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ABSTRACT 
 
GOMEZ-NIETO, E.. Generation of semantic layouts for interactive multidimensional data 

visualization. 2017. 131 f. Doctoral dissertation (Doctorate Candidate Program in Computer 
Science and Computational Mathematics) – Instituto de Ciências Matemáticas e de Computação 
(ICMC/USP), São Carlos – SP. 

 
 
Visualization methods make use of interactive graphical representations embedded on a display 

area in order to enable data exploration and analysis. These typically rely on geometric primitives 

for representing data or building 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. Existing algorithms for 

building layouts from geometric primitives are typically designed to cope with requirements 

such as orthogonal alignment, overlap removal, optimal area usage, hierarchical organization, 

dynamic update among others. However, most techniques are able to tackle just a few of those 

requirements simultaneously, 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. Relying on multidimensional projection and optimization 

formulations, our methods arrange geometric objects in the visual space so as to generate 

well-structured layouts that preserve the semantic relation among objects while still making an 

efficient use of display area. A comprehensive set of quantitative comparisons against existing 

methods for layout generation and applications on text, image, and video data set visualization 

prove the effectiveness of our approaches. 

 
Key-words: Overlap Removal, Similarity Preserving, Structured Layouts, Area Optimization, 

Semantic Layout, High-Dimensional Data. 





RESUMO 
 
GOMEZ-NIETO, E.. Geração de layouts semânticos para a visualização interativa de 

dados multidimensionais. 2017. 131 f. Doctoral dissertation (Doctorate Candidate Program 
in Computer Science and Computational Mathematics) – Instituto de Ciências Matemáticas e 
de Computação (ICMC/USP), São Carlos – SP. 

 
 
Métodos de visualização fazem uso de representações gráficas interativas embutidas em uma área 

de exibição para exploração e análise de dados. Esses recursos visuais usam primitivas geométri- 

cas para representar dados ou compor representações mais sofisticadas que facilitem a extração 

visual de informações. Uma das tarefas mais desafiadoras é determinar um layout ótimo visando 

explorar suas capacidades para transmitir informação dentro de uma determinada visualização. 

Os algoritmos existentes para construir layouts a partir de primitivas geométricas são tipicamente 

projetados para lidar com requisitos como alinhamento ortogonal, remoção de sobreposição, 

área usada, organização hierárquica, atualização dinâmica entre outros. No entanto, a maioria 

das técnicas são capazes de lidar com apenas alguns desses requerimentos simultaneamente, 

prejudicando sua utilização e flexibilidade. Nesta tese, propomos um conjunto de abordagens 

para construir layouts a partir de primitivas geométricas que simultaneamente lidam com uma 

gama mais ampla de requerimentos. Baseando-se em projeções multidimensionais e formulações 

de otimização, os nossos métodos organizam objetos geométricos no espaço visual para gerar 

layouts bem estruturados que preservam a relação semântica entre objetos enquanto ainda fazem 

um uso eficiente da área de exibição. Um conjunto detalhado de comparações quantitativas com 

métodos existentes para a geração de layouts e aplicações em visualização de conjunto de dados 

de texto, imagem e vídeo comprova a eficácia das técnicas propostas. 

 
Palavras-chave: Remoção de sobreposição, Preservação da similaridade, Layouts Estruturados, 

Otimização de Área, Layout Semântico, Dados em Alta Dimensão. 
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CHAPTER

1
INTRODUCTION

1.1 Motivation

Arranging geometric primitives to generate meaningful layouts is a major task in vi-

sualization, which inherently appears in important applications such as word cloud construc-

tion (KOH et al., 2010; PAULOVICH et al., 2012), small-multiples arrangements (BERTIN,

2007; TUFTE, 1990; ELZEN; WIJK, 2013), and visual boards (PINHO; OLIVEIRA; LOPES,

2010; STRONG; GONG, 2011; STRONG; GONG, 2014). The difficulty in building layouts

madeup a largenumber of geometric objects rests in theset of requirements to behandled simul-

taneously, e.g., readability, overlaps, object size, semantic proximity and area usage. Moreover,

thenumber of data instances represented as geometric entities is typically much larger than the

visualization area, demanding the use of clustering, hierarchies, and navigation resources to

assist thevisualization.

Although significant advances have been made towards building meaningful layouts

from geometric primitives, existing techniquesare formulated to deal with a limited number of

requirements simultaneously, restricting their use to specific applications. For instance, tech-

niquessuch asvisual boardsand small multiples providewell structured layoutswhich areeasily

readable, but they pay thepriceof scalability. Hierarchical methodssuch as Treemaps(FEKETE;

PLAISANT, 2002) mitigate the issueof 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 such as RWordles (STROBELT et

al., 2012) and ProjCloud (PAULOVICH et al., 2012) generatesomewhat structured layouts and

keep instanceswith similar content close to each other. Nevertheless, they arenot designed to

make an efficient useof display areaand also suffer from scalability.

Handling many requirements isnot straightforward becausedistinct requirementscan

competewith each other during layout construction. For instance, to facilitate readability, layouts

should be built with as largeas possible geometric entities. However, large objects easily fill up
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the display area, thus limiting the number of instances that can be visualized. Therefore, finding

an optimal balanceamong multipleconcurrent requirements is a challenging task, which hasnot

been completely tackled by existing methods.

In thisdissertation weaddress thischallenging problem by proposing new techniques

for building layouts. Wedenominateby Semantic Layout Arrangement as the task of allocating

efficiently a set of geometric instances, which summarizes a multidimensional dataset, into a

fixed-sizedisplay area, subject to preserve, asmuch as possibleand at all times, the semantic

relationshipsamong instances. Thearrangement should simultaneously play with several require-

ments, such asareausageoptimization, overlap removal, object scaling, orthogonal alignment

and dynamic updating.

In theproposed methods, semantic relationshipsareestablished by asimilarity measure.

Weuse dimensionality reduction techniques for embedding data from multidimensional to visual

space in order to, subsequently, build a map of geometric entities. Then, we applied theproposed

optimization operators to rearrange entities according to the requirements we deem the most

relevant, thereby generating meaningful visualizations.

To our knowledge, the proposed approaches figureamong the most simple, efficient and

intuitivealternatives to explore largeamountsof multidimensional datawhileenabling afluent

interaction with data analysts.

1.2 Thesis statement

Organizing multidimensional data into semantic layouts improves information discovery

and data analysis tasks. These tasks demand the optimization of multiple conflicting require-

ments, such assemantic preservation, overlap removal, areausageoptimization, object scaling,

orthogonal alignment and dynamic update. Properly address those issues allow for an easier and

effective exploration of complex multidimensional data.

Thisdocument presents acompilation of different techniques for interactive semantic

layoutsgeneration for datavisualization. Each proposed method bringsnew contributions for

the field with thepurpose of addressing and solving specific problems involved in generating

geometric semantic layouts for interactivedatavisualization. Essentially, threeproposed methods

rely on novel optimization formulations for simultaneously dealing with requirements that were

identified as themost relevant during our study. The last method presented in thisdissertation

focuses on an application that demands semantic preserving layout updates during analyst’s

interactive data exploration.

In summary, this dissertation gathers techniques and results developed and published

during thedoctorateterm. Specifically, it putstogether theresultsfrom thefollowing publications:

• “ Similarity Preserving Snippet-Based Visualization of Web Search Results” (GOMEZ-
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NIETO et al., 2014)

Thecontributions of this work are:

– We proposea method, which we called ProjSnippet, to display the resultsof textual

queries integrating textual snippets and multidimensional projection into a simple

and intuitive visualization.

– TheProjSnippet relies on anovel overlap removal energy functional that considers

both the neighborhood relations between snippetsand their overlapping in the visual

space.

• “ Mixed Integer Optimization for Layout Arrangement” (GOMEZ-NIETO et al., 2013)

Thecontributions of this work are:

– We propose a mathematical formulation, which we call MIOLA (Mixed Integer

Optimization for Layout Arrangement), for the problem of arranging rectangular

boxes in the visual space so as to place similar entities close to each other while

avoiding overlaps.

– MIOLA combines flexibility and capability in generating different layouts while still

solving thebox-overlap removal problem.

– A video visualization application using MIOLA that allowsfor handling andexploring

video datasets.

• “ Dealing with MultipleRequirements in Geometric Arrangements” (GOMEZ-NIETO et

al., 2016) The contributions of this work are:

– We propose a methodology to generate layouts made up of geometric primitives

which deals with multiple requirementssuch asgrid-like structure, semantic relation

among objects, display area usage, and overlap removal. The methodology naturally

imposes an hierarchy on thevisual representation in order to handlea large number

of data instances.

– We propose an optimization scheme that relies on a reduced number of unknowns to

generatewell structured layouts whilemaking agood useof display area.

– Wepresent acomprehensiveset of comparisons against existing methods and several

practical applicationsto confirm theeffectivenessand usefulnessof thismethodology.

• “ Semantically AwareDynamic Layouts” (GOMEZ-NIETO; MOTTA; NONATO, 2014)

Thecontributions of this work are:

– Weproposeone fully interactive techniqueto arrangegeometric primitives in two-

dimensional layouts.
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– A mechanism to enforce semantic relationships among entities of the layout.

– A combination of interpolation and optimization mechanism to enable apleasant and

dynamic layout updateduring and after user intervention.

1.3 Outline

This thesis is organized in the three main parts: Thefirst part (chapters2 and 3) covers

specific concepts on semantic layout generation and relevant literature to contextualize the

problem addressed. The second part (chapters4 to 7) presents in detail the proposed methods.

Finally, the third part (chapter 8) present theconclusions and futurework.

In summary thesubjects covered by each chapter are:

• Chapter 2: On Semantic Layouts Requirements presents an study of general concepts

to contextualize the problem of semantic layout generation. It is divided in three main

sections: requirements, operations and quantitativemetrics.

• Chapter 3: Review of the Literature describes a set of relevant methods to semantic layout

generation, organized into six different categories: overlap removal, board-based, space-

filling, alignment, hierarchy-based and dynamic update methods.

• Chapter 4: ProjSnippet, isavisualization technique to display theresultsof web queries

through rectangular element layouts. It combines theneighborhood preservation capability

of multidimensional projections with the familiar snippet-based representation.

• Chapter 5: MIOLA, is a mechanism to arrange rectangular boxes in a two-dimensional

layout which keepssimilar objects closewhile preventing overlaps. In contrast to heuristic

techniques, our approach relies on mixed integer quadratic programming, resulting in well

structured arrangements which can easily be tuned to take different forms.

• Chapter 6: Dealing with Multiple Requirements presents a novel methodology for building

layouts from geometric primitives that concurrently addressesa wider range of require-

ments. Relying on multidimensional projection and mixed integer optimization, our ap-

proach arranges geometric objects in the visual space so as to generate well structured

layouts that preserve thesemantic relation among objectswhilestill making an efficient

use of display area.

• Chapter 7: Semantically aware Dynamic Layouts describe a novel interactive semantic

awarelayout construction techniquethat reliesonasimplemathematical andcomputational

formulation to allow users to freely interact with the layout. This approach is supported by

interactivemultidimensional projection methods, which enforcessimilar instances to be

placed close to each other during layout updates.
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• Chapter 8: Conclusion and FutureWork summarizesour general conclusions, discusses

limitations found during our study and describes some futureworks that can be conducted

to further develop this research topic.
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CHAPTER

2
ON SEMANTIC LAYOUTS REQUIREMENTS

2.1 Introduction

Thischapter providesbasic conceptsas to semantic layoutsgeneration. First, we list a

collection of requirements that should becared for during semantic arrangement of geometric

entities. The second section describes a set of operations that deals with such requirements.

Finally, the last section presentsa set of suitablemetricscompiled from literature to assess the

performance of those operators.

2.2 Semantic layout arrangement requirements

In thissection, wepresent a detailed list of requirements for semantic layouts generation

that we have identified as the most relevant onesduring our studies. In order to better present

theachievementsof our studies, thissection divided into seven subsections, namely, similarity

preserving, areausage, layout structure, content, perceptivefeatures, interactivity andadaptability,

which are described below.

2.2.1 Similarity preserving

Similarity isoneof themost used resources for datavisualization. It allows theanalyst

to discover patterns, trends or relationships in data through grouping of semantically related

instances, i.e. data with similar values in its representative feature vector. In general, similarity is

geometrically represented by spatial proximity according to a distance measure, e.g. Euclidean,

Manhattan or Mahalanobis distances.

The following methodsusesimilarity to map and organizehigh-dimensional data into

2D visual space. These methods are highly useful in the context of our work, so they will be

presented here.
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2.2.1.1 Multidimensional projection

Multidimensional Projection (MP) relieson dimensionality reduction theory to embed

multidimensional data into a visual space. Thus, it allows the visual exploration of different

types of data, such as, document collections (PAGLIOSA et al., 2013), image datasets (JOIA

et al., 2012) or even scientific data such as vector fields (DANIELS et al., 2010). Formally,

multidimensional projection methods can be defined as follows:

Definição 1. Multidimensional Projection (TEJADA; MINGHIM; NONATO, 2003) Let X be

a set of points inℜn and ∂ : ℜn × ℜn→ℜ bea criterion of proximity between points inℜn. A

multidimensional projection is a mapping f that takes X to a set of points P inℜv, v = { 1,2,3}

such that if f : X → P isa bijective relation and d :ℜv × ℜv→ℜ is a proximity criterion inℜv

then ∂ (xi ,x j ) − d( f (xi), f (x j )) is as close to zero as possible,∀xi ,x j ∈X.

Thereexist different taxonomies for classifying multidimensional projection techniques.

For instance, Paulovich, Silva e Nonato (2010) classified the MP methods into three main

categories, namely, spectral decomposition, nonlinear optimization, and force-based schemes.

Another classification wasproposed by Joiaet al. (2011), grouping them into local and global

methodsaccording to the information used to perform the projection. Global methods use only a

single transformation, while local techniques make use of neighborhood information of each

instanceand the location of asubset of samplesa priori positioned in thevisual space to definea

family of mappings. Recently, Lehmann eTheisel (2016) classify MPmethodsbased on the type

of projection used to map data, i.e. projectiveprojections, affineprojections and distance-based

projections.

It isworth tomention that most traditional methodsin literature, suchasFastMap(FALOUT-

SOS; LIN, 1995), Multidimensional Scaling (MDS) (TORGERSON, 1952) and Kernel Principal

Component Analysis (Kernel PCA) (SCHöLKOPF; SMOLA; MüLLER, 1998), established the

foundations for most up-to-date techniques. In fact, recent developments have extended MP

methods capabilities with remarkable success, for instance, reducing the number of distance

information to becomputed (LSP (PAULOVICH et al., 2008), PLMP (PAULOVICH; SILVA;

NONATO, 2010)), interactive manipulation of the projection matrix (LAMP (JOIA et al., 2011),

iPCA (JEONG et al., 2009)), create inverseprojection from 2D spaceback to ahigh-dimensional

space (iLAMP (AMORIM et al., 2012)) or control the influenceof parameters in the projection

process (Probing Projections (STAHNKE et al., 2016)).

In general, theapproachespresented in thisdissertation useLSPand LAMPasprojection

mechanism due to their good accuracy in terms of distancepreservation and low computational

cost.
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2.2.1.2 Self-organizing maps

Self-Organizing Maps (SOM) isan artificial neural network based method that makes

use of data compression process, known asvector quantisation, for reducing dimensionality of

vectors. The traditional Kohonen’s (KOHONEN, 1982) approach is typically employed in this

context (GASSEN et al., 2015). In terms of layout, it provides an optimal use of display area

since the layout is a priori defined.

More sophisticated methods were proposed extending the Kohonen approach. For in-

stance, Lagus, Kaski e Kohonen (2004) use the same principle of compression for summarizing

and mining largedocument text collections, named WEBSOM. Recently Strong eGong (2014)

proposed Self-Sorting Maps (SSM), an greedy-based coarse-to-finealgorithm to compute near

optimal data placements of multimedia data.

2.2.2 Area usage

Since display devices are limited by their fixed physical space, a proper management

of area is a fundamental requirement for all disciplines of Visual Computing1, as InfoVis and

VA. Most visualizationsare displayed into aworkspace (also known asvisual space) that will

represents thewhole space available for displaying visual resources, even if multipledevices are

used for thesameapplication, as in Video Wall’s case.

In visualization, there exist different methods to exploit thevisual space. Some methods

are devoted to split recursively the whole space into non-overlapping regions allocating data

to one of these regions, e.g. Treemaps. Other methods build several regions to represent data

already arranged regardless important considerationsas to overlap or area usage – since the sum

of areas of all regions is not (usually) equal to visual space area – but preserving the original

arrangement of theobjects represented.

However, the empty space plays an important role for conveying similarity. For instance,

grouping is clearly defined by the presence of a space that isolates a group for an easy and

intuitive visual discovery. Thus, finding a balance between area usage maximization and any

other perceptive feature for improving visual exploration isacomplex task. This isone of the

main issues addressed in thiswork.

2.2.3 Layout structure

Generally, a layout structure can be seen as the manner that aset of objects are arranged

or distributed on a limited space. This distribution varies according to what will be conveyed.

As Figure1 illustrates, different types of layouts transmit different ideas. For instance, a regular

layout – without differences in size or any other perceptive feature – conveys an equal-weighted

1 Generic term to group all computer sciencedisciplineshandling with imagesand graphics, ascomputer graphics,
image processing, visualization, visual analytics, computer vision and virtual/augmented reality
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focus of attention for all instances, in contrast to a concentric layout which centers the major

importance on a specific entity, as shown in Figures 1(a) and 1(c) respectively. Figure 1(b)

illustratesa hierarchical layout where each level is represented by adifferent color, i.e. as the

higher the level is, the darker the corresponding color. Circular layouts can beused to represent

list of objects following an specific ordering, with thepurposeof use inner space to represent

relationships among them, as shown in Figure 1(d). Package based layouts allow to improve

readability and understandability of highly linked representation, e.g. largegraphswith a high

number of connected nodes, asFigure 1(e) shows. To thisend, optimization methodsare used

to formulate automatic mechanism of compression. For a up-to-date review seeTim Dwyer’s

recent works (YOGHOURDJIAN et al., 2016), (DWYER et al., 2014) and (DWYER et al.,

2013). Radial axis layouts group subsets of objects in axesaround a central object according to a

established metric (e.g. similarity, centrality or class), as shown in Figure 1(f).

Figure 1 – Six different types of layouts to arrange geometric entities. Linked nodesare joined by a blue edge.

Source: Elaborated by the author.

2.2.4 Content

Oneof themain purposeswhen using geometric entities is to providesuitablealternatives

to display information associated to instances. Many visualization techniques try to generate

compact representations that summarize the wholecontent of each instance for an easy and fast

inspection of data. Web search engines, for instance, use textual snippets that depict a title, a

brief description and URL of websites. Some other websites focused on video streaming (e.g.



2.2. Semantic layout arrangement requirements 37

Youtube, Vimeo) add an image thumbnail to illustrate the video content, also known asvisual

snippets. Moreover, some visual methods embed abstract representation into each geometric

entity area as barcharts, linecharts, scatterplots, wordcloudsor sophisticated methods as Radial

visualizations (e.g. Star coordinates (KANDOGAN, 2001), RadViz (HOFFMAN et al., 1997))

or Parallel Coordinates (INSELBERG, 1998), as shown in Figure2.

Figure 2 – Different types of content into geometric entities: (a) textual snippets extracted from Google (<http:
//www.google.com>), (b) visual snippets extracted from Vimeo (<http://www.vimeo.com>), and (c)
small multiples using linecharts extracted from Flowingdata.com (<http://projects.flowingdata.com/tut/
linked_small_multiples_demo/>)

Source: Elaborated by the author.

2.2.5 Perceptive features

2.2.5.1 Preattentive processing

Currently, the term “preattentive” iscommonly used for conveying an intuitivenotion

of some visual properties that can beaccurately and rapidly detected by Human Visual System

(HSV) and that precede the focused attention (HEALEY; ENNS, 2012). In general, actions

performed in less than 200-300 milliseconds (msecs.) can beconsidered preattentive sinceeye

movements take around 200 msecs. to initiateand focus on any particular location.

Below, we described a subset of visual features considered as preattentive related to

layout arrangement of geometric entities. For amore complete review of preattentiveelements

in visualization see (HEALEY; ENNS, 2012) and (WARE, 2004).
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Hue is the simplest example of a preattentive property. The orange

square, illustrated on the inline image, can be easily identified among

therest of green instances. Themoredifferent the target’shue is, faster

the detection process. In this context, an interesting study of color ap-

plied to cartographic mapsispresented in ColorBrewer (HARROWER;

BREWER, 2003).

Density isavisual property that naturally conveys grouping. Most

visualizations that aim to represent similarity make useof density to

generate visual heaps according to an specific measure, as illustrate

the inlinefigure. Additionally, some well-known clustering algorithms

exploit spatial density among data to determinegroups automatically,

as k-Means (LLOYD, 1982) or DBScan (ESTER et al., 1996).

Or ientation isavery used element on perceptive texturesgenera-

tion. Julész et al. presented to thepsycophysicscommunity amodel

based on Textons– elemental microstructures in natural images, con-

sidered as the elemental unit on human visual perception. For more

information about this topic see (JULESZ, 1981) and (JULESZ, 1984)

Shape is a visual element that can be used to emphasize dissimi-

larity among data types, as illustrate the inline figure. Besides it isan

important property related to different requirements on layout arrange-

ment, e.g. area usage is strongly influenced by the geometric shape

used to display instancessincedesign area can be totally exploited by

polygonsassquaresor triangles, in contrast to circleshapes. A suitable

set of shapesshould follow thesame guidelinesas theused in tessel-

lation process in computer graphics area (SEYMOUR; BRITTON,

1989).

Size is, undoubtedly, oneof most perceptive featureson visualiza-

tion. Frequently, size is an element used to visually convey valuesof a

quantitative feature limited by a range, such that, instances with large

associatevalues should makeuseof larger area in thevisual space, as

illustrate the inlinefigure.

Direction of motion concerns the vector direction of displacement,

for example as consequence of a specific event (e.g. click, drag or any

other mouseevent). It can beused to convey similarity in adynamic

update process, for instance, when an specific instance is dragged

along a semantic map.
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Velocity of Motion isanother featureof dynamic updaterepresenta-

tions. Thevariation on displacement speed is visually easy to identify

and it can be attributed as a feature as well. Thus, during a process

updating theposition of instances, this featurecan perceptively convey

thenotion of flow quick instances are moving.

2.2.5.2 Gestalt principles

They arealsocalled “Psychology of Form”, it isbasically madeupof theseven2Fundamentals

of Gestalt: continuity, symmetry segregation, prägnanz, closure, similarity and proximity. It

assumes that the visual perception isa holistic process3. This implies that theunderlying struc-

ture of a visual system ismore important than the elements that compose it. Thisaffirmation is

typically summarized as “ Thewhole is more than the sum of its parts” .

Typically, closure, similarity and continuity are the threemost relevant fundamentalsof

Gestalt, illustrated in Figure 3. Closure says that human visual perception tries to first look at

simpler objects when analyzing a complex arrangements of individuals, similarity state that tend

to relate objects that are similar better than objects that aredissimilar, and continuity states that

learners “ tend to continueshapes beyond their ending points” .

Figure 3 – Illustration of three fundamental Gestalt laws.

(a) Closure law (b) Similarity law (c) Continuity law

Source: Adapted from Keim e Zhang (2011).

2.2.6 Adaptability

Many technologies allow us to display visual representations into different devices (e.g.

Wall displays, PCs, tablets, smartphones), but not all of them providesa suitable environment

for interaction when we port these visual resources from one to another device. For instance,

visualizing large and dense graphs turns into an intricate and unpleasant experience on small

devices. In the specific case of layouts composed by 2D geometrical entities, adaptability is

2 This number can be vary depending on the source
3 It is based on the premise that properties of any system (thehuman for example) can bedetermined by analysis

or treatment of its parts
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strongly impacted by the number of elements displayed. In general, interactive operations for

data exploration in small display devicesarenot so pleasant as in largescreen devices as they

provide more space to freely organize elements. However, this resctriction is considered for

generating adaptable and ultra-compact layouts, as proposed by Yoghourdjian et al. (2016).

2.2.7 Interactivity

An interaction technique isessentially a fusion of input and output involving hardware

and softwareelements and providing a way for users accomplish a task (TUCKER, 1996). In

InfoVis, it plays an important role allowing users to explore and understand large amountsof

information at once.

In the specific case of semantic layouts arrangement, interactive methods perform a

wide set of operations. After semantic relationships being established, the analyst explores the

map in order to identify new patterns and understand the reasons for those relationships, so

thisprocesscan involvea repositioning of the instances, or sometheory of set operations (e.g.

union, separation, intersection). For this, the main challenge is to preserve semantic during/after

updating process.

2.3 Operations

In this section, we describe a set of suitable operations for dealing with the layout

generation requirementsmentioned above. We havecategorized them into six types according to

thepurpose to be accomplished, namely, overlap removal, space-filling, orthogonal ordering and

alignment, grouping/clustering, hierarchy generation and dynamic update. We describe these

categories in the following.

2.3.1 Overlap removal

Depending of visual metaphor used, overlap is the main difficulty for data exploration4.

There exist different factorscausing occlusion between elements in visualization techniques, but

in general, it isdue to an insufficient areaof the visual space or anon-optimal overlap removal

method for the graphical elements arrangement.

For our purposesof semantic layoutsgeneration, overlap removal hasacrucial impor-

tance. The simplest approach is to shrink objects until overlap disappears, as Figure4(b) shows.

Albeit thisstrategy preserves the original layout shape, it is inefficient in terms of compactness

and areausage. Theoverlap removal problem hasalso been modeled asapacking problem where

geometric entities are arranged such that they occupy a limited area, disregarding neighborhood

4 In some visualization techniques, overlapping isused to convey grouping of non-classified data, for instance
Parallel Coordinates (INSELBERG, 1998), Star Coordinates (KANDOGAN, 2001) or Graph Splatting (LIERE;
LEEUW, 2003).
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relations as Figure 4(c) illustrates. Generally, these methodsuse numerical optimization to find

an optimal configuration for the layout.

Ascan benoticed, the two strategiesmentioned abovemaximize only one requirement

disregarding any other. Therefore, an overlap removal technique that deals simultaneously with

both neighborhood preservation and area usageoptimization arises asasuitable solution for gen-

erating compact and semantic-aware layouts, asFigure4(d) illustrates. However, the formulation

of this solution is not a trivial task since it becomes more complex as more requirements are

simultaneously considered, aswill be evidenced in the following chapters.

Figure 4 – Three approaches to solve the overlap removal preserving semantic problem.

Source: Elaborated by the author.

2.3.2 Space-fi lling

Essentially, this requirement accounts for maximal usage of area. Ascommented previ-

ously in Section 2.2.2, many techniques consider a value (usually known asweight) to set up

the contribution on the area splitting process, as can be seen in Figure 5 where two different

approaches which differ on the order they allocate geometry entities are shown. Figure 5(b)

showsan arrangement based on areasize– larger elementsplaced first – similar to traditional

treemaps strategies. Figure 5(c) illustrates a balanced arrangement that, simultaneously, tries

to preserve neighborhood relation from the original layout, i.e. adjacent entities in the original

layout should be adjacent in the final layout.

Figure 5 – Two different approaches to solve the space-filling problem.

