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Abstract—Treemap is a visualization method for hierarchi-
cal structures in which nodes are drawn as rectangles and
arranged in a nested style. Several variations of Treemap

have been developed to represent different types of data.

In this paper, we propose an Edge Equalized Treemap, a
representation that embeds visual data such as a bar chart
in leaf rectangles. This representation is characterized by leaf
rectangles of equal widths. Because their widths are equal,
the scale intervals of charts in a leaf rectangle can be unified,
meaning that we can compare charts simply by looking at them.
We compare the Edge Equalized Treemap with existing layout
methods, and demonstrate the usefulness of our approach.

KeywordsVisualization, Hierarchies, Treemap, Equalized
Edges, Charts with Orthogonal Coordinate Axes

I. INTRODUCTION

Kazuo Misue
Faculty of Engineering,
Information and Systems

University of Tsukuba

Ibaraki, Japan

misue@cs.tsukuba.ac.jp

Jiro Tanaka
Faculty of Engineering,
Information and Systems

University of Tsukuba
Ibaraki, Japan
jiro@cs.tsukuba.ac.jp

nodes are placed in their parent node. Treemaps can repre-
sent large-scale hierarchies in a given area of visualization.

Various representations have been derived from Treemap.
Squarified [3] and Circular [4] Treemaps are characterized
by the shape of their nodes. A Squarified Treemap is a
representation where the nodes’ shape is as close as possible
to a square, and a Circular Treemap is a representation where
nodes are drawn as circles instead of rectangles.

Ordered [5] and Spatially Ordered [6] Treemaps are
characterized by the positions of their nodes. An Ordered
Treemap targets ordered hierarchies, and its representation
maintains this order. A Spatially Ordered Treemap is a
representation targeting hierarchies with geographical lo-
cation information, maintaining the location relationships
among nodes. Other representations exist, such as a Cluster

Treemap [1] is a visualization method in which nodesTreemap [7], which is a representation where the distance
are drawn as rectangles and arranged in a nested styleétween data is reflected by relative positions in Treemap.
Originally, Treemaps represented trees where each leaf node!n the above-mentioned representations, the widths,
had only one weight. However, there are trees in which leafeights, or radii of leaf nodes are not unified. Therefore,
nodes have multiple data and time-series data. In order t¢yhen we embed charts in leaf rectangles, it is difficult to
draw such trees, many representations derived from Treema.ﬂ]ify the scale intervals of charts across the entire Treemap.

have been proposed.

The original Treemap divides the drawing area recur-

We focus on a representa’[ion that embeds charts repréively. Therefore, there are no blankS, but the widths and

senting time-series data, such as bar charts or area charf€ights of rectangles vary. For some data, it would be
in leaf rectangles [2]. When using existing methods, it ishelpful to unify the shapes of rectangles, and some such
difficult to unify the scale intervals of charts in the entire representations have been proposed. Quantum Treemaps [8]
Treemap. As a result, it is confusing and thus difficult torepresent nodes as rectangles that are proportional to the
compare different charts. object size; the aspect ratio is suitable for the representa-
Therefore, we take into consideration the ease of comtion of important photographs. HeiankyoView [9] represents
parison between charts, and develop a representation ftierarchical structures through containment relationships.
which the widths of leaf rectangles are the same. In this Schreck et al. [10] developed a method of representing
representation, because the charts have the same width, tREanch nodes as a grid, based on Quantum Treemaps.
scale intervals of the charts’ horizontal axes can be unifiedBecause the widths and heights of leaf rectangles are all

Furthermore, to adapt the heights to the weights, it is eas{he same in this representation, it is easy to unify the scale
to unify the scale intervals of the vertical axes. intervals of the horizontal axes when we embed charts.

