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Overview

This document provides an in-depth look at the process used in trying to solve real issues with the User
Experience of a social bookmarking application. While it might be easy to simply take the first solution
that works and assume that it’sthe best solution, the first solution is very rarely the best solution. We
found several solutions to several problems, and many of them worked and appeared to be decent
solutions. It was only upon further investigation and doing more detailed research that we found hidden
flaws in some solutions, issues with user satisfaction in other solutions, and even found some solutions
that broke entirely under certain conditions.

This paper will describe the problems we faced in detail and then provide an explanation of the
solutions evaluated for each problem, including the benefits and drawbacks of each solution. We will
also identify the final solution chosen and why it was chosen.

What is a Tag Cloud?

In order to understand the problems faced by a social bookmarking application and more specifically,
the problems surrounding the display and generation of tag clouds, one must fully understand the
concept of a tag cloud.

Ideally, a tag is a simple keyword that has been assigned to some entity. This entity can be anything: an
e-mail, a bookmark, a file, a specific version of a file stored in a source control repository. In the case of
Moniger (an internal social bookmarking project) and social bookmarking within the enterprise, we are
specifically referring to the tagging of bookmarks. A tag acts very much like a category. The main
difference between tags and categories is that people typically associate categories with a hierarchical
structure. To add finer-grained detail to the classification of an object, people naturally want to create
sub-categories and create a navigable tree structure. Tags have no hierarchy. Each tag stands alone as a
single entity with no parent, no children, and no siblings. The fact that tags have no hierarchy does not
make them useless.

Imagine that you have been using a social bookmarking system like del.icio.ugto store a list of
bookmarks. Instead of using the traditional folder-style means of organizing your favorites as you would
within a browser, you have been supplying tags for the bookmarks. You have supplied the tag
shoppinglistto everything in your bookmarks that represents an item you plan to purchase. You have
also supplied the tag book to every bookmark that refers to a book. Finally, you have supplied the tag
programmingfor all links in your library that refer to programming topics. If you were using a traditional
folder-based system for organizing your data, you could only store a bookmark in a single folder —so you
would have to pick whether a bookmark belonged in shoppinglist book, or programming Using tags as
a dimensional analysis tool, you can slice and dice your data any way you like. For example, with these
tags, you could examine the list of all programming books that you want to purchase simply by going to
the page that represents the intersection of all bookmarks that contain all three of those tags.
Moreover, you could then send the URLfor your “programming books that | want to buy” bookmark list
to friends or co-workers quickly and easily.



A tag cloudis a fairly subjective term. Some sites and applications display a simple list of tags in a vertical
strip on the side of the website and call it a cloud. This is not a true cloud. A true tag cloud is a weighted
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within the overall listPut simply, the more important a tag is within a cloud, the larger it appears. Some
applications use multiple colors to add further density to the information represented by a cloud, but

those applications aren’'t the norm.

Here is a sample of a tag cloud from del.icio.us

tags .net APl bonjour books c# cocoa csharp design
dictionary dotnet hindi language ling microsoft mene netfx3
osx programming reference shoppinglist
socialsoftware tagging vieta Web2.0 windowsmekile

Figurel - Sample Tag Cloud from del.icio.us

And here is a sample of a tag cloud from Scuttle an open-source social bookmarking application written
in PHP that was used as part of our original analysis of social bookmarking:

Figure2 - Sample Tag Cloud from Scuttle

Note that the Scuttle implementation of a tag cloud displays a far more useful distribution of font size
than the del.icio.us cloud. Distribution of font size will be discussed later in the document as a problem
that was encountered when attempting to render the “perfect” tag cloud.

Problems with Tag Clouds

Every application and website that displays a tag cloud does so in its own unique way. Some borrow
ideas from others, but no two tag clouds are exactly alike. This presented a problem for us: Which tag
cloud do we model, and why? There are a lot of different implementations of tag clouds available.
Unfortunately, alot of them simply don’t do the job properly. Many tag clouds, such asthe del.icio.us
tag cloud, are nothing short of inadequate. The distribution of font sizes is so small that it is nearly



impossible to tell which tags are weighted more than others at a glance. In addition, many tag clouds
inappropriately filter data. If data is being obscured from a user or completely hidden from a user, they
have a right to know why. The User Experience for that tag cloud should include enough information
that the user can make an informed decision as to what information should be displayed. Too often tag
clouds arbitrarily cut data without letting the end user decide if that data was relevant or not. This next
section details the two main problems we encountered with tag clouds: Distribution of Font Sizes and
Rendering Large Data Volumes.

