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“A good beginning makes a good ending.”

“A light heart lives long.”

Abstract
Presentation slides are one of the most important tools for today’s knowledge workers to present knowledge, exchange information, and discuss ideas for business,
education and research purposes. Presentation slide composition is an important
job for these presentation composers. To create presentation slides, one common
practice is to start from existing slides. One of the primary reasons of slide reuse is
to repurpose existing content in existing presentation files for various events, audiences, formats, etc. For example, when many researchers and lectures create new
presentation slides, they reuse the lecture notes used in university courses and the
reports presented in academic conferences. In business applications, people often
combine materials used in previous presentations to create a summary, and modify
existing slides in order to present to different audiences.
However, browsing these existing files and searching relevant materials is a timeconsuming task. It is difficult to remember where all the contents reside. People
often remember only some keywords, an image, a diagram or a slide. To this end
the search and retrieval method for presentation slide reuse is necessary to develop.
Detecting reused materials in presentation slides benefits many presentation-related
applications; e.g., assisting composer in tracking changes in multiple versions, understanding existing presentation slides, and assembling existing slides to make new
ones, etc. Although the slide retrieval method for reuse and the method to compare
different versions of a presentation file have been proposed, they are either based
on slide-to-slide comparison or file-to-file comparison. In many cases, only an individual element such as a sentence, a table, an image or a diagram, is copied from
one file to another, but overall the slides and the files differ significantly, and thus
the reuse element cannot be identified by these methods.
Many knowledge workers demonstrate presentations using slide show software such
as Microsoft PowerPoint, Keynote, and OpenOffice. Although these tools provide
easy ways for slide preparation by inserting texts, images, animations, etc., traditional slide show software lack in the functions of the slide structure and the content
support. Many researchers propose slide generation and composition methods for
presentation slides. Some of them extract presentation contents from paper, while
others based on the outline wizard. But all of the proposed method and system
generates presentation slides automatically, that’s to say, user have no choice about

the structure of the presentations, and cannot participate in the contents and the
layouts of the slides.
In order to achieve these goals of presentation slides searching, managing and design
supporting, this thesis introduces the respective approaches to effective presentation
slide reuse support. The fundamental approaches to these researches are to propose
content-based element search methods among presentation slides, then provide a
method to manage presentation slides from the perspective of individual elements.
Finally, a four-stage framework for presentation design support is designed to help
users composite the presentation slides.
The first research is to provide search and retrieval methods for presentation slides.
Unlike previous methods, we consider processing queries on elements in slides, including text, images, diagrams, etc. The users may select an element in a slide or
just input some text or specify an image in their computers as a query. We return
slides that contain relevant materials and highlight the relevant parts. To improve
the search quality, we propose content-based methods to handle queries involving
visual elements such as images, diagrams, and charts. To process the various types
of queries, we propose different scoring functions to measure the relevance of the
result, hence modeling the queries as top-k searches so that the results presented
to the users are ranked in decreasing relevance order.
The second research is to propose a management method from the perspective
of reuse elements. Different methods are developed to detect textual and visual
elements reused in a slide repository specified by users. Textual elements are divided
into sentences and further decomposed to bags of words. To detect reused sentences
and consider the case when slide composers make minor modifications after reusing
elements, similarities are taken into account to tolerate nuances between different
versions. Likewise, the bag-of-words model is adopted to find reused visual elements,
and utilize similarities to handle the case when they are transformed after reuse.
The techniques to tackle the efficiency challenge are also introduced. Then two ways
of visualizing reused elements are proposed. The first is to show the files and slides
that use the same element in a timeline. The second is to construct a network of
presentation files connected by reused elements.
The third research is to introduce a framework for the presentation design support.
The framework consists of four stages, the story, the unit, the page and the layout.
The users may select topics to design the presentation structure first, and input

or search the contents for the topic, then allot these components into different
pages, finally decide the layouts of the slides. The content-based element search is
integrated in the unit stage to help user find the useful contents. In this method, user
can design the structure and choose the content of the presentation slides. About
this work, the preliminary work is preformed. We have design the framework and
do some experiments for evaluation.
We summarize the main contributions of the research in this thesis. First, the
content-base element search method help user to find interested slides for the next
reuse. Second, the management by individual reuse elements will help user get
the overview and detailed understanding of the presentation slides. Finally, the
four-stage framework supports the presentation slide design from the structure to
the contents. Experiments on the proposed methods demonstrate that our work is
effective and practical.
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Chapter 1
Introduction

1.1

Research Background

Slide presentations are one of the most important tools for today’s knowledge workers to present information, exchange idea and discuss problems for business, research
and educational purposes. Composers will create many presentations to use. Instead of starting from scratch, users tend to make new presentation slides by reusing
existing materials. An online survey shows that more than 97% people compose presentation slides by reusing existing slides rather than starting from scratch [2].
Reuse is fairly common in these groups. Figure 1.1 shows the extent to which
the content in each group is reused(the percentage of slides that contain reused
content). From this figure, we can see that presentation reuse is common among
research and business applications. One of the primary reasons of slide reuse is to
repurpose existing content for different events, listeners, formats and so on. For
example, when many researchers and lectures create new presentation slides, they
reuse the lecture notes used in university courses and the reports presented in academic conferences. In business applications, people often combine materials used
in previous presentations to create a summary, and modify existing slides in order
to present to different audiences.
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Materials in presentation files that are often reused include text, graphical elements
such as images and charts, and slides. In addition, presentation files are often used
as data sources and templates for creating new files. Figure 1.2 shows the extent
of reuse in different types of presentation materials. It can be seen that graphical
elements and slides are the most frequently reused materials. However, existing
systems barely offer any support for searching relevant graphical elements or slides.
Presentation composers reported that they have to collect desired materials by
searching a remembered element from existing presentation files, and then locate
other required materials in these files.
Figure 1.3 shows the types (text-heavy, graphics-heavy, or both) of slides that
contain reused elements. The “heaviness” was determined by the proportion of
space on the slide taken by textual content and graphical content.
The notion of presentation slide reuse was proposed in [1]. An online survey was
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conducted to study how often users start composing presentations from an existing
presentation, and what types of materials are often reused. Based on the survey, a
system was developed [2]. The users can select a slide as the query and the system
recommends relevant slides stored on the users’ machines. The similarities of text,
image, and contextual information, i.e., file paths and names, are equally considered
to compute an overall score to measure the relevance between a query and a result
slide. Edit distance is employed to capture the text similarity. Image similarity
is computed using the Jaccard coefficient over image IDs. Contextual similarity is
also measured using Jaccard over the full paths and file names split by delimiters.
For the problem of presentation slide retrieval, many approaches focus on processing
keyword queries. The notion of impression of keywords in a presentation was proposed and a search engine called UPRISE [4] was accordingly developed to retrieve
relevant slides to keyword queries. Another system called SLIDIR [5] was developed to find slide images for a textual query based on machine learning technique.
An XML-based system was developed [6] to solve the retrieval problem by extracting textual features to compute fuzzy relevance scores of database slides. In [7], a
snippet-generation method was proposed to support the retrieval and browsing of
slides based on the relationships between slides.
Besides the keyword retrieval from presentation files, an indexing and retrieval
method in which slides are captured as images was also studied [8]. In addition to
handling image queries, answering diagram queries is also investigated [9]. In this
work, both query and database diagrams are decomposed into constituent shapes.
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Then the types of shapes (e.g., rectangle, triangle, arrow, etc.) and their locations
in the slide are compared to acquire the relevance score.
Prevalent presentation composition tools such as Microsoft PowerPoint and OpenOffice Impress mainly provide tools for slide composition and presentation, but they
do not provide any support of showing an overview of the comparison of differences
between multiple versions. For this reason, a presentation slide management system was developed to visually compare between different versions of presentation
files [10]. The system compares between slides differences in text and pixel-level
differences in images. It also provides an interactive visualization tool for users to
examine differences between presentations. The difference between our work and
this study is that our method focuses on exhibiting how individual elements are used
in different slides, while their work focuses on presenting users differences between
slides.
Another line of work studies presentation composition and generation methods. In
[5], a presentation composition method was proposed on the basis of outline matching and implemented in a tool called Outline Wizard. Other presentation composition approaches include topic clustering [11] and hierarchical organization [12]. In
addition, there are a few literatures that investigate generating slides from academic
papers [13], discourse structure [14], or textbook chapters [15].

1.2

Research Objectives and Contributions

A primary challenge in slide reuse is to select desired materials from a collection of
existing slides, then browse, compare and reuse or modify them. It is difficult to
remember where all the contents reside. People often remember only some keywords,
an image, a diagram or a slide. To this end, the search and retrieval system for
presentation slide reuse was developed. Users may select a whole slide as a query
and a similarity search over the text, images, and the contextual information of the
slide is used to return relevant slides. It does not provide specific input for individual
elements in slides and corresponding retrieval methods. Hence it is difficult for the
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users to search by just text such as keywords or sentences, or graphical elements
such as images, diagrams, or charts in a slide.
To this end, we investigate the problem of element search for presentation slide
reuse. The users may select an element in a slide, or input just some text or specify
an image in their computers as a query. We return the slides that contain relevant
materials.
Although the slide retrieval method for reuse and the method to compare different
versions of presentation files have been proposed, how to detect reused materials in
presentation slides is still a problem. It can assist composer in tracking changes in
multiple versions, understanding existing presentation slides, and assembling existing slides to make new ones. We investigate the problem of managing presentation
slides from the perspective of individual elements. Different methods are developed
to detect textual and visual elements reused in the presentation slide collections. In
order to understand the detected reused elements, two ways of visualizing reused
elements are proposed. The first is to show the files and slides that use the same
element in a timeline, the second is to construct a network of presentation files
connected by reused elements.
Based on the proposed methods, prototype systems are designed with user-friendly
interface, which can be integrated into slide composition tools. To demonstrate
the effectiveness of our methods, experiments on real presentation slide data is
conducted using the prototype systems.
Many researchers propose slide generation and composition methods for presentation slides. Some of them extract presentation contents from papers, while others
based on the outline wizard. But all of the proposed methods and systems generate
presentation slides automatically, that’s to say, user have no choice about the structure of the presentation, and cannot participate in the contents and the layouts of
the slides. We investigate the problem of presentation design support and propose
a design support system. The users may select topics to design the presentation
structures first, and input or search the contents for the topics, then allot these
components into different pages, finally decide the layouts of the slides.
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Based on the proposed framework, a prototype system is designed. To demonstrate
the effectiveness of our framework, experimental evaluation is conducted on the
system preliminarily. We first check if all the contents are properly assigned into
slides, then we make a questionnaire to see the usefulness to help users design the
presentation slides.
Our contributions can be summarized as follows:

• We propose content search methods to process slide element queries for slide
reuse.
• We propose an approach to presentation slide management by exploiting the
notion of reused elements and develop techniques to detect and visualize
reused elements in users’ slide repositories.
• We propose a four-stage framework to help user design the presentation slides,
and provide support methods in each stage to make the presentation slides
contents fine grained and highly structured.
• We design a slide content search system integrated with a user-friendly interface to help users specify the materials they want to reuse and browse search
results, and help users browse slides through reused elements.
• We conduct experiments to evaluate the effectiveness and the efficiency of the
proposed methods with comparisons to existing solutions.
• We preliminarily implement a presentation design support system and evaluate the effectiveness and the usefulness of the system.

1.3

Research Map

Based on our objective and techniques related to our proposed methods, we show
the research map in Figure 1.4. We use the database to store the dataset, provide
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Figure 1.4: Research map of our work

data for the element search. The search method in Chapter 3 uses the text retrieval and image retrieval in information retrieval field. The management method
in Chapter 4 is related to the file system and the information management system.
Different from the existing method, we propose the reused element-based management of the presentation slides. The Microsoft Office, Keynote, OpenOffice software
provide the environments to design and edit the presentation slides, but they lack
the support of the structure design and content input techniques, our proposed
method in Chapter 5 can provide these supports.
Many researchers focus on the presentation generation from other types of files
automatically, such as the academic paper and reports. With the content retrieved,
we can also provide the search support for the presentation design and generation.

1.4

Thesis Organization

The rest of the thesis is organized as follows.
In Chapter 2, we make a literature review on the related research and show our
originality.
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In Chapter 3, we introduce the content-based element search methods of different
types of queries.
In Chapter 4, we introduce the method of managing presentation slides with reused
elements.
In Chapter 5, we introduce the on-going work, the four stage presentation slide
design support system.
In Chapter 6, we summarize these works and propose future studies in element
search, reuse detection and design support system.

Chapter 2
Related Work
Our study on the presentation slide reuse touches upon the problems of the presentation reuse, slide retrieval, slide management, slide generation and slide composition. In this chapter, we will give the literature review about the related research
separately.

2.1

Presentation Slide Reuse

Existing studies process presentation slide reuse as search or retrieval problems,
“How can we help users to identify the best materials by building systems that
assist in their retrieval?” [16]. According to the studies on this topic, the systems
designed for reuse support need to:

1) support current practices of users [1],

2) facilitate the search process by considering what materials are remembered by
users [17], and 3) represent search results to support the identification of users’
desired materials [17, 18]. A deeper understanding of how users reuse presentation
materials is first to design effective methods for reuse support. To this end, we
investigate the problem of content search for presentation slide reuse and managing
presentation slides from the perspective of individual elements.
Materials reuse is closely related to social diffusion, i.e., the spread of information
spread in a social network system [19]. Since information is always spread with social
9
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relations, people who live nearby are more likely to influence each other more than
those who are distant, and interactions often occur between similar people [20]. A
study by Jensen et al. [21] investigated reuse characteristics by logging the activities
of 17 knowledge workers. It aims at tracking data provenance as well as evaluating
the effectiveness of provenance cues for document recalls. Unlike [21], by tracking
reuse elements, our goal is to facilitate content reuse in a large presentation file
repository. Our methodology is also different from [21]: instead of tracking user
actions using desktop instrumentation, we retrieve user’s desired elements to reuse
by searching in repository.
The notion of presentation slide reuse was proposed in [1]. An online survey was
conducted to study how often users start composing presentations from an existing
presentation, and what types of materials are often reused. Based on the survey,
a system was developed [2]. The users can select a slide as the query and the
system recommends relevant slides stored on the users’ machines. The similarities
of text, image, and contextual information, i.e., file paths and names, are equally
considered to compute an overall score to measure the relevance between a query
and the result. Edit distance is employed to capture the text similarity. Image
similarity is computed using the Jaccard coefficient over image IDs. Contextual
similarity is also measured using Jaccard over the full paths and file names split by
delimiters. This method is effective to find relevant materials from the slides which
were made by the users themselves, but its drawbacks are also apparent:

• The users must input whole slides as queries, while the users may only want
to search for an element in a slide, such as a text paragraph, an image, or a
diagram.
• Search quality is compromised due to using improper relevance functions (e.g.,
edit distance for text, which miss many relevant results if the order of words
is changed) and retrieving images in a context-based manner. This is because they use edit distance for text similarity, while the order of words may
be changed in the relevant materials, and hence yields very large edit distance. Moreover, the relevance of images is computed in a context manner by
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comparing image IDs. Only images copied from one slide to another can be
identified by this method. Hence if the relevant materials are bit-wise different
from the query they will be completely missed.
• The similarity scores are computed for every pair of database slides and stored
offline. Therefore, the queries must be slides that have been already stored in
the database.

There have been a few studies on the problem of reuse detection in text documents
in the last two decades, which can be divided into the following two categories:

• Overlap methods: Sliding windows are used. The window is fixed-size and
shifted by one word. Identical or similar sliding windows that appear in two
documents are detected and regarded as reused contents. Notable methods
are: 0 mod p [22], winnowing [23], and Hailstorm [24].
• Non-overlap methods: Documents are split into non-overlapping text segments such as sentences or phrases. Then identical or similar text segments
are detected as reused contents. This category of methods include hash breaking [25], DCT [26], qSign [27], etc.

