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Connecting the numerical scale model to the unbalanced linguistic
term sets

Yucheng Dong, Cong-Cong Li, and Francisco Herrera

Abstract— Herrera and Martinez initiated a 2-tuple fuzzy lin-
guistic representation model for computing with words (CWW).
In addition to the Herrera and Martinez model, two different
models based on linguistic 2-tuples (i.e., the model of Herrera
et al. and the numerical scale model) have been developed to
deal with term sets that are not uniformly and symmetrically
distributed, i.e., unbalanced linguistic term sets (ULTSs). Both
the model of Herrera et al. and the numerical scale model
can deal with ULTSs, so a challenge is naturally proposed to
analysts: how to compare these two different models. In this
study, we provide a connection between the model of Herrera
et al. and the numerical scale model. The results show that
the model of Herrera et al. provides a new approach to set a
numerical scale. Furthermore, we prove the equivalence of the
linguistic computational models between the model of Herrera
et al. and the numerical scale model, if the numerical scale is
set based on the model of Herrera et al.

I. INTRODUCTION

Using linguistic information in decision making problems
implies the need for computing with words (CWW)[10], [17],
[18], [25], [26], [38], [39], [40]. Several different linguistic
computational models for CWW have been presented in
[19], [23], [27], [33], [34], [37]. In particular, Herrera and
Martinez[13] initiated the 2-tuple fuzzy linguistic represen-
tation model. The Herrera and Martinez model is well suited
for dealing with linguistic term sets that are uniformly and
symmetrically distributed, and with the result of this model
matching the elements in the initial linguistic terms. The
Herrera and Martinez model has been successfully used in a
wide range of applications (e.g.,[1], [5], [6], [20], [22], [24],
(28], [30D).

In recent years, two different models based on linguistic
2-tuples have been developed to deal with term sets that are
not uniformly and symmetrically distributed, i.e., unbalanced
linguistic term sets (ULTSs). The first model has been
presented in Herrera et al.[12]. The model of Herrera et al. is
based on the use of a linguistic hierarchy[4], [9], [14], [32]
and the Herrera and Martinez model[13], and is also applied
to information retrieval system[16], consensus models[2],
[3], aggregation operators[15], [27], and olive oil sensory
evaluation[21]. The second model has been presented and
developed in Wang and Hao[29], [31] and Dong et al.[7],
[8], which is called the numerical scale model in this study.
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Wang and Hao[29], [31] proposed a generalized version
(i.e., the proportional 2-tuple fuzzy linguistic representation
model) of the 2-tuple fuzzy linguistic representation model
to deal with ULTSs. The Wang and Hao model is based
on the concepts of symbolic proportion and the canonical
characteristic values (CCVs) of linguistic terms. Traditional
linguistic 2-tuples and proportional 2-tuples are used in the
Herrera and Martinez model [13] and the Wang and Hao
model[29], [31], respectively. By defining the concept of
numerical scale, Dong et al.[7] proposed the numerical scale
model based on traditional linguistic 2-tuples to deal with
ULTSs. Dong et al.[7] proved that setting certain numerical
scale in Dong et al.’s model[7] yields the Wang and Hao
model.

As mentioned above, both the model of Herrera et al.
and the numerical scale model can deal with ULTSs. So, a
challenge is naturally proposed to analysts: how to compare
these two different models. One aim of this study is to
provide a connection between these two different models.
The analytical results in this study show the equivalence of
these two linguistic computational models (in some sense).

This paper is organized as follows. Section II introduces
basic knowledge regarding linguistic 2-tuples setting numeri-
cal scales, and the model of Herrera et al. to deal with ULTSs.
Section III shows the equivalence (in some sense) between
the model of Herrera et al. and the numerical scale model
in dealing with ULTSs. Based on this, Section IV proposes
an illustrative example for the equivalence. Finally, Section
V concludes the study.

II. PRELIMINARIES

This section introduces the basic knowledge regarding the
linguistic 2-tuples setting numerical scales, and the model of
Herrera et al. to deal with ULTSs.

A. The 2-tuple fuzzy linguistic representation model

The basic notations and symbolic operational laws of
linguistic variables are introduced in [10], [11], [23], [25],
[37]. Let S = {s;]¢ = 0,1,2,...,9} be a linguistic term set
with odd cardinality. The term s; represents a possible value
for a linguistic variable. The set S is ordered: s; > s; if and
only if ¢ > j.

If the semantics of the elements in the linguistic term set
are given by fuzzy numbers (defined in the [0,1] interval),
then the middle term represents an assessment of “approx-
imately 0.5”. Similar to the study presented in Herrera et
al.[12], this paper assumes that in the investigated linguistic



term set exists a middle term . This paper denotes s* € S as
the middle term of S.

Herrera and Martinez[13] proposed the 2-tuple fuzzy lin-
guistic representation model.

Definition 1: [13] Let 8 € [0,g] be a number in the
granularity interval of the linguistic term set S = {sg, ..., Sq }
and let ¢ = round(B) and a = 3 — i be two values such that
i € [0,g] and « € [—0.5,0.5). Then « is called a symbolic
translation, with round being the usual rounding operation.

The Herrera and Martinez model represents the linguistic
information by 2-tuples (s;,«), where s; € S and a €
[—0.5,0.5). This linguistic model defines a function with
the purpose of making transformations between linguistic 2-
tuples and numerical values.

