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Abstract: Decisions are mainly grounded on information; therefore, the information should have the least ambiguity and
uncertainty to make beneficial and reliable decisions. Many concepts such as fuzzy sets theory, Z-Numbers, and D-Numbers,
have been proposed. All the previous concepts have some desirable properties while they do not consider the concept of
necessity. In this paper, a new concept, named as G-numbers is proposed to reduce the uncertainty of information based on
importance and necessity concepts. In a G-numbers, G= (I, N), I is the Importance component and N is the Necessity
component on the real-valued uncertain variables. In general, I and N are described as linguistic variables, Examples: an
appointment (high, very high); investment in the stock market (high, medium). An ordered pair relates to computations with G-
numbers. In this study, the concept of a G-number is introduced, and the arithmetic operations on G-numbers are presented.
Finally, a numerical example is used to illustrate the efficiency of the proposed approach. The concept of G-numbers can be
used for a wide range of practical issues in various areas, such as inter alia, social, economic, and risk assessment, and
decision-making.
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11, 12], etc.

One of the key indicators of decision-making that has been
considered so far is the concept of importance. The
importance of an activity or a measure refers to its value and
importance to the environment and prevailing conditions.
However, sometimes there is no or excessively less necessity
to implement the activities and measures that seem to be
importance. It should also be notified that there are
sometimes several importance and potential issues in a
process, but only a few special ones are necessary to be taken
into account. Hitherto, importance and necessity in decision-
making problems have been applied interchangeably as a
single concept. Thus, necessity has been neglected as an
independent indicator. Integrating importance and necessity
as two independent concepts can reduce uncertainty in
decision-making and planning. Indeed, taking into account
the importance and necessity concepts in decisions issues can
lead to the following results:

Enabling a concurrent awareness of the importance and
necessity of activity or criteria (raising awareness).

1. Introduction

In the real world, a considerable proportion of information
in planning and decision-making issues is accompanied by
uncertainty. Humans can make rational decisions based on
inaccurate or incomplete information; accordingly, achieving
organizational objectives is a crucial challenge. To date,
several concepts and theories have been proposed. Zadeh in
1965 [1] presented fuzzy set theory to reduce uncertainty due
to ambiguity in information. Zadeh in 2011 [2] also
introduced the Z-Numbers concept by considering the
uncertainty along with the reliability component. Yong Deng
in 2012 [3], proposed a new concept, called D numbers, to be
more effective in representing various types of uncertainty. D
numbers is an extension of the Dempster-Shafer theory.
Recently, R-Number was presented by seiti et al in 2019 [4]
in order to reduce the risk of information. These concepts
have been applied in many fields such as supplier selection
[4-7], risk assessment [4, 8-10], information management [4,
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Making more reasonable arguments to decide on an issue
(reducing uncertainty).

Making managers and decision makers more informed of and
sensitive to choices and prioritizations (reducing ambiguity).

Justifying the necessity, in addition to the importance, of
carrying out some activities in light of the prevailing
circumstances and time (reducing the consequences resulting
from the lack of timely implementation of some activities).

In this study, the concept of G-information is combined
with multiple criteria decision-making (MCDM) methods,
and a framework is proposed. The main purpose of the
integration at issue is to enhance the decision maker's ability
to reduce ambiguity in the decision-making process. Indeed,
this integration provides the ability to create a managerial
structure among the components of the decision-making
matrix.

In the next section, a brief introduction of the background
knowledge is represented. Then, an overview of G-numbers
is provided. Subsequently, an illustrative numerical example
is presented, and finally, the conclusions are drawn.

2. Background Knowledge

For the first time in 1954, the then president of the United
States of America, Eisenhower, offered Urgent-Important
Principle for planning and decision-making during his
international speech to the Second Assembly of the World
Council of Churches [13, 14].

At that time, Eisenhower noticed that proper management of
activities refers to not only performing all tasks, but also
efficiently performing the tasks. In other words, prioritizing
important tasks regardless of their extent of necessity and
urgency may lead to the reduction of effectiveness and
efficiency of management. Accordingly, Eisenhower suggested
a matrix, aka Urgent-Important Matrix, which is based on the
concepts of important and urgency. This matrix included four
quadrants: important and urgent (leads to DO); important, but
not urgent (leads to SCHEDULE); urgent, but not important
(leads to DELEGATE); and neither important nor urgent (leads
to ELIMINATE). He suggested to classifying the list of tasks
under each of these categories on the basis of the concepts of
important and urgency and implementing them as the desired
management strategy (Figure 1).

