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Computing with words is a concept that is used to solve problems with input in natural language. Modifiers
are transformation functions with predefined labels used extensively in decision-making to specify the
desired value of a linguistic variable defined by fuzzy sets.

In past years, few efforts have been made to study the application of Computing with Words (CW) in many
domains ranging from fraud detection systems to diagnosis systems in medicine. However, the application
of CW in these fields with modified Fuzzy sets did not give satisfactory results. When applied to modified
Fuzzy sets, the existing interpolation rule does not cover the extreme left and extreme right-shifted fuzzy
sets. Hence, there is a need to introduce a new interpolation rule when working with modifiers. This paper
introduces a new Fuzzy Modifier Interpolation Rule to Type-1 Fuzzy sets and Interval Type-2 (IT-2) Fuzzy
Sets to enhance the quality of results obtained when modifiers are applied.

Povzetek: V prispevku je predstavljeno novo interpolacijsko pravilo za mehke modifikatorje v mehkih

nizih tipa 1 in intervalnega tipa 2.

1 Introduction

Computing with Words (CW) is a methodology that allows
using words in place of numbers for computing and reason-
ing. It was introduced as an extension to Fuzzy Logic Sys-
tems by Zadeh [1][2][3]. It is a system of computation that
offers the capability to compute with information present in
a natural language. The advancement in CW has allowed a
certain degree of fuzziness to the input and the propositions
present in the database of the CW inference engine. The
propositions in CW are specified using linguistic variables
[4][5][6], whose values are words in natural language. CW
engine consists of Rule Base, Fuzzy Inference Engine, and
Output Generator. The IF-THEN rules in the CW engine
are specified using natural language, which is modeled us-
ing either Type - 1 or Type - 2 Fuzzy sets (Interval Type-2
and General Type-2) [7].

Computing with Words (CW) has a wide variety
of applications ranging from household appliances like
fraud detection systems to biomedical instrumentation [8].
Medicine is one of the domains where the applications of
Computing with Words has been recognized [8]. The un-
certainty found in these applications is appropriately cap-
tured by fuzzy set theory. Therefore, in the past few years,
new techniques in CW have been extensively applied in
decision-making systems.

Modifiers are transformation functions with predefined
labels applied to a fuzzy set defined on a linguistic variable
to specify the desired value of a variable. Modifiers help
us define input when it is not present in the given fuzzy
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sets. Modifiers like VERY, EXTREMELY, and connec-
tive like NOT, OR can be used to enhance the capability
of the meaning specified by Fuzzy sets [9][10][11]. How-
ever, the direct application of the Fuzzy Interpolation rule
on the modified fuzzy set gives poor results. While com-
puting results, it does not incorporate the contribution from
fuzzy sets shifted to the extreme left or extreme right on the
application of modifiers as detailed in Section 4.

This paper introduces a novel Fuzzy Modifier Interpola-
tion rule for Type-1 Fuzzy sets and Interval Type-2 Fuzzy
sets to get better results and reduce errors when modifiers
are applied to the fuzzy sets. In Section 2, we present re-
cent relevant works followed by the proposed Fuzzy Modi-
fier Interpolation rule for Type-1 and Interval Type-2 Fuzzy
sets in Section 3. In Section 4, we present results of exper-
iments performed on the UCLA dataset for heart disease
[27] to show improvement in graphs or inference obtained
upon application of our new Fuzzy Modifier Interpolation
Rule. In Section 5, we discuss the results obtained for our
proposed Fuzzy Modifier Interpolation rule with Fuzzy In-
terpolation rule. Finally, we discuss the advantages and
limitations of our proposed work in Section 6 and Section
7, respectively.

2 Related works

The concept of modifier to represent linguistic hedges
employing a mathematical transformation of membership
functions was first introduced by Zadeh [12]. The au-
thor proposed using linguistic hedges as a power functions
based operator, which applied to fuzzy sets, represents
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the meaning of its operands. While applying transforma-
tions, the author used pure post modification of member-
ship functions to represent linguistic hedges. The modifiers
proposed by the author did not cover all forms of linguis-
tic hedges. To mitigate this, another type of modifier called
shifting modifiers was put forward in [13]. These modifiers
are translatory modifiers that involve pure pre-modification
of the membership functions.

