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DATA RANKING WITH A LORENTZIAN FUZZY
SCORE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of pending appli-
cation Ser. No. 10/745,552, filed Dec. 29, 2003, entitled
“Data Ranking With A Lorentzian Fuzzy Score”, which is a
continuation of application Ser. No. 09/952,518, filed Sep.
12, 2001, entitled “Data Ranking With A Lorentzian Fuzzy
Score”, now U.S. Pat. No. 6,701,312, both of which are
incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to information
retrieval in a data processing system. The present invention
further relates to a method for searching a document data-
base such as the Internet and ranking the results obtained
from such a search.

[0004] 2. Description of Related Art

1. Field of the Invention

[0005] A computer’s logic is both its strength and its
weakness; it can only perform what it is told to do. If an
alarm clock is set to go off at 6:00 PM, it will go off at
exactly that time, even if it was obviously meant to go off at
6:00 AM. People in the real world can solve problems and
make decisions relatively easy, but even the simplest deci-
sions are often too difficult to be handled by computer.
Fuzzy logic query processing helps to bridge the gap.

[0006] Databases are strategic tools because they support
business processes. In order for a database to be useful, data
must be compiled into information using tools such as
queries. Queries allow a user to specify what data to retrieve
from a database, and in what form. Fuzzy querying provides
a way to retrieve data that was intended to be retrieved,
without requiring exact parameters to be defined.

[0007] Non-fuzzy query processing relies on Boolean
logic, which limits results to true or false (1 or 0). Fuzzy
query processing is a superset of Boolean logic that can
handle partial truths. Instead of a search results being limited
to return a value of true or false, the query returns values as
X % true or X % a member of a subset.

[0008] Fuzzy queries rely on the use of fuzzy quantifiers.
Dr. Lotfi A. Zadeh, the founder of fuzzy logic theory, defined
two kinds of quantifiers: absolute and relative. An absolute
quantifier can be represented as fuzzy subsets of the non-
negative numbers and use words such as at least three or
about five. Relative qualifiers are represented as fuzzy
subsets of the unit interval and use words such as most, at
least half, or almost all.

[0009] Fuzzy queries do not take the place of the more
structured queries, but expand the alternatives available.
Boolean systems use selection and then ordering as a
mechanism, where a fuzzy system relies on a single mecha-
nism of overall membership degree. A fuzzy system allows
for compromise between the various criteria, where a Bool-
ean system can produce a subset of previously selected
elements. There are times when Boolean logic is too rigid to
be meaningful to a user. A fuzzy query allows a user to find
elements that satisfy a criterion and ranks the results.
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[0010] FIG. 1 illustrates the typical flow of a fuzzy data-
base query. After identifying the need for a report 100, the
user queries a database 110. The database returns a record,
which is matched against predefined criteria 120 to deter-
mine the degree to which a match has occurred. The degree
is then compared to a threshold value 125 to determine
whether the record satisfies the users query 130 or whether
the record should be discarded 135. In general, a fuzzy
database query differs from a non-fuzzy query by adding
steps to match the data to predefined criteria and compare
the value to a threshold specified in the query.

[0011] An object can be a member of multiple sets with a
different degree of membership. The degree of membership
is a scale from zero to one. Complete membership has a
value of one, and no membership has a value of zero. When
running a fuzzy query in a control system, the output is
calculated based on the value of membership a given input
has in the configured fuzzy sets. Each combination of sets is
configured to have a specified output. The output is based on
the weighted sum of the amount of membership in each set.
The fuzzy models may be used in conjunction with proba-
bilistic models to find a solution.

[0012] FIG. 2 shows the three transformations of the
system inputs 200 to outputs 205 in a fuzzy system. The
process of “fuzzification”210 is a methodology to generalize
any specific theory from a precise form to continuous form.
It decomposes a system input or output into one or more
fuzzy sets. After the decomposition into fuzzy sets, fuzzy
rule association 215 applies a set of rules to a combination
of inputs. The rules determine the action and relate the
variable into a numeric value. Once the numeric value is
determined, de-fuzzification 220 converts the fuzzy result
into an exact output value.

