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Abstract—Linguistic summarization is an approach of
extraction of knowledge or linguistic patterns from datasets.
Since summaries are brief, they promote quick analysis of data.
Numerous researchers have utilized this approach to produce
summaries which are easy to comprehend. Furthermore,
linguistic summarization has been used to generate IF-THEN
rules in the literature which not only convey data easily but is
utilized in making decisions. In this paper we follow this
approach to generate IF-THEN rules for diabetes on a dataset.
This constructed dataset consists of responses from individuals
for five parameters, crucial in the diagnosis of diabetes.
Consequently, the quality of the rules produced using linguistic
summarization is checked by the four quality measures namely:
degree of truth, coverage, reliability and outliers. Among these,
the degree of reliability is useful to find rules that represent
dataset completely, and the outliers are used to find rules that
deviate from the original result. Our experiment reveals results
that are promising when compared to the PIMA dataset.

Keywords—Fuzzy sets, type-2 (IT2), knowledge extraction,
Linguistic summarization (LS), IF-THEN rules

1. INTRODUCTION

Linguistics is more than just a means of communication
for humans. It influences our culture and thought processes.
These are the semantics that give rise to a language which play
a crucial role in the evolution of humans. This is because most
of the information or data is communicated orally amongst
humans, and they can convey an infinite number of ideas
through language which can be built upon itself without limits.
However, the communication between humans inherently
consists of vagueness and uncertainties. This can be explained
easily with the following example: if a person is asked "How
is the weather outside", the person would usually reply using
words such as "hot”, "cold" etc. This introduces a good
amount of uncertainty within the information that is being
exchanged linguistically.

To handle such uncertainties, fuzzy sets (FS) [1] come to
the rescue. The main advantage of employing FSs lie in their
ability to capture linguistic uncertainties existing within
linguistic expressions such as words. Zadeh introduced
computing with words (CWW) [2] to efficiently handle
linguistic uncertainties. CWW can thus be considered as an
extension of classical mathematics, in a sense where
linguistics is used instead of numerals for reasoning. It is
typically used when the information mentioned involves
linguistic features, such as words that are inherently vague.

As mentioned, information defined by humans is
predominantly linguistic. Therefore, responses generated by
humans are words, which in turn act as linguistic inputs to
approaches based on CWW. Since machines do not
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understand words they are ‘translated’ to numeric data. These
numeric data are then aggregated and retranslated to linguistic
output in the form of recommendations. This is the basic
scheme of CWW as proposed by Zadeh.

Some recent works within the domain of CWW include
linguistic optimization solution methodologies based on
CWW [3, 4], power optimization in handheld devices [5],
decision making models [6, 7], and student strategy evaluation
[37].

The demand for data is increasing exponentially in recent
years. Therefore, the task of data summarization (DS) [8] is
essentially required to provide brief and quick reviews of data
without any manual analysis. According to the definition
given by Mani and Maybury [9] "summarization is the process
of distilling the most important information from the source
(or sources) to produce an abridged version for a particular
user (users) and task (or tasks).”

DS can be categorized into two main classes, namely:
linguistic summarization (LS) and numerical summarization
(NS) [10]. Mean, median and variance are the statistical
aspects of data that are characterized under NS, but according
to Yager summarization is useful if it gives summaries that are
not terse as mean as well as treating the summaries of non-
numeric data. This means that LS of data which gives
summaries like "most of the students who study score good
marks" or " if P is little and Q is small then L is tiny" is more
conductive as it handles non-numeric data and is easily
understandable. Linguistic information is much easier to
remember rather than recalling numeric information. For
example, "the boy is tall " is much easier to remember rather
than " the boy is 150 cm". Linguistically expressed properties
of objects are summarizers e.g. "tall girl" and are hence
represented by FSs.

