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Abstract

An unobservable fluid queuing model with alternately occurring on and off states is being examined in this study.
The sojourn times differ from one another and are dispersed in a distribution that is exponential. Flow of fluid into
the buffer's system accompanied by a few waiting procedures according to the first service is given to those who
come first. In a neutrosophic fuzzy environment, the information acquired when the fluid enters the system can be
split into fully and partially observable cases. The arrival and outflow rates are both neutrosophic trapezoidal fuzzy
numbers. We calculate the average fluid level and sojourn duration per unit of time for the buffer.

Keywords: Buffer’s average fluid level; Buffer’s average sojourn time; Centroid ranking; Equipoise strategies;
Fully unobservable; Partially unobservable; Trapezoidal Neutrosophic fuzzy number; On-off fluid queue model.

1. Introduction

Queuing techniques play a significant role in modern living. It can be challenging to keep hold of current clients
while also motivating them to recommend you to others in the fast-paced business world of today. The exponential
increase of people has become a significant concern for domains like broadband network transfer and mass
production due to the quick development of information technology. A consumer in a queuing system typically
receives a reward for using the system to deliver his service, but he also suffers consequences for the amount of time
he had to wait. The sophisticated clients analyze the incentive and punishment to determine whether or not to
participate in the system. The initial discrete consumers are approaching the continuous fluid as the inter arrival
periods of the customers get progressively smaller, and the arrival rate rises steadily.

Introducing a method for solving fluid models was Couto et al. The balancing tactics in the visible only one server
queue with malfunctions and repairs were studied by Kanta. A fluid queue that is observable and has alternating
service has been examined by Economou and Manou. This research was expanded upon by Edelson and Hildebrand
in a variety of fluid queue scenarios with visible and nonvisible cases. Haviv and Hassin investigated the strategic
balance actions of several model queue types. Yu et al. explained the queue model's equilibrium techniques in both
observable and unobservable conditions. The fluid queue's equilibrium techniques with working vacations in the
observable situation were examined by Wang and Xu.

Fuzzy set principle is a famous idea of intellectual phenomena modelling imprecision or uncertainty. Multiple
researchers specifically discussed fuzzy queues. A preferred method for queuing structures in fuzzy surroundings is
proposed primarily based on extension principle and Markov chains. Atanassov has created a marvelous
intuitionistic fuzzy set that meticulously explains membership and non-membership functions. Smarandache coined
the idea of having a neutrosophic set containing three different basic elements: (i) truth, (ii) indeterminate and (iii)
falsehood. Each attribute of the neutrosophic aggregation is a very important factor for the real-life model. Neutrosophic
set was designed to solve all kinds of complex problems in a highly efficient manner. The Neutrosophic hypothesis
has been applied in many areas of science to address problems identified in ambiguity.
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Fuzzy number ranking has imparted a key role in fuzzy inference. It has attracted a lot of research attention. There
are many approaches that can be used to solve the problem of neutrosophic fuzzy numbers. Broumi et al. described a
method for grading trapezoidal neutrosophic fuzzy numbers with respect to their centre. Suresh et al. ordered
trapezoidal neutrosophic fuzzy numbers based on the notion of Euclidean measure. Ye projected a trapezoidal
neutrosophic set and applied it to multiple attribute determinations. Interval neutrosophic sets were developed by
Zhang et al. and are utilized in a decision with multiple factors.

2. Preliminaries

2.1 Fuzzy Set

C is a fuzzy set defined on U and can be written as a collection of ordered pairs if U is a universe of discourse and
X is a particular element of U and $-(x)):U —[01]

C={(x, ¢:(x))/ xeU}
2.2 Trapezoidal Fuzzy Number

A fuzzy number C is said to be trapezoidal fuzzy number if and only if there exists real numbers
¢, <c,<c < c4,SUCh that:

¢6 (X) =

X—C¢,
Cc,—C,
0 , otherwise

It is denoted by €=(c,,¢,,C;,¢, ) or €=(c,/c,/c,/c,).

, G <X<¢c,

2.3 Neutrosophic fuzzy set

A neutrosophic fuzzy set N be the subset of universe of discourse U is denoted by R and defined by
R= {X, M (%), 14 (X), N, (X); xeU } Each element of R has a truth, indeterminacy, falsity functions and

M, (x), 15 (X), N, (x):U —[0,1], Suchthat 0 <M, (x), 1, (x), N, (x)<3.