[0013] For example, telling a driving student to apply the
brakes 74 feet from the crosswalk is too precise to be
followed. Vague wording like “apply the brakes soon”,
however, can be interpreted and acted upon. The instruction
is received in a fuzzy form, the person associates the
message using past experiences, then defuzzifies the mes-
sage in order to actually apply the brakes at the appropriate
time. Fuzzy queries expand query capabilities by allowing
for ambiguity and partial membership.

SUMMARY OF THE INVENTION

[0014] The invention relates to database searching and the
ranking of a set of numerical data according to a set of user
specified preferences, including target range, fuzziness and
bias.

[0015] In many database query applications, data records
are returned when certain field data falls into a user specified
target range. The introduction of fuzziness in the present
invention extends the returned data set by including records
that are “close” to the target range. The addition of a bias
also increases the usefulness of the database query by
providing a means to rank the results of the query in a
specified order.

[0016] The present invention adapts the Lorentzian func-
tion to include variables for fuzziness and bias in order to
calculate fuzzy scores, which are used to rank the results of
database searches. In one embodiment, only a single input
target range is used in the database query. In another
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embodiment, however, multiple query fields are used.
According to another embodiment, when multiple query
fields are used fuzzy scores are calculated for each query
field in each record. The fuzzy scores of each query field in
each record are then aggregated into a composite fuzzy score
that is then used to rank the results of the database query.

[0017] Other features, advantages, and embodiments of
the invention are set forth in part in the description that
follows, and in part, will be obvious from this description,
or may be learned from the practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The foregoing and other features and advantages of
this invention will become more apparent by reference to the
following detailed description of the invention taken in
conjunction with the accompanying drawings.

[0019] FIG. 1 shows the typical flow of a fuzzy database
query.

[0020] FIG. 2 depicts the three main transformations in a
fuzzy system.

[0021] FIG. 3 shows a graph of the Lorentzian function.

[0022] FIG. 4 shows calculated Lorentzian fuzzy scores
where the bias is less than zero.

[0023] FIG. 5 shows calculated Lorentzian fuzzy scores
where the bias is greater than zero.

[0024] FIG. 6 shows two graphs of calculated Lorentzian
fuzzy scores where the fuzziness parameters are set to zero
(i.e. there is no fuzziness).

[0025] FIG. 7 shows two graphs of calculated Lorentzian
fuzzy scores in the special case where the target range
degenerates into a single value.

[0026] FIG. 8 shows a table of calculated fuzzy scores for
each record based only on selling price.

[0027] FIG. 9 shows a table of calculated fuzzy scores for
each record based only on number of rooms.

[0028] FIG. 10 shows a table of calculated fuzzy scores for
each record based only on number of baths.

[0029] FIG. 11 shows aggregate fuzzy scores for each
record and ranked database records.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION

[0030] As embodied and broadly described herein, the
preferred embodiments of the present invention are directed
to a method for searching a document database such as the
Internet according to a set of user specified preferences,
including target range, fuzziness and bias and ranking the
results obtained from such a search.
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[0031] The basic building block of the fuzzy score is the
Lorentzian function:

As shown in FIG. 3, the Lorentzian function 300 has a
bell-shaped drop off from a central peak. FIG. 3 depicts the
Lorentzian function with a=5, x0=0, and x ranging from —-10
to 10. The fuzziness of the score is proportional to the width
of'the Lorentzian function. The bias is introduced by a linear
variation within the target range.

[0032] The fuzzy score allows a user to rank a set of
numerical data according to the user’s input. The qualitative
behavior of the Lorentzian fuzzy score is described as
follows. For data that lies outside the target range, the score
is zero without fuzziness and in the range [0, 1] with
fuzziness. For data that is inside the target range, the score
varies linearly, with a bias (higher score) towards either the
lower or upper bound of the target range.