Different strategies of LS have been created over the
previous years to adapt to the exponential amount of
information generated and put away. There are two primary
ways for programmed creation of LS: one, utilizing fuzzy
logic tools [8], the other, with natural language generation
(NLG) systems [11] [12]. Different techniques are introduced,
based on fuzzy dependencies based on rules like “if the GDP
is high, then the economy is growing”. Systems based on these
platforms are used to generate financial summaries [13].
Another technique used in fuzzy logic is conceptual trees [14]
[15] in which the results are displayed as a hierarchy of
concepts and not sentences. Another kind of LS is achieved
through natural language generation (NLG) strategies, as
already mentioned above. The main difference in both
techniques is that in NLG there is more than one sentence and
the data processing part is less detailed. However, NLG is less
flexible as the selection of data is by an expert or is hardcoded.



In general, applying various algorithms on databases linguistic
information could be obtained.

Multiple LS models [16] exist in the literature that utilize
type-1 (T1) FSs for the representation of linguistic terms.
However, T1 FSs are not capable of modeling the
uncertainties associated with linguistic terms. Interval type-2
(IT2) FSs were employed as representational models for
linguistic terms as they handle both the interpersonal and
intrapersonal uncertainties associated with it [17]. Due to this,
there has been a boost in research on T2 FSs [18]. Viewing the
research trend for T2 FSs in [18]one can conclude that the
field has matured enough and hence, finds applications to
multiple domains such as multiple criteria group decision
making [19], veracity handling and instance reduction in big
data [20], multi-objective task scheduling in Industry 4.0
ecosystem [21] etc. Accordingly, the authors of [17] extended
the idea of LS by utilizing IT2 FSs for IF-THEN rule
generation. Taking motivation from the same, we utilize the
model in [17].

Taking motivation from the same, we utilize the model in
[17], to propose the idea of linguistic summarization (LS)
based on IF-THEN rules and interval type-2 (IT2 FS) FSs in
the context of diabetes. The dataset of concern is a collection
of records of individuals corresponding to five crucial
parameters in the domain of diabetes. This dataset is put
together by posing questions to the concerned individuals. The
application of diabetes is chosen because it is a health
conditions that affects the world’s most of the population. This
makes the study of such a domain extremely important.

To facilitate the study mentioned above, numeric data of
patients are collected on five parameters which are classified
into their 3 respective classes. Further, the IT2 FS word
models [22] are constructed for the dataset before the process
of LS is carried out. Consequently, we calculate five quality
measures i.e. truth value, coverage, reliability, outlier and
simplicity to measure the different characteristics of IF-THEN
rules produced from the collected dataset and present the top
10 rules of the dataset. These top 10 rules are the rules that
have highest reliability i.e. have high coverage of the dataset
and have high truth value. Thus these rules are the most useful
ones in the dataset. Through this experiment, we observe that
the quality of rules obtained through the process of LS is
promising, when compared to the well-known PIMA dataset
[23].

The rest of the paper is arranged as follows: Section II
introduces preliminaries. Section III presents preliminary
information about diabetes and the importance of the
parameters selected to collect the dataset. Section IV
introduces the detailed approach of linguistic summarization
using IT2FSs, performed on the collected dataset of diabetes.
Section V mentions the conclusion.

II. PRELIMINARIES

A. Linguistic summarization (LS)

A summary of a dataset consists of three parts viz. (1) a
summarizer (S), (2) a quantity in agreement (Q) and, (3) a
measure of validity (T'). For e.g., consider that a dataset, P =
{3,5,7,8,11,15} is the set of marks obtained by students. We
can discuss summaries in the form: S = "about 10",
Q ="Most” + “..thereforemost of the marks are
about 10”. For different summarizers we obtain different
values of T.
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Fig. 1 (a) Footprint of uncertainty (FOU), UMF and LMF. (b) Possible FOUs

of words. [33]

The data should be summarized with the help of the
summarizer (S). The summarizers can hold linguistic or
numeric values. The linguistic values given to the
summarizers depend on how those linguistic values are
accommodated in FSs. For e.g., consider a set F = {1,3,4,6}.
We can represent its summarizer as "near 6" and then
accommodating it in a FS as {0/1,0.5/3,0.6/4,1/6}.

The next part of LS is quantity in agreement (Q). This
indicates the quantity to which the summarizer satisfies the
data. The next part in LS is degree of truth that basically
depicts the validity of the summary. It is calculated as follows:

n

1 n
T =Q(r),wherer =—x ) S(d;)
2

S(d;) is the proportion of the dataset D which satisfies S.

