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1. TITLE OF INVENTION

METHOD AND APPARATUS FOR VISUALIZING A TAG CLOUD

2. DETAILED EXPLANATION OF THE INVENTION

5 FIELD OF INVENTION

The present invention relates to a method and an apparatus for visualizing a tag cloud.

BACKGROUND OF THE INVENTION

10
Tag clouds have become a popular way to represent (unstructured) data by assigning
significance values (based on the frequency within the given dataset) to tags within
multiple, congregated tags. A so-called tag cloud can be seen as an aggregation of
numerous tags with or without a certain order, for instance tags within a cloud are often

15 sorted alphabetically. The significance of a tag is indicated by the font size used for the
respective tag, so a lower significance is indicated by a smaller font size for the given tag.
Here, a tag is a keyword that refers to a certain piece of information, therefore enabling a
simple classification and categorization. In the following, the term tag will be used as an
umbrella term for any single piece of information that can be represented within a cloud

20 formation and that may also be defined by several attributes not essentially visible in the
first place. Today, tag clouds are mostly used for finding popular data items that have
been previously marked (tagged) with a certain keyword for later reference and to indicate
popular data items within a larger dataset based on their frequency within the dataset. An
example of a conventional tag cloud in which the significance of a tag is indicated by the

25 font size used for the respective tag is shown in Fig. 1.
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Despite their popularity, tag clouds are rather limited with respect to the amount of
meta-data (descriptions about the actual information) that can be visualized and do only
provide limited means of navigating through the represented dataset. One major
drawback of common tag cloud visualization techniques is the fact that only a snapshot of
a given dataset for a certain moment in time can be displayed, thus only the latest sample
of the dataset can be represented. As a result, current tag cloud visualizations do not
allow for drawing any conclusions about the significance of one or multiple tags over time.
Hence, the application of tag clouds for the representation of dynamic and historic
information is limited since only popular items at a certain moment in time can be
highlighted. The significance as well as the correlation distribution within a dataset over

time is so far not considered.

Being mostly used for the visualization and representation of unstructured information,
each tag within the cloud is treated and represented independently of other tags of the
same cloud. This means that even simple correlations between tags that indicate basic
co-occurrence measurements or potentially more advanced semantic similarities cannot
be expressed and therefore do not influence the visual significance of single tags. Current
tag clouds clearly lack the possibility to indicate a certain correlation or connectedness
between tags of the same cloud, and thus limit the scope of tag clouds to visualize implicit
information explicitty and only provide very basic means of interacting with the

represented data.

So far there is no solution known that allows for visualizing the temporal significance and

correlation distribution within single tags or groups of tags in a 2D tag cloud for identifying
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temporal coherences that may also be used to navigate through historic samples of the
dataset and to restrict queries based on the significance and correlation distribution over
time. Existing tag cloud representations are basically limited to the visualization of a
single tags’ frequency within a given dataset at a certain moment in time. As a result, the

application of tag clouds for navigating through a given dataset is very limited.

In “Yusef Hassan-Montero, Victor Herrero-Solana, Improving Tag Clouds as Visual

Information Retrieval Interfaces. International Conference on Multidisciplinary
Information Sciences & Technologies, 2006” the authors propose clustering techniques to
group tags within a cloud formation that have been identified as “similar’, based on
relative co-occurrence measurements. Even though this approach does help to visually
identify similar tags, no temporal aspects with respect to the tag'’s significance distribution
as well as their correlation distribution are considered. In addition, the proposed
visualization technique does not improve the functionality of the tag cloud with respect to
navigation through the given dataset. Also, the grouping algorithm is only taking
co-occurrence measurements into account, rather than a common trend or the correlation

distribution over time.

In “Owen Kaser and Daniel Lemire, Tag-Cloud Drawing: Algorithms for Cloud
Visualization, Tagging and Metadata for Social Information Organization. World Wide
Web Conference, 2007”, the authors focus on algorithms for improving existing tag cloud
visualization techniques with respect to optimizing the amount and placement of white
space within the cloud. The authors also propose to utilize the font spacing attribute to
describe the visual weight and importance of single tags, however, the inner-tag space

remains constant and does not encode a temporal significance or correlation distribution.
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Grouping of tags based on co-occurrence measurements is applied within the cloud.

An attempt to visualize tags over time is described in” Micah Dubinko, Ravi Kumar,
Joseph Magnani, Visualizing Tags over Time. World Wide Web Conference, 2007”. The
authors follow an animation-based approach, which is why their approach cannot be
applied in a static 2D cloud. The principle idea is to present a selection of tags that are
meant to represent a pre-defined time interval that has been selected by means of a
time-slider. However, this approach is concerned with characterizing a certain time period
(by means of a selection of tags) rather than describing tags over time. Furthermore, no
query restriction through the interaction with the tags can be achieved. The selection of

tags is only based on their frequency within the given time interval.

In “Blake Shaw, Utilizing Folksonomy: Similarity Metadata from the Del.icio.us System,
http://www.metablake.com/webfolk/web-project.pdf”’, the author defines a similarity
measurement that goes beyond a basic co-occurrence measurement. The similarity
measurement considers information about the actual tag contributor and his tag
selection in the past. As a result, a distance-based visualization of similar tags is
proposed. Again, no temporal aspects are considered with respect to a tag's
significance as well as correlation distribution over time, neither for the actual
visualization of tags nor for the proposed interaction pattern with the cloud. Therefore,
no grouping of tags based on those temporal aspects (their trend or correlation

distribution over time) can be applied.

SUMMARY OF THE INVENTION
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According to one embodiment there is provided a method of visualizing a tag cloud of
individual tags, wherein each is a certain piece of information and is formed of one or
more characters, and wherein for a tag metainformation has been measured over a
certain time interval so that there exists a vector of metainformation measurements for
said tag, each component of said vector representing a certain metainformation
measurement at a certain time, said method comprising:

dividing a tag into a plurality of slices;

mapping said vector of metainformation measurements of said tag over time such that
each slice of said tag corresponds to one or more of said metainformation measurements;
visualizing the temporal change of said metainformation measurements for said tag by
changing for each of said slices one of the following parameters depending on the
corresponding cne or more metainformation measurements:

the font size,

the color saturation;

the inner space between said slices.