Given the existing resources and conditions of an
organization, importance-based planning may lead to the
achievement of the organizational macro-level goals, and
urgency-based planning may reduce the consequences of
failure to timely handle a series of activities. Hence,
simultaneous consideration of the two concepts of
importance and urgency seems essential to achieve high
efficiency and profitability in organizations.

Researchers generally consider the concept of importance
in MCDM issues [15, 16], while taking the concept of
necessity, which can be a comprehensive equivalent for
urgency, into account can reduce ambiguity and get decision-
making closer to the real-world condition. It should be noted
that in many decision-making problems, the concepts can be
expressed as G-numbers.

The ordered triple (X,1,N) is referred to as a G-valuation.
X is an unspecified variable, I and N are Importance and
Necessity component, respectively, which can take the value
of X. For example, (Increase in the educational budget,
Medium, High) is referred to as a G-valuation. A collection of
G-valuations is referred to as G-information. In many decision-
making issues, concepts can be expressed in the form of G-
information. Additional examples are provided as follows:

A Board Meeting: Importance (Low) and Necessity (High).

Vacation Travel: Importance (Low) and Necessity (Very
Low).

Installing Fire Protection Systems: Importance (Very high)
and Necessity (High).

Buying a New Home: Importance (High) and Necessity
(Low).

In this research, the linguistic variables such as triangular
fuzzy numbers are used for the concepts of importance and
necessity, and a new approach is proposed to enhance the
decision maker’s ability to reduce ambiguity in decision
issues. The results can illustrate the impact of taking into
account the concept of necessity in the decision-making
process. Notably, G-numbers can be a combination of
various planning and decision-making issues.

3. G-Numbers: A New Methodology

In this section, the basic concepts utilized in this study are
explained. Some definitions of G-numbers are proposed for
analysis, and the arithmetic operations on these G-numbers

are defined. Definition 1 [17]: A fuzzy number A = (I,m,u)

is said to be a triangular fuzzy number (figure 2) where [, m
and u respectively represent the lower, modal, and upper
value. The membership function of the triangular fuzzy
number is defined by:

Urgent Not urgent
] DO SCHEDULE
©
g Important and Important, but
£ urgent not urgent
% DELEGATE ELIMINATE
Y
2 Urgent, but not Neither
E important important nor
g urgent

Figure 1. Eisenhower matrix [14].

u, [<x<m
m =1
1, X =m
,Uj(x): M
u-x
s ms<x <u
u-m
0, otherwise
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Figure 2. A triangular fuzzy number.
Definition 2[17]: A triangular fuzzy number (/,m,u) is

said to be non-negative if / >0 .
Definition 3: A G-Numbers can be defined as G =(I,N),

where 1 Z(II,mI,uI) is the Importance component and

N :(l ,mN,uN) is the Necessity component, which are
triangular fuzzy numbers.

Definition 4: A G-Numbers [(Z,,m,,u,),(lN,mN,uN)} is
said to be non-negative if /; 20,/ =0.

Definition 5: Let G =[(ll,m1,u1) (ll ,mN,u}v)} and
G, = [(lz,ml,ul) (12 ,mN,uf\,)} be two non-negative G-

Numbers and 4 be the non-negative variable of real
numbers. The arithmetic operations are defined as follows.

i) GOG, = |:(Z +ll,m1 +m1,u}+u1) (ZN +lN,mN+m]2\,,u]1\,+u]2\,):|

Definition 6: Let (I,N) be a G-Number. The

transformation rules for G- numbers linguistic variables is
defined as:

G=alOpBN; a+B=1 ;a,820 (3)
a and [ represent the non-negative weight of the
Importance and Necessity component, respectively.