However, traditional modifiers like powering and shift-
ing modifiers could not handle similar categories distin-
guished by subtle differences. To mitigate this, De Cock
and Kerre [14] introduced a new form of fuzzy modifiers,
where weakening adverbs (more or less, roughly) and in-
tensifying adverbs (very, extremely) are modeled in the in-
clusive and the non-inclusive interpretation. Another en-
hancement on powering and shifting modifiers was L-fuzzy
modifiers introduced in [15] to model linguistic hedges in
the L-fuzzy sets. They proposed using context through L-
fuzzy relations to ensure L-fuzzy modifiers are endowed
with clear inherent semantic. The proposed modifiers out-
performed the traditional ones from the semantic point of
view.

Since their advent, fuzzy modifiers have been used ex-
tensively in fuzzy rule-based and control systems [18, 19],
analogy-Based Reasoning systems [16] and image process-
ing or image-based retrieval systems [21]. They are used
to obtain more interpretable results, limit the number of
premises, dynamically modify the shape of membership
functions and reduce the rule base [17, 20]. They have been
used in designing databases as well, like SQLf - a well-
known query language database [23, 22]. Fuzzy Modifiers
have a wide range of practical applications, and therefore, it
is imperative to account for the edge cases when modifiers
are applied in real-world applications.

3 Approach

3.1 Preliminaries

Modifiers are a necessary part of Computing with Words.
They allow us to define values in between given N Fuzzy
sets. Very, extremely, slightly, relatively, somewhat, quiet,
and rather are some of the frequently used modifiers. They
are generally denoted by m.

XismA — Xis f(A) (1)
Modifier Type Function f(x)
Extremely/Highly 3
Very/Rather x?
Relatively/Quite z3/?
Slightly x1/2
Somewhat zl/3

Table 1: Functions of The Modifiers
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where f(A) is used to modify the behaviour of Fuzzy
sets. The f(x) for frequently used modifiers is given in
Table 1.
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Figure 1: Modifier Applied to Type-1 Fuzzy Set

Figure 1 shows the Modifiers mentioned in Table 1 i.e.
Eztremely and Somewhat applied to Fuzzy set Low. The
f(z) is 2° in case of Extremely and z'/3 in case of Some-
what. The membership curve has shifted towards left for
extremely modifier, and it has shifted towards the right
for somewhat modifier. This is in accordance with the
context of the application of modifiers.

Modifiers are extensively used in decision systems, espe-
cially in the domain of medicine. The interpolation rule for
the Fuzzy set is unable to effectively deal when modifiers
are applied. It cannot take contributions from the extreme
left and extreme right-shifted fuzzy sets on the application
of modifiers. Therefore a new Fuzzy Modifier Interpolation
Rule was introduced for Type-1 Fuzzy sets.

3.2 Proposed fuzzy modifier interpolation
rule on type-1 fuzzy set

In this subsection, we introduce our proposed Fuzzy Inter-
polation rule for Type-1 Fuzzy sets. The structure of the
proposed rule consists of:

1. A set of IF-THEN rules, which is the database for in-
ference mechanism.

2. An Antecedent with fuzzy modifier applied on it.

3. The proposed Fuzzy Modifier Interpolation rule,
which consists of two cases.

(a) Edge Case: It refers to the fuzzy sets having val-
ues near the boundaries of the domain.

(b) Non-Edge Case: It refers to fuzzy set not having
values near the boundaries of the domain.
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Our proposed Fuzzy Modifier Interpolation technique
predominantly deals with edge cases-Left edge case and the
right edge case. Block diagram for proposed Fuzzy Mod-
ifier Interpolation rule is given in Fig 2 where m in mA4;
antecedent is a modifier applied to the Fuzzy set input A;.
There are two separate cases - edge case and non-edge case,
which gives Y is B as consequent.

IF-THEN PROPOSITIONS
ifX is A, then Y is B;

N
e

FUZZY MODIFIER
INTERPOLATION RULE
I EDGE CASE
I NON-EDGE CASE

OUTPUT
Yis B

ANTECEDENT
X is ma;

Figure 2: Block diagram for the application of Fuzzy Mod-
ifier Interpolation rule

3.2.1 Edge case

The edge case is defined as the case where the fuzzy sets
have values near the boundaries of the domain. Formally,
it is defined to be present when the following condition is
satisfied:

IfmA; > A;wheni=normA; < A;wheni=1
2
The condition (2) ensures that after application of modi-
fiers on Type-1 fuzzy sets, the modified set is shifted either
to the left extreme or right extreme.
The membership of the output Type-1 Fuzzy set obtained
after application of our proposed Fuzzy Modifier Interpola-
tion Rule is given by (3) for both left and right edge cases.