Source: Elaborated by the author.
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2.3.3 Orthogonal ordering and alignment

These operationsaim to enforce orthogonality among geomet-

ric entities. Suppose a layout containing three boxes (B = { b1,b2,b3} )

in 2D space where the bottom-left corner of each box is denoted as

bx
1,bx

2,bx
3 for x-coordinates and by

1,by
2,by

3 for y-coordinates (as illus-

trated in the inlinefigure). Therelativeorder of theobjects ispreserved

if the following relation is ensured:

bx
1 < bx

2 < bx
3 (x− orthogonal order)

by
1 < by

3 < by
2 (y− orthogonal order)

(2.1)

Therefore, moving theboxes whileensuring inequality above, can generate layouts that

preserves the initial neighborhood structures.

Another useful operation is thealignment of geometric primitives. It can beperformed by

setting thesamevalue in y-coordinates (for horizontal alignment or H-Align) and x-coordinates

(for vertical alignment or V-Align) for a subset of elements. Figures6(b-c) illustrate H-Align

and V-Align performed on three subsets of instances. Additionally, Figure 6(d) shows the

resulting layout after perform sequentially both operations based on horizontal and vertical

nearest neighbor for each element. This last operation is also called layout regularization.

Figure 6 – Three different set of constraints for orthogonal alignment: (a) Original layout, (b) H-Align only, (c)
V-Align only, and (d) Both alignments sequentially performed based on horizontal and vertical nearest
neighbor for each element

Source: Elaborated by the author.

2.3.4 Grouping/Clustering

Analogously to point-based representations, grouping can beapplied to layoutscomposed

of geometric entities. Well-known clustering methodscan beperformed considering acommon

spatial position for all entities, e.g. centroid or minimal point. Figure 7 illustrates the use of the

k-means (LLOYD, 1982) and DBScan (ESTER et al., 1996) algorithms for clustering instances

in ageometric layout.
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Figure7 – Two different approaches for data clustering.

Source: Elaborated by the author.

2.3.5 Hierarchy generation

When the number of geometric entities to be displayed is large, the availablearea can be

insufficient to provide a suitable visualization. A straightforward solution to this issue is to use

hierarchical representations. Hierarchies can be obtained through user interaction – based on

his/her preferences – or by grouping mechanismsasdetailed in Section 2.3.4 and illustrated in

Figure 8.

Figure8 – Setting hierarchies by grouping of elements.

Source: Elaborated by the author.

2.3.6 Dynamic update

This operation concerns about the behavior of entitiesafter any event or user interaction.

To accomplish this task, different approaches have been proposed, as the use of incremental

models for organizedata such that each timea new item will beadded (PINHO; OLIVEIRA;

LOPES, 2010) or similarity-preserving mechanisms for reorganizing fixed-size sets of ele-

ments (REINERT; RITSCHEL; SEIDEL, 2013). In semantic layout case, updating the layout

dynamically is accomplished by generating maps which preservessemantic relationsduring the

entire exploration process.
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2.4 Quantitative metrics

In this section, we present a set of ten quantitativemetrics to measure the quality of final

layout after performing any of the operations described in Section 2.3 on the initial (or original)

layout, in terms of the requirementspresented in Section 2.2.

2.4.1 Euclidean distance (ED)

Denoting the bottom-left corner of each box before and after overlap removal by xo
i and

xi , the Euclidean distancemetric is defined as

E =
1
n

n

∑
i= 1

d(xo
i ,xi) (2.2)

where n is the number of boxes and d is the Euclidean distance. This metric measures how

much the boxes move during the overlap removal process. Less movement is preferred, since the

original configuration is better preserved.

2.4.2 Layout similarity (LS)

This metric attempts to quantify how much neighborhood structures areaffected by the

overlap removal mechanism and it is derived from theFrobenius metric. The idea is to measure

how much the length of Delaunay edges, computed from the original layout, changes after

overlap removal. In mathematical terms, letting lo
i j and l i j denote the lengths of the Delaunay

edges before and after overlap removal, the layout similarity is given by

σ =

q
∑(r i j − r)2 / m

r
, r =

∑ r i j

m
(2.3)

where r i j = l i j / lo
i j and m is the number of edges in the Delaunay triangulation.

2.4.3 Size increase (SI)

Given theconvex hullsCo andC of theoriginal and modified layouts, the size increase is

measured as:

S=
area(C)
area(Co)

(2.4)

determining the relativechanges in size as well as the compactness of the representation.

2.4.4 Shape preservation (SP)

Strobelt et al. (2012) proposed a measurebased on shapevariation between theoriginal

(Co) and modified (C) convex hulls.
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The lengths leno
α and lenα are computed for angular orientations from 0°- 350° in

α = 10° steps from the centers of masses to intersections with each convex hull, respectively.

The differences dα describe the shape increase towards the sampled directions.

ds =
lens

leno
s

(2.5)

Then, standard deviation of all differences values iscomputed:

SP =

vu
u
t 1

36

35

∑
s= 0

(ds× α − mean(d)) (2.6)

Intuitively, it can be inferred that if ashape isequally expanded on thes× α directions

thestandard deviation should be small, and if the shape is strongly deformed it should be high.

2.4.5 Neighborhood preservation (NP)

Proposed by Paulovich e Minghim (2008), this metric was originally used to assess

multidimensional projection techniques performance. It computes the average percentage of

preservation of the k-nearest neighbors of each box in the final layout. It can be seen as a

derivation of the Topology Preservation measure, detailed below.

2.4.6 Topology preservation (TP)

König (2000) compares therank order of neighborsbetween theoriginal and visual space

using topology information. Denoting by NNj i(i ∈ [1,k], j ∈ [1,m]) and nn j i(i ∈ [1,k], j ∈ [1,m])

thek nearest neighborsof instance j in the original and visual space respectively, the rank order

of each instance j is assessed by the following credit assignment:

r j =

3, i f NNj i = nn j i

2, i f NNj i = nn j l , l ∈ [1,k], i 6= l

1, i f NNj i = nn jt , t ∈ [k,s],k < s

0, otherwise

(2.7)

wheres is a fixed number. Typically k = 4 and s= 10. The global topology preservation is:

r =
1

3mk

m

∑
j= 1

r j (2.8)

The value r ∈ [0,1] where r = 1 is the perfect topology preservation.

2.4.7 Orthogonal ordering (OO)

Measures thenumber of changes in both horizontal and vertical ordering of agiven set

of geometric entities (MISUE et al., 1995). More precisely, positions are sorted in increasing
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horizontal and vertical order and the number of inversions in the lists provides the quality

measure. In mathematical terms:

OO = ∑
s∈{ x,y}

∑
i< j

inv(t)
s (i, j), (2.9)

inv(t)
x (i, j) =

(
1, if(x(t)

i − x(t)
j )(x(t− 1)

i − x(t− 1)
j ) < 0

0, otherwise
(2.10)

where i, j are indicesof thesorted listsbefore (t − 1) and after (t) layout arrangement. inv(t)
y (i, j)

is defined analogously to inv(t)
x (i, j). Small values indicate better behavior.

2.4.8 Orthogonal alignment (L)

Let { z1,z2, . . . , zr } be points in Z × Z discretizing the interior of a disk,

as illustrated in the inline figure. Moreover, let bi be the center of a

square in the layout and bi j , j = 1, . . . ,k bethecenter of thesquares in the

k-nearest neighbor of bi . The orthogonal alignment metric is given by:

L =
1
nk

n

∑
i= 1
∑
bi j

max
s

< zs,bi j − bi >
kzskkbi j − bik

, (2.11)

wheren is thenumber of geometric objects in the layout and < ·, · > accounts for thedot product.

Thismetric gauges how much a layout deviates from a regular grid, the closer to 1 the better.

2.4.9 Area usage (AU)

Let r be the longer diagonal of the bounding box of the layout produced by a given

method and Ai theareaof the i-th box in the layout. Theareausagemetric is defined similarly as

(SAMET, 2005):

AU =
2πr2

∑i Ai
. (2.12)

Thismetric gauges layout compactness and values close to π/ 2 are better.

2.4.10 Dunn Index (Du)

Thismetric (XU; WUNSCH, 2009) identifiesclustersthat arecompact andwell separated.

Du is defined as follows:

Du(K) = min
i= 1,...,K

min
j= i+ 1,...,K

D(Ci ,Cj)
max

l= 1,...,K
d(Cl )

(2.13)
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where d(Ci) = max
x,y∈Ci

(Dist(x,y)) is the diameter of a cluster, D(Ci ,Cj) = min
x∈Ci ,y∈Cj

(Dist(x,y)) is

thedistance between clustersand K is the number of clusters. Largevaluesof Du(K) suggest

thepresence of compact and well-separated clusters.

2.5 Conclusion

In this chapter we presented basic concepts related to semantic layout generation. These

concepts are fundamental for understanding theset of requirements introduced by our proposals,

theoperators and performancemetricsused to assessstate-of-the-art methods. The next chapter

surveys a collection of related methodsclassified according to their purposesand functionalities.
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CHAPTER

3
REVIEW OF THE LITERATURE

3.1 Introduction

In this chapter we describe a set of relevant methods to semantic layout generation. We

organize the methods in six main categoriesaccording to their main characteristic, i.e. overlap

removal, board-based, space-filling, alignment, hierarchy-based and dynamic updatemethods,

which are detailed in the following and summarized in Table1.

3.2 Overlap removal

Overlap removal techniquesvary greatly as to mathematical formulation and they can be

classified as physical-based, optimal-based and heuristic-based models.

Physical models such as force-based schemes (MISUE et al., 1995; HUANG et al.,

2007; SPRITZER; FREITAS, 2012) and spring systems(CHUANG; LIN; YEN, 2004; HAREL;

KOREN, 2002) are the methods used to position geometric entities representing graph nodes in

thevisual space. Overlap removal algorithms for layout arrangement and graph drawing differ as

to themathematical formulation aswell asthenatureof overlap removal problem. Moreprecisely,

graph drawing hasan additional constraint related to thecloseness(and distance) of nodes, that is,

nodeshave to beplaced in thevisual spacesuch that theneighborhood of thenodesarepreserved

as much as possible. An issue with thephysical-inspired overlap removal techniques is the lack

of guarantees as to convergence and quality of the resulting layout. Such issue is addressed

by optimal graph drawing techniques such as theonesproposed by Dwyer, Marriott e Stuckey

(2006) and Marriott et al. (2003), both proposed energy functionals derived from intersection

tests, which rely on quadratic optimization. In order to improve readability some techniques

imposeconstraintsto theenergy functional towardsgenerating grid-likearrangements(KIEFFER

et al., 2013; RUEGG et al., 2014). The main problem with these optimal approaches is that

theenergy to beminimized dependson intersection tests, thus introducing several cases to be
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Chart 1 – Classification of relevant to semantic layout generation methods by requirement fulfilled

Requirement Class Method

(MISUE et al., 1995)

(HAREL; KOREN, 2002)

(MARRIOTT et al., 2003)
Physical Model

(CHUANG; LIN; YEN, 2004)

(MARRIOTT et al., 2003)

VPSC (DWYER; MARRIOTT; STUCKEY, 2006)

PRISM (GANSNER; HU, 2009)

(DWYER; MARRIOTT; STUCKEY, 2006)

(KIEFFER et al., 2013)

Optimal base

(RUEGG et al., 2014)

(DWYER; NACHMANSON, 2010)

Over lap Removal

Heuristic based
RWordle (STROBELT et al., 2012)

(TUFTE, 1990)

(BERTIN, 2007)

(JAVED; MCDONNEL; ELMQVIST, 2010)

(ELZEN; WIJK, 2013)

(KEHRER et al., 2013)

Small Multiples

Correlated Multiples (LIU et al., 2013)

IncBoard (PINHO; OLIVEIRA; LOPES, 2010)

Self-Sorting Maps (STRONG; GONG, 2014)

Board based

Other approaches

IsoMatch (FRIED et al., 2015)

Treemap (SHNEIDERMAN, 1992) and its variations

(BUCHIN et al., 2011)

NMap (DUARTE et al., 2014)
Space Filling

Jasper (VALLET; MELANÇON; PINAUD, 2016)

(XU et al., 2014), (XU et al., 2015)
Alignment

(JIANG et al., 2015)

Treemap (SHNEIDERMAN, 1992) and its variations

(BEDERSON; SHNEIDERMAN; WATTENBERG, 2002)

(BALZER; DEUSSEN; LEWERENTZ, 2005)

(WOOD; DYKES, 2008)

PedVis (TUTTLE; NONATO; SILVA, 2010)

Hierarchy based

(NOCAJ; BRANDES, 2012)

ManiWordle (KOH et al., 2010)
Dynamic Update

(REINERT; RITSCHEL; SEIDEL, 2013)

Source: Elaborated by the author.
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handled by the algorithm. An interesting discussion about graph drawing literature can be found

in (GANSNER; HU, 2009).

Heuristic methods also perform well in terms of overlap removal and similarity preser-

vation. For instance, R-Wordle (STROBELT et al., 2012) can take into account information

of similarity to place similar objects close to each other while avoiding overlaps. However,

those methods do not make an efficient use of display area, mainly when dealing with geomet-

ric objects with different sizes. Scalability is another hurdle for those techniques, with a few

exceptions (DWYER; NACHMANSON, 2010).

3.3 Board-based

Thesemethods tiles thevisual spacewith geometric primitivesso as to produceawell

structured layout. For instance, IncBoard (PINHO; OLIVEIRA; LOPES, 2010) arrangeboxes

into a regular grid. This arrangement reflects similarity between instances by proximity, i.e.

neighbor cells in the grid represent similar instances in original space, allocated analogously

to a chessboard where each square position is associated with an multidimensional instance.

Self-Sorting Map (STRONG; GONG, 2011; STRONG; GONG, 2014) also relieson regular grids

arrangement. Itemsarearranged based on asorting mechanism using ahierarchical swapping

processwhich aims to maximize normalized crosscorrelation between the input data and the

target structured grid. Another method that isworth mentioning is IsoMatch (FRIED et al., 2015)

that proposean optimization based on theerror minimization of pairwisedistances to allocate

elements into a layout with a priori defined shape, such as, 2D grid and 3D sphere.

Small multiples (BERTIN, 2007; TUFTE, 1990) is another class of techniques that

rely on structured arrangement of geometric primitives to build visualization layouts. Small

multiples is typically used to create different views of a data set (ELZEN; WIJK, 2013) or to

enable thevisual analysisof multiplecomplex datasuch as time series (JAVED; MCDONNEL;

ELMQVIST, 2010; KEHRER et al., 2013). Liu et al. (2013) proposed CorrelatedMultiples,

a visualization method which makes use of Constrained Multidimensional Scaling (CMDS)

to map into the 2D space a set of small multiples conveying similarity between them. A final

processof alignment produceastructured and pleasant representation. However, it doesnot allow

any interactive modification of the layout (as repositioning of instances), which is an important

requirement on dataexploration.

Oneof themain advantagesof structured layouts istheeaseinterpretation of theresulting

visualization. In fact, Elzen e Wijk (2013) demonstrated in their user study that visualizations

madeup of small multiples are more effective than other methods for exploring different views

aswell as orthogonal arrangement of thedata. Similar conclusionshavebeen reached by Javed,

McDonnel eElmqvist (2010) in thecontext of timeseriesvisual analytics. Despitetheadvantages,

structured layouts not scale easily, impairing their use in applications involving large datasets.
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3.4 Space-fi lling

These methods aim to maximize area usage of visual space. One of the best known

methods in literature isTreemap. Treemaps wereoriginally introduced by Shneiderman (1992)

defined asspaced-constrained visualization of hierarchical structures. Thisapproach isperformed

by recursively splitting thespacein rectangular boxeswhosesizeand orientation reflect theextent

of nodes in thehierarchy. For acomplete revision on treemap evolution along last decadessee

History of Treemap Research at theUniversity of Maryland 1. Most recent variations of Treemap

incorporateremarkablefeatures. For instance, Buchin et al. (2011) proposean optimization based

on adjacencies among blocks – where each block represent a cluster of 2D rectangles – with

purposeof transform an irregular layout into a spatial treemap, preserving cluster information

as much as possible. Duarte et al. (2014) makes use of a slice-and-dice strategy for creating

semantic preserved treemaps. Semantic information isdefined by a multidimensional projection

technique for embedding data into 2D space. Jasper (VALLET; MELANÇON; PINAUD, 2016)

isatwo-phasemethod for generating pixel-oriented layoutsfrom largegraphs. It summarizes into

compact representations capable of conveying relevant information through agraph coarsening

process. However, dynamic and incremental features are not present on its formulation, forcing

to process theentiregraph each time anode is modified.

3.5 Alignment

Thesemethodsaredevoted to align horizontally/vertically geometric entitiesbased on

their spatial positions. For instance, Xu et al. (XU et al., 2014; XU et al., 2015) proposed

important approaches for automatically inferring edge-alignment relationships. Such processes

usean optimization mechanism for layout refinement in order to satisfy the inferred relationships

while preserving as much as possible the original layout, in terms of position and size of

geometric entities. Analogously, Jian et al. (JIANG et al., 2015) propose an algorithm for

automatic generation of constraintsusing an energy function. Themain differenceagainst the

method cited above, is a regularization step that resizes and rearranges elements.

It isworth to mentioning some important applications for thesemethods in the field of

computer graphics to support thegeneration of urban procedural models (NISHIDA et al., 2016;

MUSIALSKI et al., 2013) and engineering (MURPHY et al., 2012).

3.6 Hierarchy-based methods

These methods are designed to make an efficient use of display area while enabling

dynamic navigation throughout different levels of a hierarchical representation (BLANCH;

LECOLINET, 2007). Treemap (JOHNSON; SHNEIDERMAN, 1991) and itsvariants (BRULS;

1 <http://www.cs.umd.edu/hcil/treemap-history/>
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HUIZING; WIJK, 2000; FEKETE; PLAISANT, 2002; SHNEIDERMAN; WATTENBERG,

2001; SHNEIDERMAN, 1998-2013) are examples of hierarchy-based techniques tailored to

visualizedataorganized asa tree structure. Another example isPedvis (TUTTLE; NONATO;

SILVA, 2010), atechniquethat buildsupon H-treelayout and rectangular boxesto depict pedigree

information structured as deep hierarchies. In contrast to the hierarchical methods described

above, Voronoi Treemap (BALZER; DEUSSEN; LEWERENTZ, 2005) uses polygonal objects

rather than rectangular boxestowardsbetter representing theimportanceof nodesin thehierarchy

and further differentiatesibling and non-sibling nodes. Despitetheefficiency in spaceoccupation,

most tree-base layoutsarenot devised to placesimilar instancescloseto each other, making them

unsuitable for applications involving similarity-based dataexploration. Aiming at addressing this

issue, someauthors (BEDERSON; SHNEIDERMAN; WATTENBERG, 2002; WOOD; DYKES,

2008) have proposed ordering mechanisms that consistently arranges treenodesaccording to

somesimilarity measure. Nocaj eBrandes (2012) combined multidimensional scaling, Voronoi

Treemap, and a set of visualization resources to highlight the similarity among data instances

while enabling navigation throughout the hierarchy.

Hierarchy-based methods scale well and they make good useof display area. However,

in contrast to structured arrangements, the layout resulting from thosemethods arenot so easy to

read as similar instances are not necessarily placed close to each other.

3.7 Dynamic update

A few methods tackle the problem of enabling interactive mechanism to enrich user

experienceduring layout construction. ManiWordle(KOH et al., 2010) isoneof thefew examples

in the context of textual data visualization, which allows users to interactively position words in

the layout to dynamically update the overall arrangement. However, ManiWordle is not semantic

aware, therefore, the task of building layouts where similar entities are placed next to each other

falls entirely on the user’s shoulder. Reinert, Ritschel eSeidel (2013) proposed asemantic aware

fully interactive system that enablesusers to build customized layouts. Their approach isquite

versatile and relieson a generalization of Centroidal Voronoi Tesselation to distribute primitives

in the2D space. Themain drawback of Reinert et al.’sapproach is the intricateenergy functional

that has to be evaluated and minimized, which demands tricky GPU implementations to ensure

real-time layout handling.

3.8 Conclusion

In this chapter we summarize relevant methods to semantic layout generation. Ascan

be noticed, most techniques are able to tackle just a few set of requirements simultaneously,

impairing their useand flexibility. From chapter 4 to 7, wepresent in detail our proposed methods
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designed to account for multiple concurrent requirements such as object scale, neighborhood

and aspect ratio preservation, optimal useof display area, and overlap removal.
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CHAPTER

4
PROJSNIPPET

4.1 Introduction

Looking for useful information on Internet is daily task to millions of users. The tra-

ditional procedureconsists in providing textual queries to aweb search engine, which returns

a ranked list of textual snippets each containing a content summary and a link to the referred

web page. A ranked list of snippets is rather simple, straightforward to interpret, and it turns

out to be effective in focused search tasks that require locating a particular document or web

page(TEEVAN et al., 2009). Nonetheless, it also haslimitations likely to hamper user experience

when exploring and analyzing search results in other scenarios. Indeed, ranked lists fail to provide

an overview of the collection retrieved, making it difficult and time consuming to figure out

how documents relate contentwise. For instance, if a user queries Google’s search engine on

thekeywords “ jaguar features” , thefirst page returned includes snippetson at least four distinct

subjects, namely, the animal, the car brand, a fan club of old Jaguar cars, and a video game

console. Certainly usersmay refine the search, however, if s/heneedsaglobal picture there is

no other choice but navigating through the pages in the list and manually group the snippets

according to their topic.

InfoVis offers users more flexible mechanisms to inspect and navigate the result of

textual queries. Some existing methods preserve the snippet list paradigm while enhancing it

with visual resources such ascolor glyphsand tag clouds, adding information on the contents of

thereturned documents. Although interesting and potentially useful, thosevisual resourcesreveal

no information on document relations, that is, which documents share similar content and how

many different subjectsappear in the search results. Other typesof methods replace the ranked

list paradigm with alternatives such as thumbnails to favor better understanding of document

content. Nonetheless, thosemethods tend to bevisually more intricate and demand greater user

effort to detect and inspect specific documents. Moreover, current visualization methodsuse the

full content of each document, therefore relying in pre-processed datanot readily madeavailable
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by standard search engines, thus preventing their usageas independent plug-ins.

Multidimensional projection techniquesaregenerally employed togeneratevisualizations

that favor the perception of groups of similar documents. Such methods typically represent

documentsaspoints in a two-dimensional visual space, where neighboring pointscorrespond

to documentswith similar content. However, points only convey information on neighborhood

relations.

Superseding them with other geometric primitives introducesoverlapping, which impairs

readability. The problem of arranging geometric primitives in a two-dimensional visual space so

as to ensure that similar objects stay neighbors while avoiding overlap is a recurrent problem

in many different visualization contexts such asgraph drawing, and word-cloud construction.

Since finding an exact solution to the problem is computationally intractable, heuristics have

been proposed, which though do not guarantee neighborhood preservation and visual space

occupation. Therefore, techniquescapableof arranging geometric entities in avisual space by

taking into account their underlying object similarity whileavoiding overlap arehighly desirable,

as they may benefit many distinct applications.

The technique described in this chapter provides an overlap removal approach that

overcomes thedrawbacks just discussed. More precisely, we propose an energy functional that

considersboth theoverlapping between snippets and the neighborhood structureprovided by a

multidimensional projection. The minimum energy of such functional givesan arrangement of

geometric entities in the visual space that preserves neighborhoods with minimum overlap.

We apply the proposed overlap removal approach in the context of snippet-based textual

query web search result visualization, enabling two-dimensional layouts that preserve the sim-

plicity and readability of textual snippetswhileemphasizing groupsof content related documents.

The uniquecombination of asimilarity-based layout with the textual snippetsbringsout a pow-

erful mechanism to organizeand present textual search results that retains the familiar snippet

paradigm, thus avoiding complex interfaces and visual metaphors. Moreover, the visualization

isgenerated only from the information in the textual snippets, rendering theproposed method

computationally efficient and easy to plug into conventional search engines.

4.2 The method

The proposed technique comprises three steps as shown in the pipeline in Figure 9:

pre-processing of search results, multidimensional projection, and optimization. In thefirst step

each entry returned from a textual query is processed and its term frequency vector extracted

(see(SALTON, 1991) for detailson term frequency extraction). Stemming and stopword removal

are applied and Luhn’s lower and upper cuts (LUHN, 1958) established to compute the tf-idf

vector representation of each snippet. Only the summary texts areprocessed, rather than the full

content of the referred documentsor web pages, which renders the visualization algorithm fast.
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Figure 9 – Pipeline to produce the neighborhood-preserving snippet visualization. Snippet textual content is repre-
sented as multidimensional datapoints (left). Themultidimensional data is mapped to thevisual space
and snippets are embedded into rectangles (middle). Optimization is applied to avoid overlap while
preserving neighborhoods.

Source: Gomez-Nieto et al. (2014).

Although considering the full document content might improve cluster quality, handling only the

summary text favors interactivity and makes it easier to plug theproposed solution into existing

standard browsers, which typically do not makeavailable the full pre-processed content data.

Each term frequency vector may be handled as apoint in amultidimensional space that

can be mapped to the visual space with a multidimensional projection technique. Albeit our

current implementation adopts the Least SquaresProjection (LSP) (PAULOVICH et al., 2008)

– due to itsgood accuracy in termsof distance preservation and low computational cost – any

projection technique with similar propertiesmight 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 thevisual space.

The following step is to embed the content of each snippet within a rectangle whose

bottom left corner isplaced in thesnippet’s(or itsmultidimensional datapoint) 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. The

k-means+ + algorithm (ARTHUR; VASSILVITSKII, 2007) is applied to the projected layout to

identify clustersof similar documents (using Euclidean distance asmetric in the visual space),

and rectangles in the same cluster may be assigned the same color to highlight groups. The

benefits of highlighting clusters when visualizing and analyzing textual search results have been

pointed out by several authors (CUTTING et al., 1992; PIROLLI et al., 1996), motivating our

choice.

A major drawback at thisstageof thepipeline is that rectanglesenclosing thesnippets

overlap considerably, impairing identification of individual entries and the perception of the

document neighborhood structure. The final step (rightmost box in Figure 9) optimizes the

placement of thesnippets in order to avoid overlapping whilepreserving dataneighborhoods as

computed by the projection. Theoptimization is driven by an energy functional as follows.
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4.2.1 The energy functional

The energy functional E involves two components, one that considers the overlap of

snippets, denoted by EO, and asecond component related to theneighborhood relations resulting

from the multidimensional projection step, denoted by EN. In mathematical terms, theenergy E

is written as:

E = (1− α )EO + αEN (4.1)

where the parameter α ∈ [0,1] balances the relative contributions of both EO and EN in the total

energy.

Energy E, as well as EO and EN, are functions of the coordinates of the bottom-left

corners of the rectangles embedding the snippets, which initially correspond to the projected

coordinates of the multidimensional snippet vectors. Weomit the independent variables from the

equations to simplify thenotation.

Over lapping Energy Aiming at enhancing overall visibility and readability of the visual-

ization, the energy EO must be defined so as to minimize the overlap/intersection of adjacent

snippets. This is reached with a function that measures thedistancebetween the left cornersof

the rectangles. This function issmooth, attains itsminimum valuewhen no overlapping takes

place and takes higher values when rectangle overlap is greater. Smoothness is an important

property here, as it enables resorting to simple and efficient optimization methods which are

mandatory for quick generation of the final visualization.