Compared with text reuse detection, more attention has been paid on near-duplicate
document detection due to the need for the reduplication task in Web search engines. Many effective and efficient methods have been proposed [28–31]. The major
difference of the two problems is that only small document parts may originate from
other sources, whereas in near-duplicates entire documents are almost replicated.
Our study for presentation slide reuse first provides a content-based element search
for the interested slides, then gives a reused element detection method to track and
compared the reused contents. Finally we propose a framework for users to design
and compose the presentation slides.
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Presentation Slide Search

Most studies related to academic contents focus on the slides search and retrieval.
Yokota et al. [32] and Okamoto et al. [33] proposed the UPRISE (Unified Presentation Slide Retrieval by Impression Search Engine) system to retrieve lecture slides
from slide and recorded video archives. Kobayashi et al. [34] proposed a method for
retrieving lecture slides with UPRISE using pointer information.
Researchers proposed methods extracting important slides from unified content
based on the metadata features of either a single medium or multiple heterogeneous media. Kitayama et al. [35] proposed a method to extract slides with corresponding video scenes based on the relations of slides and their roles. Le et al. [36]
proposed an important slide extraction method that automatically generate digests
from recorded videos of presentation demonstration. Wang et al. [37] described
a process to automatically generate learning channels using the implicit semantic
relationships in the lecture slides accompanied by recorded videos.
Lan et al. [38] proposed a theoretical framework to rank retrieved slides and analyze list-wise ranking algorithms. Desktop search systems rely on keywords input by
users to retrieve desired materials. There are also studies on using provenance, access time and activity histories to support personal information search [21]. Tanaka
et al. [39] considered the manipulation of complex objects, and proposed the notion
of “element-based” generalization between the complex objects and reduction and
abstraction operators. In our research, we propose the element search for the slide
contents.
Finding the similarities between datasets has been studied extensively. UNIX’s
diff [40] is a widely used file differencing tool that highlights differences between
two documents on the line level. Files are treated as ordered sequences of lines, and
the longest common subsequence of lines between files is computed [41, 42]. Besides
longest common subsequence, edit distance (also called Levenshtein distance) [42] is
also widely adopted by file differencing tools to find lines that are inserted, deleted
or substituted between different files. Similar techniques are used in plagiarism
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detection [43] and biological sequences alignment [44]. SeeSoft [45] and SeeSys [46]
are two tools for text file difference visualization. Viégas et al. [47] devised the
history flow system that can be used to compare the edits on Wikipedia articles.
Their systems focus on visualizing different versions of text documents, while the
major task of our work is searching textual and graphical elements in presentation
slides.
Seeing the absence of element search in existing solutions and the demand for usability and search quality, we analyze the inherent properties of various types of
elements and devise corresponding methods. We propose a comprehensive solution
that can support most common types of elements in presentation slides, including
keywords, sentences, images, diagrams, tables, and charts. It provides a friendly
input method so that users can easily specify what they want. We do not require
the query to be from a slide stored in the database, whereas it is mandatory in
[2]. To achieve high search quality, besides designing proper relevance functions,
we choose a content-based manner for retrieving visual elements such as images
and diagrams, as opposed to the context-based method used by [2]. In addition to
these advantages, we develop efficient search algorithms so as to achieve very fast
response speed. Next we detail our viewpoint with the framework and approaches
to slide element search.

2.3

Presentation Slide Management

To locate desired materials, people often resort to information management systems and search systems [48]. As suggested by the research in the area of personal
information management, there are two problems on retrieving desired materials:
generating effective categorization and remembering the labels that support retrieval [49]. Since reuse of visual elements is a key factor, visual elements are often
remembered and considered for presentation reuse [1].
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By recording document history, knowledge workers are able to keep track of a growing amount of information. The history of a document, also called provenance [21],
includes a list of people who have used the document or made modifications on it.
Reuse detection is useful when no provenance metadata is maintained. Drucker et
al. [10] developed the slide reuse inferring techniques that can be used to support
presentation version management. In addition to legitimate reuse, the detection of
reused contents is also important for plagiarism detection. For example, COPS [25]
is a system developed for the detection of complete or partial text copies. Nearduplicate detection techniques have been widely used. For example, data integration
and cleaning [50], detecting from regulators to letters [51], and helping reviewers
check if an academic paper submission closely matches any published work [23].
A variety of techniques have been proposed, including fingerprinting [22, 23, 28],
locality-sensitive hashing [54] and information retrieval metrics [52, 53]. Our task
is similar to near-duplicate detection. We are interested in reuse detection in a
collection of presentation files that are broken into slides, each of which can be
treated as a document. [2] and [10] used Edit Distance (Levenshtein Distance)
similarity to search the text results, but it is sensitive to the insert and delete
operations. Therefore we use Jaccard similarity in our research, since it is insensitive
to the order of words, and hence more relevant results can be returned.
Many approaches have been developed for text analysis. For the problem of text
summarization, the approaches can be divided into two categories: sentence-based
and keyword-based. In sentenced-based approaches, most salient sentences in a
document are identified [55, 56]. For example, a browsing method was proposed
by Murai and Ushiama [57] to present users with a review-based recommendation of attractive sentences in fiction books. However, reading a few sentences per
document is time-consuming, especially when reader are given a large number of
books. In keyword-based approaches, documents are summarized by topics, which
are characterized by a set of keywords [58–60].
In our management system, we process textual elements in a sentence unit. Since
when the text in a slide is reused, composers may copy one or more sentences from
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one slide to another, but overall the texts in both slides differ significantly. For this
reason, reuse textual elements are chosen to detect on the sentence level.
Besides text summarization, various information visualization methods have been
developed to visualize the result of text analysis. Basically there are two main
categories of approaches: metadata-based and content-based. For metadata-based
methods, a time-based visualization method was proposed in [61] to show text
summarization results by a text analytic engine. In [62], a visualization method
was proposed to analyze emails and visualize the relationship between email senders
and receivers. For content-based methods, Viégas et al. [63] proposed to visualize
keywords based on TF-IDF scores in a document collection. Strobelt et al. [64]
proposed to create a compact visualization of a document using a mixture of TFIDF-based keywords and images. Chen et al. [65] and Iwata et al. [66] proposed
methods to visualize clustering results on a document collection. Other researchers
have focused on representing text at the words or phrases level, e.g., WordTree [68],
Phrase Net [69], TextArc [67], and FeatureLens [70].
Prevalent presentation composition tools such as Microsoft PowerPoint and OpenOffice Impress mainly focus on providing tools for slide composition and presentation,
but they do not provide any support of showing an overview of the differences between multiple versions. For this reason, a presentation slide management system
was developed to visually compare between slides, differences in text and pixel-level
differences in images [10]. The system compares pixel-level visual and the text differences on each slide. It also provides an interactive visualization tool for users to
examine differences between presentations. The difference between our work and
this study is that our method focuses on exhibiting how individual elements are used
in different slides, while their work focuses on presenting users differences between
slides.
We investigate the problem of managing presentation slides from the perspective
of individual elements. We first develop different methods to detect textual and
visual elements reused in a slide repository specified by users. Then we propose two
ways of visualizing reused elements. The first is to show the files that use the same
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element in a timeline. The second is to construct a network of presentation files
connected by common elements.

2.4

Presentation Slide Generation

Existing studies on slide-making support mainly focused on slide generation. Shibata et al. [71] proposed to convert Japanese documents to slide representations by
parsing the discourse structure in documents and representing in an outline format
result tree. Beamer et al. [73], Mathivanan et al. [72] and Yasumura et al. [74]
separately proposed systems that generate presentation slides from academic papers. In their methods, information is extracted from a paper by the TF-IDF-based
method. Sentences, figures, and tables are assigned to slides, and important phrases
are identified with bullets.
However, for the textual elements in slides, these methods only concentrate on the
consistency of the document structure. Kan [75] proposed a system to discover,
present and align document and slide pairs. The method by Yokota et al. [32] can
extract important information from slides. It assumes that the most significant
description of a word in a text is the passage in which the word appears the most
frequently. Hayama et al. [76] proposed a method for aligning slides and academic
papers using a hidden Markov model.
Chen [77] developed a system that searches in a slide database with extracted
presentation structures. It finds particular items such as images, diagrams, slides,
etc. by answering queries specified with a generated ontology. On the contrary,
our method allows users to specify queries with keywords, sentences, images, etc.
and then search contents they are interested in. Shibata et al. [71] proposed a slide
generation method by constructing discourse structure from text segments. To form
the discourse structure, a clause or a sentence is considered as a unit first, and then
it detects coherence relations between clauses and sentences with cue phrases, word
or phrase chains, and similarities between sentences. The coherence relations are
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then used to compute the depth of indentation for clauses or sentences to be put in
a slide.
There are a few studies that aim at generating slides automatically from existing
resources such as academic papers using text summarization techniques. Utiyama
et al. [78] proposed a slide generation method that creates slides from a text segment
with annotations which are called the GDA tagset. This method consider parse-tree
bracketing, semantic relation and coreference in the tagset to generate slides. The
semantic relation considered is mainly rhetorical relation like cause, concession and
elaboration relations. Although slides are generated based on semantic relationship,
the slides follow the standard format of bullet-point lists in prevalent presentation
software. In order to help users better understand the contents in slides, it is
necessary to diagrammatically allocate textual and graphical elements so that the
discourse structure is represented effectively on slides. Miyamoto et al. [79] proposed
a slide generation method from academical papers in the LaTeX format. Sentences
having parallel relations are extracted from papers, and slides are generated in an
itemized format using conjunctive words and phrases.
Different from automatic generation in the work above, we propose a four-stage
framework to help user generate the presentation slides according to the user’s
choice, from the structure to the contents in each unit and page.

2.5

Presentation Slide Composition

There are several existing presentation slide composition systems that provide tools
to compare different versions of the same presentation [10, 80, 81]. Other slide
composition methods include topic clustering [11], outline matching [5], and hierarchical organization [12]. However, there are hardly any existing investigations on
the design of recommender systems that support both slide composition and reuse.
Zellweger [82] devised a system to create multimedia documents embedded with
multiple scripted path. The Pallete system proposed by Nelson et al. [83] provides
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a tangible, paper-based interface for users to organize presentations. Unlike most
commercial slide composition software that focus on creating single linear sequences
of slides, several research systems have been developed to support multiple path
in presentation. Pad [80] and CounterPoint [84] are two systems with zoomable
interfaces that allow users to position slides spatially on an infinite canvas and
navigate to any slide in a presentation file with hyperlinks.
Moscovich et al. [85] developed a system where users are allowed to choose between
multiple paths while they are giving the talk. All of these systems aim at facilitating the process of presentation customization. Our systems target comparing and
managing multiple presentation files and hence is orthogonal to these methods and
can be used in conjunction with any of them.
Yasumura, et al. [74] proposed a slide composition method to generate slides in
XHTML format from academic papers produced in TeX format. In their method, a
paper manuscript is input first, and the number of slides for each section of the paper is computed. Appropriate layout template is then selected for each section and
subsection. Wang et al. [86] investigated the problem of supporting slide composition for classroom presentations. The skeleton of a presentation is extracted from a
textbook on the basis of the correspondence between existing slides and textbook
contents. Hierarchical structure of keywords is represented in the skeleton in order
to help users compose slides.
From the perspective of reusing existing presentation slides, some systems have
been developed to support the assembling of slides for new presentations [2, 10].
In these systems, interactive interfaces are provided to visualize and align multiple
presentations based on the similarities between slides. Outline Wizard [5] is a
slide composition system that uses the outline-based search techniques. Given a
repository of slides, it automatically extracts outlines from the hierarchical structure
of the slides. Users may specify an outline, and the system retrieves slides from the
repository that match users request. These systems facilitate the process of slide
composition from existing ones.
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All the above work disregard the user’s role by how to composite the slides according
to his intention. We propose a system that to help user design the structure, then
input or search contents, finally allot the component to each slide according to the
user’s choice. Our method, therefore, focuses on the role of user’s content decision
and help users with the structure and component design of the presentation slides.

Chapter 3
Content-based Element Search for
Presentation Slide Reuse

3.1

Introduction

Presentation slides are one of the most frequently used tools for business, education,
and research purposes. One of the common actions in building new presentations
is to build slides with existing ones. An online survey shows that most people
compose presentation slides by reusing existing materials rather than starting from
scratch [2]. One of the primary reasons of slide reuse is to repurpose existing content for different audiences, events, formats, etc. For instance, some massive open
online course (MOOC) platforms such as Coursera and edX are oriented towards
university students, including research students. Hence the courses they provide
involve many recent advances from the research community, and the lecturers often
merge the outcomes of their research into the courses. When creating presentation
slides, they will reuse the lecture notes used in university courses and the reports/tutorials presented in conferences and symposiums. In business applications, people
often modify existing content for the purpose of presenting to different audiences or
creating a summary by combining materials used in previous presentations.

21

Chapter 3. Content-based Element Search for Presentation Slide Reuse

22

However, browsing these files and searching relevant materials is a time-consuming
task. It is difficult to remember where all the contents reside. People often remember
only some keywords, an image, a diagram or a slide [1].
To this end, the search and retrieval system for presentation slide reuse was developed [2]. Users may select a whole slide as a query and a similarity search over the
text, images, and the contextual information of the slide is invoked to return relevant slides. Moreover, a system that compares different versions of the same slides
has also emerged [10]. However, neither of them provides specific input for individual elements in slides and corresponding retrieval methods. Hence it is difficult for
users to search for just texts such as keywords or sentences, or graphical elements
such as images, diagrams, or charts in a slide. In many cases, there is no appropriate slide on hand to serve as a query, but users may know what they are searching
for exactly: e.g., they want to input keywords or open an image instead of starting
with an existing slide that contains them. In addition, their image processing modules are context-based search by comparing image IDs, and thus only applicable to
the images that are copied from one slide to another. If the relevant images are
bit-wise different from those in the query (e.g., by a change in resolution), they will
be completely missed.
About this research, we study the problem of content search for presentation slide
reuse. Unlike previous methods, we consider processing queries on elements in
slides, including text, images, diagrams, etc. Users may select an element in a
slide, or input just some text or specify an image in their computers as a query. In
consequence they are freer to request what they want to reuse. We return slides
that contain relevant materials, and we do not require the query to be from a slide
already stored in the database, whereas it is mandatory in [2].
As opposed to the context-based methods used by [2] and [10], we propose contentbased methods to handle queries involving visual elements such as images, diagrams,
and charts, hence to improve the search quality. The bag-of-words model is employed to convert the visual elements in a slide to bags of visual words. For diagram
queries, we also take into account the shapes that constitute the diagram as well as
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the relations between their locations. To process the various types of queries, we
propose different scoring functions to measure the relevances of results, hence modeling the queries as top-k searches so that the results presented to users are ranked
in decreasing relevance order. For the sake of efficiency, we devise algorithms to
find the top-k answers leveraging the inverted indexes built on the database slides.
Based on the proposed methods, a prototype system with a user-friendly interface
is designed, and it can be integrated into slide composition tools for slide reuse. The
experimental evaluation on real presentation slide data demonstrates the superior
search quality of our methods to alternative solutions as well as the efficiency of our
methods against the method without indexes.
Our contribution can be summarized as follows:

• We propose content search methods to process slide element queries for slide
reuse.
• We design a slide content search system integrated with a user-friendly interface to help users specify the materials they want to reuse and browse search
results.
• We conduct evaluation experiments for the effectiveness and the efficiency of
the proposed methods with comparisons to existing solutions.