In this way metainformation which has been recorded over time for a certain tag may be
visualized in the tag cloud so that the resulting tag cloud offers temporal information about
how measured (or inputted) data change over time. This can then be used for an interface
which enables querying or browsing said data based on such temporal aspects and
thereby opens a new dimension of how to interact with and handle data displayed by tag

clouds for the purpose of querying and browsing.

According to one embodiment wherein said metainformation is one of the following:

the significance of a tag,
the correlation significance between tags.

These two types of information are of particular interest for a user when browsing a

dataset or when querying data, and therefore it is advantageous if one or both of them ca
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be displayed.

According to one embodiment the total period of time which is mapped onto a certain tag

is graphically represented by the total length of said tag.

this gives a user an impression about the temporal coverage of a certain time as indicated

in the tag cloud.

According to one embodiment the method comprises:

identifying for each tag to which temporal pattern of a plurality of predefined temporal
pattern it belongs, and

grouping the tags together which belong to the same pattern.

This makes it easier for a user to identify those tags which show the same temporal
pattern, and he may select one of them. Moreover, such a grouping can also be used for
browsing or querying, e.g. by selecting a certain group about the tags of which then

further information may be retrieved

According to one embaodiment a plurality of tags which belonging to the same group of
tags are selected by

a similarity criterion, or

arbitrarily by a user, and wherein for the tags of said group metainformation is displayed
by one or more of the following:

a change in font size;

a change in color saturation.

Grouping claims together can make sense, either by selecting them by a user of by a
similarity criterion (such as similar shape of significance over time), and then for the tags

of the group metainformation may be display by means of change in font size or color
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saturation

According to one embodiment a plurality of tags which form a group is aligned in a row
and said group is divided into slices, each slice representing a certain time period,
wherein the vector of metainformation to be visualized is representing the correlation
significance between said elements of said group over time, said vector of
metainformation being mapped onto said slices of said group of tags such that the visual
representation of said group of tags illustrates the change of the correlation between the

tags of said group over time based on a change of font size or color saturation.

This makes it possible to visually display the temporal change of the overall correlation

between the elements of the group of tags over time.

In one embodiment thereby the ordering of the tags in said group is chosen such that the
individual tag having the highest individual significance is located where the correlation
significance is highest (which may mean at the location where the font size is largest or

the color saturation is highest).

According to one embodiment the method comprises:

selecting a group of tags based on a similarity criterion and aligning them in a row and
said group being divided into slices, wherein the overall shape of the group is based on
the temporal change of the metainformation which corresponds to the similarity criterion,
and/or

with the tags of the group being ordered such that the tag of the group which has the
highest individual significance is located at the position with the highest font size or color
saturation and the other tags are ordered according to their correlation with the tag having

the highest significance.

By the overall shape of the group being dictated by the temporal change of the similarity

criterion it becomes possible to readily see how the similarity criterion (which may e.g. a



10

15

20

25

(36) JP 2010-15558 A 2010.1.21

certain pattern of the individual tag significance, such as “rising” or “falling”) looks like.
Moreover, by the ordering of the tags in the row according to correlation with the tag

having the highest significance furthermore correlation information can be visualized.

According to one embodiment a group of tags has been selected based on a similarity
criterion according to which the members of said group have a certain similarity, and
the overall correlation significance of the correlation between the group members over
time is visualized by

a changing font size which changes in accordance with the correlation significance
change over time; or

a color saturation change which changes in accordance with the correlation significance

change over time.

In this way the overall correlation between the members of the group may be visualized.

According to one embodiment the method comprises:

selecting one tag as reference tag;

graphically visualizing the correlation of other tags with said selected tag by displaying
said other tags such that the degree of correlation with said reference tag is expressed by
the font size of said other tags; or

the color saturation of said other tags.

In this way a correlation between a reference tag and other tags may be visualized.

According to one embodiment the inner significance of a tag over time is expressed by
one of its font size or color saturation; and

the correlation significance of a tag with said selected tag over time is represented by the
other one of said font size or said color saturation.

In this way the significance of a tag itself and furthermore the significance of its correlation
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with the reference tag both may be visualized over time.

According to one embaodiment the method comprises:

a reference tag being selected and other tags are simultaneously displayed in a manner
which indicates their respective correlation with said selected tag over time, wherein said
correlation is indicated by

the space between slices or characters of a tag are changing in accordance with the
change of said correlation, or

the color saturation changing in accordance with the change of said correlation.

According to one embodiment the method comprises:
in addition to visualizing the correlation of a tag with said reference tag over time, further

visualizing the overall correlation of said tag with said reference tag.

This enables also the visualization of the overall correlation of a certain tag with the
reference tag in addition to the correlation as it changes over time. The overall correlation

may e.g. be displayed by the extension of a single line located close to the tag.

According to one embodiment the visualization of a tag cloud enables the user to query
or browse context information as represented by said tag cloud based on the
metainformation represented in said tag cloud, said metainformation being one or more of
the following:

temporal change of a tag significance over time,

temporal change of a correlation significance between tags over time,

any metainformation about the tags of said tag cloud as graphically visualized by said tag
could.

According to one embodiment there is provided an apparatus for visualizing a tag cloud of
individual tags, wherein each is a certain piece of information and is formed of one or
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more characters, and wherein for a tag metainformation has been measured over a
certain time interval so that there exists a vector of metainformation measurements for
said tag, each component of said vector representing a certain metainformation
measurement, said apparatus comprising:

means for dividing a tag into a plurality of slices;

means for mapping said vector of metainformation measurements of said tag over time
such that each slice of said tag corresponds to one or more of said metainformation
measurements;

means for visualizing the temporal change of said metainformation measurements for
said tag by changing for each of said slices one of the following parameters depending on
the corresponding one or more metainformation measurements:

the font size,

the color saturation.

