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Abstract
The web newspaper pagination problem consists in optimizing the layout of a set of articles extracted from several
web newspapers and sending it to the user as the result of a previous query. This layout should be as similar as possible
to that of real newspapers and should be adapted to the user's web browser con®guration in real time. Previous approaches to the problem took rather a long time or suered the constraint of all the articles having the same width. This
paper presents an improved approach based on simulated annealing (SA) that solves the problem online, adapts itself to
the client's computer con®guration and also supports articles with dierent widths, so that long articles can now be laid
out in more than one column, producing a squarer shape. With this new feature, the layouts obtained look more like a
real newspaper, where important or long articles occupy more than one column. Ó 2001 Elsevier Science B.V. All
rights reserved.
Keywords: Simulated annealing; Web newspaper; Real-time optimization

1. Introduction
Since the amount of information available on
the Internet is growing day by day, when a user
sends a query to a news site, a lot of information
is returned and the user frequently has great dif®culty in ®nding the piece of information he really
wants. In the case of web newspapers it would be
desirable for the ®nal look of the resulting information to be as similar as possible to that of real
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newspapers. The articles should be organized in
columns with no overlap so that the user can
read all of them, and should occupy the smallest
possible area, minimizing gaps between articles,
and avoiding scroll bars if possible to facilitate
reading.
As the query is sent via a web browser, the results should also be presented as a web page and as
soon as possible. This requirement transforms the
layout optimization task into a real-time problem,
thus requiring a fast optimization method to solve
it. The algorithm proposed in this paper solves the
problem rapidly compared with the time spent
loading the web page to be optimized, while taking
into account the font sizes and faces the user is
using and the size of the web browser window
where the result is to be displayed, thus obtaining a
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result that is adapted to the client's computer
con®guration.
There are two ways to tackle this problem. The
®rst one is to solve it at the server side, when the
user's query is received. This approach obtains a
generic result that might not be well suited to the
user's web browser con®guration. Another disadvantage is that if the news server has lots of queries
to solve at the same time, it could become overloaded.
On the other hand, if the algorithm that performs the layout optimization is sent in the same
web page to be optimized as a script that will be
interpreted in the web browser when page loading
®nishes [4,5], the server only has to look for the
articles that match the user's query and send
them, this being much faster than the above approach. Optimization takes place in the client's
computer web browser, just after the web page
containing the articles and the optimization algorithm has been loaded, taking into account the
web browser window dimensions where the information is to be displayed and the font faces
and sizes adopted by the user, thus obtaining a
result that is adaptable to every possible client
web browser con®guration without overloading
the server.
This paper describes a SA-based algorithm for
the web pagination problem that optimizes the
layout of all the articles matching the client's query
to a web newspaper in real time and performs all
the optimization tasks within the client's computer. The algorithm is able to manage articles
with several widths and generates a web page that
is very similar to a real newspaper, taking into
account the size of the browser window and the
face and size of the fonts in the client's machine,
thus producing a layout that adapts itself to the
user's computer characteristics.
This paper is organized as follows: In Section 2
some literature concerning the problem of web
newspaper layout optimization is described. The
proposed approach to tackle this issue is discussed
in Section 3. In Sections 4 and 5 the main algorithm parameters are analyzed and some results
are presented. Finally several possibilities for future work are mentioned in Section 6 and ®nal
conclusions are drawn in Section 7.

