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Abstract: Visualization is an art where abstract data is graphically depicted to analyze the
underlying knowledge inherent in the data. Documents can be considered as abstract data and
document visualization is one area where the unbounded hidden knowledge in the documents
can be clearly revealed using various visual techniques. Here in this study, we describe a
Story Summary Visualizer which uses a novel method of biological story summary
visualization based on Gestalt perception law. The visualizer takes children stories as input
and generates summary of the stories using Relevance model. Later this summary
information was used to model biclogical plants. Lindenmayer systems called as L. systems
which are fractal based techmques were used to model the plants applying gestalt simmilarity
perception principle. The plants which are mathematically generated uses a set of iterative
rules called productions applied over an axiom. This repetitive principle of applying
productions results in the generation of biological plants which have the self inherent
sirmilarity within itself. This plant modeling technique uses the weighted sentence value of
all the sentences in the story obtained from relevance model for generating the graftal based
plant. Two plants are generated one story plant based on all the sentence weights and the
summary plant is a child of the story which is extracted from the parent story plant. The
summary plant helps in visualizing the summary sentence locations within the story and the
summary sentence weights with respect to all story sentence weightages. This visualizer also
helps in visual story analysis to know about spatial organization of the theme of the story
and story summary orientation.
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INTRODUCTION

Document Visualization is an information visualization task that visualizes abstract data to
facilitate comprehension, memory, communication and inference. Various methods were used to
visualize the text as a whole or the attributes associated with text such as category information
visualization, author attribution visualization, Ontology visualization and summary information
visualization. Overview and detail method and distortion based visualization techniques are usually
used to visualize document with their attributes. Category visualization techniques use self organizing
maps for clustering (Yang ez af., 2002), galaxy visualization using proximity to show relationships
between documents (Hetzler et al., 1998), interactive time line viewer to show variants among
documents {Monroy er /., 2002) and visualizing category weight information of news items using
spirals using gestalt perception based models based on a novel SRP categorizing algorithm (Mala and
Geetha, 2005, 2007a). Author attribution visualization helps in visualizing the author write prints
using principal component analysis technique (Abbasi et af., 2006) and Modeling author style features
using blobby objects (Mala and Geetha, 2007b). Ontology visualization is done using many tools like
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Jambalya, Ontoviz, TG Viz, Ezowl, Ontoedit and Visualizer. These tools use network,
hierarchical, neighborhood and hyperbolic view schemes to visualize the ontology concept and
relational information (Boscal ef @f., 2005). Here in this study we propose a new technique of
summary information visualization. The summary information is extracted from stories using
Relevance model. The summaries thus generated are taken and they are then visualized using plant
models. The visual plant models are generated using L. systems which are Fractal based systems.

Summary Visualization

Summary information of text is also visualized using various techniques. Ineats an information
extraction based nultidocument summarization method uses content selection, Content filtering and
Content presentation for summarizing multidocuments. It has a location based map visualizer for
visualizing the location words and number of occurrences of location words. It also visualizes the
summary sentences in the document using different colours (Leuski ef af., 2003). A multi document
summary system using centroid, title, location and query method was developed and the summary
sentences visualized in an interface window which displays the summary and the original document
(Lopez et al., 2004). Fractal based summarization technique was proposed where the self similarity
inherent in the structure of a text material was used to summarize the text at various abstraction levels
and the resultis also visualized onto a mobile screen (Yang and Wang, 2003). An interactive document
summary visualization system is built where Information extraction, Filtering, Summarization and
Analysis are involved. This system uses filtering technique to filter the phrases and summarize the
extracted information and uses contingency tables for visualization over the phrases and the document
attribute information like author information, dates and references (Mothe and Dkaki, 1998). All the
above summary generation techniques visualize the summary information as text based visualization.
Here in our work a novel summary visualization technique based on L system has been used to
generate plant structures. This uses similarity principle of gestalt perception law to analyze the
document summary based on both location and thematic information. According to Gestalt similarity
principle similar looking objects tend to group together (Mala and Geetha, 2007a). Similarity principle
is also used here for generating self-similar fractals.

Fractal Based Visualization

Use of phyllotactic patterns to create tree layouts (Carpendale and Agarawala, 2004) is an
interesting application of fractal based tree visualization. In the study however only the tree
structure has been designed but no mapping of information has been performed. Vector force field
used with I system provides interaction with the environment and animations can be created
(Noser, 2002). The animations created only represent natural scenarios but does not visualize
information as such. Binary fractal tree and Van Koch snow flake fractals are used to visualize
hierarchical information of directory structures and categorization of meta data in digital collections
(Ong et al., 2005). Fractal rooms are techniques to display the result of queries to display multimedia
data (Xu and Sergeant, 2007). In this study, a novel approach of modeling summary information for
plants have been developed where the inherent hierarchical information based on sentence weight has
been taken into account.

