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Abstract. An extension to the treemap method for the visualization of hierarchical information, such as directory structures and organization structures, is presented. The standard treemap method often gives thin, elongated rectangles. As a
result, rectangles are difficult to compare and to select. A new method is presented
to generate lay-outs in which the rectangles approximate squares. To strenghten
the visualization of the structure, shaded frames are used around groups of related
nodes.

1 Introduction
Hierarchical structures of information are everywhere: directory structures, organization
structures, family trees, catalogues, computer programs, and so on. Small hierarchical
structures are effective to locate information, but the content and organization of large
structures is harder to grasp. We present a new visualization method for large hierarchical structures: Squarified Treemaps. The method is based on Treemaps, developed by
Shneiderman and Johnson [9, 6]. Treemaps are efficient and compact displays, which are
particularly effective to show the size of the final elements in the structure. In a previous
paper [10] we introduced Cushion Treemaps, which provide shading as an extra cue to
emphasize the hierarchical structure. In this paper we attack another problem of standard treemaps: the emergence of thin, elongated rectangles. We propose a new method
to subdivide rectangular areas, such that the resulting subrectangles have a lower aspect
ratio. These rectangles use space more efficiently, are easier to point at in interactive environments, and are easier to estimate with respect to size. Because the resulting structures are somewhat harder to grasp, we also introduce an improved method to visualize
nested structures. A variant on nested treemaps is presented, where the rectangular enclosures have been replaced by shaded frames. The combination of these two methods
leads to displays of hierarchical structures that are efficient and easy to understand.
In section 2 we discuss existing methods to visualize hierarchical structures. The new
method for improved subdivision is presented in section 3. The shaded frames are described in section 4. Finally, we discuss the results in section 5.

2 Background
Many methods exist to browse through and to display hierarchical information structures, or, for short, trees. File browsers are the best known example. Usually a listing of

the files and directories is used, where the levels in the hierarchy are shown by means
of indentation. The number of files and directories that can be shown simultaneously is
limited, which is no problem if one knows what to search for. However, if we want to
get an overview, or want to answer a more global question, such as: ”Why is my disk
full?”, scrolling, and opening and closing of subdirectories have to be used intensively.
During this process it is hard to form a mental image of the overall structure [3].
Many techniques have been proposed to visualize such structures more effectively.
An important category are node and link diagrams (fig. 1(a)). Elements are shown as
nodes, relations are shown as links from parent to child nodes. Sophisticated techniques
have been presented to improve the efficiency and aesthetic qualities of such diagrams,
both in 2D and in 3D [7, 5, 1, 2, 8]. Such diagrams are very effective for small trees, but
usually fall short when more than a couple of hundred elements have to be visualized simultaneously. The main reason for this limitation is simply that node and link diagrams
use the display space inefficiently: Most of the pixels are used as background. Treemaps
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Fig. 1. Tree diagram

[9, 6] were developed to remedy this problem. The full display space is used to visualize
the contents of the tree. Here we present an overview of the concept, an in depth treatment is given in the original references. Figure 1(b) shows an example. Each node (as
shown in the tree diagram) has a name (a letter) and an associated size (a number). The
size of leaves may represent for instance the size of individual files, the size of non-leaf
nodes is the sum of the sizes of its children. The treemap is constructed via recursive
subdivision of the initial rectangle. The size of each sub-rectangle corresponds to the
size of the node. The direction of subdivision alternates per level: first horizontally, next
vertically, etcetera. As a result, the initial rectangle is partitioned into smaller rectangles,
such that the size of each rectangle reflects the size of the leaf. The structure of the tree
is also reflected in the treemap, as a result of its construction. Color and annotation can
be used to give extra information about the leaves.
Treemaps are very effective when size is the most important feature to be displayed.
Figure 2(a) shows an overview of a file system: 1400 files are shown and one can effortlessly determine which are the largest ones.
However, treemaps have limitations [4]. One problem is that treemaps often fall short
to visualize the structure of the tree. The worst case is a balanced tree, where each parent