B. Type -1 fuzzy sets (TIFS) [24]

Definition 1. A fuzzy set A is a crisp set of ordered pairs
{x, 4 (x): x € X}, where i, (x): X — [0,1] is the membership
value of A, and X is the universe of discourse. The support of
A is expressed as:

Supp(A4) =q5 {x € X: pu(x) >0 (D
Definition 2. Cardinality of the T1FS is defined as follows
Card (A) = Yxex Ha(x) @

C. Interval Type-2 FSs (IT2 FS)

Definition 3. An IT2 FS, 4 is given by the MF u,~ (x,u),
where x € X and uz € J,[0,1],i.e.

A={(Cew), pale,w) = 1)|vx € X,vu € j, € [0,1]} (3)

where x is a primary variable with domain X; u € [0,1] which
is the secondary variable, has domain J, € [0,1]at each x €
X; ], is primary membership of x and pj is the secondary
grade of x which equalsto 1 Vx € XandVu € J, € [0,1]. An
e.g. of IT2FS can be viewed in Fig. 1(b).

Definition 4. Uncertainty about a fuzzy set is conveyed by
the union of its all primary membership values and is called
the footprint of uncertainty (FOU) (see Fig 1.(a)). It is
represented as follows:

FOU () = Uyexjx @)

where 4 is a fuzzy set and j, represents the primary
membership value

Definition 5. The upper membership value (UMF) and the
lower membership value (LMF) are T1 FS that form FOU as
shown in Fig. 1(b).

Jxe = [a(x), pz()] &)
Therefore, Equation (4) can be expressed as follows

FOU (A) = Uyrexltta(0), uz(x)] (6)



TABLE L QMS USED IN THIS PAPER IN CORRESPONDENCE TO HIROTA

AND PEDRCYZ'S QMS.
Hirota and Pedrcyz's QMs The QM used for the dataset
Validity Degree of truth (T)
Generality Degree of coverage (C)
Usefulness Degree of reliability (R)
Novelty Degree of outlier (0)
Simplicity Degree of simplicity (S)
Definition 6. An embedded T1 FS is expressed as:
u
A=[%ue ], %)

where [ means union.

D.Summaries with T1 FSs

According to Yager [3] the LS of data means to generate
natural language sentences. A LS is of the form,

QC are/have S[T]

where Q is the quantity in agreement, C is the subject of the
summary, S is the summarizer and T is the degree of truth. For
example- “about 15% of the adults suffer from extreme
stress”, where “about 15%” is the quantity in agreement,
“adults” is the subject and “extreme stress” is the summarizer.
The antecedents and the consequents are determined once the
dataset is mentioned. Antecedent and the consequent are
specified by the user with their FS models After this, all rules
are formed and quality measures (QM) are computed which
holds various definitions.

To measure a quality of the summary, Hirota and Pedrycz
[25] gave five features as mentioned below.

1) Validity: Summaries are extracted from data that has
high confidence.

2) Generality: This feature depicts the support of the data
to the summary.

3) Usefulness: This feature deals with the impact of the
summaries on the user.

4) Novelty: This basically tells the outliers in the
summary.

5) Simplicity: This feature depicts how simple a summary
is i.e. the no. of antecedents and consequent the rule has.

The five QMs used in this paper corresponding to validity,
generality, usefulness, novelty and simplicity are mentioned
in Table I.