Story Summary Generation Based on Relevance Model

Children stories are considered and the summary generated using relevance measure
(Gong and Liu, 2001). The relevance measure is the inner dot product of individual sentence term
vector in the story to the overall story term vector. The sentence with highest relevance score is the
most thematic sentence. This sentence is then eliminated from entire story for further sentence score
calculation. While calculating the dot product for each sentence the already selected highest score

54



J. Artif. Intel., 1 (1): 53-60, 2008

=i
[ Fractal Parameters | Story Summary Extraction | Story & Summay ion_|
Story
[Once upon a time, there was a tartoise wha lived in a tank_He made frisnds with two gesse who| =
F su oyt pa|  [USEd 10 cOME and visit him 3t the tank, They were nappy Tor many years. Then there was a drou
loht that Iasted for months. The tanks and rivers started drying up under the burning sun. The pe
lople and anirmals were starving and the birds were migrating to rmore fertils lands. The two gee
[se decided ta save themselves and go away. So they came to say a sad goodbye to their friend t
lhe tortoise. The poor tartaise could nat believe that they could leave him behind to die. The gees
l= wondered how they could save their friend too. The problem was that they did not know how to | =
ake him along hecause the tortoise could notfly. The tortaise came up with an idea. He told the
geese o get him a stick that he could hold between his teeth. The geese cauld then take him to
a mare fertile land flying slowly while holding the twa ends of the stick. But the geese were warri
led that if the tortaise apened his mouth by mistake ta speak, he would lase his grip on the stick
‘ Read Story ‘ [and wauld fall down and die. So the torioise promised not to open his mauth. The geese flew ofl|
camying the toroise with themn. They flew higher and higher, aver hills, valleys, fields and plains. [—
‘ Generate Summary ‘ Finally, they lew over a city. The people of the city were amazed to see such a strange sight. Th
ley clapped their hands and commented how wonderful it was tao see the geese carrying the torf |
‘ oo o | loise ke nat The neanian= shauing and cianaing annnver the tnriaise.He woneres ainid |~
5650 —  Summary
3200 [Once upon & time, there was a tortoise who lived in a tank [=]
4430 He macie friends with two geese who used to come and wisit him at the tank
5450 The peaple and animals were starving and the birds were migrating to mare fertile lands
5840 Sathey came to say a sad goodbye to their friend the tortaise
740 The poortartoise cauld nat helieve that they could leaws him behind to die
a60.0 The problem was thatthey did not know how ta take him along becauss the tartoise sould notfl| _
oo He told the geess to get him a stick that he could hold hetween his testh
h1:89.0 The geese could then take him to a more fertile [and flying slowly while holding the twa ends of
h2:30.0 lhe stick,
ffistart H = & &9 [ smspm
|| Etessenge... | istosum | Ejstosum . | it | Bl readue .| [E] grammar ... | &ATREEL - 1. [[ & Summar... @

Fig. 1: Story summary generation

sentences are eliminated and the story term vector also changes for each iteration. The terms present
in the highest score sentences are also eliminated from the story for further caleulations. This is to
reduce the occurrence of redundant sentences in the summary. As the number of sentences needed in
summary is generated the process is stopped. This gives weightages for summary sentences and other
sentences in story. These weights are mapped onto plant fractals for plant generation (Fig. 1).

Visual Plant Modeling Using L-Systems

The visual plant modeling is performed using L systems. The L systems are fractal based systems
which are iteratively developed based on an axiom and productions. Here we used a simplest class of
L systems the deterministic and context free L. Systems called as DOL systems (Prusinkiewicz and
Lindenmayer, 1990). Formal definitions describing DOL system is as below:

Let V denote an alphabet, V* the set of all words over V and V+ the set of all non empty words over
V.
A string OL system is an ordered triplet G= <V, w, P> where V is an alphabet of the system,
w & V+1s a non empty word called the axiom and P <V X V* 15 a finite set of productions.
A production (a,%) e P is written as a = X.
The letter a and word X are called the predecessor and successor of the production.
An OL systemn 1s deterministic if and only if for each a e V there is exactly one X e V*such
thata = X

To model higher plants using the above DOL system a graphical interpretation of L system is
needed. The idea of the graphical interpretation using turtle is given below. A state of the turtle is
defined as a triplet (x, v, ) where the Cartesian coordinates (X, v) represent the turtles position and
the angle « called the heading is interpreted as the direction in which the turtle is facing. Given the step
size d and the angle increment 3, the turtle can respond to commands represented by the following
symbols:

(F)->  Draw Straight line in Current Direction for the specified length d. The state of the turtle
changes to (x°, y’, &) where X’ =x + d cos ¢ and y’=y + d sin «. A line segment between
points (x,y) and (x’,y") is drawn.

(t)-> Tum clockwise by specified angle 8. The next state of the turtle is (%, y, «- 9).
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Fig. 2: Tree generation using L System

(-)->  Tum anticlockwise by specified angle &. The next state of the turtle is (%, v, ¢+d).
{[)—  Save the current (x,y, &) in the stack.
()=  Restore the current (x,y, ¢) from the stack.