As far as we know, this is the first piece of work that systematically studies the
methods to support the retrieval for most types, if not all, of elements in presentation
slides.
The proposed methods are introduced in detail. Section 3.2 proposes the conceptual viewpoint with the framework and the approaches to slide content search.
Section 3.3 introduces the methods to process individual element search. Section 3.4 discusses the extension to the processing of multiple element queries and
slide queries. Section 3.5 introduces the user interface of the prototype system and
presents experiment results as well as our analyses. Finally, Section 3.6 concludes
this chapter.
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Data Preprocessing
Text Extraction

Indexed
Slide Database

Image Extraction
Diagram Shape Extraction
Diagram Screenshot Extraction

Slide Collection

Query Processing

Result Presenting

Keyword Query
Sentence Query

Element Query Input

Image Query
Diagram Query

Figure 3.1: An overview of slide element search framework

3.2

Conceptual Viewpoint with Framework and
Approaches

Figure 3.1 shows the framework of content-based slide element search, composed of
four main modules: query input, data preprocessing, query processing, and result
presenting. Next we introduce these modules respectively.

3.2.1

Query Input

Often reused presentation materials include textual and visual elements (e.g. graphs,
diagrams, images) [2]. Our framework supports the search of an element in a slide.
In addition, unlike the method in [2], the query does not need to be from a slide
already stored in the database. Users begin by loading a slide file, locate a slide,
and then initiate the search by selecting one of the following elements in a slide,
as shown in Figure 3.2:

(1) a text snippet, (2) an image, and (3) a diagram.

For text queries, if the selected text consists of no more than five words, we regard
it as a keyword query; otherwise it is regarded as a sentence query. For diagram
queries, since they usually consist of individual shapes (e.g., quadrangle, triangle,
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Figure 3.2: Element query input

arrow, etc.), we allow users to drag the cursor around a rectangle area that contains
the diagram, like using a snipping tool. For other element types, a table can be
searched with a text query as users may select the text in the table and submit it,
and a chart can be searched with an image query.
Besides selecting directly from a slide, users may also manually type in the text to
input a text query, or select an image stored in their computers to submit an image
query.

3.2.2

Data Preprocessing

A database of presentation slides is built by offline and stored on disk in order to
serve future queries. Users may specify the location where the repositories of slides
are stored in their computers.
In this module, we extract the following elements from the database slides: texts,
images, and shapes. Tables and charts are treated as texts and images, respectively.
The elements are then indexed to support different types of queries. The detailed
index construction will be presented in Section 3.3.
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Query Processing

The module of query processing is divided into several parts according to the types
of queries: text, image, and diagram. Text query is further divided into two subcategories, keyword query and sentence query. The methods to process the various
types of queries will be introduced in Sect. 3.3.

3.2.4

Result Presentation

The search results are sorted by relevance and shown in a list of slides. We show
three results at a time, and users may click the “next” button to view the next three
results. Users are also notified that the remaining results may be irrelevant so that
they may decide whether or not to see the remaining results. The page number
and the file name are given so they can locate the slide by themselves to reuse the
materials in presentation composition tools.
We design a system according to the above framework. The user interface of the
system will be shown in Section 5.4.1.

3.3

Query Processing Methods

We introduce the processing methods for different types of queries, followed by the
improvement on efficiency.

3.3.1

Keyword Query

For keyword query, this is a well studied problem in the area of information retrieval.
The most prevalent inverted index-based approach [87] is chosen to handle this type
of queries. We extract texts from the database slides. The text in each slide is
tokenized and stemmed into a bag of words with white space and punctuations.
Then an inverted index [87] is built, mapping each word to a list of slide IDs that
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contain the word, called a postings list. For each keyword input by the users, the
list of slide IDs that contain the keyword is obtained. Merging these lists will result
in the slide IDs that contain all the query keywords.
To rank the result slides, we first assign weights to the input keywords by tf-idf
weighting scheme:
wt,d = (1 + log tft,d ) · log

|D|
,
dft

(3.1)

where tft,d is the term frequency of the keyword in the slide, D is the slides total
number in the database, and dft is the document frequency of the keyword in the
database. Here, the subscript t and d is the term and document. Then the score of
a slide with respect to the query is
X

score(q, d) =

wt,d ,

(3.2)

t∈q∩d

where q denotes the set of query keywords, and d denotes the text of the slide.

3.3.2

Sentence Query

The processing of sentence query is more complicated than keyword query. Since
the content in the database slides may not completely match the query, we adopt
the idea of similarity search, and use the following equation to capture the score
between the query and a database slide:
score(q, d) =

|q ∩ d|
.
|q|

(3.3)

Here q and d are both bag of words, q denotes the set of query sentence, and d
denotes the text of the slide. The above scoring function is similar to the Jaccard
coefficient defined as the size of the intersection divided by the size of the union.
The difference is that we use the size of the query rather than the union as the
denominator, so that slides that approximately contain the query are with high
scores. Compared with the edit distance-based scoring function used in [2], our
scoring function is insensitive to the order of words, and hence more relevant results
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can be returned. Edit distance is a measure to quantify how dissimilar a string is
to another. It counts the minimum number of edit operations, including insertion,
deletion, and substitution of a character, to transform one string to the other. For
example, a query of “the telephone was invented by Alexander Bell in 1876”, and a
slide containing “in 1876, Alexander Bell invented the telephone”. The score using
ed(q,d)
=
Equation 3.3 is 7/9 = 0.78, while the edit distance-based score is only 1− max(|q|,|d|)

1−

40
52

= 0.23.

Because three results are shown at a time in the result presenting module and
ranked by relevance, this problem is equivalent to a progressive top-k search where
k = 3, 6, 9, etc. We will discuss the efficient computation of the top-k search in
Section 3.3.5, and continue with other types of queries first.

3.3.3

Image Query

To retrieve images using content information, we adopt the bag of words model [88],
a prevalent approach in computer vision. It represents images as bags of elementary
image patches called visual words, as shown in Figure 3.3. First, a dictionary of
visual words is created, called visual vocabulary. Then each database image can be
represented using the words in the visual vocabulary, and indexed to support image
queries. In our framework, we choose to tokenize the individual images contained in
the database slides into visual words. In order to build a visual word vocabulary, we
first detect interest regions in the images using Hessian-affine detector [89] widely
used in visual word-related studies, which provides satisfactory performances [90]
It is insensitive to affine transformations such as scaling, reflection, rotation, etc.
These regions are described as 128-dimension SIFT descriptors, and then clustered
by a hierarchical k-means algorithm [91], where each cluster representing a visual
word. Like textual words, we also build an inverted index to map each visual word
to a list of containing slide IDs.
To process image queries, the 128-dimension SIFT descriptors of the query image
are generated first. To convert them into visual words, we compare them with the
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Figure 3.3: Bag of words model for image retrieval [3]

visual vocabulary, i.e., the set of cluster centroids found by the hierarchical k-means
algorithm during the data preprocessing step, and assign each descriptor to a visual
word by selecting the nearest cluster centroid. Moreover, if the Euclidean distance
between the descriptor and the centroid is greater than the maximum distance from
a database image descriptor to a centroid, we treat it as a visual word beyond the
vocabulary, meaning it does not appear in the database slides. The query image is
hence converted to a bag of visual words. In order to rank the relevance, the scoring
function between a query image and a database image is defined by
score(q, d) =

|q ∩ d|
,
|q ∪ d|

(3.4)

where q and d are two bags of visual words. It is equivalent to the Jaccard coefficient,
and has been adopted for near duplicate image detection [92], based on the intuition
that similar images share most of their visual words.
Like sentence queries, the image queries are thus converted to top-k searches. Its
efficient processing will be discussed later.
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Figure 3.4: Example of diagram query

(a)
3.3.4

(b)

Diagram Query

Diagram queries are composed of individual shapes. For diagram queries, we take
into consideration two factors: the locations of the individual shapes and the overall
appearance of the diagram.
For the shapes contained, the relevance should reflect the relationship between their
locations. For example, Figure 3.4(a) shows a diagram consisting of three shapes:
a circle, a line, and a rectangle. Note we consider neither the text in the shapes
nor their dimensions but only their types. Because the circle is on the bottom
left of the line and the rectangle, the the shapes in a relevant result should keep
approximately the same relationship. Since a database slide may contain not only
the query diagram but also other shapes, it is difficult to map shapes in the query
diagram to the shapes in the database slide and check their mutual relationships

(the time complexity is O( m
· n!), where m and n are the numbers of shapes in
n
the database slide and the query diagram, respectively).
Instead, we measure the orders of shape locations in x and y-axes, respectively.
Without loss of generality, we use x-axis to describe our method. The shapes in the
query diagram are sorted according to the x-coordinates of their centers first. The
shapes in the database slide are also sorted according to this order. Then we have
two sequences of shape types, and the longest common subsequence measures the
common part of them.
Dividing the length of the longest common subsequence by the number of shapes in
the query, we have a ratio for the x-axis, capturing how much of the query sequence
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is contained by the database sequence. The y-axis is processed in the same way.
The two ratios are summed up and then divided by two to get the shape relevance
between a query and a database slide (Equation 3.6).


scoreshape (q, d) =

|LCS(qx , dx )| + |LCS(qy , dy )|
2|q|


,

(3.5)

where qx , qy , dx , and dy denote the shape sequences of the query and the database
diagrams on x and y-axes, respectively, and LCS denotes the longest common
subsequence.
Example 3.1. Consider a query diagram shown in Figure 3.4(a) and a database
diagram shown in Figure 3.4(b). We use C, L, and R to denote the shape types circle,
line, and rectangle. On x-axis, the shape sequences of the query and the database
diagrams are { C, L, R } and { C, C, L, R }, respectively, supposing we sort from left to
right. The longest common sequences is { C, L, R }. On y-axis, the shape sequences
of the query and the database diagrams are { R, L, C } and { C, L, R, C }, respectively,
supposing we sort from top to bottom. The longest common sequences is { L, C }.
Thus the shape relevance score is

3+2
2×3

= 0.83.

For the overall appearance, the bag of words model is applied to process diagram
queries. In order to build a visual word vocabulary, we take the screenshot of the
each database slide as an image and extract visual words, and consequently the
visual words can cover the regions of all the diagrams in the slide. Note that we
only need to consider slides that contain at least one shape. An inverted index
is then built on the visual words in a similar way to that of image queries. The
tokenization of diagram queries is the same as that of image queries, except that we
use the above-mentioned visual vocabulary for diagrams and only the user-selected
area is used as the screenshot.
After converting the diagram screenshot into visual words, the query becomes the
problem of finding the slide screenshots that contain approximately all the visual
words of the query. We use Equation 3.6, which is essentially the same scoring
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function as for sentence queries, to measure the relevance score in terms of visual
appearance:
scorevisual (q, d) =

|q ∩ d|
.
|q|

(3.6)

The overall relevance score is the combination of the shape relevance and the visual
relevance (Equation 3.7).
score(q, d) = scoreshape (q, d) + scorevisual (q, d).

(3.7)

Now we have converted the query processing for sentences, images, and diagrams
to three top-k searches with different scoring functions. Next we introduce how to
efficiently compute the results of these top-k searches.

3.3.5

Improving Search Efficiency

We begin with sentence queries. An immediate solution is utilizing the inverted
index which has been built for keyword queries, computing the score for every slide
that contains at least one word in the query, and ranking them thereafter. This
method is usually prohibitively expensive due to the existence of frequent words,
e.g., “the” and “of”, in the query 1 . Inspired by the idea of prefix filtering [93], we
sort the words in the query by a global ordering defined on the word universe. Then
we check the word in the query one by one, if the the slide does not share the word,
the maximum score it can achieve can be computed through the following lemma.
Lemma 3.1 (Upper bound of score for sentence query). Given a query q, the words
of which are sorted by an ordering O. If its shares none of the first i words with a
slide d, the upper bound of the score is

|q|−i
.
|q|

For the sake of efficiency, we choose to sort the words in the query in the order
of increasing document frequency – the number of database slides that contain
1

Although stop words such as “the” and “of” can be filtered prior to the processing, frequent
words may still exist.
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the word – and hence the rarest words come first in the query. An important
observation is that if a slide shares a rare word with the query, it is likely that the
slide approximately contains the query; otherwise, unlikely.
Example 3.2. Consider a query q =“Alexander Bell is the inventor of the
telephone”. Assuming the order of document frequency is Bell < inventor <
Alexander < telephone < is < of < the. Then after tokenizing and sorting
the query becomes q = { Bell, inventor, Alexander, telephone, is, of, the, the }.
If a slide does not contain the first two words Bell and inventor, its maximum
possible score is

6
8

= 0.75.

Algorithm 1 shows the pseudo-code of the top-k search algorithm, where Iw denotes
the postings list of the word w in the inverted index, T is a set top temporary
results, and T [k].score denotes the score of the k-th temporary result in current
state. From the above observation, we process the words in the query from the
rarest side to the most frequent side (Line 2) and access the postings list of the
words in the inverted index (Line 4). For each slide in the postings list, we compute
its exact score and update the top-k results (Line 5 – 7). Because the scores of the
unseen slides are upper-bounded by Lemma 3.1 and monotonically decreasing with
an increasing i, if the upper bound is no better than the current k-th result, we
pause the search and return the top-k results (Line 12).When the users click the
“next” button, the search is continued and the k 0 -th results are computed, where
k 0 ∈ [k + 1, k + 3].
In order to notify the users that the remaining results may be irrelevant, we compare
the scores of the k-th result and the (k + 1)-th result. If

scorek+1
scorek

is smaller than

the threshold θ, the search process is paused with the notification, and then the
users may decide whether or not to continue. The reason why we do not merely
compare scorek with a fixed threshold is that it is difficult to choose a proper
threshold to separate the relevant and irrelevant results for queries with different
length and contents. Instead, comparing adjacent results can detect where the
relevance suddenly drops.
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Algorithm 1: SentenceTop-kSearch (q, D, I)
Input : q is bag of words sorted by increasing document frequency; D is a
collection of slides; I is the inverted index that maps each word to a list
of slides.
Output: Top-k slides ranked by Equation 4.1.
T ← ∅;
for i = 1 to |q| do
w ← q[i];
foreach d ∈ Iw do
;
score(q, d) ← |q∩d|
|q|
if score(q, d) > T [k].score then
UpdateResults(T, d);
end if
end foreach
;
U B ← |q|−i
|q|
if U B ≤ T [k].score then
ReportResults (T ) ;
/* pause here and report results */
end if
end for
We note that this top-k search algorithm can be applied to any bag of words model
as well as weighting schemes such as BM25 and other tf-idf-based functions. In the
rest of this section, we will employ the same algorithm framework to handle image
and diagram queries.
For the top-k search of image queries, since an inverted index has been built on the
visual words of the images of database slides, we can use it to process image queries
in a similar way to the method for sentence queries. Likewise, we sort the visual
words in the query in the increasing document frequency order to efficiently find
the top-k answers with Equation 3.4 as the ranking function. Similarly, we have
the following lemma to bound the score between a query and a database image if
they do not share the first few visual words.
Lemma 3.2 (Upper Bound of Score for Image Query). Given a query q, the visual
words of which are sorted by an ordering O. If its shares none of the first i visual
words with an image d, the upper bound of the score is

min(|q|−i,|d|)
.
|q|+|d|−min(|q|−i,|d|)

According to Equation 3.4 and Lemma 3.2, we modify Algorithm 1 by changing the
scoring function and the upper bound evaluation, and obtain Algorithm 2. After
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Algorithm 2: ImageTop-kSearch (q, D, I)
|q∩d|
”;
|q∪d|
min(|q|−i,|d|)
”
|q|+|d|−min(|q|−i,|d|)

1

Replace Line 5 in Algorithm 1 to “score(q, d) ←

2

Replace Line 10 in Algorithm 1 to “U B ←

;

retrieving the images that are close to the query, the slides that contain those images
are shown to the users.
We also note that by exploiting the ordering of words, our method can be extended
to support other common similarity/distance functions for image retrieval which
are applied on sets/bags of visual words or vectors of visual word frequencies [3]
(e.g., Lp -distance and cosine similarity).
Equation 3.7, the ranking function for the top-k search of image queries, consists
of two parts. Considering the two factors:

(1) we have an inverted index built

on the visual words of screenshots, and (2) the computation of shape relevance
poses more overhead (O(mn) time using dynamic programming for longest common
subsequences) than the computation of visual relevance (O(m + n) time), our top-k
search algorithm for diagram queries is designed on the basis of a biased strategy
– use visual relevance to upper bound the unseen results and compute the shape
relevance on-the-fly. We sort the bags of visual words in the query according to
the increasing document frequency order, and then use these words to access the
inverted index built on visual words. To compute the upper bound of the scores
of the unseen slides, we assume that their shape relevance can achieve the highest
value 1, and thus have the following lemma.
Lemma 3.3 (Upper Bound of Score for Diagram Query). Given a query q, the
visual words of whose screenshot are sorted by increasing document frequency, if it
shares none of the first i visual words with a slide d, the upper bound of the overall
score is

|q|−i
|q|

+ 1.