III. DIABETES AND PARAMETERS SELECTED

A. Natural History

The main cause of diabetes is insulin deficiency [26], and this
can be due to pancreatic disorders, defects in the formation of
insulin, destruction of cells, genetic defects, etc. The host
factors [27] that are used in the prediction of diabetes are age,
sex, obesity etc. Diabetes may happen at any age but studies
[28] demonstrate that predominance rises steeply with age. In
many countries the sex ratio having diabetes is about equal.
Obesity characterized as an anomalous development of the fat
tissue is expressed as BMI (body mass index). It is a major
risk factor in diabetes because glucose is not used up by the
cells which require energy to work. This leads to abnormal
eating thus increasing the BMI. Genetic factors play an
important role in the occurrence of diabetes [28]. If a person

TABLE II. SAMPLE OF DATASET COLLECTED
Age BMI FBS HB Alc Heredity Condition
(vear) (kg/m’ (mg/dL) (%)
40 16 98 6.5 0.2 No
39 18 90 6.6 0.6 No
20 20 80 6.8 0.7 Pre
52 15 79 5.8 1.0 Pre
60 26 130 7.0 0.5 Pre
70 28 140 4.5 0.9 Dia
30 29 150 4 0.3 Pre
62 32 132 4.8 0.1 No
18 12 120 49 0.3 Pre
10 13 125 5.4 0.4 Dia

has a family history with diabetes he/she is at higher risk of
having the disease in the future.

B. Screening for diabetes

Urine Examination: Urine test [29] for glucose after 2
hours of feast is utilized for distinguishing instances of
diabetes. Most cases affirm that glucose is found in urine in
extreme instances of diabetes but is found missing in milder
forms of the disease. This is known as a lack of “sensitivity”.
Thus urine test is not considered appropriate for the case
finding.

Blood Sugar Testing: Glucose levels in random blood
samples give unsatisfactory results as they give a crude
estimate of the frequency of diabetes. Fasting glucose value
[30] alone is not considered to be reliable. Thus the 2-hour oral
glucose may be used either alone or with the fasting value.

HBAIlc (Hemoglobin Alctest): For cases without
diabetes, the normal range for the hemoglobin Alctest level is
between 4% and 5.6%. Hemoglobin Alc levels [31] between
5.7% and 6.4% mean you have a higher risk to be diabetic
(Pre-diabetes). Levels of 6.5% or higher assures that you have
diabetes.

Therefore, the five selected parameters on which the data
is collected is "Age", "BMI", “Fasting blood sugar level”
(FBS) and HBAIlc test and Heredity. A sample of the
collection of data (from 10 patients) is shown in Table II. The
dataset was collected from 100 subjects who suffered from
diabetes on the mentioned parameters through a survey. The
dataset contains the values of the parameters along with the
condition of the subject.

IV. LINGUISTIC SUMMARIZATION USING IT2FSs

Membership values of T1 FSs are formed by the preferences
of experts. However, to model a linguistic term there should
be two or more opinions, but using T1 FSs [1] is arbitrary as
the membership value is crisp. Traditional fuzzy sets hold no
strategies to handle such uncertainties.

LS using IT2 FSs [32] can handle both interpersonal and
intrapersonal vagueness in the dataset [32]. The membership
value of T1 FSs is crisp but the membership value of IT2 FS
is specified in intervals which is useful in cases in which it is
difficult to figure out an exact membership value for a FS.

A. Linguistic summarization using IF-THEN rules and
IT2FSs

The IT2FS word models should be framed before linguistic
summarization is carried out. This is done by the interval
approach (IA) [33]. In this technique, a vocabulary of fuzzy
terms is formed as shown in Table III and IV, and a group of
people are asked the endpoints to the interval following the
fuzzy word. After the preprocessing step (in which the outliers
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Fig. 2 Footprint of uncertainty (FOU) of the words obtained from interval approach on our dataset

TABLE III. PARAMETERS AND THERE FUZZY TERMS

Parameters Range value Fuzzy Term set
Age (year) Less than 50 Young (AY)
More than 50 0ld (AO)
BMI (kg/m?%) Less than 18.5 Little (BL)
18.5-24.9 Fair(BF)
More than 25 Substantial (BS)
FBS (mg/dL) Less than 100 Low (FL)
100-125 Modest (FM)
More than 126 High (FH)
HbAlc results 4% t0 5.6% Small (HbS)
(%) 5.7% to 6.4% Medium (HbM)

More than 6.5% Large (HbL)
Nonetolittle (HNVL)
Humungous (HH)

Heredity

TABLE IV. CONDITION OF THE PATIENTS

Possible recommendations
No diabetes: Non-diabetic (No)
High risk of diabetes: Pre-diabetic (Pre)
Assured presence of diabetes: Diabetic (Dia)

Output Parameter

Condition of person

are eliminated) some intervals are eliminated and are mapped
into the interior, left shoulder or right shoulder T1 FSs. Further
the union of all T1 FSs is taken which results in a codebook
of IT2 FSs as shown in Fig. 2.