Let~x,~y∈Rn be the coordinate vectors of the bottom left corner of each rectangle and

~v,~h ∈ Rn be vectors whose components are the vertical and horizontal dimensions of each

rectangle. We first define two auxiliary functions to simplify the presentation:

[x]+ =
x x ≥ 0

0 x < 0

and

Oi, j(~x,~h) =
1
h4

j
[h2

j − (xi − x j )2]2+ xi ≥ x j

1
h4

i
[h2

i − (xi − x j )2]2+ xi < x j

.

wherexi ,hi and x j ,h j denote, respectively, thex-coordinatesof the bottom left corner and the

lengthsof rectangles i and j. Noticethat Oi, j(~x,~h) iszero when thereisno horizontal overlapping

of rectangles i and j and attains its maximum valueof 1 when thex-coordinateof the left corners

of both rectanglescoincide. Function Oi, j works similarly if y-coordinates and heights are used

as arguments, i.e., Oi, j(~y,~v).

From definitions above weset EO as:

EO =
2

n(n+ 1)

n

∑
i= 1

n

∑
j= i+ 1

h
Oi, j(~x,~h)Oi, j(~y,~v)

i
. (4.2)
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Figure 10 – (a) Layout without optimization; (b) Overlapping energy EO only; (c) bothenergiesEO and EN combined
(α = 0.5).

(a) (b) (c)

Source: Gomez-Nieto et al. (2014).

where n is the number of projected points. The definition of Oi, j clearly guarantees that EO is

continuously differentiableand it ranges in the interval [0,1].

Neighborhood Energy The minimization of EO spreads textual snippets in thevisual space

so as to prevent rectangles from overlapping. However, this minimization process is likely to

spoil the neighborhood structure established by the multidimensional projection, placing similar

snippets far apart in the final visualization.

The energy term EN is introduced to balance the effect of the overlapping energy during

optimization. In practice, theenergy EN isdefined from ak-nearest-neighbor graph G constructed

from the projected “snippet-vectors” (our implementation uses k = 10). In order to ensure G

isconnected, any disconnected components resulting from constructing the k-nearest-neighbor

graph are connected by adding to G theshortest edgebetween them.

Let L be the n× n matrix with entries l i j given by:

l i j =

− 1/ |i| if j 6= i and i j is an edge of G

1 if j = i

0 otherwise

(4.3)

where |i| is the valence of node i.

Denoting by ~x0 and~y0 the x and y coordinate vectors of the nodes of G (recall that~x0

and~y0 result from themultidimensional projection step) wedefine thedifferential vectors ~δx and
~δy as:

~δx = L~x0, ~δy = L~y0. (4.4)

Notice that the components of ~δx and ~δy are given, respectively, by:

x0
i −

1
|Ni |
∑
j∈Ni

x0
j , y0

i −
1

|Ni |
∑
j∈Ni

y0
j (4.5)

In lessmathematical terms, ~δx and ~δy measure how much each nodedeviates from the
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average of its neighbors. Therefore, we define the neighborhood energy as

EN =
n2

2 ~δx
2 + ~δy

2 L~x− w~δx
2 + L~y− w~δy

2 . (4.6)

It can be easily realized that EN will beminimal when~x and~y are such that their differentials L~x

and L~y areproportional to the initial differentials ~δx and ~δy. In other words, the energy term EN

is minimized when neighborhood relationsarepreserved during optimization. The unknown w is

added to theoptimization to ensurethat any scaleof thepoints isaminimum of theneighborhood

energy (w is optimized together with ~δx and ~δy).

The normalization factor n2

2
~δx

2
2 + ~δy

2
2

− 1 ensures that the range of EN is in the

sameorder of magnitudeasEO, so that both termsplay similar roles (controlled by theparameter

α ) in the total energy E.

Figure 10 illustrates the result of optimizing the layout shown in 10a. Figure10b shows

the layout produced by optimizing theoverlapping energy only, whereas Figure 10c shows the

outcomeof the optimization procedure with both energy terms equally balanced.

4.2.2 Computational aspects and implementation

Horizontal and vertical bounds of thevisualization windows are imposed as constraints

for the minimization of the energy (4.1). This is necessary since for a sufficiently large positive

number K, thecoordinatevectors~x= K~x0 and~y= K~y0, (w= K) correspond toaglobal minimizer

of E, as no overlap should appear and differentialsare preserved by properly scaling the layout.

However, theminimal solution given by scaling isproneto spread thesnippetsfar apart, resulting

in unpleasant and useless visualizations.

Therefore, denoting the horizontal and vertical boundsof thevisualization window by

xmin,xmax and ymin,ymax theminimization problem becomes:

min (1− α )EO + αEN

such that: xmin ≤ xi ≤ xmax − hi , i = 1, . . . ,n

ymin ≤ yi ≤ ymax − vi , i = 1, . . . ,n.

(4.7)

(recalling that variables xi and yi are encapsulated into EO and EN) which ensures that all

rectangles lie within the visualization window, therefore preventing an exaggerated scaling

effect.

The minimization is achieved by a globally convergent local optimization method,

namely the Method of Moving Asymptotes (SVANBERG, 2002), available on the NLopt library

at <http://ab-initio.mit.edu/wiki/index.php/NLopt>.

Reducing unused space For reducing unused space in the final layout we implemented a

simplified version of the seam carving strategy (WU et al., 2011). The idea is to partition the
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Figure 11 – Reducing unused space with a carving mechanism for the search term “batman” .

(a) Rectilinear grid to perform carving
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Fisher-Price Batman outwits all the enemies of Gotham City Press a button on the
pack, batwings pop out Place a batarang...
http://www.amazon.com/Fisher-Price-World-Super-Friends-
Batman/dp/B0041BWYWG%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[5]Batman: Hush
Jeph Loeb Language English DC Comics Book Year 2009 
http://www.amazon.com/Batman-Hush-Jeph-
Loeb/dp/1401223176%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26tag
%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creative%3D1
65953%26creativeASIN%3D1401223176

[6]Batman Collection: Four Film Favorites (Batman / Batman Returns / Batm...
DC Comics Batman, Batman Returns, Batman Forever, and Batman & Robin
Format: DVD MOVIE Genre:ACTION/ADVENTURE Rating:PG-...
http://www.amazon.com/Batman-Collection-Favorites-Returns-
Forever/dp/B002GSXKN8%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[7]DC Comics Batman Booty Shorts Size : Medium
Hot Topic 95% cotton; 5% spandex Wash cold; dry low Made in USA Listed in
junior sizes Hot Topic Apparel Size Medium 
http://www.amazon.com/Comics-Batman-Booty-Shorts-
Size/dp/B007IQX6VO%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26ta

[8]Batman: Arkham City
Warner Bros Edition Standard Become the Dark Knight in a genuinely authentic
Batman experience with advanced, compelling...
http://www.amazon.com/Batman-Arkham-City-
Playstation-3/dp/B002I0F5M8%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6

[9]Batman: Arkham Asylum (15th Anniversary Edition)
Grant Morrison DC Comics Edition 15 Language English DC Comics Book Year
2005 
http://www.amazon.com/Batman-Arkham-Asylum-Anniversary-
Edition/dp/1401204252%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26t

[10]DC Comics Boys Trio Action Set Dress Up Trunk
Rubie's Costume Co Color Multicoloured Batman costume includes: Batman
Tabard with attached cape and headpiece Superman ...
http://www.amazon.com/Comics-Boys-Action-Dress-
Trunk/dp/B000I1D0BC%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26t

[11]Batman: The Animated Series, Volume One (DC Comics Classic Collection)
Batman Warner Home Video DVD 
http://www.amazon.com/Batman-Animated-Series-Classic-
Collection/dp/B00023E894%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q
%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creati

[12]Batman: The Dark Knight Returns
Frank Miller DC Comics Edition 10 Anv Language English DC Comics Book Year
1997 
http://www.amazon.com/Batman-The-Dark-Knight-
Returns/dp/1563893428%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[13]Batman: The Motion Picture Anthology, 1989-1997 (Batman / Batman Retur...
Warner Brothers Condition: New Format: Blu-ray Color; Special Edition; Box set;
Widescreen; Dubbed; Subtitled Warner Home Video DVD 
http://www.amazon.com/Batman-Picture-Anthology-1989-1997-
Returns/dp/B0013N7AD8%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[14]Funko Batman POP Heroes
FunKo Adorable 3 3/4" collectible Batman Pop Heroes Vinyl Figure Head turns
and looks amazing A great take on the heroes...
http://www.amazon.com/FunKo-2201-Funko-Batman-
Heroes/dp/B003XGB80E%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[15]RoomMates RMK1148SCS Batman: Gotham Guardian Peel & Stick Wall
Decals
RoomMates Color As Shown Includes 31 wall decals Easy to apply--just peel and
stick Applies to any smooth surface Remova...
http://www.amazon.com/RoomMates-RMK1148SCS-Batman-Gotham-

[16]Batman
Movie 
http://www.amazon.com/Batman/dp/B0013WJGJ0%3FSubscriptionId%3DAKIA
JKD5R3RQUJGFTW6Q%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%2
6camp%3D2025%26creative%3D165953%26creativeASIN%3DB0013WJGJ0

[17]Batman: The Killing Joke
Alan Moore Brian Bolland DC Comics Edition Deluxe Language English DC
Comics Book Year 2008 
http://www.amazon.com/Batman-Killing-Joke-Alan-
Moore/dp/1401216676%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[18]DC Comics Batman Gold Foil T-Shirt 2XL Size : XX-Large
Hot Topic 100% cotton Wash cold; dry low Imported Listed in men's sizes Hot
Topic Apparel Size XX-Large 
http://www.amazon.com/Comics-Batman-Gold-Foil-T-
Shirt/dp/B007HY78XE%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[19]Batman Arkham Asylum: Game of the Year Greatest Hits
Square Enix Edition Game of the Year Become the Invisible Predator with
Batman's fear takedowns and unique vantage point...
http://www.amazon.com/Batman-Arkham-Asylum-Greatest-
Playstation-3/dp/B003C1I06U%3FSubscriptionId%3DAKIAJKD5R3RQUJGFT

[20]Batman (Two-Disc Special Edition)
Batman Actors: Michael Keaton, Jack Nicholson, Kim Basinger, Robert Wuhl,
Pat Hingle. Format: AC-3, Closed-captioned, Co...
http://www.amazon.com/Batman-Two-Disc-Special-Edition-
Michael/dp/B000B5XOY8%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[21]Batman: The Black Mirror
Scott Snyder DC Comics Language English DC Comics Book Year 2011 
http://www.amazon.com/Batman-Black-Mirror-Scott-
Snyder/dp/140123206X%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%
26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creati

[22]DC Comics Batman Gold Foil T-Shirt Size : Large
Hot Topic 100% cotton Wash cold; dry low Imported Listed in men's sizes Hot
Topic Apparel Size Large 
http://www.amazon.com/Comics-Batman-Gold-Foil-T-
Shirt/dp/B007HY7834%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[23]The Dark Knight (Single-Disc Widescreen Edition)
DC Comics TESTED Warner Home Video DVD 
http://www.amazon.com/Dark-Knight-Single-Disc-Widescreen-
Edition/dp/B001GZ6QC4%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q
%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26cre

[24]Batman: Earth One
Geoff Johns Language English DC Comics Book Year 2012 
http://www.amazon.com/Batman-Earth-One-Geoff-
Johns/dp/1401232086%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2
6tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creativ

[25]Batman The Dark Knight Child Gauntlet Gloves for Batman
Rubie's Costume Co Color Black Officially Licensed Batman The Dark Knight
accessory One size fits most children Made of ...
http://www.amazon.com/Batman-Knight-Child-Gauntlet-
Gloves/dp/B0019LT4BA%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[26]Batman: The Animated Series, Volume Two (DC Comics Classic Collection)
Batman Warner Home Video DVD 
http://www.amazon.com/Batman-Animated-Series-Classic-
Collection/dp/B0002ZMHWM%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW
6Q%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26c

[27]Batman: Arkham City
Warner Bros Edition Standard Become the Dark Knight in a genuinely authentic
Batman experience with advanced, compelling...
http://www.amazon.com/Batman-Arkham-City-
Xbox-360/dp/B002I0JAVK%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[28]Batman: Noel
Lee Bermejo DC Comics Edition hardcover Language English DC Comics Book
Year 2011 
http://www.amazon.com/Batman-Noel-Lee-
Bermejo/dp/1401232132%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[29]Fisher-Price Imaginext DC Super Friends Batcave (Frustration-Free Pack...
Fisher-Price Five activation points start the excitement all over the Batcave
Access all levels of the Batcave by turnin...
http://www.amazon.com/Fisher-Price-Imaginext-Friends-Frustration-Free-
Packaging/dp/B005C3HOR2%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW

[30]The Batman Files
Matthew Manning Language English Andrews McMeel Publishing Book Year
2011 
http://www.amazon.com/The-Batman-Files-Matthew-
Manning/dp/1449408222%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[31]The Dark Knight (+ BD Live) [Blu-ray]
DC Comics Condition: New Format: Blu-ray AC-3; Color; Dolby; Widescreen
Warner Home Video DVD 
http://www.amazon.com/The-Dark-Knight-Live-Blu-
ray/dp/B001GZ6QEC%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26

[32]Junk Food Clothing Men's Batman Soft Vintage Pullover Sweater (Large)
Junk Food Color Pilot Blue Fabric: 60% Cotton, 40% Polyester. Apparel Size
Large 
http://www.amazon.com/Junk-Food-Clothing-Vintage-
Pullover/dp/B007IVJK4G%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[33]Batman
Movie 
http://www.amazon.com/Batman/dp/B000N54NGO%3FSubscriptionId%3DAKIA
JKD5R3RQUJGFTW6Q%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%2
6camp%3D2025%26creative%3D165953%26creativeASIN%3DB000N54NGO

[34]Batman: The Long Halloween
Jeph Loeb DC Comics Language English DC Comics Book Year 2011 
http://www.amazon.com/Batman-Long-Halloween-Jeph-
Loeb/dp/1401232590%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26
tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creative

[35]Batman: The Movie (Special Edition)
Fox Home Entertainment 20th Century Fox DVD 
http://www.amazon.com/Batman-The-Movie-Special-
Edition/dp/B0016MOWPA%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q
%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26cre

[36]RoomMates RMK1149GM Batman: Gotham Guardian Giant Peel & Stick
Wall De...
RoomMates Color Black Assembled size 42" tall by 33" wide Easy to apply -
just peel and stick! Applies to any smooth sur...
http://www.amazon.com/RoomMates-RMK1149GM-Batman-Gotham-

[37]DC Comics Batman Logo Girls Tank Top Size : Small
Hot Topic 100% cotton Wash cold; dry low Imported Listed in junior sizes Hot
Topic Apparel Size Small 
http://www.amazon.com/Comics-Batman-Logo-Girls-
Tank/dp/B0079FQK3A%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[38]Batman Arkham Asylum: Game of the Year Platinum Hits
Eidos Square Enix Edition Game of the Year Face off against Gotham's
greatest villains including The Joker, Harley Quinn...
http://www.amazon.com/Batman-Arkham-Asylum-Platinum-
Xbox-360/dp/B003C1I0CO%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6

[39]The Essential Batman Encyclopedia
Robert Greenberger Language English Del Rey Book Year 2008 
http://www.amazon.com/Essential-Batman-Encyclopedia-Robert-
Greenberger/dp/0345501063%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW
6Q%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26c

[40]Fruit of the Loom Boys 2-7 Batman Underoos Prints Tee and Boxer Set, M...
Fruit of the Loom Color Multi Graphics are representative of character, but
actual prints may vary Boxer brief with plus...
http://www.amazon.com/Fruit-Loom-Batman-Underoos-
Prints/dp/B001G500Z8%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[41]Funko Batman Plushies
FunKo American Classic Soft and Cuddly Add to your collection! Ages 3 and up
Stylized and fun! Funko Toy 
http://www.amazon.com/FunKo-2089-Funko-Batman-
Plushies/dp/B003FYICXU%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[42]Batman: Dark Victory
Jeph Loeb Tim Sale DC Comics Language English DC Comics Book Year
2002 
http://www.amazon.com/Batman-Dark-Victory-Jeph-
Loeb/dp/1563898683%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26

[43]Batman [Blu-ray]
Warner Brothers Condition: New Format: Blu-ray Color; Widescreen Warner
Home Video DVD 
http://www.amazon.com/Batman-Blu-ray-Michael-
Keaton/dp/B0039208JE%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[44]The Dark Knight: I Am Batman (I Can Read Book 2)
Catherine Hapka Language English HarperCollins Book Year 2008 
http://www.amazon.com/The-Dark-Knight-Batman-
Read/dp/0061561894%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2
6tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creativ

[45]Mens DC Comics Batman Costume Hoodie S(turquoise)
Batman Color Turquoise Adult men's sizes Large front print design Printed
hood; unique look Officially licensed Apparel Size Small 
http://www.amazon.com/Comics-Batman-Costume-Hoodie-
turquoise/dp/B005H5Z48G%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6

[46]Batman Begins (Single-Disc Widescreen Edition)
DC Comics Warner Home Video DVD 
http://www.amazon.com/Batman-Begins-Single-Disc-Widescreen-
Edition/dp/B00005JNJV%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%
26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creati

[47]Fisher-Price Hero World DC Super Friends Transforming Batmobile And
Ba...
Fisher-Price Batmobile transforms from a sleek Batmobile to a rough and tough
Bat-tumbler Turn the orange "actionator" t...
http://www.amazon.com/Fisher-Price-Friends-Transforming-Batmobile-

[48]Batman Vol. 1: The Court of Owls (The New 52)
Scott Snyder Language English DC Comics Book Year 2012 
http://www.amazon.com/Batman-Vol-The-Court-
Owls/dp/1401235417%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26
tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creative

[49]Batman Arkham Asylum
Eidos Edition Standard Face off against Gotham's greatest villains including
The Joker, HARLEY QUINN, VICTOR ZSASZ and K...
http://www.amazon.com/Batman-Arkham-Asylum-
Playstation-3/dp/B001E8VB6O%3FSubscriptionId%3DAKIAJKD5R3RQUJGFT

[50]Bioworld Men's Batman Bat Signal Tee,Black,Medium
bioworld Color Black Officially licensed batman logo tee Printed on 100% cotton
Bioworld Apparel Size Medium 
http://www.amazon.com/Bioworld-Batman-Signal-Black-
Medium/dp/B003FSSPBA%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

(c) With carving strategy

Source: Gomez-Nieto et al. (2014).
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Figure 12 – Google and ProjSnippet views of the resultsof a query with terms “ jaguar features” .

(a) First pageof Google

[1]Jaguars, Jaguar Pictures, Jaguar Facts - National Geographic
Photo: A young female jaguar stopped in its tracks. Jaguars ... In some traditions
the Jaguar God...
http://animals.nationalgeographic.com/animals/mammals/jaguar/[2]Jaguar International - XF Models and Features

Jaguar XF: A sporting saloon with a choice of four trim levels and six engines
including 3.0 Litre V6 Diesel S....
http://www.jaguar.com/gl/en/xf/models_features/

[3]Jaguar USA - EXTERNAL FEATURES
Elegant design features enhance the bold, sporting profile of the XJ. ... All XJ
models feature a...
http://www.jaguar.com/us/en/new_xj/models_and_pricing/features/exterior_feature
s

[4]Jaguar Specifications | Engine Performance & Jaguar Features ...
The Motor Trend used car buyer's guide has detailed used Jaguar specifications,
performance, standard equip...
http://www.motortrend.com/used_cars/01/jaguar/specifications/

[5]Atari Jaguar - Wikipedia, the free encyclopedia
RAM: 2 MB on a 64-bit bus using 4 16-bit fast page mode DRAMs; Storage:
Cartridge up to 6 MB; DSP-port (JagLink) ...
http://en.wikipedia.org/wiki/Atari_Jaguar

[6]Pear-Shaped Tripod Vessel with Modeled Jaguar Features | Michael ...
Pear-Shaped Tripod Vessel with Modeled Jaguar Features. Central America,
Costa Rica/Nicaragua, Greater Nicoya, ...
http://carlos.emory.edu/pataky_jaguar

[7]Jaguar Specifications, Options, & Jaguar Car Features at ...
View comprehensive Jaguar specifications and car data at Automobile Magazine
.
http://www.automobilemag.com/new_car_specifications/01/jaguar/index.html

[8]Jaguar XK Features | Jaguar USA
The Jaguar XK features classic, ground-hugging proportions, with sweeping,
athletic lines that hold imme...
http://www.jaguarusa.com/models/xk/features/

[9]Jaguar International - XK Models and Features
Available in coupe or convertible bodystyles, the XK is available with a choice of
two performance engines. Find out m...
http://www.jaguar.com/gl/en/xk/models_features/

[10]Jaguar Australia - The Jaguar XF models and features
Jaguar XF: A sporting saloon with a choice of four trim levels and four engines
including 3.0l Diesel S. Find o...
http://www.jaguar.com/au/en/xf/models_features/

[11]National Center for Computational Sciences Jaguar
The new 1.64-petaflop Cray XT Jaguar features more than 180000 processing
cores, each with 2 gigabytes of local...
http://www.nccs.gov/jaguar/

[12]Jaguar Car Safety Features | eHow.com
Jaguar Car Safety Features. Jaguars come with a higher price tag than many
other available vehicles. Tha...
http://www.ehow.com/list_5761641_jaguar-car-safety-features.html

[13]Xclusively Jaguar - Features - For all your Jaguar needs.... Jaguar .....
Esta-jane Mace was nominated by her employer, Jaguar Land Rover, as a
potential candidate for the City of Coven...
http://www.xclusively-jaguar.co.uk/xj06_features.php

[14]2011 Jaguar XJ Base Sedan 5.0L V8 6-speed Automatic Features ...
A review of the 2011 Jaguar XJ that covers pros and cons, available options,
powertrains and overall driving performance.
http://www.edmunds.com/jaguar/xj/2011/features-specs.html

[15]2012 Jaguar XF Portfolio 4dr Sedan Safety Ratings and Features
Review standard and optional 2012 Jaguar XF Portfolio 4dr Sedan safety
features and ratings from the IIH...
http://autos.aol.com/cars-Jaguar-XF-2012-Portfolio__4dr_Sedan/safety-features/

[16]2012 Jaguar C-X16 Concept Review - Pictures, features, specs ...
Sep 7, 2011 ... All about the new 2012 Jaguar C-X16 Concept car: review,
official photos, features
http://www.autospectator.com/cars/models/2012-jaguar-c-x16-concept-
review-pictures-features-specs

[17]Mac OS X v10.2 - Wikipedia, the free encyclopedia
1 System requirements; 2 New and changed features. 2.1 End-user features;
2.2 New application in Jagu...
http://en.wikipedia.org/wiki/Mac_OS_X_v10.2

[18]Standard Features - 2011 Jaguar XJ XJL Supercharged - Yahoo ...
Yahoo! Autos - standard features for the 2011 Jaguar XJ ...
http://autos.yahoo.com/jaguar/xj/2011/xjl-supercharged/features.html

[19]Unintentional Exotics: Jaguar X-type Wagon and Lexus IS300 ...
Car and Driver presents Unintentional Exotics: Jaguar  X-type Wagon and
Lexus IS300 SportCross. Read expert vehi...
http://www.caranddriver.com/features/unintentional-exotics-jaguar-x-type-
wagon-and-lexus-is300-sportcross

[20]HowStuffWorks "Jaguar XK-150 Features"
Jaguar \'s XK-150 was the first Jaguar model to include all-disc brakes. Learn
all about the featu...
http://auto.howstuffworks.com/1949-1961-jaguar-xk-sports-cars6.htm

[21]1999 Jaguar XJ8 VDP Stk#U1118 features and test drive 2 - YouTube
Mar 30, 2011 ... 1999 Jaguar XJ8 VDP Stk#U1118 features and test drive 2.
http://www.youtube.com/watch%3Fv%3D5DE0yqQIAHM

[22]Used Jaguar Safety Ratings & Features - Motor Trend Magazine
Find out about Jaguar safety features in the Motor Trend used car buyer's
guide: view used Jaguar...
http://www.motortrend.com/used_cars/01/jaguar/safety/

[23]2006 Jaguar XJ Series Specs and Features - MSN Autos
View specs and features for the 2006 Jaguar  XJ Series. Read reviews,
compare ratings, view pictures, and more.
http://autos.msn.com/research/vip/Spec_Glance.aspx%3Fyear%3D2006%26m
ake%3DJaguar%26model%3DXJ%2520Series

[24]DailyTech - Jaguar C-X75 Concept Features Four Electric Motors ...
Sep 29, 2010 ... Jaguar 's supercar concept uses four electric motors and two
gas turbine generators.
http://www.dailytech.com/Jaguar%2BCX75%2BConcept%2BFeatures%2BFour
%2BElectric%2BMotors%2BTwo%2BGas%2BTurbines/article19757.htm

[25]What safety features does the 2012 Jaguar XJ Supersport have?
What safety features does the 2012 Jaguar XJ Supersport have? The 2012
Jaguar XJ Supersport has t...
http://cars.findthebest.com/q/832/3245/What-safety-features-does-the-2012-
Jaguar-XJ-Supersport-have

[26]Dutch house features a vintage Jaguar re-conditioned as a bookshelf
Mar 9, 2012 ... Auto enthusiasts always find an exclusive way to show off their
passion for autos; either they ...
http://www.bornrich.com/dutch-house-features-vintage-jaguar-conditioned-as-
bookshelf.html

[27]Global Aircraft -- Jaguar
Jaguar  Features. The Armee de l'Air took delivery of the first production
Jaguar in 1973, one of an eventua...
http://www.globalaircraft.org/planes/jaguar.pl

[28]Jaguar XF Diesel India Specifications Features Price
Nov 29, 2010 ... Jaguar has launched its premium luxury sedan the Jaguar XF
in India at a premium...
http://www.carblogindia.com/jaguar-xf-diesel-india-specifications-features-price/

[29]Jaguar S-Type Safety Ratings & Features at UsedCarsPlus.com
Find Jaguar S-Type safety ratings, used car crash test results, and auto safety
data available at UsedCarsPlus.com.
http://www.usedcarsplus.com/jaguar-safety/s-type/index.html

[30]2012 Jaguar XJ Sedan Ratings, Reviews, Pictures, Features | J.D. ...
Learn more about the 2012 Jaguar XJ Sedan at J.D. Power. View ratings,
reviews, pictures, and features of the 2012 Jaguar XJ.
http://autos.jdpower.com/research/showroom-detail/2012-Jaguar-XJ-
Sedan/index.htm

[31]Jaguar | Spesification Features New Car and Used Car Pictures ...
May 20, 2011 ... Detail 2011 Jaguar E-Type Speedster Front Anggle View.
Here are 2011 Jaguar  E-Ty...
http://autopartcar.com/category/jaguar/

[32]Animals - Jaguar
Learn about the Jaguar. ... Name: Jaguar, Panthera onca, related to the
Leopard, Lion and Tiger. ...
http://www.kidsturncentral.com/animals/jaguar.htm

[33]Jaguar USA - XJ Features
The Icon Reimagined. The most well-appointed Jaguar ever, the XJ sets new
standards in design, performance and ...
http://www.jaguar.com/us/en/new_xj/models_and_pricing/features/

[34]2012 Jaguar XJ 4dr Sdn XJL Specs and Features | U.S. News Best ...
View detailed specs and features for the 2012 Jaguar XJ 4dr Sdn XJL at U.S.
News.
http://usnews.rankingsandreviews.com/cars-
trucks/Jaguar_XJ/2012/specs/Jaguar-4dr-Sdn-XJL-334766/

