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Fig. 7. Minimum spanning tree corresponds to Table VIII.

VI. DISCUSSIONS AND CONCLUSIONS
The primary contribution of this paper is to present a useful tool to
support decision making through the data mining technique and the
competence set expansion. From simulation results of the numerical
example, we can see that it is possible to help decision makers to confidently solve decision problems using the data mining technique and
the competence set expansion. Significantly, this is a starting point for
integrating data mining techniques with the expansion of the competence set. Each data mining technique, such as clustering, can discover
its particular type of useful patterns, which can also be viewed as a competence set for solving one decision problem. Then, the optimal expansion of the competence set with minimum learning cost becomes quite
important. In this paper, we first use the proposed data mining technique to find the necessary patterns from a database. Then, we use the
minimum spanning table method to optimally expand a needed competence set. For the combination of various techniques of data mining
and the competence set expansion, we will study the feasibility and effectiveness.
In fact, the meaning of the linguistic values of quantitative attribute
xm can be changed by a linguistic hedge [9], [10], such as “very” or
“more or less.” For example
veryAxK;i

=

AxK;i

more or less AxK;i

=

2

(13)
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, respectively. The use of the linguistic
hedge will make the frequent fuzzy grids discovered from a database
more friendly and more flexible for decision makers. However, the
number of linguistic values of each attribute may be available from
domain experts.
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Abstract—The web newspaper pagination problem consists of 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 organized in columns, as in real newspapers, and should be
adapted to the client web browser configuration in real time. This paper
presents an approach to the problem based on simulated annealing (SA)
that solves the problem on-line, adapts itself to the client’s computer
configuration, and supports articles with different widths.
Index Terms—Greedy algorithm, pagination, real-time optimization.