pp(v) = f(ps;(v) + ) 3)

In (3), the constant ¢ defines the value of horizontal shift
of fuzzy set, which is chosen after careful analysis of the
domain. Figure 3 (Left). depicts the application of the pro-
posed Fuzzy Modifier Interpolation rule for the right edge
case with relatively modifier. Figure 3 (Right) depicts the
resultant graph obtained after application of Fuzzy Modi-
fier Interpolation rule. It shows the ability of our proposed
rule to handle edge cases when fuzzy set EXCESS are
shifted to the right extreme and the ability to infer modified
consequent fuzzy set.

3.2.2 Non edge case

This case deals where the equation (2) is not satisfied that
is , A is a non-edge case fuzzy set. When a modifier m
is applied, the resulting output membership is given by the
following results:

pup = sup;(m; N Bj) 4
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Figure 3: Fuzzy Modifier Interpolation Rule for Edge Case
In Type-1 Fuzzy sets

Left: Application of Fuzzy Modifier Interpolation Rule on
Type-1 Fuzzy edge case

Right: Results on Application of Fuzzy Modifier Interpo-
lation Rule

mj = sup(4; N A;) 5)

where j = i — 1toi+ 1and A = mA;

Figure 4 (Left) depicts the application of proposed Fuzzy
Modifier Interpolation rule for non edge case with ex-
tremely modifier. Figure 4 (Right) depicts the resultant
graph obtained after application of Fuzzy Modifier In-
terpolation rule. It shows the ability of our proposed
rule to deal with the non-edge case when applied to the
MODERATE fuzzy set. Slight changes in results are
observed when compared with inferences drawn Fuzzy in-
terpolation rule for the non-edge case.

3.3 Proposed fuzzy modifier interpolation
rule on interval type-2 fuzzy set

This section extends the Fuzzy Modifier Interpolation rule
to Interval Type-2 Fuzzy sets. Figure 5 shows the Modifiers
mentioned in Table 1, i.e., Extremely and Somewhat ap-
plied to Interval Type-2 Fuzzy set ‘Low’. The f(z) is x® in
case of Extremely and z'/ in case of Somewhat. Similar
to Type-1 Fuzzy sets, the membership curve has shifted to-
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Figure 4: Fuzzy Modifier Interpolation Rule for Non-Edge
Case In Type-1 Fuzzy sets

Left: Application of Fuzzy Modifier Interpolation Rule on
Type-1 Fuzzy non-edge case

Right: Results on Application of Fuzzy Modifier Interpo-
lation Rule

wards the left for extremely modifier and towards the right
for the somewhat modifier. This is in accordance with the
context of the application of modifiers.

Similar to the Fuzzy Modifier Interpolation rule for Type-1
Fuzzy sets, the Fuzzy Modifier Interpolation rule in Inter-
val Type-2 sets contains two cases as explained in Section
3.2:

1. Edge Case
2. Non-Edge Case

3.3.1 Edge case

Edge case is applied when (2) is satisfied by Interval Type-
2 Fuzzy set A. Eq (6) depicts the application of modifier
to Interval Type-2 Fuzzy sets and Eq (7) gives the member-
ship of the output edge for Interval Type-2 Fuzzy set when
Ith rule is fired is given:

1 (y) = f(p(y) + ) (6)

l

wp(W) Y = ps (W) N Flyge yeEY )

where F, . is given by Eq (8) and Eq (9) :
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Figure 5: Modifier Applied to Interval Type-2 Fuzzy Set
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3.3.2 Non-edge case

This case is applied when the condition (2) is not satisfied
thatis , A is a non-edge case. Similar to edge case for Inter-
val Type-2 Fuzzy sets, uL,(y) is modified upon application
of modifier as given in Eq (6) and Eq (10) gives Member-
ship of the output non-edge Interval Type-2 Fuzzy set when
Ith rule is fired is given :

NlB(y)nonfedge = ,“lc(y) mewn—edge yeyY (10)

l
where mefedge

is given by Eq (11) and Eq (12):

g

l —
non—edge — sup [/uX (xQ)*
Tr2€X2 Tp 1€Xp_1 (] 1)

Bpu(@2)] /w2 x oo [lix (2p—1) * B (2p—1)]/2p—1

l —
Enonfedge = Ssup [H
T2€Xo Tp_1€EXp_1

(x2)