Therefore, by scanning the visual words from the rarest side, the upper bound
of scores of the unseen slides is monotonically decreasing. The above techniques
constitute the top-k search algorithm for diagram queries, the pseudo-code of which
is captured by Algorithm 3.
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Algorithm 3: DiagramTop-kSearch (q, D, I)
1

Replace Line 5 in Algorithm 1 to “score(q, d) ←

2

Replace Line 10 in Algorithm 1 to “U B ←

3.4

|q|−i
|q|

|LCS(qx ,dx )|+|LCS(qy ,dy )|
2|q|

+

|q∩d|
”
|q|

;

+ 1” ;

Extensions to Multiple Element Query and
Slide Query

In this section we briefly comment on the methods to deal with the scenario where
users select multiple elements or a slide as the query.
To handle the query composed of multiple elements, we define the total relevance
score as the sum of the respective score of each element in the query. There are
two subtle cases. The first is that in Eq. 3.2, the relevance score of keywords can
be larger than 1, and thus we normalize it before summing up by dividing it by
the maximum relevance score of the result using only the keywords as the query.
The second is that if the query contains multiple number of elements of the same
type, we divide the score of this type by its number. For example, if a user selects
a sentence, two images, and a diagram as the query, the total relevance score is
score(q, d) = scores +

scorei1 +scorei2
2

+ scored , where scores , scorei1 , scorei2 , and

scored denote the relevance scores of the sentence, the first image, the second image,
and the diagram, respectively.
To compute the top-k results and optimize for efficiency, our method is similar to
what we use to deal with diagram queries. We utilize the inverted index of the
most selective element in the query, and assume that the relevance scores of other
elements can achieve the highest value 1. We define the order of selectivity as
diagram, image, sentence, and then keyword, from highest to lowest. For example,
considering a query composed of a sentence and an image, since image is more
selective than sentence, we sort the bags of visual words in the image according to
the increasing document frequency order, and then access the inverted index built
on visual words. If the query share none of its first i visual words with the images
in a slide d, the maximum possible total relevance score is

min(|q|−i,|d|)
|q|+|d|−min(|q|−i,|d|)

+ 1.

Chapter 3. Content-based Element Search for Presentation Slide Reuse

37

To handle the query of a whole slide, we first find out the elements in the query
slide. Tables are treated as text and charts are treated as images. Then the scenario
becomes the same as a multiple element query.

3.5

Experiments

We design a slide element search system for presentation slide reuse according to the
proposed framework integrated with the query processing methods. In this section,
we introduce the user interface of the system and report the results and analyses of
our experiment conducted on the system.

3.5.1

Prototype System

We implemented a prototype of slide element search system in C#. The user
interface is shown in Fig. 3.5. It consists of three modules: the database selection
module, the query input module, and the result output module.

3.5.1.1

Database Selection Module

For the first-time use of this system, users need to click the “Select Database Slides”
button on the top right corner, and choose the folders that contain the database
slide files. Then the data preprocessing is invoked, and the database slides will be
scanned to build indexes.

3.5.1.2

Query Input Module

In this module, users can browse the folders and the slide files stored in their
computers through a tree view on the top left corner. Users may select a slide
file and then a slide number to open a slide, which will be shown in the center of
the interface. For text and image queries, users select a segment of text or an image
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Figure 3.5: User interface of slide element search system

from the slide, and click the “OK” button on the right to submit the query. If there
is no appropriate slide at hand, users may also manually type a text query or select
an image file from their computers. For diagram query, users first click the “Select
Diagram Area” button on the right, drag a rectangle area in the slide, and then
click the “OK” button to submit it.

3.5.1.3

Result Output Module

Once users submit the query, the query processing is invoked, taking a scoring
function and ranking the results to get top slides. The results are then presented
in the bottom of the interface. On its top left corner, the slide files and the slide
numbers that contain the results are listed in the order of descending relevance
score. Users may double-click the file to open it with the application associated,
e.g., Microsoft PowerPoint, to reuse the materials. In the bottom, three slides as a
group are displayed along with their relevance scores. The top-3 results are shown
first, and users may click the “Next 3 Results” button to see the next group of three
results.
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Table 3.1: Element Search Dataset statistics

Attribute
Files
Slides
Total words
Average slide words
Total slide visual words
Average Slide visual words

3.5.2

Number
118
3989
200,095
33
1,147,667
191

Experiment Setup

We use the slide files downloaded from the websites of the 2011[94] and 2012[95]
International Conference on Very Large Data Bases (VLDB) as the dataset for
evaluation. It includes 118 files of academic reports with a total of 3989 slides, and
its detailed information is shown in Table 3.1.
The experiments are run on a PC with a 3.4 GHz CPU and 8.0 GB of RAM.
The following methods are involved in our experiments.

• ES is our proposed slide element search method.
• SBLK12 is a slide retrieval system for presentation slide reuse [2]. It computes
the similarities of text, image, and path and file names to get an overall
relevance score of a result. Edit distance is employed to capture the text
similarity. The Jaccard similarity on image IDs is used to capture the image
similarity. The Jaccard similarity on the word bags of path and file names is
used to capture the similarity of contextual information.
• DPA06 is a slide management system developed to visually compare between
different versions of the same presentation slides [10]. Edit distance is used to
measure relevance in text, common image IDs are used to measure relevance
in image, and the Mean Square Error of slide screenshots is used to measure
the similarity in appearance.
• TTAKM13 is a method to answer diagram queries using types of shapes and
their locations in a slide [9], yet it does not consider the placement relations
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between the shapes. Note that users have to draw query diagrams by themselves in this method, which is a laborious task.

As SBLK12 and DPA06 are developed for whole slide queries, we make the following
modifications to support element queries. For keyword and sentence queries, we
modify their respective edit distance methods by enumerating all the substrings of
ed(q,s)
the slide text and compute edit distance with the query. The score (1− max(len(q),len(s))

for SBLK12 and len(q)−ed(q, s) for DPA06) of each substring s is computed, and the
maximum is kept as the relevance score between the query and the slide. To avoid
blindly enumerating substrings, we apply the following three conditions so they may
return results in reasonable amount of time:

(1) A substring must start and end

with word boundaries. (2) We impose a condition

1
2

· len(q) ≤ len(s) ≤ 2 · len(q)

on the lengths of substrings. (3) We exploit an upper bound of the score of a
min(len(q),len(s))
for SBLK12 and len(q)−|len(q)−len(s)| for DPA06). While
substring ( max(len(q),len(s))

processing substrings one by one, we only compute edit distance for the substrings
whose score upper bounds exceed the current maximum score. For image queries,
we compare with the method of SBLK12 using image IDs. Since neither SBLK12
nor DPA06 includes a module to handle diagrams, we compare with TTAKM13 on
diagram queries.

3.5.3

Evaluating Search Quality

3.5.3.1

Example Query Results

We show some example query results first. We randomly choose queries and take
the top-3 slides returned by different methods. Since SBLK12 and DPA06 return the
same results in these examples, only SBLK12 is shown here. The examples results
of the four types of queries are shown in Figure 3.6 –Figure 3.9.
The keyword query shown in Figure 3.6 consists of three keywords: Strong, Simulation,
and Properties. The top-3 results of ES are highly relevant, with the slide title
being “Properties of Strong Simulation”. SBLK12’s first two results are the
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Keyword Query: Strong Simulation Properties
Properties of Strong Simulation

Properties of Strong Simulation
Connectivity:

 If Q matches G, via subgraph isomorphism,
then Q matches G, via strong simulation
 If Q matches G, via strong simulation,
then Q matches G, via dual simulation




S(HR) = {HR}
S(SE) = {SE}



S(Bio) = {Bio1, Bio2}

 If Q matches G, via dual simulation,
then Q matches G, via graph simulation

k=1

Subgraph
Isomorphism

Strong
Simulation

Dual
Simulation

Graph
Simulation

S(HR) = {HR}
S(SE) = {SE}



S(Bio) = {Bio1, Bio2}

S(Bio) = {Bio1, Bio2}

Q

Gs

×
7

Properties of Strong Simulation

Connectivity:



×

Strong simulation preserves more topology structures!

Properties of Strong Simulation
S(HR) = {HR}
S(SE) = {SE}

Gs

Cycles:




2




Q

Locality:

Q

Gs

 Graph simulation does NOT have this property
 Subgraph isomorphism does have this property

×

Bounded matches:
 Graph simulation finds at most one matched subgraph
 Subgraph isomorphism may finds exponential number of matched subgraphs

k=2
Cycles:




S(HR) = {HR}
S(SE) = {SE}



S(Bio) = {Bio1, Bio2}

Q

Gs

Bounded cycles:
 Graph simulation and strong simulation does NOT have this property
 Subgraph isomorphism does have this property!

×

Strong simulation preserves more topology structures!

Strong simulation preserves more topology structures!
7

8

Properties of Strong Simulation

Strong Simulation: A New Model

Locality:

k=3

 Graph simulation does NOT have this property
 Subgraph isomorphism does have this property

 Duality (dual simulation)
± Both child and parent relationships
± Simulation considers only child relationships

Bounded matches:
 Graph simulation finds at most one matched subgraph
 Subgraph isomorphism may finds exponential number of matched subgraphs

 Locality
¦ Restricting matches within a ball
¦ When social distance increases, the closeness of relationships
decreases and the relationships may become irrelevant

Bounded cycles:
 Graph simulation and strong simulation does NOT have this property
 Subgraph isomorphism does have this property!

 The semantics of strong simulation is well defined
¦ The matching results are unique

Strong simulation preserves more topology structures!
8

ES

3

Striking a balance between expressiveness and complexity!

SBLK12

Figure 3.6: Example of keyword query results

second and third results of ES, respectively. However, SBLK12 returns them not
because of the title but the text “Strong simulation preserves” on the bottom,
which yields small edit distance to the query. This also explains why the first result
of ES is missed by SBLK12. The third result of SBLK12 contains only two keywords
Strong and Simulation, and hence are less relevant than ES’s.
The sentence query shown in Figure 3.7 is “Non-preprocessing streaming algorithm
with worst-case guarantee”. The first result of ES perfectly matches the query.
The second result approximates the query by only replacing “streaming” with
“external”. The third result shares “streaming algorithm” and “with worse-case
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Sentence Query: ^Non-preprocessing streaming
algorithm with worst-Pµv_
Our Goal

Our Goal

streaming
Non-preprocessing external
algorithm with worst-case
guarantee

streaming
Non-preprocessing external
algorithm with worst-case
guarantee

k=1
23

k=2

23

Our Goal

Our Goal

Non-preprocessing external
algorithm with worst-case
guarantee

Non-preprocessing external
algorithm with worst-case
guarantee

What is the model of
external algorithms?

What is the model of
external algorithms?

14

14

Summary

k=3
þWe develop a streaming algorithm
for skyline problem with near-optimal
worst-case guarantee.ÿ

Extensions
 Distributed skyline algorithm
 Derandomize the algorithm for 2D case
 Skyline for partially ordered sets (posets)
Open problems
 Develop algorithm on Parallel Disk Model
(PDM) and Cache Oblivious model
 Extend the techniques to pre-processing
algorithm
 Is O(log n) passes the best possible?

ES

SBLK12

Figure 3.7: Example of sentence query results

guarantee” with the query, and thus is relevant as well. SBLK12 also identifies the
first two results, but misses the third one due to the insertion of several words, which
yields a considerable edit distance to the query. Its own third result is irrelevant,
sharing only one word algorithm with the query.
In the image query example in Figure 3.8, all the results found by ES are relevant,
being exactly or approximately containing the query image. The first results of ES
and SBLK12 are the same. However, this is the sole result returned by SBLK12,
because SBLK12 uses only image IDs, and this slide is the only one sharing the
same image ID with the query. It is also noteworthy to mention that SBLK12 can
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Image
mage Query:

k=1

Motivation

Motivation

How to find DVAs?

How to find DVAs?