Definition 2: [13] Let S = {sg,...,54} be a linguistic
term set and S € [0,g] a value representing the result
of a symbolic aggregation operation, then the 2-tuple that
expresses the equivalent information to [ is obtained with
the following function: A : [0,g] — S x [—0.5,0.5), where

. Si, ¢ = round(f
Ap) = (Si’a)’“”th{ a=p8—ia é [)—0.5,0.5) :
Clearly, A is a one to one mapping function. For conve-
nience, its range is denoted as S. Then, A has an inverse
function with A=!: S — [0, g] with A™1((s;,)) =i + a.
A computational model has been developed for the Herrera
and Martinez model, in which exists the following:
1) A 2-tuple comparison operator: Let (s, ) and (s;,7)
be two 2-tuples. Then:
(1) if k <, then (sg, ) is smaller than (s;,7).
(2) if kK =1, then
a) if & =, then (sg, ), (s;,7) represents the same
information.
b) if a < 7, then (si, «) is smaller than (s;,7).
2) A 2-tuple negation operator:

Neg((siva)) = Alg— (A (s5,0)). (D)

3) Several 2-tuple aggregation operators have been devel-
oped (see [13], [23]). For example, let L = {l,...,Im},
where I; € S be a set of terms to aggregate, and let
w = {wy,ws,...,wy} be an associated weighting vector
that satisfies w; > 0 and Z —_,w; = 1. Then, based on
the ordered weighted averaging (OWA) operator[36], the 2-
tuple ordered weighted averaging (TOWA) operator in the
Herrera and Martinez model is computed as

TOW Ay (14, .., 1 (Z Wh) : )
where y; is the ith largest of the y; values, and y; = A~1(1;).
Let s;,5; € S be two simple terms. Xu [35] de-

fined the deviation measure between s; and s; as follows:
d(si,s;) = |’ Jl . For linguistic 2-tuples (s;, ), (s;,7) €
S, Dong et al [5] similarly defined the deviation measure
between (s;, ) and (s;,7) as follows: d((s;, @), (s;,7)) =
Ea(C a)) A HCRINY: only one pre-established linguis-
tic label set 1s used in a decision making model, Dong et
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al.[5] simply considered
d((siv @), (5j7 7)) =

B. Numerical scale model

AT ((s1,0)) = ATH(s5))]- - (3)

The Herrera and Martinez model is well suited for dealing
with linguistic term sets that are uniformly and symmetrically
distributed. By defining the concept of numerical scale, Dong
et al.[7] proposed an extension of the 2-tuple fuzzy linguistic
representation model to deal with ULTSs.

Definition 3: [7] Let S = {s;|li = 0,1,2,...,9} be a
linguistic term set, and R be the set of real numbers. The
function: NS : S — R is defined as a numerical scale of
S, and NS(s;,0) is called the numerical index of s;. If the
function NS is strictly monotone increasing, then NS is
called an ordered numerical scale.

Note 1. In this paper, for notation simplicity, the numerical
index of s;, NS(s;,0), will be simplified as NS(s;). Simi-
larly, in the following, A=1(s;,0) will also be simplified as
A7 (si).

Definition 4: [7] Let S, S and NS on S be as before. For
(si,) € S, the numerical scale NS on S is defined by

— _f NS(si)+ax (NS(si+1) — NS(s;)), o>
NS5 ((si,0)) = { NS(s) +a x (NS(s0) = NS(si-0), @

For notation simplicity, N.S will also be denoted as N.S
in this study.

Proposition 1: [7] Setting NS(s;) =i (i =
yields the Herrera and Martinez model.

In general, the semantics of the elements in a linguistic
term set are given by fuzzy numbers (defined in the [0,1]
interval), which are described by linear triangular member-
ship functions or linear trapezoidal membership functions.
For instance, the linear trapezoidal membership function is
achieved by the 4-tuple (a,b,c,d), b and c¢ indicate the
interval in which the membership value is 1, and a and d are
the left and right limits of the definition domain of a trape-
zoidal membership function. Fuzzy numbers with trapezoidal
membership functions are denoted by T'[a, b, ¢, d]. Wang and
Hao [29] proposed an interesting generalized version of the
2-tuple fuzzy linguistic representation model. The semantics
of linguistic terms used in the Wang and Hao model are
defined by symmetrical trapezoidal fuzzy numbers. If the
semantic of s; is defined by T[b; — 0, b;,¢i,¢; + 04], In
the Wang and Hao model the canonical characteristic value
(CCV) of s; is 2E<i je,, CCV (s;) = bfer,

Proposition 2: [7] Setting NS(s;) = CCV(s;) (i =
0,1,...,9) yields the Wang and Hao model.

Propositions 1 and 2 provide good linkage of the numerical
scale to the Herrera and Martinez model and also the Wang
and Hao model.

Note 2. Traditional 2-tuples and proportional 2-tuples are
used in the Herrera and Martinez model and the Wang
and Hao model, respectively. By setting the numerical scale
NS(s;)) =CCV(s;) (i =0,1,...,9), Dong et al.[7] showed
the Wang and Hao model can be redescribed as a linguistic

0,1,....,9)



model based on traditional 2-tuples. For notation simplicity,
we use traditional 2-tuples throughout this study.

C. The model of Herrera et al. to deal with ULTSs

The model of Herrera et al.[12] to deal with ULTSs is
based on linguistic hierarchy and the Herrera and Martinez
model. Linguistic hierarchy has been presented and develope-
d in[4], [9], [14], [32]. Over the linguistic hierarchy a com-
putational symbolic model based on the 2-tuple is defined to
accomplish processes of CWW/[14]. A linguistic hierarchy,
LH, is the union of all levels t: LH = J,[(t,n(t)),
where each level ¢ of a LH corresponds to a linguistic term
set with a granularity of uncertainty of n(t) denoted as:
I(t,n(t) = S0 = {sg(t),...,szgg_l}. Furthermore, the
linguistic term set of the level ¢ 4+ 1 is obtained from its
predecessor as [(t,n(t)) — I(t + 1,2n(t) — 1).

