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Abstract. Thumbnails of archived web pages as they appear in common browsers
such as Firefox or Chrome can be useful to convey the nature of a web page and
how it has changed over time. However, creating thumbnails for all archived web
pages is not feasible for large collections, both in terms of time to create the
thumbnails and space to store them. Furthermore, at least for the purposes of ini-
tial exploration and collection understanding, people will likely only need a few
dozen thumbnails and not thousands. In this paper, we develop different algo-
rithms to optimize the thumbnail creation procedure for web archives based on
information retrieval techniques. We study different features based on HTML text
that correlate with changes in rendered thumbnails so we can know in advance
which archived pages to use for thumbnails. We find that SimHash correlates
with changes in the thumbnails (p = 0.59,p < 0.005). We propose different
algorithms for thumbnail creation suitable for different applications, reducing the
number of thumbnails to be generated to 9% — 27% of the total size.

1 Introduction

A thumbnail is a small image that represents a web page as it is rendered in a web
browser such as Firefox or Chrome. Representing web pages with thumbnails has been
used in various research such as: the visualization of the web search results [1-3], the vi-
sualization of recommended and similar pages such as SimilarWeb.com, and help-
ing in revisitation and remembrance of the web page [4, 5]. Using thumbnails in web
archives and temporal data has been studied [6, 7], but the creation cost of the thumb-
nails in the web archive has not yet been studied.

There are currently a few web archives that create thumbnails for mementos (archived
versions of web pages). For example, the UK Web Archive and Archive.is provide a par-
tial list of thumbnails per URI. Archive-It enables the partners to generate thumbnails
for quality assurance purposes.

Figure 1 shows two examples of a TimeMap (a list of all the available mementos for
a URI) for VisitWales.com. The HTML bubble interface in the Internet Archive!
is in the back with the red border while in the front is the thumbnail view of the same
URI in the UK Web Archive?. The thumbnail view gives the user an idea about the

"nttp://web.archive.org/web/+/http://visitwales.com/
http://www.webarchive.org.uk/ukwa/target/56197146/source/
subject
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Fig. 1. Different representations for VisitWales.com TimeMap.

website layout and its evolution through time. Also, it helps the user in searching and
revisitation for specific mementos of this URI. For example, VisitWales.com did
not change from Jul 2012 to Sep 2012; the website layout was the same from Feb 2011
to Jun 2013 while it had a slight change for the rest of the timeline. This visual repre-
sentation of the website through the time helps the user to select the desired mementos
in the TimeMap. The thumbnail with the text “Sorry, no thumbnail yet” could have
been generated for several reasons, but a likely explanation is that the HTML was not
successfully processed by the thumbnail generator.

Creating the thumbnails in web archive has a number of challenges. First, scalabil-
ity in time, the computation of the thumbnail requires the rendering of the web page
including retrieving all the images, style sheets, and running any javascript. Second,
scalability in space, the thumbnail (as metadata information about the web page) re-
quires storage and our experiment shows that the average size for thumbnail with 64x64
pixels is 3KB and with 600x600 pixels is 133KB while the average size of HTML text
is 39KB. Based on the Internet Archive estimated size of 240 billions mementos [8],
they would need an additional 335 TB to store a 64x64 thumbnail for each memento,
it will reach 14.5 PB to store a 600x600 thumbnail for each memento. Finally, page
quality, the construction of the archived web page may not be successful on the time of
building the thumbnail due to the missing embedded resources.

Using the thumbnails also has some limitations. Some TimeMaps have too many
mementos for browsing. For example, the Internet Archive has over 17,000+ mementos
for cnn. com over a 14 year span. So even if the Internet Archive has thumbnails for
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all the mementos, some form of sampling or partitioning will be necessary because the
cognitive load of processing all the mementos will be beyond what the user can handle
[9]. In a personal digital library, Graham et al. [10] suggested 25 images per view panel
because displaying all images did not help in conveying an overview of the album.

In this paper, we use the HTML text of the mementos and the crawler log infor-
mation to predict the visual change in the URI through the time in order to select the
significant set of mementos that can summarize the TimeMap. We explore various fea-
tures that could be extracted from the HTML pages and select the most relevant to the
visual effect, and then we propose different techniques for online and offline thumbnail
creation.

The rest of this paper is organized as follows. Section 2 describes the related work.
Section 3 describes the dataset that we use in our experiment. Section 4 explores the
different features that extracted from HTML text or crawler log. Section 5 discusses the
selection algorithms that is used to estimate the representative thumbnails for TimeMap.
Section 6 concludes with a summary and future work for this study.