Naïve 1: Apply principal
components analysis (PCA)

Naïve 2: Apply k-means then PCA

Our approach

Our approach combines both PCA and k-means clustering

Naïve 1: Apply principal
components analysis (PCA)

Naïve 2: Apply k-means then PCA

Our approach

Our approach combines both PCA and k-means clustering

Velocity Analyzer: Outlier Partition
§ Outlier partition
̶
̶

̶

contains outliers which travel far away from their DVA
determined by a threshold (based on a cost function)
indexed using the normal coordinate system

k=2

Velocity Analyzer: Finds DVAs

k=3

§ Simplified flows:

k=2

1.Initialize k partitions to be empty
2.Randomly assign each velocity point
to partitions
3.Compute 1st PC (DVA) for each
partition using PCA
4.Reassign each velocity point to a
partition whose DVA has the shortest
distance from the point if necessary
5.Repeat steps 3-4 until no velocity
point has moved to a different
partition

ES

Partitions after the first iteration
of clustering based on the distance
to the 1st PC of each cluster

SBLK12

Figure 3.8: Example of image query results

only deal with the queries in which the image ID is given, i.e., by selecting an image
from a slide. It is not applicable to the case where users select an image file from
their computers as the query.
In the diagram query example in Figure 3.9, the top-2 results of ES exhibit high
relevances as they exactly contain the query. The third result shows a difference
with an additional red rectangle. For TTAKM13, only the first result is of high
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Diagram Query:


PathStackD/TwigStackD
Ø Find partial results from the tree cover (spanning
tree(s)) using PathStack/TwigStack
Ø Joined with partial results outside the tree cover

k=1



PathStackD/TwigStackD
Ø Find partial results from the tree cover (spanning
tree(s)) using PathStack/TwigStack
Ø Joined with partial results outside the tree cover

Use pools

Path/TwigStack

Path/TwigStack

Use pools

Existing Approaches for Conjunctive TPQ


Reachability index + Structural joins


Structural joins : decompose the pattern into smaller, simpler
substructures
Ø Binary SJoins (RJoin, ICDE08, TKDE)
Ø Complete Bipartite SJoins (HGJoin, VLDB08)
Ø Pipelined joins on trees + Naïve on non-trees (VLDB05, 12)

k=2

Graph pattern matching (i.e., subgraph matching)
¾ Given a data graph G and a pattern query q, identify subgraphs that match q
in isomorphic semantics
v1

u1
v2

v3

Use pools

Path/TwigStack

Adding pools: PathStackD

k=3

9

5

6

6
4

5

(partial) solutions on
the Tree Cover (TC
partial solutions)

7
8

4

6

(partial) solutions
outside the tree cover
(NTC partial
solutions)
solutions)

A node is added to a pool if there exists a descendant in the child pool. à reverse
top order

Graph pattern matching (i.e., subgraph matching) : Given a data graph G and
a pattern query q, identify subgraphs that match q in isomorphic semantics
v1

u1
v2

v3

Stack (partial) solutions with leaf matching node are replicated to the pools
We must make sure that all NTC partial solutions can be constructed in pools

ES

TTAKM13

Figure 3.9: Example of diagram query results

relevance. Its other results contain more arrows and thus are less relevant than
those returned by ES.
In all, from the example results we can see that ES returns more relevant results
than the alternative methods.
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Precision and Recall

We randomly select 50 queries for each type from the dataset, and they are restricted
to semantically make sense. We take the top-k results, where k = 1, 3, 6, 9, and
12, indicating the results shown in the first four pages of our system. Then we
measure the precision – the percentage of relevant results amid the retrieved ones,
and the recall – the percentage of retrieved results amid the relevant ones, formally
defined by the following equations, where Rl denotes the set of relevant slides, and
Rt denotes the set of retrieved slides.
Precision =

|Rl | ∩ |Rt |
,
|Rt |

Recall =

|Rl | ∩ |Rt |
.
|Rl |

In order to find relevant results, for keyword and sentence queries we first retrieve
the slides that share at least 50% words with the query using our program. This
process significantly reduces the labour of human judge and barely misses relevant
results. Afterwards we manually check the retrieved slides and keep only those indeed relevant. For image and diagram queries, we check all the images and diagrams
in the dataset because their numbers are small.
Figures 3.10(a), 3.10(b) and 3.10(c) show the precisions, recalls and F-Measures
of ES, SBLK12, and DPA06 on keyword queries.
The three methods exhibit similar performances but ES outperforms the other two
in both precision (by 5%), recall (by 9%) and F-Measure (by 6%) when k is large.
This is because the keywords in the relevant results appear in a different order from
the query, and additional words are also inserted between the keywords. In this
case, these results are missed by SBLK12 and DPA06 due to large edit distances to
the query. On the contrary, ES does not suffer from this case because its scoring
function is based on the occurrences of keywords in data slides. An exception is
that SBLK12 and DPA06 have better precisions than ES when k = 1. This will be
explained in the error analysis in Sect. 3.5.5.
The search quality on sentence queries is shown in Figure 3.11(a), 3.11(b) and
3.11(c). Similar trends can be observed as we have seen on keyword queries, but

Precision(%)
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SBLK12
DPA06
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40
20
0
k=1 k=3 k=6 k=9 k=12

Recall(%)

(a) Keyword query precision

100

ES
SBLK12
DPA06

80
60
40
20
0
k=1 k=3 k=6 k=9 k=12

F-Measure (%)

(b) Keyword query recall

ES
SBLK12
DPA06

100
80
60
40
20

0
k=1 k=3 k=6 k=9 k=12
(c) Keyword query F-Measure

Figure 3.10: Experiment results of keyword search quality

the advantage of ES against other methods is more obvious: up to 18% of precision,
33% of recall and 14% of F-Measure. The reason is that sentence queries contain
more words, and hence the impacts of changing word order and inserting additional
words on SBLK12 and DPA06 are more apparent. We also observe that ES retrieves
almost all relevant results when k is large. The experiments on text queries reveal
that using tf-idf-based scoring function for keyword queries and bag-of-words-based
scoring function for sentence queries yields better search quality than using edit
distance.
For image queries, we plot the results in Figure 3.12(a), 3.12(b) and 3.12(c) .

Precision(%)
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ES
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DPA06
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Recall (%)

(a) Sentence query precision
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SBLK12
DPA06
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k=1 k=3 k=6 k=9 k=12

F-Measure (%)

(b) Sentence query recall
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SBLK12
DPA06
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40
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0
k=1 k=3 k=6 k=9 k=12
(c) Sentence query F-Measure

Figure 3.11: Experiment results of sentence search quality

The precisions of both ES and SBLK12 drastically decrease when k moves towards
larger values. This is expected because the relevant results of image queries are
quite limited, and the quantities are much less than 12. Nevertheless, ES always
outperforms SBLK12, and the gap can be as large as 22%. While ES outperforms
SBLK12 as large as 17% in F-Measure. ES achieves 100% recall when k reaches 12,
while SBLK12 only retrieves up to 58% of relevant results. The experiment result
showcases the advantage of bag-of-words model over the method using only image
IDs.

Precision (%)
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(a) Image query precision
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ES
SBLK12
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k=1 k=3 k=6 k=9 k=12

F-Measure (%)

(b) Image query recall

100

ES
SBLK12
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20
0
k=1 k=3 k=6 k=9 k=12
(c) Image query F-Measure

Figure 3.12: Experiment results of image search quality

Figures 3.13(a), 3.13(b) and 3.13(c) show the precisions and recalls on diagram
queries, respectively. Several observations can be made:

(1) the precisions of

both methods drop with k, (2) the recalls of both methods raise with k, (3) ES
outperforms TTAKM13 by up to 49% in precision, 61% in recall and 45% in FMeasure. The reason for the third observation is that we consider not only shape
types but also the overall appearance, and the relationship between shape locations
is utilized as well.
Several observations can be made as follows.

Precision (%)
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(a) Diagram query precision

100

ES
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k=1 k=3 k=6 k=9 k=12

F-Measure (%)

(b) Diagram query recall
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TTAKM13
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0
k=1 k=3 k=6 k=9 k=12
(c) Diagram query F-Measure

Figure 3.13: Experiment results of diagram search quality

• The EleSearch algorithm always get the higher precision than the compared
algorithms, which is independent of the K values. Our EleSearch can retrieve
more relevant slides than the exisiting algorithms. The EleSearch algorithm
can also reach a relative higher recall than the compared algorithms, it retrieves most of the relevant slides in these queries.
• Due to the Edit Distance used in the keyword and sentence query, it works
well when the query text length is similar to the text length of the dataset
slide. It will miss the results containing the query text and other strings.
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• Owing to the Image IDs used to identify the images of the slides, it will miss
the results that looks similar but not absolutely same images with different
Image IDs.
• As to the diagram retrieval by only autoshapes information, it cannot detect
the diagram with small pictures. What’s more, the same autoshapes with
different text are extremely dissimilar.

3.5.4

Evaluating Efficiency

We name the index-based top-k search method proposed in Sect. 3.3.5 ES-index. A
basic algorithm that sequentially scans data slides and computes relevance scores
serves as a baseline, named ES-basic. We randomly select 50 queries of each type
and measure the average response time of the top-3 results.
Figures 3.14(a) – 3.14(d) display the times of different methods on the four types
of queries. Note that we plot the first three figures in log scale. With indexes
equipped, ES-index improves runtime performance by 7.0 times on keywords and
13.0 times on sentences, in comparison with ES-basic. The efficiencies of SBLK12
and DPA06 are similar on text queries. Due to the lack of index and the costly edit
distance computation, both are slower than ES-index by more than 185 times on
keywords and 7200 times on sentences.
On image queries, ES-index is 6.2 times faster than ES-basic but 42.8 times slower
than SBLK12. This is because we adopt a much more complicated bag-of-words
model than the image ID-only method in SBLK12. Considering the trade-off in
precision and recall (22% and 58%, respectively) and that ES-index returns results
in only 0.2 seconds, our method’s disadvantage in efficiency is in an affordable
manner.
On diagram queries, ES-basic returns results in 4.0 seconds, thus rendering it not
applicable for larger slide repositories. Equipped with the index on visual words,

ǀĞƌĂŐĞZĞƐƉŽŶƐĞdŝŵĞͬ;ƐͿ
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Figure 3.14: Experiment results of efficiency
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ES-index responses in only 1.2 seconds, and it is 1.6 times faster than the alternative
method TTAKM13.
Summary.

By comparing precision, recall, and response time, we find that ES

achieves the best search quality and is much more efficient than the sequential scan
method.

3.5.5

Error Analysis

The top-1 results of our method are not as good as SBLK12 and DPA06 for some
keyword queries. This is because ES’s ranking function favors the keywords that
appear frequently in a slide. There are a few subtle cases where a slide misses one
keyword but contains multiple occurrences of other keywords, and ES may rank this
less relevant result very high. E.g., for the query consisting of three keywords graph,
path, and query in Figure 3.15, ES’s top-1 result does not contain the keyword
query but many occurrences of graph and path, and thus it is ranked before more
relevant results containing all the three keywords. A possible remedy is to restrict
that all keywords must be contained in a result.
We also note that if a sentence query consists of many frequent words in the dataset,
some of ES’s results are irrelevant because these slides contain almost all the words of
the query but in separate locations. E.g., for the query “proposed for efficient
indexing and querying moving objects” in Figure 3.16, one of our results contains all the words except objects, but the words are disjoint in locations, rendering
the result irrelevant. This can be improved by using shingles [96] (contiguous subsequences of words) instead of words. E.g., consider a shingle of length 3, the query
is divided into shingles “proposed for efficient”, “for efficient indexing”,
etc. Data slides are processed in the same way, and the scoring function (Eq. 3.3)
is applied on top of bags of shingles.
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Keyword Query: graph path query
Problem Definition: hardness
• Problem Hardness
– As stated in the problem definition, there are two
steps

graph: 4
path: 2
query: 0

• 1) Generate the join path graph
from the join graph
Select
an optimal
T
Step•1:2)
#P-hard
(Equivalent
to enumerating
all the Eulerian
trails of a given graph)
Step 2: NP-hard (Equivalent to classic set cover problem)

k=1

Solution in General:
1) We only consider a subgraph of the join-path graph for MRJs
selection
2) Cost metric for both single MRJ and a group of MRJs

1

Focus of this talk

k=2

graph: 0
path : 4
query : 2

• We propose a generic and efficient approach for
graph search in the RDBMS context
• We take the shortest path(SP) discovery as an
example to investigate our generic framework
– SP plays a key role in many applications
• SP in a social network reveals how the relationship between
two individuals is built

– SP is a representative graph query
• SP shares a similar evaluation pattern with other queries,
such as reachability query, minimal spanning tree …
3

Content Aware Prefetching

k=3

SCOUT:
Examine recent query results,
find the guiding path
to predict the future query location.

Graph: 0
path : 4
query : 2

DESIGN GOALS:
Scalability
General Applicability
CHALLENGES:
How paths are defined
Which path is the guiding path
Where to start prefetching

4

ES
Figure 3.15: Error analysis of keyword example
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Sentence Query: proposed for efficient
indexing and querying moving objects
Introduction
 Increasing number of GPS enabled devices
– E.g., mobile phones, car navigation systems

k=1

 Users want to query the current or near future of moving
objects based on location
 Many index structures (e.g., TPR/TPR*-trees, Bx-tree, Bdualtree etc.) proposed for efficient indexing and querying moving
objects
 Query performance greatly depends on velocity distribution
of the moving objects

proposed for efficient
indexing and querying
moving objects

Conclusion and Future Work
• Conclusion:

k=2

– We addressed the problem of efficiently supporting range and kNN
queries in a setting that affords moving users of location-based
services peer-wise location privacy.
– We proposed a new indexing technique, called the PEB-tree, along
with efficient querying algorithms.

proposed
efficient querying
for

• Future work
– Explore other ways of policy encoding
– Develop algorithms for other types of queries

Moving Objects Indexes

k=3

 Data partitioning
– TPR-Tree [1]
• Based on the R*-tree[2]

– TPR*-tree [3]
• Cost model

 Space partitioning
– Bx-tree [4]
– Bdual-tree [5]

MBRs of a TPR-tree expansion from time 0 to 1

moving objects
efficient
indexing of moving objects

[1] S. Saltenis, C. Jensen, S. Leutenegger, and M. Lopez. Indexing the positions of continuously moving objects. In SIGMOD, 2000.
[2] N. Beckmann, H.-P. Kriegel, R. Schneider, and B. Seeger. The R*-tree: an efficient and robust access method for points and rectangles . In SIGMOD, 1990.
[3] Y. Tao, D. Papadias, and J. Sun. The TPR*-tree: an optimized spatio-temporal access method for predictive queries. In VLDB, 2003.
[4] C. S. Jensen, D. Lin, and B. C. Ooi. Query and update efficient B+-tree based indexing of moving objects. In VLDB, 2004.
[5] M. Yiu, Y. Tao, and N. Mamoulis. The Bdual-tree: Indexing moving objects by space filling curves in the dual space. VLDB Journal, 17(3):379–400, 2008.

ES
Figure 3.16: Error analysis of sentence example

3.6

Conclusion and Future Work

In this paper, we proposed content-based search methods for a variety of elements
in presentation slides. Users can freely choose keywords, a sentence, an image,
or a diagram as a query to find the materials of his interest from a collection of
presentation slides. We proposed different query processing methods to improve the
efficiency of answering these queries. We designed a prototype system integrated
with the proposed methods along with a user-friendly interface, and conducted
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experiments on top of it. The experiment results show that our proposed methods
return better results than alternative methods and are much faster than the methods
without indexes.
Our future work includes developing browsing methods for presentation slides based
on reused elements. Users may find the origin of an element when they browse a
slide. Another direction is to explore the composition methods that automatically
generate slides by reusing existing materials.

Chapter 4
Managing Presentation Slides
with Reused Elements

4.1

Introduction

Slide presentations are one of the most important tools for today’s knowledge workers to present knowledge, exchange information, and discuss ideas. Instead of starting from scratch, slide composers tend to make new slides by reusing existing ones.
One of the main reasons is to repurpose existing content for different events, listeners, formats and so on in business and educations.
Detecting reused materials in presentation slides benefits many presentation-related
applications; e.g., assisting composers in tracking changes in multiple versions, understanding existing presentation slides, and assembling existing slides to make new
ones [1, 10], etc. Although the slide retrieval method for reuse [2] and the method
to compare different versions of a presentation file [10] have been proposed, they are
either based on slide-to-slide comparison or file-to-file comparison. In many cases,
only an individual element such as a sentence, a table, an image, or a diagram, is
copied from one file to another, but overall the slides and the files differ significantly,
and thus the reuse element cannot be identified by these methods.
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In this chapter, we investigate the problem of managing presentation slides from
the perspective of individual elements. We first develop different methods to detect
textual and visual elements reused in a slide repository specified by users. Textual
elements are divided into sentences and further decomposed to bags of words. To
detect reused sentences and consider the case when slide composers make minor
modifications after reusing elements, similarities are taken into account to tolerate
nuances between different versions. Likewise, we adopt the bag-of-words model to
find reused visual elements, and utilize similarities to handle the case when they are
transformed after reuse. The techniques to tackle the efficiency challenge are also
introduced. Then we propose two ways of visualizing reused elements. The first is
to show the files and slides that use the same element in a timeline. The second is
to construct a network of presentation files connected by reused elements.
Based on the proposed methods, we design a prototype system with a user-friendly
interface, which can be integrated into slide composition tools. When users are
browsing a slide, they are notified with what elements in this slide have been reused
across different files in the slide repository. Users can quickly find the origin of an
element, as well as when and how the element is used by other files. For all the
files in the repository, users may also get an overview of their relationships via common elements. They may explore any relationship to get detailed information. To
demonstrate the effectiveness of our methods, we conduct experimental evaluation
on real presentation slide data using the prototype system.
Our contribution can be summarized as follows:
• We propose an approach to presentation slide management by exploiting the
notion of reused elements.
• We develop techniques to detect and visualize reused elements in users’ slide
repositories.
• We design a system integrated with a user-friendly interface to help users
browse slides through reused elements.
• We conduct experiments on real data to evaluate the proposed methods.
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Reuse Detection
Textual Element Detection

Reused Element
Database

Visual Element Detection

Slide Collection
Reuse Visualization

Slide Browsing Mode

Timeline Mode

Network Mode

Figure 4.1: An overview of slide management framework

The rest of this paper is organized as follows. Section 4.2 proposes the conceptual
viewpoint and introduces the framework of our approach. Section 4.3 proposes
the methods to detect reused elements. Section 4.4 introduces the methods to
visualize reused elements. Section 4.5 reports experiment results and our analyses.
Section 4.6 concludes this chapter.