Transformation functions between terms from different
levels to make processes of CWW in multigranular linguistic
information contexts were presented as Definition 5.

Definition 5: [14] Let LH = J, l(t,n(t)) be a linguistic
hierarchy whose linguistic term sets are denoted as S™(*) =
sg'(t), 752(? 1)» and let us consider the 2-tuple fuzzy
linguistic representatlon The transformation function from
a linguistic term in level ¢ to a term in level t' is defined as
TF) :1(t,n(t) — I(t',n(t)) such that

A" ) x (n({) —1)

TF, (57, a) = A i
(s ) n(t) = 4)
Example 1. Let LH = I(1,3) Ul(3,9) ul(4,17) =
{(50751352) U (585517"'752) U (58,8?7...782) U
(s7 s1 oo , ST} Then, TF3(s3,0.4) =
59,04 1
A % = A(3.2) = (s3,0.2).

Generally, in the computational model defined for the
linguistic hierarchy LH, “any” level in the LH may be
selected to unify the multigranular linguistic information in
the computational model defined for the linguistic hierarchy
LH. In this study, the maximum level ¢,,, in the LH is used,
i Ut () = S™0) = {55 sntim) ),

Let S = {s;/i =0,1,2,...,9} be an ULTS. In the model of
Herrera et al.[12] to deal with ULTSs, the process of CWW
is based on the Herrera and Martinez model and the use of
linguistic hierarchies.

(1) Representation in the linguistic hierarchy: The repre-
sentation algorithm uses a linguistic hierarchy, LH, to
model the unbalanced terms in S. Therefore, the first
step to accomplish processes of CWW is to transform
the unbalanced terms in S into their correspondent
terms in the LH, sz(t) € LH = J,(t,n(t)), by using
the transformation function, W, that associates with
each unbalanced linguistic 2-tuple (s;, ) its respective
linguistic 2-tuple in LH(S), i.e

U5 — LH(S),

such that ¥(s;,a) = (s?((;))’a), for V (s;, ) € S.
Computational phase: It accomplishes the process of
CWW by using the computational model defined for

(6)

(@)
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the linguistic hlerarchy Firstly, using the Eq. (5)
G(i)

transforms (51( O a) (i = 0,1,...,9) into linguistic
2-tuples, denoted as (s 1,8;),)\) , in S7(tm). Without
loss of generality, if G(i) = n(t'), then Eq. (7) is
obtained. Next, the computational model developed for
the Herrera and Martinez model is used over S™(tm),
Then, the result is obtained, denoted as (s, nltm) r) €
Sn

Retranslation process: A retranslation process is used
to transform the result (sf "), \,) € S7(tm) into the

unbalanced term in S, by the transformation function,
U1 e,

3)

v LH(S) = S. (8)
such that \I’_l(sg(tm), )\r) = (Sresult7 )\result) S ?
Note 3. Without loss of generality, if G(i) = n(t'), let

?,(Z;‘) =T Ftt’; (s?((j))) Throughout this study, we denote
n(tm)

SIG((;)) Iy 8 the corresponding terms in SE() and

Sn(tm) agsociated with s; € 9, respectively. We also denote
(53(75’””)7 \) as the corresponding 2-tuple term in S™(tm), as-
sociated with (s;, ) € S. Moreover, in the model of Herrera
et al.[12], the boolean function Brid: S — {False, True}
has been defined. If Brid(s;) = True, the semantic repre-
sentation of s; is achieved from two levels in LH.

and s

III. CONNECTING THE NUMERICAL SCALE MODEL TO
THE ULTS MODEL

In this section, we will provide a connection between
the model of Herrera et al.[12] and the numerical scale
model[7]. Specifically, ULTSs are redefined in Section IIL A,
a revised retranslation process for the model of Herrera et
al. is proposed in Section III.B, and the equivalence between
the model of Herrera et al. and the numerical scale model
are analyzed in Section III.C.

A. Definition of unbalanced linguistic term sets

In the model of Herrera et al.[12] and the Wang and Hao
model[29], ULTSs are defined in different ways. Specifically,
the concept of the middle term and the concept of equally
informative CCVs are used in these two models, respectively.
For unified notation, inspired by the middle term used in
Herrera et al.[12] and equally informative CCVs presented
in Wang and Hao[29], this paper redefines ULTSs based on
numerical scales (see Definition 6).

Definition 6: Let S = {sg, $1,...,5¢}, s* and NS on S
be as before. S is a linguistic term set that is uniformly and
symmetrically distributed, if the following two conditions are
satisfied:

(1) There exists a unique constant A > 0 such that

NS(s;) = NS(sj) = Ai —j) forall 4,5 =0,1,...,g.

(2) Let S = {s|s € S,s > s*} and = {s|s € S,s <

s*}. Let #S and #(S) be the cardinality of S and S,
respectively. Then, #8 = #(S).

If S is an uniformly and symmetrically distributed term set,

then S is called a balanced linguistic term set (with respect



G(3)

(550 ) = TF{ (519,

to N.S). Otherwise, S is called an unbalanced linguistic term
set (ULTS).

Clearly, the ULTSs in both the model of Herrera et al.[12]
and the Wang and Hao model[29] satisfy this new definition.

B. The revised retranslation process in the model of Herrera
et al.

In the model of Herrera et al.[12], a retranslation process
is used to transform the terms in LH into the terms in the
ULTS S. Here, we provide a revised retranslation process,
providing a basis for connecting the model of Herrera et
al. to the numerical scale model. Meanwhile, we will show
that the results, obtained by the revised retranslation process,
are same to the ones obtained by the original retranslation
process.

Let S, S, and s?/(z;) be as Section II.C. Let (s "(t),a)

be any 2-tuple term in LH, and let (sr(t m) WA =
TF} (st q).