2.4 Trapezoidal Neutrosophic Fuzzy Number

A trapezoidal neutrosophic fuzzy number I with parameters m <m, <m, <m,, i, <i, <i, <i, &
n <n, <n, <n, isdenotedas 7 = ((m;,m,,m;,m, ), (ip,,15.1, ), (1., 0,0, ) - tts truth-
Membership function Mﬁ (X) Indeterminacy-membership function |§ (X) and falsity membership

function N g (X) are defined as follows

X_
7”11 s mlgx<m2
m, —m,
1 , m<Xx<m
M (x) = ’ ?
X—m,
, My <x<m,
m, —m,
0 , otherwise
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i, — X . .
<— i <x<i,
L
0 L<Xx<Ii
ls(x) = o ?
X =1,
— L <x<]i,
i, — i,
1 , otherwise
and
n, — X
, N <x<n,
n2 nl
0 , h,<Xx<n
Ng (x) = ’ ?
X—n,
, Ny <x<n,
n,—n,
1 , otherwise

In the above definition, when m, =m,, i, =i

, =iy and n, =n, then we will get a neutrosophic

triangular fuzzy number.

3. Model Description: Unobservable On-off Fluid queuing models

3.1 Assumptions

0] At time t, the fluid enters the buffer at a rate of 77, and this input procedure can be seen as the customer's

arrival.
(i) The buffer has two states, given by J(t) = 0,1 indicating that the states of on-off.

(iii) An exponential distribution with appropriate parameters @ = 0,1 and two alternating states are each
possible. If the buffer is disabled, the system is terminated and there is no longer any drain.

(iv) When the buffer is turned on, the system's drain rate is taken into account as the service rate £'. (¢ > 0).
(V) The buffer’s probability in state | is 7,,i =0,1 with 7, = andz = .
(2 + @, (2 +

(vi) Let X (t) be the fluid level in the buffer at time  and the net entry rate of the on-off fluid queue model can be
expressed as

n-<, X(@t) >0, J(t)=1,

7, X(t)=0, J(t)=0,

max(7—¢,0), X(t)=0, J(t) =1.

dX (1) _

The aforementioned assumptions are the common trait of both scenarios of complete and partial
unobservability in the model.

3.2 Fully Unobservable Case

This input process can be thought of as the arrival of the fluid, since at time t, the fluid enters the buffer at a fuzzy
rate 1. Both the buffer’s fluid level X (t) and the buffer’s state J(t) are unidentified. We presum that incoming
consumers cannot view both the count of system customers and the server states for a queue that is entirely
unobservable. Therefore, arriving customers can be queued using a mixed strategy g. This indicates that when liquid
enters the system, it will flow into the buffer with irreversible decision and the probability will be g.

3.2.1 Performance Indices of fully unobservable case

When liquid enters system's buffer, liquids follow the g- strategy and the state J (t) and level of liquid X (t) are
unknown.
() The buffer’s average fluid level
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QAW(@, + @) + 1)

B (X)= —— 22—
(@, + @) (fid, — QA®D, —QA@,)
(ii) The buffer’s average sojourn time
~ (@ + &,)? + fic,
Eq (S) — 0 1 1

(Cbo + d)l)(/jd)o - qi(bo - Q/TCZJl)
3.3 Partially Unobservable Case
Assuming the fluid reaches the buffer at time t with fuzzy rate of 1, we know the state J(t) of the buffer at that

moment, but we do not know the fluid level X (t) of the buffer at the current state. Assume the fluid follows the strategy
G=(q,, q,) . This indicates that when fluid enters the system buffer and the probability will be q; when the buffer

is in statel . S, (9, ,q,) is the mean sojourn time after the liquid enters the buffer having the probability ¢, when
the buffer state 1.