4.2

Conceptual Viewpoint with Framework and
Approaches

Figure 4.1 illustrates an overview of the framework of our presentation slide management method. It is composed of two main modules: detection module and
visualization module. Next we introduce the two modules respectively.

4.2.1

Detection Module

Users may specify the location where the repositories of slides are stored in their
computers. A database of presentation files is then built by offline and stored on
disk to serve future browsing. We extract textual and visual elements from the
database slides. Textual elements include main text (including titles) and tables.
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Visual elements include images, charts, and diagrams. Reused elements are detected
in this module and the slides in which these elements appear are marked. The
detailed reused element detection method will be presented in Section 4.3.

4.2.2

Visualization Module

This module is further divided into two submodules: timeline submodule and network submodule. In the timeline submodule, reused elements are notified to users
when they are browsing a slide in the repository. Users may click an element, and
all the presentation files that use the element will be shown in a timeline. Users may
follow the links in the timeline to browse these slides. In the network submodule,
users are shown with a presentation network, i.e., a graph connecting presentation
files in the repository through reused elements. Users may quickly get an overview of
the relationships amongst the presentation files. For example, the multiple versions
of a presentation file form a clique because any two of them share large numbers
of common elements. A summary will be shown as a hub because it is assembled
by copying elements from multiple files. The details of the two submodules will be
introduced in Section 4.4. In addition, we also provide users the interface to browse
slides, as they have seen in prevalent presentation composition tools like Keynote
and Powerpoint.
According to different types of content extracted in the data preprocessing module,
we take different methods to determine the text and image content as reused. For
images, we first save them as picture file then get the MD5 value to judge they are
the same or different. For texts, we determine them as reused according to different
threshold of similarities. The methods to process the various types of contents will
be introduced in Section 4.3.
After all the content elements are certified as reused, links between presentations
holding them should be created. Each presentation is treated as a node in an
overview graph. If two different presentations have the same reused content, an
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edge will be built between them. All the reused content will be added to the edge
value to present a link. The result will be shown in the experimental section.

4.2.3

Content Source Visualization

All the presents are linked to the related presentations having the same reused
contents, which will help the user to get an overview glance at all the presentations.
Each edge contains many reused contents between two linked presentations. What’s
more, a specific content may appear more than two presentations. In this case, a
collection of all the presentations holding the reused content should be presented
to the user. In this module, a content source visualization is designed in timeline
sequence for the user.
We design a prototype system according to the above framework. The user interface
of the system will be shown in Section 5.4.1.

4.3

Detecting Reused Elements

In this section, we introduce the detection methods for textual element reuse and
visual element reuse, respectively.

4.3.1

Detecting Reused Textual Elements

We first introduce the method to detect reused element in main text of presentation
slides, and then discuss the case of tables.
When the text in a slide is reused, composers may copy one or more sentences from
one slide to another, but overall the texts in both slides differ significantly. For
this reason, we choose to detect reuse textual elements on sentence level; i.e., divide
the text in each slide into sentences and then identify the sentences that have been
used by multiple presentation files. In addition, considering that composers may
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make modifications to the reused sentence (e.g., change the order of words, insert
additional words into it, and delete a few words from it), we tokenize each sentence
into a bag of words with white space and punctuations, and then adopt the idea
of similarity search to find reused sentences in the presence of modifications. The
Jaccard coefficient is used to capture the similarity between two sentences:
sim(x, y) =

|x ∩ y|
,
|x ∪ y|

(4.1)

where x and y are two sentences represented in bags of words, and |x| denotes the
cardinality of a bag x.
Example 4.1. Considering two sentences: “the telephone was invented by
Alexander Bell in 1876” and “in 1876, Alexander Graham Bell invented
the telephone”. After tokenization, the two sentences become { 1876, Alexander,
Bell, by, in, invented, telephone, the, was } and { 1876, Alexander,
Bell, Graham, in, invented, telephone, the }. The similarity between them
is

7
10

= 0.7.

We retrieve the pairs of sentences whose similarity values by Equation 4.1 are no
smaller than a threshold t, and construct a sentence reuse graph as follows:

• Each vertex denotes a sentence in the database.
• Two vertices are connected by an edge if the similarity between the two sentences is no smaller than t.

The connected components of this graph can be computed using either a breadthfirst search or a depth-first search. Since the Jaccard coefficient is a metric, sentences
in the same connected component bear high similarity to each other. Thus we call
the sentences in the same connected component a reused sentence group, and they
are regarded as originate from the same sentence.
Example 4.2. Fig. 4.2 shows an example of five sentences depicted in a graph,
each vertex (ellipse) denoting a sentence. Assuming t = 0.5, we connect the pairs
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uji matcha tea powder

the earl grey
0.75

0.75
the earl grey tea

Figure 4.2: Example of reused sentences

of sentences that satisfy the similarity constraint, and show the similarity values
next to the edges. Since there are two connected components, two groups of reused
sentences are obtained from this graph.

A key issue of reused textual element detection is how to find the pairs of sentences
that satisfy the constraint. A straightforward method is to compute the similarity
value for every pair of sentences. If we compute Equation 4.1 by hashing the words
in two bags, its time complexity is O(W ), where W is the number of words in
a sentence. Let S denote the number of sentences in the database. The time
complexity of comparing all pairs of sentences is O(S 2 W ). It is too expensive for
practical use because the value of S can be large; e.g., there are 35,932 sentences
in the 200 presentation files used in our experiment. Since the problem is exactly
the set similarity join problem [93] and has been studied by the database research
community, we employ the ppjoin algorithm [97], a state-of-the-art method to this
problem, to efficiently find the pairs of sentences that satisfy the constraint. Its
basic idea is to sort the words in each bag according to a global order and exploit
the threshold t. If a pair of sentences satisfy the similarity constraint, they must
share at least one word in their first p words, where p = bmax(lx , ly ) · (1 − t)c + 1,
and lx and ly denote the numbers of words in x and y, respectively [97]. Thus we
only need to compute Equation 4.1 for the pairs that meet this condition, which
can be found by indexing the first p words of each sentence. For example, consider
two sentences tokenized into bags of words and sorted in alphabetical order: { a,
b, d, e, f } and { c, d, e, f }, and a t of 0.5. Then the two bags must share
at least one word in the first bmax(5, 4) · (1 − 0.5)c + 1 = 3 words. The similarity
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= 0.67, and indeed they share a common word d

in their respective first three words.
For the case of tables, we process them separately from other text in the database,
and for each table we concatenate the contents in all its cells as a sentence. Then
reused tables can be identified using the above method.

4.3.2

Detecting Reused Visual Elements

We introduce the method to detect reused images in presentation slides, and then
discuss the cases of charts and diagrams.
Like textual element detection, visual element detection also needs to take modification into consideration. Although composers do not often modify images with
graphics editing software when copying images from one slide to another, they may
transform images (e.g., by scaling and rotating) with presentation composition tools,
and this will make the images bit-wise different from the original version. To address
this issue, the bag-of-words model [88], a prevalent approach in computer vision, is
employed to find reused images. The bag-of-words model represents images as bags
of elementary image patches which are called visual words, as shown in Fig. 3.3.
A dictionary of visual words called visual vocabulary is created first, and then an
image can be represented using the words in the dictionary. To build a visual words
vocabulary, we detect interest regions in the images with Hessian-affine detector [89]
widely used in visual word-based studies. It provides good performance [90] and
it is insensitive to affine transformations such as scaling, reflection, rotation, etc.
These regions are described in 128-dimension SIFT descriptors and then clustered
by a hierarchical k-means algorithm [91], each cluster representing a visual word.
Then each image is represented in a bag of visual words.
Like detecting reused sentences, the Jaccard coefficient (Equation 4.1) is used to
measure the similarity between two bags of visual words. This similarity measure
has been adopted for near-duplicate image detection [92], based on the intuition
that similar images share most of their visual words.
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Similar to sentence reuse graph, an image reuse graph is constructed as follows:

• Each vertex denotes an image in the database.
• Two vertices are connected by an edge if the similarity between the images
represented in bags of visual words is no smaller than a threshold t.

We call the image in the same connected component a reused image group, and they
are regarded as originate from the same image.
The efficiency issue also exists for images. The time complexity of comparing all
pairs of images to compute similarity is O(I 2 V ), where I is the number of images in
the database and V is the average number of visual words in an image. This method
may not finish in reasonable amount of time for real data; e.g., there are 2,282 images
in the 200 presentation files in our experiment, and an image contains an average
of 480.6 visual words. Therefore we also use the ppjoin algorithm to efficiently find
image pairs that satisfy the similarity constraint. The only difference from sentence
reuse detection is that the algorithm is run on visual words instead of textual words.
For other types of visual elements, charts are converted to images and processed in
the same way. For diagrams, since they consist of individual shapes such as rectangles, circles, and arrows, we find the topmost, leftmost, rightmost, and bottommost
shapes in each slide, and convert the screenshot within this area into an image.
Then the method to detect reused images can be applied.
The threshold t is the key parameter of the quality of reuse detection. In general, using smaller thresholds improves the recall but reduces precision, because
more pairs of sentences or images satisfy the similarity constraint but false positives may be included as well. The effect of t will be empirically investigated in
Section 4.5.3.3. In addition, we need to remove short sentences because they tend
to provide a large number of false positives but almost no meaningful results for
reuse detection. Small-size images should also be removed because they are usually
simple graphics such as a single-color patch or a logo but not meaningful resources
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Figure 4.3: User interface of timeline

for reuse. To strike a balance between precision and recall, we perform reuse detection on sentences containing at least 5 words and images whose sizes are no smaller
than 1KB.

4.4

Visualizing Reused Elements

In this section, we present the method to visualize the reused elements.

4.4.1

Timeline of Reused Elements

In order to help users understand how an element (a reused sentence group or a
reused image group) is reused, for each reused element, we show in a timeline the
following information:

(1) the content of the element, (2) when it is used, and

(3) in which files and slides it is used.
We use the timeline of an image as an example, and show its interface in Figure 4.3.
The content of this image is displayed on the top right corner. On the left side, the
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Figure 4.4: User interface of presentation network

slides that contain this image are listed and grouped by presentation files. The files
are sorted by increasing order of last saved time, i.e., the time when the composition
of presentation slides is finished. This information can be retrieved from file properties and is shown on the left side as well. Users may click any slide listed on the left,
and the content of the slide will be shown on the bottom right corner. The timeline
of a reused sentence group is presented in the same way. The only difference is that
the sentences in a group may differ due to composers’ modifications. Thus we only
show the version in the origin file, i.e., the file with the smallest last saved time, on
the top right corner.

4.4.2

Presentation Network based on Reused Elements

Another method of visualization is to show an overview of the relationship between
presentation files in terms of reused elements. To this end, we construct a presentation network as follows:
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• Each vertex denotes a presentation file.
• Two vertices are connected by an edge if the two files contain sentences (images) in the same reused sentence (image) group.

Figure 4.4 shows the interface of a presentation network. The network is displayed
on the top, consisting of 26 files. The file names are given next to the vertices.
Users may click any edge in the network, and the common elements between the
two files will be shown on the bottom, with sentences on the left and images on
the right. Then users may click a common element to view its timeline. As can be
seen from the figure, the vertices in the circled area constitute a clique. They are
multiple versions of the same file. In addition, the vertex in the rectangle area is a
hub connected to many files. Its contents indicate it is a summary.

4.5

Experiments

We design a presentation slide management system integrated with the methods
proposed in previous sections. In this section, we introduce the user interface of the
system and then report the results and analyses of our experiment conducted on
the system.

4.5.1

Prototype System

Our prototype system is implemented in C#, except that the visualization of the
presentation network was implemented in HTML with Data-Driven Documents
JavaScript Library (D3.js) [98]. The user interface is shown in Figure 4.5.
For the first-time use of this system, the user needs to click the “Select Database
Slides” button on the top left corner, and choose the folders that contain the
database slide files. Then the database slides will be scanned to detect reused
elements. On the left side there are two columns. The left column lists file names
in the database. Users may click any file, and the slide numbers in this file will be
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Figure 4.5: User interface of prototype system

listed in the right column. The main window is on the right side, and it can switch
between three modes: slide, timeline, and network. Users may click any slide in
the slide number column, and its content will be shown in the main window. The
“Prev” and “Next” buttons help users browse slides, and the main window will
show the previous slide and the next slide when they are clicked, respectively.
As shown in Figure 4.5, reused elements are highlighted in the main window when
users are browsing slide contents. It will be switched to the timeline mode (Figure
4.3) when users click a reused element. Users may follow the links in the timeline
and the main window can switch back to slide mode.
To view the presentation network, users need to click the “View Presentation Network” button on the top left. Then the main window will be switched to the network
mode (Figure 4.4). By default, we hide vertices with no edge connected in the network. These vertices will appear if the check box “Show Isolated Vertices” on the
top left corner is ticked. Users may click vertices in the network to view slides, or
edges to view common elements. They may also navigate through different views
using the “Back” and “Forward” buttons in the main window, like browsing Web
pages.
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Table 4.1: Dataset statistics

Attribute
Files
Slides
Sentences (≥ 5 words)
Images (≥ 1KB)
Average number of words in a sentence
Average number of visual words in an image

Number
200
10,327
35,932
2,282
10.1
480.6

Table 4.2: Coverage of reuse relationship

Type
Percentage
Textual
90.5%
Visual
17.0%
Textual and visual
15.0%
None
7.5%

4.5.2

Experiment Setup

Our dataset consists of lecture notes of database courses and data mining courses
in universities in USA. Table 4.1 provides the statistics about the dataset. The
experiments are run on a PC with a 3.40 GHz CPU and 8 GB of RAM.

4.5.3

Evaluating Reuse Detection

4.5.3.1

Coverage of Reuse Relationship

We first test the percentage of files having reuse relationship and show the results
in Table 4.2. It can be observed that most files in the dataset have reused textual
elements or their textual elements have been reused by other files. A small percentage of files have reused visual elements or visual elements have been reused by other
files, and most of these files have reused/been reused textual elements as well. The
percentage of the files that do not have any reuse relationship is very small. The
results demonstrate the pervasiveness of reuse relationship in the dataset.
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Database Users – 2.

Database Users

• Actors

– Database administrators: responsible for access to
the database, for coordinating and monitoring its
use, acquiring software/hardware resources,
controlling its use and monitoring run-time
performance.
– Database Designers: responsible to define the
content, structure, constraints, and functions or
transactions against the database. They
communicate with the end-users and understand
their needs.
– End-users: use the data for queries, reports and
some even update database content.
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Database administrators:




Database Designers:





Responsible for authorizing access to the database, for
coordinating and monitoring its use, acquiring software and
hardware resources, controlling its use and monitoring
efficiency of operations.
Responsible to define the content, the structure, the
constraints, and functions or transactions against the
database. They must communicate with the end-users and
understand their needs.