The three above-mentioned representations have rectan-
Il. RELATED WORK gles whose shapes are the same, and the area of these
Many visualization methods for hierarchical structuresrectangles cannot be adjusted according to the data drawn
exist; among these, Treemap is one of the most widelyon the chart. When a chart handles data with a very large
used methods. Treemap represents hierarchies as divisionglue, the scale interval of the numerical value axis becomes
of space. Each node is represented as a rectangle, and chddhaller. If we unify the scale intervals in existing variations
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Figure 1. Squarified Treemap for rainfall data Figure 2. Edge Equalized Treemap for rainfall data

of Treemap, a chart with a smaller amount of data cannobars. On the other hand, if we want to describe the same
use its assigned area efficiently. value by the same area, it is not easy to unify the scale
intervals of the vertical axes. Making a value in the chart
correspond to both height and area is not possible, and may
I1l. EASE OF COMPARISON BETWEEN CHARTS cause misunderstandings.

We consider embedding charts with orthogonal coordinate 2) Margin at the top of the rectangleTo compare
axes into a Treemap_ Here, we suppose that charts are dra\ﬁwmple charts, the scale intervals of their axes should be
on a two-dimensional plane, and have two axes perpendid/nified.
ular to each other; two examples are bar charts and area The leaf rectangles in Figure 1 have various heights. In
charts. If we wish to represent time-series data, many charfgarticular, the maximum value of a vertical axis is extremely
will use the horizontal axis for time. When two or more large, necessitating a bar chart drawn in a very tall rectangle.
charts have the same time axis, the scale intervals of theifherefore, unused spaces remain at the top of the leaf
axes should be unified for ease of comparison. Therefordectangles, and thus the drawing area is not used efficiently.
we aim to unify the scale intervals of the horizontal axes

when we embed the charts into Treemap. B. Requirements for embedding charts
We consider two requirements for embedding charts into
A. Embedding charts into Treemap Treemap. The first is the unification of the scale intervals of

Figure 1 shows a Squarified Treemap with embedde
bar charts. This Treemap represents the annual rainfall o

Honshd (the main island), Japan. Each rectangular are%ral, when we compare charts that describe the same kind of

represents the ra_infe.llll in one. prefecture, and the thideata, we should assign the same variable to the same axis.
borders represent individual regions. We can understand th'_eor example, when we compare monthly precipitation charts
annual rainfall of a prefecture by observing the area of its '

di wanale. In addii by studving the b of region A and region B, we should assign the months to
corrésponding rectangie. In addiion, by studying the bay, o pqi;0ntal axis and the amount of rainfall to the vertical

chart embgddeq in each rectangle, we can appremate tl?&is in both charts. In addition, the scale intervals of the
monthly rainfall in a prefecture. The horizontal axis of the corresponding axes should be the same. If the scale interval

bar chart expresses time, and the vertical axis describqg different for each chart, it is not easy to compare the
the amount of rainfall. Figure 2 represents the same dat? ’
il

t usi d Edae Eaualized T Wi alues correctly.
Sel using our propose ge Equalized freemap. Ve wi 2) Area efficiency for embedding chartd/e consider that
discuss the detailed construction of this Treemap in late

. Eutting the upper part of a chart whose maximum value is
sections. ) ) . . small does not affect the ease of comparison. Therefore,
1) Problems with width variation:As we can see in

. i . when we embed charts into Treemaps where the filling rate
Figure 1, the leaf rectangles have various widths. Moreove

gift h h uiff b idth heref i th fis important, we should change the drawing area according
ifferent charts have different bar widths. Therefore, if they, yhe mayimum value in the chart. For example, it is

scale interval of the vertical axis is unified in Treemap, 5o hriate to embed a chart whose maximum value is large
we cannot elicit quantitative values from the areas of th(?nto an area whose height is large, and vice versa for a chart

1There are 47 prefectures in Japan. These prefectures compose eig\P/Ilﬂ'oSe maximum value is small.
regions, five of which are in Honshu.

harts, and the second is a change in the size of the drawing
C%rea for each chart.

1) Unification of axes and their scale intervalfn gen-



V. EDGE EQUALIZED TREEMAP We developed a new Treemap that also includes the

A. Unification of widths following constraints:

« The widths of leaf rectangles are unified.

« The height of a leaf rectangle is proportional to the
weight of a leaf node.

« The filling rate and aspect ratio are as close to 1 as
possible.