The canonical form followed in generating [IF-THEN rules
[1] from the dataset is as follows.

IF a, is\has By, THEN a, is\has B, [QM]

where B;and B, are words modeled by IT2FS and QM €
[0,1], which indicates how useful a rule is.

B. Quality Measures for LS using IT2 FSs

The validity [34] represented as degree of truth, in LS is
computed by the cardinalities of T1 FSs [2], to extend it
further to IT2FS the following information is required.

Definition 7 [38]: The cardinality of the type-2 (IT2) FS is
defined as:

CoBD) = [Co(Br), Co(B)] = ) ttp, (W), ) iz (W)
m=1 m=1

®)
The average of the cardinality is defined as:
— Cp(s)+Cp(S1)

Cp(By) = =21 )

2

Definition 8 [38]: The joint cardinality of type-2(I1T2)
{By,.....,.By) is as follows:

Cp(By.....By) = [Cp(By, oo, By), Cp(By, .., By)]  (10)
and the average of it is as follows:

_ [eo(8stw) co@s... )

Co(By...,By) = A (11)

Using the cardinality and the joint cardinality the truth
value can be represented as:

% _ Cp(B1,Bz)
T =em (12)
The generality of data [36] describes whether the rule
supports enough data or not. Generality is not dependent on
the value of truth. The formula for generality is as follows:
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Fig. 3 Depiction of rules when different quality measures are considered.

The coverage ratio is calculated as:

Z%: tm
T, = —Ml (13)
where t,, is calculated as follows:
b = {1,/13—1(17{”) >0 and{,tg(vgl) >0 (13)
0, otherwise

After the coverage ratio is calculated the degree of
sufficient coverage is calculated as follows:

C = f(r.)where f function maps r, into C (15)
where, f (1) is determined by 2 parameters 17 and 7,

The degree of reliability [35] depicts how reliable a
summary is, and can be calculated as:

R =min (T,C) (16)

The degree of outlier [17] depicts how much a rule
deviates from expected outcome.

_( min(max(T,1-T),1-C), T>0 }
o={, SR BNE)
The degree of simplicity is defined as follows:
§ =2 (18)

where 1 is the total number of antecedents and consequent
used.

For multi-antecedent and multi-consequent rules, the
degree of truth is calculated as follows:

__ Cp(By,-.Bp)

"~ Cp(BiBR) (19)
and the coverage ratio 7; is calculated as:
1Ly >0v,=1,..,N
b = (LB > OV (20)
0, otherwise

after 7, is obtained C is calculated as (15) and as C and T are
crisp numbers R and O is are calculated as (16) and (17).

V. LINGUISTIC SUMMARIZATION OF DIABETES DATASET

A MATLAB based GUI demonstrates IT2 FS based LS as
given in [35]. We make use of this GUI to visualize the rules
as well as their quality parameters on the collected dataset.
The GUI finds the top 10 global rules of the dataset that has
the maximum value of the degree of truth (T), degree of
generality (C), degree of reliability (R) or degree of outlier
(0). Clicking on the buttons of T, C, R, or O as shown in GUI
updates the rules accordingly. The global rules are then
displayed following the criteria chosen by the user. The user
firstly has to select the number of antecedents and the program
then displays the rules with all combinations of words of
antecedents. The MATLAB based GUI can display up to 10
rules at a time [35], and accordingly, we show the top 10 rules
here. A specific rule can be selected by clicking on the radio
button adjacent to the displayed rule. To know the further rules



of the dataset the user can click on the NEXT10 button in the
MATLAB based GUI that would display the next 10 rules of
the dataset.