In this way an apparatus according to an embodiment of the invention may be

implemented.

According to a further embodiment the apparatus comprises means for carrying out a

method according to any of the embodiments of the invention.

According to one embodiment there is provided a computer program comprising
computer program code which when being executed on a computer enables said

computer to carry out a method according to any of the embodiments of the invention.

DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a tag cloud as known in the art.

Figures 2 to 12 schematically illustrate tag cloud representations according to

embodiments of the invention.
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DETAILED DESCRIPTION

The concept according to an embodiment of the invention considerably extends the basic
concept of tag clouds for data visualization and navigation by taking temporal as well as
correlation aspects into account. With the proposed visualization and interaction
schemes, new ways to represent and query large datasets can be realized as will become

apparent in the following.

In particular, it will be described how significant data items in large datasets can be
visually described and utilized for browsing based on novel visualization techniques that
encode additional information (metainformation) in tag clouds to highlight the significance

of single as well as correlated tags over time.

The metainformation can be automatically recorded, e.g. by recording in regular intervals
the data from a GPS sensor based on which position information is determined, and
based on the position information there may then be automatically recorded a
corresponding tag, such as e.g.the name of the city of the position, the name of the
location (e.g. office), and the like. The tags may, however, also be based on
metainformation which is inputted by a user and represents e.g. the user’s context, such
as his present mood (lazy, happy, sad, or the like) or his activities (sports, reading,
walking). Such metainformation may be inputted by the user and may then be recorded
together with the corresponding time. The term “measurement” therefore has to be

understood that also the input of metainformation by a user at a certain time may be
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regarded as a “measurement” of metainformation at a certain point in time.

All such metainformation which is either derived from user input or from automatic
measurements may then result in a compilation of several kinds or types of
metainformation, where the different kinds or types may be represented by corresponding
tags the significance of which is recorded over time (e.g. by the number of occurrence

within a certain time interval).

A thus collected pool of context data (or “measurement data”) which represents context
information over time may be the basis on which the visualization mechanisms of the
present invention may be applied in order to enable the user to meaningfully view, browse
and query this pool of information. Since the context information may be very different,
and since it also contains temporal information, the present interfaces for displaying and
querying such a pool of information are not suitable. Accordingly the embodiments of the
invention as described in the following can help the user to access this data, to query it

and to browse it in a manner which was not possible before.

A tool which may be used to collect the metainformation may be a mobile device such as
a mobile phone, a smartphone, or the like. It may execute the automatic measurements
(such as position measurements, or any other measurement of data which result from the
sensors of the device) and may enable the user to input metainformation which then may
be recored together with the corresponding time. The mobile device may then also
perform a visualization method as described in the embodiments of the invention by

executing a computer program which performs the corrsponding functions, and it may
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also allow the user to query and browse through the metainformation which results from
the data collection by the “measurements” which record metainformation over time, the

metainformation corresponding to and being respresented by corresponding tags.

The proposed techniques in one embodiment allow for describing the significance
distribution of a tag over time in changing its font characteristics (e.g. by using different
font sizes) within the representation of one tag. So in case the significance of a tag has
decreased significantly, the font size of the distinct tag decreases, too, and vice versa. As
a result, the tendency of the observed significance of multiple tags can be visualized in
one (static) cloud, and thus enables a better identification and selection of tags not only
based on their current significance, but their significance distribution over time. In addition,
being able to visually identify trends of single data items or groups of items, it becomes
possible to not only better understand the provided information but also to browse to
historic samples of the data as recorded in the past. By selecting distinct parts of a single
tag’s representation, historic samples of this data item can be revealed. Likewise, through
visualizing a tag’s significance distribution over time, a trend-based browsing through the
given dataset becomes possible. For example, one can choose a tag which has a desired
trend over time (e.g. increasing significance) and can search for other tags (and their
related information) which have the same trend over time. Therefore the visualization
technique of the embodiments of the invention not only visualizes data which has been
recorded over time, but it also enables a novel interface to query and browse through

such data.

Today, the significance of tags in a cloud is so far only based on their frequency within a

given dataset. In some cases, however, the frequency alone is not a suitable indicator for
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the significance and therefore importance of a tag. Instead, the significance of a tag is
also heavily depending on the correlation or connection with other tags in the same cloud
as well as the significance of the correlation over time. The correlation degree of two or
more tags can be based on co-occurrence measurements and may also indicate a
semantic or statistical similarity (closeness) of tags. Existing tag cloud representations do
not allow for visualizing the degree of correlation and therefore lack a suitable
differentiating factor between tags in one cloud. As a result, navigation trough the dataset

and restricting a given query along the lines of correlated tags is not possible.

The visualization and interaction techniques according to embodiments of the invention
tackle this constraint by visualizing the correlation factor between tags with either a
distinct grouping, color-coding or distance indication. The correlation significance of a
group of tags over time can be visualized by adjusting the entire group’s shape to match
its correlation significance. The color-coding paradigm allows for selecting a certain tag,
hereupon highlighted by a reference color with 100% saturation. In one embodiment all
correlated tags are accentuated in the same color tone, but based on the correlation
degree, the saturation percentage is chosen whereas a higher degree of correlation is
equivalent to a higher color saturation. In one embodiment, by adjusting inner-tag white
spaces, the correlation degree over time can be represented. In addition, in a further
embodiment recent correlation degrees may have a higher emphasis in the overall

correlation degree of two given tags.

With the proposed visualization and interaction techniques, new ways to navigate and
browse through large datasets become possible through the generation of advanced tag
cloud representations. Queries can be restricted based on the significance distribution of

single items or groups of tags, and may also allow for browsing through correlated items
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and provide means to navigate to historic samples of a given dataset. Queries may thus
be restricted based on temporal conditions, certain correlation dependencies or similar

trends that were identified over time.