[35]Jaguar: The Rainforest Animal
Sep 22, 2011 ... The unique feature of this species is the rosette-shaped spots
on the body. A jaguar...
http://www.buzzle.com/articles/jaguar-the-rainforest-animal.html

[36]Artist Bill Neale Features Jaguar and Bugatti for Pebble Beach ...
Jul 28, 2009 ... Automotive Fine Arts Society member Bill Neale will honor two
of the greatest European marques...
http://www.sportscardigest.com/artist-bill-neale-features-jaguar-and-bugatti-for-
pebble/

[37]2010 Jaguar XJ - Price, Photos, Reviews & Features
Research 2010 Jaguar XJ cars. Get discounted quotes, dealer pricing, do
comparisons, read reviews and more. Fre...
http://www.newcars.com/jaguar/xj/2010

[38]2011 Jaguar XF Base Sedan 5.0L V8 6-speed Automatic Features ...
A review of the 2011 Jaguar XF that covers pros and cons, available options,
powertrains and overall driving performance.
http://www.edmunds.com/jaguar/xf/2011/features-specs.html

[39]The Supersonic Jaguar D-Type - Features - European Car Magazine
Check out this Feature Review that we have on the The Supersonic Jaguar D-
Type, brought to you by European Car Magazine.
http://www.europeancarweb.com/features/0412ec_jaguar_d_type/viewall.html

[40]Jim Burke Jaguar Digital Brochures Birmingham | Jaguar Specs ...
Jaguar Brochures: Looking for Jaguar specs and features? Get them all ... For
South Birmingham and Birmingham a...
http://www.jimburkejaguarcars.com/digital-brochures.aspx

[41]Jaguar Car Dealers New Features - Barrett Motor Cars
Rarely do Jaguar car dealers offer revolutionary features, but this month the
company hinted that its li...
http://www.barrettmotorcars.com/jaguar/jaguar-car-dealers-may-soon-offer-
new-features/

[42]2012 Jaguar XK Features Review - The Car Connection
Sep 1, 2011 ... Get the latest reviews of the 2012 Jaguar XK. Find buying
advice, pictures, expert ratin...
http://www.thecarconnection.com/review/1065369_2012-jaguar-xk_features_6

[43]SEPECAT Jaguar Ground Attack Aircraft - Airforce Technology
The Jaguar  M is a naval version principally deployed for maritime patrol
missions . Deployed by the French Navy,...
http://www.airforce-technology.com/projects/sepecat-jaguar/

[44]Total Guitar Features Kurt Cobain Jaguar | Fender Front Row Blog
Oct 17, 2011 ... Kurt Cobain gets the cover treatment in the latest Total Guitar
magazine, which features
http://www.fender.com/b log/to tal -gui tar-features-kur t-cobain-jaguar /

[45]Jaguar XF Features | Jaguar USA
The Jaguar  XF fuses sports car styling and performance with the refinement,
features and space of a luxury sedan.
http://www.jaguarusa.com/models/xf/features/

[46]Jaguar supercomputer harnesses heat for fusion energy
Apr 15, 2011 ... University of California-Irvine researcher Zhihong Lin is using
the Jaguar  supercompute...
http://www.ornl.gov/info/features/get_feature.cfm%3FFeatureNumber%3Df201
10415-00

[47]The Auto Channel--Jaguar XK8 Features
Even as it sets a new course in Jaguar styling, the dramatic shape of the 1997
XK8 draws inspiration from Ja...
http://www.theautochannel.com/news/events/jaguar/press/xK8features.html

[48]Jaguar XF India, Jaguar XF Price, Jaguar XF Features
Jaguar XF - Get informed about Jaguar XF including information on Jaguar
XF technical specificati...
http://www.surfindia.com/automobile/jaguar-xf.html

[49]2011 Jaguar XF Saftey Features
Find 2011 Jaguar XF safety reviews, prices, performance breakdowns,
pictures, comparisons, specs and buying advice.
http://www.bebo.com/new-cars/2011-jaguar-xf/safety/

[50]Jaguar Hybrid Concept Features Four Motors, 780 Horsepower ...
Nov 29, 2010 ... Nov. 29, 2010 - Jaguar has unveiled a new plug-in supercar
concept in the form of the C...
http://www.geek.com/articles/gadgets/jaguar-hybrid-concept-features-four-
motors-780-horsepower-20101129/

[51]Jaguar Luxury Remi Hair
Jaguar  product line includes only Remi quality products. Jaguar  Remi products
are crafted for durability...
http://www.lfhair.com/jaguar-hair/index.php

[52]Tata Cars in India: Jaguar XK price, features and specifications
Jan 16, 2012 ... All the available Jaguar car models have direct competition to
these luxury brands in t...
http://tata-cars-india.blogspot.com/2012/01/jaguar-xk-price-features-and.html

[53]CEREMONIAL AXE WITH WERE-JAGUAR FEATURES - OLMEC ...
CEREMONIAL AXE WITH WERE-JAGUAR FEATURES. OLMEC - Mexico.
900 - 300 B.C.. Height : 26 cm; Width : 13.3 cm; Dept...
http://www.galerie-mermoz.com/en/objects/ceremonial-axe-with-were-jaguar-
features.html

[54]Jaguar Pools-Water Features Los Angeles-Southern California ...
Jaguar  Pools provides Southern California with high quality pool remodeling
services: re-plastering, spa additi...
http://www.jaguarpools.com/pool-remodeling-services/pool-water-features/

[55]Jaguar XJR-9 | Features | evo
Twenty years ago John Barker watched this very Jaguar XJR-9 win Le Mans.
Now he's going to drive it, in ful...
http://www.evo.co.uk/features/features/223851/jaguar_xjr9.html

[56]2012 Jaguar XJ Safety Ratings and Features-Vehix
2012 Jaguar  XJ Safety Ratings and Features. Review NHTSA safety ratings
and safety features such ...
http://www.vehix.com/car-reviews/2012/jaguar/xj/safety-ratings-features

[57]Oak Ridge 'Jaguar' supercomputer is World's fastest
Nov 16, 2009 ... Oak Ridge 'Jaguar' supercomputer is World's fastest. Enlarge.
The Cray XT Jagua...
http://www.physorg.com/news177608722.html

[58]Jaguar XJ,Jaguar XJ Specifications,Jaguar XJ Price,Features
Jaguar  XJ review at auto.indiamart.com. Read about Jaguar XJ Price:Rs. 94,
00000,features,technica...
http://auto.indiamart.com/cars/jaguar-xj/

[59]Bergen Jaguar | 2012 Jaguar XJ | Features
The Jaguar XJ redefines the principles of automotive luxury. Sleek, sporting
and sophisticated, this is a large...
http://www.bergenjaguar.com/2012-jaguars/jaguar-xj-features.html

[60]Jaguar XF Features New Brand Look and Steel Insides
Feb 15, 2011 ... The new Jaguar XF represents a new design direction for
Ford's luxury brand. A new ...
http://www.worldautosteel.org/Applications/Vehicles/Jaguar-XF.aspx

[61]The New Jaguar XKR-S Tech Specification and Features
Mar 4, 2008 ... Jaguar News Jaguar  XKR-S Features Available in Ultimate
Black metallic pain...
http://www.carpages.co.uk/jaguar/jaguar-xkr-s-part-tech-04-03-08.asp

[62]Jaguar D-Type cornering | Videos | Features | octane
Jaguar  D-Type cornering. Conscientious photographer gets a scare ... See all
Features Jay Leno, ...
http://www.classicandperformancecar.com/features/videos/222243/jaguar_dtyp
e_cornering.html

[63]Jaguar XF V8 | Car Info XF V8 Variant, Price, Specs, Features
Know all about Jaguar XF V8 Car model. Detailed and in-depth info on the V8
variant (5000 cc Engine) of the ...
http://www.prokerala.com/automobile/jaguar/xf/xf-v8.html

[64]Were-jaguar - Wikipedia, the free encyclopedia
The were-jaguar  supernatural incorporates the were-jaguar motif as well as
other features, althou...
http://en.wikipedia.org/wiki/Were-jaguar

(b) ProjSnippet displaying 64 snippets

Source: Gomez-Nieto et al. (2014).

“white regions” (snippet-free regions) of the visualization window into a rectilinear grid, as

illustrated in Figure 11a. Seamsare then created by collapsing rectangular grid cells from left to

right and then from top to down. A cell is collapsed if and only if all thesnippets in theclusters

affected by the collapsecan bemoved horizontally or vertically. If only part of acluster can be

moved no collapsing is performed. Such asimple carving mechanism runs fast and it obviously

preserves the clusters. Although moresophisticated carving strategiesexist capable of further

removing unused space, they arecomputationally expensive and tend to spoil theneighborhood

structures. The simple strategy described above iscomputationally efficient, producespleasant

layouts and preserves clusters altogether (seeFigure11).

4.3 Results, comparisons and evaluation

In the following we describe examples illustrating the ProjSnippet visualization and its

capability to globally convey the results of a web query while emphasizing related hits in a

meaningful way. All exampleshavebeen generated in a Intel Core™i7 CPU 920 2.66GHz with
8Gb of RAM. Stemming and stopword removal were applied in the pre-processing step, and

Luhn’s lower and upper cuts were set to 12 and 33, respectively, to compute the tf-idf vector

representation of the collection. A k-means+ + clustering has been performed just to color the

rectangles to visually highlight groupsof similar snippetsand providesomevisual segregation to

facilitateuser inspection. Theoptimization procedurehasbeen applied with α = 0.3 (thedefault

value in our current implementation).

The first example illustrates a visualization displaying the results of a query on the terms

“ jaguar features” submitted to Google’s search engine. The view in Figure12a shows the 10 best
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ranked snippetsshown in the first page. Figure 12b displays a ProjSnippet 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 thegreen ones on the right refer to a surprising

variety of topics, that include multiple references to the wild animal (3 snippets) and also to

supercomputer models named Jaguar (2 instances). Therearealso uniquereferences to an earlier

MacOsoperating system named Jaguar, to avideo game, aswimming pool brand, a hair product

brand, an aircraft model and a few other varied stuff. Looking at the left region, one identifies

that most snippets in the blue cluster contain general references to the car brand, whereas the

each of the three other clusters refer mostly to a specific Jaguar model, namely most yellow

snippets refer to the XK model, cyan snippets refer to XJ and red to XF models. There are some

noticeableexceptions, e.g., ayellow snippet refers to theXF model and a blue one refers to the

XJmodel. Still, overall the final layout depictsa representativeoverview 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 bringsonly

results on cars, animals and thegame in the first page.

Figure 13 shows the result of a search on Amazon’s search engine, illustrating the

potential of ProjSnippet in scenariosof searching for productsat on-linestores. In theseexamples

the fields Title, Author, Brand, Color, Edition, Feature, Published Language, Manufacturer,

Product Group, Size, Warranty, Year of Publication weused to generate thevector space model.

In Figure 13a we issued a query with terms “scrapbooking supplies” in the category

“Office Products” , from which 50 products were returned and visualized. Overall, the layout

organization reflectsaglobal arrangement of theproductsby brand and functionality. Most of

the snippets in the top orange group refer to punch models from thesame brand, EK Success.

Thereare also snippets that refer to an adhesive remover and a rounder, both products from the

same brand as the punches. The red group includes only products from Fiskars, also comprising

punchesand corner and border punches. The light yellowish green group on theright displays

products from a particular brand (Martha Stewart Crafts), again including mostly models of

punches. Thegreen group of snippetson the left ismorevaried in content, including different

products from various brands. Still, themajority refers to various types of adhesivesand related

products: tape, tapeglidersand tape refills; gluestick and varied occurrencesof stickers, such

as baby stickers and a sticker maker. The green group also includes a reference to cardstock

and a reference to a craft storage rack. The central red group includes mostly references to

utensils ranging from knife to cutting blades, from varied brands– including Fiskars, that has

also utensils in the red group. The remaining two groups identified by the clustering are both

very small. The two blue snippets on the top, to the left of the yellow group, refer to a hole

puncher and a paper pad. The three ones in cyan at the bottom refer to punch models from a

single brand and a pen set.

Figure 13b shows the visual result for a query on terms “pyrotechnic supplies” on
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Figure 13 – Searching for “scrapbooking supplies” (a) and “pyrotechnics supplies” (b) on Amazon.

[1]Pioneer Acid-Free Glue Stick Pen
Pioneer Permanent adhesive glue stick pen with well defined tip Perfect for
scrapbooking, small items and detail work Ac...
http://www.amazon.com/Pioneer-Acid-Free-Glue-Stick-
Pen/dp/B0000CAOGX%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26ta

[2]Scotch 85 1/4-Inch ATG Advanced Tape Glider with 2 Rolls of Tape/Kit
Scotch Color Pink Convenience, fast application with the touch of a finger for
industrial or consumer use. Liner rewinds...
http://www.amazon.com/Scotch-85-4-Inch-Advanced-
Glider/dp/B00409NNYM%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26t
ag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creative%3

[3]Pioneer Photo Squares Self Adhesive, 500/Pkg, White, 1/2 Inch
Pioneer Color White 1/2 inch by 9/16 inch Perfect for items of any size For
mounting photos and memorabilia Use in memor...
http://www.amazon.com/Pioneer-Photo-Squares-Adhesive-
White/dp/B00004ZCM0%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26t

[4]Scotch 085-RAF 1/4-Inch by 36-Yard Acid Free ATG Advanced Tape Glider ...
Scotch Color Clear Acid free, medium firm, acrylic pressure sensitive adhesive
system The scotch advanced tape glider de...
http://www.amazon.com/Scotch-085-RAF-4-Inch-36-Yard-
Advanced/dp/B00409RMNK%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q
%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creativ

[5]EK Success Paper Shapers 2-Inch X-Large Scallop Circle Nesting Punch
EK Success Punched shape approx. 2-inch Use both the positive and negative
punched out pieces to create easy-to-use matt...
http://www.amazon.com/EK-Success-Shapers-X-Large-
Scallop/dp/B001EDVOF2%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2
6tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creative%

[6]Xacto X5096 Scrapbooking Knife Kit
Xacto Color Silver Includes wood chest for storage and portability Set includes 1
Gripster knife, 5 - #11 blades, Craft ...
http://www.amazon.com/Xacto-X5096-Scrapbooking-Knife-
Kit/dp/B000HGG2R2%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26ta

[7]Fiskars 12-Inch Surecut Deluxe Paper Trimmer
Fiskars Ideal for cutting a wide variety of crafting materials including paper,
photos, scrapbook pages or specialty mat...
http://www.amazon.com/Fiskars-12-Inch-Surecut-Deluxe-
Trimmer/dp/B0038F1A0S%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[8]Cricut 29-0002 Replacement Cutting Blades for Cricut Cutting Machines
Cricut Color Green Cutting blades for all paper-cutting Cricut machines Durable,
custom-designed replacement blades for ...
http://www.amazon.com/Cricut-29-0002-Replacement-Cutting-
Machines/dp/B000XANNVA%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[9]Fiskars 12-23317097 3-in-1 Corner/Border Punch, Lace
Fiskars Color Blue Ideal for adding embellishments to the corners of homemade
cards, scrapbook pages, collages and much ...
http://www.amazon.com/Fiskars-12-23317097-Corner-Border-
Punch/dp/B000FPU32U%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[10]Martha Stewart Crafts Punch Around The Page Large Combo, Wild Flowers
Martha Stewart Crafts Double-sided mat lets you cut on the glass side and
emboss and draw on the foam side while the mag...
http://www.amazon.com/Martha-Stewart-Crafts-Around-
Flowers/dp/B00455VGNQ%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[11]Fiskars Combo Corner Punch, Ivy
Fiskars Color Blue Two designs with three effects One side punches, one side
embosses Combine the two sides for a third ...
http://www.amazon.com/Fiskars-Combo-Corner-Punch-
Ivy/dp/B000OMUPGI%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26ta

[12]We R Memory Keepers Crop-A-Dile Eyelet and Snap Punch, Pink Handle
We R Memory Keepers Color Pink Punches and sets eyelets, snaps, and so
much more Easily punch through any material, thic...
http://www.amazon.com/We-Memory-Keepers-Crop-A-Dile-
Eyelet/dp/B001EWPYXG%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[13]Martha Stewart Crafts Punch, Arctic Snowflake
Martha Stewart Crafts Spring-action lever for easy use Create stencil shapes, die-
cuts, and templates for all of your wi...
http://www.amazon.com/Martha-Stewart-Crafts-Arctic-
Snowflake/dp/B002V17CGQ%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6

[14]Fiskars 01-005225 3-in-1 Corner Punch, Sea Pearls
Fiskars Color Blue Ideal for adding embellishments to the corners of homemade
cards, scrapbook pages, collages and much ...
http://www.amazon.com/Fiskars-01-005225-Corner-Punch-
Pearls/dp/B002KI0UPU%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26

[15]Martha Stewart Crafts Punch Around the Page, Monarch Butterfly Edge Pu...
Martha Stewart Crafts Martha Stewart Crafts Punches are known for their quality,
versatility, and cutting edge designs C...
http://www.amazon.com/Martha-Stewart-Crafts-Monarch-
Butterfly/dp/B003H7MI76%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[16]Wausau Creative Collection Classics Specialty Cardstock Starter K it, ...
Wausau Color  Assor tment Inkjet and laser guaranteed Easy to score and fold
and cuts cleanly Acid and lingin  free for gre...
http://www.amazon.com/Wausau-Collection-Special ty-
Cardstock-46408/dp/B003A2I4TO%3FSubscriptionId%3DAKIAJKD5R3RQUJG

[17]Mar tha Stewart Crafts Deep Edge Punch, Blossom Trim
Martha Stewart Crafts Create a continuous die-cut edge along both sides to
make a 1-inch wide decorative strip  Use them ...
http://www.amazon.com/Martha-Stewart-Crafts-Punch-
Blossom/dp/B0044MNFTI%3FSubscrip tionId%3DAKIAJKD5R3RQUJGFTW6Q

[18]Xyron XRN250-CFT Create-a-Sticker 2.5-inch Sticker Maker with
Permanen...
Xyron Lightweight, portable  machine for applying edge-to-edge adhesive to
items up to 2.5-inches wide New in 2010 - The ...
http://www.amazon.com/Xyron-XRN250-CFT-Sticker-Permanent-Adhesive-

[19]Fiskars Replacement Steel Blade Carriage for 12- Inch Portable Trimmer ...
Fiskars This new blade has a higher-profile grip that is much easier for well
manicured fingers to grasp Easy removal an...
http://www.amazon.com/Fiskars-Replacement-Carriage-
Portable-1296877097/dp/B000OMZW16%3FSubscriptionId%3DAKIAJKD5R3R

[20]Scribblers Sassy Scissors Collection
Scribb lers Collection Contains 6 Different Pair  of Crafts Scissors Each Pair o f
Scissors had a different cutting design ...
http ://www.amazon.com/Scribb lers-5156-Sassy-Scissors-
Collection/dp/B000F3FS86%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6

[21]EK Success Tools Punch, Flourish Square, Large
EK Success Nano punches locks closed for easy storage Stackable when
compacted Nano punches comes in a varie ty of sizes ...
http://www.amazon.com/EK-Success-Tools-Flourish-
Square/dp/B004H8TTNA%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[22]EK Success Adhesive Remover
EK Success Eliminate residue from your projects, without any smudging Can
easily fit into small  crevices for neat and cl...
http://www.amazon.com/EK-Success-EKADR01-Adhesive-
Remover/dp/B000XALAQU%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6

[23]Martha Stewart Crafts Deep Edge Punch, Leaves and Branch
Martha Stewart Crafts Create a continuous die-cut edge along both sides to
make a 1-inch wide decorative strip Use them ...
http://www.amazon.com/Martha-Stewart-Crafts-Leaves-
Branch/dp/B0043J9KBY%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[24]EK Success Tools Punch, Swirly Flower, Medium
EK Success Easy stackable storage Compact Easy-to-use ergonomic thumb
press Create beautiful projects for your family an...
h ttp://www.amazon.com/EK-Success-Swirly-Flower-
Medium/dp/B003EMQ96K%3FSubscr iptionId%3DAKIAJKD5R3RQUJGFTW6Q

[25]Cricut 29-0012 Trimmer
Cricut Color Green Compact 12-inch tr immer easily cuts through paper and
cardstock Convenient 1/4  and 1/2 inch marks all...
http ://www.amazon.com/Cricut-29-0012-
Trimmer/dp/B000NPIBH6%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[26]K&Company Carolyn Gavin Greenhouse Special ty 12-by-12- Inch Paper
Pad
K&Company The beautiful co lors are perfect for your paper crafting projects 2
Each of 14 designs 28 Sheets Acid-free des...
http://www.amazon.com/Company-Caro lyn-Greenhouse-Specialty-12-

[27]K&Company Baby First Grand Adhesions Stickers
K&Company Color Snuggle Bug Baby's 1st Dimensional sticker Make a grand
statement with these incredible three-d imensiona...
http ://www.amazon.com/Company-First-Grand-Adhesions-
Stickers/dp/B002PDNDVS%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[28]Martha Stewart Crafts Punch Around The Page Large Combo, Double
Arches
Martha Stewart Crafts With these creative sets designed by Martha Stewart you
can now have a continuous pattern around a...
http://www.amazon.com/Martha-Stewar t-Crafts-Around-

[29]Dar ice,1201-15 Value Pack Hole Punches in 3 Shapes
Darice Wide varie ty of craft uses Three shapes commonly used in scrapbooking
projects Not a  toy; Recommended for adult u ...
http://www.amazon.com/Darice-1201-15-Value-Punches-
Shapes/dp/B0016840NS%3FSubscrip tionId%3DAKIAJKD5R3RQUJGFTW6Q

[30]Staedtler  Calligraphy Pen Set, 33 Pieces
Staedtler Color B lue Calligraphy, 4 pen deluxe set in  metal case 5 nibs-extra
fine, fine, medium, broad, extra  broad 20 ...
http://www.amazon.com/Staedtler-Calligraphy-Pen-Set-
Pieces/dp/B0009RRTBM%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[31]Martha Stewart Crafts Stamp And Punch Set, Butterfly
Martha Stewart Crafts These stamp and punch sets al low you to  stamp one of
three designs and then punch out the shape Al...
http://www.amazon.com/Martha-Stewart-Crafts-Stamp-
Butterfly/dp/B002Y2LAH4%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[32]EK Success Slim Edger Punch, Scroll and Hear ts
EK Success E5440029 015586849691 Brand New Item / Unopened Product
EK Success Notions Marketing -  Drop Ship Home 
http://www.amazon.com/EK-Success-Edger-Scroll-
Hear ts/dp/B00345I21M%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[33]Martha Stewart Crafts Punch, Rose Leaf
Martha Stewart Crafts The tool stands upr ight for easy access and storage Tool
can be sharpened by punching through alum...
http ://www.amazon.com/Martha-Stewart-Crafts-Punch-
Rose/dp/B002FVX1FI%3FSubscrip tionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[34]EK Success Tools Punch, Flowers and Leaves, Large
EK Success Easy stackable storage Compact Easy-to-use ergonomic thumb
press Create beautiful projects for your family an...
http://www.amazon.com/EK-Success-Tools-Flowers-
Leaves/dp/B003DKQIMS%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[35]Martha Stewart Crafts Large Punch, Monarch Butterfly
Martha Stewart Crafts These punches create crisp shapes for cards; scrapbook
pages and other paper crafts Punch stands u...
http://www.amazon.com/Martha-Stewar t-Crafts-Monarch-
Butterfly/dp/B002YIRJHS%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[36]EK Success Tools Punch, Circle Scallop, 2.25-Inch, Large
EK Success Easy stackable storage Compact Easy-to-use ergonomic thumb
press Create beautiful projects for your family an...
http://www.amazon.com/EK-Success-Circle-Scallop-2-25-
Inch/dp/B003DKS0MY%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[37]Fiskars 01-001050F, Patented Triple Track Portab le Fashion Paper Trimm...
Fiskars Color Blue Ideal for a ll your  scrapbook page trimming needs Patented
TripleTrack System interlocks the blade and...
http ://www.amazon.com/Fiskars-01-001050F-Patented-Portable-
Fashion/dp/B0017KYE5Y%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[38]Fiskars 12-23367097 Border  Punch Sunburst
Fiskars Color Blue Create continuous, decorative sunburst borders on almost
any paper Alignment gr id Oversized punch lev...
http://www.amazon.com/Fiskars-12-23367097-Border-Punch-
Sunburst/dp/B000FPV9WI%3FSubscrip tionId%3DAKIAJKD5R3RQUJGFTW6Q

[39]Fiskars X-Large Squeeze Punch, Cloud
Fiskars Use cleanly punched-out designs as embellishments on homemade
cards, scrapbook pages, collages and much more Pun...
http://www.amazon.com/Fiskars-X-Large-Squeeze-Punch-
Cloud/dp/B003VD38IY%3FSubscrip tionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[40]EK 54-70010 PSN C 1-Inch Rounder
EK Success Easy stackable storage Compact design Easy- to-use ergonomic
thumb press Create beautiful projects for your fa...
http://www.amazon.com/EK-54-70010-PSN-1-Inch-
Rounder/dp/B003DKMHLY%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6

[41]Xyron Acid-Free Repositionable Adhesive Refill Cartridge for the XRN15...
Xyron Non toxic, acid-free repositionable adhesive for all versions of the Xyron
XRN150 1.5-inch create-a-sticker  Create...
http://www.amazon.com/Xyron-Acid-Free-Repositionable-Adhesive-
Cartridge/dp/B000F8W0UU%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6

[42]Martha Stewart Crafts All Over The Page Punch, Starry Sky
Martha Stewart Crafts Use th is punch in the center, on the edge, or anywhere
on the page Package contains one punch-star...
http ://www.amazon.com/Martha-Stewart-Crafts-Punch-
Starry/dp/B004C6DV2M%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[43]Making Memor ies Postbound Page Protectors 12-Inch by 12-Inch, 10/Pkg
Making Memories MM24447 604062244473 Brand New Item / Unopened
Product Making Memories Notions Marketing -  Drop Ship Art and Craft Supply 
http ://www.amazon.com/Making-Memories-Postbound-Protectors-12-
Inch/dp/B000S12LJ4%3FSubscrip tionId%3DAKIAJKD5R3RQUJGFTW6Q%26

[44]EK Success Corner  Adorner Small Rounder Corner  Punch
EK Success Color Smal l Simply remove the corner clip to create borders and
other  designs with  this punch Give your  corne...
http://www.amazon.com/EK-Success-Corner-Adorner-
Rounder/dp/B000B7S4FK%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[45]3M Scotch 3/4-Inch Scrapbooking Tape
3M Scotch -inch-by-400-inch scrapbooking, photo, and document tape Perfect
for mending, repai ring, and mounting photogra...
http://www.amazon.com/3M-Scotch-4-Inch-Scrapbooking-
Tape/dp/B000XAOUVM%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[46]EK Success Tools Edger Punch, Paw Prin t
EK Success Easy stackable storage Compact Easy-to-use ergonomic thumb
press Create beautiful pro jects for your fami ly an...
http ://www.amazon.com/EK-Success-Tools-Edger-
Punch/dp/B003DH09SU%3FSubscrip tionId%3DAKIAJKD5R3RQUJGFTW6Q%

[47]Fiskars Border Punch, Boundary Waters
Fiskars Ideal for creating repeating borders on a variety of paper craft projects
including scrapbook pages, homemade ca...
http://www.amazon.com/Fiskars-Border-Punch-Boundary-
Waters/dp/B001TM7L4G%3FSubscrip tionId%3DAKIAJKD5R3RQUJGFTW6Q