(12)
P (@2)] /@2 5o [py (p—1) * prpy (Bp—1)] /Tp—1
For [*" rule , The membership of the output Interval
Type-2 Fuzzy set is union of membership of outputs from
edge and non-edge cases in Interval Type-2 Fuzzy set as
given in Eq (13).

l

HB (y) = :ulB (y)edge U :ué_f; (y)nonfedge (13)
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Figure 6: Example of Fuzzy Modifier Interpolation rule for
edge case in Interval Type-2 Fuzzy sets

Left: Application of Fuzzy Modifier Interpolation Rule on
Interval Type-2 Fuzzy edge case

Right: Results obtained after application of Fuzzy Modifier
Rule on Interval Type-2 Fuzzy sets for edge case

Membership of the output Interval Type-2 Fuzzy set
when N rules are fired is :

pp(y) =L uply) yeY (14)

Figure 7 (Left) depicts an example of applica-
tion of Fuzzy Modifier Interpolation Rule applied on
modified Interval Type-2 Fuzzy set EXCESS with
RELATIV ELY modifier and Figure 7(Right) shows the
results obtained after application of our proposed interpola-
tion rule on Interval Type-2 Fuzzy sets for non-edge cases.
Similar to Type-1 Fuzzy sets for non-edge cases, slight
changes in results are observed compared with inferences
drawn from the Fuzzy interpolation rule.

Fig 7 (Left) depicts an example of application of Fuzzy
Modifier Interpolation Rule applied on modified Interval
Type-2 Fuzzy set EXCESS with RELATIV ELY mod-
ifier and Fig 7 (Right) shows the results obtained after
application of our proposed interpolation rule on Interval
Type-2 Fuzzy sets for edge cases. Similar to Type-1 Fuzzy
sets, our proposed rule takes care of inference from fuzzy
sets shifted towards extreme right and extreme left upon
application of modifiers.
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Figure 7: Example of Fuzzy Modifier Interpolation rule for
non-edge case in Interval Type-2 Fuzzy sets

Left: Application of Fuzzy Modifier Interpolation Rule on
Interval Type-2 Fuzzy non-edge case

Right: Results obtained after application of Fuzzy Modifier
Rule on Interval Type-2 Fuzzy sets for non-edge case

4 Experimentation

The proposed Fuzzy Modifier Interpolation for Fuzzy Sets
is applied on the UCLA Cleveland dataset for heart dis-
ease for different cases. The dataset contains 76 attributes,
but we are using six attributes (resting blood pressure or
tresbps, serum cholesterol or chol, maximum heart rate
achieved or thalach, ST depression induced by exercise rel-
ative to rest or oldpeak, resting electrocardiographic results
or restecg and age) to predict the presence of heart disease.

Careful domain analysis on factors affecting heart dis-
eases was done before formulating the selected attributes’
fuzzy membership functions. Once the fuzzy sets of the
selected attributes were formulated, the fuzzy rule was ob-
tained by using Fuzzy Decision Trees Induction Method
[28]. This method given by Yufei Yuan, Michael J. Shaw is
based on reducing classification ambiguity with fuzzy evi-
dence. To reduce the ambiguity while partitioning, we use
a significance level of 0.45.

The experiments on Fuzzy Modifier Interpolation Rule
were conducted in two phases with Phase 1 focusing on
Type-1 Fuzzy sets and Phase 2 focusing on Interval Type-2
Fuzzy sets.
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Figure 8: Type-1 Fuzzy Sets for different factors affecting
Heart disease

4.1 Experiments and analysis for type-1
fuzzy sets

The first half of the experiment was focused on Type-1
Fuzzy sets. It was conducted for three cases - right edge
case, left edge case, and non-edge cases. The antecedents
and consequents are represented using Type-1 Fuzzy sets.
Figure 8 (A). depicts membership of antecedents, and Fig-
ure 8 (B) depicts membership of consequent.

Fuzzy Interpolation Rule and Fuzzy Modifier Interpola-
tion Rule using min T-norm is applied to the query for right
edge case and output curve obtained is depicted in Figure
9 (A) and Figure 9 (B) respectively for fuzzy interpolation
rule and fuzzy modifier interpolation rule. We observe the
graph obtained in Figure 9 (A) is shifted to the left and right
taking care of the extreme left and right cases obtained on
application of modifiers.