We have decided to unify the widths of leaf rectangles
and use their height to correspond to the weight of the leaf
node (Figure 3). There are two reasons for our choice. First,
we can unify the scale intervals of horizontal axes across
charts with embedded leaf rectangles. For example, if the
leaf nodes have the same number of data, we can unify the Here, the filling rate is the sum of the areas of all leaf
bar widths in two or more charts. Second, we can prevenfectangles divided by the area of the whole Treemap. The
extremely large margins if we unify the scale intervals of the@Spect ratio is the length of the short side of the rectangle
vertical axes. For example, we can set a suitable bar heiglstvided by the length of the long side of the rectangle. These
by adapting it to the weight of a leaf node. are formulated as follows.

While we aim to unify the widths of the leaf rectangles, Let 7" be a rooted tree in which each root is expressed
we can also unify their heights by swapping the width andoy © and a set of leaf nodes i5. The area of node is

height. expressed by:(v). The width of a rectangle i&(v), and
the height of a rectangle is(v).
] The filling rate f is given by equation (1). The output is
4 5 a positive number less than or equal to 1.
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The aspect ratigy(l) of nodel is expressed by equa-

Figure 3. The concept of an Edge Equalized Treemap tion (2), and the average aspect ratio of all leaf rectangles is
g. g(1) andg are both positive numbers less than or equal
to 1.
B. Allowing blanks
. . : - h(v) w(v)
We decided not to limit the existence of blank space g(l) :mm(w(v)’ h(v)) (2)

in Treemaps. We take into account the aspect ratio as

considered in the Squarified Treemap, along with the filling 1

rate. g=—> 90 ®3)
If we want to unify the widths of leaf rectangles by

partitioning the space, we can achieve this using horizontal

lines as partitions. By adopting this policy, we maintain the _ X R X X X

filing rate at 1 and unify the widths of the leaf rectangles. 'ati0, We aim to increase, which is defined in equation (4).

In this case, however, the aspect ratio of each leaf rectangld€'®: w1 andw. represent the weights applied foandg,

tends to be low. When we consider that charts are embeddé&SpeCt'Vely' Itis pQSS|bIe to ad!ust the balance of the filling

into leaf rectangles, rectangles with extremely low aspecf@t® and aspect ratio by changing andw,.

ratios are not desirable.

In order to balance the average filling rate and the aspect

Therefore, we allow blank space, and we introduce the s=w-f+wy-g 4)
criterion of the filling rate. We believe it is necessary to
achieve a balance between the filling rate and the aspect V. DETERMINATION OF THE LAYOUT
ratio.

If we unify the widths of the rectangles in each level of the
hierarchy, the top-down division of space can be used for as
well as many other variations of the Treemap. However, one

C. Setting of constraints
g of our constraints states that we must unify the widths of all

Treemaps have the following constraints: leaf nodes, regardless of the depth. In addition, we only wish

o A node is described as a rectangle. to unify the widths of leaf nodes; we do not want to unify

« A parent—child relationship is placed in a nested rectthe widths of branch nodes. Therefore, we consider the top-
angle. down patrtitioning of space to be unsuited to the achievement

« Rectangles are placed so that they do not overlap eaabf our goal.
other.



A. Rough flow of the process l,

We examine bottom-up methods of positioning the rect- Determination of rectangles
angles, as described in the following. for leaf nodes
First, we prepare rectangles corresponding to leaf nodes [ v ‘l'
with equal widths. The height of the rectangle is proportional [ changing the parameter | | Placing rectangles
to the weight of the leaf node. When the rectangles of all Adjus:ngthe
child nodes have been determined, we place them into as | Evaluation | drawing area
narrow a rectangular area as possible. We repeat this process l | ]

bottom-up, from the leaf nodes to the root node.

Using this method, we cannot know in advance the width
and height of the rectangles. Therefore, after the rectangle
corresponding to the root node is decided, we adjust the
horizontal and vertical scale to fit the drawing area.

Figure 4. Flow of the process

1) Determination of rectangles for leaf nodeale decide
the width and height of a leaf rectangle according to the
B. Flow of the process including trial and error and evalu- weight of a leaf node. The width of a leaf rectangle is 1
ation and the height is proportional to the weight. When these
In the process described in Section V-A, there are tWdectangles are filled, their heights are variable. Therefore,
degrees of freedom. the proportional constant for determining the height has no

) ) meaning; it is important that the proportional constants are
(1) How do we determine the height of the rectanglethe same across all leaf nodes.

corresponding to the leaf node of a certain width?
(2) How do we fit child nodes into the rectangular area
of each branch node?