With the proposed visualization and interaction paradigms, significant items in datasets
can be highlighted not only based on their current significance, but also based on their
significance distribution over time and the significance of their correlation with other tags
over time. This way, only recently popular (short-term) tags can be isolated and significant
tags over a longer period of time and with a high degree of correlation gain more visual
weight. In addition, the proposed techniques allow for a better selection of single data
items or groups of items based on their significance and correlation distribution over time
and allow for querying historic data samples that have been recorded in the past, provide
means to isolate groups of tags with a similar significance and correlation trend and to

browse through the given dataset based on the correlation degree between tags.

Now embodiments of the invention will be described in somewhat more detail.

At first an embodiment where an Inner-tag significance distribution is visualized will be

explained.

A single’s tags significance distribution is defined as the number of significance
measurements that were recorded within a certain time period. With it, a certain tendency

of a tag’s importance or interestingness can be described over time.

The proposed visualization and interaction techniques considerably extend existing tag
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cloud representations, enable the visualization of additional meta-information in static
clouds and allow for novel interaction and query restriction patterns. Metadata allows for
identifying and highlighting the significance distribution of single tags within the cloud and

the correlations between two or more tags over time.

With the proposed visualization and interaction paradigm, the significance of a tag is not
only based on its frequency within a given dataset at a certain moment in time (one single
value), but may consist of a number of significance levels recorded over time. The
resulting significance distribution holds valuable information about the significance of a
tag during a certain time period, so whether or not a tag’s popularity has been decreasing,
increasing or may have remained the same. With the proposed visualization paradigm,
this tendency is made visible within a single, static tag cloud, as depicted in Figure 2. In
the example below, the increasing significance of the tag “coffee” is indicated by its
increasing font size, whereas the tag “commuting” is decreasing in terms of font size and

its corresponding significance over time.

The actual font sizes used for a given tag and its significance distribution can be
computed by assuming that the number of distinct sections (a section may e.g. a letter or
a smaller part of the tag, e.g. a slice of a letter, or any part into which a tag may be divided)

of a given tag also restricts the number of significance measurements considered.

With:
L: Vector of distinct sections of a given tag
S: Vector of significance measurements of a given tag over time

Smax.  Maximum significance value
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Frmax:  Maximum font size

Foin:  Minimum font size

The formula below maps the given range of significance values to the respective font

sizes of a distinct tag, described by the resulting font size vector .

F(L,S)=fy.... £, |with

S;

Vil = Foo (X (B = Fo),
(Fonax = Fruin) > 0, a

S =[sgsns, JWith V55 . 0<s <8
L=[l,,....0.]

Through the visual representation of a tag's significance distribution, temporal query
restrictions can be defined. The horizontal display of a tag represents the observed time
interval, whereas distinct sections of a tag represent a temporal subset of that time
interval. The number of time slices (=the sections of the tag) that can be identified as well
as the actual number of significance measurements may depend on the overall size of a
certain tag. Selecting a certain time slice can be seen as a temporal query restriction,
whose result set corresponds to the chosen time interval. This way, single pieces of
information in large datasets can be retrieved through further narrowing down the
observed time interval. A slice of a tag may correspond to a single character of the tag or
it may correspond to a part (a “slice”) of a character. In first case the significance

indication varies from character to character, but remains the same within a single
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character. In the latter case the significance indication may even change withn a
character, in other words the font size of an individual character may even change within

the character.

If the number of sections of the tag and the number of temporal measurements are not the
same, in other words if the vector of distinct sections of a given tag and the vector of
significance measurements of a given tag over time have a different number of
components, then there may be performed a matching such that a plurality of
components of one vector are mapped onto a single component of the other vector. This
can e.g. be done by choosing the average significance value of the plurality of
significances, if several significance components are to be mapped onto a single tag

section.

The time interval which is represented by the tags of the tag cloud may be predetermined
(e.g. one day, one week,one month orthe like), or it may be selected by the user. The user
may e.g. choose the time interval which he is most interested in, and based on the
collected metainformation the tag cloud which visualizes the temporal development of

significance data may be calculated and displayed.

According to one embodiment, since not all tags that form a tag cloud necessarily
represent the same observed time interval (e.g. because not for all of them there is enogh
metainformation data to cover the whole interval selected by the user for being
dvisualized), according to one embodiment an additional indicator for the relative time
period considered is used. In this embodiment the total (horizontal) length of a tag is a
measure for the total time period over which the significance measurement extends. The
length variation to represent different time intervals by different tags can e.g. achieved by

varying the inner-tag white spaces. As shown in Figure 3, the variation of inner-tag white
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spaces increases its horizontal extension, which corresponds to a relatively longer time
period. In the example shown in Figure 3, the tag “commuting” covers a longer time period

than “nuremberg”, for instance.
This additional inner-tag white space or font spacing can be approximated by:

D(T)=[d,.....d, |with

t
vf:()di = Dmin + (—f—l_)x (Dmax - Dmin )’

max

(Dmax —Dmin)>0’

T =[ty,....t, JWithV* ¢t .0<t, <T_

With:

di: Space or distance in between two inner-tag's sections (e.g. letters)

Dmin:  Minimum (default) space between two inner-tag’'s sections (e.g. letters)

Dmax :  Maximum space between two inner-tag’s sections (e.g. letters)

L Observed time interval for the concerned tag

Tmax ©  Maximum observed time interval for a tag in a given cloud

Alternatively to a variation of the inner-tag white spaces, different font types or variants
can be used. Tags rendered in a more condensed font (e.g. Arial Narrow) represent a

shorter time interval, regular or wider fonts represent larger time periods (e.g. Arial

Regular).
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The visualization of a tag cloud as described before enables a user to navigate through
context information as represented by such a tag cloud base don temporal information.
For example a user may select a tag which with respect to its temporal change represents
a rise, so that it has become more significant recently, and thereby the user may choose
context information for navigating through a dataset based on temporal information.
Another possibility is to select not a single tag but a part of the tag which then represents
a certain time interval being a subset of the whole time interval represented by this tag.
Such a selection could e.g. be made by drawing a box around the selected part of the tag
using the mouse or the cursor in a well known manner, and the thus selected time interval
is then applied as a filter or selection criterion when obtaining further information like other
information related to the selected tag and time. In one embodiment the selection of a
subset in time may lead to a recomputation of the whole tag cloud for the thus selected

subset in time, thereby effectively zooming into the tag cloud..