In GUI the blue lines represent those cases that follow the
consequent and the degree of support depends on the intensity
of the color. The red lines represent the outliers in the dataset
and the power of violating the rule is equivalent to the
intensity of the shade. The cases that are not necessary are
shown in black color. The region that is covered by the rule is
depicted in green color.

Fig. 3(a) depicts that if T is utilized as the ranking measure,
a rule with high T may portray not very many cases;
consequently, it is entirely conceivable that this standard
portrays just outliers and, subsequently, cannot be believed.
Like in rule 17th " If BMI is BS and HBAIlc is HbM then
Diabetes is NO" has T=0.88 but from Fig. 3(a) we can infer
that only a few cases lie in the region described by the rule.
Hence T alone cannot be relied upon for QM of LS.

In Fig. 3(b) when C is utilized as the positioning
foundation, and if it has a high value it can depict a low level
of truth, e.g. Like in rule 15th "If FBS is FH and Heredity is
HNTVL then Diabetes is NO " has C = 1, implies numerous
cases bolster this standard, yet from of Fig. 3(b), we notice,
numerous cases disregard it as well (that is the reason its T =
0.23, which is a modest value). To be sure, this rule appears to
be irrational. In this manner, C alone isn't a great QM either.

In Fig. 3(c) when R is utilized as the positioning model, a
standard which has high R has a greater level of truth and
adequate coverage, e.g. Like in rule 1st " If Age is AY and
FBS is FH then Diabetes is Pre" has R=1, and from the figure
in most cases antecedents follow the rule at contrasting
degrees and henceforth, it portrays a valuable rule.
Subsequently, R is a solid QM for LS.

In Fig. 3(d) if O is utilized as the positioning model, a rule
which has high value of O depicts an exceptionally small
number of cases e.g. consider the first rule with 3 antecedents"
If Age is AY, BMI is BS, and HBAlc is HbM then Diabetes
is Pre” has O = 1, from Fig. 3(d) we see that just one case
follows this standard, which ought to be considered as
exceptions. Consequently, O is valuable in finding irrelevant
information and rules.

VI. COMPARISON WITH RULES GENERATED USING PIMA
DATASET

The PIMA dataset [23] consists of data from Indians suffering
from Diabetes. This dataset consists of 768 instances with data
for eight parameters namely: number of times the patient has
been pregnant, glucose concentration in blood, blood pressure,
triceps, serum insulin, BMI, pedigree, and age. The outputs to
which the instances are classified are: non-diabetic and
diabetic.

Authors of [17] utilize this dataset to perform LS to obtain
IF-THEN rules. On the basis of the reliability measure (R),
utilizing the PIMA dataset provides maximum reliable rules
with a measure of 0.97 and an outlier measure of 0.02.

On the other hand, our constructed dataset consists of 250
instances of patient data for five attributes as described earlier.
Our dataset classifies the instances into three classes: non-
diabetic, pre-diabetic and diabetic. Utilizing this dataset for
obtaining IF-THEN rules through LS using IT2 FSs results in
the maximum reliable rule with a measure of 100 and an

outlier measure of 0 (as shown in Fig. 3(c)). Therefore, our
constructed dataset provides better rules with better accuracy
considering lesser number of attributes. Also, three classes for
mapping the condition of a patient is much more reliable.

VII. CONCLUSION

Summarization provides a means of answering questions
about the collected datasets and it also formats the information
for the analysts. Following the same lines, we have proposed
a dataset with five attributes that are classified into 3 classes.
Consequently, a MATLAB based GUI model was used to
produce the top 10 rules that summarize the concerned dataset.
The dataset used in the paper is better than the PIMA dataset
of diabetes as in it there are 8 attributes with two classes [17]
but the collected dataset has five attributes with three classes
which gives more clarity to the rules of the disease as it works
upon three classes. Reliability (R) and degree of outliers (0)
are preferable QMs for LS over the degree of Truth (T') for the
collected dataset. A high R recognizes a helpful rule with both
adequate inclusion and degree of truth, while an excessive
value of O recognizes outliers in data that requires further
examination. Taking R as a QM for LS gives the top 10 rules
(for diabetes) of the dataset collected, classified into 3 classes
and taking 5 attributes into consideration.
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