2. State of the art
There is not much literature about the pagination problem, and almost all the studies reported
to date are oine approaches to the pagination
problem, where the time taken to solve the problem is not very important. One example of such an
approach is the YPSS++ system [6] used to paginate Yellow Pages.
A group of researchers in the Finnish Research
Institute VTT has applied simulated annealing
(SA) to optimize fax newspapers and Yellow Pages
in several countries [11]. In their paper, three different approaches to the problem are presented, a
heuristic method and two others that use SA. The
methods using SA obtain better results, but overlapping between articles is allowed and even with
the best of the SA methods a slight overlap of
articles in the ®nal result is sometimes observed.
The ®eld of online approaches to the pagination
problem includes, for example, the Krakatoa Project [8], which implements a personalized newspaper as a Java applet embedded in a web page and is
able to customize the ®nal layout depending on the
user pro®le, although it does not optimize the total
surface occupied.
Another approach is described in [4], where the
articles extracted from several newspapers as the
result of a user query are displayed on a web page;
an attempt is made to provide a newspaper-like
layout. This approach is based on a genetic algorithm (GA) [3,7,13] where the top-left corner of
each article is encoded as a gene in every chromosome in the population. This representation is
not very good because it requires a lot of calculation to check whether two or more articles are
overlapping, making the algorithm very slow.
Another approach based on SA [5] uses a different representation that obtains better results (10
times faster than in [4]), but with the constraint
that all articles have the same width. Thus, the
surface of the web browser window is divided into
several columns of a ®xed width. Possible solutions
are represented as permutations of articles to be
displayed using a greedy algorithm that allocates
the articles in the least occupied column according
to the order they have in the permutation. This
approach is much faster than the one in [4] because

J. Gonzalez et al. / Computer Networks 36 (2001) 311±321

the representation it uses does not allow gaps or
article overlapping, but suers the restriction that
all the articles must be of the same width, while in
[4] several article widths are allowed.
3. Proposed approach
In real newspapers, pages are divided into several columns; articles, depending on their length,
can occupy one or more columns. Following this
idea, the web browser window is divided into
several columns of ®xed width, ®tting in the
available surface and avoiding horizontal scroll
bars, because it is annoying to scroll the page to
the right to ®nish reading one line and then have to
scroll the page to the left to begin reading the
following one.
As the number of articles to be returned by the
server is unknown a priori, the columns of the
page have in®nite length, and a vertical scroll bar
appears if there is insucient space for all the articles in the available surface.
All articles to be displayed have a width that is
a multiple of the width of one column, depending
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on their length. The problem to be solved is how
to ®ll all the columns of the web page equally,
minimizing gaps between articles. This problem is
apparently similar to a two-dimensional bin
packing problem [12] if columns are identi®ed
with bins. In a bin packing problem, the goal is to
minimize the number of bins required to pack
several objects, while in this problem, the number
of columns (bins) is ®xed a priori and what has
to be minimized is the unused capacity of the
columns.
This representation was ®rst used in [5], but in
that approach articles were restricted to ®t in only
one column, so it was impossible to generate gaps
between articles and the ®tness function only had
to compare the capacity used of the most ®lled
column with the capacity used of the least ®lled
column to estimate the unused capacity. Since in
the approach presented in this paper articles may
have dierent widths, it is possible to generate gaps
between articles (Figs. 1 and 2), so the ®tness
function and the greedy algorithm to allocate the
articles in the web page have been changed to
support this new feature and to minimize the size
of the gaps between articles.

Fig. 1. Example of layout with gaps.
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Fig. 2. Bad and good allocation of articles.

SA [1,10] has been widely used to solve combinatorial problems. It is inspired by the physical
process of heating a substance and then cooling it
slowly until a strong crystalline structure is obtained. This process is simulated by lowering an
initial temperature by slow stages until the system
``freezes'' and no more changes occur. Each stage
in the process consists in changing the con®guration several times until a thermal equilibrium is
reached and a new stage can start with a lower
temperature; the con®guration is obtained in the
last stage. The changes in the con®guration are
performed in the following way: a new con®guration is built by a random displacement of the
current one. If the new con®guration is better, then
it replaces the current one, and if not, it may replace the current one probabilistically. The probability of the current con®guration being replaced
by a worse one is high at the beginning of the
process and decreases in every stage. This procedure allows the system to move consistently towards the best con®guration, yet still enables
escape from local optima due to the probabilistic
acceptance of worse con®gurations during the
optimization task.
The most important parts of an SA algorithm
are: the objective function to be minimized during
the optimization process, the representation chosen for potential solutions to the problem and the
mutation or con®guration change operator. These
three characteristics are presented in the next
subsections.
3.1. Objective function
The objective function estimates the cost of a
layout by measuring the unused surface or number