End Users
System Analysts
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Figure 4.6: Example result of reused textual element detection

4.5.3.2

Example Detection Results

We show some example reuse detection results.
The example result of reused textual element detection is shown in Figure 4.6. The
slide contents are displayed on the top, while the context information – file names,
slide numbers, and last saved times – is given on the bottom. It can be seen that the
two paragraphs on the left slide are copied to the right slide and slightly modified.
Note that this result cannot be identified by the method in either [2] or [10]. This is
because in [2], the overall similarity score is the normalized sum of the text similarity
(measured by edit distance), image similarity (measured by Jaccard coefficient on
image IDs), and attribute similarity scores (measured by Jaccard coefficient on file
names tokenized into words). Only the pairs with overall similarity no less than
0.5 are detected. In this example, the text similarity is 73%, image similarity is
0%, and attribute similarity is 20%. The overall similarity is only 31%, and hence
cannot be identified. The method in [10] returns pairs of slides that satisfy the
following three conditions:

(1) mean square error of screenshots is no more than

100; (2) edit distance of texts is no more than 30; or (3) slide IDs match and all
image IDs match. The mean square error is 5723, the edit distance is 139, and the
slide IDs differ in this example. Thus it cannot be detected by the method in [10]
either.
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Phases in the DM Process:
CRISP-DM

Source: Laura Squier
IS 257 – Fall 2009

2009.11.17- SLIDE 9

[DataMining]2001.11.14-Laura:Squier.ppt:Slide 017
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2001/11/14:0:07:46

2009/11/19:0:24:14

Figure 4.7: Example result of reused visual element detection

The example result of reused visual element detection is shown in Figure 4.7. It
can be seen that an image is copied from left to right and then scaled. Another
difference is that the slide on the original version contains more text on the bottom.
In this example, the text similarity is 36%, image similarity is 100%, and attribute
similarity is 11%. The overall similarity is only 49%, and hence cannot be identified
by the method in [2]. The mean square error of screenshots is 6835, the edit distance
between the texts in the two slides is 61, and the slide IDs are different. Thus the
method in [10] cannot detect the reuse in this pair either.

4.5.3.3

Quality of Reuse Detection Results

We study the quality of reuse detection by varying the similarity threshold t. We
measure the precision – the percentage of reused results amid the retrieved ones, and
the recall – the percentage of retrieved results amid the reused ones, formally defined
by the following equations, where Rl denotes the set of true reused sentence/image
groups in the dataset, and Rt denotes the set of reused sentence/image groups
identified by our method.

Precision =

|Rl | ∩ |Rt |
,
|Rt |

Recall =

|Rl | ∩ |Rt |
.
|Rl |

100

Precision
Recall

80
60
40

F-Measure / (%)

Precision/Recall (%)
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Figure 4.8: Experiment results of textual reuse detection

To find true reused sentence groups in the dataset, we first retrieve the sentence
pairs that share at least 50% words, i.e., running our program with a threshold
t of 0.5. This process significantly reduces the labor of human judge and barely
misses true results. Afterwards we manually check the retrieved pair, construct
reused sentence groups, and keep only true ones. To find true reused image groups
in the dataset, we check all the images through thumbnails because their numbers
are small.
For reuse textual element detection, we vary the threshold t from 0.5 to 0.9. Exact
duplicates, i.e., reused sentences with no modifications, are removed from the results
in order to test the quality of similarity search. Figure 4.8(a) shows the precision
and recall. It can be observed that the precision increases with t and reaches 100%
when t is 0.9. In contrast, the recall decreases with t and drops to only 2% when
t is 0.9. These observations are expected because when t increases, the similarity
constraint becomes stricter, and thus fewer pairs of sentences satisfy the constraint.
The number of false positives is reduced, and this results in the increase of precision.
On the other hand, this causes that the method misses true results, and consequently
decreases the recall.
Figure 4.8(b) shows the F1 score of reused textual element detection with varying
thresholds. The general trend is that the F1 score decreases when the threshold
is rising. This is because the recall drops with increasing t and it changes more
rapidly than the precision. Since our method achieves best F1 when t = 0.6, we set
t as 0.6 for the default setting of reused textual element detection.
For reused visual element detection, we vary the threshold t from 0.1 to 0.9, and plot
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Figure 4.9: Experiment results of visual reuse detection

the precision and recall in Figure 4.9(a), with exact duplicates removed. Similar
trends can be observed as we have seen in the evaluation of reused textual element
detection. The difference is that the precision in reused visual element detection
changes more significantly. E.g., both trends are as high as 100%, but as low as 82%
and 26%, respectively. This is because when the threshold is low, the bag-of-words
model retrieves many similar images such as apples in different colors, but obviously
they have no reuse relationship.
Figure 4.9(b) shows the F1 score of reused visual element detection with varying
thresholds. The general trend is that it first increases with t, peaks when t = 0.2,
and drops as t keeps increasing. Therefore 0.2 is set as the default setting of the
threshold of reused visual element detection.

4.5.4

Evaluating Reuse Visualization

In order to evaluate the reuse visualization method as well as the overall efficacy
of our system, we conducted an experiment by recruiting five volunteers who deal
with presentation slides on a daily basis and performing a trial of our system on
the presentation files made by the volunteers, followed by a questionnaire and an
interview.
Table 4.3 summarizes the users’ opinions on our system. The scores are given on a
5-point Likert scale. As for the overall opinions, four out of five users gave 5 points
to our system. The users were impressed with the design and the implementation of
the system, commenting that this system would be helpful to the users who intend
to track reused elements among quite a few slides.

Chapter 4. Managing Presentation Slides with Reused Elements

75

Table 4.3: Users’ opinions on our reuse detect system

Metric
Average Score
Overall rating
4.8
Identification of reused elements from slides
4.8
Interpretability of element timeline
4.8
Interpretability of presentation network
4.6
Usefulness for understanding presentation slides
4.6
Usefulness for tracking changes in slides
4.6
Usefulness for presentation slide composition
4.4
Interest in future use
4.6
For the element timeline, the users considered the representations intuitive and easy
to understand. One of them liked the apparent and impressive images shown by the
system. For the presentation network, the users found the interface engaging and
were impressed by the innovation of this idea. One user commented that the network
shows the correlation between slides clearly and we can briefly obtain information
from the network.
The users also assessed the usability of the system. They reported that the system
helps understand the slides and it shows changes in slides intuitively through the
element timeline. When being asked about the usefulness for presentation slide composition, they used words such as “somehow useful”, “relatively high”, “extremely
useful”, etc.
After the trial of the system, users were eager to use it in the future. They also
pointed out the limitations of the system, which be discussed later in this section.

4.5.5

Error Analysis

For textual element reuse detection, an example of false positive is shown in Figure
4.10. The sentences detected are “Sales volume as a function of product, month,
and region” and “Sales Volume as a function of time, city and product”. The
similarity between them is 0.692 but from the slides we observe that they are not
reused sentences.
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Figure 4.10: False positive of reused textual element detection
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Figure 4.11: False positive of reused visual element detection

The false positive of visual element reuse detection is shown in Figure 4.11. Both
slides contain an image on the bottom The similarity between the visual words of
the two images is 0.278. They are similar but not reused images. Both errors are
due to the decreased precision of the bag-of-words model under low thresholds. A
possible remedy to the above errors is to refine the results identified by similarity
search with the more sophisticated machine learning techniques.

4.6

Conclusion and Future Work

In this chapter, we proposed an approach to managing presentation slides by exploiting reused slide elements. We developed different techniques to find textual and
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visual elements reused in database slides. We devised interactive visualization tools
to help users understand how these elements are reused and how the presentation
files are related to each other. On the basis of the proposed techniques, a prototype
system with a user-friendly interface is designed. Experiments were conducted on
top of the system and demonstrated the effectiveness of the proposed methods.
Our future work is to explore the composition methods by reusing existing materials. Users may design the structure of the presentation and input elements or
use examples to consist of the contents of the presentation. Then our method can
automatically generates presentation slides.

Chapter 5
A Trial Design Support System
for Presentation Slides

5.1

Introduction

As one of the most important ways of transferring information and knowledge,
presentations provide users to discuss and exchange ideas together. Presentations
now play an important role to promote understanding of presenters’ ideas in many
fields such as education and business. For example, slides for individual products
may be needed to be included in a market presentation whereas for a management
report slides for various projects may be required.
Many university lecturers use Web service to store, browse, and share presentation
slides that are used in their lectures. Although powerful tools for slide composition
have been developed and Web service has been widely used to share slides, they
have a problem for preparing many lecture slides to help their students understand
the contents. Lectures need to prepare slides that can promote understanding. But
how to make the content of the slide fine grained and highly structured is still a
problem to address. The traditional tools fail to provide any functions of handling
presenters intentions. For example, the logical design of the slide structure and
the interrelations between the objects. In presentation slides composition, it is
79
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necessary for presenters to consider topics, items, and their relations. Audiences
cannot understand the presentation until they see the consistent discussion points
in the slide structure.
In order to cope with the above problems, we address a four-stage framework for
slide design for presentation supporting. The four stages contains story, unit, page
and layout steps. It can help users determine the topic units of slide structure in
the story stage, make and assign objects for topic units in the unit stage, determine groups of objects in same slide in the page stage and search examples and
arrange objects, and finally output the presentation slides, with the structure and
component content fine grained and highly structured.
Most of the studies on the support of slide-making have focused on generating slides.
[73, 74, 79] proposed systems to generate slides from academic papers. Information
are extracted and summarized from academic papers based on the TF-IDF term
weighting. Sentences are assigned to slides and important phrases are identified
with bullets. [71] proposed to convert documents to slides by parsing the discourse
structure of documents and representing in an outline format resulting tree. These
approaches that only focus on a structured summary of documents according to the
documents structure and generate the slides automatically disregard the importance
of how to express the slide according to users’ intentions. In constrast, our method
focuses on the role of user’s content decision and help users with the structure and
component design of the slide with content fine grained and highly structured.
[75] proposed SlideSeer, a system for the alignment, discovery and presentation of
such document and slides pairs. It modifies the maximum similarity in alignment in
order to favor monotonic alignments, and a classifier is integrated to handle the case
when slides should not be aligned. [99] detected important description of a word
in a document where the word appears most frequently. Different from the terms
retrieval of the important information, our method, considers the user’s intention
of the content alignment and their associated objects of the slide units.
From the perspective of reusing slides, [2] and [1] proposed slide composition systems that create slides from existing ones and adapt them for different events such as
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conferences and lectures. Since the problem on how to support organizing slide components has been addressed [100], [101] investigated semantic relationships among
slide elements and reflected a presentation strategy in the design of slides. They are
similar to ours for helping presenters better organize contents of their slides. We
aim at supporting presenters prepare slides with slide designed and generated by
the contents fine grained and highly structured.
In this research, we investigate the problem of support for presentation slide design.
Unlike previous methods, we consider the role users play in the presentation structure design and content generation. The users may select topics from a statistic list
to design the structure of the presentation, then input or search the contents for each
topic unit, with the help of the element search method, the user can reuse the elements returned slides. Next, users can allot components into one slide, and select or
specify the layout of the slide according to their preference. Based on the proposed
framework, a prototype system with a user-friendly interface is designed. The experimental evaluation on real presentation slide design and generation demonstrates
the effectiveness and usefulness of the proposed framework.
Our preliminary work can be summarized as follows:

• We propose a framework to support the presentation slide design activities.
• We integrate the content-based element search method to help user reuse the
existing materials, and provide different methods to support the presentation
design in different stages.
• We preliminarily conduct experiments to evaluate the effectiveness and the
usefulness of the proposed framework.

This chapter is organized as follows. Section 5.2 propose a framework of presentation slide design support system. Section 5.3 introduce the methods in the
proposed framework. Section 5.4 implement the framework and evaluate the system
preliminarily. Finally, section 5.5 presents our conclusion and future work.
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Figure 5.1: The four-stage framework of the presentation slide design support

5.2

Conceptual Viewpoint with Framework

Figure 5.1 illustrates an overview of the framework of our presentation slide design
support system. It is composed of four stages, story, unit, page and layout modules.
Next the four stages are introduced respectively.

5.2.1

Story Stage

The story is to do with what to say, a framework for composition, to answer what
is the background, objective, idea, approach, detailed processing method, evaluation and prospects. In such perspective, it is necessary to achieve the deployment
composition information, in the basic type of objective, idea, approach, method,
results.
It is the phase we arrange components according to the format of one story. It is
difficult to adapt its content and structure automatically. It is able to give guidance
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to provide a series of templates for slides, prepare a single topic and then expand it.
In this stage, the main structure of the presentation is designed. Users can select
the topics from a statistics list to design the main unit of the presentation, in this
stage, users can add, delete, change the order of the unit to get the best structure
for presentation.

5.2.2

Unit Stage

The story section basically specifies the sequence of the unit, which means the story
itself is not very long. The unit section is the real part of the input data according
to the configuration of the units is defined, it is possible to save the information
of the attribute value as the data link information specify. The basics of creating
slides are the construction of the story and unit.
The unit stage is the phase to enter the data to construct the content of the individual topic designed in the story stage. In this stage, users can input the content by
themselves, such as type some text, load an image, picture, diagram from the files.
If the user have not enough materials, the content-based search method proposed
in Chapter 3 is integrated in this stage. He can input some keywords, sentence, an
image and a diagram to search slides which he is interested in. Then he can select
some elements from the returned slides as the content of the unit. For the textual
content, it is stored in text files, while for the visual content, the file path or the
URL of the image, picture, diagram are stored in files.
Besides the content of the elements themselves, the attributes and the relationships
to others can also be specified. For example, some texts describe a table, an image or
explain a diagram, one image is in sequence of another, or opposite to or compared
with another image. These relationships between each other will help the user put
these elements into one slide page or successive slide pages.
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Page Stage

In this stage, the user will allot contents into one slide. If the texts are discussing
one topic, or texts are explaining a table, a diagram, an image, these components
will be assigned to one slide.
In order to make the slide easy to read and understand, the user should not put too
many text or images in one slide. If there are too many texts in one slide, the font
size of the text will not be so large for read, at the same time, the text-heavy slides
is a time-consuming task to understand.

5.2.4

Layout Stage

The layout section is pair of configuration of the integrated page section. The layout
process the construction of the data in the page section.
In this stage, user will design the layout of the contents in one slide. We will provide
some templates for user to select, the user can also specify the layout by himself,
the font, position, size and so on.

5.3

Design Support Methods

In this section, we present the design support methods in different stages proposed
in Section 5.2. In the story stage, we give some general topics in academic reports
for user to select. In the unit stage, we provide the element search method to search
contents in returned slides, and in the layout stage, we show some templates for
user to assign the layout of the contents in one slide.

5.3.1

Story Stage

We collect main topics from the academical report from our previous dataset in
Chapter 3. Then provide a list of topic to help user design the structure of the
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A Proposed Solution
 A Close-Domain Question Answering (QA) system on ads (CQAds)
 Problems, not addressed by existing ads searching tools, handled
by CQAds
be

not

Natural language questions Ambiguous/incomplete ads
questions

Shorthand notations/spelling
mistakes in questions

AND
Blue AND Yellow
Implicit/explicit Boolean operators in questions

Ranking answers that partially match
the user’s info. needs in questions1

Figure 5.2: Select contents from the returned slides by Chapter 3

presentation. User can add, delete topics from the list to design, he can also change
the order of the sequence. Hence, the structure of the presentation is designed.

5.3.2

Unit Stage

In this stage, contents of the unit of the presentation will be added to describe the
topics. Users can input the contents by themselves, type some text, insert a table,
select an image, a picture or a diagram from the files.
If the user have not enough contents to insert, he can also search some interested
contents by input keywords, sentence, or an image using the methods proposed in
Chapter 3. Then he can select some elements of the returned slides. Figure 5.2
shows some elements that user can select to reuse.
Similar to the element query input in the Section 3.2, the element in Figure 5.2
such as keywords, sentences, image, diagram will be selected as the contents to
consist of the topic.