Input Query used for the right edge case is given in Table
2:

The obtained graphs for the edge cases were defuzzi-
fied to understand better the results obtained after applying
the Fuzzy Modifier Interpolation Rule. For the left edge
case, we used the least of the maximum for defuzzifica-
tion. Similarly, for the right case, we used the largest of
the maximum for defuzzification and centroid for the non-
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Presence of heart disease Presence of heart disease

-1 o 1 2 3 4 H -1 o 1 2 3 4 5
num num

(a) Output Type-1 Fuzzy set (b) Output Type-1 Fuzzy set
after application of Fuzzy In- after application of Fuzzy
terpolation Rule Modifier Interpolation Rule

Figure 9: Comparison between graphs obtained for Fuzzy
Interpolation rule and Fuzzy Modifier Interpolation Rule
for right edge case in Type-1 Fuzzy sets

Input Variable | Value

Tresbps Extremely High
Chols Rather High
Restecg Relatively Terrible
Thalach Relatively Terrible
Oldpeak Relatively Terrible
Age Extremely Old

Table 2: Input Query

edge case. Figure 10 shows the comparison between the
results obtained for the Fuzzy Interpolation rule and the
Fuzzy Modifier Interpolation rule on defuzzification for the
right edge case. In Figure 10 (B), the defuzzified values are
shifted towards the right for the mean of maximum, min of
maximum, and max of maximum criteria. This corrobo-
rates the ability of our proposed interpolation rule to infer
from edge cases efficiently. The choice of the defuzzifica-
tion technique is case-dependent and based on the shift of
the fuzzy sets expected in each case.

A comparison between the Fuzzy Modifier Interpolation
Rule and Fuzzy Interpolation Rule for all three cases- left
edge case, non-edge case, and right edge case is shown for
the Type-1 Fuzzy set. The blue curve in Figure 11 is ob-
tained after the application of Fuzzy Interpolation Rule to
Type-1 Fuzzy sets, and the Orange curve is obtained af-
ter the application of Fuzzy Modifier Interpolation Rule to
Type-1 Fuzzy sets. In Figure 11 (A), The modifier is ap-
plied to the right valued Type-1 Fuzzy input, and after the
application of Fuzzy Modifier Interpolation Rule, the out-
put curve is shifted to the right when compared with Fuzzy
Interpolation Rule. Similarly, for Figure 11 (B), the output
curve for Fuzzy Modifier interpolation Rule is shifted to-
wards the left when a modifier is applied to the left valued
Type-1 fuzzy set input. A very slight variation is observed
in Figure 11 (C) when a modifier is applied to non-edge
case valued Type-1 Fuzzy set input.
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(a) A. Results obtained after (b) B. Results obtained after
defuzzification of the graphs defuzzification of the graphs
obtained after application of obtained after application of
Fuzzy IR Fuzzy Modifier IR

Figure 10: Comparison between Defuzzified results ob-
tained for Fuzzy Interpolation rule and Fuzzy Modifier In-
terpolation Rule for right edge case in Type-1 Fuzzy sets

dood U Y |

Edge
(b) Left Edge Case (c) Non-Edge Case

(a) Right
Case

Figure 11: Comparison between Fuzzy Interpolation rule
(blue) and Fuzzy Modifier Interpolation Rule (Orange) for
Type-1 Fuzzy sets
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Figure 12: Type-2 Fuzzy Sets for different factors affecting
Heart disease

4.2 Experiments and analysis for interval
type-2 fuzzy sets

In the second half of the experiment, antecedents and con-
sequent are represented using Interval Type-2 Fuzzy sets
with triangular and trapezoidal memberships as shown in
Figure 12. Similar to the experiments conducted on Type-1
Fuzzy sets, experiments on Interval Type-2 Fuzzy sets were
conducted for three cases- right edge case, left edge case,
and non-edge cases.

Similar to Type-1 Fuzzy sets, Fuzzy Interpolation Rule
and Fuzzy Modifier Interpolation Rule using min T-norm is
applied to the query for right edge case as given in Table 2
and output curve obtained is depicted in Figure 13(A) and
Figure 13(B) respectively for fuzzy interpolation rule and
fuzzy modifier interpolation rule. We observe the graph ob-
tained in Figure 13(B) is shifted to the left and right, taking
care of the extreme left and right cases obtained on applica-
tion of modifiers which is consistent with results obtained
for Type-1 Fuzzy sets.