of gaps in it. Gaps may appear in a layout on attempting to allocate an article that is wider than a
column as is the case of the gap in the second
column in Fig. 1 or when there are no more articles
to place and there is unused space in some columns
as is the case of gaps in third and fourth columns
in Fig. 1.
The objective or cost function to be minimized
is the mean height of all the gaps in the layout:
Pn
j0 gapj
C
;
1
n
where n is the number of gaps generated in the
layout.
By minimizing this function it is possible to
obtain a layout with several gaps, but which are
very small, almost imperceptible in most cases.
3.2. Problem representation
Every possible solution has been coded as a
permutation of the articles to be displayed. To
obtain the layout encoded in the permutation, the
system uses a decoder which allocates the articles
following the order imposed by the permutation.
Each dierent permutation produces a dierent
layout. With this representation the problem can
be seen as a combinatorial problem of size N, with
N being the number of articles to be laid out.
The decoder uses a greedy algorithm that allocates all the articles following the order imposed
by the permutation encoded in the current con®guration. For every article to be placed, it calculates the mean of the gap sizes generated above
the article and their dispersion (mi and di ) for each
column i where it is possible to allocate the article:
Pni
j0 gapj
;
2
mi 
ni
Pni
mi j
j0 jgapj
;
3
di 
ni
where ni is the number of gaps generated above the
article when allocating it in column i and gapj is
the height of the jth gap generated.
Finally, the column with the smallest dispersion
di will be chosen. If there is more than one column
with minimal dispersion, the minimal mean mi is

J. Gonzalez et al. / Computer Networks 36 (2001) 311±321

used to choose the column, and if there is more
than one column with equal dispersion and mean
values, it chooses the leftmost one (the one with
smallest i). The functioning of the decoder is given
by the following algorithm:
for a  1 to N
for i  1 to Nc wa
calculate mi and di following Eqs. (2) and (3)
endfor
SC1  fi : di 6 dl ; i; l  1; . . . ; Nc wa g
SC2  fi : mi 6 ml ; i; l 2 SC1 g
iwinner  minfi : i 2 SC2 g
Allocate article a on column iwinner
endfor
where Nc is the maximum number of columns into
which the client browser window is divided and wa
is the number of columns taken up by the article a.
Allocating the articles in this way produces
layouts where there might be many gaps, but with
a very small size, almost imperceptible in most
cases. Nevertheless, minimizing the number of
gaps as objective function would result in a layout
with fewer but bigger gaps, which is worse from
the aesthetic point of view (Fig. 2).

To obtain a new con®guration randomly in the
neighborhood of the current one, a transposition
of two articles is performed in the following way.
For a given con®guration, two articles are selected
randomly (the underlined ones):
old  1 2

3

4

select a con®guration ccur at random
evaluate ccur
repeat
for j  1 to k
select a new con®guration cnew in the neighborhood of ccur by mutating ccur
DC  C cnew  C ccur 
if (DC < 0) OR (random 0; 1 < e DC=T )
then ccur  cnew
endfor
vv1
T  fT T0 ; v
until (T < Tmin )
Use the last con®guration to obtain the layout
where v counts the number of iterations performed, T keeps the current temperature, T0 is the
initial temperature and Tmin is the minimum temperature to reach, ccur keeps the current con®guration, cnew is the new con®guration selected in the
neighborhood of ccur , C is the objective function, k
is the number of changes to reach the thermal
equilibrium and fT is the freezer function.
The initial temperature is calculated following
Kirkpatrick's suggestion [9]:
T0 

3.3. Mutation operator

5 6

7

8

9 :

The new permutation generated is a copy of the
old one, but with the numbers at the marked positions swapped:
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DC 
ln pa 

4

where DC  is the average objective increase observed in a random change, and pa is the initial
acceptance probability (0.8 is usually used).
For the freezer function (fT ) this approach uses
fT T0 ; v 

T0
:
1v

5

The algorithm that performs the optimization is
detailed in the following code:

This function lowers the temperature and thus the
acceptance probability of a solution is worse than
the current one. Initially the temperature is high,
producing an exploration of the search space,
followed by a controlled descent where the algorithm searches locally until the minimum temperature is reached.
The minimum temperature is calculated on the
basis of the desired number of iterations numIt as
follows

v0
T  T0

Tmin  fT T0 ; numIt:

new  1

2

8

4 5

6

7

3 9 :