The main idea of the revised retranslation process is based
on the use of the deviation measure (i.e., Eq. (3)). Without

loss of generality, if s?(;k)) < (sr (t’”),/\) < 3?(€k42 1y then

the revised retranslation process U1 can be described as
Egs. (9)-(11):

—1"/ n(t
(Sresult*aAresult*) =V (Sw( ); 06)7 (9)
where, Spesuir+ 18 as Eq. (10) and
d n(tm)) n(tm) A
(CERRRCIRTEY o
d( n(tm) n(tm) ) ’ result® = Ok
A .= ') 1 )
result d Sn(fm) ( n(tm) 3
- MES S it = Sk+1
(","(tm)) n(tm) 5 result +
(k) 71 (k+1) (11

Note 4. The revised retranslation process will be more
convenient to connect the model of Herrera et al. to the
numerical scale model, which is discussed in Section III.C.
So, in the rest of this study the revised retranslation process
is adopted. For notation simplicity, the revised retranslation
process U1 s still denoted as 1.

Note 5. We argue that the result, obtained by the revised
retranslation process, is same to the one obtained by the
original retranslation process. In the future, we will provide
a detailed proof for the equivalence between the original
retranslation process and the revised retranslation process.

C. Egquivalence between the numerical scale model and the
model of Herrera et al.

Before connecting the model of Herrera et al. and the
numerical scale model, we propose an approach to set the
numerical scale based on the model of Herrera et al. Let .S, S,
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) = A

A1 (s7) @) (nltn) = 1) o
G(i)—1
and s?,(z;’)‘) be as before. This approach to set the numerical

scale is described as Eq. (12):

n(tWL)> Z p— 1 2

() 12)

NS(s;) =A"" (s
If the numerical scale is set as Eq. (12), this section will
show the equivalence of the linguistic computational models
between the model of Herrera et al. and the numerical scale
model. Because the comparison operators, defined in the
model of Herrera et al. and the numerical scale model, are
same, we only analyze the equivalence for the aggregation
operators and negation operators in the rest of this section.

1) Equivalence for aggregation operators: When analyz-
ing the equivalence of the aggregation operators for the
model of Herrera et al. and the numerical scale model, we
only consider the OWA operator. The results for the other
aggregation operators are similar.

In the model of Herrera et al. and the numerical scale
model, the OWA operators can be defined as Definitions 7
and 8, respectively.

Definition 7: Let S, S, (") and St(m)) be as before.
Let L = {ly,..., m} where I; € S be a set of terms
to aggregate. Let (s (m) ,A;) be the corresponding 2-tuple

term in S*(™), associated with ;. Let w = {wy, wa, ..., Wy, }
be an associated weighting vector that satisfies w; > 0
and Z:’;l w; = 1. The 2-tuple ordered weighted averaging
(TOWA) operator in the model of Herrera et al. is computed

as
! (A (Zwiy;‘» , (13)
=1

where y; is the ith largest of the y; values, and y;, =
ST )

Definition 8: Let S and S be as before. Let L =
{l1,...;l;m}, where [; € S be a set of terms to aggregate.
Let NS be an ordered numerical scale over S, and w =
{wy,ws, ..., w,} be an associated weighting vector that
satisfies w; > 0 and ».", w; = 1. The 2-tuple ordered
weighted averaging (TOWA) operator under .S is computed
as

TOW AEH (11,1y, ... 1,,) = ¥

TOW ANS(1y,1g, ... 1) =

! (i wz?/j) ’ (14)
i=1

where y; is the ith largest of the y; values, and y; = N.S (I;).
Before analyzing the equivalence of TOW ALH and
TOW ANS | we provide Lemmas 1-3.
Lemma 1: Let NS be an ordered numerical scale, i.e.,
NS(s;)) < NS(sit1). For Yy € [NS(so),NS(sq)], if
NS(s;) <y < NS(s;y1), then the inverse operation of



Sk I'(k)’

d(s" ()

Sk+1; 1 (k) )

Sresult* = {

NS(s;)
(S“<NS(L+1) NS(s ))’ y<

NS is

NS~ '(y) = NS
(si01)
sz+1’w) V=

15)

The proof of Lemma 1 is provided in Appendix.

Lemma 2 Let (sf}(t’") A) be the corresponding 2-tuple
term in S™(tm) associated with (s;, ) € S. If the numerical
scale is set as Eq. (12), i.e., NS(s;) = AL (5?,(255‘))
(t=1,2,...,9). Then

(16)

NS(si,a) = A™! (s
The proof of Lemma 2 is provided in Appendix.
Lemma 3: For any s € S"(tm), NS—1(A~1(s)) =
U1(s) if NS(s;) = A~ (s?,((t;;)) (=12, ... 9).
The proof of Lemma 3 is provided in Appendix.

/”(tﬂl)
5 0)

Using Lemmas 1-3 yields Proposition 3.

Proposition 3: Let S and S be as before. Let L =
{ly,...;l;n}, where [; € S be a set of terms to aggregate, and
w = {wy,wa,...,wy} be an associated weighting vector.
Then,

TOW AEH (11 1y, ... 1) = TOWANS (1, 1g, ... L), (17)

under the condition that the numerical scale is set as Eq.
(12), i.e., NS(s;) = A~ ( "((t;;) i=1,2,..,g

The proof of Proposition 3 is provided in Appendix.

Proposition 3 guarantees the equivalence of the OWA
operators, used in the model of Herrera et al. and the
numerical scale model, if the numerical scale is set as Eq.
(12).

2) Equivalence for negation operators: In the model of
Herrera et al. and the numerical scale model, the negation
operators can be defined as Definitions 9 and 10, respectively.