4. Application

The G-Numbers concept can be applied in various
planning and decision-making issues. In this section, the
combination of G-numbers with a decision making problem
is presented. To solve decision making problems, first, the
decision matrix is expressed in a matrix format as:

G ¢ ... C,

4| Gy Gy - G,
4Gy Gy o Gy, 4)

Am Gml Gm2 Gmn
Where GU, i, j and w;, j=12,...,n are G-Numbers.
The following G-matrix is assumed to show the score
(Gi;,Gp5.-.,G,,) received by alternatives (4, 4,,...,4,,)
with respect to the criteria (C,C,,...,C,) Thus,
_(Iu’ ij), where I~U and ](’ij are the Importance and

(l “1=m1 ml,ul—ll)(l}v—ulzv,m}v—mjz\,,u]l\,—ljz\,ﬂ
iii) GO G, = [(l 1,m1m1,u1u1) (Zl Z]%,,m}vmjz\,,u}\,ujzv)]

V) G,0G, = [1 Jud,my Ll /1) (Z]lv/ujz\,,m}\,/mjzv,u}v/li,)}

2

(A1) Am} A (Al}v,ﬂm}v,/lu}vﬂ

Necessity components of ith (i = 1,...,m) alternative to jth

(j=1..

~N . . . .
w; are respectively the importance and necessity weights

n) criteria. And wj:(ﬁzj,ﬁ)j-v) where ﬁ/§ and

and w ;are

linguistics variables that can be described by triangular
fuzzy numbers.

By using Definition 6, the components of the evaluation
G-matrix and weights of criteria, which are transformed
into a fuzzy evaluation matrix, are defined as follows:

of criteria. And the component of G

Gy =aly O BN
a+p=1

— ~ ] ~ N
. Wy =aw; 0 Bw,

Q)
;a,5=20

In the following, the linguistics variables of G-Numbers
for the Ratings and weights of various criteria can be
expressed in triangular fuzzy numbers as Table 1 and 2.

Table 1. Linguistics variables of G-Numbers for the alternative ratings.

L.V. Importance Necessity
Very poor (VP) (0,0,1) (0,0,1.5)
Poor (P) (0,1,3) (0,1.5,3)
Medium poor (MP) (1,3,5) (1.5,3,4.5)
Fair (F) (3,5,7) (3,4.5,6)
Medium good (MG) (5,7,9) (4.5,6,7.5)
Good (G) (7,9,10) (6,7.5,9)
Very good (VG) (9,10,10) (7.5,9,10)
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Table 2. Linguistics variables of G-Numbers for the weight of each criteria.

L.V. Importance Necessity

Very low (VL) (0,0,0.1) (0,0,0.15)
Low (L) (0,0.1,0.3) (0,0.15,0.3)
Medium low (ML) (0.1,0.3,0.5) (0.15,0.3,0.45)
Medium (M) (0.3,0.5,0.7) (0.3,0.45,0.6)
Medium high (MH) (0.5,0.7,0.9) (0.45,0.6,0.75)
High (H) (0.7,0.9,1.0) (0.6,0.75,0.9)
Very high (VH) (0.9,1.0,1.0) (0.75,0.9,1.0)

5. Numerical Example

In this section, a supplier selection problem is considered.
Six suppliers (4,,4,,...,4,) with four criteria, namely, C,

(cost), C, (quality), C; (delivery time), and C4 (Environmental

Management System), are considered. Data associated with
attention to the supplier’s specifications by the decision
maker, such as whether domestic or foreign, whether branded
or non-branded, country of origin, type of product, and
production time, are presented in Table 3.

Table 3. Evaluation Information by rating for each alternatives in form of G-numbers.

Gy G G Cy

A, (G, VG) (VG, MP) (P, G) (F, MP)
Ay (F, G) (VG, G) (P, MG) (MP, G)
A, (G, MG) (MP, G) (VG, MP) (MG, F)
A, (VG, G) (P, G) (MG, VG) (G, MG)
As (G, G) (E, F) (G, MG) (MP, MP)
Ag (VG, F) (G, MG) (MG, MP) (F, F)
Weight (H, MH) (VH, M) (MH, H) (M, ML)

In table 3, the weights of criteria and the evaluation matrix ~ components  are  displayed in the form  of

of G-Numbers (G-matrix) are considered by the decision
maker. By using Definition 6

(G,-,- =al;0pN; ; W, =a ! IZI,B{vj.") , and with suppose a =0.7

y
and S =0.3 (weights
respectively), The G-Numbers evaluation matrix is converted
to the fuzzy evaluation matrix.
For example, by using tables 1 and 2, (G,VG),(H,MH)

of importance and necessity,

Gy, =[(7.9.10):(7.5,9,10)]. W, =[(0.7,0.9,1.0):(0.45,0.6,0.75)]
Gy, is converted as follows:

G,, =0.7%(7,9,10)0 0.3%(7.5,9,10) =(7.15,9,10)

We, =0.7%(0.7,09,1.0) 0 0.3*(0.45,0.6,0.75) = (0.625,0.81,0.925)

All the members in Tables 3 are transformed, as presented
in Table 4, by repeating the same procedure.