3.4. Algorithm

6

316

J. Gonzalez et al. / Computer Networks 36 (2001) 311±321

4. Algorithm parameters
The behavior of the above algorithm is determined by the parameters k (number of changes to
reach the thermal equilibrium) and numIt (number
of iterations). The values of the above parameters
have a strong in¯uence on the solutions found by
the proposed algorithm. These parameters in¯uence both the cost achieved and the time or computational complexity required.
To determine heuristic values for k and numIt,
an experiment has been designed consisting of a set
of 14 articles for which, at least one optimum
presentation is known (see Fig. 3). Parameters k

and numIt are then varied to study their in¯uence
on the total execution time and the quality of the
results obtained. Parameter k was assigned values
of {1, 5, 10, 15, 20, 25, 30} and parameter numIt
was assigned values of {10, 20, 30, 40, 50, 60, 70,
80}. For each combination of parameters, the algorithm was executed 10 times to obtain a mean
value and standard deviation of the time spent to
execute the algorithm and the cost of the solution
found.
As shown in Fig. 4(a), execution time (t) has a
linear dependency on both k and numIt, i.e., a
dependency of the type O p  k  numIt, where p is
a constant that depends on the size of the problem.

Fig. 3. (a) Optimum presentation, determined a priori, for a problem of 14 articles. (b) One of the optimum presentations found by the
algorithm.

Fig. 4. Mean execution time in seconds (a) and mean cost in pixels (b) obtained for a problem of 14 articles with 10 runs for each
combination of parameters.
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Another relevant aspect is that, as shown in Fig.
4(a), the parameter k has a more direct in¯uence
on the execution time than numIt. Therefore, we
wish to set a small value for the parameter k and a
larger one for numIt in order to minimize the time
spent in the optimization process.
Concerning the quality of the results obtained,
Fig. 4(b) shows that from k  15 with a sucient
number of iterations (numIt P 40), the optimum
presentation is found for the problem in each of
the 10 executions for each combination of parameters. Table 1 shows the percentage of optimum presentations found among all the
simulations performed.
From the above results, when the number of
iterations is not too small, the thermal equilibrium
seems to be achieved when k P 15 . To ensure that
this is a good value for k, we designed a further
experiment, equal to the previous one but with 30
articles. The parameter k was adjusted to values
around 15. The results obtained are shown in
Fig. 5.
Again, with a number of iterations that is appropriate for the complexity of the problem
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(numIt P 200) and with a value of k greater than or
equal to 15, an optimum presentation is obtained
in all the executions of the algorithm. These two
experiments reveal that when k has a value around
15 thermal equilibrium is reached and the algorithm presents a fairly robust behavior. The
number of iterations, however, is totally dependent
on the complexity of the problem.
Another important question is whether it is
necessary to ®nd always the optimum presentation. For the problem presented in this paper, the
answer is no. The aim is to ®nd a good presentation as soon as possible, as the system must
function in real time. On most occasions, ®nding
the optimum solution requires too much time,
while a good solution (with a cost of less than 10±
15 pixels) can be obtained much faster, thus
meeting the real-time restrictions established
a priori.
Taking into account that the maximum number
of articles returned by the server at the client's
request can be set to 25 (to avoid information
saturation), and that real-time restrictions must
be met, the parameter numIt is set at 80, which

Table 1
Percentage of optimum presentations found for a problem with 14 articles
k
1
5
10
15
20
25
30

numIt (%)
10

20

30

40

50

60

70

80

0
10
30
60
20
40
50

0
50
60
80
80
70
70

0
40
70
80
80
100
90

30
60
70
100
100
100
100

20
60
80
100
100
100
100

20
60
90
100
100
100
100

10
90
100
100
100
100
100

40
90
90
100
100
100
100

t(s)