Definition 9: Let S, S, S(*(™) and S*(m)) be as before.
Let s € 5, and let s be the corresponding 2-tuple term in
S(t(m)) | associated with s. Then, the negation operator in the
model of Herrera et al. is defined as

Negh(s) = ™! (Neg(s). (18)

Definition 10: Let S and S be as before, and N.S be an

ordered numerical scale over S. For any s € S, the negation

operator under N S is defined as Eq. (19), where null denotes
undefined elements.

Lemma 4: 1If the numerical scale is set as Eq. (12), i.e.,

NS(s;) = AL (s;,((t;;)) (G =1,2,..,9), then NS is an
ordered numerical scale, such as NS(so) = 0, NS(ss) =
"(t’") L and NS(s,) = n(tm) — 1.

The proof of Lemma 4 is provided in Appendix.
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d(s™ ) (st X)) < d(s
(s, ) = d(s

NS(s101) NS (s g Veg"

NS(S7,+1)+NS(
2

n(tm)

I' (k+1)°
n(tm)
I' (k+1)°

(571 )

n (10)
(57 0)

Proposition 4: Let S and S be as before. For any s € S,
f(s) = Negh(s).
The proof of Proposition 4 is provided in Appendix.

i) Proposmon 4 guarantees the equivalence of the negation
operators, used in the model of Herrera et al. and the
numerical scale model.

Note 6. Setting the numerical scale of linguistic term sets
is key task for CWW in the numerical scale framework. In
the existing studies, Dong et al.[7] defined the concept of
the transitive calibration matrix and its consistent index. By
maximizing the consistency level, Dong et al.[7] developed
an optimization based approach to compute the numerical
scale of a linguistic term set. Meanwhile, Wand and Hao[29],
and Dong et al.[8] developed the CCV approach to set
a numerical scale. The results in this section show the
model of Herrera et al. provides an novel numerical scale
approach (i.e., Eq. (12)). If the numerical scale is set as Eq.
(12), we analytically prove the equivalence of the linguistic
computational models between the model of Herrera et al.
and the numerical scale model.

IV. ILLUSTRATIVE EXAMPLE

Herrera et al.[12] proposed an example to evaluate students
knowledge from different tests to obtain a global evaluation.
In this example, an ULTS is used,

S={so=F,s1=D,ss =C,s3=DB,sq4 = A}.

A student, Martina Grant, has completed six different tests
to demonstrate his knowledge. The evaluations of tests are
assessed using the ULTS S. The unbalanced linguistic as-
sessments are listed in Table 1.

In this example, we set ¢, = 3. According to the model
of Herrera et al., the values for s?((;)), Brid(s;) and s?,((t;’)”’)
are listed in Table 2.

First, we illustrate the equivalence of the OWA operators,
used in the model of Herrera et al. and the numerical scale
model. In this example, the tests are equally important, i.e.,
w=(1/6,1/6,1/6,1/6,1/6,1/6)T. Based on Eq. (12), we
set the numerical scale:

NS(S(]) = 0, NS(Sl) = 4, NS(SQ) =6
NS(Sg) = 7, NS(S4) = 8.
According to Definition 8, we have

NS
TOWAw (84, S1, 81, 52, 83, 54)

444
:NS_1(8+ + —(&3—6—1—7—&—8) Ng- (367)

Based on Eq. (15), we have NS~ (21) = (s2,0.16) =
(C,0.16), i.e
TOWAgS(S4’ S1,81, 82,83, 84) == (C, 016)



null, others

NegNS(S)Z{

NS—1(2NS(s*) — NS(s)), NS(so) <2NS(s*) — NS(s) < NS(sg)

) (19)

Table 1. Unbalanced linguistic assessments in each exam

T1 T2 T5 T4 T5 T6
M. Grant S4 S1 S1 S2 S3 Sq
Table 2. The values for 577\, Brid(s;) and s?,(Z;) (G=0,1,..,4)
Si s?((lz)) Brid(s;) 3?,(8;)
so=F sf&? = s} False 5?,(3;) =59
s1=D s?((f)) =5 True 3?/(23‘) = s
s3 = B 510((33)) =5 False s;’,((tg) =32
_ G(4) _ 9 n(tm) 9
sa=A Sra) =S8 False 1y = 58
In [12], Herrera et al. have shown  Hao[29], [31] and Dong et al.[7], [8]. Because both the model

TOW ALH (s4, 51,51, 52,53,54) = (C,0.16). So

LH
TOWAw (847 S1, 81, 82, 83, 84) =

TOWAIZXS(&;, 81,81, S2, 83, 84) = (C, 0.16).

Next, we illustrate the equivalence of the negation opera-
tors, used in the model of Herrera et al. and the numerical
scale model. For example, based on Eq. (18),

Neg™(sy) = U™ (Neg(sg)) = ¥~ (s3).

Furthermore, since sy = 3?’(8)) < 8§ < s?,(;f)) = 59 and

d(sf, s9) = d(s3, s1), using Egs. (9)-(10) obtains ¥~1(s9) =
(s1,—0.5), i.e., Negt(sg) = (s1,—0.5) = (D, —0.5).
Based on Eq. (19),

NeghH (sy) = NS™H8 — NS(s2)) = NST1(2).

According to Eq. (15), NS™1(2) = (s1,-0.5), ie.
Neg"H (sy) = (s1,—0.5) = (D, —0.5). So,

Neg"(s2) = NegN¥(sz) = (D, —0.5).