[0033] The following notation and terminology is used
throughout the specification:

Name Symbols Notes

Data Value Xy, Xo - « - X The maximal and minimal
data values are Max(x,) and

Min(x,), respectively

Target Range Gmin» Xmax)  Xmax = Xmin
Bias B B may be greater or smaller
than zero
Fuzzy Parameters A A = Max(x,) — Min(xy)
al=als—
2
2=al a
al=alxz
Fuzziness or Closeness  al and a2 al Z0and a2 =0

[0034] According to an embodiment of the present inven-
tion, the present invention can calculate a fuzzy score for a
user defined database query and rank the results of the query.
The fuzzy score is calculated based on user specified criteria
including, but not limited to, target range (X, Xmax)s
fuzziness (a1 and ¢2) and bias (). In another embodiment,
the fuzziness and/or bias is static and set by the software/
system performing the search. While the parameters for
fuzziness and bias are numeric, it is contemplated in at least
one embodiment that these parameters be translated into
more easily understood terminology for user selection. For
example, instead of having a user specify a numeric value
for each of the fuzziness parameters, ol and a2, the user
may select from a list of fuzziness categories (i.e. small,
medium, large). The terms small, medium and large would
equate to specific values of al and ¢2 and would be used to
calculate a fuzzy score as described herein. The same holds
true for the bias parameter, §. Instead of having a user
specify a numeric bias value, the user may select from a list
of bias categories (i.e. toward the lower bound, toward the
upper bound). These categories would also be equated to
specific numeric values and would be used to calculate a
fuzzy score as described herein.
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[0035]
zian function to calculate a fuzzy score, several examples

In order to illustrate the application of the Lorent-

will be given. Each example will illustrate how variations in
user input parameters (i.e. target values, fuzziness, bias)
affect the Lorentzian function as it is used to calculate a
fuzzy score. For consistency, the examples will be based on
a user who is shopping for a new home via a web site
containing new home data. The web site allows the user to
search a database of new homes based on the selling price
of the home. For the following examples it is assumed the
user is interested in houses between $200,000 and $250,000.
Thus, the target range is defined as x_; =200000 and x,_ =
250000. In addition, the web site allows the user to input
fuzziness values, a1 and a2, and a bias value, f3.

[0036] For bias (B) values less than zero (i.e. biased
toward the lower bound of the target range), the Lorentzian
fuzzy score has the following formula:

For p<O0,
1
T2 X< mn
! +( al )
X — Xmin
S(x):1+'8*( ) n <X = Xpax
Xmax ~ Xmin
1+
x—f 7 Fmax <X
1+ ( max)
a2
where x represents any data values, i.e., x €{x;, . . ., X, }.

[0037] FIG. 4 shows a sample plot 400 of S(x) with
Xmin=200000, x_,..=250000, a1=2, a2=1, and f=-0.1. The
negative slope of the graph between the target values $200,
000 and $250,000 is the result of the negative bias. The
negative bias affects the fuzzy score calculated from data

max

values between the target range by biasing those data values
closer to the lower end of the target range. In addition, worth
noting are the calculated fuzzy scores for the data points that
lie outside the target range. The non-zero scores for those
data points lying outside the target range are a direct result
of the incorporation of the fuzziness parameters into the
Lorentzian function. Consistent with the Lorentzian function
is the rapid drop off of the fuzzy scores for the data points
that lie farthest from the target range. In this example, and
as illustrated in the table of result rankings 410, the query
would have returned records for each of the 12 homes in the
database. The addition of the fuzzy scores, however, makes
it easy for the user to visualize the records that best conform
to the original search parameters.
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[0038] For bias (B) values greater than zero (i.e. biased
toward the upper bound of the target range), the Lorentzian
fuzzy score has the following formula:

For >0,
1-
I
1+ (x—_ min )2
al
S(x) = 1+M Xmin € X < Xmax
Fmax = Fmin
1
TR g e <
L max
+ ( a2 )
where x represents any data values, i.e., x e{x;, . . ., X, }.