These widths and heights are provisional until the layout
of all nodes is decided. They are changed when the Treemap
is adjusted to the size of the drawing area.

In fact, (1) does not influence the resulting layout by 2y placing rectangles:We treat the problem of fitting
adjusting the scale to fit the drawing area. We want to fincchijlg nodes into the rectangular area of branch nodes as a
a good layout based on the aesthetic criteria that we sedrip packing Problem. The Strip Packing Problem describes
previously (aspect ratio and filling rate). However, based dithe fitting of rectangles into a fixed-width rectangular space
rectly on the aesthetic criteria, it is difficult to determine thej, order to minimize the vertical length. We swap the
rectangle into which we should place the child rectanglespgrizontal and vertical in this problem, and decide to place
There are two reasons behind this statement. If the rectangiie child node rectangles from left to right in the fixed-height
of the root node is not determined, we cannot calculate th?ectangle.

fillipg rate. In additio.n, if the scale of the Treemap is not |, our problem, the height of the rectangle into which the
adjusted to the drawing area, we cannot evaluate the aspegijig nodes will be placed is unknown. Therefore, we fit

ratio. Because of this, we decide to parameterize the fillingne rectangles of the child nodes while slowly adjusting the
of the rectangle and use a trial and error method. We W"height parameter.

arrange the rectangles and evaluate the results of each layoutyye se two algorithms as solutions to the Strip Packing
while changing the parameters. Using this process, we wilp,qpjem.

be able to obtain a better layout. One of them is the Next-Fit Algorithm [11], which is a
solution to the Bin Packing Problem (Figure 5). If the order
of placement of the rectangles has been decided, the Next-
Fit Algorithm offers a high-speed layout solution. In this
We show the flow of the process in Figure 4. First, wealgorithm, rectangles are filled from the upper left to the
take as input a weighted hierarchical structure for each ledbwer right of the Treemap. The algorithm places rectangles
node. The width and height of the leaf rectangles can then bisom top to bottom; if it cannot place a rectangle to the
determined according to their weights. Second, we repeat thgottom, it draws a line on the right and continues placing
process of filling the rectangles, from the leaf nodes to theectangles on the line from the top. By repeatedly changing
root node. After the layout of all the rectangles is decidedthe placing order, we can adopt the best result.
we adjust the size of the Treemap to the drawing area and We also use the Stack Algorithm (Figure 6). This assumes
evaluate the result of the layout with an evaluation functionthat the rectangle widths are equal. This algorithm sorts
We then change a parameter and go back to the process kdctangles in descending order; the rectangles are then placed
filling the rectangles. By repeating the above process, wén order, from the smallest rectangle at the top to the largest
are able to find the layout that scores best in the evaluatiomectangle. Because this algorithm does not depend on the

C. Concrete flow of the process



placing order of the rectangles, it can be faster than thevith Honshu, Japan as the root node; the child nodes show

Next-Fit Algorithm. regions, and their child nodes show prefectures (these are
leaf nodes). Leaf nodes show the values of monthly rainfall,
5 5 and use annual rainfall as their weights.
(&) - J 0 Figure 2 shows the execution result. The area of each
rectangle represents the annual rainfall of each prefecture.

@J ©|l

A bar chart represents monthly rainfall, with the horizontal
axis denoting the month and the vertical axis showing the