Chapter 5. A Trial Design Support System for Presentation Slides

86

Title Text

Important Text

(a) Template for Title

(b) Template for Text

Figure 5.3: Template of text layout

5.3.3

Page Stage

In this stage, the user will allot contents into one slide. If the texts are discussing
one topic, or texts are explaining a table, a diagram, an image, these components
will be assigned to one slide.
In order to help user put proper count of the text and image, we make a statistics
on the text and image number among dataset slides.

5.3.4

Layout Stage

In the layout stage, user will design the layout of the contents in one slide. We
will offer some templates for user to select, the user can also specify the layout by
himself, the font, position, size and so on.
Here we give some templates for the user.
First is the title text in Figure 5.3(a) and the important text in Figure 5.3(b) .
As the general title format in the presentation slides, title will be alloted on top of
the slide in a large size, while for the important texts, the text will be put in the
highlighted text rectangle to show the arresting feature.
Figure 5.4 shows a template for the group texts. The texts will be shown in vertical
sequence, with the summary text in a higher text level.
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---------------------------------------------------------------------------------------------------

-------- -------- --------------- -------- --------

…
-------- -------- --------------- -------- --------

Figure 5.4: Template of group text layout

---------------------------------------------------------------------------------------------------

----------------------

Figure 5.5: Template of one image layout

Figure 5.5 shows templates for text and one image assignment. The image can be
put in the bottom of the slide or the right of the slide. In this way, both the text
and the image will be easy to read and understand.
Figure 5.6 shows templates for two images assignment. Similar to the one image
layout, the two images can be put in the bottom of the slide horizontally or on the
right of the slide vertically.
In this stage, we provide some sample template for the layout. Meanwhile, the user
can specify the layout at their own willings.
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----------------------

Figure 5.6: Template of two images layout

5.4

Experiments

We design a slide design support system according to the proposed framework integrated with the element search methods. In this section, we introduce the user
interface of the system and report the preliminary experiment results conducted on
the system.

5.4.1

Prototype System

We implemented a prototype of slide element search system in C#. It consists of
four modules: the story stage module, the unit stage module, the page stage module
and the layout stage module. Finally is the presentation slide output module.

5.4.1.1

Story Stage Module

In the story stage, users design the structure of the presentation slide. It is able to
give guidance to provide a series of templates for slides, prepare a single topic and
then expand it. In this stage, the main structure of the presentation is designed.
Users can select the topics from a statistics list to design the main unit of the
presentation, in this stage, users can add, delete, change the order of the unit to
get the best structure for presentation by click the corresponding buttons shown in
Figure 5.7.
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Figure 5.7: Interface of story stage

We list the statistic of the topics from the VLDB 2011 and VLDB 2012 presentation
slides, the frequency of the topics are shown in Table 5.1.

5.4.1.2

Unit Stage Module

The unit stage is the phase to enter the data to construct the content of the individual topic designed in the story stage. In this stage, users can input the content by
themselves, such as type some text, load an image, picture, diagram from the files.
If the user have not enough materials, the content-based search method proposed
in Chapter 3 is integrated in this stage. User can click the query button to search
the interested slides.
The returned slide will be listed in the top-right corner in Figure 5.8. When user
click one of them, the slide will be shown in the bottom of the interface, then user
can select some keywords, sentence, image or diagram in the slide to input. If the
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Table 5.1: Statistics of the topics on academical report presentation slides

Topic
Count
Introduction
16
Outline
218
Approach
13
Method
22
Solution
6
Overview
35
Experiment
21
Quality
30
Result
16
Effectiveness
10
Discussion
9
Conclusion
25

Topic
Background
Problem
Algorithm
Model
Idea
Challenges
Evaluation
Example
Performance
Improvement
Contribution
Future Work

Count
11
10
49
13
9
28
19
4
9
4
25
12

Topic
Count
Related Work
12
Objective
8
Analysis
10
Motivation
47
Framework
31
Function
11
Experiment Setup
19
Comparison
7
Optimization
29
Error Results
6
Summary
31
Conclusion and Future Work
3

elements have some relationships to others, users can specify it to help element
assign.

5.4.1.3

Page Stage Module

In this stage, all the elements user input in the unit stage is shown in the top of the
Figure 5.9. Users can select a group of them then put them into one same slide.
Then the pageID, elementID, the count of the text and image will be shown in the
list of the page interface.
In order to get a reference to the text and image count, we give a survey on some
of the slides in Table 5.2.
This will help user put proper count of text and image into one same slide.

5.4.1.4

Layout Stage Module

In this stage, according to the text and image count in one same slide, the sample
templates provided in Section 5.3 will be shown to users. At the same time, users
can also specify the layout according to their own choice as shown in Figure 5.10.
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Figure 5.8: Interface of unit module
Table 5.2: Statistic of the element on slides

Textual Element
1
1
1
2
2
2
3
4
0
0

Visual Element Slide Count
0
3
1
22
2
14
0
3
1
6
2
9
1
1
5
1
1
15
0
8

Users can click the “add” button to specify the layout of the elements in Figure
5.11. When all the elements are specified, then users can preview the slide on the
bottom of the Figure 5.10.
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Figure 5.9: Interface of page stage

5.4.2

Experiment Setup

In this section, we first give the composition quality evaluation of the proposed
method, then show the usefulness of the design support framework by a questionnaire.
The experiments are run on a PC with a 3.4 GHz CPU and 8.0 GB of RAM.
For the topics selection in the story stage, we count the slide title of the academic
reports from the dataset in Chapter 3.5. And give some high ranking topics for
the user to select.

5.4.3

Evaluating Composition Results

In this section, we will check our composition results to see whether our prototype
system works well. We show some example query results first.
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Figure 5.11: Interface of add layout
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Test Text as Slide Title

Test text as presentation title

(a) Title for presentation

(b) Title for slide

Figure 5.12: Example of title output

Figure 5.12 shows two results for the title as presentation title and slide title. If the
slide is the first page of the presentation, the input text will be put in the middle
of the slide as the presentation title. While for other slides, all the titles are put on
top of the slides.
Figure 5.13 shows the example results for the text as important text and group
text. With the attribute specified in the unit stage, all of the textual elements are
assigned properly.
Figure 5.14 shows two output slides of one image. Both of the text and image
assigned according to the templates.
Figure 5.15 shows two output slides of two images. similar to the one image
template output, both of the text and images assigned according to the templates.

5.4.4

Evaluating Design Support System

In order to evaluate the presentation design support system, we conducted and
experiment by recruiting participants and performing a trial of our system on the
presentation slides made by them, followed by a questionnaire and an interview.
Table 5.3 summarizes the users’ opinions on our system. The scores are given on a
5-point Likert scale. As for the overall opinions, four out of five users gave 5 points
to our system. The users were impressed with the design and the implementation of
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Test Text as the important text
In highlight text rectangle

(a) Important text in slide

Additional Challenges
• Interaction between query plans and
placement
• Interaction among object placements

(b) Group text in slide

Figure 5.13: Example of text output

the system, commenting that this system would be helpful to the users who intend
to design presentations.
For the story stage, the users considered the presentation structures intuitive and
easy to understand. One of them liked the detailed and sequence shown in this
stage.
For the unit stage, the users found the interface engaging and were impressed by
the innovation of this idea. One user commented that the query method helped find
useful contents from returned slides clearly and we can briefly obtain information
from the slides.
In the page stage, the users found it is easy to assign the elements into one page.
and in the layout stage, it is said that the preview is really helpful to assign the
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Edge Consistency via Graph Coloring
Vertices of the same color are all at least one vertex apart.
Therefore, All vertices of the same color can be run in
parallel!

(a) 1image

Edge Consistency via Graph Coloring
Vertices of the same color are
all at least one vertex apart.
Therefore, All vertices of the
same color can be run in
parallel!

(b) 1image1

Figure 5.14: Example of one image layout

layout of the elements.
The users also assessed the usability of the system. They reported that the system
helps design the structure and search the contents of the slides. When being asked
about the usefulness for presentation slide composition, they used words such as
“somehow useful”, “relatively high”, “extremely useful”, etc.
After the trial of the system, users were eager to use it in the future. They also
pointed out the limitations of the system, which be discussed later in this section.
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• Co-authors
• This research was
supported by IBM
Research, U.S. NSF,
DHS, and ARL/NS-CTA

(a) 2image

• Co-authors
• This research was supported by IBM Research,
U.S. NSF, DHS, and ARL/NS-CTA

(b) 2image1

Figure 5.15: Example of two images layout

Table 5.3: Users’ opinions on our design support system

Metric
Average Score
Overall rating
4.6
Usefulness of story stage
4.6
Usefulness of unit stage
4.8
Usefulness of page stage
4.6
Usefulness of layout stage
4.8
Helpfulness for design presentation structures
4.6
Helpfulness for input presentation contents
4.8
Interest in future use
4.4
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Challenges
• Limited column specific information


Query has set of keywords.



Web tables have headers.

• Designated HTML table header tag is not always used (80%).

• Many tables have no headers (18%).
<table>
• Header text is <tr>
often
uninformative.
<th>
…</th></tr

<table>

<tr><td>…</td></tr
Afghanistan Kabul
> of a table can be helpful, but it does not
> give column specific information
• Context
Albania
Tirana
…
and it is often …
noisy.
Algeria Nationality
Algiers Main areas
</table>
</table>
Name
Forest reserves
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Nobel Prize
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Alexander Mackenzie
...

...
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Hills
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. Oceania
..
Sea route country/countries
to India
9 that are
Canada

Plains
Creek Prize
stated by the
Nobel

13 website.
committee on its

...

Welcome Swamp

...

Year

Name

168

...

Ronald Ross

Medicine

1907

Rudyard Kipling

Literature

...

880

...

Subject

1902

...

Area
2236

...

1

Figure 5.16: Failure example of slide in text

Edge Detection: Given an image corrupted by acquisition noise,
locate the edges most likely to be generated by scene elements,
not by noise.

Figure 5.17: Failure example of slide in image

5.4.5

Error Analysis

For the layout assignment, some example of failure slides are shown in Figure 5.16
and Figure 5.17.
We can see that in this slide, not all the text are shown clearly, Since user put
too many texts in one slide. Based on this failure example, we have to set some
constraint about the length of the text, or the count of the elements.
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We can see that in this slide, there are only one text, two image assigned. But not
all the images are shown, because the user does not specify the position of each
image. The image are inserted into the slide randomly, which causes one image is
on top of another.

5.5

Conclusion and Future Work

In this chapter, we proposed four-stage framework for presentation design support.
Users can first select the topics to design the structure of the presentation, input
the contents for each unit by themselves or search some interested slides, then
allot the elements into one same page and finally decide the layout of each slide.
On the basis of the proposed framework, a prototype system with a user-friendly
interface is designed. Preliminary experiments were conducted on top of the system
and demonstrated the effectiveness of the proposed framework. The experiment
results show that our proposed framework can help users to design the presentation
structure, input the contents, assign the element at the willing of themselves.
Our future work includes the improvement of the system based on the failure example of the experiment results and other experiments such as the detailed experiment
set up and error tests. What’s more, the system should be able to back to the previous stage to make the structure and contents properly assigned.

Chapter 6
Conclusions and Future Work
In this chapter, we first summarize this thesis in Section 6.1. Next, we present
several interesting extensions that serve as our future work in Section 6.2.

6.1

Conclusions

We have studied three perspectives of the presentation reuse support, the contentbased element search method, the reuse detection method and the presentation
design support framework. The content-based element search provide a method to
find interested slides by different types of input: keywords, sentences, images and
diagrams. The reuse detection method provide a new presentation slide management method to have an overview of the presentations in network and track the
reused elements in timeline. The presentation design support framework provides a
system to design the presentation structure, input contents, allot pages and assign
layouts by reusing the existing slides.

6.1.1

Content-based Element Search

For the content-based element search for presentation slides, we proposed contentbased search methods for a variety of elements in presentation slides. Users can
101
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freely choose keywords, a sentence, an image, or a diagram as a query to find the
materials of his interest from a collection of presentation slides. We proposed different query processing methods to improve the efficiency of answering these queries.
We designed a prototype system integrated with the proposed methods along with
a user-friendly interface, and conducted experiments on top of it. The experiment
results show that our proposed methods return better results than alternative methods and are much faster than the methods without indexes.

6.1.2

Reused Element Detection

For the reused element detection, we proposed an approach to managing presentation slides by exploiting reused slide elements. We developed different techniques
to find textual and visual elements reused in database slides. We devised interactive visualization tools to help users understand how these elements are reused and
how the presentation files are related to each other. On the basis of the proposed
techniques, a prototype system with a user-friendly interface is designed. Experiments were conducted on top of the system and demonstrated the effectiveness of
the proposed methods.

6.1.3

Presentation Design Support

In order to help user design the presentation slides, we proposed a four-stage framework to help user design the structure of the presentation. Users can freely choose
the topics of the presentation to design the structure, insert contents for each topic,
then assign components into one page and finally decide the layout of the slides.
Thus it makes the presentation content fine grained and highly structured. For the
slide contents, users can input the contents by themselves or search the interested
contents from the slide datasets. For the slide layout, users can use the template
we provide, or specify the fonts, the sizes, and the position of the contents by
themselves. On the basis of the proposed framework, a prototype system with a
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user-friendly interface is designed. Preliminary experiments were conducted on top
of the system and demonstrated the effectiveness of the proposed framework.

6.2

Future Work

For the three perspectives about the presentation reuse, we also consider the improvement of the current methods. We discuss them separately.

6.2.1

Content-based Element Search

For the content-based element search, our future work includes the improvement of
the search method. Based on the error analysis of the experiment results, we have
to define some constraints for the keyword queries. A possible remedy is to restrict
that all keywords must be contained in a result. For a sentence query, in order to
avoid the results contain almost all the words of the query but in separate locations,
we can improve the sentence query by using shingles instead of words.
Besides the improvement of the search method on presentation slides, we can also
consider other types of files, such as the Word documents, the PDF and the XML
files. These files usually contains textual and visual contents, with these contents
retrieved, our element search methods can be applied in these files. Our future work
about content-based element search can extent our methods to these types of files.

6.2.2

Reused Element Detection

For the presentation slide management system from the perspective of reused elements, we can consider how to integrate it into composition tools for the design
support. At the same time, we also have to improve the reuse detection methods.
Based on the false positive of the reused element detections, we can see that these
errors in the textual and visual elements detection are due to the decreased precision
of the bag-of-words model under low thresholds. We have to consider the remedy to
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refine the results identified by similarity search with the more sophisticated machine
learning techniques.
Since the detecting methods use the similar functions in the element search methods,
our reused element detecting methods can also work on other types of files.

6.2.3

Presentation Design Support

Since preliminary experiments are conducted on this work, our future work is to
conduct more detailed experiments and make the system more flexible. If the users
find some problem with the structure and contents, he can back to the upper stages
to modify the topics or the contents. Based on the failure examples of the layout,
we have to set some constraints about the counts of the textual and visual elements
put into one same slide. In addition, if the users neither select the sample template
nor specify the layout by themselves, the system should be able to assign all the
elements in proper layouts automatically.
This design support system integrates the element search methods in Chapter 3, in
our future work we can extent the element search into other types of file containing
textual and visual contents, which make the data sources more abundant. While
these structured files can be also designed by our system, the only difference is the
file generation software and environment in the final output modules. Thus our
research can be applied in more file types and applications.
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