2 Related Work

Few web archives provide a thumbnail view for its content. The UK Web Archive uses
thumbnails in timeline and 3D wall visual browsing [11]. Reed archives’, National
Taiwan University Web Archiving System (NTUWAS) [12], and Archive.is provide
either a partial or full list of thumbnails for each memento. Archive-It generates on-
demand thumbnails as part of the quality assurance process but it is only accessible
for their partners. Web Archive Service at California Digital Library* uses thumbnails
to represent the collections. The usage of thumbnails in the web archives has been
studied in few applications. Soman et al. [13] developed ArcSpread which took a query
from the user, extracted related information from the Stanford WebBase [14] using a
Hadoop cluster, and displayed the results in spread sheet style. ArcSpread used both
images and web page thumbnails to express the matched web pages. Jatowt et al. [15]
proposed “Past Web Browser” to present TimeMap page snapshots as a slideshow of
memento thumbnail. It has been extended to Page History Explorer [16] for visualizing
and comparing the history of web pages. Zoetrope [7] provided a timeline visualization
to show the duration and frequency of web pages on specific website. Padia et al. [6]
implemented new visualization techniques for Archive-It collections entitled “image
plot with histogram” in which they represented each page with its thumbnail.

Thumbnails help with the presentation of temporal data. Tsang et al. [17] proposed
the concept of “Temporal Thumbnail” where they included the time dimension into
the space of 3D model. They showed that the Temporal Thumbnails were effective
for quickly analyzing large amounts of viewing data. Stoev and Strafler [18] studied
the visualization of historical data in existence of time dimension. They studied two
models; navigation with 4D, and navigation with one fixed dimension.

Thumbnails have applications on the web. SimilarWeb.comand StumbleUpon.
com have recommendation pages function that uses the page thumbnails to represent

http://www.reedarchives.com/
‘http://webarchives.cdlib.org/
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the recommended pages to help the user to determine the page relevancy. Janssen [19]
used fixed thumbnail per document (called an Icon Document) to visualize the search
results from UpLib digital library system>. Janssen studied the computation of the icon
size and the decoration of the icon with labels (e.g., creation date).

The thumbnail can enhance the users’ ability to find the information. Lam and Baud-
isch [20] proposed a “Summary Thumbnail” that generated customized thumbnail for
web pages to increase the readability of the text on embedded/small screens devices.
They discovered that the preservation of the page layout allowed the users to better
detect useful information. Woodruff et al. [1] showed that using a mixture of textual
and image representations of the web page increased the user prediction of the page
effectiveness.

Aula et al. [21] compared thumbnail and textual summaries by surveying the users
between different types of page previews. The study showed that the combination of
textual information with the thumbnails increased the user estimation of the page con-
tent and usefulness. Also, they found that the recognition improved when the thumbnail
size was 200x250 pixels. Kaasten et al. [4] and Teevan et al. [5] discovered that thumb-
nails of size 208x208 pixels or above are effective to remember an exact page.

The selection of the representative image from a set of images depends on compar-
ison techniques between the images itself. These techniques are different from our pro-
posed techniques as we depend on the HTML text to select the representative thumbnail
image. AutoAlbum [22] clustered personal photographs into album using time-based
and content-based clustering. Coelho and Ribeiro [23] used image filter to get an ab-
stracted version of the images to reduce the dataset to 10% of the original size. Chu et
al. [24] studied the near duplicate detection technique for images to cluster a set of im-
ages and select a representative image from them. Kherfi and Ziou [25] used the image
clustering to organize a large set of images and to provide the user with an overview
of the collection’s content. They used probabilistic models based on predefined key-
words or visual features. Graham et al. [10] studied a set of images that had an attached
timestamp (e.g., images from digital camera). They provided various clustering and
summarization techniques such as summarization by time and clustering based on the
time and location. They developed a calendar browser with specific 25 photos per panel.
They selected the images based on the number of images each month.

3 Dataset

We built a collection of TimeMaps using the homepage URIs for the companies listed in
the 2013 Fortune 500 list®. For each URI, we retrieved the TimeMap from the Internet
Archive Wayback Machine. Of those 500 URIs, we have 488 TimeMaps since 12 are
not archived due to robots.txt exclusion. The total number of mementos was 499,540.
The mean number of mementos per TimeMap is 1023 and the median is 685. For each
memento, we downloaded the HTML text from IA and we used PhantomJS’ to capture
a screenshot for each memento.

Shttp://uplib.parc.com/

®http://money.cnn.com/magazines/fortune/fortune500/2013/full_
list/

"http://phantomjs.org/
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4 Exploration of Features

In this section, we explore various features that can be used to predict the change in the
visual representation of the web page. The features could be obtained from the crawler
log (e.g., CDX file for Heritrix crawler) or from the HTML text for the memento.