Figure 5. Placement using the Figure 6. Placement using the amount of rainfall.
Next-Fit Algorithm Stack Algorithm
3) Determination of rectangles for branch node$he VIl. DISCUSSION

dimensions of each branch node are determined by the reSU'tWe Compared an existing representation to our Edge
of the placement of child nodes. That is, the minimiZEquuanzed Treemap and performed an evaluation. We rep-
rectangle that surrounds the child node rectangles gives thesented the annual rainfall data in Honshu, Japan, using
branch node rectangle. a Squarified Treemap, as can be seen in Section IlI-A.
This algorithm uses a bottom-up approach to place rectwe represented the same data using an Edge Equalized
angles. Therefore, when the rectangles of brother nodes amgeemap in Section VI. We compared and evaluated the two
constructed and placed, they determine the rectangle of thejepresentations.
parent node. We place rectangles by repeating this process.
4) Adjusting the drawing areaAfter all nodes are placed, ) )
the size of the Treemap is adjusted. We treat our problen®- Various widths
as a nested Strip Packing Problem. Because our approach iswhen using a Squarified Treemap, the leaf rectangles have
based on working from the inner nested part, it is difficult various widths, such that the widths of the bar charts cannot
to determine the size of the outermost rectangle. For thige unified. Because of this, the values in the bar chart cannot
reason, we adjust the size of the Treemap to the drawingorrespond to both the height and the area of the bar. In
area after the layout has been decided. other words, we cannot accurately compare the charts just
5) Evaluation of the layout:Using the evaluation func- by looking at them.
tion s defined in equation (4), we evaluate the resulting In the Edge Equalized Treemap, the widths of all leaf
layout, with a higher value of denoting a better layout. rectangles are unified and the widths of all bar charts are also
We compare the result to the previous highest value, andnified. Therefore, the values in a bar chart can correspond
save the better layout as the best result. to both the height and the area of the bar, and thus we can
6) Changing the height parametein order to get a better compare charts by simply looking at them.
result, we reconstruct the layout after changing the height
parameter. When we place rectangles, we need to set the )
maximum height value that can be stacked by each brancR: Margins at the top of rectangles
node. This parameter influences the result of the layout. In Squarified Treemaps, the height of leaf rectangles does
Therefore, after evaluating each result, we change the heighiot correspond to the weight of leaf nodes. Therefore, there
parameter and position the rectangles again. The minimurare some large margins at the top of the charts. In other
value of this parameter is chosen to be the height of thevords, the drawing area is not efficiently used.
tallest rectangle of the child nodes in each branch node, and An Edge Equalized Treemap represents the weight of a
the maximum value is chosen to be the sum of the heights deaf node as the height of a leaf rectangle. The weight is the
the child node rectangles in each branch nodes. The variaticsum of the data drawn in the chart. Thus, the drawing area
in the height parameter for each iteration is the height of thef the chart has a height corresponding to the value of the
shortest child node rectangle in each branch node. data. Because of this, there are no large margins at the top
of the leaf rectangles.

VI. USE OF THEEDGE EQUALIZED TREEMAP

We now demonstrate the use of our method by drawingC' Considerations

a hierarchical structure. Using an Edge Equalized Treemap, We compared our Edge Equalized Treemap to a Squarified
we embed bar charts into each leaf rectangle, and unify théreemap, and found Edge Equalized Treemaps to be better
scale intervals of the value axis (vertical axis) in Treemap.in terms of the following aspects.

Our Edge Equalized Treemap shows rainfall data for « The interval scale of the horizontal axes can be unified.
different prefectures. This data is organized in a hierarchy, « The height of the leaf rectangle is appropriate.



These aspects relate to the ease of comparison of embejd]
ded charts in a Treemap. Because of this, the Edge Equalized
Treemap is an effective representation.

We executed our programs on an Intel Core i7 CPU
920 @ 2.67 GHz with 6 GB of RAM and Windows 7 [3]
OS. It took 7861 s to represent the rainfall data in an
Edge Equalized Treemap. On the other hand, the Squarified
Treemap required only 0.008 s. Comparing these values, i}”
is clear that the Edge Equalized Treemap took a long tim
to process. In future work, we will examine ways to speed
up the construction of Edge Equalized Treemaps.

(5]
VIII. CONCLUSION

We focused on the representation of embedded charts in
a Treemap, and developed the Edge Equalized Treemap;)

This representation can unify the horizontal axis widths of
each chart. Therefore, we can easily compare charts just by
looking at them. The height of each leaf rectangle in an Edg
Equalized Treemap corresponds to its data, and no lar
margins are produced in the charts. Using our representation,
we expect to be able to support the representation of various
data in a Treemap. (8]

7]
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