[48]We R Memory Keepers Crop-A-Dile II Big Bite Punch
We R Memory Keepers 6 punching reach that allows you to  punch and set the
accents at the center of your 12 x 12 pages Si...
http://www.amazon.com/We-Memory-Keepers-Crop-A-Dile-
Punch/dp/B0019K3QD8%3FSubscrip tionId%3DAKIAJKD5R3RQUJGFTW6Q%

[49]Martha Stewart Crafts Punch, Classic Butterfly
Mar tha Stewart Crafts The too l stands upright for easy access and storage Tool
can be sharpened by punching through a lum...
h ttp://www.amazon.com/Martha-Stewart-Crafts-Classic-
Butterfly/dp/B002BTMVM8%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6

[50]Simply Renee Clip It Up Rotating Craft-Storage Base Rack with 80 Swive...
Simply Renee Color Chrome Rotating craft-storage rack quickly organizes
countless creative notions Sturdy, injection-mol...
http ://www.amazon.com/Simply-Renee-Rotating-Craft-Storage-
Swivel/dp/B00164SAT2%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

(a) ’scrapbooking supplies’ (50 snippets)

[1]High Energy Materials: Propellants, Explosives and Pyrotechnics
Jai Prakash Agrawal Edition 1 Language English Wiley-VCH Book Year 2010 
http://www.amazon.com/High-Energy-Materials-Propellants-
Pyrotechnics/dp/3527326103%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q
%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creativ
e%3D165953%26creativeASIN%3D3527326103

[2]1 Lb Potassium Nitrate Pyrotechnics Saltpeter Salt Peter Stump Removal...
Potassium Nitrate KNO3 CAS : 7757-79-1 Pyrotechnics-Rocket propellants-
Fireworks-Smoke bombs-Gun powder-Magic Shows Fert...
http://www.amazon.com/Potassium-Nitrate-Pyrotechnics-Saltpeter-
Fireworks/dp/B00355ISW4%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%
26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creative

[3]US Army Technical Manual, ARMY AMMUNITION DATA SHEETS: MILITARY
PYROTE...
US Army and www.survivalebooks.com Language English US Army and
www.survivalebooks.com eBooks Year 2010 
http://www.amazon.com/Technical-Manual-AMMUNITION-SHEETS-
ebook/dp/B0033WSWO8%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[4]Waterproof Wick Cannon Fuse 10 Ft Feet 3/32
ISLE Burns 30sec/ foot 3/32 size Wick color may vary We can NOT ship this item
outside of the USA. ISLE Toy 
http://www.amazon.com/Waterproof-Wick-Cannon-Fuse-
Feet/dp/B001B2NEZY%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26ta
g%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creative%3D

[5]4" x 4-3/4" Class 9 - Air Bag Modules, Pyrotechnic UN3268 Labels (500 ...
The Label Supplies Shop Color White / Black UN3268 D.O.T. Class 9 Labels 500
Labels per Roll Label Color: White /Black P...
http://www.amazon.com/4-3-Class-Modules-Pyrotechnic-
UN3268/dp/B0053YKETU%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2
6tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creative%

[6]Lever Action Drum Pump
Froggy's Fog Polypropylene and Stainless Lever Action Pump. ACTION PUMP
CO. Musical Instruments 
http://www.amazon.com/Froggys-Fog-WPMP-Lever-
Action/dp/B002AH3KD0%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[7]WARNING PYROTECHNICS AREN'T FOR SISSIES Hooded T-Shirt for Dog
or Cat ...
T-ShirtFrenzy Color White This is for a MEDIUM White Dog Shirt. Our other
listings have other sizes & colors. PLEASE BE ...
http://www.amazon.com/WARNING-PYROTECHNICS-SISSIES-Hooded-T-

[8]Fire Officer's Handbook of Tactics Video Series #5: Water Supply
John Norman Language English Fire Engineering Books & Videos DVD 
http://www.amazon.com/Officers-Handbook-Tactics-Video-
Series/dp/1593701438%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26t
ag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creative%3

[9]Boise MP2241GE - Fireworx Colored Paper, 24lb, 8-1/2 x 11, Pyrotechnic...
Boise Boise CE 
http://www.amazon.com/Boise-MP2241GE-Fireworx-Pyrotechnic-Ream-
CASMP2241GE/dp/B00707B4GU%3FSubscriptionId%3DAKIAJKD5R3RQUJGF
TW6Q%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%2

[10]The 2011 World Forecasts of Fireworks, Signaling Flares, Rain Rockets,...
Icon Group International Language English ICON Group International, Inc. Book
Year 2010 
http://www.amazon.com/Forecasts-Fireworks-Signaling-Pyrotechnic-
Articles/dp/B003TZKEKE%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2

[11]25 Lb Potassium Nitrate Pyrotechnics Saltpeter Salt Peter Stump Remova...
Potassium Nitrate KNO3 CAS : 7757-79-1 Pyrotechnics-Rocket propellants-
Fireworks-Smoke bombs-Gun powder-Magic Shows Fert...
http://www.amazon.com/Potassium-Nitrate-Pyrotechnics-Saltpeter-
Fireworks/dp/B00355QQPU%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[12]US Army, Technical Manual, OPERATOR'S MANUAL PYROTECHNIC
SIMULATORS, T...
US Army and www.survivalebooks.com Language English US Army and
www.survivalebooks.com eBooks Year 2010 
http://www.amazon.com/Technical-PYROTECHNIC-

[13]Guitar Hero: On Tour
ACTIVISION Select from six characters, decking them out with stylish threads
and hot guitars earned through success in t...
http://www.amazon.com/Guitar-Hero-On-Tour-Nintendo-
DS/dp/B0013ZEMUK%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26ta

[14]The 2009 World Forecasts of Fireworks, Signaling Flares, Rain Rockets,...
Icon Group International Language English ICON Group International, Inc. Book
Year 2009 
http://www.amazon.com/Forecasts-Fireworks-Signaling-Pyrotechnic-
Articles/dp/B0025W5CXQ%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[15]Boise Fireworx Multipurpose Color Paper, 24lb, 8-1/2 x 11, Pyrotechnic...
Manufactured by: Boise Sold as 500 SH Boise Office Product 
http://www.amazon.com/Boise%C2%AE-Fireworx-Multipurpose-Pyrotechnic-
Purple/dp/B002XK37I2%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%26t
ag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creative%3

[16]5 Lb Pound Sodium Nitrate Gold Refining Refine Scrap Gold Pyrotechnics...
Pyrotechnics Experiments Gold refining BISS 
http://www.amazon.com/Sodium-Nitrate-Refining-Pyrotechnics-
Saltpeter/dp/B0034Q94KY%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q
%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26cre

[17]WARNING PYROTECHNICS AREN'T FOR SISSIES Hooded T-Shirt for
Dog or Cat ...
T-ShirtFrenzy Color White PLEASE BE SURE TO KNOW YOUR CORRECT
SIZE BEFORE ORDERING. Sizes are: XS(0-4 lbs), S(5-10 lbs),...
http://www.amazon.com/WARNING-PYROTECHNICS-SISSIES-Hooded-T-

[18]US Army, Technical Manual, PYROTECHNIC SIGNALS OPERATOR'S
MANUAL, TM 9...
US Army and www.survivalebooks.com Language English US Army and
www.survivalebooks.com eBooks Year 2010 
http://www.amazon.com/Technical-PYROTECHNIC-

[19]Fire Officer's Handbook of Tactics Video Series #7: Standpipe Operatio...
John Norman Language English Fire Engineering Books & Videos DVD 
http://www.amazon.com/Officers-Handbook-Tactics-Video-
Series/dp/1593701462%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2
6tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creativ

[20]1 lb Sodium Nitrate Scrap Gold Refining Pyrotechnics Smoke Bombs
Saltp...
Tech Grade, Industrial Grade White Pellets 98+% Pure Packaged in a
resealable bag BISS 
http://www.amazon.com/Sodium-Nitrate-Refining-Pyrotechnics-

[21]US Army, Technical Manual, Operator's Manual for PHOTOFLASH
CARTRIDGES...
US Army and www.survivalebooks.com Language English US Army and
www.survivalebooks.com eBooks Year 2010 
http://www.amazon.com/PHOTOFLASH-MISCELLANEOUS-

[22]WARNING PYROTECHNICS AREN'T FOR SISSIES Hooded (Hoody) T-
Shirt with po...
T-ShirtFrenzy Color Pink This is for an SMALL Pink Dog Shirt. Our other listings
have other sizes & colors. PLEASE BE SU...
http://www.amazon.com/WARNING-PYROTECHNICS-SISSIES-Hooded-T-

[23]Army ammunition data sheets : military pyrotechnics (federal supply cl...
U.S. Dept of Defense Headquarters, Dept. of the Army Book Year 1991 
http://www.amazon.com/Army-ammunition-data-sheets-
pyrotechnics/dp/B0001081SW%3FSubscriptionId%3DAKIAJKD5R3RQUJGFT
W6Q%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%

[24]25 Lb Pound Sodium Nitrate Gold Refining Refine Scrap Gold Pyrotechnic...
Pyrotechnics Experiments Gold refining BISS 
http://www.amazon.com/25-Nitrate-Refining-Pyrotechnics-
Saltpeter/dp/B0034Q1MEK%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6
Q%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26cr

[25]WARNING PYROTECHNICS AREN'T FOR SISSIES Hooded T-Shirt for
Dog or Cat ...
T-ShirtFrenzy Color White This is for a LARGE White Dog Shirt. Our other
listings have other sizes & colors. PLEASE BE S...
http://www.amazon.com/WARNING-PYROTECHNICS-SISSIES-Hooded-T-

[26]US Army, Technical Manual, UNIT MAINTENANCE MANUAL FOR
MILITARY PYROTE...
US Army and www.survivalebooks.com Language English US Army and
www.survivalebooks.com eBooks Year 2010 
http://www.amazon.com/Technical-MAINTENANCE-

[27]TM-43-0001-37 Ammunition Data Sheets Military Pyrotechnics (FEDERAL
SU...
DEPARTMENT OF THE ARMY HEADQUARTERS HEADQUARTERS,
DEPARTMENT OF THE ARMY Book Year 1994 
http://www.amazon.com/TM-43-0001-37-Ammunition-Military-Pyrotechnics-

[28]1 Lb Pound Sodium Nitrate Gold Refining Refine Scrap Gold Pyrotechnics...
Pyrotechnics Experiments Gold refining BISS 
http://www.amazon.com/Sodium-Nitrate-Refining-Pyrotechnics-
Saltpeter/dp/B0034PZS3C%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q
%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26cre

[29]10 Lb Pound Sodium Nitrate Gold Refining Refine Scrap Gold Pyrotechnic...
Pyrotechnics Experiments Gold refining BISS 
http://www.amazon.com/10-Nitrate-Refining-Pyrotechnics-
Saltpeter/dp/B0034Q4ZA8%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q
%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26cre

[30]WARNING PYROTECHNICS AREN'T FOR SISSIES Hooded (Hoody) T-
Shirt with po...
T-ShirtFrenzy Color Pink This is for an X-SMALL Pink Dog Shirt. Our other
listings have other sizes & colors. PLEASE BE ...
http://www.amazon.com/WARNING-PYROTECHNICS-SISSIES-T-Shirt-X-

[31]Structural Firefighting: Strategy and Tactics: Strategy and Tactics
Bernard Klaene Russell Sanders Edition 2 Language English Jones & Bartlett
Learning eBooks Year 2011 
http://www.amazon.com/Structural-Firefighting-Strategy-Tactics-
ebook/dp/B005T4W744%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[32]20 Lb Pound Sodium Nitrate Gold Refining Refine Scrap Gold Pyrotechnic...
Pyrotechnics Experiments Gold refining BISS 
http://www.amazon.com/20-Nitrate-Refining-Pyrotechnics-
Saltpeter/dp/B0034Q94PO%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6
Q%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26cr

[33]WARNING PYROTECHNICS AREN'T FOR SISSIES Hooded T-Shirt for
Dog or Cat ...
T-ShirtFrenzy Color White PLEASE BE SURE TO KNOW YOUR CORRECT
SIZE BEFORE ORDERING. Sizes are: XS(0-4 lbs), S(5-10 lbs),...
http://www.amazon.com/WARNING-PYROTECHNICS-SISSIES-T-Shirt-X-

[34]1 lb Potassium Nitrate Stump Removal Saltpeter Smoke Bombs
Tech Grade, Industrial Grade White Pellets 99+% Pure Packaged in a
resealable bag BISS 
http://www.amazon.com/Potassium-Nitrate-Stump-Removal-
Saltpeter/dp/B003UF0890%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[35]WARNING PYROTECHNICS AREN'T FOR SISSIES Hooded (Hoody) T-
Shirt with po...
T-ShirtFrenzy Color Pink This is for an MEDIUM Pink Dog Shirt. Our other
listings have other sizes & colors. PLEASE BE S...
http://www.amazon.com/WARNING-PYROTECHNICS-SISSIES-Hooded-T-

[36]Visual Dictionary of Firefighting Tools
Philllip L. Queen Edition 1 Language English Delmar Cengage Learning Book
Year 2006 
http://www.amazon.com/Visual-Dictionary-Firefighting-Tools-
Philllip/dp/1401897908%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[37]5 lb Sodium Nitrate Scrap Gold Refining Pyrotechnics Smoke Bombs
Saltp...
Tech Grade, Industrial Grade White Pellets 98+% Pure Packaged in a
resealable bag BISS 
http://www.amazon.com/Sodium-Nitrate-Refining-Pyrotechnics-

[38]WARNING PYROTECHNICS AREN'T FOR SISSIES Hooded (Hoody) T-
Shirt with po...
T-ShirtFrenzy Color Pink This is for an LARGE Pink Dog Shirt. Our other listings
have other sizes & colors. PLEASE BE SU...
http://www.amazon.com/WARNING-PYROTECHNICS-SISSIES-Hooded-T-

[39]Fire Protection Systems
A. Maurice Jones Edition 1 Language English Delmar Learning eBooks Year
2008 
http://www.amazon.com/Fire-Protection-Systems-
ebook/dp/B005H6XUTU%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[40]10 Lb Potassium Nitrate Pyrotechnics Saltpeter Salt Peter Stump Remova...
Potassium Nitrate KNO3 CAS : 7757-79-1 Pyrotechnics-Rocket propellants-
Fireworks-Smoke bombs-Gun powder-Magic Shows Fert...
http://www.amazon.com/Potassium-Nitrate-Pyrotechnics-Saltpeter-
Fireworks/dp/B00355SFBS%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6

[41]Air Management for the Fire Service
Mike Gagliano Casey Phillips Phillip Jose Steve Bernocco Language English
Fire Engineering Books & Videos Book Year 2008 
http://www.amazon.com/Management-Fire-Service-Mike-
Gagliano/dp/1593701292%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q

[42]WARNING PYROTECHNICS AREN'T FOR SISSIES Hooded (Hoody) T-
Shirt with po...
T-ShirtFrenzy Color Light Blue This is for an X-SMALL Blue Dog Shirt. Our
other listings have other sizes & colors. PLEA...
http://www.amazon.com/WARNING-PYROTECHNICS-SISSIES-T-Shirt-X-

[43]Aerial Firefighting
Wolfgang Jendsch Language English Schiffer Publishing Book Year 2008 
http://www.amazon.com/Aerial-Firefighting-Wolfgang-
Jendsch/dp/0764330683%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q
%26tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26cre

[44]5 Lb Potassium Nitrate Pyrotechnics Saltpeter Salt Peter Stump Removal...
Potassium Nitrate KNO3 CAS : 7757-79-1 Pyrotechnics-Rocket propellants-
Fireworks-Smoke bombs-Gun powder-Magic Shows Fert...
http://www.amazon.com/Potassium-Nitrate-Pyrotechnics-Saltpeter-
Fireworks/dp/B00355SF7W%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6

[45]WARNING PYROTECHNICS AREN'T FOR SISSIES Hooded (Hoody) T-
Shirt with po...
T-ShirtFrenzy Color Light Blue This is for an SMALL Blue Dog Shirt. Our other
listings have other sizes & colors. PLEASE...
http://www.amazon.com/WARNING-PYROTECHNICS-SISSIES-Hooded-T-

[46]Structural Firefighting: Strategy and Tactics
Bernard J. Klaene Russell E. Sanders Edition 2 Language English Jones &
Bartlett Pub Book Year 2007 
http://www.amazon.com/Structural-Firefighting-Strategy-Bernard-
Klaene/dp/0763751685%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%

[47]5 lb Potassium Nitrate Stump Removal Saltpeter Smoke Bombs
Tech Grade, Industrial Grade White Pellets 99+% Pure Packaged in a
resealable bag BISS 
http://www.amazon.com/Potassium-Nitrate-Stump-Removal-
Saltpeter/dp/B003UEYEF0%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6

[48]WARNING PYROTECHNICS AREN'T FOR SISSIES Hooded (Hoody) T-
Shirt with po...
T-ShirtFrenzy Color Light Blue This is for an MEDIUM Blue Dog Shirt. Our
other listings have other sizes & colors. PLEAS...
http://www.amazon.com/WARNING-PYROTECHNICS-SISSIES-Hooded-T-

[49]Fire Protection: Systems and Response
Robert Burke Edition 1 Language English CRC Press Book Year 2007 
http://www.amazon.com/Fire-Protection-Response-Robert-
Burke/dp/156670622X%3FSubscriptionId%3DAKIAJKD5R3RQUJGFTW6Q%2
6tag%3Dsnippetquest-20%26linkCode%3Dxm2%26camp%3D2025%26creativ

[50]WARNING PYROTECHNICS AREN'T FOR SISSIES Hooded (Hoody) T-
Shirt with po...
T-ShirtFrenzy Color Light Blue This is for an LARGE Blue Dog Shirt. Our other
listings have other sizes & colors. PLEASE...
http://www.amazon.com/WARNING-PYROTECHNICS-SISSIES-Hooded-T-

(b) ’pyrotechnicssupplies’ (50 snippets)

Source: Gomez-Nieto et al. (2014).
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Figure 14 – Effect of varying parameter α .

(a) α = 0.0 (b) α = 0.5 (c) α = 0.8

Source: Gomez-Nieto et al. (2014).

Amazon. The search, conducted in category All, returned 50 hits shown in thevisualization. The

red group on the left containssnippets referring to dog T-shirts designswith aprinted phrase that

includes the term “pyrotechnics” . The exception is the bigger snippet that refers to a waterproof

fuse. Just under is a blue cluster of just two snippets that refer to colored paper from a brand

named Fireworx. Further down are the cyan snippets, most referring to US Army technical

manualson military pyrotechnics. Again, there isoneexception, a reference to label supplies.

Thegreen cluster on the top right region refers mostly to chemical supplies, but it also includes

two references to a book and a reference to a toy. Finally, the yellow group contains instruction

material, mainly books but also video, on safety, addressing topics asprotection, strategy, tactics

and firefighting. Again, an exception is a reference to a video game. In this visualization the

groupings are very uniform in content and clearly separated by topic, except for the few unusual

items, such as the labels or the video game.

Users can interact with thevisualizations to navigatedirectly from the snippets, e.g., to

further inspect pagecontents, as afforded by theconventional list-based metaphor. Moreover, the

examples shown clearly illustrate that the ProjSnippet visualizations are capable of depicting

many snippets simultaneously in aclear and organized manner.

The effect of varying the parameter α in equation (4.1) is illustrated in Figure 14, which

shows optimized layouts (without applying thecarving mechanism) of the results from aquery

on terms “wave applications” posed to Bing’s search engine. In Figure 14a only the overlapping

energy has been considered (α = 0). There is no overlapping, but neighborhoods are clearly

not preserved and snippets are far too spread. Inspecting Figures 14b and 14c one observes

how similar snippetsget more tightly connect asα values increase. Notice that even with large

valuesof α (α = 0.8 in Figure 14c) thesnippets do not overlap unduly, showing the robustness

of ProjSnippet as to the choice of α . No displacement of snippets occurs if α = 1, since the

result of the projection is clearly a minimizer of EN.

Table1 shows theenergy valuesafter optimization, aswell ascomputational times(in

seconds) for the examples presented in the paper (the search “Batman” isdepicted in Figure 11).
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Table 1 – Optimization results.

Search k EO EN E Time(s)

Pyrotechnics supplies 5 4.54− 7 1.97− 4 5.93− 5 0.24
Scrapbooking supplies 7 1.71− 7 5.09− 4 5.11− 5 0.23

Jaguar features 5 3.97− 7 1.91− 4 5.76− 4 0.27
Wave applications 6 5.38− 6 8.53− 4 3.44− 4 1.12

Batman 5 2.79− 8 4.86− 5 2.19− 5 0.26
Source: Gomez-Nieto et al. (2014).

Figure 15 – Comparing ProjSnippet, VPSC, PRISM, Voronoi-based, and RWordle-C considering metrics E (a), σ
(b), S(c), and k-nearest neighborhoods (d). Better performance is indicated by lower values for E and S,
values of σ closer to 1, and higher k-nearest neighborhood curves.

Source: Gomez-Nieto et al. (2014).

Theminimization strategy doesapretty good job in quiteacceptable times, supporting interactive

visualization.

4.3.1 Comparing with overlap removal heuristics

Several heuristics have been proposed to arrange rectangular boxes in a viewport so

as to avoid overlapping while still preserving the semantic relations among boxes as much

as possible. In order to assess the effectiveness of the overlap removal mechanism built into

ProjSnippet we have compared it with four well-known heuristics, namely, VPSC (DWYER;

MARRIOTT; STUCKEY, 2006), PRISM (GANSNER; HU, 2009), Voronoi-based (DU; FABER;

GUNZBURGER, 1999) and RWordle-C (STROBELT et al., 2012), regarding the following

metrics: Euclidean Distance (Section 2.4.1), Layout Similarity (Section 2.4.2), Size Increase
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Figure 16 – Global comparison of overlap removal methods regarding the four metrics simultaneously.

Source: Gomez-Nieto et al. (2014).

(Section 2.4.3) and Neighborhood Preservation (Section 2.4.5).

Figure17 shows the layouts produced by thealgorithmswhen applied to thedata sets

in the first column of Table 1. We run ProjSnippet with (ProjSnippet+Carving Strategy) and

without (ProjSnippet) theseam-carving mechanism. One notices that ProjSnippet outputsa more

organized layout, ascompared with existing heuristics. On afirst glance, its layouts resemble

those obtained by RWordle-C, but ProjSnippet ismoreeffective in preserving thegrouping of

similar elements (notice, for example, the red and the light blue groups on “Jaguar Features”

and “Scrapbooking Supplies” , respectively). Figure15 summarizes thequantitative resultsby

the above metrics: ProjSnippet performed quite well, resulting in better values than the other

methods, in most cases.

Figure16 showsaplot that considersall metricssimultaneously. Each overlap removal

technique has been represented as a four-dimensional vector (Ea,σa,Sa,ka), where Ea,σa,Sa,ka

are the averagevaluesof the metrics E,σ ,S, and k-nearest neighbors computed for each tech-

nique, over all data sets. The points labeled “best” , “average” , and “worst” in Figure 16 were

created artificially as four dimensional vectors describing the best, average and worst results

computed considering all methods over all data sets. More precisely, the coordinates of the

point labeled “best” are given by the best value of each metric obtained in the experiments (over

all data sets). The same for the “worst” point, now considering the worst values, whereas the

“average” point isobtained by averaging the values of each metric computed from all methods

over all data sets. The four dimensional vectors were projected with the LAMP multidimen-

sional projection (JOIA et al., 2011). The techniquescloser to “best” , namely ProjSnippet and

RWordle-C, are theones with thebest global performance, relative to all metrics.

4.3.2 User evaluation

Weconducted two controlled user evaluations: one comparing ProjSnippet with astan-

dard list-based interface and another comparing it against other layout techniques, namely

PRISM, VPSC and RWordle-C. Thefirst study was aimed at assessing whether theProjSnippet
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Figure 17 – Layouts produced by ProjSnippet, VPSC, PRISM, Voronoi-based, and RWordle-C for five distinct data
sets.

Source: Gomez-Nieto et al. (2014).
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layout allows users to find information faster than a list-based interface in tasks that require

identifying groupsof related sites, without significantly affecting precision. Thesecond study

was aimed at comparing ProjSnippet with other layout techniques, regarding the correctness of

such tasks.

We formulated specific questions, detailed in Table 2, relative to the two queriesalready

introduced, on “pyrotechnics supplies” (DT1) and on “ jaguar features” (DT2). Each snippet in

the interfaces shows its rank as returned by thesearch engine, so that the rank could be taken as

asite identifier by subjects answering the questions, when required.

Both evaluations followed the same overall procedurecomprised of four steps:

1. Introduction: participants were given a brief explanation on the purposes of the study.

2. Tool exposure: participantswereshown basic functionalitiesand interaction functionsof

theprototypes interfaces (ProjSnippet and list-based).

3. User familiarization: participants interacted with their relevant interfaces for around 10

minutes, exploring acollection other than DT1/DT2.

4. Evaluation: participants were invited to answer the questions in Table 2 on their assigned

interface/collection.

For thefirst study we invited 14 participants, all undergraduate or graduatestudents to

execute the tasks using ProjSnippet and the standard list-based interface. Subjects were split

into two groups of seven, so that a group used the list-based interface to answer questions on

the “pyrotechnics supplies” hitsand theProjSnippet interface to answer questions on the “ jaguar

features” hits, whereas theother group used the interfacesin thereverseorder. Thisstudy verified

the following hypothesis:

• H: Users of ProjSnippet will spend less time to answer questions that require a global

analysis of the query results (T1, T2, T3 and T4), with no significant loss in correctness.

We measured correctness of the answers (success rates) and the elapsed times taken

to answer questions T1 to T5. In order to assess only the effectiveness of the proposed two-

dimensional layout we turned off theclustering mechanism, that is, clustersof similar snippets

have not been colored or highlighted. For the sake of fairness we also disabled the carving

mechanism available in ProjSnippet. Results are shown in Figure 18, for each task and each

dataset. 100% success rateswere achieved on both collections on tasks T4 and T5. We applied a

T-test with a 5% level (α = 0,05) to check for statistical significance of thedifferences found.

One observes in Figure 18(a) that subjects answering task T1 (“how many websites...” )

achieved better correctness on the ProjSnippet interface, on both collections. The difference,



70 Chapter 4. ProjSnippet

Chart 2 – Task questions in user tests.

Task Target Question

T1 Identify groupsof related sites
DT1: How many websites report on
chemical supplies for pyrotechnics?
DT2: How many sitesdepict content on
the “Jaguar XJ” car model?

T2 Identify groupsof related sites
DT1: Which sitespresent books, guides
or papers about pyrotechnics?
DT2: Which sites depict content on the
“Jaguar XK” car model?

T3 Identify groups of related sites
DT1|DT2: How many different topics
you can identify in the returned results?

T4 Find different sites addressing
similar content

DT1: Find three websites announcing
“T-Shirt for Dogs” .
DT2: Find two websites that refer to the
animal “Jaguar” .

T5 Find a particular site
DT1: Find awebsite that addresses the
topic “wick cannon fuse” .
DT2: Find a website that includes the
expression “Jaguar Features” .

Source: Gomez-Nieto et al. (2014).

Figure 18 – Correctness(averagesuccessrate) of subject answersinTasksT1, T2 andT3 when using theProjSnippet
and the List-based interfaces, and the response times, in seconds, to all tasks.