4.1 Web page similarity features

There have been several methods proposed for calculating similarity between web pages
[26-29]. In this section, we explore various features and techniques to estimate the
resulting difference in thumbnail images based on the HTML source of the mementos.

SimHash Similarity SimHash [28] is a fingerprint technique to calculate the near-
duplicates between web pages. We used 64-bit SimHash fingerprints with £k = 4. We
calculate the SimHash for different parts of the web page. First, we calculate SimHash
for the full HTML text. Then, we use boilerpipe library [30] to extract different parts
of the web page such as: the main content from the web page, all the text (even the
template text), templates including the text, and the template excluding the text (just
HTML structure). For each subsequent mementos in the TimeMap, we computed the
Hamming Distance between their SimHash fingerprints.

Levenshtein Distance between HTML DOM Tree Each web page can be expressed
in a DOM tree. We can compare between two web pages by calculating the difference
between their DOM trees. In this feature, we transform each HTML page into a DOM
tree (using jsoup”), then we calculate the Levenshtein distance between both trees by
calculating the number of operations (insert, delete, and replace) to turn one tree into
the other [31].

Embedded Resources The change in the embedded resources that construct the web
page affects the visual appearance of the rendered web page. We extract the embedded
resources for each memento and calculate the difference between each two pages. We
calculate the total number of new resources that have been added and the resources that
have been removed. Then, we divide the total number based on the embedded resource
type (e.g., image, style sheet, javascript), so we have the specific number of addition and
removal for each category. For example, the difference between M;; and M, could be:
addition of 5 resources (2 javascript files and 3 images) and removal of 2 resources (1
javascript and 1 image).

Memento Datetime Memento Datetime is the datetime that the memento was crawled
(or observed) by the web archive. This information is already available in the CDX file.
The similarity is calculated based on the difference in seconds, a low number indicates
high similarity.

$http://archive.org/web/researcher/cdx_file_ format.php
®http://jsoup.org/
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4.2 Experiment

The success criteria for each feature is how well it can predict the visual difference
between two mementos. First, we generate a thumbnail for each memento in each
TimeMap. Then, we calculate the difference by comparing the number of different pix-
els between each two thumbnails using SciPy!?. In order to compare two thumbnails,
we resize them into different dimensions: 64x64, 128x128, 256x256, and 600x600. We
calculated the Manhattan distance and Zero distance between each pair. Finally, we
calculate the correlation between the similarity of the web pages (based on features in
section 4.1) and the difference between the thumbnails.

4.3 Results

Figure 2 shows histogram of the correlation (using Pearson’s p) (on x-axis) between
some features and the image difference calculated by Manhattan distance using thumb-
nail size 600x600 and the number of TimeMap that achieved this level (on y-axis). Gen-
erally, all the features showed a positive relationship that range from weak to strong. The
best correlation has been found between SimHash fingerprints for the original HTML
text showed a positive correlation, 70% of the TimeMap has a correlation p > 0.5 (on
average p = 0.59, p < 0.005). The Levenshtein distance between the HTML DOM tree
has a high correlation on average (p = 0.57, p < 0.005). We use the SimHash similarity
because the computation is faster than the HTML DOM tree distance.

Our results show interesting features. First, the calculation of the visual difference
between the images is not affected by the thumbnail size. The results are consistent
between the different thumbnails sizes. Second, we repeat the SimHash calculation on
different parts of the web page, the SimHash similarity between the full HTML text
shows the highest correlation over the rest of web page parts. Third, however the date-
time and embedded resources show a weak positive correlation, however it can be used
with other strong features to get a better prediction.

5 Selection Algorithms

In this section, we discuss three algorithms to select a list of representative thumbnails
for individual TimeMaps.

5.1 Threshold Grouping

In this algorithm, we use feature f for TimeMap TM = {M(t1), M (t2),..M(t,)}.
The initial step is to divide the 7'M into groups G, each group has only two subsequent
mementos M (¢;) and M (¢;_1). For each G, we compute the dif f(f) between M (t;)
and M (t;—q1). X dif f(f, M(t;), M(t;—1)) < o, we will eliminate one of the memen-
tos M in the group. Then, the new list is sorted by time and we repeat the grouping
again. We will continue the process until we reach that for every pair of mementos
dif f(f, M(t;), M(t;—1)) > . Figure 3 shows the first step of the threshold grouping.

¥ http://docs.scipy.org/doc/scipy/reference/index.html
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Fig. 2. Histogram for the correlation between Thumbnail difference and various features.