[0039] FIG. 5 shows a sample plot 500 of S(x) with
X, =200000, x_ =250000, c1=2, a2=1, and $=0.1. The
positive slope of the graph between the target values $200,
000 and $250,000 is the result of the positive bias. The
positive bias affects the fuzzy score calculated from data
values between the target range by biasing those data values
closer to the upper end of the target range. In addition, worth
noting are the calculated fuzzy scores for the data points that
lie outside the target range. The non-zero scores for those
data points lying outside the target range are a direct result
of the incorporation of the fuzziness parameters into the
Lorentzian function. Consistent with the Lorentzian function
is the rapid drop off of the fuzzy scores for the data points
that lie farthest from the target range. In this example, and
as illustrated in the table of result rankings 510, the query
would have returned records for each of the 12 homes in the
database. The addition of the fuzzy scores, however, makes
it easy for the user to visualize the records that best conform
to the original search parameters.

[0040] Inthe case of no fuzziness, al=0, a.2=0, and where
the bias () value is less than zero (i.e. biased toward the
lower bound of the target range), the Lorentzian fuzzy score
has the following formula:

For p<0, a1=0, and a2=0,

0 X < Xmin
* (X — Xmi
S(x) = 1+M Xmin € X < Xmax
Fmax = Fmin
0 Xmax < X
where x represents any data values, i.e., x e{x;, . . ., X, }.

[0041] Inthe case of no fuzziness, al=0, a.2=0, and where
the bias () value is greater than zero (i.e. biased toward the
upper bound of the target range), the Lorentzian fuzzy score
has the following formula:

For >0, a1=0, and a2=0,

0 X < Xmin

St = 14 PG )
X,

‘max ~ ¥min

Xmin < X < Xmax

0 Xmax < X

where x represents any data values, i.e., x e{x, . .., X}
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[0042] FIG. 6 shows a sample plot 600 of S(x) with
Xmin=200000, x . =250000, a1=0, 02=0, and f=-0.1. FIG.
6 also shows another sample plot 610 of S(x) with x_; =
200000, x . =250000, al1=0, 02=0, and p3=0.1. As with
plots 400 and 500, plots 600 and 610 illustrate the effect a
negative and positive bias have on the calculated fuzzy
scores. As previously stated, a negative bias results in the
negative slope of the plot 600 between the target values,
while a positive bias results in the positive slope of the plot
610 between the target values. Since the fuzziness param-
eters, al and a2, were set to zero in both plot 600 and plot
610, all data values lying outside of the user defined target
range are given a fuzzy score of zero. While the same query
produced 12 records with fuzziness (as illustrated in FIGS.
4 and 5), without fuzziness only 4 records are retrieved.
Moreover, records that would probably be of interest to the
uset, i.e. the $252,000 home, are never retrieved when the
query does not incorporate the fuzziness parameters.

[0043] In the special case where the target range degen-
erates into a single value (i.e. x,; =X .. =X) and where the
bias (p) value is less than zero (i.e. biased toward the lower
bound of the target range), the Lorentzian fuzzy score has
the following formula:

For p<0 and X, ;=X ..=X,

= X <X
(=)
S(x) = 1 X=X
L+f x> X
X=X\
1)
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-continued

S(x) = 1 x=x

s X}

[0045] FIG. 7 shows a sample plot 700 of S(x) with
x=225000, al=1, a2=1, and p=-0.1. FIG. 7 also shows
another sample plot 710 of S(x) with x=225000, al=1,
a2=1, and p=0.1. The affect of the bias in plot 700 and 710
is more difficult to discern since there is no target range.

where x represents any data values, i.e., X e{x,, . . .

However, a close inspection of plot 700 shows that the
negative bias does influence the calculated fuzzy scores for
those data values less than the target value and in plot 710
that the positive bias does influence the calculated fuzzy
scores for those data values greater than then target value.