In a relatively simple case, a distinct section of the tag (e.g. one single letter) could be
selected (e.g. by clicking on it), which already represents the aforementioned temporal
selection and query restriction. In addition, in one embodiment selecting more than one
parts of the tag could be accomplished in a similar way as marking a certain text passage

in word processing. The selection could then be confirmed by a mouse-click.

In contrast to selecting distinct parts of a tag to restrict the resulting query with respect to
the observed time period, the selection of the space in-between a tag according to one
embodiment has the opposite effect. In this case, according to one embodiment the

considered time period will be extended, resulting in a re-computation of each single tag
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Now a further embodiment will be described which makes use of a tendency-based

grouping of tags.

Having computed the significance distribution of a single tag over time as exemplified in

Figure 2, distinct tags can not only be grouped based on their (semantic) similarity or

based on simple co-occurrence measurements but can furthermore be grouped based on

similar significance trends. In this respect, several types of trends can be identified as

listed below (amongst others):

bookwOl'M

bookworm

boOKworm

bookWorm

bookworm

booKWorm

Increasing significance with:

! - N
Voo 8, <58,y <5 (s distinct significance measurement)

Decreasing significance with:

] . N
Vo 8; > 8., > S, (si. distinct significance measurement)

Recurring, increasing significance with:

k-1 1
Vi 8 <S8y AV a8, <Spq A S > 8y

Recurring, decreasing significance with:

k- i
Viso$i>8m A Y S, >80 A S <S8,

Decreasing and increasing significance with:

k-1 !
Vilo§>Sa A vj:lu—

1

15 <S8 NS T 8,

Increasing and decreasing significance with:

k-1 ! N _
Vico S, <Sa A VoS, >80 A S =8

i= !
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A tag cloud that has been reformatted by having identified groups of tags with similar

significance distributions is shown in Figure 4.

Having identified certain groups within a tag cloud formation based on similar significance
trends, a group based query restriction according to one embodiment reconsiders the

given result-set with respect to the chosen significance trend only.

The layout of the resulting tag cloud formation according to one embodiment depends on
the following paradigm: Each group of tags can in principle be seen as a detached cloud.
The largest group of tags is placed in the middle of the resuiting (combined) tag cloud, all
subsequent groups are placed around the centered group. In the example shown in
Figure 4, the cloud containing tags like “laim” and “busy”, for instance, has been identified
as the largest cloud and is therefore placed in the middle of the resulting combined tag
cloud. The alignment is based on a matrix where the number of fields must be larger than
the total number of identified trends (and such groups of tags). This way, an additional
visual weight is put to the largest and therefore most important group of tags, which in turn
facilitates a quicker navigation, selection and identification of single tags. Fig. 5 illustrates

the matrix structure of the tag cloud shown in Fig. 4.

In the following there will be described a embodiment which makes use of color coded

correlation significance distribution

In addition to the temporal significance distribution of a tag, its correlation with other tags
of the same cloud over time is valuable metadata, too. The temporal correlation

distribution can be defined as the number of correlation measurements of a certain group
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of tags as recorded during a specified time interval. The correlation as such can be based
on co-occurrence measurements, a semantic dependency or any connection between
those concepts that has been identified either with respect to the time, the physical space,

or the common presence of another data item not present within the group.

Contemplating identified groups of tags that have a common significance distribution over
time allows for visualizing the group'’s correlation significance in a one-line formation, in
which the x-axis can be seen as a timescale with the most recent measurements on the
left, and the oldest measurement on the right (or otherwise round). A nhumber of those
tags grouped in one line again form a 2D tag cloud. Each tag within the group still holds its
specific information about its own significance distribution, while the group’s correlation
significance over time is indicated by a fading color schema with 100% color saturation
representing the highest correlation significance. Such a tag cloud may then look like as

illustrated in Fig. 6.

The tags belonging to the group of Fig. 6 may not only be selected based on a similar
temporal significance distribution, the tags may just be arbitrarily selected, e.g. by the
user, and then the correlation between the tags over time may be displayed in the manner
as shown in Fig. 6, namely by the color saturation varying over the x-axis which

corresponds to the time.

It should further be mentioned that while different selection criteria for selecting the
members of a group are mentioned in this and other embodiments, all these selection
criteria could of course also be combined in any combination. E.g. the tags could also be

selected based on their semantic similarity as described in another embodiment.
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Alternatively or additionally also always an arbitrary selection by the user is possible in

one embodiment.

The color saturation that represents a groups’ correlation distribution can be described
by:

C.
VEx =X, + (=
=07 min ( C

)X(Xmax —Xmin)’

max

(X ,pox = X.i,) >0,

C= [co,. . .,ck]with szocj. 0<c, <C,,
With:

Xi: Color saturation for the respective section within a group of tags
Xmax. Maximal color saturation

Xmin:  Minimum color saturation

Ci. Given correlation significance sample

Cmax. Maximum correlation significance of the group

According to one embodiment also the ordering of tags within the group follows a certain
paradigm. The most significant single tag is placed where the group’s correlation
significance is at its peak (in Figure 8, “coffee” has been identified as the most significant
single tag, thus placed at the second position from left where the group’s maximum

correlation significance has been measured).

Group criterion: Similar significance distribution (or arbitrary tag selection)
Tag shape: Respective tag’s significance distribution

Tag placement: Place of the most significant single tag corresponds with the place of max
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correlation significance of the group formation

Group shape:

Color-coding: Fading color indicates the group’s correlation significance over time
Interaction: Query restriction based on time period and common group criteria

(similar significance distribution)

Now an example of how this visualization pattern may be used for navigation purposes
will be described. For example, to further refine a given query and to diminish the
result-set, distinct parts of the group can be selected. Hereby, the time period in which
data items must have been recorded will be restricted to correspond to the selected
region of the displayed correlation significance. Since not only a time period has been
identified but also a certain group has been selected within the cloud, the resulting query
will in one embodiment will also be defined by the common group criteria, in the example

above a similar significance distribution over time.