The value of o can be configured and it may depend on other factors. Figure 4
shows the relationship between the change in the SimHash threshold (on x-axis) and
the reduction of the TimeMap and the loss of image difference (on y-axis). The image
loss is calculated as the Manhattan distance between the selected thumbnail and the
eliminated thumbnail. We defined the optimum point as the smallest TimeMap size with
the least image difference loss. Our empirical study shows that for SimHash similarity,
we find that a = 0.05 is the optimum value where it decreases the TimeMap to 27% of
its original size with the loss of 27% of the image differences.

We notice here that with SimHash threshold at 0, which means removes all the du-
plicate snapshots only, we still have loss in image differences. It happens because even
if the HTML text may be the same, the rendered image may not be visually identical.
The reason for that on the live web may be different advertisements, different results
from javascript (e.g., picking a random image each time), etc. The web archive environ-
ment adds more causes such as: the embedded resources may not be archived, change
of embedded resources (e.g., update in style sheet without changing the URI), or the
web archive server can not render the page at that time (cf. “Sorry, no thumbnail yet”
in figure 1).

5.2 K Clustering

In this algorithm, the web archive will select K thumbnails for each TimeMap. K could
be absolute, relative, or an expression based on other parameters (e.g., rate of change,
crawling frequency). The algorithm will depend on the a set of features F'. To get the
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Fig. 3. Threshold Grouping algorithm.

most representative K, we apply the “K-Medoids™ [32] on each TimeMap to cluster the
mementos into K clusters. For each cluster, we select random thumbnail to represent
the cluster. We apply the algorithm on two sets of features, F; = {SimHash} and
Fy, = {SimHash, Memento — Datetime}, we repeat the algorithm on K € {5 :
200}. Figure 5 shows the average sum square error and the average image loss in both
cases. The red dots describes the average sum square error for each cluster, the red line
is the power regression for the sum square error. The blue dots describes the average
image loss, and the blue line is its power regression. The black line is a linear cost func-
tion based on the time taken to generate the K thumbnails. Notice that the increasing
number of clusters decreases the error value but also it increases the cost of creating the
thumbnails. Also, the sum square error and image loss error trends are the same which
align with our results at section 4.3. Using two features (figure 5(b)) gives lower error
rate in both sum square error and image loss which means a better representation of the
TimeMap. Based on our empirical study, we find the optimal values for K = 25..40,
which decreases the size of the average TimeMap by 9% to 12% of its original size.

5.3 Time Normalization

The drawback of the previous algorithms is that it did not take the time dimension
into the consideration. In this algorithm, we will apply normalization per time for the
TimeMap. We will divide the TimeMap into fixed time-slots 7" and select random k&
thumbnails from each slot. The advantage of this algorithm is that it is easy to imple-
ment because it depends only on the CDX files independent from the web pages itself.
Figure 6 shows the reduction of each TimeMap after selecting k = 1 and T' = 1 month.
It reduced the TimeMap size on average to 23% of its original size.
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5.4 Analysis

Table 1 compares between the three algorithms. Even though the three of them could be
used for online and offline processing, we suggest using Threshold grouping for offline
because it generates the significant list of thumbnails that represents the TimeMap dis-
regards the application itself. K clustering could be suitable for the online processing
because it generates the requested K thumbnails from the application, even the exten-
sive nature of clustering algorithms may affect the application performance. Comparing
the average image loss of the selected thumbnails in the Time Normalization technique
shows higher error rate than the other algorithms which means it gives a poor represen-
tation of the TimeMap, however it requires less computation.

Table 1. Comparison between the selection algorithms.

Threshold Grouping K clustering Time Normalization
TimeMap Reduction 27% 9% to 12% 23%
Image Loss 28 78 - 101 109
# Features 1 feature 1 or more 1 feature
Preprocessing required Yes Yes No
Efficient processing ~ Medium Extensive Light
Incremental Yes No Yes
Online/offline Both Both Both

6 Conclusions

We studied effective methods to generate thumbnails for the web archive corpus. We
explored various similarity features, we found that SimHash and Levenshtein distance
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between HTML DOM trees had p = 0.59 and p = 0.57 correlation with the visual dif-
ference between two mementos. We suggest using SimHash as it is efficiently computed
from the HTML text. We proposed three algorithms to select K representative thumb-
nails from the TimeMap. The algorithms decreased the TimeMap size from 9% to 27%
of its original size with the minimum loss in thumbnails differences. The techniques
could be used with online and offline processing.

Our next step in this research will be to integrate an exploratory TimeMap service in

ArcLink that will apply the algorithms defined above to selectively generate thumbnails
for TimeMaps to facilitate collection understanding.
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