V. CONCLUSIONS

Herrera and Martinez [13] initiated the 2-tuple fuzzy
linguistic representation model. The Herrera and Martinez
model is well suited for dealing with linguistic term sets
that are uniformly and symmetrically distributed, with the
results of this model having the capacity to match the
elements in the initial linguistic terms. In recent years, two
different models (i.e., the model of Herrera et al.[12] and the
numerical scale model[7]) based on linguistic 2-tuples have
been developed to deal with term sets that are not uniformly
and symmetrically distributed, i.e., ULTSs. The model of
Herrera et al. is based on the use of a linguistic hierarchy
and the Herrera and Martinez model, and the numerical
scale model has been presented and developed in Wang and
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of Herrera et al. and the numerical scale model can deal with
ULTSs, a challenge is naturally proposed to analysts: how to
compare these two different models. In this study, we provide
an interesting connection between the model of Herrera et
al. and the numerical scale model. The results show that
the model of Herrera et al. provides a new approach to set
a numerical scale. Moreover, we show the equivalence of
the linguistic computational models between the model of
Herrera et al. and the numerical scale model (in some sense).

In order to complete this study, in the future we will
provide a detailed proof for the equivalence between the
original retranslation process and the revised retranslation
process.

APPENDIX

The proof of Lemma 1. For any (s;,a) € S,
NS YNS(si,a)) = (si,a). So, the inverse operation of
NS is Eq. (15).

The proof of Lemma 2. Here, we only consider the case
of a > 0. The proof for the case of a < 0 is similar. Since
a > 0, using Eq. (4) obtains

NS(sij;a) = NS(s;) + a x (NS(s;+1) — NS(s;)). (20)

Let 5?((5) and s?((ifll)) be as before. When o > 0, according
to the model of Herrera et al.,
G(i) = G(i + 1) 1)
and
I(i+1)=1(i)+1. 22)

Note 7. In the model of Herrera et al., if Brid(s;) =
False and Brid(s;+1) = False, Egs. (21) and (22) can
be obtained directly. For the case of Brid(s;) = True (or
Brid(s;y1) = True), Egs. (21) and (22) also holds. For
example, if Brid(s;) = True and s; > s*, then s?((;)) is



n(t) n(t—i—l)

selected from two terms, denoted by {s;" ’, so, '}, accord-
ing to different cases. In {si", 20y n(t) = G(i + 1)
or n(t +1) = G(i+1). In this case, if n(t) = G(i+ 1), we
set s @) — g0, otherwise, we set 51((1)) = 50D Aga

result, Egs. (21) and (22) holds.
Moreover, let s € S™()_ and let s = TF} (s). According
to Eq. (5),

—1,. _n(tm)_l
AT =TT

n(tm) . .
() ) (t=1,2,...,9), using Eq.

A7(s). (23)
Since NS(s;) = A~! (3

(20) obtains Eq. (24).
Without loss of generality, if G(i) = G(i + 1)

According to Eq. (23), we have Egs. (25) and (26)
Based on (22), (24), (25) and (26), we have that

= n(t).

of Lemma 3.

The proof of Proposition 3. Let (st(m) A;) be the
corresponding 2-tuple term in St(™) associated with I;. Let
Y = AL (sﬁ,(m),)\i/>, and y; is the ith largest of the y;

values. Let z; = NS (I;) and z; is the ith largest of the z;

values. Since NS(s;) = A~} ( n(z’;)) i=1,2,..., g, based
on Lemma 2, we have y; = z;. As a result,
D wiyp = wiz (32)
i=1 i=1

Let | = AT, wiyr) € S™tm). Then, according to
Definitions 7 and 8,

TOW AEH (1) 1y, .o 1) = U711 (33)
NS(ss.0) = n(tm) — 1(I(i)+a) _ nftm) — 1(A7 (sn(f)m)g (11,12 ) (1)
’ n(t) —1 n(t) —1 1((2;) nd
Since (s \) = TF! (s a) = TOW AN (I1,la, ., lm) = NSTHATH(D)). (34
n(ty,)—1 _ n(t) . _
A ( n(t)—1 (A (51( T O‘)))’ we obtain NS(si, ) = Based on Lemma 3, we have TOW ALH (1y 15, ... 1,,,) =

AN (s’}(t’”), )\). This completes the proof of Lemma 2.

The proof of Lemma 3. Let (sLH,aLH) = U~1(s) and
(sns,ans) = NSTHATY(s)). Let y = 1( ). Without
loss of generality, we assume that NS(s;) <y < NS(s;41).

We consider two cases.

Case A: y < —NS(S‘“HNS(S )
NS(s;) = A’l( Tf";) (z
y < NS(si+1), we have sI,((;;‘)
d(s?,((t;’)l) s) < d(s (( +)1) s). Furthermore, according to Egs.
(10) and (15), we have

. In this case, since

,2,...,9) and NS(s;) <

< s < s,

SLH = SNS = Si.
According to Egs. (11) and (15), we obtain

(28)
n(tm)

y-NS(s) ¢ (51’@') ’8> ‘

NS(SH_l) — NS(SZ) d (57;/(8;)’ 5?/(8:_)1)2

aArHg = QNS =

NS(G7+1)+NS(‘} )

Case B: y > . In this case, since
NS(s;) = A1 (sy“ ) (2 = 1,2,..,9) and NS(s;) <
y < NS(siz1), we have s?/(fg) < 5 < 5711’(83-)1) and

(s 5) 2 (s,
(10) and (15), we have

s). Furthermore, according to Egs.

SLH = SNS = Sit1- (30)

According to Egs. (11) and (15), we obtain

d (S?(?il)’ )

QLH = QNS = y = NS5(siv1) -
N ~ NS(siz1) — NS(s;) n(tm) n(tm) )’
(si41) (1) d(sl'(i) ’SI'(i+1))
3D
As a result, (SLH,aLH) = (SNS,OCNS), i.e.,

NS=Y(A™1(s)) = & !(s). This completes the proof
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TOW ANS(1y, 13, ...
Proposition 3.