[0046] While each of the above examples has dealt with
single term queries (i.e. where the user is searching based
only on the selling price of a home), the present invention is
easily extended to include queries with multiple search
terms. To illustrate how the Lorentzian function can be used
in a multiple-field query a more sophisticated home buying
example is explored. The home buying database in this
example is on the Internet and the user is given the option
to search for new homes based on selling price, number of
rooms, and number of baths. For this example, it is assumed

where x represents any data values, i.e., X €{x, . . ., X }. the database contains the following records:
Selling Price
$150,000  $170,000 $195,000  $200,000 $225,000 $230,000 $235,000  $260,000  $280,000
Number 3 2 3 3 5 3 4 4 3
of Rooms
Number 2.5 2 4 3 3.5 2 3 3 1.5
of Baths
[0044] In the special case where the target range degen- [0047] Tt is further assumed that the user has entered the

erates into a single value (i.e. X,;,=X,,..=X) and where the
bias (p) value is greater than zero (i.c. biased toward the
upper bound of the target range), the Lorentzian fuzzy score
has the following formula:

For >0 and Xpin = Xmax = X,

following query:

Bias: Lower Priced Homes
Bias: More Rooms

Bias: More Baths
Fuzziness: Medium

Selling Price: $200,000-$230,000
Number of Rooms: 3
Number of Baths: 3

[0048] As previously discussed, and as illustrated here, the
database or search tool/engine may be set up to allow the
user to input non-numeric bias and fuzziness parameters that
are more intuitive and user friendly. These non-numeric
parameters are then equated to specific numeric parameters



US 2007/0271261 Al

by the database application, search tool/engine or other
system/software. For this example, the following non-nu-
meric user specified bias parameters are equated to the
following numeric parameters: Bias Lower Priced Homes=-
0.1, More Rooms=0.1, More Baths=0.1. In addition, for this
example, the following non-numeric specified fuzziness
parameter is equated to the following numeric parameters:
Medium—a1=2, a2=2. While the user, in this example, was
only allowed to enter a single fuzziness parameter for the
entire query, it is contemplated in another embodiment that
each query field (i.e. selling price, number of rooms, number
of baths) could have its own separate fuzziness parameter.

[0049] The process for searching the database and ranking
the results of the query is straightforward. First, a fuzzy
score is calculated for each query field and for each record
using the appropriate Lorentzian formula. Second, an aggre-
gate fuzzy score is calculated for each record using the fuzzy
scores for each query field. Finally, the results are ranked
according to the aggregate calculated fuzzy scores for each
record.

[0050] FIG. 8 shows the fuzzy score 800 for each record
based only on selling price. Since the user has specified a
bias toward the lower bound of the target range (as indicated
by the user’s desire for lower priced homes), the following
Lorentzian fuzzy score formula is used:

For p<O0,

1

X < Xmin

S(x):1+M Xmin € X < Xmax
Xmax ~ Xmin
1+
—— =7 max <X
1+( 7 )

where x represents any data values, i.e., X €{x,, . . .

) Xk}s
X,,,,=200000, x___ =230000, ci1=2, a2=2, and B=-0.1.

[0051] FIG. 9 shows the fuzzy score 900 for each record
based only on number of rooms. Since the user has specified
a bias toward the upper bound of the target range (as
indicated by the user’s desire for more rooms), the following
Lorentzian fuzzy score formula is used:

For >0 and Xmin = ¥max = X,

S(x) = 1 x=x

where x represents any data values, i.e., X €{x,, . . ., X},

x=3, al=2, a2=2, and f=0.1.

[0052] FIG. 10 shows the fuzzy score 1000 for each record
based only on number of baths. Since the user has specified
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a bias toward the upper bound of the target range (as
indicated by the user’s desire for more baths), and since a
single target value is also specified, the same Lorentzian
fuzzy score formula used to calculate the fuzzy scores for
each record based on number of rooms is used.

[0053] Once a fuzzy score is calculated for each query
field for each record, an aggregate fuzzy score is calculated
for each record. In one embodiment, this is accomplished by
simply adding the fuzzy scores of each query field together.
In another embodiment, an aggregate fuzzy score is calcu-
lated by using a weighted sum. By using a weighted sum the
results of a specific query field(s) can be given more weight.
For example, a user may consider the selling price of a home
more important than any of the other query fields. In order
to incorporate this into the ranking methodology, the fuzzy
scores calculated based only on the selling price of the home
are multiplied by some factor so that the selling price of the
home has more influence on the aggregate fuzzy scores.