C

%

Fig. 5. Mean execution time in seconds (a), mean cost in pixels (b) and percentage of optimum presentations found (c) for a problem of
30 articles with 10 runs for each combination of parameters.
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implies an execution time of 10±15 s for 25 articles,
depending on the speed of the computer it is run
on.
5. Results
The algorithm has been tested with several articles extracted from the Spanish web newspaper
EL MUNDO (http://www.elmundo.es). Articles
have been extracted manually from the web
newspaper. In the future will be added a module to
extract them automatically following some user
guidelines.
Table 2 shows the minimum, maximum, average and standard deviation of execution time (t) in
seconds and cost (unused surface) (C) in pixels
measured over 10 runs for each number of articles
executed within Netscape Communicator 4.5 running in a 233 MHz Intel Pentium II. The parameters used in all the algorithm runs were
numIt  80 and k  15.
One interesting feature of this algorithm is that
the average search time increases linearly with the
size of the problem, as shown in Fig. 6, where the
minimum, average and maximum times in Table 2
are plotted.
The algorithm is capable of ®nding very good
solutions in a reasonable time with only 80 iterations. Although a maximum of 25 articles is returned by the server, as a higher number would
produce too much information for a single web
page, Table 2 shows that even if the number of
articles were greater, the algorithm would still be
capable of ®nding a good solution in real time.
Since the algorithm is written in JavaScript [2],
it must be interpreted within the web browser,
which is a slower process than running a compiled
program. Even under this restriction, it obtains

Fig. 6. Minimum, average and maximum time in optimizing
10, 25, 50 and 75 articles.

reasonable times compared with the time spent
while the web page is loaded, and taking into account that in a normal-sized browser window with
a standard (readable) font size, i.e., 10±12 points,
there is only room for 10 articles without scrolling
bars in the window and that the maximum number
of articles returned from the server is 25, optimization times are usually between 6.6 s (with 10
articles) and 12.8 s (with 25 articles), which is acceptable for a personalized optimization of the
layout.
An example of a ®nal result is shown in Fig. 7,
where 25 articles are displayed using a very small
font size to obtain a layout that ®ts inside a window without scrolling bars.

6. Future work
One module that is necessary for the functioning of the system is the automatic extraction of
stories from the newspaper web page according to

Table 2
Minimum, maximum, average and standard deviation of time and cost (mean of gap sizes in the layout) optimizing 10, 25, 50 and 75
articles
Articles

tmin

tmax

tr

Cmin

Cmax

Cr

10
25
50
75

6.55
12.72
24.40
35.94

6.70
12.87
24.65
36.40

6:60  0:05
12:78  0:04
24:54  0:07
36:16  0:15

2.00
0.67
2.00
3.75

2.67
3.40
9.14
10.75

2:47  0:32
2:34  0:77
4:61  2:00
6:82  2:35
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Fig. 7. Final result of a simulated newspaper page with 25 articles.

the user's criteria. As each newspaper uses a different format to display its articles, and as the
designers of the newspaper pages normally use
visual editors to generate them, the news extractor
must take into account many possibilities in order
to detect all of the stories. This module is currently
being developed, though we hope to have a beta
version functioning soon. Such a module simply
looks for coincidences of key words within the text
of the articles, giving greater weight to the article if
the word is found within the title. Once all the
stories containing a key word have been extracted,
they are classi®ed by the number of agreements
and their relevance; they are then sent in groups of
25 articles, starting with the most relevant.
Another desirable characteristic for the automatic paginator would be for it to place in proximity stories that deal with similar topics, in order
to facilitate overall comprehension for the user.
Implementation of this second characteristic requires each article sent by the server to be studied,
and so this might not be included in the real-time
system, though it would be of great interest for oline requests.

7. Conclusions
This paper presents a new, SA-based approach
to the web newspaper layout problem. It diers
from [5] in that it adds the feature of being able to
deal with articles with dierent widths. As in [5],
the optimization program is a script written in
JavaScript embedded in the web page to be optimized, which will be executed in the client's machine, adapting itself to the client web browser
con®guration.
The time required for the optimization process
is acceptable compared with the usual time the
user has to wait while the web page loads; for
example, in a 233 MHz Intel Pentium II it is
usually between 6.6 s (with 10 articles) and 12.8 s
(with 25 articles), and with current processors the
optimization time should be better, which is very
acceptable taking into account that the optimization task is executed by the JavaScript engine
within the browser.
The proposed approach is available at http://
atc.ugr.es/jesus/layout for anyone interested in
executing or taking a look at the algorithm.
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