Source: Gomez-Nieto et al. (2014).
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Table 2 – ProjSnippet x List-based T-test p-values

Task “pyrotechnics supplies” (DT1) “ jaguar features” (DT2)

T1 0.002629 0.001074
T2 0.002387 0.002976
T3 0.036768 0.039171
T4 0.652960 0.005878
T5 0.780640 0.036399

Source: Gomez-Nieto et al. (2014).

Table 3 – ANOVA p-values relative to comparison of the four layout techniques.

Task “pyrotechnics supplies” (DT1) “ jaguar features” (DT2)

T1 0.2427 0.5827842
T2 0.426798 0.020015
T3 0.012762 0.908402

Source: Gomez-Nieto et al. (2014).

however, is not statistically significant. Participants answering task T2 (“which websites...” )

performed better on the list-based interface on DT1 (“pyrotechnicssupplies”), and better with

ProjSnippet on DT2 (“ jaguar features”). Again, differenceshavenot been found to be statisti-

cally significant. Finally, on task T3, which required identifying themultiple topicsaddressed,

performanceof ProjSnippet users was equivalent to thoseof the list-based on DT2, and better on

DT1 – the only difference found to beof statistical significance. Therefore, we conclude that in

general userscould identify the relevant siteswith both interfaces. In fact, in most cases usersof

ProjSnippet performed better, albeit it is not possible to conclude that it favorsan improvement

in the success rates.

Figure18(d) confirms that ProjSnippet users took less time to answer all questions on

both collections, with one single exception (task T5 on DT1). Differenceshave been found to be

statistically significant for tasksT1, T2 and T3 on DT1 (“pyrotechnics supplies” ) and for all five

tasks on DT2 (“ jaguar features”). Table 2 shows the p-values computed for the time differences

in tasks, on both collections. Even for task T5 (identifying a particular website), ProjSnippet

usersperformed better on DT2, whereasweexpected scanning through the list view would be

faster. These results confirm our initial hypothesis.

For the second user study we invited 24 participants, again undergraduateor graduate

students in Computer Science and noneof them involved in the previousstudy. They were asked

to answer the same questions, with evaluation taking place in two stages: first, each subject

worked on DT1 displayed by a particular layout technique, and then on DT2 and a different

layout technique. Subjectswere initially randomly assigned to 4 groups, and each group of six

assessed one layout technique. In the second stage subjects were reassembled into 4 groups

ensuring they would work on a layout technique different from the previousone. Theworking

hypothesis can be stated as:
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Figure 19 – Correctness (average success rate) of subject answers in Tasks T1, T2 and T3 for the different layout
techniques, and overall response times (in seconds).

Source: Gomez-Nieto et al. (2014).

• H: Usersof ProjSnippet will achieve better success rates than usersof other layouts when

answering questions that requirea global analysis of the query results (T1, T2 and T3).

Subjects spent roughly 20 to 30 min to complete each stage. We measured correctness of the

answers to questions T1 to T5. Again, 100% success rates were achieved on tasks T4 and T5

on both collections, and results for tasks T1, T2 and T3 are shown in Figure 19. We applied

one-way ANOVA at 5% level to check for statistical significanceof theperformance differences,

corresponding values are shown in Table 3.

Analysis of Figure19 reveals that ProjSnippet usersdid better than the otherson task T2,

on both datasets. However, only in DT2 the performancedifferencewas found to besignificant.

They also did better on Task T1 with DT2, whereaswith DT1 the ProjSnippet layout cameas

second best. Again, differenceshavenot been found to bestatistically significant. On task T3

ProjSnippet camesecond to PRISM on DT1, and first (but equivalent to VPSC) on DT2, with

statistical significance found on DT1 only.

Although theseresultsdonot allow ustoconfirm theoriginal hypothesison thesuperiority

of ProjSnippet, we observe it displayed good performance and a more stable behavior across

tasks than the other techniques considered. Its users achieved higher or equivalent average

success rates, as compared to users of other layouts, in four out of the six scenarios, and they

also did well in the remaining two. They also spent less time executing their tasks, asobserved
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in Figure19(d).

Notice that Figure 16 indicates the inferior quality of PRISM compared to ProjSnippet,

RWordle-C, and VPSC regarding the quantitativemeasures, which isconsistent with theobser-

vations from our user evaluation, where PRISM users did worse than users of the other three

techniques in all except one task (T3/DT1). Moreover, RWordle-C users performed better in

oneevaluation (T1/DT1), being second in other two (T2/DT1 and T2/DT2), whileVPSC tied

with ProjSnippet in thefirst position once (T3/DT2), being second in the T1/DT2 test. Based on

these evidences onecould claim that RWordle-C has abetter performance than VPSC, again in

agreement with Figure16. Wepoint out, though, that additional studies should be conducted to

further investigate the relationship between quantitative measuresprovided by the metricsand

thequalitative results resulting from our user evaluation.

4.4 Discussion and limitations

TheProjSnippet viewsof acollection of returned hits highlight their global relationships,

asopposed to organizing them by their inferred relevance to the query. Still, thevisualizations

retain the simplicity of the snippet-based interaction, which from our perspective isa significant

advantage. The underlying visualization paradigm ismodified gently, requiring no substantial

additional effort from users familiar with the standard list-based views. Even the aspect ratio

of the rectangles reflects the natureof textual snippets, which are wider than higher. Users can

still navigate the snippets and click to see a web-page preview (see Figure 20) and to inspect the

Figure 20 – Interactiveexploration with ProjSnippet: (a) Main window, (b) on mouse over a snippet ishighlighted
and enlarged, (c) after a few seconds a preview of the page content isdisplayed.

Source: Gomez-Nieto et al. (2014).
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contents of particular documents.

Both thedisplay sizeand theoverall number of snippets exhibited affect visualization

readability. The illustrativeexamplesshown werehandled on medium to large-sized monitors

and were readily interpreted and easily read. Obviously, readability will be hampered on small

monitors, in which caseit isbetter to display lesssnippets. Finding an optimal number of snippets

to display is not straightforward, sincea decision involves many variables, such as the screen

resolution and thenatureof thesearch. Moreover, if theuser-defined number of clusters isnot

set properly, non-similar snippets may end up in the samecluster and mislead user interpretation.

Our examples also indicate that creating thevisualizationsonly from the summarized

snippet texts is quitesatisfactory. Similar entitiesare nicely clustered, although some apparent

“outliers” may occur. Cluster quality might be further improved by inputting additional text

from the documents into the clustering algorithm. Nonetheless, this would incur in higher

computational cost and not necessarily producebetter results, as text clustering is intrinsically

fuzzy: in many situations one could easily justify assigning a document to multiple clusters.

ProjSnippet requiresavery simplepre-processing step, but sometricky issues remain.

For example, setting appropriate values for Luhn’s lower and upper cuts in scenarios where

little information isavailable, as it is the casehere, isnot straightforward and deserves further

investigation. In our examples we typically employed a lower cut of threeand no upper cut and

removed thequery terms from the vector representation.

Finally, clustering in visual space will produce good results as long as the projection

technique does a good job of preserving the relevant neighborhoods. Our choice of the LSP

method is justified by itsbeing known to perform quitewell in termsof neighborhood preser-

vation, which is confirmed by the results shown here. Nonetheless, if this is not the case, the

visualization of groupsmay be misleading. Usersmay investigate alternativesplaying with the

number of clusters while observing thevisualization.

4.5 Conclusion

In thischapter wedescribed ProjSnippet, a technique to visualize thecollection of textual

snippets returned from a web query. This approach builds intuitive and meaningful layouts

that optimize theplacement of snippets by employing an energy functional that considers both

overlapping removal and preservation of neighborhood structures.

We showed results illustrating how the ProjSnippet layouts convey a global view of

the results from a query while allowing for identifying similar content through a clustering

mechanism. Since ProjSnippet reliesonly on information extracted from the textual snippets,

it can be plugged into search engines in a straightforward manner, with a modest impact on

the computational times. The unique combination of simplicity, low computational cost, and
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flexibility renders ProjSnippet an attractive alternative for visualizing web queries results.
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CHAPTER

5
MIOLA

5.1 Introduction

In thischapter we describe Mixed Integer Optimization for Layout Arrangement (MI-

OLA), 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 approach doesnot rely on intersection tests, making the

algorithm simpler to implement. Moreover, our technique isquiteflexible, being able to generate

different layouts by just handling optimization constraints.

Thepractical usefulnessof our method is demonstrated in a video data set visualization

application. Textual information associated to each video is used to measure the similarity

between them, that is, thesimilarity between videos is calculated using bag-of-wordsderived

from textural information and thecosine distance measure. Thesimilarity measure is, then, used

by a multidimensional projection technique that maps the data to the visual space, where the

boxes representing the videosarearranged by the proposed optimization mechanism, generating

thefinal layout.

5.2 The method

Let B = { B1,B2, ...,Bn} be aset of n rectangular boxes arranged in the visual spacesuch

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 iscentered on each projected data point, the resulting arrangement makesneighbor 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
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Figure 21 – Inequalities (5.2) ensure that no boxes will not displayed offscreen while inequalities (5.3) preserve
theorder of the coordinates w.r.t. initial layout. (a) Input layout and (b) result after layout arrangement
(orthogonal ordering: xpi ≤ xpi+ 1, p1 = 2, p2 = 3, p3 = 1, p4 = 4; similarity for y case).

(a) Input layout. (b) Optimized layout.

Source: Gomez-Nieto et al. (2013).

displace the boxes in the two-dimensional space so as to remove overlaps, but preserving the

initial neighborhood structures to keep similar objects close to each other. Asdescribed next, we

formulate the problem above as a mixed integer quadratic programming optimization.

5.2.1 Problem statement

Let B = { B1,B2, ...,Bn} be a set of n rectangular boxes initially positioned in a two-

dimensional space. Each box Bi isspecified by afour dimensional vector Bi = (xi , yi ,wi,hi) ∈R4,

where(xi , yi), wi > 0, hi > 0 arethecentroid, width and height of Bi, respectively (seeFig. 21(a)).

Two boxes Bi and B j do not overlap if and only if one of the following inequalities holds:

|x j − xi | ≥
wi + w j

2
or |y j − yi | ≥

hi + h j

2
(5.1)

We refer to the inequalities in (5.1) as non-overlap constraints.

Moreover, the boxes must respect the bounds of the visualization window during dis-

placement, that is,

wi

2
+ lbx ≤ xi ≤ ubx−

wi

2
(x lower/upper bounds)

hi

2
+ lby ≤ yi ≤ uby−

hi

2
(y lower/upper bounds)

(5.2)

where lbx, lby, ubx, uby are lower and upper visualization window bounds (constants) in x and y

directions. If needed, visualization window boundscan also assume independent values for each
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box.

Equations (5.1) and (5.2) provide the conditions to be held so as to guarantee that boxes

do not overlap and are inside avisualization window. However, thoseequations do not take into

account neighborhood structures, thusneighbor boxescan be placed far apart from each other

after the overlap removal process. Oneuseful way to keep up the neighborhood relationships is

to preserve the relativeorder of thecentroids of boxes, that is,

xp1 ≤ xp2 ≤ ... ≤ xpn (x orthogonal order)

yq1 ≤ yq2 ≤ ... ≤ yqn (y orthogonal order)
(5.3)

where p,q: { 1,2, ...,n} → { 1,2, ...,n} arepermutations of indices obtained by sorting thecoor-

dinates x and y of thecentroids of boxes in the visual space (see Fig. 21).

Therefore, by moving the centroid of the boxes while ensuring Equations (5.1), (5.2),

and (5.3) can generate an overlap free layout that preserves the initial neighborhood structures.

5.2.2 The MIQP formulation

Theproblem of positioning theboxesBi in thevisual spaceso as to ensurethat Equations

(5.1), (5.2), and (5.3) hold can be formulated as a Mixed Integer Quadratic Programming

Problem (LAZIMY, 1982) as follows:

min
z

f (z) =
1
2

zTQz =
n

∑
i= 1

n

∑
j= i+ 1

Dist2(Bi ,B j)

subject to

(
Az ≤ b

lb ≤ z ≤ ub

z =
x

y

r

,
x = (x1,x2, ...,xn)> ∈Rn

y = (y1,y2, ...,yn)> ∈Rn

r = (r12, . . . , r1n, r23, . . . , r2n, . . . , rn− 1n)>, r i j ∈{ 0,1}

(5.4)

wherez is thesought solution, Dist(Bi,B j ) denotes theeuclidian distancebetween (xi, yi) and

(x j ,y j ), and vectors lb (lower bounds) and ub (upper bounds) are the visualization window

boundsasdefined in the inequalities (5.2). Q is thepositive semi-definite matrix composed by

blocks L given by:

Q =

"
L 0

0 L

#

0

0 0

, L = nId − ones(n,n),

where Id is the identity matrix and ones(n,n) is then× n matrix with all entries equal one.

Matrix A and vector b are defined so as to incorporate the constraints (5.1) and (5.3).

Precisely, the ordering given by (5.3) allows us to write:
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xp1≤ xp2≤ ...≤ xpn ⇒ xpi − xpi+ 1 ≤ 0, i = 1...n− 1, (5.5)

with a similar expression holding for y. Additionally, the sorting also allowsus to get rid of the

absolutevalue function in (5.1), that is,

xpi ≤ xpj ⇒ |xp j − xpi | = xp j − xpi . Thus,

xpi − xp j ≤ −
(wpi + wp j )

2
, i < j, (5.6)

with a similar expression holding for y. The variables r i j allows for incorporating the OR

condition defined in (5.1) into the optimization problem as follows:

xpi − xp j ≤ wi j + Mr i j ⇔ yqi − yq j ≤ hi j + M(1− r i j ),

i < j, r i j ∈ { 0,1} ,

(5.7)

wherewi j = −
(wpi + wpj )

2 , hi j = −
(hqi + hqj )

2 and M isa very largeconstant. The rationalebehind

the construction in Equation (5.7) is that if r i j = 0, the constraint xpi − xp j ≤ wi j becomes

mandatory while yqi − yq j ≤ hi j + M is naturally satisfied as M is a large number (if r i j = 1,

we have the opposite situation, instead). Therefore, optimizing the centroid positions and the

decision variables r i j simultaneously allows us to find the optimal position for the boxes while

respecting all theconstraints as stated in Equations (5.1), (5.2), and (5.3).

Equations (5.5) and (5.7) are incorporated into matrix A using the auxiliar matrices

Cx,Cy,Dx,Dy as follows:

A =

"
Cx 0 0

0 Cy 0

#

"
Dx 0 − MId
0 Dy MId

# b =

 
c

d

!

(5.8)

where [Cx|Cy|c] and [Dx|Dy|d] are built from constraints (5.5) and (5.7), respectively. Notice that

vector c isnull asstated in (5.5). However, this constraint can berelaxed so as to introduce more

flexibility into the layout, as explained in subsection 5.2.3. Figure 22 illustrates the resulting

layout from solving the standard MIQP (5.4). Notice that the orthogonal order is accurately

preserved while the boxes are thoroughly spread in the visualization window.

5.2.3 Relaxation of constraints

Besides providing accuracy and robustness when dealing with complex layouts, the

formulation (5.4) enablesgreat flexibility in generating avariety of non-overlap arrangements.
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Figure 22 – Result of our method to rearrange boxes with overlaps.

(a) Input layout. (b) Optimized layout.

Source: Gomez-Nieto et al. (2013).

Different layoutscan be easily obtained by introducing relaxation constantswithin lower lb and

upper ub bounds in Equations (5.4) and/or vector b = [c|d]T in (5.8) as follows:

lbrelax = lb + lb, ubrelax = ub+ ub (5.9)

crelax = c+ c, drelax = d + d, (5.10)

where lb = (lbi), ub = (ubi), c = (ck) and d = (dl ) are the relaxation constants. Notice that

relaxation constantscan be individually chosen for each box in (5.9) or for each pair of boxes

defined in (5.10). Moreover, each coordinate of lb, ub, c and d can assume both positive and

negativevalues.

While lb and ub regulate the effective visual space of the boxes, b and c control the

relaxation distancesof orthogonal ordering and non-overlap constraints. Figure23 depicts the

geometric interpretation when handling Equations (5.9)-(5.10).

5.3 Results, comparisons and evaluation

We begin this section showing the usefulness of our methodology in a practical appli-

cation devoted to video datavisualization. Theflexibility to generatedifferent layoutsby only

tuning the constraints in the optimization is illustrated in several examples. Finally, we show

the effectiveness of MIOLA by comparing it against state-of-art overlap removal techniques
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Figure 23 – Geometric interpretation of relaxation constants. Fig.(a) shows the input layout while Fig.(b) depicts
the optimization result after setting upper bound relaxation (< 0) in both directions. Fig.(c)-(d) show
the maximum distance tolerance when violating the orthogonal order constraints and imposing a
displacement between boxes, respectively (in x-direction). Fig.(e)-(f) yield thesamepreviousconclusion
w.r.t. non-overlap constraints but obtained by handling y-direction relaxation.

(a) Input layout. (b) Reducing upper bounds. (c) Violating orthogonal order.

(d) Increasing orthogonal order. (e) Increasing non-overlap distance. (f) Violatingnon-overlapdistance.

Source: Gomez-Nieto et al. (2013).
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Figure 24 – Result of our method when applying on a content layout taken from Youtube’s search engine.

[1]SIBGRAPI'2010 - Video Festival - Call for Contributions
SIBGRAPI'2010 - 23rd Conference on Graphics, Patterns and
Images VIDEO FESTIVAL - CALL FOR CONTRIBUTIONS

[2]SIBGRAPI 2011 - Lucas Lins e Augusto Ícaro - Fast
Forward

[3]SIBGRAPI 2011 - Douglas Cedrim - Fast Forward[4]SIBGRAPI 2011 - João Paixão - Fast Forward[5]SIBGRAPI 2011 - Renata Thomaz - Fast Forward

[6]Perdendo o Compasso - Animação 3D - Blender
Animação desenvolvida pelos alunos Caio Roberto Rigon e
Leon Takashi Watanabe sob orientação do professor doutor
Marco A...

[7]SIMPASS - Ship Bridge Simulator
This video shows SimPass, an immersive Full Mission Ship
Bridge simulator that offers great realism and it has been buil...

[8]Real-time Terrain Modeling using CPU--GPU Coupled
Computation
Motivated by the importance of having real-time feedback in
sketch-based modeling tools,  we propose a framework for
terr...

[9]Chorus Line III  (the return)
In this video we have built a chorus line from a single dance
movement, by implementing variations on time and scale, in.. .

[10]Interactive Production of a Music Video Clip
The multimedia engine "soundium" was used to interactively
create a video clip to a Yello track, inspired by the cover o...

[11]Simulating Minimally Invasive Surgery: create and touch
your onw virtu.. .
This video won both the jury and the public technical video
awards of SIBGRAPI 2009: Conference on Graphics, Patterns
an...

[12]Semi-automated Segmentat ion of Brain Tumor
Segmentat ion of brain lesions from medical images is a
difficult  task to be mastered by the specialist. This is due to t...

[13]Edson e Hudson - Ela Encasquetou (Parodia)
sequência de fotos feita no MatLab para a musica ela
encasquetou de edson e hudson. Video aceito no festival de
filmes do SIBGRAPI 2007

[14]Primitive Sketch
This video illustrates an experiment done using the authoring
environment for dance shows proposed on our previous work
...

[15]Think Again
This video brings a positive message about our actions and
their consequences on environmental issues. Save the planet!
...

[16]What Is Stereoscopy?
Este video foi desenvolvido pela Caverna Digital, o laboratório
de Realidade Virtual da Universidade de São Paulo, para . ..

[17]Tap Dance
This video illustrates an experiment done using the authoring
environment for dance shows proposed on our previous work
...

[18]Robot
This short video presents a very smart robot and its attempts
to deal with litt le things. Category: Computer Animation Shorts

[19]M4G: A Surface Representat ion for Adaptive CPU-GPU
Coupled Computation
This video presents a dynamic adapt ive mesh representation
named Manifolds-for-GPU (M4G), exploring different
computat io...

[20]ChoreoGraphics: An Authoring Environment for Dance
Shows
This work describes an authoring environment for dance
shows that can both be used as a mechanism to synthesize
virtual ...

[21]Ballet Steps
This video illustrates an experiment done using the authoring
environment for dance shows proposed on our previous work
...

[22]Tuio Sketch
TuioSketch is a sketch-based modeling system that makes
use of tangible interfaces with multi-touch interact ion. It allo...

[23]GPU-Based Cell Projection for Interactive Volume
Rendering
Master Dissertat ion: GPU-Based Cell Projection for Interactive
Volume Rendering. Authors: A. Maximo ;  R. Marroquim ;  R. ...

[24]Interactive 3D Scanning Without Tracking
Video for a SIBGRAPI 2007 paper. Show the interface for an
inexpensive 3D object scanner using a laser pointer, a glass . ..

[25]Simulation and Rendering of Opus Palladium 3D Mosaics
In this video we detail the technical work presented in the
SIBGRAPI paper Simulation and Rendering of Opus
Palladium 3D Mosaics.

[26]Accurate volume rendering of unstructured hexahedral
meshes
"Accurate volume rendering of unstructured hexahedral
meshes" Fábio Markus Miranda, Waldemar Celes Tecgraf /
PUC-Rio Sibgrapi 2011

[27]File Icons that Show the Content of Audio Files
It's hard to make sense of an MP3 collection when all files
show the same icon. So let's automatically create a specific.. .

[28]Tracking is Believing
Esse video foi feito pelo grupo de pesquisa do Virtual Humans
Laboratory (VHLab, PUCRS) e venceu o Festival de Vídeos
do...

[29]pets06-s07-new_tracker.m4v
Tracking results for PETS 2006 sequence, using integrat ion of
support information and the homographic constraint. Santos...

[30]Relativist ic Visualization
See w3.impa.br Sibgrapi 2007 Best Video Award.

[31]texture-mapping.avi
Sibgrapi 2011 paper:  "Texturing 3D models with low geometric
features",  Ricardo Marroquim, Gustavo Pfeiffer, Felipe Mour...

[32]GPU-Based Cell Projection for Interactive Volume
Rendering
Paper: GPU-Based Cell Project ion for Interact ive Volume
Rendering. Authors: R. Marroquim ; A. Maximo ;  R. Farias ;  C.
Es...

(a) Input Layout.

[1]SIBGRAPI'2010 - Video Festival - Call for Contributions
SIBGRAPI'2010 - 23rd Conference on Graphics, Patterns and
Images VIDEO FESTIVAL - CALL FOR CONTRIBUTIONS

[2]SIBGRAPI 2011 - Lucas Lins e Augusto Ícaro -  Fast
Forward

[3]SIBGRAPI 2011 - Douglas Cedrim - Fast Forward

[4]SIBGRAPI 2011 - João Paixão - Fast Forward

[5]SIBGRAPI 2011 - Renata Thomaz - Fast Forward [6]Perdendo o Compasso - Animação 3D - Blender
Animação desenvolvida pelos alunos Caio Roberto Rigon e
Leon Takashi Watanabe sob or ientação do professor doutor
Marco A...

[7]SIMPASS - Ship Bridge Simulator
This video shows SimPass, an immersive Full Mission Ship
Bridge simulator that offers great realism and it has been buil...

[8]Real- time Terrain Modeling using CPU--GPU Coupled
Computation
Motivated by the importance of having real-time feedback in
sketch-based modeling tools, we propose a framework for
terr...

[9]Chorus Line III (the return)
In this video we have built a chorus line from a single dance
movement, by implementing variations on time and scale, in...

[10]Interactive Production of a Music Video Clip
The multimedia engine "soundium" was used to interactively
create a video clip to a Yello track, inspired by the cover o...

[11]Simulating Minimally Invasive Surgery: create and touch
your onw virtu...
This video won both the jury and the public technical video
awards of SIBGRAPI 2009: Conference on Graphics, Patterns
an...

[12]Semi-automated Segmentation of Brain Tumor
Segmentation of brain lesions from medical images is a
difficult task to be mastered by the specialist. This is due to t...

[13]Edson e Hudson - Ela Encasquetou (Parodia)
sequência de fotos feita no MatLab para a musica ela
encasquetou de edson e hudson. Video aceito no festival de
filmes do SIBGRAPI 2007

[14]Primitive Sketch
This video illustrates an experiment done using the authoring
environment for dance shows proposed on our previous work
...

[15]Think Again
This video brings a positive message about our actions and
their consequences on environmental issues. Save the planet!
...

[16]What Is Stereoscopy?
Este video foi desenvolvido pela Caverna Digital, o laboratório
de Realidade Virtual da Universidade de São Paulo, para ...

[17]Tap Dance
This video illustrates an experiment done using the authoring
environment for dance shows proposed on our previous work
...

[18]Robot
This short video presents a very smart robot and its attempts
to deal with little things. Category: Computer Animation Shorts

[19]M4G: A Surface Representation for Adaptive CPU-GPU
Coupled Computation
This video presents a dynamic adaptive mesh representation
named Manifolds-for-GPU (M4G), exploring different
computatio...

[20]ChoreoGraphics: An Authoring Environment for Dance
Shows
This work describes an authoring environment for dance
shows that can both be used as a mechanism to synthesize
virtual ...

[21]Ballet Steps
This video illustrates an experiment done using the authoring
environment for dance shows proposed on our previous work
...

[22]Tuio Sketch
TuioSketch is a sketch-based modeling system that makes
use of tangible interfaces with multi-touch interaction. It allo...

[23]GPU-Based Cell Projection for Interactive Volume
Rendering
Master Dissertation: GPU-Based Cell Projection for Interactive
Volume Rendering. Authors: A. Maximo ; R. Marroquim ; R. ...

[24]Interactive 3D Scanning Without Tracking
Video for a SIBGRAPI 2007 paper. Show the interface for an
inexpensive 3D object scanner using a laser pointer, a glass ...

[25]Simulation and Rendering of Opus Palladium 3D Mosaics
In this video we detail the technical work presented in the
SIBGRAPI paper Simulation and Rendering of Opus
Palladium 3D Mosaics.

[26]Accurate volume rendering of unstructured hexahedral
meshes
"Accurate volume rendering of unstructured hexahedral
meshes" Fábio Markus Miranda, Waldemar Celes Tecgraf /
PUC-Rio Sibgrapi 2011

[27]File Icons that Show the Content of Audio Files
It's hard to make sense of an MP3 collection when all files
show the same icon. So let's automatically create a specific...

[28]Tracking is Believing
Esse video foi feito pelo grupo de pesquisa do Virtual Humans
Laboratory (VHLab, PUCRS) e venceu o Festival de Vídeos
do...

[29]pets06-s07-new_tracker.m4v
Tracking results for PETS 2006 sequence, using integration of
support information and the homographic constraint. Santos...

[30]Relativistic Visualization
See w3.impa.br Sibgrapi 2007 Best Video Award.

[31]texture-mapping.avi
Sibgrapi 2011 paper: "Texturing 3D models with low geometric
features", Ricardo Marroquim, Gustavo Pfeiffer, Felipe Mour...

[32]GPU-Based Cell Projection for Interactive Volume
Rendering
Paper: GPU-Based Cell Projection for Interactive Volume
Rendering. Authors: R. Marroquim ; A. Maximo ; R. Farias ; C.
Es...

(b) Optimized layout after applying MIOLA without
relaxation constants.