Rendering Large Data Volume

Aswith any application, if you haven't tested the boundary cases then the application should never be
considered a viable application. All too often applications work perfectly fine until they have been used
for so long that the amount of datain the application’s working set exceedsits original design capacity.
In such cases, the display of the application can become unwieldy or even impossible to navigate. In a
worst-case scenario many applications will encounter bugs or cease to function altogether when the
data volume grows beyond a certain threshold.

This problem is immediately obvious when you look at some sample applications. Del.icio.us, for
example, has no means to deal with users who have a large amount of personal tags. As the cloud
grows, the ability to draw meaning from this cloud diminishes until a point where the user simply
ignoresthe cloud entirely because with so many tags contained in it, the user can’t quickly glance at the
cloud to glean meaning. If the user cannot quickly glance at the cloud to gather information, then the
cloud is no longer fulfilling its original purpose: to provide a visual representation of the relative weight
of individual tags with regard to the overall collection of tags. If you can’t see the entire collection
without scrolling down, relative importance is impossible to discern. If there are so many tags that it
takes you five minutesto scan the cloud, you can't quickly discern any tag's relative weight.

When there is so much information displayed that the user’s eyes glaze over when looking at the mass
of rendered data, the information and meaning has degraded to nothing more than clutter. It is
Figure3 - Large Tag Cloud "Clutter" absolutely crucial that no matter how much data

your application contains, it cannot abuse the user
with clutter,and it must provide meaninat all
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down below the fold on anything but the highest resolution settings.

Another problem with the data contained in the tag cloud represented by Figure 3 is that the end user
really has no way of knowing if their data is actually in the cloud Del.icio.us is one of the many sites that
arbitrarily trim off data without informing the user. There is a control that allows the user to limit the
data in the cloud by rank, thereby limiting the amount of data displayed. However, the use of this
control is far from intuitive and is only limited to 3 values: 1, 2, and 5.

If the user cannot trust that something they just tagged will show up in their tag cloud, they lose faith in
the application itself. Any good developer or designer knows that the split second the user loses faith
that your application will perform its intended function is the split second that your application has
failed.

Distribution of Font Sizes and Tag Weights

At its core, a tag cloud is nothing more than a weighted list; a histogram. The weight is arbitrary, but in
most cases the weight of a tag refers to the number of bookmarks with which that tag has been
associated. Rather than displaying this histogram of tags and their relative weights as a bar graph, the
tag cloud provides a more dense, inline approach to rendering the relative weight information. The
typical tag cloud provides for multiple font sizes where each tag is assigned a different font size based
on its relative weight within the group of tags being rendered.

Take a look at the following two depictions. The first is a bar graph containing relative weights of tags
and the second is a cloud implementation from the Scuttleapplication.

Figure4 - Sample Histogram of Relative Tag Weights
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Figure5 - Weighted Tags Displayed with Font Size Distribution

The problem that occurs with rendering tag clouds is that the algorithms used to determine the
distribution of font sizes and weights can often be completely inadequate. With datathat doesn’t fall
into an evenly distributed pattern such as tags and their relative weights, it is often difficult to spread
tags across a range of font sizes. Some sitesdon’t even bother to use different font sizes and simply
display the relative weight of the tag in parentheses next to the tag name while others use such odd
algorithmsthat the font size is so unpredictable that the tag cloud haslost all meaning. If you can’t
predict what it means for a tag to be a certain size every time you view the cloud, its size has no
meaning for the user.

Tag Cloud Solutions
This section will explore the solutions that were explored as well as the benefits and drawbacks of each.
The reasons why each solution was accepted or rejected will also be included in detail.

Large Data Volume Solutions

As you have already read, many different types of problems can occur with large data volumes. As the
amount of data within an application grows, the user interface can be caught completely unprepared
and become completely unusable. Large volumes of data can also impact performance which can
degrade from the overall user experience. Several solutions to this problem were analyzed but we
eventually decided on the method that Moniger is currently using as the single best solution to this
problem.