In the following there will be described a embodiment which makes use of group-based

significance distribution.

In this embodiment the actual correlation between the tags of the group as well as the
group's common criteria are of subsequent interest. Focusing on the group as such, its
common criteria as well as the correlation between the tags within the group can be

visualized as illustrated in Figure 7.

Here, the group’s common criteria (a similar significance distribution) forms the whole
group’s shape, again aligned in one line, while the most significant tag of the group (in this

case “coffee”) is identified and subsequently visualized as the most prominent tag (in
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terms of font size in Fig. 7, could also be color saturation if that is chosen to express
significance). The ordering of the given tags within the group formation is based on the
correlation degree of a certain tag with respect to the most significant tag of the group.
The correlation degree describes the dependency between two distinct tags within a
group. In the example above, the tag “munich” has a higher correlation degree with

“coffee” than “traveler”.

The shape rendering can be described mathematically analog to a single tags’
significance distribution as formalized in the first example, whereas the group of tags is

hereby treated as one joined, single tag.

Group criterion: Similar significance distribution

Tag shape: Determines (and thus forms) the group’s shape

Tag placement: Most significant single tag is placed at group’s max significance;
remaining tags are ordered based on the correlation degree with respect
to the most significant single tag

Group shape: Common criterion (significance distribution over time) defines the group’s

shape

Color-coding: -

Interaction: Query restriction based on time period and common group criteria

(similar significance distribution)

Now there will be described an embodiment which makes use of a group-shaped

correlation significance distribution.

Characterizing the correlation of several tags over time, describes the significance of the
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correlation of the group as such. Thus all tags within the group have been selected based
on a certain correlation (e.g. based on a semantic similarity), rather than a similar
significance distribution as discussed in the previous examples. The proposed
visualization paradigm then depicts the whole group’s correlation significance over time
whereas each distinct tag’s significance distribution is not the prime intention any more,

as shown in Figure 8.

The example that has been selected and visualized in Figure 8 describes a group of
similar tags (all tags represent spatial concepts, the similarity criterion therefore here is
‘tags representing a spatial concept”) and the group’s correlation significance over time.
Here, the significance of the above shown group has been first increasing, then followed
by a steady decrease of the correlated significance. The shape of each single tag
complies with the group’s shape as such, which leads to a more prominent visualization of
the entire group and its correlation significance over time. Again, the ordering of the tags
within the group follows a certain principle. That is, the most significant single tag takes
over the place where the highest significance value(s) are present. As a result, “munich”
as the most significant tag of the group has been placed within the first part of the cloud

formation, followed by “nuremberg”, “laim” and “berlin”.

The distribution of the correlation significance of the group can be described analog to the
inner-tag significance distribution (as explained before), whereas the resulting Font-size
vector is not described by the respective significance measurements but in fact

determined by the group’s correlation measurements.

F(L,CY=|fyrer f, | with
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C
(F,.—F..)>0,

max

vf:ofi =Fmin+( )X(Fmax—Fmin)’

max

6‘=[co,...,ck]with‘v’Locj.OScj <C

max ?

L=i,,..0.]
With:

L : Vector of distinct sections of the cloud

C : Vector of correlation measurements over time

Chmax. Maximum correlation value
Fmax: Maximum font size

Fmin: Minimum font size

Group criterion: Semantic or statistical similarity

Tag shape: Complies (and thus forms) the group’s shape

JP 2010-15558 A 2010.1.21

Tag placement: Placed where the group has its highest correlation significance

Group shape: Describes the group’s correlation significance over time

Color-coding: -

Interaction: Query restriction based on time period and common group criteria

(similar tag category)

Now there will be described an embodiment which makes use of a reference tag selection

and correlation degree visualization.

Besides focusing on the significance of a tag over time, the formation of groups of tags
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and their correlation significance over time, the degree of the correlation between tags is
another valuable meta-information of the represented data. By applying a certain color
schema, such correlations can be made visible to indicate simple co-occurrences,
semantic similarities or statistical interpretations. To highlight correlations between tags, a
reference tag is selected. Assigning a certain reference color to its font with 100%
saturation indicates the selection of the tag. All correlated tags are thus highlighted by the
same color as the selected tag, whereas the degree of the correlation with the selected
tag is equivalent to the saturation of the color applied to the correlated tag. This means
that a high degree of correlation is indicated by a high percentage of color saturation,
whereas a low percentage of color saturation is equivalent to a low degree of correlation.
Figure 9 describes a sample tag cloud with “coffee” as the selected tag, in which

correlated tags such as “commuting” or “busy” are indicated by a fading color saturation.

The actual selection of a tag may have two different effects. For one, the described
correlation degree visualization (as described above) may focus on correlation
dependencies within the given cloud. Another feasible pattern is a correlation-based
navigation within the dataset. Here, whenever a certain tag has been selected, a query
may be compiled to retrieve only correlated tags. This way, only a subset of correlated

information is regarded to provide efficient means to find meaningful information.

Now there will be described an embodiment which makes use of temporal correlation

degree visualization.

By utilizing inner-tag white-spacing or font-spacing, not only a relative time period can be

encoded within a single tag’s representation (as exemplified before), but alternatively its
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correlation degree over time with (respect to a reference tag) can be described. Here, an
increasing inner-tag space indicates a decreasing correlation degree and vice versa. No
variation of the inner-tag space indicates a steady correlation degree over time. The
average correlation degree of two tags can then also be weighted, whereas recent
correlation degrees have a higher weight. This is schematically illustrated in Fig. 10,
where the reference tag is “commuting” and the increasing white space of the tag
nuremberg indicates that its correlation with the tag “commuting” is decreasing over time.
On the other hand, for the tag “working” the correlation with the term “commuting” is
increasing over time, as indicated by the decreasing white spaces between the

characters.