Source: Gomez-Nieto et al. (2013).

typically employed in information visualization applications. We denote the pair of numbers

VS= ([− Sx,Sx], [− Sy,Sy]) := (Sx,Sy) as the lower and upper bound constants in (5.9). Orthogo-

nal order aswell asnon-overlap relaxation constants in (5.10) aredenoted by thenumbersOO

and NOL. Theminimization problem (5.4) is solved by an extension of theLinear-Programming

based Branch-and-Bound Algorithm (LEE; LEYFFER, 2012), available from the Gurobi library

at <http://www.gurobi.com/>. Our code was implemented in MATLAB with support to C++

MEX routines and freeoptimization interface provided by Yin (2011).

5.3.1 Applications

Video Snippet Visualization Figure 24 shows the layout resulting from MIOLA applied to

video snippet visualization. Figure 24adepicts the initial layout just after projecting video data

obtained from Youtube, using theword “SIBGRAPI” asquery. Theprojection isgenerated by ap-

plying theLSPmultidimensional projection technique(PAULOVICH et al., 2008), measuring the

similarity between video snippets through the cosinemetric applied to featurevectors extracted

from the textual data associated to the videos. More precisely, feature vectors are generated

by extracting a bag-of-words (SALTON; WONG; YANG, 1975) from the text associated to

each video. Figure24b shows the resulting layout after optimization. Notice that SIBGRAPI’s

Fast Forward videos are nicely grouped on top left while videos related to volume rendering,

modeling and graphics arearranged on middle/bottom left. Top right snippets in Figure24b are

mainly related to videos presented in SIBGRAPI’s Video Festival while bottom right videos are

related to “dancing animation” . Thevideo visualization application clearly shows that MIOLA

isable to arrange the video snippets in the visual space avoiding overlapswhile preserving the

proximity relation among videos.
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5.3.2 Flexibility to generate different layouts

Flexibility and Adaptability Figures 25a to 25e show the flexibility of MIOLA in producing

different layouts by just modifying constraints in theoptimization. Figure 25ashows the original

layout while Figure 25b displays the resulting layout when no relaxation is used during opti-

mization. Changing theconstraints that define the lower and upper bounds of thevisualization

window give rise to a more compact layout, asshown in Figure25c. We use colors and numbers

to label the boxes, from which one can clearly see that MIOLA preserves neighborhoods quite

nicely. An even more compact layout can be obtained by further squishing the visualization

window and relaxing the orthogonality constraints, asdepicted in Figure25d. Figure25e shows

an extremecasewhere thevisualization window isset to beone-dimensional, that is, thecentroid

of each box must be place in a horizontal line. Notice that even in this drastic situation the

algorithm was able to arrange the square respecting neighborhoods.

Shr inking scattered layouts MIOLA can also be used for shrinking sparse layouts. Fig-

ure26b shows the result of optimizing thespread layout depicted in Figure 26a. One can see that

the optimization produces apleasant layout in terms of compactnessand organization. Moreover,

neighborhood structures have also been nicely preserved.

5.3.3 Comparisons against state-of-art methods

The effectiveness of MIOLA isassessed by quantitatively measuring itsaccuracy as to

layout organization, neighborhood preserving and compactness against state-of-art methods.

The quantitative measuresare computed using the following metrics: Euclidean Distance (Sec-

tion 2.4.1 referred hereasE), Layout Similarity (Section 2.4.2 referred here asσ ), Size Increase

(Section 2.4.3 referred hereas S), Orthogonal Ordering (Section 2.4.7 referred hereas O) and

Neighborhood Preservation (Section 2.4.5 referred here as k).

Such measuresallow us to quantitatively compareour techniqueagainst the following

well-established overlap removal methods: VPSC (DWYER; MARRIOTT; STUCKEY, 2006),

PRISM (GANSNER; HU, 2009), Voronoi-based (DU; FABER; GUNZBURGER, 1999) and

RWordle-C (STROBELT et al., 2012).

Figure 27 shows the resulting layout after applying MIOLA and the four techniques

we compare against on five different datasets containing textual information collected from

web search engines. The first threedatasets, namely, “Scientific Visualization” (50 instances),

“Sibgrapi” (32 instances) and “Purple”(100 instances), were generated using fixed-sizesquare

boxeswhile the last two datasets - “Wave” (64 instances) and “Batman” (50 instances) - were

created taking rectangles with sizesgiven by the rank of the document (the rank isprovided by

the search engine). Larger rectangles have higher rank. One can note that the Voronoi-based

method results in unstructured overlap-freelayoutswhen compared to theother methods. PRISM

preserves relevant parts of the initial shape, but with the disadvantage of excessive use of
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Figure 25 – Flexibility and adaptability of the proposed formulation.

(a) Original layout. (b) Optimized layout without relaxation (VS = (750,220)).

(c) Optimized layout with small compactness (VS
= (250,400)).

(d) Optimized layout with moderate compact-
ness and OO relaxation (OO = 120; VS =
(10,230)).

(e) Optimized layout with hard compactness and NOL relaxation (NOL = 10; VS = (3800,5)).

Source: Gomez-Nieto et al. (2013).
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Figure 26 – Optimizing sparse layouts with MIOLA.

(a) Layout with scattered boxes. (b) Result after layout adjustment.

Source: Gomez-Nieto et al. (2013).

space, hampering data exploration. The layouts produced by VPSC are quite structured, helping

readability, however, it isprone to stretch the layout vertically (see the “Wave” and “Batman”

results). RWordle-C produced satisfactory layoutspreserving, in somecases, clustersvisually

identified by the user (see the “Wave” result), but still leaving some expressive empty spaces

when compared with MIOLA. Moreover, the orthogonal ordering is considerably affected by

RWordle-C. In contrast, MIOLA produces very well-organized and compact layouts whilestill

respecting the orthogonal order in asatisfactory way.

Figure 28 summarizes the quantitative results of the metrics described above. Notice

that MIOLA produces morecompact layouts measured by Euclidian distanceand Size increase,

being fairly stable as to other metrics.

Figure 29 plots a map that considers all metrics simultaneously. Each overlap re-

moval technique has been represented as a five-dimensional vector (Ea,σa,Oa,Sa, ka), where

Ea,σa,Oa,Sa,ka are theaveragevaluesof themetricsσa− Ea and k-nearest neighborscomputed

for each technique, over all data sets from Figure 27. Theblue pointsdenoted by “Best” , “Aver-

age” , and “Worst” in 29 were created artificially as five-dimensional vectorscontaining thebest,

average and worst values taken from the results of all methods. We use the multidimensional

projection method LAMP (JOIA et al., 2011) to project the five dimensional data to thevisual



5.3. Results, comparisons and evaluation 87

Figure 27 – Layoutsproduced by our approach (MIOLA), VPSC, PRISM, Voronoi-based, and RWordle-C for five
distinct data sets.

Source: Gomez-Nieto et al. (2013).
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Figure 28 – Comparing our approach, VPSC, PRISM, Voronoi-based, and RWordle-C considering themetrics E
(a), σ (b), O (c), S(d), and k-nearest neighborhoods(e) (in log scale after normalization) regarding to
Fig.27.

(a) Euclidian distance (b) Size increasing (c) Orthogonal Ordering

(d) Layout similarity (e) k-neighborhood preservation

Source: Gomez-Nieto et al. (2013).

space. The technique mapped closest to “Best” is theone that, on average, hasshown the best

performance, relative to all metrics. Clearly, onecan observe that MIOLA is the techniquecloser

to thebest result.

5.4 Discussion and limitations

Our technique displays layouts in such a way that keeps boxes disjointed while still

preserving the similarity of theneighborhood structures. Comparisons presented in Section 5.3

clearly show the effectiveness of the proposed optimization method, surpassing, in terms of

accuracy, existing methods. As shown in Figure 25, MIOLA turns out to be flexible and capable

of producing avariety of layouts, acharacteristic not present in any other state-of-art method.

Thesnippet video application depicted in Figure24 indicates that MIOLA can beused to remove

overlapswhilekeeping similar entitiescloseto each other, thuspreserving thesimilarity relations

introduced during the multidimensional projection.

Despite good results and solid mathematical foundation, there are two aspects to be

observed when using MIOLA. First, the visualization window aswell as the number of boxes to

bedisplayed simultaneously can affect the readability of the visualization. Easy to read layouts

depend on thescreen size. Finding out a good trade-off between clean/pleasant layoutsand the

relaxation parameters is another issue that deserves further investigation.
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Figure 29 – Comparison of overlap removal techniques respecting the five metrics simultaneously. Red points
represent the evaluated techniques while the blue points show the worst, average and best points
artificially produced.

Source: Gomez-Nieto et al. (2013).

5.5 Conclusion

In thischapter we described a technique for solving thebox overlap removal problem,

called MIOLA. The evaluation we provided shows that the proposed method outperforms

existing methods in termsof producing well structured layout. MIOLA turns out to beeffective

in practical application and quite flexible to generate different layoutsby just tuning parameters,

rending it a very attractiveoverlap removal approach.
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CHAPTER

6
DEALING WITH MULTIPLE REQUIREMENTS

6.1 Introduction

In thischapter wedescribeamethodology for building layouts from geometric primitives

which isable to deal with a wide range of requirementssimultaneously. Relying on multidimen-

sional projection, density-based adaptivegrids, and mixed integer optimization, our approach is

semantically aware, makesan efficient useof display area, and generateswell 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 varying

sizes so as to avoid overlaps while preserving the neighborhood structure of the underlying

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. A comprehensive set

of quantitative comparisons against existing geometry-based layouts shows theeffectivenessof

our approach. The usefulness of our methodology in visualizing text, image, and video data sets

is also confirmed in several practical applications.

6.2 The method

Figure30 illustrates theproposed methodology composed by three main steps: multidi-

mensional projection, density-based adaptivegrid generation, and layout optimization.

In the first step, high-dimensional data ismapped to thevisual spaceso as to preserve

distance among data instances. In our implementation we use the Least Square Projection

(LSP) method (PAULOVICH et al., 2008), which preservesdistancesnicely during the mapping
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Figure 30 – Pipelineused comprises three main steps: (i) data ismapped into visual space using amultidimensional
projection technique, (ii) adaptive grid is built from projected points and (iii) an optimization algorithm
is performed to reach an optimal area usage.

Source: Gomez-Nieto et al. (2016).

process, thus enforcing that neighbor points in the visual space correspond to similar/close

instances in theoriginal space. Theuseof adistancepreserving mapping to place instances in the

visual space provides the neighborhood structure that must be “mimicked” by thefinal layout.

An adaptive grid is then generated from projected points. In contrast to typical adaptive

grid generation schemes, our approach refines thegrid in lessdense (but not empty) regionsof

thevisual space, thusplacing larger grid cells in denser regions (seeFigure 30 top right). The

rationale is to allow users easily identify dense regions by visually recognizing large geometric

objects in the layout. Thenumber of refinement levels is auser defined parameter.

The adaptive grid produces a size varying tiling of the visual space. Moreover, grid

cells inherit the semantic relation of the project instances, that is, neighbor grid cells tend to

encompass similar instances. Although well structured, the cell arrangement resulting from

the refinement is typically spread, making an inefficient use of display area. Therefore, in the

third step of the proposed pipeline, cells are rearranged in thevisual space to optimize the area

usage. The optimization is formulated to account for object scale, overlapping, and grid-like

arrangement whilepreserving neighborhood relationshipsand the aspect ratio among cells (see

Figure 30 bottom).
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Figure 31 – Density based refinement process. (a) An initial regular grid is defined in the visual space. Such an
initial grid provides the coarser refinement level (first level, as depicted in (b)). (c) An adaptive grid
is built from density information. Denser areas are represented by larger cells. (d) Active (not empty)
cells are then ready to be optimized in the next step of the proposed framework.

(a) (b)

(c) (d)

Source: Gomez-Nieto et al. (2016).

The rationalehere is to build layoutsas readable aspossiblewhilestill dragging users

attention to denser regions that should be further explored.

The following subsections detail the second and third step of our pipeline, which corre-

spond to the major technical contributions of our method.

6.2.1 Adaptive grid generation

Let P = { p1, p2, . . . , pq} ⊂ R2 be the projection of a set of instances into the2D visual

spaceand G be an× mregular grid which discretizes the bounding box of P . Thenumber of
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cells in each orthogonal direction isdefined such that each grid cell gi j hasasquareshape, that is,

given thenumber of subdivision in onedirection, for instancem, thenumber of subdivision in the

other direction isn= dH
Wme(theboundary of thebounding box can bedisplaced to accommodate

thenumber of cells), whereH andW account for theheight and width of the bounding box of

P , respectively.

The regular mesh G is the coarser grid level for the adaptive process. The refinement is

driven by density information computed from P in each grid cell. The density can be estimated

in different ways, for instanceby integrating a kernel density estimator over each grid cell. As

our application does not demand highly accuratedensity estimation, we opt to approximate the

density in each cell by simply counting thenumber of points pi contained in thecell.

Given thedensity calculation, the refinement process is carried out as follows: let di j be

the density of thegrid cell gi j and dmax = max{ di j} be the largest density value in G. A grid cell

gi j undergoesone level of refinement if di j ≤ 0.5dmax, two levelsof refinement if di j ≤ 0.25dmax,

three levels if di j ≤ 0.125dmax, and so on. Figure31 illustrates the refinement process with three

levels.

Although simple, the grid generation scheme described above has two meaningful

properties. First, denseregions in the visual space can easily be identified from the larger cells,

pointing out whereusersshould nail down their exploration. Second, theproposed refinement

scheme allows for resizing all grid cellsby controlling only one parameter. In other words, if

onewants to scale all cellspreserving their relative size, the only parameter to be tuned is the

length δ of coarser cells. In fact, the length of the cells in each refinement level is given by

(1/ 2k)δ, wherek = 0,1, · · · is the level of refinement. This last property will beexploited during

optimization to find thevalue of δ that results in the best useof display area, as detailed below.

6.2.2 Optimization

Let G̃ = { g1,g2, ...,gN} be the set of non-empty cells in G, that is, G̃ comprises the

cells of G with projected points in their interior. Each cell gi is a square box described by the

vector gi = (xi , yi ,wi) ∈R3, where (xi ,yi) accounts for the center of the box and wi > 0 is the

edge length of gi . The cellsgi should be rearranged and resized inside aW × H display area so

as to makean efficient use of display areawhile preserving grid alignment and neighborhood

structures. As described in Section 6.2.1, wi = α iδ, where αi = 1/ 2k, k corresponding to the

level of refinement of gi . Hence, δ isaparameter to beoptimized (initially set as the length δ0 of

thecoarser cell) from which the size of each cell is derived, as Figure 32 shows.

6.2.2.1 Rearranging cells with area resizing

Rearrangecells gi so as to generate layouts that optimizeuse of areawhilepresenting a

grid-like structure is an NP-hard problem (LEUNG et al., 1990) present in different contexts
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Figure 32 – (a) The input layout with δ0 being the length of the coarser cell. The size of the remaining cells
are defined according to the initial parameter δ0 and their scale parameters α i . (b) The result of the
optimization when δ > δ0.

(a) (b)

Source: Gomez-Nieto et al. (2016).

such as cutting optimization and rectangle packing (JANSEN; PRADEL, 2009). In order to get

an approximate solution, we formulate the problem as a computationally tractable quadratic

optimization problem. The optimization is formulated as in Equation (6.1) below:

minimize E(z) = Ecomp(z) + Erezise(z),

subject to Az ≤ b, z = [x y r δ]> ,

x = (x1,x2, ...,xN)> ∈RN

y = (y1,y2, ...,yN)> ∈RN

r = (r12, ..., r1N, r23, ..., r2N, ..., rN− 1N)> , r i j ∈ { 0,1}

δ0 ≤ δ ≤ min(W,H),

(6.1)

where z is the sought solution; y and x correspond to the coordinates of the centroids of the

cells; δ is the scaling factor; A and b hold theconstraints imposed on the optimization problem.

The unknowns r i j are control variables used to properly avoid overlaps. The energy components

Ecomp(z) and Eresize(z) control theproximity between cellsand thearea increase, respectively.

The former term accounts for overlapsand neighborhood preservation and the second term is

designed to scale the box to fill up as much areaas possible, as Figure 33 illustrates.

Compactness Energy Term The first term in the energy functional, Ecomp, controls the

relative position among cells and its goal is to keep the layout compact. The energy Ecomp

is a quadratic function that simply takes into account the centers of the boxes, as shown in
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Figure 33 – Minimizing each term of the energy functional E in an illustrative layout. (a) Original layout, (b) Ecomp
only, (c) Eresize only, (d) the proposed energy functional E = Ecomp + Eresize.

(a) (b) (c) (d)

Source: Gomez-Nieto et al. (2016).

Equation (6.2):

Ecomp(z) = C∑
(i, j )

(xi − x j )2 + (yi − y j)2, (6.2)

where(i, j) = ( j, i) representsthe N(N− 1)
2 pairs(gi,g j ), i, j ,∈ { 1, ...,N} andC= 1/ min(W,H) · N(N− 1)

2

isanormalization factor. In lessmathematical terms, Ecomp forcesboxesto beclose to each other

and the normalization factor C ensures that the term Ecomp contributes in the same amount as

Eresize in the total energy E, thus enabling agood balance between compactness and areausage.

Area Usage Energy Term The energy term Eresize controls the amount boxes should be

scaled to optimize theuseof display area. Since thearea of any cell depends only on the length

of the largest cells, that is, the area of each cell gi is given by Ai = (αiδ)2, α i = 1/ 2k, wherek is

the refinement level of gi, we can define the resize energy as a quadratic function as follows:

Eresize(z) = (δ − min(W,H))2, (6.3)

wheremin(W,H) is theminimum between thewidth and height of thedisplay area(seeFig. 33c).

It is easy to see that if no constraints are imposed to the unknowns, the minimum of

Ecomp is reached when all cells have the same center and the minimum of Eresize takes place

when the length of the larger cell is equal to min(W,H). Therefore, without constraints the

optimization process will stack cellson over the other. To avoid such unsuitable output, we must

settleconstraints as discussed next.

6.2.2.2 Optimization constraints

As described in Equation (6.1), constraints are gathered in matrix A and vector b and

they are imposed to properly control overlaps and the relativeposition of cells. Given the initial

position (xi, yi) and length αiδ of each cell, the relative order (also called orthogonal order) of

theboxes is given by:
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Figure 34 – Comparison against overlap removal techniques for the three initial classes of experiments.

Source: Gomez-Nieto et al. (2016).
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xp1 ≤ xp2 ≤ ... ≤ xpn ⇒ xpi − xpi+ 1 ≤ 0

yq1 ≤ yq2 ≤ ... ≤ yqn ⇒ yqi − yqi+ 1 ≤ 0
(6.4)

where p,q: { 1,2, ...,N} → { 1,2, ...,N} are permutations of indices generated by sorting the

coordinates xi and yi .

Inequalities (6.4) allows for preserving the relative order of the cells, but it does not

account for overlap. Overlaps can behandled by forcing non-overlap conditions as follows:

|x j − xi | ≥
(αi + α j )

2
δ or |y j − yi | ≥

(α i + α j )
2

δ, (6.5)

From Equation (6.4) we have that if xi ≤ x j and yi ≤ y j then |x j − xi | = x j − xi and

|y j − yi | = y j − yi , which give rise to the following linear system of inequality:

xi − x j ≤ − (αi+ α j )
2 δ,

or

yi − y j ≤ − (αi+ α j )
2 δ,

(6.6)

Asproposed in (GOMEZ-NIETO et al., 2013), theor condition in (6.6) can behandle

by binary variables r i j ∈ { 0,1} such that:

xi− x j ≤ αi jδ+ Mr i j ⇔ yi− y j ≤ αi jδ+ M(1− r i j), (6.7)

whereαi j = − (αi+ α j )
2 and M is a very largeconstant. The roleof r i j is to ensure that if one of

the inequalities in Equation (6.6) holds, itscounterpart is set aside. For instance, if xi− x j ≤ αi jδ,

then r i j isequal to zero, thus yi− y j ≤ α i jδ+ M(1− r i j ) isnaturally satisfied for any valuesof y.

The linear inequalities, r i j unknowns, and δ make up the linear system [A|b]. The left and right

bounds for the x coordinate of the center of the cells must also be imposed in [A|b], that is,

0 ≤ xi −
αi

2
δ and xi +

αi

2
δ < W, i = 1,2, ...,N, (6.8)

Similar inequalities are set to limit theupper and lower bounds of they coordinates.

Constraints Relaxation Theoptimization problem described in Equation (6.1) providesa

flexible and simple mechanism to relax constraintsand generatedistinct layout arrangements.

This is performed by adding relaxation parameters (scalars) in the inequalities to allow for some

degree of overlap, orthogonal disorder and so on.

6.2.2.3 Computational aspects

The formulation (6.1) is a Mixed Integer Quadratic Programming (MIQP) Problem,

which is minimized by computing an extension of the so-called Branch-and-Bound optimization

scheme, where the original MIQP problem isconverted to aLinear Programming Problem in

order to be properly handled and solved (LEE; LEYFFER, 2012).
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Figure 35 – Comparison with visual board techniques for the last class (taken from Fig. 37).

Source: Gomez-Nieto et al. (2016).

In termsof usage, our code was implemented using the solvers and optimization routines

provided by Gurobi Optimization Package, which is available at <http://www.gurobi.com/>.

6.3 Results and comparisons

The performance of the proposed optimization scheme is assessed through a set of

comparisons against well established geometry based layout construction techniques. More

precisely, we employ four distinct metrics to quantitatively measure the quality of layouts

produced by two distinct classes of techniques, namely: overlap removal methods and visual

board techniques. Before presenting the comparison, we briefly describe themetricsaswell as

thedata sets used in our tests.

6.3.1 Metrics and datasets

Thequantitative measures arecomputed using the following metrics: Orthogonal Order-

ing (Section 2.4.7 referred here asO), Neighborhood Preservation (Section 2.4.5 referred hereas

K), AreaUsage (Section 2.4.9 referred hereas A) and Orthogonal Alignment (Section 2.4.8).

Metricsabove have been chosen because they measure important propertiesa semantic

layout must hold, namely, similarity preserving, compactness, and orthogonal alignment.

Data sets and Test Settings We divided the experiments in four groups: the first three

groupsof testsassess overlap removal methodswhile the last group evaluates theperformance

of our optimization schemeagainst visual board techniques.
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Figure 36 – Layouts produced by our approach, ProjSnippet, MIOLA, RWordle-C, VPSC and PRISM in 5 datasets.

Source: Gomez-Nieto et al. (2016).

In the first test we randomly draw points insidea rectangular two-dimensional domain,

which represents thedisplay area. The rectangle is discretized asa regular grid with dimensions

1600× 1200. Cells of thegrid that do not contain any point arediscarded. Theremaining cells
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define the boxes to be arranged in the layout. Asno overlap exists at this point, we enforce the

cells to overlap by uniformly increasing their area in 10%. Forcing overlap is mandatory since

most overlap removal methodscan not start up from an overlap freearrangement. Notice that

this is not the case for our approach, which also operates on overlap free layouts in order to

optimize areausageand structure. Fifteen configurations, with fifty random pointseach, make

up the first group of tests (called class 1 in Figure 34). The second experiment issimilar to the

first one, except we usea three level adaptivegrid to generate the geometric primitives (class2

in Figure34).

In the third experiment (class 3 in Figure 34) we use real data set containing high-

dimensional instanceswhich are mapped to the visual space using the LSP multidimensional

projection scheme. The layout is built from theprojected points using a three level adaptive grid.

Five data sets, taken from a public repository1, have been employed in the third experiment.

One data set contains a collection of snippets retrieved from a web search using "Scientific

Visualization" asquery expression; two datasets contain newsfrom BBC, CNN, and REUTERS;

the fourth data set corresponds to abstracts from IEEE InfoVis 2004 conference; and the last

dataset contains metadata from ascientific paper collection. Bag-of-wordswere extracted from

textual content and used to define the similarity between instances. Thosedistances areused as

input to the LSP projection method (PAULOVICH et al., 2008), which maps instances to the

visual space.

Finally, in the fourth group of testswe have randomly generated squares in a2D square

domain, as depicted in Figure 37. Those layouts are used as input to existing visual board

techniques.

6.3.2 Comparisons

The metrics describe above are used to assess the effectivenessof our approach when

compared against well known overlap removal techniques. Precisely, VPSC (DWYER; MAR-

RIOTT; STUCKEY, 2006), PRISM (GANSNER; HU, 2009), RWordle-C (STROBELT et al.,

2012), MIOLA (GOMEZ-NIETO et al., 2013), and ProjSnippet (GOMEZ-NIETO et al., 2014)

are used as basis for comparisons. These methods have been chosen either because they are

widely used or due to their good performance reported in the literature. We also compare our

approach against threevisual board techniques, namely, Incboard (PINHO; OLIVEIRA; LOPES,

2010), SSM (STRONG; GONG, 2014) and IsoMatch (FRIED et al., 2015).

Figure34 shows quantitative results obtained from the metricsdescribed above. Notice

that our approach clearly outperforms most techniques as to areausage (top row) and orthogonal

alignment (bottom row right). Regarding orthogonal ordering (middle row), our approach turns

out to be competitive, performing better for class 1. In terms of neighborhood preservation

(bottom row left), our approach also performed well, being surpassed only by ProjSnippet
1 Available at <http://infoserver.lcad.icmc.usp.br/infovis2/DataSets>
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and PRISM, which are known to preserve neighborhoods well. Figure 35 brings quantitative

comparison against visual board techniques. Notice that the proposed method outperforms

IncBoard and behavesnicely even when compared to SSM and IsoMatch, which have optimal

areausage (notice the vanish box plots) and cell alignment.

Figures36 and 37 depict qualitativeresultscomparing our approach with overlap removal

and visual board techniques, respectively. Notice that the proposed method gives rise to well

structured layoutswhereneighborhoods(indicated by color map) arenicely preserved. Moreover,

our approach makesa better useof display area, thus improving readability and content analysis.

6.4 Applications

In thissection wepresent three different applicationsof our technique, namely, image

gallery construction, textual documents analysis, and video data set visualization. In those

applications, effective data exploration is enabled if requirementssuch as object size, semantic

and overlap-free arrangements, scalability, and optimal areausageare combined in an optimal

manner, showing the relevance of our methodology to applications as theones presented in this

section.

The image gallery application, depicted in Figure38, aimsat visualizing image datasets

such that highly similar images, which tend to be projected close to each other in the visual

space, are summarized in large icons, while images with discriminative feature are represented

in small icons. To build the image gallery we extract 96 features from color attribute. More

specifically, each image issplit in 16 non-overlapping regular regionscovering the image from

which the first and second statistical moments for each R,G,B channel is extracted. Featurevec-

tors representing the imagesareprojected in thevisual spaceusing the Least SquareProjection

(LSP) (PAULOVICH et al., 2008) method. A three level adaptive grid is constructed and the

proposed layout optimization scheme is triggered in order to arrange the cells in a structured

overlap free layout. Largegrid cellscontaining several similar imagesgiveriseto iconic represen-

tations that summarizes the underlying images. Such iconic representation isbuilt by blending a

randomly chosen subset of the underlying imagesusing five levels of Laplacian pyramid (DO;

VETTERLI, 2003). In theexampleshown in Figure38, cellscontaining less then four images

are represented by a single representative image, cells containing four to eight imagesgives rise

to a four blended image icon, and icon with nine blended images is used to represent cells with

nine or more images. Images used in thisapplication were obtained from (FEI-FEI; FERGUS;

PERONA, 2007).