Del.icio.us 7 User Controlled Weight Filter with Limited Options

Del.icio.us deals with the data volume situation in a way that | find to be almostperfect. It lets you
selectively exclude tags from the cloud that do not have at least a certain weight. This allows you to
gradually decrease the size of the cloud by removing those items that are associated with fewer
bookmarks. This satisfies my criteria that if you are going to exclude data from the user, you need to
provide enough contextual information or hints so that the user knows exactly whythat information has
been excluded.



There are two main problems | have with this solution. The first problem is that it is never truly clear
what information has been excluded from the user. The visual difference between the link that you click
to exclude a different weight and the text that shows the currently excluded weight is barely visible,
especially on high-resolution monitors that are displaying dozens of windows at a time, as shown in the
figure below.

options

» view as cloud | list

» sort by alpha | freqg

» show | hide bundles
» Use minimum: 1, 2, 5
» arrange tags

Figure6 - Del.icio.us Tag Cloud Options

Bven zoomed in like in Fgure 6, it isn’t obvious that the current weight filter level is 1. It is also unclear
to the novice user that the phrase use minimum:actually refers to the number of bookmarks that must
be associated with a given tag for it to be included in the tag cloud.

The second problem with this solution is that there are only three values you can use to limit the tag
weight. If the user is an extremely active user with dozens of bookmarks for all of their tags, the values
1, 2, and 5 really have no meaning whatsoever — changing those values won't actually change the
contents of the tag cloud very much.

Scuttle 7 Administrator-configured arbitrary record limit filter

This approach is by far the worst solution to the problem of large data volume within a tag cloud. Scuttle
has a single setting stored on the server in a PHP file that defines a record cutoff limit. This essentially
means that all summarized tag clouds displayed in Scuttle will have their record counts chopped to this
value. This means that the Recent TagdMy Tagsand even Popular Tagsiews are arbitrarily chopped to
a fixed lengthNot only does this completely warp the meaning of the cloud, but it also leaves the end
user completely in the dark.

Case in point: My Scuttle account on the local server contains far more tags than any other user. As a
result, the data volume for my tag clouds far exceeds the default 30record limit for any given summary
cloud. Most of my tags have considerable weight as well with some exceeding 70 bookmarks. As a
result, using Scuttle’s default cloud implementation, | can add several bookmarks and the tags for those
bookmarks do not show up in any of my tag clouds unless I click the link to see the entire cloud in full-
page form.

The fact that Scuttle can and will hide data from the end user without explaining to them what data is
missing or why meansthat most userswill think the software is broken when information doesn’t
appear where they expect. As with all software, even if it was desigred to function as it is functioning, if
it is functioning in a way in which the user does not expectthey still think it'sa bug.



Removing data based on record number rather than on weight leaves this solution completely
unacceptable. At least del.icio.us’ implementation trims data based on weight, providing a modicum of
logic and predictability to the data displayed. If the data is trimmed based on record number after being
sorted by rank, the user has no way of reliably predicting what will be rendered in their tag clouds.
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Moniger has adapted the approach used by del.icio.us and added the ability for users to control the
limiting value beyond a fixed set of limits. This gives users with really high-weight tags to go beyond
del.icio.us maximum limit of 5in order to provide more meaning and useful information to the user.

Atop each summary cloud within Moniger there are See Moreand See Lesbuttons that increase or
decrease the weight limiting factor by 1 after each click. When the user clicks one of these buttons,
Moniqer displays a message indicating that it is refreshing the cloud data. Once the data is available, the
cloud adjusts itself according to the new limiting factor. All of this is done dynamically and
asynchronously utilizing both industry-standard Ajax technology and Microsoft’s Atlas framework. An
example of these weight-limit adjusting buttons is illustrated in the figure below.

Figure7 - Moniger's WeightLimit Adjusting Buttons

In an effort to maximize the user experience for this particular feature, the weight limit for each cloud is
stored as part of the user’s profile so that if they log off the site and return the next day, the cloud will
be rendered using the same weight limit filter used previously.

We felt that this approach provided the best solution for users. Users are in direct control over how the
data being displayed to them is filtered. If data is excluded, the user knows exactly why the data was
excluded and they have a clear and concise path to make that data re-appear if they desire. There is
nothing arbitrary about how data is removed from this cloud, and the filtering technique does not
negatively affect the meaning of each tag'srelative weight within the cloud asin other approaches.