(a) File system

(b) Organization
Fig. 2. Treemaps

has the same number of children and each leaf has the same size. The treemap degenerates here into a regular grid. As an example, figure 2(b) shows an (artificial) organization
chart, modeled after the structure of our university. Six levels in the hierarchy are shown,
the final 3060 rectangles denote individual employees. In a previous paper [10] we have
shown how shading can be employed to improve the perception of structure.
In this paper we study another problem of treemaps. In both examples thin, elongated rectangles emerge as a result of the straightforward subdivision technique of standard treemaps. All children on a level are treated the same, hence the presentation of a
small file is degraded when compared to its larger siblings (think of a large Unix home
directory with a small .cshrc in the top level). The presentation of all nodes and leaves
as more square-like rectangles has several advantages:
– display space is used more efficiently. The number of pixels to be used for the border
is proportional to its circumference. For rectangles this number is minimal if a square
is used;
– square items are easier to detect and point at, thin rectangles clutter up and give rise
to aliasing errors;
– comparison of the size of rectangles is easier when their aspect ratios are similar;
– the accuracy of the presentation is improved. A rectangle with a prescribed width of,
say, 300 pixels, can only present sizes in coarse steps.
These advantages inspired us to study alternative subdivision techniques, where the aim
is to use rectangles that are nearly square for the nodes and leaves. In a late stage of the
writing of this paper we found that we are not exceptional in this interest. The concept of
squarification has been applied independently of our work for a very clear and effective
visualization of a stock market [11].

3 Squarification
How can we tesselate a rectangle recursively into rectangles, such that their aspect-ratios
(e.g. max(height=width; width=height)) approach 1 as close as possible? The number of

all possible tesselations is very large. This problem falls in the category of NP-hard problems. However, for our application we do not need the optimal solution, a good solution
that can be computed in short time is required.
We have experimented with many different algorithms. In this section we present a
method that (empirically) turned out to give the best results. The key idea is based on
two notions. First, we do not consider the subdivision for all levels simultaneously. This
leads to an explosion in computation time. Instead, we strive to produce square-like rectangles for a set of siblings, given the rectangle where they have to fit in, and apply the
same method recursively. The startpoint for a next level will then be a square-like rectangle, which gives good opportunities for a good subdivision. Second, we replace the
straigthforward subdivision process for a set of siblings of the standard treemap technique (width or height is given, rectangle is subdivided in one direction) by a process
that is similar to the hierarchical subdivision process of the standard treemap.
We present our method first with an example, followed by a description of the complete algorithm.
3.1 Example
Suppose we have a rectangle with width 6 and height 4, and furthermore suppose that this
rectangle must be subdivided in seven rectangles with areas 6, 6, 4, 3, 2, 2, and 1 (figure
3). The standard treemap algorithm uses a simple approach: The rectangle is subdivided
either horizontally or vertically. Thin rectangles emerge, with aspect ratios of 16 and 36,
respectively.
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The first step of our algorithm is to split the initial rectangle. We choose for a horizontal subdivision, because the original rectangle is wider than high. We next fill the left
half. First we add a single rectangle (figure 4). The aspect ratio of this first rectangle is
8/3. Next we add a second rectangle, above the first. The aspect ratios improve to 3/2.
However, if we add the next (area 4) above these original rectangles, the aspect ratio of
this rectangle is 4/1. Therefore, we decide that we have reached an optimum for the left
half in step two, and start processing the right half.
The initial subdivision we choose here is vertical, because the rectangle is higher
than wide. In step 4 we add the rectangle with area 4, followed by the rectangle with
area 3 in step 5. The aspect ratio decreases. Addition of the next (area 2) however does
not improve the result, so we accept the result of step 5, and start to fill the right top
partition.
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Fig. 4. Subdivision algorithm

These steps are repeated until all rectangles have been processed. Again, an optimal
result can not be guaranteed, and counterexamples can be set up. The order in which the
rectangles are processed is important. We found that a decreasing order usually gives the
best results. The initially large rectangle is then filled in first with the larger subrectangles.
3.2 Algorithm
Following the example, we present our algorithm for the layout of the children in one
rectangle as a recursive procedure squarify. This procedure lays out the rectangles in
horizontal and vertical rows. When a rectangle is processed, a decision is made between
two alternatives. Either the rectangle is added to the current row, or the current row is
fixed and a new row is started in the remaining subrectangle. This decision depends only
on whether adding a rectangle to the row will improve the layout of the current row or
not.
We assume a datatype Rectangle that contains the layout during the computation and
is global to the procedure squarify. It supports a function width() that gives the length of
the shortest side of the remaining subrectangle in which the current row is placed and a
function layoutrow() that adds a new row of children to the rectangle. To keep the description simple, we use some list notation: ++ is concatenation of lists, [x] is the list
containing element x, and [] is the empty list. The input of squarify() is basically a list
of real numbers, representing the areas of the children to be laid out. The list row con-