[0054] The aggregate fuzzy scores 1100 for each record in
this example are shown in FIG. 11. In this example the fuzzy
scores of each query field have simply been added together.
Once the aggregate fuzzy scores are calculated, the database
records are ranked according to aggregate fuzzy score. The
ranked database records 1110 are also shown in FIG. 11.
With the homes ranked, the user can easily identify those
homes that best match the user’s query.

[0055] As would be expected based on the input query, the
home selling for $200,000 with 3 rooms and 3 baths is
ranked the highest. While a traditional database search
would not have retrieved any records outside the user’s input
target range of $200,000-$230,000, 3 rooms and 3 baths, the
present invention has returned all 9 records. Worth noting is
the home selling for $195,000 with 3 rooms and 4 baths and
the home selling for $235,000 with 4 rooms and 3 baths.
Both of these homes would not have been included within
the search results in a traditional database search, but in the
present invention are ranked high due to the incorporation of
the fuzziness parameters in the Lorentzian fuzzy score
formulas.

[0056] Other embodiments and uses of the present inven-
tion will be apparent to those skilled in the art from
consideration of this application and practice of the inven-
tion disclosed herein. The present description and examples
should be considered exemplary only, with the true scope
and spirit of the invention being indicated by the following
claims. As will be understood by those of ordinary skill in
the art, variations and modifications of each of the disclosed
embodiments, including combinations thereof, can be made
within the scope of this invention as defined by the following
claims.
What is claimed is:
1. A method for ranking a plurality of elements, wherein
a plurality of numerical parameters characterizes each ele-
ment, the method comprising:
prior to ranking receiving an indication of at least one of
fuzziness and bias as inputs to ranking;
ranking a plurality of elements based at least in part on an
aggregate score;
the aggregate score based at least in part on a plurality
of Lorentzian fuzzy scores;
each Lorentzian fuzzy score based at least in part on
a numerical parameter characterizing each ele-
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ment, wherein the formula used to calculate each
Lorentzian fuzzy score is determined at least in part
based on the polarity of the bias input.
2. The method of claim 1, wherein at least one of the
numerical parameters is a target range having a minimum
numeric value and a maximum numeric value.

3. The method of claim 2, wherein the polarity of the bias
input is negative and wherein the fuzzy score is calculated
at least in part by using the following Lorentzian fuzzy score
formula:

1

X < Xmin

# (X — Xpin)
Sx)= 1+ B (x = Xnin) Xmin € X < Xmax
Xmax ~ Xmin
1+p
N
+
a2
where x represents any data values, i.e., x €{x;, . . ., X, }.

4. The method of claim 2, wherein the polarity of the bias
input is positive and wherein the fuzzy score is calculated at
least in part by using the following Lorentzian fuzzy score
formula:

1-5

B (X = Ximax)

X < Xmin

S(X)= 1+ ————— Xin <X = Xax
Xmax ~ Xmin
1
w2 Xmpax < X
1+( ) )
where X represents any data values, i.e., X e{X,, ..., X}

5. The method of claim 1, wherein the polarity of the bias
input is negative and wherein the fuzzy score is calculated
at least in part by using the following Lorentzian fuzzy score
formula:

~—%3 xX<Xx
1+( al )
Sx) = 1 X=X
1+p
Y=z x> X
1+(—a2 )
where X represents any data values, i.e., X e{X,, ..., X}

6. The method of claim 1, wherein the polarity of the bias
input is positive and wherein the fuzzy score is calculated at
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least in part by using the following Lorentzian fuzzy score
formula:

o)
S(x) = 1 x=x
1
—— X>x
1+( az’)
where x represents any data values, i.e., x e{x;, . . ., X, }.

7. The method of claim 1 wherein the aggregate score is
based at least in part on summing the plurality of Lorentzian
fuzzy scores.