Thesecond application concerns textual document visualization. Following the conven-

tional tf-idf bag-of-wordsconstruction (SALTON, 1991) and stemming (LUHN, 1958), one can

yield feature vectors from which our methodology can straightly be applied. In the application

illustrated in Figure 39, we visualizea collection of 515 related papers published in the IEEE
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Figure 37 – Qualitative comparison of the proposed optimization scheme against visual board techniques In-
cboard (PINHO; OLIVEIRA; LOPES, 2010), SSM (STRONG; GONG, 2014) when taking the best
result from SSM w.r.t. their objective function after 1000 executionsand IsoMatch (FRIED et al., 2015)

.

Source: Gomez-Nieto et al. (2016).

VisWeek Conference2004. Each cell is textured with aword cloud built from keywordsextracted

from thedocumentscontained in thecell while font sizeand opacity isused to highlight themost

relevant keywordswhose ranking iscomputed using the method described in (PAULOVICH et

al., 2012). Notice that the layout iseasy to read, mainly due to the effective useof display area.

Moreover, it is not difficult to note that the grid-likestructure makes thevisual identification of
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Figure 38 – Image gallery application: (a) an adaptive grid is built from projected images; (b) an initial iconic
representation isgenerated; (c) the layout isoptimize to make an optimal use of area while preserving
the neighborhood of the grid cells.

(a)

(b) (c)

Source: Gomez-Nieto et al. (2016).

Figure 39 – Visualizing a dataset containing 515 documents using word clouds.(a) each document is represented by
apoint embedded in 2D spacewhereadaptivegrid is imposed, (b) aword cloud based on term-frequency
of documentscontained in each cell of grid is built.(c) shows the optimized layout using the proposed
method. Notice the size increasing that allow us to increase the number of wordsby each cell (colored
in lightgray).
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similar documents an easier task.

Our last application regardsvideo visualization, as illustrated in Figure40. Webuild a

collection of 300 videos from Youtubequerying six distinct topics, namely, linux, civil war, fifa

world cup, hawk, guitar and information visualization. Textual information associated to each

video isprocessed to generatea feature vector that represents thevideo in ahigh-dimensional

space. The proposed methodology with three level grid refinement isemployed to build a layout

where larger cells are textured as word clouds while the cells in the lowest refinement level

(smaller cells) are textured with asnippet build from ascreenshot of a randomly chosen video

contained in the cell aswell as textual information containing title, description and URL of the

video. Word clouds aregenerated using keywordsextracted from the text associated to the video.

As in the previous application, font sizes and priority-based opacity are used to highlight the

importanceof each keyword, which are ranked as in (PAULOVICH et al., 2012).

Notice how our approach was able to semantically organize the layout according to

the distinct topics, keeping videos related to “guitar” grouped on the left part of the layout,

“ linux” and “ information visualization” on the top right, “hawk” in the center, “fifa world cup”

on thebottom right, and “civil war” centered on the bottom. Interestingly, thesmaller cells in

the layout contain mainly videos about civil war and music videos related to the song “Civil

War” by Guns N’Roses. Moreover, besidesbeing well structured and semantically organized, the

layout resulting from our methodology iscompact and easy to read due to its effective use of

display area. One interesting fact of all generated layouts is the high level of interactivity for the

exploration task i.e. users areallowed to chooseacell summarizing somecontent (from all levels

except the last one) and then further explore that cell in more detail by recursively applying the

whole layout construction process only within that cell.

6.5 Discussion and limitations

Quantitative and qualitative comparisonspresented in Section 6.3 attest the quality of

our layout arrangement mechanism. In fact, our approach clearly outperforms most existing

techniqueswith respect to properties such asarea usage, orthogonal ordering and layout align-

ment, in addition to perform well as to neighborhood preservation. Therefore, our approach is

able to handle several requirement simultaneously, making it an attractive alternative for several

applications. The applications described in Section 6.4 show the versatility of our approach

in scenarios ranging from image gallery construction to word cloud based text visualization.

Moreover, the layouts resulting from our methodology turned out to beclean, well structured,

and easy to read.

Another interesting aspect of our approach is that the only parameter to be set is the

number of refinement levels in theadaptivegrid. In our testsweuse three levelsof refinement

and wenotice that the layout is not so easy to read when more than five levelsareused. However,
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Figure 40 – Visualizing 300 videosextracted from Youtube querying 6 different topics.

Source: Gomez-Nieto et al. (2016).

the appropriate number of refinement levels depends on the underlying application and the size

of screen. A weaknessof our methodology is that dense and tight datacluster may becut into

multiple cellsduring thegrid construction. Thisproblem can be mitigated through density-aware

grid generation, an improvement to be incorporated in our methodology.

Thequality of the semantic relation among grid cellsalso dependson the effectiveness

of the multidimensional projection scheme in preserving neighborhoods during the mapping

process. Visually encoding uncertainties as to neighborhood relation can help users during data

exploration. However, this is an aspect that has not been properly addressed even in thecontext

of multidimensional projection methods.

From our experimental analysis we also notice that it is not necessary to run the opti-

mization procedure until convergence. In other words, good layouts are obtained after a few

hundred iteration steps, being unnecessary to wait until a local minimum is reached. This fact

makes the proposed methodology also attractive in termsof computational times. For instance,
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the layouts presented in Section 6.4 took less than six seconds to be produced. However, the

algorithm can takea few minutes to fully converge if a local minimum is sought. To numerically

illustrate this fact, weshow in Fig. 41 the computational timespent by our methodology to reach

a certain number of iterations versus the ratio between the resulting and global minimization

energies Et / Eg for each layout from Fig. 36. Note from the y-axisof thegraph that how close to

1 the energy rates are, even for the layouts produced with a reduced number of iteration steps.

Figure 41 – Computational time versusoptimization convergence rate for the layouts from Fig. 36.

Source: Gomez-Nieto et al. (2016).

6.6 Conclusion

We introduced a novel methodology to build geometric layouts to visualize data. In

contrast to existing techniques, theproposed method makesuseof anovel optimization procedure

that is able to handle several requirements simultaneously, yielding structured overlap-free

arrangements while still ensuring a semantic relation among neighbor entities. Furthermore,

the method makes optimal use of display area, rendering it an effective and flexible tool for

applications varying from image gallery construction to video data set visualization.

Wearecurrently investigating interactivemechanismsto enableafreenavigation through-

out the layout as well as dynamic user-driven layout updates.
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CHAPTER

7
SEMANTICALLY AWARE DYNAMIC LAYOUTS

7.1 Introduction

In thischapter we describe a novel semantic aware layout construction technique that

allowsusersto freely tailor 2D arrangementsaccording to their interest. Theproposed formulation

relieson interactive mechanismsenabled by multidimensional projection methods to enforce

semantic relation in the layout. Moreover, the proposed approach isbased on asimple energy

function that can efficiently beminimized using well-known optimization libraries, thusavoiding

intricate computational implementations while ensuring real-time layout updates. Similar to

state-of-the-art techniques, our methodology is able to arrangegeometric primitives in arbitrary

visual domains, what renders it quite flexibleand versatile.

The provided resultsshow the effectiveness of our approach in building and organizing

user tailored layouts. Semantic relation between entitiesderivesfromsimilarity metrics, therefore,

theproposed methodology can be employed in different scenarios and applications.

7.2 The method

The proposed mechanism to dynamically update layoutsaccording to user intervention

builds upon the methodology of ProjSnippet (GOMEZ-NIETO et al., 2014), which has been

conceived to optimize layouts restricted to rectangular domainsand with no interactiveresources.

Our approach, in contrast, enables interactive resources that allow users to freely modify the

layout according to their interest while still being able to build arrangements in arbitrary visual

domains. Moreover, theproposed formulation combines theflexibility provided by control points

used in multidimensional projectionswith an energy function tuned to enable interactive layout

update as well as to enforce semantic relations among neighbor entities.

Figure42 illustrates the main componentsof theproposed pipeline. From left to right,
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Figure 42 – Method pipeline

Source: Gomez-Nieto, Motta e Nonato (2014).

given a data set and a similarity metric, the layout construction starts by mapping data instances

to avisual spaceusing a control point based multidimensional projection scheme, which forces

similar instances to be projected close to each other. Each instance in the visual space is then

associated to a geometric primitive (a box in our case), which are arranged in the visual space so

asto avoid overlapswhilepreserving theneighborhood relationssettled during theprojection step.

User can then modify the layout interactively by dragging and dropping geometric primitives.

During user interaction a simplified optimization scheme is triggered to dynamically remove

overlapsbetween instances, ensuring thereforeapleasant visual effect. When an instanceselected

by theuser is released, it becomes anew control point for themultidimensional projection and

the whole process is restarted from scratch. Since the initial control points are kept fixed,

neighborhoods far from theregion of interaction are mostly preserved by the multidimensional

projection, maintaining the context on those parts of the layout.

The following subsections detail each step of the pipeline.

7.2.1 Building the initial layout

In our implementation we use LSP (PAULOVICH et al., 2008) as multidimensional

projection mechanism. In order to keep the text self contained and better explain our approach

wequickly describe the LSP method.

Let P = { p1, . . . , pn} beaset of instances in ahigh-dimensional spaceand G = { P,E} be

the k-nearest neighbor graph of P, that is, each pi (for simplicity weuse thesame notation pi to

represent instancesand graph nodes) isanodeof G and an edgeei j ∈E if either p j isak-nearest

neighbor of pi or pi is a k-nearest neighbor of p j . Let L be the graph Laplacian matrix of G

defined asL = D − A, where D is the diagonal matrix with Dii = deg(pi) (degree or valence of

thenode) and A is theadjacency matrix of G whoseentry Ai j = 1 if there is an edgeconnecting

pi and p j and Ai j = 0 otherwise.

Assuming G connected (wecan ensureconnectednessby adding new edges if necessary),

the LSP method maps each instance pi to the visual space by solving the two linear systems

L~x = 0, L~y = 0 and setting the coordinates of pi = (xi ,yi) where xi and yi are the i-th entry in the
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solution vectors~x and~y.

ThehomogeneoussystemsL~x = 0 and L~y = 0 admit the trivial solutions~x = ~y = 0. To

avoid these trivial solutions constraintsmust be imposed to thesystems, which isperformed with

thehelp of control points. Specifically, LSP assumes that a subset Pc ⊂ P, the control points, are

endowed with coordinates in the visual space. The coordinates of the control points are used

as constraints to the linear systems, thus avoiding the trivial solutions. Moreover, the control

points constraints drive thewholemapping process. In other words, thewholeprojection follows

theposition of thecontrol points, making instances that are neighborsof control points in the

high-dimensional space to be mapped close to the corresponding control points in the visual

space. The coordinatesof the control points in the visual space are typically defined by a force

scheme or manually specified by users.

The original LSP method imposes constraints using a least square based approach.

Since the proposed interactive mechanism demands control points to be updated after each

user interaction, we opt to impose constraints via the penalty method. More specifically, let

Pc = { pi1, . . . , pim} be the set of instances corresponding to control points, to use the penalty

method the linear systems are then modified as follows:

(L + S)~x = S~bx and (L + S)~y = S~by (7.1)

where S is the penalty matrix with all entries equal zero except for the diagonal elements

Si j i j , j = 1, . . . ,m corresponding to control point indexes, which receive to a large positive

value, typically Si j i j = 108. Vectors~bx and~by also have entries equal zero except for the ones

corresponding to the indexes of control points, which are set with the abscissa and ordinate

coordinatesof thecontrol points, respectively. The advantage of using the penalty method is that

only diagonal elements of L are affected when constraintsare imposed. Therefore, L doesnot

need to be recomputed every timea new constraint shows up.

Figure 43(a) illustrates the point cloud resulting from the projection step and Figure

43(b) shows the initial layout after associating geometric primitives (rectangular boxes) to each

projected instance.

7.2.2 Semantic preserving overlap free layouts

At theend of theprojection step geometric primitivesassociated to projected instances

overlap considerably, impairing identification of individual entities and layout readability. In

order to produce uncluttered layoutsweoptimize the position of geometric primitives to remove

overlaps and preserve neighborhood structures established by the LSP.

The energy function that steers the layout arrangement is madeup of two components

E = (1− α )EO + αEN (7.2)
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Figure 43 – Visual result of each step of the proposed dynamic layout

(a) Multidimensional projection
(b) Assigning geometric primi-

tives
(c) Optimized layout before in-

teraction

(d) User interaction and local
layout updates

(e) Optimized layout after inter-
action

Source: Gomez-Nieto, Motta e Nonato (2014).

The component EO accounts for overlapping between primitiveswhileEN is related to neighbor-

hood relations resulting from the projection step. The parameter α ∈ [0,1] balances the relative

contribution of each component for the total energy E.

Energy E, as well as EO and EN, are functions of the coordinates of the bottom-left

corners of the rectangles representing data entities. Weomit the independent variables from the

equations to simplify thenotation.

Let~x,~y∈Rn be the coordinate vectors of the bottom left corner of each rectangle and

~v,~h ∈ Rn be vectors whose components are the vertical and horizontal dimensions of each

rectangle. Theenergy term EO is then defined as:

EO =
2

n(n+ 1)

n

∑
i= 1

n

∑
j= i+ 1

h
Oi, j(~x,~h)Oi, j(~y,~v)

i
(7.3)

where

Oi, j(~x,~h) =
1
h4

j
[h2

j − (xi − x j )2]2+ xi ≥ x j

1
h4

i
[h2

i − (xi − x j )2]2+ xi < x j

[x]+ =
x x ≥ 0

0 x < 0
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wheren isthenumber of data instancesand xi ,hi and x j ,h j denote, respectively, thex-coordinates

of thebottom left corner and thelengthsof rectangles i and j. Noticethat thefunction Oi, j(~x,~h) is

zero (minimal) if there isno horizontal overlapping between the rectangles i and j. The function

Oi, j (~y,~v) is defined similarly.

While EO moves geometric primitives to prevent overlapping, the energy term EN

establishessemantic relationsby forcing neighbor elements to be close to each other and it is

defined from theLaplacian matrix L introduced in the last subsection. Denoting by~x0 and~y0 the

x and y coordinatevectors of projected data instances wedefine thedifferential vectors ~δx and ~δy

as:
~δx = L~x0, ~δy = L~y0. (7.4)

The neighborhood energy is then defined by:

EN =
n2

2 ~δx
2 + ~δy

2 L~x− w~δx
2 + L~y− w~δy

2 . (7.5)

EN is minimal when the differentials L~x and L~y are proportional to the initial differentials ~δx

and ~δy. In other words, the energy EN is minimized when neighborhood relations are preserved

during optimization. Theunknown w isnecessary to ensure that ascaled version of theoriginally

projected layout isalso aminimum of theneighborhood energy (w is optimized together with ~δx

and ~δy). The factor n2

2
~δx

2
2 + ~δy

2
2

− 1 ensures that EN has the same order of magnitude as

EO, thusboth termsplay similar roles in the total energy E. Figure43(c) shows theoptimized

layout obtained from 43(b).

7.2.3 Enabling user interaction

Thereare two main issues that must beaddressed to enable friendly interactive resources,

namely, dynamic update of the layout during user interaction and preservation of semantic

relations in the modified layout. Dynamically updating the layout during interaction is important

to improve user experience and to ensure pleasant interaction resources. Preserving semantic

relations is mandatory to facilitate layout readability and interpretation.

In order to dynamically update the layout during user interaction we trigger a simplified

optimization scheme that removes overlaps between the primitive selected by the user and other

primitives in the layout. Specifically, when the user drags aprimitive, the layout is dynamically

optimized, but using only theoverlap energy EO. Therationalebehind temporarily neglecting the

neighborhood energy term is the following: asmost partsof the layout arenot affected during

interaction, the energy functional is already minimum in those regions, therefore, taking into

account neighborhood energy EN during interaction adds a unnecessary computational effort.

Moreover, during interaction the user keeps attention on the object s/he is interacting with,

neglecting semantic relations temporarily. Therefore, considering only EO during interaction

saves computational effort and this choicedoes not undermineuser experienceconsiderably.
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The minimization of EO can be done quite efficiently, as most parts of the layout are

already in their minimum configuration during interaction. In fact, this minimization can be

performed in interactive rates, enabling pleasant animation effects (seevideo in thesupplemental

material).

After interaction, we recover the semantic relation between neighbor instances by ex-

ploiting the flexibility provided by control points used in themultidimensional projection step.

The idea is to make each user selected instance a new control point for the multidimensional

projection. Onceaselected instance is released by theuser, itscoordinates in thevisual spaceare

incorporated into vectors~bx and~by in Equation (7.1), updating the penalty matrix Saccordingly.

The multidimensional projection is then run with the new set of control points and the layout

rebuilt from scratch, that is, theminimization process is triggered according to equation (7.2).

Since theoriginal control pointsarefixed, most parts of the layout remain unchanged, preserving

the visualization context as much as possible. Figures 43(d) and 43(e) illustratehow a layout is

affected during and after user interaction.

Replacing the layout modified during interaction by the layout updated after interaction

would result in an abrupt visual change, making difficult to figure out which primitives hasbeen

affected due to user intervention. In order to provide a smoother transition between layouts

wecombinean interpolation schemewith overlap removal. Specifically, let L b and L a be the

layouts resulting from user interaction and optimized with thenew control points. Let lbi and lai

be the location of a given geometric primitive in L b and L a respectively. The smooth transition

between lbi and lai is performed asdescribe in the following algorithm:

Algor ithm 1: Smooth transition
1 for i = 1, . . . ,n do
2 l i ← lbi

3 repeat
4 for each l i do
5 vi ← lai − l i // displacement direction

6 δi ←δkvik // displacement factor

7 l i ← l i + δivi / kvik // displacement towards lai

8 { l i} ← Overlap_Removal({ l i} )
9 l i ← (kvik − δi)l i / kl ik // ensuring l i goes to lai

10 until maxkvik ≥ ε;

Lines 1 to 2 initialize the smoothing transition process. Lines from 4 to 7 pushes all

geometric primitives towards their final position in L a. The overlap removal step in line 8 is

necessary to ensure pleasant transition but it can push geometric primitivesaway from their final

position. Line9 ensures theprimitivesare indeed converging to their position in the final layout

L a. The scalar δ is fixed as0.05, what makesδi to be fivepercent of the distancebetween l i and

lai . ε is fixed in 10− 3.
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Figure 44 – Defining constraints to trap primitiveswithin a giving visual domain

Source: Gomez-Nieto, Motta e Nonato (2014).

7.2.4 Dealing with arbitrary domains

In order to confineeach geometric primitiveswithin agiven visual domain we impose

constraints to theminimization problem. Specifically, thecoordinates of the bottom left corner

of each primitive arebounded by thevisual domain boundary shape, as depicted in Figure 44

and mathematically formalized in equation (7.6).

min (1− α )EO + αEN

such that: xmin
i ≤ xi ≤ xmax

i − hi, i = 1, . . . ,n

ymin
i ≤ yi ≤ ymax

i − vi, i = 1, . . . ,n.

(7.6)

To speed up theoptimization process we update theconstraints only after afixed number

of optimization steps (20 in our implementation). Not updating the constraintsafter every opti-

mization step allowsprimitives to move temporarily outside the visual domain. For visualization

purposes, violating slightly thevisual domain boundaries isnot aproblem and it is justified by

thegain in terms of computational performance.

The minimization is accomplished by a globally convergent local optimization method,

namely the Method of Moving Asymptotes (SVANBERG, 2002), available from the NLopt

library at <http://ab-initio.mit.edu/wiki/index.php/NLopt>.

7.3 Results

In thissection we present some layoutsgenerated from the proposed methodology. All

the results were produced using an Intel(R) Core(TM) i7-3537U computer with 8GB RAM.
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Figure 45 – Layouts produced from piano’s images. From left to right: initial layout, layout during interaction, final
layout

(a) Initial Layout (b) User Interaction (c) Final Layout

Source: Gomez-Nieto, Motta e Nonato (2014).

Figure 46 – Word cloud with size varying primitives

(a) Initial Layout (b) User Interaction (c) Final Layout

Source: Gomez-Nieto, Motta e Nonato (2014).

Figure45 showslayoutsgenerated from fifty imageswith dimensions256× 256 obtained

from the Calltech 101 data set (FEI-FEI; FERGUS; PERONA, 2007). Those images where

embedded in afeaturespaceby extracting 96 featuresrelated to color moments. Morespecifically,

each imagewassplit in 16 non-overlapping regions from which thefirst and second statistical

moments for each R,G, and B channel were extracted. Figure 45(a) shows the initial layout

obtained by projecting and optimizing the layout according to equation (7.2) (asquare box has

been assigned to each projected image). Figure 45(b) show the layout during user interaction

phase. The overlap removal opensa “path” throughout the region the user hasdragged images.

The opened path helps the user to keep a mental model of how much and where the layout is

changing. Figure 45(c) depicts the final layout after optimization. Notice that the interaction

changed theposition of two whitebackground piano imagesand, asaconsequence, all pianos

with white background hasalso been properly displaced, showing the capability of our approach

in preserving semantic relations.
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Figure 47 – Arbitrary Domain

Source: Gomez-Nieto, Motta e Nonato (2014).

Figure 46 illustrates the use of our layout construction methodology in textual data

analysis. More specifically, the layouts depicted in Figure 46 were generated by extracting bag-

of-words from parts (abstract and title) of 60 visualization related papers published in the IEEE

VisWeek Conference 2004. Therefore, each paper is represented by a term frequency vector in a

high-dimensional space. After projecting data instances to thevisual space, themost frequent

word for each data instance is used to represent the paper in the visual space and to generate

theword cloud. The sizeof each word in the layout reflects the relevanceof itscorresponding

paper. Precisely, we build an histogram of words and papers with a large number of frequent

words are considered more relevant. The result of projecting and optimizing the position of

words is depicted in 46(a). Layouts generated during and after user intervention are depicted in

Figures 46(b) and 46(c).

There are two important aspects to point out in thisword cloud construction application.

First, it shows the flexibility of our approach in handling geometric primitives with distinct

sizes (in thiscase the rectanglesbounding each word). Second, in contrast to other interactive

schemes devoted to generate word clouds, our approach ensures a semantic relation between

neighbor words in thecloud, which is highly desirable. Thesemantic relation here is defined by

thesimilarity between documents measured from the word-frequency feature vector.

To illustrate how our approach behaveswhen facing irregular visual domains we present

the layout depicted in Figure 47. Notice that despite the irregular shapeof theunderlying visual

domain, our approach was able to generate asatisfactory result.

To conclude, wepresent in Figure48 alayout generated from 70 imagesof Rio deJaneiro

city obtained from searches in the web. The layout was drastically modified by a user (Figure 48
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Figure 48 – Layout generated from 70 imagesof Rio deJaneiro city arranged with the proposed interactive layout
construction mechanism.

Source: Gomez-Nieto, Motta e Nonato (2014).

middle) and our method wasable to rebuild the layout respecting the similarity of the images

(Figure 48 right). Notice that imagesof beaches are mostly concentrated at the bottom-right part

of the layout while images related to theChrist’s statue and Rio night lifeare on the center and

top right parts of the layout.

7.4 Discussion, limitation and future Work

As shown in last section the proposed methodology enables freeuser interaction and it is

able to producepleasant layouts. Moreover, it turns out to beflexibleenough to beemployed in

applications ranging from image gallery construction to word cloud based text visualization. In

fact, theproposed methodology bears traitsnot present in most existing techniquessuch as the

capability of preserving semantic relations in the layout.

When compared against state-of-art techniques as the one proposed by Reinert et

al. (REINERT; RITSCHEL; SEIDEL, 2013), which also preserves semantic relations, our

approach relieson a much simpler computational formulation/implementation. However, Rein-

ert’s technique has the advantage of producing pretty regular layouts, a property not present in

our approach. Generating well structured layouts isadesirableproperty that facilitatesreadability

and object location in the layout. How to modify the energy functional to producemore regular

arrangements is a problem we intend to tackle in a future work.

Another drawback of our approach is related to local minima, mainly when dealing with

very irregular visual domains. Local minima can lead to unsuitable layout configurations, ham-

pering visualization. Although userscan “reshape” the layout interactively, weare investigating

alternatives that are less susceptible to local minima.
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7.5 Conclusion

In thischapter wedescribed anovel methodology to build layouts madeup geometric

primitives. Our approach isvery flexible, allowsfreeuser intervention, and can deal with arbitrary

visual domains, thus bearing traitsnot present in most existing methods. Theproposed technique

is useful in different visualization scenarios and quiteeffective in termsof semantic preservation

during layout construction. The simplecomputational and mathematical formulation render our

methodology a good alternative for tailoring semantic layouts.
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CHAPTER

8
CONCLUSION AND FUTURE WORK

In this dissertation we presented four different formulations to address the generation

of semantic layouts from multidimensional data. As can be noticed, all of these approaches

deal simultaneously with multiple requirements for empowering exploration and analysis ca-

pabilities of similarity based 2D representations. Specifically, ProjSnippet (GOMEZ-NIETO

et al., 2014) displays the results of textual queries applied to web search engines by using a

novel overlap removal energy functional that considers both the neighborhood relationsbetween

instances and their overlapping in the visual space. Minimizing thisenergy functional providesa

neighborhood preserving two-dimensional arrangement of the textual snippetswith minimum

overlap. MIOLA (GOMEZ-NIETO et al., 2013) uses a Mixed Integer Quadratic Formulation

for overlap removal, enabling well structured layouts generation. It does not rely on intersection

tests, making the algorithm simpler to implement. Moreover, it isquite flexible, being able to

generate different layouts by just handling optimization constraints. Subsequently, wepropose

a new optimization method (GOMEZ-NIETO et al., 2016) that incorporates a wider rangeof

requirements, i.e. display area optimization, hierarchical organization and object scaling. It

allows to exploit efficiently thedisplay spacewhile preserve the scale ratio among entities, in

addition to the set of requirementsalready addressed. Moreover, scalability ishandled through a

hierarchical representation scheme combined with navigation tools. Finally, our mechanism of

semantically aware for dynamic updating (GOMEZ-NIETO; MOTTA; NONATO, 2014) allows

free user intervention to rearrange the layout according to his/her preferencesbesidesdealing

efficiently with arbitrary visual domains.

Oneof thepositiveaspects in managing multiplerequirementsduring layout construction

is that wecan play with properties such as object size and neighborhood to highlight relevant

portionsof the layout without losing thesemantic relation among objects. By handling additional

requisites such asoverlap-free and optimal usageof display area wecan reduce visual clutter

while improving readability. As far asweknown, no other techniquesdevoted to build layouts

from geometric primitives is able to deal with so many concurrent requirements to generate
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meaningful layouts.

The practical usefulness of our methods is demonstrated in different multimedia data

visualization applications. Within thesewecan mention textual snippetsfrom web search engines,

worclouds from document collections, image galleriesand videos from video streaming sites.

An important benefit of our methods is that are highly applicable to any dataset as long as it can

bedescribed as multidimensional data and a distance measurecan beused to establish similarity

relations between instances. A good example is the work proposed by Dasgupta et al. (2015)

that improves readability of its visualization for climate model comparison using MIOLA.

Identifying new requirements is amandatory task to evolve in this research topic. All of

requirementsaddressed in thisstudy were result of experimentation on multidimensional data

associated to geometric primitives. As commented in Chapter 1, different typesof data requires

of different designsand functionalities for extracting asmuch information aspossible, in this

way we believe that introducing semantic layouts into different contexts that to the focused in

this work will widely enrich thedevelopment of this topic.

Wearecurrently investigating new interactive mechanisms to enablea freenavigation

throughout the layout as well as dynamic user-driven layout updates. A major drawback is

concerns to the number of instances to optimize during semantic interactions since solving

an optimization problem with a high number of variables fast enough to provide a real time

interaction is computationally costly.
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