For type reduction of Interval Type-2 Fuzzy sets, the
N-T algorithm was used, and for defuzzification, a simi-
lar methodology as discussed in the case of Type-1 fuzzy
sets was used. Figure 14 shows the comparison between
the results obtained for the Fuzzy Interpolation rule and
Fuzzy Modifier Interpolation rule on defuzzification for the
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Figure 13: Comparison between graphs obtained for Fuzzy
Interpolation rule and Fuzzy Modifier Interpolation Rule
for right edge case in Interval Type-2 Fuzzy sets
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Figure 14: Comparison between defuzzified results ob-
tained for Fuzzy Interpolation rule and Fuzzy Modifier
Interpolation Rule for right edge case in Interval Type-2
Fuzzy sets

right edge case. In Figure 14 (B), the defuzzified values
are shifted towards right for the mean of maximum, min of
maximum, and max of maximum criteria. This corrobo-
rates the ability of our proposed interpolation rule to infer
from edge cases efficiently.

Similar to experiments performed on Type-1 Fuzzy sets,
A comparison between Fuzzy Modifier Interpolation Rule
and Fuzzy Interpolation Rule for all three cases- left edge
case, non-edge case, and right edge case is shown for In-
terval Type-2 Fuzzy set. The blue curve in Figure 15 is
obtained after the application of Fuzzy Interpolation Rule
to Interval Type-2 Fuzzy sets, and Red curve is obtained
after application of Fuzzy Modifier Interpolation Rule to
Interval Type-2 Fuzzy sets. In Figure 15 (A), The modifier
is applied to the right valued Interval Type-2 Fuzzy set in-
put, and after application of Fuzzy Modifier Interpolation
Rule the output curve is shifted to the right when compared
with Fuzzy Interpolation Rule. Similarly, for Figure 15 (B),
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Figure 15: Comparison between Fuzzy Interpolation rule
(blue) and Fuzzy Modifier Interpolation Rule (red) for In-
terval Type-2 Fuzzy sets

the output curve for Fuzzy Modifier interpolation Rule is
shifted towards the left when a modifier is applied to the
left valued Interval Type-2 fuzzy set input. A very slight
variation is observed in Figure 15 (C) when a modifier is
applied to non-edge case valued Interval Type-2 Fuzzy set
input.

5 Discussion

Table 3 shows the value of predicted attribute obtained af-
ter defuzzification of the output curve obtained as a result
of the application of Fuzzy Interpolation Rule and Fuzzy
Modifier Interpolation Rule on both Type-1 Fuzzy set and
Interval Type-2 Fuzzy set. No change in the values was ob-
tained for the Fuzzy Interpolation Rule and Fuzzy Modifier
Interpolation rule for the non edge case. Our proposed in-
ference interpolation rule can effectively infer results from
left edge case and right edge case, where the fuzzy sets are
shifted towards extreme left and extreme right respectively
on the application of modifiers, as shown in Table 3. Table
4 shows the final results obtained from the decision-making
system after fuzzification of the results obtained from de-
fuzzification.

The results obtained in table 4 depict the ability of our
proposed inference rule to handle the left and right edge
case effectively when modifiers are applied to Fuzzy set.
Thus, Fuzzy Modifier Interpolation inference results in bet-
ter modeling of variables used in a decision-making system
and improved output curves and results on defuzzification.



A Novel Fuzzy Modifier Interpolation Rule. . .

Informatica 46 (2022) 57-67

65

Right Edge Case | Left Edge Case | Non-Edge Case
Type-1 Fuzzy Set With Fuzzy Interpola- | 3.99999999999 | -2.220446049250 | 1.808727539420
tion Rule
Type-1 Fuzzy Set with Fuzzy Modifier In- | 4.49999999999 -0.8 1.808727539420
terpolation Rule (Proposed Approach)
IT-2 Fuzzy Set With Fuzzy Interpolation | 3.99999999999 | 0.0999999999999 | 1.92260915424
Rule
IT-2 Fuzzy Set With Fuzzy Modifier Inter- | 4.69999999999 | -0.700000000000 | 1.92260915424
polation Rule (Proposed Approach)