,Im). This completes the proof of

The proof of Lemma 4. According to the representation
algorithm used in the model of Herrera et al., Lemma 4 can
be obtained.

The proof of Proposition 4. Because s be the corre-
sponding 2-tuple term in S((m))  associated with s, based
on Lemma 2 we have that

NS(s)=A"! (s/) .

(35)
From (1), we have

Neg(s) =

Meanwhile, based on Lemma 4,

A N n(ty) — 1= A7), (36)

INS(s*)—~NS(s) = n(tm)—1-A"" (s) = AL (Neg(s)).
(37)
Based on Lemma 3 and (37), we have
U~ (Neg(s)) = NST'(2NS(s*) — NS(s)).  (38)

Based on (38) and Definitions 9 and 10, we have
Neglf(s) = Neg"9(s). This completes the proof of
Proposition 4.

REFERENCES

[1] S. Alonso, EJ. Cabrerizo, F. Chiclana, F. Herrera, and E. Herrera-

Viedma, “Group decision-making with incomplete fuzzy linguistic
preference relations,” Int. J. Intell. Syst., vol. 24, no. 2 pp. 201-222,
2009.

[2] EJ. Cabrerizo, S. Alonso, and E. Herrera-Viedma, “A consensus model
for group decision making problems with unbalanced fuzzy linguistic
information,” Int. J. Inf. Tech. Decis Making., vol. 8, no. 1, pp. 109-

131, 2009.