Solutions for Distribution of Font Sizes within a Cloud

Distributing font sizes within a tag cloud might seem like a trivial aspect of the overall application, but it
is far more important than that. The purpose of a tag cloud is to give users a rough impression of each
tag'srelative importance within the overall cloud. The cloud accomplishesthis by increasing and
decreasing the font size of each tag according to its weight. If the algorithm used to size the fonts is



incorrect, users will be given an incorrect impression of the relative weight. In addition, you want the
cloud to at all times appear like a cloud and not like alist. If the algorithm used doesn’t spread the font
sizes out enough among the tags in the result set, you can end up with clouds where 90% of all tags are
the same size and a few stragglers are either too small to read or too large to be useful. The following is
an analysis of some of the options for producing a compelling, easy-to-read, even tag cloud font size
distribution.

Linear Distribution Algorithm

The linear distribution algorithm is the simplest of all the algorithms and is actually the one used by
most implementations of tag clouds. The algorithm starts by computing the range of weights by taking
the difference between the maximum weight in the cloud and the minimum weight in the cloud. This
value is then divided by the number of steps, or binsto receive the distribution. For example, if you have
six discrete font sizes used for tag cloud rendering, then you would divide the weight rangeby 6. This
gives you the deltaor the change in weight for each bin.

Assume that you have a weight range of 82 and you want to split that weight range among 6 distinct
font sizes. This would give you a delta of 13. The following figure illustrates how the font sizes would
distribute the weights in this scenario.

font-size: 90% (1-13)
font-size: 117% (14-26)

font-size: 134% (27-40)

font-size: 151% (41-54)

Figure8 - Font Size Distribution using Linear Algorithm

A large problem arises with the linear distribution algorithm. This algorithm really only produces decent
looking clouds when the data is already somewhat evenly spread across the range of weights. What
often happens, especially with bookmarking applications, is that you have a large number of tags with
very low weight and a few tags with an extremely high weight. Using the linear distribution algorithm,
you may only have two rendered font sizes: the minimum and the maximum. This gives the user no
visible distinction between tags with weight 1 and tags with weight 11 when the delta is 13 and the only
other tags outside of the first font size are in the 185% bin.

In my opinion the linear distribution algorithm is completely unacceptable. It displays almost no
meaningful information when the source data is not already evenly distributed throughout the range
rather than containing two large distributions at either end of the spectrum.



Logarithmic Distribution Algorithm!

A math professor once told me that the secret to math was that if you want your data to look a certain
way, just multiply that data by a graph that produces the line to which you want your data to conform.
In the case of font size distribution, | want the tags contained in each font size to be more evenly
distributed, but | don’t want the data to lose the information provided by relative weights. In essence, |
want to smooth the slope from one end to the other to make the transition less extreme. So | tried the
approach of taking the logarithm of my data to see what would happen.

Rather than taking the range and blindly dividing it by the number of subdivisions we want to create, the
logarithmic algorithm takes a more sloped approach. In this algorithm, each bin has a very specific
threshold and each bin will not have the same threshold. To compute the thresholds the following loop
is used:

steps = 6;
double newDelta = (_maxWeight - _minWeight) / steps;
for (int x=0; x<steps; x++)

newThresholds[x] = 100 * Math.Log( (_minWeight + x * newDelta) + 2);
}

Then, another loop can be used to iterate through the list of tags in the source data and assign each tag
a font size based on the Log of its weight and not the weight itself:

foreach (TagCloudResult tag in cloud)

bool fontSet= false ;
for (int f=0; f<6; f++)

if ((100* Math.Log(tag.UniqueBookmarks+2) <= newThresholds[f]) && !fontSet)
{

fontSet =  true ;

}

The logarithmic algorithm provides a muchmore evenly distributed tag cloud. However, at this point |
was still not convinced that the logarithmic function was the best way to go. It was definitely a huge
improvement over the linear algorithm. While the slope of this graph is more even than the linear
algorithm, | really wanted something where | could have the fullest range of values as possible to
provide the best looking and most informative tag cloud as possible.

After coding and testing this algorithm, | moved on to other more complex methods of subdividing data
among groups such as Clustering

! Algorithm in C# was inspired by pseudo-code found in articles posted on the Echo Chamber Project
(http://www.echochamberproject.com)



k-Means Clustering Algorithm?