Table 3: Defuzzified Results

Right Edge Case Left Edge Case Non-Edge Case
Type-1 Fuzzy Set With Fuzzy Interpola- Very Likely Very Likely Unlikely
tion Rule
Type-1 Fuzzy Set with Fuzzy Modifier In- | Relatively Very Likely | Relatively Very Likely Unlikely
terpolation Rule (Proposed Approach)
IT-2 Fuzzy Set With Fuzzy Interpolation No Presence No Presence Unlikely
Rule
IT-2 Fuzzy Set With Fuzzy Modifier Inter- | Rather No Presence Rather No Presence Unlikely
polation Rule (Proposed Approach)

Table 4: Final Results Obtained

6 Advantage and future use

Fuzzy Interpolation Rule is quite a general rule that can-
not deal with modifiers in Computing with words engine
effectively. Until now, no efforts have been made to deal
with modifiers separately in Type-1 Fuzzy sets and Interval
Type-2 Fuzzy sets.

The Fuzzy Modifier Interpolation rule in Fuzzy Logic
Inference engine provides the capability to introduce result
as an extreme end fuzzy set that Fuzzy Interpolation rule
cannot. RELATIVELY HIGHLY EXCESS, which
is an extreme end fuzzy set that can be obtained on the
application of this rule.

Given in Table 5 is the comparison between results
drawn from the above experimentation on the UCLA
dataset, which depict the improvement introduced by the
application of Fuzzy Modifier Interpolation Rule.

Approach Value

Fuzzy Modifier Interpola- | Relatively Very Unlikely
tion Rule

Fuzzy Interpolation Rule Very Unlikely

Table 5: Comparison Between Results Obtained

Future use includes:

1. Incorporation of Fuzzy Modifier Interpolation Rule to
Computing with Words inference engine to get better
results.

2. Extending this rule to Fuzzy Weighted Average used
in different decision making problem [24].

3. Incorporating this rule in fuzzy logic control that is
used to regulate the movement of robots [25].

4. Applications in Medicine Diagnostic Systems when
modifiers are to be applied [8].

7 Limitations

The Fuzzy Modifier Interpolation Rule produces precise
and accurate results in most cases, but it fails when mod-
ifiers fail to satisfy the condition that the shift of Fuzzy
sets on the application of modifier should be to its adjacent
Fuzzy set only. This rule does not work for NOT modifier.

Proposed Fuzzy Modifier Interpolation rule for Type-1
and Interval Type-2 Fuzzy sets is applicable where only a
single modifier is applied to the input given to Inference

Engine. It fails when multiple modifiers are applied to

Fuzzy Modifier Interpolation Rule gives  the input. For example, X is RELATIVELY SMALL

RELATIVELY VERY UNLIKELY whereas  is valid input; however, X is RELATIVELY and
Fuzzy Interpolation would have given only SOMEWHAT SMALL isinvalid.

VERYUNLIKFELY, This allows us to not only
take care of edge cases in the modified fuzzy set but also
get modified consequent as results. The use of modifiers on
consequent gives the flexibility to express results beyond
the pre-defined linguistic values for a fuzzy set.

The Fuzzy Modifier Interpolation rule also fails
when multiple connectives are used in the propo-
sition like X is RELATIVELY VERY SMALL or
YisVERY VERY LARGE. In the former proposi-
tion, modifier RELATIVELY VERY is applied to the
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fuzzy set SM ALL. In the latter proposition, the modifier
VERY VERY is applied to the fuzzy set LARGE. The
shift in SMALL and LARGE curves is expected to ex-
tend beyond the adjacent fuzzy sets. As a result, the Fuzzy
Modifier Interpolation Rule fails with multiple connectives.
In future works, the Fuzzy Modifier Interpolation rule can
be extended to include the application of multiple connec-
tives as modifiers.

8 Conclusion

Computing with Words is gaining importance and becom-
ing increasingly popular. It has many applications in sci-
ence, and varied industries [29][30][31]. The inference en-
gine or different techniques of inferencing results like the
Fuzzy Interpolation rule in CW play a significant role in
producing results. However, it has limitations when applied
to modified Fuzzy sets. Therefore, if some modifications
to the inference rules can give better outputs when dealing
with modified Fuzzy sets, then they have a significant im-
pact on all the fields where CW is being implemented. On
a concluding note, the proposed Fuzzy Modifier Interpo-
lation rule for Type-1 Fuzzy Sets and Interval Type-2 is an
important milestone because of its ability to take care of left
and right extreme cases when dealing with modified fuzzy
sets. This results in improvement of the output curves ob-
tained and better results on defuzzification. Its inclusion in
the Inference rules would be beneficial for every user who
applies the CW model.
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