For each tag further the overall correlation degree (e.g. averaged over time, where the
more recent correlation values may be given a higher weight) are indicated, as can be
seen by the individual single lines in y-direction. It can be seen that the overall correlation
with the tag “commuting” is about the same for the tags “transportation” and “working”,

and it is somewhat lower for the tag “nuremberg”.

The white-spacing correlation degree distribution can be described by:
5(6’) = [so,...,sk]with

Ci
Cmax
(S =S ) >0,

~ o
C= [co,...,ck]wnh Ve, 0<c, <C,,

k —
vi:()si - Smin +(

) X (Smax - Smin )7

max

With:
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Si: Space in between two inner-tag's sections (e.qg. letters)
Smin © Minimum (default) space between two inner-tag’s sections (e.g. letters)

Smax: Maximum space between two inner-tag’s sections (e.g. letters)

G: Measured correlation degree for the concerned tag

Cmax . Maximum correlation degree

The average weighted correlation degree A can be described by:

B, k (c
A(C,W):Zi_l(c' f‘W)wizh

1

C=leyy..e, [WithV: c,.0<c, <C

max ?

W>0

With:

A Average, weighted correlation degree

C: Vector of correlation measurements of a given tag over time

Cmax. Maximum correlation value

W. Weighting factor

Once a reference tag (“commuting”) has been selected, a distinct number of correlated
tags is placed above, slightly rotated to intensify the visual effect of increasing or
decreasing distance between the reference tag and the correlated tags. A query or
browsing based on such a visualization can e.g. be implemented such that whenever the
aforementioned reference tag is re-selected, the next group of (less) correlated tags is

positioned in a similar manner, replacing the previously shown group of correlated tags.



(60)

In the following some of the embodiments which have been explained before will once

again be summarily to compiled by illustrating the metainformation which is displayed

together with its corresponding graphical visualization.

Inner-tag significance distribution

Inner-tag time period visualization

In-line grouping based on similar
significance distribution of single
tags with color-coded correlation
significance distribution

In-line grouping based on similar
significance distribution of distinct
tags, group's shape forms the
common tag criterion

In-line grouping based on
semantic or statistical similarity of
distinct tags, group's shape forms
the group's correlation

significance over time

Color-coding for visualizing the
correlation degree between
distinct tags and a corresponding
reference tag
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Reference tag selection for

correlation degree visualization. &
An increasing inner-tag space ;&\oﬂ\ o ) o
indicates a decreasing correlation O<& & ° . \LQ\Q
degree and vice versa. No ’é,é\%Q &Q; o]
variation of the inner-tag space QO N
indicates a steady correlation .
commuting

degree over time

In the embodiments described so far there have largely been used three ways of
visualizing the metainformation for a tag, namely the font size, the color saturation, and
the inner space between said slices. It should however be mentioned that also further
ways may be used to visualize the metainformation for the individual slices of the tags in
order to display its temporal change. Any suitable way for visualizing graphically for a
slice of a tag an information which corresponds to a certain quantity of the
metainformation associated with the tag may be used. One further such example is
illustrated in Fig. 11 where tag’s atomic elements (the “slices”) are placed on a virtual
stairway, whereas one distinct significance measurement is indicated by the actual height
with respect to a baseline. Therefore, an element that is more significant is placed higher
than less significant elements. The computation of the actual range of height values is

similar to the previous font size computation and can be described by:

With:
L: Vector of distinct sections of a given tag
S: Vector of significance measurements of a given tag over time

Smax:  Maximum significance value
Hmax: Maximum height with respect to baseline
Hmin:  Minimum height with respect to baseline

The formula below maps the given range of significance values to the respective range of
height values of a distinct tag, described by the resulting height vector .

— - =

H(L,S)=hy,....h, | with
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S

Vf:oht =]{min +(S

)X(Hmax _Hmin)’

(Hmax —Hmin)>05
S =[so,...,sk]with V’J‘.:Osj.O <s, <8

L= [IO""Jk]

max ?

Since the time intervals between historic measurements of significance values may also
be different, the inner-tag space may indicate this temporal divergence. In one
embodiment smaller spaces are equivalent to a shorter time interval, larger spaces mean

longer time intervals, as illustrated in the upper left part of Fig. 11.

It has been mentioned already that in principle the use of different fonts for a single tag for
indicating either the significance, correlation distribution or a certain time interval is also
possible (this was explained in an earlier embodiment, where as an example is given

which mentions the use of the fonts Arial Regular & Arial narrow).

In addition to this, however, also a special type of font could be used, as illustrated in
Figure 12 for the tag “docomo”. In case of such a font the size even inside a character
may change, and such a font may be constructed by providing individual slices for each
character which then may change their size in accordance with the significance value to

be visualized, as can be seen from Fig. 12.

More generally speaking one may tehrefore say that in one embodiment the visualization
of the metainformation is preformed by changing a visualization parameter for individual

the slices of a tag based on the quantity of the metainformation, where the visualization
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parameter is chosen such that for the slice of a font it is capable to indicate such a

quantity of a metainformation.

It will be understood by the skilled person that the embodiments described hereinbefore
may be implemented by hardware, by software, or by a combination of software and
hardware. The modules and functions described in connection with embodiments of the
invention may be as a whole or in part implemented by microprocessors or computers
which are suitably programmed such as to act in accordance with the methods explained
in connection with embodiments of the invention. An apparatus implementing an
embodiment of the invention may e.g. comprise computing device or a mobile phone or
any mobile device which is suitably programmed such that it is able to carry out a

delegated transaction as described in the embodiments of the invention.

