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Abstract. Visualization methods make use of interactive graphical representa-
tions embedded on a display area in order to enable data exploration and anal-
ysis. These typically rely on geometric primitives for representing data or build-
ing more sophisticated representations to assist the visual analysis process. One
of the most challenging tasks in this context is to determinate an optimal layout
of these primitives which turns out to be effective and informative. However,
most techniques are able to tackle just a few fundamental requirements simulta-
neously, impairing their use and flexibility. In this dissertation, we propose a set
of approaches for building layouts from geometric primitives that concurrently
addresses a wider range of requirements. A comprehensive set of quantitative
comparisons against existing methods for layout generation and applications on
multimedia data visualization prove the effectiveness of our approaches.

Arranging geometric primitives to generate meaningful layouts is a major task
in visualization, which inherently appears in important applications such as word cloud
constructionand visual boards.The difficulty in building layouts made up of dozens of ge-
ometric objects rests in the set of requirements to be handled simultaneously, e.g., read-
ability, overlaps, object size, semantic proximity and area usage. Moreover, the number
of data instances represented as geometric entities is typically much larger than the visu-
alization area, demanding the use of clustering, hierarchies, and navigation resources to
assist the visualization.

Although significant advances have been made towards building meaningful lay-
outs from geometric primitives, existing techniques are formulated to deal with a limited
number of requirements simultaneously, restricting their use to specific applications. For
instance, techniques such as visual boards and small multiples provide well structured
layouts which are easily readable, but they pay the price of scalability. Hierarchical meth-
ods such as Treemaps mitigate the issue of scalability while making an efficient use of
display area. However, readability and semantic organization of data are aspects not so
easily handled by those methods. Overlap-free semantic preserving techniques generate
somewhat structured layouts and keep instances with similar content close to each other.
Nevertheless, they are not designed to make an efficient use of display area and also suffer
from scalability.

Handling many requirements is not straightforward because distinct requirements
can compete with each other during layout construction. For instance, to facilitate read-
ability, layouts should be built with as large as possible geometric entities. However, large
objects easily fill up the display area, thus limiting the number of instances that can be vi-
sualized. Therefore, finding an optimal balance among multiple concurrent requirements
is a challenging task, which has not been completely tackled by existing methods.



In this dissertation we addressed this challenging problem by proposing new tech-
niques for building layouts. We denominate to Semantic Layout Arrangement as the task
of allocating efficiently a set of geometric instances, which summarizes a multidimen-
sional dataset, into a fixed-size display area, subject to preserve, as much as possible and
at all times, the semantic relationships among instances. The arrangement should simulta-
neously play with several requirements, such as area usage optimization, overlap removal,
object scaling, orthogonal alignment and dynamic updating.

This document presents a compilation of different techniques for inter-
active and semantic layouts generation for data visualization. = Each proposed
method brings new contributions for the field with the purpose of addressing
and solving specific problems involved in generating geometric semantic layouts
for interactive data visualization. Essentially, three proposed methods (ProjSnip-
pet [Gomez-Nieto et al. 2014b], MIOLA [Gomez-Nieto et al. 2013]] and Dealing with
Multiple Requirements [Gomez-Nieto et al. 2016]) rely on novel optimization formu-
lations for simultaneously dealing with requirements that were identified as the most
relevant during our study. The last method (Semantically Aware Dynamic Lay-
outs [Gomez-Nieto et al. 2014a]]) focuses on an application that demands semantic pre-
serving layout updates during analyst’s interactive data exploration.

To our knowledge, the proposed approaches figure among the most straightfor-
ward, efficient and intuitive alternatives to explore large amounts of multidimensional
data while enabling a fluent interaction with data analysts.

1. ProjSnippet

The proposed technique comprises three steps: pre-processing of search results, multidi-
mensional projection, and optimization. In the first step each entry returned from a textual
query is processed and its term frequency vector extracted

Each term frequency vector may be handled as a point in a multidimensional space
that can be mapped to the visual space with a multidimensional projection technique.
Albeit our current implementation adopts the Least Squares Projection (LSP) — due to
its good accuracy in terms of distance preservation and low computational cost — any
projection technique with similar properties might be employed. The projection preserves
much of the neighborhood structure of the original data, ensuring that similar instances
are placed close to each other in the visual space.

The following step is to embed the content of each snippet within a rectangle
whose bottom left corner is placed in the snippet’s (or its multidimensional data point)
projected position. A rectangle’s height and width are settled to reflect the rank of its
corresponding snippet in the retrieved document list, so that better ranked snippets are
assigned larger rectangles.

A major drawback at this stage of the pipeline is that rectangles enclosing the snip-
pets overlap considerably, impairing identification of individual entries and the perception
of the document neighborhood structure. The final step optimizes the placement of the
snippets in order to avoid overlapping while preserving data neighborhoods as computed
by the projection.