8. The method of claim 1 wherein after calculating each
Lorentzian fuzzy score, the aggregate score is based at least
in part on weighted summing of the plurality of Lorentzian
fuzzy scores.

9. The method of claim 8 further comprising:

prior to ranking, receiving an indication of weight for at
least one parameter.

10. The method of claim 1 wherein at least one indication
is quantitative.

11. The method of claim 1 wherein at least one indication
is qualitative.

12. The method of claim 11 wherein each qualitative
indication is mapped to a quantitative indication.

13. A method for ranking a plurality of elements, wherein
a numerical parameter characterizes each element, the
method comprising:

prior to ranking receiving an indication of at least one of
fuzziness and bias as inputs to ranking;

ranking a plurality of elements based at least in part on a
Lorentzian fuzzy score based at least in part on a
numerical parameter characterizing each element,
wherein the formula used to calculate each Lorentzian
fuzzy score is determined at least in part based on the
polarity of the bias input.

14. The method of claim 13, wherein at least one of the
numerical parameters is a target range having a minimum
numeric value and a maximum numeric value.

15. The method of claim 14, wherein the polarity of the
bias input is negative and wherein the fuzzy score is calcu-
lated at least in part by using the following Lorentzian fuzzy
score formula:

1

— w2 X< uin
1+( o )
S(x):l+% Xmin < X < Xmax
1+p
— o ma <X
1+( 7 )

where X represents any data values, i.e., X e{X,, . . ., X}.

16. The method of claim 14, wherein the polarity of the
bias input is positive and wherein the fuzzy score is calcu-
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lated at least in part by using the following Lorentzian fuzzy
score formula:

1—
=B
1+(x_x"'i")2
al
S(x) = 1+M Xmin € X < Xmax
Xmax ~ Xmin
1
T A e <X
1+( a2 )

where x represents any data values, i.e., x €{x;, . . ., X, }.

17. The method of claim 13, wherein the polarity of the
bias input is negative and wherein the fuzzy score is calcu-
lated at least in part by using the following Lorentzian fuzzy
score formula:

x<X
1+(x;)
S(x) = 1 x=x
1+
ST

where X represents any data values, i.e., X e{X,, ..., X}

18. The method of claim 13, wherein the polarity of the
bias input is positive and wherein the fuzzy score is calcu-
lated at least in part by using the following Lorentzian fuzzy
score formula:

1-8
X —Xx\2
! ( al )
S(x) = 1 X=X
1
—5 X>x
1+( ) )
where X represents any data values, i.e., X e{X,, ..., X}

19. The method of claim 13, wherein at least one indica-
tion is quantitative.
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20. The method of claim 13, wherein at least one indica-
tion is qualitative.

21. The method of claim 20, wherein each qualitative
indication is mapped to a quantitative indication.

22. A method for ranking a plurality of elements, wherein
a numerical parameter characterizes each element, the
method comprising:

prior to ranking receiving an indication of at least one of
fuzziness and bias, and a target range having a mini-
mum numeric value and a maximum numeric value, as
inputs to ranking;

ranking a plurality of elements based at least in part on a
Lorentzian fuzzy score based at least in part on a
numerical parameter characterizing each element,
wherein the formula used to calculate each Lorentzian
fuzzy score is determined at least in part based on the
polarity of the bias input and wherein when the fuzzi-
ness indication is set or preset to zero and the polarity
of the bias input is positive, the fuzzy score is calcu-
lated at least in part by using the following Lorentzian
fuzzy score formula:

0 X < Xmin

St = 14 PG )
X,

‘max ~ ¥min

Xmin < X < Xmax

0 Xmax < X

where X represents any data values, i.e., x €{x,, . .., X},

wherein when the fuzziness indication is set or preset to
zero and the polarity of the bias input is negative, the
fuzzy score is calculated at least in part by using the
following Lorentzian fuzzy score formula:

0 X < Xmin
* (X — Xmi
S(x) = 1+M Xmin € X < Xmax
max ~ ¥min
0 Xmax < X
where x represents any data values, i.e., X e{x, . .., X}



