index 𝑖 at which an

aggregated node lie correspond to its optimal position in the layout.

Shuffling this array before passing it to the CSV writer generates

one reference tree. The shuffle method of Java’s Collection class

[25] was used to accomplish a close to perfectly random probability

distribution. In future research, the use of other probability distribu-

tions in the rearrangement of the aggregated nodes might provide

additional insights.

5.2.2 Animation Requirements
A central aspect for how the translation algorithm described in

Section 4.1.2 was constructed, regarded the input specifications

of Sondag et al.’s animation software [22]. Proceeding with this

software was advantageous, primarily due to its easy access to state-

of-the-art stability metrics such as the RPC function and its ready-

to-run Slice-and-Dice layout algorithm. However, in the translation

algorithm’s aggregation of time-variant tree nodes, topological

events contained within the aggregations needed to be accounted

for. This was due to the fact that Sondag et al.’s animation software

was unable to handle topologically evolving trees. The topological

events accounted and reconfigured for were name- and parent

swaps within the aggregated nodes, see Section 4.1.3. The chosen

approach was to partition aggregated nodes containing topological

events, at the time-step of the event. This has previously been

exemplified with the Sweden leaf node of the time-variant trees

generated from the Europe dataset [24], which was partitioned into

two separate aggregated nodes at the time of its parent swap, see

Section 4.1.3. However, it should be noted that every node partition

was made after the aggregated nodes of the reference trees had

been shuffled, as to prohibit any faulty decreases in stability scores

during the experiment, see Section 5.2.1.

Although this method of partitioning nodes provided satisfactory

visual results in the treemap animations, a question was raised of

whether the solution could impact the result of the RPC and LDC

stability functions negatively. It has since then been concluded that

any impact on the stability scores, as a result of the partitioned

node aggregations, are negligible. However, in the interest of future

research in the field, the use of a software intended for the animation

of topologically evolving time-variant trees would be beneficial.

Since research in the area of topologically evolving tree animations

are still in its infancy, the opportunities for such a new animation

software could be tremendous.

5.2.3 The Exclusive Animation of Slice-and-Dice Layouts
There are a plethora of treemap layout algorithms than can be used

for the animation of time-variant trees. In Section 2.3.1, the Squari-

fied layout algorithm [4] is brought up as alternative to Shneider-

man’s Slice-and-Dice. Other layout algorithms available in Sondag

et al.’s animation software are the approximation layout by Nag-

amochi and Abe [7], the Strip layout by Bederson et al. [6], the

Pivot-by-(Middle, Split, Split-Size) layouts by Shneiderman and

Wattenberg [5] and the Spiral layout by Tu and Shen [8], to name a

few. Treemap layouts constructed with other geometric shapes than

rectangles, such as Voronoi cells [11], bubbles [9] and polygons

within rectangles [10] further diversify the list of alternatives.

However, in this report, the order-constrained animations of Slice-

and-Dice layouts have solely been examined. There are several

reasons for this, the primary one being the simplicity of the layout

algorithm. Rectangles of a Slice-and-Dice layout are linearly [5]

added to the treemap, as tree nodes are passed to the algorithm.

Consequently, the translation of Köpp andWeinkauf’s optimal node

ordering to the treemap layout is significantly simplified. Other

layout algorithms are disadvantageous in this regard. For exam-

ple, the Squarified layout, principally created for the optimization

of rectangle aspect-ratios, adds rectangles to the treemap by or-

der of node weights. Thus, any optimal node order passed to the

Squarified layout algorithm is eradicated. Similar problems arise

in the attempted use of other aforementioned layout alternatives

such as the Pivot-by-Size algorithm. Thus, the sole examination

of Slice-and-Dice animated order-constrained trees was deemed

appropriate, in relation to the scope of this project. Lastly, the sole

use of Slice-and-Dice leaves an intriguingly large room for added

research in the field of topologically evolving tree animations.

6 Conclusion

The results of this study show that order-constrained trees gener-

ated with the Temporal Treemaps algorithm [13, 21] for ordering

time-variant tree nodes, after having been translated to the 2D
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Slice-and-Dice [3] layout space, are successful in mitigating de-

creasing stability scores of Slice-and-Dice animations. Decreasing

stability scores otherwise occur during topological events in the

time-variant tree animations. However, the ability for mitigating

decreasing stability scores vary, depending on where the nodes

affected by the topological event are located in the tree hierarchy.

While the 2D translations of the order-constrained trees entirely

mitigate stability decreases during topological events amongst child

nodes of the same parent, only partial LDC [6] improvements have

been observed when cousin nodes are affected. In relation to merg-

ing cousin nodes, no improvements of RPC [15] stability scores,

following the use of order-constrained trees, have been observed.

Moreover, the effort of modifying Shneiderman’s Slice-and-Dice

layout algorithm, to maximize the impact of order-constrained

trees on this second type of topological event, was partly successful.

The LDC improvements that were solely the result the optimal

node ordering, see Fig:s 8 and 9, was further increased due to the

modifications to the layout, see Fig. 11. However, no significant im-

provement in terms of RPC stability have been observed, following

the development of modified Slice-and-Dice animations. This can

be derived from the definitions of the RPC stability function and

the Slice-and-Dice layout, see Section 5.1.2.

Research in the area of topologically evolving tree animations are

still in its infancy. Mentioned in Sections 5.1.1, 5.2.2 and 5.2.3 are

suggestions for how the research field could be further advanced.

As of right now, this study reports on one of the first attempts to

appropriately visualize topologically evolving trees through ani-

mation. Hopefully, this paper will work to motivate and inspire

researchers to continue contributing to this segment in the field of

treemap animation.
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