3.3.1 Performance Indices of partially unobservable case
If fluids adopt a strategy of mixing (i.e.) §=(q,,q;) then
0] The buffer’s average fluid level at state 1=0 s

AQy@, + AQ, @, + AfiG, — A°Qy0,
,[167)0 - QOl&)l - ql/léo

E, (X /0) =

(i) The buffer’s average fluid level at state i=1is
A2 (Gy)* & + A6, (By)° + A0y Dy @,

E (X /1)="—"22 L T
@, (f1Dy — Qo Ad, — Oy Ady)
(iii) The buffer’s average sojourn time at state 1=0is
£ (510)= [a”)o +cbljiq0031 + A0 + 710 - A0, 1
! ﬂd’o :[‘d)o N qo/Mll N qﬁ'ﬁ)o ‘:’o
(iv) The buffer’s average sojourn time at state i=1is
£ (5/1)= [a”)o +a, j 22(0,)° &, +/iql(~a~)0)2 +/?q0a~)0a~)1
! [‘@0 (Z)o (/757)0 - qoid)l - qlﬂ’d)o)

4. Centroid Ranking Technique for Trapezoidal Neutrosophic Fuzzy number

Let = <(ml,m2, m3,m4),(i1,i2, i3,i4),(n1,n2, N, Ny )> be a trapezoidal neutrosophic fuzzy number. The centroids

of real, hypothetical, and false trapezoids are treated as equilibrium points of the trapezoid. The Euclidean measure
can be used to create a centroid-based measure of distance.

The centroid point of the truth membership function of a given trapezoidal neutrosophic fuzzy number I be
" =(py' (7). ' (7))

msm, —mm, :|

Ty =L _
Po (r)‘s[("“m”m”m“) (M + M)~ (my +my)

Ty _ 1 mz; —m,
% (r)_3[1+(m3+m4)(ml+m2)}
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The centroid point of the indeterminacy membership function of the trapezoidal neutrosophic fuzzy number [ be

c'=(po' (M.a' ()

T | P ¥ Ry 8
p°“)‘3@h+”+“+”)(a+ur4a+eJ

%%ﬂ=1&+if*2}

3 (i3 +1iy) — (i +i)

The centroid point of the falsity membership function of neutrosophic trapezoidal fuzzy number I be CF= ( pOF(f),qu(

n;n, —nn, :|

f L .
%(0_3Bm+m+%+m)(m+m%%m+m)

E o 1 n,—n,
M ==1+
G (0 3[ (m+m%%m+mJ
Centroids of C™,C',C represented as C =(p(f),q(f)) which is defined as

P," (F)+po' (F)+ p," (F)
3

:%[ims+24:is+24:ns— MM ~ M,
s=1 s=1

S (m,+m,)—(m+m,)

'3'4 —ll n3n4 -nn, ]

p(F)=

(is +i4)_(i1 +i2) (ns +n4)_(n1 +nz)

q," (F)+0,' (F)+q," (F)
3
—1[3+ Sl +
9 (m3+m4)_(m1+m2)

a(fF)=

is_iz n;—n,
(I, +1,)—(, +1,) (ny+n,)—(n +n,)

The score function is given by R(F) =+/p(r)* +q(r)*

5. Numerical lllustration

f

)

The arrival rate/, service rate 7z and two alternate State parameters @, i =0,1 are trapezoidal neutrosophic fuzzy

numbers. The average fluid level and sojourn time can be obtained for fully unobservable and partially unobservable

caseswith iq < 7z & lq> @
Case I:

Aq < i and forany qe[0,1]
Consider,

4=((03,04,05,0.7),(0.1,0.3,06,09),(0.2,0.4,06,1))

fi=((1111214),(091114,16),(081.1,1517))

DOI: https://doi.org/10.54216/1]NS.210216

Received: February 16, 2023 Revised: May 12, 2023 Accepted: June 05, 2023

200


https://doi.org/10.54216/IJNS.210216

International Journal of Neutrosophic Science (IINS)

Vol 21, No. 02, PP. 196-203, 2023

@, =((0.6,0.7,08,0.9),(0.5,0.6,0.8,1),(0.3,0.7,0.9,1.2))

@ =((0.15,0.25,0.3,0.35),(0,0.1,0.2,0.4),(0.1,0.15,0.35,0.5))

From the centroid method, the score values are

R(1) = 0.6503; R(#) =1.3045; R(&,) = 0.8558 ; R(&,) =0.4788.
The average fluid level and sojourn time can be obtained for fully unobservable and partially unobservable cases.