I. 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
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is returned and the user frequently has great difficulty in finding the piece
of information he really wants, because of the vertical layout most web
pages favor. In the case of web newspapers it would be desirable for the
final look of the resulting information to be as similar as possible to that
of real newspapers. The layout of the articles should be organized in
columns without any overlap so the user can read all of them, occupy
the smallest possible area, minimize gaps between articles, and avoid
scroll bars if possible to make reading easier for the user.
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 problem into an on-line problem
which has to be solved in real time, so a fast algorithm is needed to
solve the problem quickly. 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 result that is adapted to the client’s
computer configuration.
One approach to this problem is to do all the optimization on the
server side, just when the user’s query is received. This approach is
used in the YPPS++ system in Germany [3] to paginate Yellow Pages.
This layout optimization problem does not need to be solved in real
time, so it is done off-line and the Yellow Pages are printed later.
Theaboveapproach is alsoused in[11] tooptimize fax newspapersand
Yellow Pages in several countries. In this paper, three different methods
are presented, a heuristic method and two other ones that use simulated
annealing (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 final result is sometimes observed.
Applying this approach to the web newspaper optimization problem
hastwomaindisadvantages.Thefirstoneisthatwewouldobtainageneric
result that might not be well suited to the user’s web browser configuration, and the second and most important one, that if the news server has
lots of queries to solve at the same time, it will become overloaded.
If the results must be ready in real time, a different approach, in
which the optimization is carried out in the client side, is needed. 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 the page loading finishes [5], [6], the server only
has to look for the articles that match the user’s query and send them,
this being much faster than in the above approach. The optimization
takes place in the client’s computer web browser, just after the web
page containing the articles and the optimization algorithm is loaded,
taking into account the web browser window dimensions where the
information must be displayed and the font faces and sizes being used
by the user, thus obtaining a result that is adaptable to every possible
client web browser configuration without overloading the server.
In the field of on-line approaches to the pagination problem there
are some examples like the Krakatoa Project [8], which implements
a personalized newspaper as a Java Applet embedded in a web page
and is able to customize the final layout depending on the user profile,
although it does not optimize the total surface occupied.
Another approach is described in [5], where the articles extracted
from several newspapers as the result of a user query are displayed on
a web page that attempts to provide a newspaper-like layout. This approach is based on a genetic algorithm (GA) 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 [6] use a different representation that
obtains better results ten times more quickly than in [5], but with the
constraint of all articles having the same fixed width. The surface of the
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web browser window is divided into several columns of a fixed width
and all the articles must have the same width as the columns. Possible
solutions are represented as permutations of articles to be displayed
using a greedy algorithm that allocates the articles in the least occupied
column following the order they have in the permutation. This approach
is much faster than the one in [5] because the representation it uses does
not allow gaps or article overlapping, but suffers the restriction that all
the articles must be of the same width, while in [5] several article widths
are allowed.
Usually, visual aesthetics do not play a part in the optimization of
newspaper layout, although there have been some failed attempts to
optimize layout aesthetics reported in [1]. Usability and aesthetics
for websites, is, anyway, a complex problem, it is difficult to evaluate
it numerically, and thus, difficult to optimize; it is more an art
than a science, as expressed by Jakob Nielsen in his website UseIt
(http://www.useit.com). That is why, in this paper, we are not
making any claim of usability or aesthetics optimization, other than
the fact that concentrating information without leaving gaps avoids
scrolling, making headlines of more articles accessible at once.
This paper describes an 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 makes all the optimization task in the client computer. The algorithm is able to manage
articles with several widths and generates a web page with an appearance as similar as possible 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, and producing a layout that adapts itself to the user’s
computer characteristics.
The layout of this paper is as follows. The proposed approach is
discussed in Section II, the results obtained are analyzed in Section III,
and some conclusions are drawn in Section IV.
II. PROPOSED APPROACH
In real newspapers, pages are divided into several columns; and articles, depending on their length, can occupy one or more columns.
Following this idea, the web browser window is divided into several
columns of fixed width, fitting in the available surface and avoiding
horizontal scroll bars, because it is annoying to scroll the page to the
right to finish reading one line and later 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 infinite length, and a vertical scroll
bar would appear if there were not sufficient room 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 on their length. The problem to be solved is
how to fill 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 identified with bins,
but in a bin packing problem the goal is to minimize the amount of bins
required to pack several objects, while in this problem, the number of
columns (bins) is fixed a priori and what has to be minimized is the
unused capacity of the bins (columns).
This representation was first used in [6], but in that approach, articles were restricted to fit in only one column, so it was impossible
to generate gaps between articles and the fitness function only had to
compare the capacity used of the most filled column with the capacity
used of the least filled column to estimate the unused capacity. Since in
the approach presented in this paper articles may have different widths,
it is possible to generate gaps between articles (see Figs. 1 and 2), so
the fitness function and the greedy algorithm to allocate the articles in
the web page have been changed to support this new feature and to try
to minimize the size of the gaps between articles.
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Bad allocating of articles.

There are several paradigms to face optimization problems like the
one presented in this paper. Between the most popular, we have SA [2],
[10] and GAs [4], [7], [13].
SA 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 configuration several times until a thermal equilibrium
is reached and a new stage can start with a lower temperature; the configuration is obtained in the last stage. The changes in the configuration are
performed in the following way: a new configuration is built by a random
displacement of the current one. If the new configuration is better, then it
replaces the current one, and if not, it may replace the current one probabilistically. The probability of replacing the current configuration 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 toward the
best configuration, yet still enables escape from local optima due to the
probabilistic acceptance of worse configurations during the optimization task. However, SA is not guaranteed to find the global optima; it is
just a bit better than other algorithms escaping from local optima; the
solution obtained by SA can be called a “good enough” solution, but it
is not guaranteed to be the best.
As SA only evolves one potential solution instead of a whole population like GAs, it is much faster, and as the web newspaper optimization
problem must be solved in real time, SA is more appropriate than GAs
to find a good solution for the problem quickly.
The most important parts in an SA algorithm are: the objective function to be minimized during the optimization process, the chosen representation for potential solutions to the problem and the mutation or configuration change operator. These three characteristics are presented in
the next subsections.
A. Objective Function