Given a string V, the initial state of the turtle (x,, v,, ¢,) and fixed parameters d and &, the turtle
interpretation of V is the figure drawn by turtle in response to the string V. Figure 2 with d =30,
o =90 and & =30 is obtained by interpreting strings generated by the following L system. The axiom
is given as FF+[+F-F-F]-[-F+F+F] and the production is FF+[+F-F-F]-[-F+F+F]. The tree so
generated shows the iterative application of the production over the axiom and the expanded grammar
being generated. These L systems are used for biological plant modeling and for generating
inflorescences, flowers and patterns. Here L Systems are used for story summary plant
generations.

The story sentences weights are calculated using relevance model as stated in the previous section.
These weights are mapped onto the length or d value. This d value is used for drawing a line in the
current direction with length d which is the mapped sentence weight. The initial angle & value is taken
as 90 degrees which gives the direction in which the turtle is facing and & value considerad as 60
degrees, which gives the angle turned either clock wise or anti clock wise with the specified angle value.
The axiom is given as FF+[+F]-[-F] and the production is FF+[+F]-[-F]. With these values the entire
document is drawn as a plant with the sentence weightages as shown in Fig. 3.

The number of sentences to be present in the summary can be given by user. The summary
sentences alone are shown in Fig. 4. The user has selected half the number of sentences for summary
in Fig. 4. The plant models are generated based on the sentence weights generated by relevance model
as said above. The weight of the sentences are mapped onto the length parameter d. Whenever symbol
F occurs in the axiom or production, it is replaced by drawing a straight line in the current direction
with the specified length d. Thereby the length of the branch depends on the sentence weightage. The
location of the summary sentences can also be well understood by the increase in length of the
summary sentences. The visualizer also maps perceptually to Gestalt perception principles.
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Fig. 4 Visualization of summary sentences alone
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Gestalt Perception Model Applied on Visual Plant Models

The Summary Visualizer is based on Similarity principle of Gestalt perception model. By Gestalt
sirmilarity principle similar looking objects form a group. Here Self Similarity is inherently present as
itis a fractal based plant model. Summary sentences have greater weights and thereby the length of the
branch is more when compared to normal sentences. This helps in similar looking lengthy branches to
be considered as summary sentences. Proximity principle is also mapped with the spatial nearness of
the sentences in the documents. Here the spatial proximity is maintained where sentences lying near
cach other in the story will also be placed nearer by the visualizer. Thereby Gestalt principles of
Similarity and Proximity are mapped onto visual plant models in the visualizer.

EXPERIMENTAL RESULTS

Experiments were conducted using four stories. The stories were given to two humans and the
summarizer for evaluation. Let S, S, be the set of sentences selected by human evaluators and
the Summarizer, respectively. The standard definitions for Precision(P) and Recall(R) are given as
follows:

R =80/ SenfSpian
P=5,./ So/Son

Precision gives the number of correct sentences marked by system to the total number of sentences
marked by the system while Recall gives the number of correct sentences marked by system to the
total mumber of correct sentences marked by the human. Precision is a measure of the usefulness of a
summary while Recall is a measure of the completeness of the summary. The key in building better
summarizer is to increase precision without sacrificing recall. The calculated Precision and Recall are
shown in Table 1 for four different stories for one user.

The Table 1 shows that for three stories out of four the Precision is more than Recall which means
the summary sentences retrieved by the summarizer are valid sentences and provides a useful
summary. In story 1 Recall is more than Precision, which means the summarizer provided summary
sentences which matches many sentences in human summary which gives a more complete summary.
This proves the efficiency of the Summarizer. The visual output is also evaluated based on four factors
namely Data density, Number of simultancous dimensions displayed, Occlusion percentage and
Number of identifiable points (Bertini and Santucei, 2004). Data density is given as the ratio of the
number of data points to the number of pixels. This gives how clearly the data can be displayed.
Number of simultaneous dimensions displayed gives the number of maxinum dimensions that can be
displayed in a visual. Occlusion percentage gives the number of broken elements in the visual output
and Number of identifiable points tells the clarity in the image. The parameter percentages were
calculated. The calculated values clearly shows that the clarity of the image is good since identifiable
points 1s 100% and the image is clearly visible without any breakages which makes the occlusion
percentage to be 0. Data density value is calculated to be 40% and the number of simultancous data
dimension displayed is 2 X number of sentences in the story which shows the dimensions that can be
seen clearly from the image at a time.

Table 1: Calculated precision and recall using relevance model

Precision Recall
0.45 0.58
0.46 0.39
0.65 0.55
0.53 0.47
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CONCLUSION AND FUTURE WORKS

The proposed system was developed and implemented. The results proved to be satisfactory.
The system helps in generating the summary of children stories and also helps in Visualizing the
stories. Relevance score model proved to be efficient in extracting the summary. The story summary
visualizer helps users in analysing the summary sentence weights to that of normal sentence weights.
The plant models generated using L Systems also helps in understanding the summary weightages,
Summary sentence spatial location and total sentences in the story with their weights as a whole and
the location of the story theme within the story. Gestalt perception principles when mapped onto the
system help in clear and easy understanding of the visual. The visualizer can be improved by generating
three dimensional plant models using L. Systems. The summarizer can also be improved by extracting
summary from multiple documents or stories.
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