Table 1 Case I: Performance Measures with respect to q

Fully Unobservable Case

Q E,(X) Eq(S)
0 0 1.6147
0.1 0.1139 1.7509
0.2 0.2487 1.9120
0.3 0.4108 2.1059
0.4 0.6096 2.3435
0.5 0.8589 2.6416
0.6 1.1809 3.0265
0.7 1.6127 3.5427
0.8 2.2221 4.2712
0.9 3.1470 5.3769
1 4.7180 7.2551

Table 2 Case I: Performance Measures with respect to § =(q,,q;)
Partially Unobservable Case

Qo 01 E,(X /0) E,(X /1) E,(S/0) E,(S/1)
0 1 0.9939 0.9942 2.3567 1.1886
0.1 0.9 0.9903 0.9145 2.3524 1.0933
0.2 0.8 1.0009 0.8491 2.3651 1.0151
0.3 0.7 1.0240 0.7962 2.3927 0.9519
0.4 0.6 1.0583 0.7545 2.4337 0.9020
0.5 0.5 1.1025 0.7226 2.4865 0.8639
0.6 0.4 1.1555 0.6997 2.5499 0.8365
0.7 0.3 1.2166 0.6848 2.6229 0.8187
0.8 0.2 1.2849 0.6771 2.7046 0.8095
0.9 0.1 1.3598 0.6760 2.7941 0.8082
1 0 1.4406 0.6808 2.8907 0.8139

Case Il
Aq > 4 and forany q<[0,1]
consider,

7=((095,1,0.15,1.25),(0.75,0.95,1.25,1.45),(0.65,0.95,1.35,1.55))
i={(0.65,0.7, 0.85,0.90),(0.55,0.65,0.95,1),(0.35,0.55,1.25,L.5))

@, =((06,0.7,0.8,0.9),(0.5,0.6,0.8,1),(0.3,0.7,0.9,1.2))
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@ ={(0.15,0.25,0.3,0.35),(0,0.1,0.2,0.4),(0.1,0.15,0.35,0.5))

The score values are R(1)=1.1873; R(i) =0.9453 ; R(@,)=0.8558; R(&,) =0.4788.

Table 3: Case II: Performance Measures with respect to q

Table 4: Case II: Performance Measures with respect to g

Fully Unobservable Case

Q Eq(X) E,(S)
0 0 2.0689
0.1 0.3055 2.5729
0.2 0.8077 3.4013
0.3 1.7870 5.0168
0.4 4.5379 9.5551
0.5 59.4664 100.1704

Partially Unobservable Case

0t o E.(X /0) E,(X /1) E,(S/0) E,(S/1)
0 1 7.0308 5.6438 12.7672 9.3106
0.1 0.9 7.6456 6.3978 13.7814 10.5545
0.2 0.8 8.8117 7.7034 15.7052 12.7083
0.3 0.7 11.2260 10.2584 19.6880 16.9233
0.4 0.6 17.6156 16.7949 30.2290 27.7065
0.5 0.5 59.9446 59.4246 100.0591 98.0328

Looking at the data in the table above, it is evident that the strategy ( increases, and likewise the buffer’s average
fluid level and the buffer’s average sojourn time increases considerably in fully unobservable cases. In partially
unobservable case, if 1q < & then the buffer’s average fluid level and the buffer’s average sojourn time increases in
state 1=0 and decreases in state 1 =1. If Aq > iz then the buffer’s average fluid level and the buffer’s average

sojourn time increases in both the states I=0andi=1.
6. Conclusion

This article proposes a centroid grading approach for trapezoidal neutrosophic fuzzy numbers. This classifies
neutrosophic fuzzy numbers as tangible and possible. The continuous fluid split up into the discrete parts using the
batch fluid method. Performance measures of the neutrosophic fuzzy fluid turn-on-off queue model with equilibrium
strategies that can be obtained for fully unobservable and partially unobservable cases. An example is also supplied
to highlight the effectiveness of the given on-off fluid queue paradigm.

Funding: “This research received no external funding”
Conflicts of Interest: “The authors declare no conflict of interest.”

References

[1] Atanassov, K. (1994). New operations defined over the Intuitionistic fuzzy sets. Fuzzy Sets and Systems.
61(2): PP. 137-142.

[2] Abdullah, L., & Azman, F. N. (2014). A New Centroids Method for Ranking of
Trapezoid Fuzzy Numbers. Jurnal Teknologi, 68(1): PP. 101-108.