The objective function to be minimized is just the mean height of all
the gaps existing in the layout
n

f=

n

j =0

n

(1)

where 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.
B. 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 different permutation will
produce a different layout. For example, with nine articles to be laid
out, and the following permutation:

solution

= (4
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the article number 4 will be allocated in the first place, followed by
the article number 6, and by the remaining ones, allocating the article
number 8 after all the other ones. With this representation the problem
can be seen as a combinatorial problem of size , 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 configuration, and for every article to place, it calculates the mean of generated gap sizes generated above the article and the dispersion of these
gap sizes, i and i , respectively, using (2) and (3) for each column
where it is possible to allocate the article, choosing the column with the
smallest dispersion i . If there is more than one column with minimal
dispersion, the minimal mean i is 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 )
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The objective function estimates the cost of a layout by measuring
the unused surface or amount 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 the gap in the third column in Fig. 1 and the gaps in Fig. 2.

gap j

m

i

=

j =0

i

gap j

n
jgap 0 m j
=0
n

(2)

i

n

d

i

=

j

j

i

i

(3)

IEEE TRANSACTIONS ON SYSTEMS, MAN, AND CYBERNETICS—PART B: CYBERNETICS, VOL. 32, NO. 5, OCTOBER 2002

Fig. 2.
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Good allocating of articles.
TABLE I
MINIMUM, MAXIMUM, AVERAGE, AND STANDARD DEVIATION OF TIME AND COST OPTIMIZING 10, 25, 50, AND 100 ARTICLES

where ni is the number of gaps generated above the article when allocating it in column i and gap j is the height of the j th gap generated.
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, due to the objective function used, see (1), while trying
to minimize the number of gaps would result in a layout with fewer
but bigger gaps, which is worse from the aesthetic point of view (see
Figs. 1 and 2).
C. Mutation Operator
To obtain a new configuration randomly in the neighborhood of the
current one, a transposition of two articles is performed in the following
way. For a configuration, two articles are selected randomly (the underlined ones)

old

= (1

2

3

4

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

new

= (1

2

8

4

5

6

7

3

9 ):

Fig. 3. Minimum, average, and maximum time to optimize 10, 25, 50, and 100
articles.

select a new configuration
in
by mutating
the neighborhood of
if (
)
then
endfor

) OR (random(0, 1)

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

select a configuration
evaluate
repeat
to
for

until (
)
Use the last configuration to obtain the
layout

at random
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 configuration, cnew is the
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Fig. 4. Final result of a simulated newspaper page with 25 articles.

new configuration selected in the neighborhood of ccur ; f 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

1

13
= 0 ln(
a)
f

(4)

p

where f 3 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
T

f

(

T0 ; v

) = 1 +0
T

v

(5)

:

This function lowers the temperature and thus the acceptance probability of a solution worse than the current one. Initially the temperature
is high, producing an exploration of the search space, and later starts 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:
Tmin

= T(
f

T0 ;

numIt

)

(6)

:

III. RESULTS
The algorithm has been tested with several articles extracted from the
web newspaper New York Times (http://www.nytimes.com).
Table I shows the minimum, maximum, average, and standard deviation of time (T ) in seconds and cost (unused surface) (C ) in pixels
measured over ten runs for various numbers of articles executed within
Netscape Communicator 4.51 running in a 233 MHz Intel Pentium II.
The parameters used in all the algorithm runs were numIt
and
k
.