According to an embodiment of the invention there is provided a computer program,
either stored in a data carrier or in some other way embodied by some physical means
such as a recording medium or a transmission link which when being executed on a
computer enables the computer to operate in accordance with the embodiments of the

invention described hereinbefore.
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What is claimed is:

1. A computer-implemented method of visualizing a tag cloud of individual tags, wherein
each is a certain piece of information and is formed of one or more characters, and
wherein for a tag metainformation has been measured over a certain time interval so that
there exists a vector of metainformation measurements for said tag, each component of
said vector representing a certain metainformation measurement, said method
comprising:
dividing a tag into a plurality of slices;
mapping said vector of metainformation measurements of said tag over time such that
each slice of said tag corresponds to one or more of said metainformation measurements;
visualizing the temporal change of said metainformation measurements for said tag by
changing for each of said slices one or more of the following parameters depending on
the corresponding one or more metainformation measurements:

the font size,

the color saturation;

the inner space between said slices;

the actual height on which the individual slices are placed on a virtual stairway,

whereas one distinct significance measurement is indicated by the actual height

with respect to a baseline.

2. The method of claim 1, wherein said metainfornation is one of the following:
the significance of a tag,

the correlation significance between tags.

3. The method of claim 1 or 2, wherein
the total period of time which is mapped onto a certain tag is graphically

represented by the total length of said tag.

4. The method of one of the preceding claims, further comprising:
identifying for each tag to which temporal pattern of a plurality of predefined
temporal pattern it belongs, and

grouping the tags together which belong to the same pattern.
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5. The method of one of the preceding claims, wherein a plurality of tags which belonging
to the same group of tags are selected by

a similarity criterion, or

arbitrarily by a user, and wherein for the tags of said group metainformation is
displayed by one or more of the following:

a change in font size;

a change in color saturation.

6. The method of one of the preceding claims, wherein a plurality of tags which form a
group is aligned in a row and said group is divided into slices, each slice representing a
certain time period, wherein the vector of metainformation to be visualized is
representing the correlation significance between said elements of said group over time,
said vector of metainformation being mapped onto said slices of said group of tags such
that the visual representation of said group of tags illustrates the change of the correlation
between the tags of said group over time based on a change of font size or color
saturation.

7. The method of one of the preceding claims, comprising:

selecting a group of tags based on a similarity criterion and aligning them in a row
and said group being divided into slices, wherein the overall shape of the group is based
on the temporal change of the metainformation which corresponds to the similarity
criterion, and/or

with the tags of the group being ordered such that the tag of the group which has
the highest individual significance is located at the position with the highest font size or
color saturation and the other tags are ordered according to their correlation with the tag
having the highest significance.

8. The method of one of the preceding claims, wherein
a group of tags has been selected based on a similarity criterion according to
which the members of said group have a certain similarity, and

the overall correlation significance of the correlation between the group members over
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time is visualized by

a changing font size which changes in accordance with the correlation
significance change over time; or

a color saturation change which changes in accordance with the correlation

significance change over time.

9. The method of one of the preceding claims, comprising:

selecting one tag as reference tag;

graphically visualizing the correlation of other tags with said selected tag by
displaying said other tags such that the degree of correlation with said reference tag is
expressed by

the font size of said other tags; or

the color saturation of said other tags.

10. The method of claim 9, wherein

the inner significance of a tag over time is expressed by one of its font size or
color saturation; and

the correlation significance of a tag with said selected tag over time is

represented by the other one of said font size or said color saturation.

11. The method of one of the preceding claims, wherein a reference tag is selected and
other tags are simultaneously displayed in a manner which indicates their respective
correlation with said selected tag over time, wherein said correlation is indicated by

the space between slices or characters of a tag are changing in accordance with the
change of said correlation, or

the color saturation changing in accordance with the change of said correlation.

12. The method of claim11, further comprising:
in addition to visualizing the correlation of a tag with said reference tag over time,

further visualizing the overall correlation of said tag with said reference tag.

13. The method of one of the preceding claims, wherein

said visualization of said tag cloud enables the user to query or browse context
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information as represented by said tag cloud based on the metainformation represented
in said tag cloud, said metainformation being one or more of the following:

temporal change of a tag significance over time,

temporal change of a correlation significance between tags over time,
any metainformation about the tags of said tag cloud as graphically visualized by said tag

could.

14. A computing apparatus for visualizing a tag cloud of individual tags, wherein each is a
certain piece of information and is formed of cne or more characters, and wherein for a
tag metainformation has been measured over a certain time interval so that there exists a
vector of metainformation measurements for said tag, each component of said vector
representing a certain metainformation measurement, said apparatus comprising:
means for dividing a tag into a plurality of slices;
means for mapping said vector of metainformation measurements of said tag over
time such that each slice of said tag corresponds to one or more of said metainformation
measurements;
means for visualizing the temporal change of said metainformation measurements
for said tag by changing for each of said slices one or more visualization parameters,
wherein said visualization parameters preferably comprise one or more of the following
parameters depending on the corresponding one or more metainformation
measurements:
the font size,
the color saturation;
the inner space between said slices;
the actual height on which the individual slices are placed on a virtual stairway,
wherein one distinct significance measurement is indicated by the actual height with

respect to a baseline.

15. A computer program comprising computer program code which when being executed
on a computer enables said computer to carry out a method according to one of claims 1
to 13.
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1. ABSTRACT

A method of visualizing a tag cloud of individual tags, wherein each is a certain piece of
information and is formed of one or more characters, and wherein for a tag
metainformation has been measured over a certain time interval so that there exists a
vector of metainformation measurements for said tag, each component of said vector
representing a certain metainformation measurement, said method comprising:
dividing a tag into a plurality of slices;
mapping said vector of metainformation measurements of said tag over time such that
each slice of said tag corresponds to one or more of said metainformation measurements;
visualizing the temporal change of said metainformation measurements for said tag by
changing for each of said slices one or more of the following parameters depending on
the corresponding one or more metainformation measurements:

the font size,

the color saturation;

the inner space between said slices;

the actual height on which the individual slices are placed on a virtual stairway,

whereas one distinct significance measurement is indicated by the actual height

with respect to a baseline.
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