[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

, 1 ( n(tm) —1 ( n(tm) A1 [ n(tm)
NS(si,a) = A <51/(i) ) +a x (A (51,(i+1) A 510y . 24)
/ n(tm) — 1 n(tm)—1_.
s ) =1() = m) Alsn(?):(m) 1(4). 25
A 1 n(t ) I ( ;
') n(t) —1 ) n(t) — 1
- tm) " n(tm) —1/ n(t) n(tm) =1 .
AN Y= T i+ 1) = ATy = I(i 4 1). 26
( 1’(z+1)) ( ) n(t) — 1 ($1(41)) n(t) — 1 ( ) (26)
FJ. Cabrerizo, 1.J. Pérez, and E. Herrera-Viedma, “Managing the olive oil sensory evaluation,” information retrieval system J. Multi.-
consensus in group decision making in an unbalanced fuzzy linguistic Valued Logic and Soft Comp., vol. 15, pp. 229-251, 2009.
context with incomplete information,” Knowl.-Based Syst., vol. 23, pp. [22] L. Martinez, M. Espinilla, and L.G. Pérez,“A linguistic multigranular
169-181, 2010. sensory evaluation model for olive oil,” Int. J. Comp. Intell. Syst., vol.
0. Cordoén, F. Herrera, and 1. Zwir, “Linguistic modeling by hierar- 1, no. 2, pp. 148-158, 2008.
chical systems of linguistic rules,” IEEE Trans. Fuzzy Syst., vol. 10, [23] L. Martinez, and F. Herrera, “An overview on the 2-tuple linguistic
no. 1, pp. 2-20, 2001. model for computing with words in decision making: Extensions,
Y.C. Dong, W.C. Hong, Y.F. Xu, and S. Yu, “Selecting the individual applications and Fhallenges,” Inf. Sci., vol. 207, pp- 1‘183 2012.
numerical scale and prioritization method in the analytic hierarchy ~ [24] L. Martinez, J. Liu, D. Ruan, and J.B. Yang, “Dealing with heteroge-
process: A 2-tuple fuzzy linguistic approach,” IEEE Trans. Fuzzy Syst., rlleous informati01513i§1 leglfénezeégg evaluation processes,” Inf. Sci., vol.
vol. 19, pp. 13-25, 2011. 77, no. 7, pp. 1533-1542, 2007. ) ) )
Y.C. Dong, W.C. Hong, YF. Xu, and S. Yu, “Numerical scales [25] L. 1_\/I_art1nez, D. Ruan, énd F. HerTera, Computing with yvor.ds 1{1,
generated individually for analytic hierarchy process,” Eur. J. Oper. decision support systems: An overview on models and applications,
Res., vol. 229, pp. 654-662, 2013. Int. J. Comp. Intell. Syst., vol. 3, no. 4, pp. 382-395, 2010.
Y.C. Dong, Y.F. Xu, and S. Yu, “Computing the numerical scale of [26] J.M. Mendel, “L'A' Zadeh, R_.R‘Yag‘er, J. Lawry, H" Hagras,”and S.
the linguistic term set for the 2-tuple fuzzy linguistic representation gz;da;fa?:z?;ll \;j[};at (\:::)rlnpsutlr?f 1W1th ggfgg gfsnzoi% me,” JEEE
model,” IEEE Trans. Fuzzy Syst., vol. 17, pp. 1366_]37.8’ 2.00.9' [27] D l\/fen;g and 7 Peéi)."‘On. Wlaigl{teé Egi)alancéd lin.guistic. aggregation
Y.C. Dong, G.Q. Zhang, W.C. Hong, and Y.F. Xu, “Linguistic com- o‘erators in r() (’iec's'on making.” Inf. Sci, vol. 223 3141
putational model based on 2-tuples and intervals,” IEEE Trans. Fuzzy P 1 group 181 g, fnj. sct, VoL » PP ’
Syst., vol. 21, pp. 1006-1018, 2013. 2013. . . e .
M E inill ’ 1 Li d L Marti “A ded hi hical [28] S.-Y. Wang, “Applying 2-tuple multigranularity linguistic variables to
i - bspm a’d l- P uil’ and L. k_artlnez,bl n fxéen e ]1ere;c \lf E]l determine the supply performance in dynamic environment based on
inguistic mode! for decision-making problems,” Comput. inteil., Vol. product-oriented strategy,” IEEE Trans. Fuzzy Syst., vol. 16, no. 1, pp.
27, pp. 489-512, 2011. 20-39. 2008
.F‘ Helrrera, S. A.lonsot F Chiclzfma, e}nd E. Herrera—Viedma, “Comput; [29] J.H. Wang, and J.Y. Hao, “A new version of 2-tuple fuzzy linguistic
ing with Wgrds in .de(:1s10.n making: foundations, trends and prospects, representation model for computing with words,” IEEE Trans. Fuzzy
Fuzzy Optlm Decis Makmg.i vol. 8‘,‘ n.o. 4’. pp 337-364, 2009 Syst., vol. 14, no. 3’ pp. 435_445’ 2006.
F. Herrera, and E. Herrera-Viedma, “Linguistic decision analysis: steps [30] J.H. Wang, and J.Y. Hao, “Fuzzy linguistic PERT,” IEEE Trans. Fuzzy
for solving decision problems under linguistic information,” Fuzzy Sets Syst., vol. 15, no. 2, pp. 133-144, 2007.
Syst., vol. 115, pp. 67—82, 2000. S [31] J.H. Wang, and J.Y. Hao, “An approach to computing with words
F. Herrera, E. Herrera-Viedma, and L. Martinez, “A fuzzy linguistic based on canonical characteristic values of linguistic labels,” IEEE
methodology to deal with unbalanced linguistic term sets,” IEEE Trans. Fuzzy Syst., vol. 15, no. 4, pp. 593-604, 2007.
Trans. Fuzzy Syst., vol. 16, no. 2, pp. 354-370, 2008. [32] D. Wu and J.M. Mendel, “Computing with words for hierarchical
F. Herrera, and L. Martinez, “A 2-tuple fuzzy linguistic representation decision making applied to evaluating a weapon system,” IEEE Trans.
model for computing with words,” IEEE Trans. Fuzzy Syst., vol. 8, Fuzzy Syst., vol. 18, no. 3, pp. 441-460, 2010.
no. 6, pp. 746-752, 2000. [33] Z. Xu, “A method based on linguistic aggregation operators for group
F. Herrera, and L. Martinez, “A model based on linguistic 2-tuples decision making with linguistic preference relations,” Inf. Sci., vol.
for dealing with multigranularity hierarchical linguistic contexts in 166, pp. 19-30, 2004.
multiexpert decision-making,” IEEE Trans. Syst., Man Cybern. B, [34] Z. Xu, “Uncertain linguistic aggregation operators based approach to
Cybern., vol. 31, no. 2, pp. 227-234, 2001. multiple attribute group decision making under uncertain linguistic
E. Herrera-Viedma, F.J. Cabrerizo, 1.J. Pérez and M.J. Cobo, S. Alon- environment,” Inf. Sci., vol. 168, pp. 171-184, 2004.
so, and F. Herrera, “Applying linguistic OWA operators in consensus [35] Z. Xu, “Deviation measures of linguistic preference relations in group
models under unbalanced linguistic information,” R.R. Yager et al. decision making,” Omega., vol. 33, pp. 249-254, 2005. )
(Eds.): Recent Developments in the OWA Operators, STUDFUZZ 265, [36] R. Ygggr, .“On QrQCred w§1ghted averaging aggregation operators in
pp. 167-186, 2011. multicriteria decision making,” IEEE Trans. Syst., Man, Cybern., vol.
E. Herrera-Viedma, and A.G. Lépez-Herrera, “A model of information 18, pp. 18%‘190’ 1988. . o o
retrieval system with unbalanced fuzzy linguistic information,” Inz. J. ~ [37] 1% Yager, Ilbml ;pproazc;t(;601rd11r19a915de01510n making,” Int. J. Approx.
Intell. Syst., vol. 22, no. 11, pp. 1197-1214, 2007. eason., vol. 12, pp. -0k, 199, ) ) o
J. Kacprzyk and S. Zadrozny, “Computing with words in decision (38 %-A. Zadeh, tThelviongvept 1(9);? Ilgpzlgulstslc.varlalblge and lltggagalglcalt;r;s
making: Through individual and collective linguistic choice rules,” Int. 0 appr0x1mz‘1‘ ¢ reasoning, ’ .nf. ¢l., VOL ,”pp. Nl :
J. Uncertain., Fuzz. Kfzowl.—Based Syst., vol. ?, pp- .89-102, 2001. [39] EA)/; Z\i?lehzi EEZ?(I);_)lgiCl = 1C909TT6IPUtmg with words,” IEEE Trans. Fuzzy
J. Lawry, “An alternative approach to computing with words,” Int. J. [40] S-M. Zhou, R.L. John, F. Chiclana and J. M. Garibaldi, “On ageregat-

Uncertain., Fuzz. Knowl.-Based Syst., vol. 9(Suppl), pp. 3-16, 2001.
D.F. Li, “Multiattribute group decision making method using extended
linguistic variables,” Int. J. Uncertain., Fuzz. Know.-based Syst., vol.
17, no. 6, pp. 793-806, 2009.

L. Martinez, “Sensory evaluation based on linguistic decision analy-
sis,” Int. J. Approx. Reason., vol. 44, pp. 148-164, 2007.

L. Martinez, M. Espinilla, J. Liu, L.G. Pérez, and PJ. Sanchez, “An
evaluation model with unbalanced linguistic information applied to

462

ing uncertain information by type-2 OWA operators for soft decision
making,” Int. J. Intell. Syst., vol. 25, no. 6, pp. 540-558, 2010.