= 10

= 80

One interesting feature of this algorithm is that the average search
time increases almost linearly with the size of the problem, as shown
in Fig. 3, where the minimum, average, and maximum times in Table I
are plotted.
It is important to note that the problem to be solved in this paper
is more difficult than the one reported in [6], because as articles can
span more than one column, gaps that might appear between articles
have to be minimized. If the number of iterations is increased, the algorithm presented in this paper is able to find better solutions, but as the
number of articles increases, so does the search time, becoming very
slow at finding the optimal solution; while in 80 iterations, it finds an
appropriate solution to the problem in a reasonable time.
Since the algorithm is written in JavaScript [14], it must be interpreted within the web browser, which is a slower process than running
a compiled program. Even under this restriction, it obtains reasonable
times when optimizing fewer than 50 articles 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 ten articles without scrolling bars
in the window and that the usual number of articles returned from the
server is no greater than 25, optimization times are usually between 4.5
s(with ten articles) and 10 s (with 25 articles), which is acceptable for
a personalized optimization of the layout.
Another interesting feature of this algorithm is the quality of the obtained results. As stated in Section II, SA itself does not guarantee
global convergence and hence cannot assure global optimality, but if
we take a look at Table I, we can observe that the cost (the mean height
of the gaps) of the obtained results is about two or three pixels for a
usual web page containing 10–25 articles. Table I also shows that the
standard deviation over the mean costs is as much as another two pixels.
These results give an insight of how close the obtained layouts are from
the optimum one. As an example, Fig. 4 shows a final layout where 25
articles are displayed using a very small font size to obtain a layout that
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fits inside a window without scrolling bars. “Eyeball” examination of
this figure shows that the existing gaps are almost indistinguishable.
IV. CONCLUSIONS AND FUTURE WORK
This paper presents a new approach based on SA to the web newspaper layout problem. It adds the feature of being able to deal with
articles with different widths to the one presented in [6]. As in [6], 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 configuration.
The time required for the optimization process is acceptable compared with the usual time the user has to wait while the web page loads;
e.g., in a 233 MHz Intel Pentium II it is usually between 4.5 s (with ten
articles) and 10 s (with 25 articles); with a Pentium II 450 MHz it barely
takes 1 s. From this site, downloading an offsite page takes around 1.5
s, so that the total (downloading + optimizing) would be less than 5
s; that is, an increment barely noticeable over the usual downloading
time. As processor speed improves, the optimization time should be
better, so this time is a very good one, taking into account that the optimization task is executed by the JavaScript engine in the browser.
The algorithm proposed in this paper is available in
http://atc.ugr.es/~jesus/layout for anyone interested
in executing or taking a look at the algorithm.
In the future, one of the lines of research will go along improving usability and aesthetics together with the layout, as well as taking into account news item “weight,” so that “heavier” news items should preferably go to the top of the page, while less important news should go
down the page.
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Hierarchical Semi-Numeric Method for Pairwise Fuzzy
Group Decision Making
M. Marimin, Motohide Umano, Itsuo Hatono, and Hiroyuki Tamura

Abstract—Gradual improvements to a single-level semi-numeric
method, i.e., linguistic labels preference representation by fuzzy sets
computation for pairwise fuzzy group decision making are summarized.
The method is extended to solve multiple criteria hierarchical structure
pairwise fuzzy group decision-making problems. The problems are
hierarchically structured into focus, criteria, and alternatives. Decision
makers express their evaluations of criteria and alternatives based on
each criterion by using linguistic labels. The labels are converted into and
processed in triangular fuzzy numbers (TFNs). Evaluations of criteria
yield relative criteria weights. Evaluations of the alternatives, based on
each criterion, yield a degree of preference for each alternative or a
degree of satisfaction for each preference value. By using a neat ordered
weighted average (OWA) or a fuzzy weighted average operator, solutions
obtained based on each criterion are aggregated into final solutions. The
hierarchical semi-numeric method is suitable for solving a larger and more
complex pairwise fuzzy group decision-making problem. The proposed
method has been verified and applied to solve some real cases and is
compared to Saaty’s analytic hierarchy process (AHP) method.

I. INTRODUCTION
In pairwise fuzzy group decision making, we have a set of n alternatives S = fs1 ; s2 ; . . . ; sn g, and a set of m decision makers I =
f1; 2; . . . ; mg. Each decision maker k 2 I provides his or her fuzzy
preference over S . A solution is an alternative (or a set of alternatives)
which is the most acceptable to a group of decision makers as a whole.
The decision-maker preferences can be expressed in single-point numeric values and then processed by using crisp computation models [1],
[2]. The crisp computation models have been extended into Nurmi’s
degree models [3] which are applied by Kacprzyk [4], Kacprzyk et al.
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