The example illustrates a visualization displaying the results of a query on the
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Figure 1. Google and ProjSnippet views of the results of a query with terms
“jaguar features”. More here: https://goo.gl/c4apaC

terms “jaguar features” submitted to Google’s search engine. The view in Figure [I(a)
shows the 10 best ranked snippets shown in the first page. Figure [I{b) displays a ProjS-
nippet view with the 64 best ranked snippets. Inspection discloses that the snippets on
the left (cyan, red, blue, yellow) all refer to different models of Jaguar cars, whereas the
green ones on the right refer to a surprising variety of topics, that include multiple refer-
ences to the wild animal (3 snippets) and also to supercomputer models named Jaguar (2
instances). Still, overall the final layout depicts a representative overview of the search
hits, as far grouping/separating similar/dissimilar results is concerned. Notice that it is
pretty difficult to handle such a variety topics and subtopics in Google’s list-based view,
which indeed brings only results on cars, animals and the game in the first page.

2. Mixed Integer Optimization for Layout Arrangement (MIOLA)

In this section we describe a technique to tackle the problem of arranging rectangular
boxes in the visual space so as to place objects representing similar content close to each
other while avoiding overlaps. We formulate the problem as a Mixed Integer Quadratic
Programming Problem (MIQP), which enables well structured layouts. In contrast to
other optimal methods that take into account the similarity between instances, our ap-
proach does not rely on intersection tests, making the algorithm simpler to implement.
Moreover, our technique is quite flexible, being able to generate different layouts by just
handling optimization constraints.

Let B = {By, By, ..., B,,} be a set of n rectangular boxes arranged in the visual
space such that the neighborhood structure of the boxes reflects a property of interest. For
instance, if a data set is mapped to the visual space using a multidimensional projection
technique and a box is centered on each projected data, the resulting arrangement makes
neighbor boxes correspond to similar data. Boxes in this arrangement, however, should
overlap considerably, impairing the visualization of individual boxes. In order to make
each box visible, one has to displace the boxes in the two-dimensional space so as to
remove overlaps, but preserving the initial neighborhood structures to keep similar objects
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close to each other. As described in our paper, we formulate the problem above as a mixed
integer quadratic programming optimization.

3. Dealing with multiple requirements for geometric layouts arrangement

In this section we describe a methodology for building layouts from geometric primitives
which is able to deal with a wide range of requirements simultaneously. Relying on multi-
dimensional projection, density-based adaptive grids, and mixed integer optimization, our
approach is semantically aware, makes an efficient use of display area, and generates well
structured grid-like layouts. Moreover, the formulation intrinsically impose a hierarchy
on the data, enabling alternatives for the scalability issue.

The proposed optimization scheme arranges geometric entities (boxes) with vary-
ing sizes so as to avoid overlaps while preserving the neighborhood structure of the un-
derlying data (semantics). The area of each geometric primitive is also included in the
optimization process to ensure that the display area will be efficiently occupied. In fact,
supported by the adaptive grid, our formulation is able to scale elements with different
sizes using only one variable, thus rendering the optimization procedure as simple as
possible.

Figure [2] depicts qualitative results comparing our approaches with overlap re-
moval in 5 datasets. Notice that the proposed method (Our) gives rise to well structured
layouts where neighborhoods (indicated by color map) are nicely preserved. Moreover,
our approach makes a better use of display area, thus improving readability and content
analysis.

4. Semantically Aware Dynamic Layouts

In this section we describe a novel semantic aware layout construction technique that
allows users to freely tailor 2D arrangements according to their interest. The proposed
formulation relies on interactive mechanisms enabled by multidimensional projection
methods to enforce semantic relation in the layout. Moreover, the proposed approach
is based on a simple energy function that can efficiently be minimized using well-known
optimization libraries, thus avoiding intricate computational implementations.

The proposed mechanism to dynamically update layouts according to user inter-
vention builds upon the methodology of ProjSnippet, which has been conceived to opti-
mize layouts restricted to rectangular domains and with no interactive resource. Our ap-
proach, in contrast, enables interactive resources that allow users freely modify the layout
according to their interest while still being able to build arrangements in arbitrary visual
domains. Moreover, our formulation combines the flexibility provided by control points
used in multidimensional projection with an energy function tuned to enable interactive
layout update as well as to enforce semantic relation among neighbor entities.

Figure [3| shows layouts generated from fifty images with dimensions 256 <256
obtained from the Calltech 101 data set. Figure [3(a) shows the initial layout obtained by
projecting and optimizing the layout using ProjSnippet (a square box has been assigned
to each projected image). Figure [3[b) show the layout during user interaction phase.
The overlap removal opens a “path” throughout the region the user has dragged images.
The opened path helps the user to keep a mental model of how much and where the
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Figure 2. Layouts produced by our approaches and RWordle-C, VPSC and PRISM.

layout is changing. Figure [3[c) depicts the final layout after optimization. Notice that
the interaction changed the position of two white background piano images and, as a
consequence, all pianos with white background has also been properly displaced, showing
the capability of our approach in preserving semantic relations.
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Figure 3. Layouts produced from piano’s images. More here: http://goo.gl/GEvFp2

Awards and Honors

* Best Computer Graphics/Visualization Ph.D. Thesis Award at SIBGRAPI 2017.
Invited as PhD researcher intern at IBM Research, SP Lab (Mar/16-Feb/17).
Invited IEEE TVCG paper presented at IEEE VIS 201

Accepted proposal to Doctoral Colloquium at IEEE VIS 2015.

Invited IEEE TVCG paper presented at IEEE VIS 2014.

Best paper award in Graphics and Visualization at SIBGRAPI 2013.
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