Table 4. Transformation rules for G-numbers linguistic variables to fuzzy numbers.

c1 2 C3 c4

Al (7.15,9,10) (6.75,7.9,8.35) (1.8,2.95,4.8) (2.55,4.4,6.25)
A2 (3.9,5.75.7.6) (8.1,9.25,9.7) (1.35,2.5,4.35) (2.5,4.35,6.2)

A3 (6.25,8.1,9.25) (2.5,4.35,6.2) (6.75,7.9,8.35) (4.4,6.25.8.1)

A4 (8.1,9.25,9.7) (1.8,2.95,4.8) (5.75,7.6,9.3) (6.25,8.1,9.25)
AS (6.7,8.55.9.7) (3,4.85,6.7) (6.25,8.1,9.25) (1.15,3,4.85)

A6 (7.2,8.35,8.8) (6.25,8.1,9.25) (3.95,5.8,7.65) (3,4.85,6.7)
Weight (0.625,0.81,0.925) (0.72,0.835,0.88) (0.53,0.715,0.9) (0.255,0.44,0.625)

The ranking of suppliers by fuzzy TOPSIS method Chen [18] is shown in Table 4. The final ranking results are presented in

Table 5.
Table 5. The rankings of suppliers by G-numbers, Importance and necessity concepts.
Rank G-Numbers Rank Importance component Rank Necessity component
A 5 3 3
A, 6 6 2
As 3 2 5
Ay 2 5 1
As 4 4 4
Ag 1 1 6
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According to the results of this case, If only the
Importance component is considered for the ranking of
suppliers, the ranking will be (As>A3;>A>As>A>A)).
And by considering the necessity component alone, the
ranking will be (As>A>A>As>A;>A¢). By integrating
the Importance and Necessity concepts in the form of G-
Numbers, the final ranking will be
(As>As>A3>As>A>A;). The results show that
consideration of both components of necessity and
importance, shows different rankings.

By comparing Rank of Importance component and G-
Numbers, the first, third and fourth suppliers, with
importance component, were ranked in priority third, second
and fifth respectively while, in the G-Numbers ranking, the
suppliers were ranked fifth , third and second and the rest of
suppliers, were placed in the same ranks. It should be
admitted, that ranking by necessity concept base, can be
different by Importance concept (Like this example). This
reflects the difference in the nature of necessity and
importance concepts. Therefore, the decision maker can
consider different weights (a,f) for each of these

(Importance-Necessity) concepts. Ranking of supplier
selection example, for different weights of @ and B is

presented in table 6.

Table 6. Ranking of suppliers with different weights of a and g.

a B Ay A, As Ay As A
1 0 6 2 5 4 1
0.9 0.1 3 6 2 5 4 1
0.8 0.2 5 6 2 3 4 1
0.7 0.3 5 6 3 2 4 1
0.6 04 5 6 3 1 4 2
0.5 0.5 5 6 2 1 4 3
0.4 0.6 5 2 3 1 4 6
0.3 0.7 3 2 5 1 4 6
0.2 0.8 3 2 5 1 4 6
0.1 0.9 3 2 5 1 4 6
0 1 3 2 5 1 4 6

6. Conclusions

Exact information is vital in planning, decision-making,
and information management processes. In this study, a new
concept called G-numbers is proposed to represent uncertain
information. The concept of G-numbers, consider not only
the concept of importance but also that of necessity in
decision-making process. This new concept can be a step
towards augmenting the human ability to make logical
decisions in an environment of uncertainty and imprecision.
The present study offers the arithmetic operations with G-
numbers and presents a numerical example to demonstrate
the efficiency of the proposed approach. This approach can
be used in many areas, including decision making, risk
assessment, and information management. The proposed
approach can be applied to some real-world issues and its
results can be compared with those yielded from other
approaches to improve the validation of the respective

approach and investigate its applicability and usefulness.
This approach can also be extended by applying it to group
decision making.
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