tains the rectangles that is currently being laid out. The function worst() gives the highest
aspect ratio of a list of rectangles, given the length of the side along which they are to
be laid out. This function is further discussed below.
procedure squarify(list of real children, list of real row, real w)
begin
real c = head(children);
if worst(row, w)  worst(row++[c], w) then
squarify(tail(children), row++[c], w)
else
layoutrow(row);
squarify(children, [], width());
fi
end
Let a list of areas
defined by:

R

be given and let
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Since one term is increasing in r and the other is decreasing, this is equal to
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where r+ and r, are the maximum and minimum of R. Hence, the current maximum
and minimum of the row that is being laid out.
Applying this algorithm to the data sets of figure 2 results in figure 5. This shows
clearly that the algorithm is succesful in the sense that the rectangles are far less elongated and that the black areas with cluttered rectangles have disappeared. However, they
also show that the hierarchical structure is far less obvious than with the standard treemap
algorithm. The alternating directions scheme aids in providing the viewer with direct
cues on the structure, whereas with a less regular scheme these visual cues disappear.
When the sizes vary strongly (figure 5(a)), a subtle cue is provided. From the lower-left
corner to the upper-right corner the size of the rectangles decreases, which shows more
or less which child-nodes have the same parent. However, when the leaves have the same
size (figure 5(b)), this cue is not present.
One way to improve the visualization of the structure is to use cushions (figure 6).
However, the global structure is still not obvious, for instance in figure 6(b) it is hard to
detect the seven nodes at the highest level. Hence, we have studied additional methods
to emphasize the structure.

4 Frames
Nesting was introduced by Shneiderman and Johnson [9, 6] to strengthen the visualization of structure. Each rectangle that represents a non-leaf node is provided with a border
to show that its children have the same parent. An example for a binary tree is shown in
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Fig. 6. Squarified cushion treemaps

figure 7(a). This method has some disadvantages. Extra screen-space is used, and furthermore, it gives rise to maze-like images, which can be puzzling for the viewer.
However, the second disadvantage can be remedied in a similar way as for the visualization of the nodes. We fill in the borders with grey-shades, based on a simple geometric
model (figure 8). The width dl in pixels of a border of level l, with l = 1; : : : ; n is given
by:

l = dwf l,1 e;

d

where w is the width of the root level border, and f a factor that can be used to decrease
the width for lower level borders. For the profile of the border we use a parabola:

l (r) = a(r + sl )2 + b(r + sl ); with
l,1
sl =
di ;
i=1

z

X

where zl (r) is the height of the profile for level l, r is the distance from the outside of
the border for this level, and a and b are two coefficients that control the shape of the
parabola.
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Fig. 7. Binary tree

Figure 7(b) shows the result for the binary tree. In this (exaggerated) example we used
w = 8, f = 1, a = ,1, and b = 16, which gives a parabola with its top shifted to the
interior. Figure 7(c) gives the profile of the frames for this example. Applications of a
similar profile are shown in figure 9. This gives the following effects:
– nested borders appear as solid frames;
– the depth of each node in the tree is visualized directly via the height of the frame
that surrounds it;
– neighbouring first level boundaries, such as the boundary between node 4 and 5, get
an indent, because of the shift of the parabola;
– neighbouring second level boundaries, such as the boundary between node 2 and 3,
have a smooth top;
– lower level boundaries have a sharp top.

5 Discussion
We have presented two extensions to the standard treemaps. First, we have shown how
rectangles can be forced to be more square. This gives rectangles that are easier to com-
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Fig. 9. Framed squarified treemaps

pare, to point at, and that can represent sizes more accurately. Second, we have shown
how frames can be used to improve the perception of structure. However, both methods
have their limitations. With squarification, the relative ordering of siblings is lost and images tend to be less regular, with less standard patterns, than standard treemaps. When
structure of the tree is important and ordering in the data is not, the methods presented
here will be very useful.
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