Clustering is a technique by which data is clusteredtogether based on similarities between the data.
Clustering is responsible for all kinds of practical applications where you might not expect it. The
recommendation engine that Amazon.com uses to recommend products to you based on your browsing
and purchase history utilizes data clustering to form neighborhoodsFrom those neighborhoods,
Amazon.com is able to make predictions about what might also likely fall into the same neighborhood as
the neighborhood created by your particular subset of data.

While we don't need the predictive analysis here, the ability to cluster tag weights together might prove
extremely useful. The similarity of two data points is considered to be a function of the distance
between two data points. A data point can have n dimensions. This means you can have a data point
that looks like {0, 0.1, 1.5, 2.0, 36.8} and another data point that simply has the value 4. The only
requirement when performing clustering is that the data points all have the same number of
dimensions, otherwise you cannot compute the Euclidean Distance between the two points. The

Euclidean Distance is the square root of the sum of the squares of the distance between each value in
each dimension. So, the distance between {0,1,1} and {1,0,1} is the square root of 2.

The clustering algorithm used in this evaluation was the k-Means algorithm. Essentially it starts out by
creating k empty clusters. Each of these clusters is then given a single data point each. That data point is
then considered the center of the cluster. Then, the algorithm repeatedly attempts to assign data points
to the clusters. When the arithmetic mearof each cluster does not changerhen new data points are
added to the cluster then the cluster is considered stable The algorithm finishes when all k clusters are
considered stable.

On a test run against a value Kk of 5, the k-Means clustering algorithm (written using C# 2.0 and some
language extensions written with LINQ and C# 3.0) produced an extremely good distribution and
clustering. This clustering easily produced the best distribution of font sizes of any of the other
algorithms.

The problem with this algorithm, however, isthat you can't alwaystell ahead of time if you're going to
get what you want. Using the code that | wrote for this algorithm, | can request a k of 8 and, even
though the algorithm is following the defined standards for k-Means, it can often fail to converge,
especially on smaller data sets like mine (550 tags is considered a small data set for this algorithm).

There are lots of other potential failings of this algorithm as well. As a result, people have written
enhancements to this algorithm such as fuzzy kMeansand k-Means Hybricbr k-Means Hierarchicalnd
so on. The problem isthat | don't have the time or the resourcesto manually implement and test all of
these algorithms myself. This is when | started a search to see if there was another vendor who had
already produced a re-usable k-Means algorithm that had added sufficient logic to counteract its
tendency to not converge as well as unforeseen problems that | may not have yet encountered.

2 Thanks to John for providing starter source in C# for a multi-threaded k-Means Clustering Algorithm
(http://www.geekswithblogs.net/johnsperfblog)



k-Means Clustering using SQL Server 2005 Analysis Services

After working with SQL Server 2005 Analysis Services in order to create cluster mining models and the
query them from C# code, it is my opinion that using SQL 2005 is equivalent to the analogy of using a
sledge hammer to pound a nail. The tool is so far beyond the simple requirements that Moniger has that
it becomes more work to "dumb down" the feature set provided by SQL to provide the information
desired. SQL Server also makes the assumption that the data used to generate clusters changes so
infrequently that the results of clustering operations are cached for inordinate amounts of time, far
more than is acceptable for Moniger. According to information | have found on the web and in printed
materials, this caching cannot be controlled in a finite manner. In my test, | changed the cluster model
structure and reprocessed the mining model and yet the code that queried the model for the cluster
profiles still returned data from the previous clustering. Considering | might need to be generating
dozens of clouds per second, each varying based on who is viewing the cloud —thisjust won't do.

Perhaps when the scale, complexity, and requirements of Moniger increase to a point where AS is
required for other things above and beyond simple tag cloud generation, we should re-evaluate the use
of it. At the current time, | don't think the complexity and overhead of SQL Server Analysis Services is
required for tag cloud generation. The plots of the few times | was able to generate a decent clustering
through SQL 2005 AS appear very similar to the logarithmic algorithm.

Summary

In conclusion, | think that the Logarithmic algorithm is probably the one that should be implemented.
One needs to take into consideration that, depending on volume, the code to generate clouds from lists
of tags could be called multiple times per second. In this case, | don't think relying on SQL Server
Analysis Services is appropriate because the cached, static nature of the clusters would interfere with
tag cloud generation. The chart below shows the performance of font size distribution between the
linear algorithm and the logarithmic algorithm for 547 data points with a weight range from 1 to 80.
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