202
DOT: https://doi.org/10.54216/1]NS.210216
Received: February 16, 2023 Revised: May 12, 2023 Accepted: June 05, 2023



https://doi.org/10.54216/IJNS.210216

International Journal of Neutrosophic Science (IINS) Vol 21, No. 02, PP. 196-203, 2023

[31 Azman, F. N., and Abdullah, L. (2012). Ranking Fuzzy numbers by Centroid method, Malaysian Journal of
Fundamental and Applied Sciences, 8(3): PP. 121-125.

[4] Broumi Said., Malayalan Lathamaheswari., Ruipu Tan., Deivanayagampillai Nagarajan., Talea Mohamed.,
Florentin Smarandache., and Assia Bakali. (2020). A new distance measure for trapezoidal fuzzy neutrosophic
numbers based on the centroids. Neutrosophic Sets and Systems. 35(1): PP. 478-502.

[5] Couto, A.P., Leao., R. M., and Souza, E. D. (2004). An efficient approximate technique for solving fluid models.
ACM SIGMETRICS Performance Evaluation Review, 32: PP. 6-8.

[6] Chu, T.C., and Tsao, C. T. (2002). Ranking Fuzzy Numbers with an Area between the centroid point and
original point. Computers and Mathematics with Applications, 43: PP. 111-117.

[71 Economou, A., and Kanta, S. (2008). Equilibrium balking strategies in the observable single server queue with
breakdown and repairs. Operations Research Letters, 36(6): PP. 696-699.

[8] Economou, A., and Manou, A. (2016). Strategic behavior in an observable fluid queue with an alternating
service process. European Journal of Operational Research, 254: PP. 148-160.

[9] Fateen Najwa Azman., & Lazim Abdullah. (2012). Ranking Fuzzy Numbers by centroid Method. Malaysian
Journal of Fundamental and Applied Sciences, 8(3): PP. 121-125.

[10] Florentin Smarandache.(2018)., Plithogenic Set, an Extension of Crisp, Fuzzy, Intuitionistic Fuzzy, and
Neutrosophic Sets — Revisited. Neutrosophic Sets and Systems, vol. 21: PP. 153-166.
https://doi.org/10.5281/zenodo.1408740

[11] Hassin, R., and Haviv, M. (2003). To queue or not to queue: equilibrium behavior in queueing systems,
Springer US, vol. 59: PP. 255-257.

[12] Kumar, A., Singh, P., Kaur, A., and Kaur, P. (2010). Ranking of Generalized Trapezoidal Fuzzy Numbers
Based on Rank, Mode, Divergence and Spread. Turkish Journal of Fuzzy Systems. 1(2): PP. 141-152.

[13] Smarandache, F. (1998). A Unifying Field in Logics. Neutrosophy: Neutrosophic
Probability, Set and Logic. American Research Press, Rehoboth.

[14] Smarandache, F. (2006). Neutrosophic set — a generalization of the intuitionistic fuzzy Set. IEEE
international conference on granular computing. PP. 38-42.

[15] Wang, S., Xu, X. (2021). Equilibrium strategies of the fluid queue with working vacation. Operational Research, 21.:
PP. 1211-1228.

[16] Wang, Y. M., Yang, J. B., Xu, D. L., & Chin, K. S. (2006). On the Centroids of fuzzy

numbers. Fuzzy sets and systems, 157(7): PP. 919-926.

[17] Xiu-li Xu., & Shuo Wang. (2022). Equilibrium strategies in an Unobservable On-off fluid Queue. Acta
Mathematicae Applicatae Sinica, English Series, 38(2): PP. 324-336.

[18] Ye, J. (2014). Single valued neutrosophic cross-entropy for multi-criteria decision Making problems. Applied
Mathematical Modelling. 38(3): PP. 1170-1175.

[19] Yu, S., Liu, Z., & Wu, J. (2016). Equilibrium strategies of the unobservable M/M/1Queue with balking and
delayed repairs. Applied Mathematics and Computation, 290: PP. 56-65.

[20] Zadeh, L. A. (1978). Fuzzy sets as a basis for a theory of possibility. Fuzzy Sets and Systems, vol. 1(1): PP.
3-28.

203
DOT: https://doi.org/10.54216/1]NS.210216
Received: February 16, 2023 Revised: May 12, 2023 Accepted: June 05, 2023



https://doi.org/10.54216/IJNS.210216
https://doi.org/10.5281/zenodo.1408740

