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Abstract

The classical SIR disease model was extended to include the exposed stage where the host population
is composed of susceptible (S), Exposed (E) Infected (I) and recovered individuals (R). Such that the
total population size at any given time N (t) will be

N(t) = S(t) + E(t) + I(t) + R(t)and the generating function is given by

A, = %Pn =1,3,5,7. So we attached an indeterminate factor "I" to A,, and obtained N(G) =

A, U I aneutrosophic group. Here also we show the interaction between two successive stages and
their corresponding effects on the cyclic nature of disease transition. Finally the results were
portrayed on the neutrosophic projection matrix so that important epidemiological quantities such as
(Ry) and (A) could easily be estimated.
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1. Introduction

Neutrosophic theory is now being studied and applied to many fields in order to solve

real life situations are vague, imprecise and contradictory therefore, it is absolutely necessary
to investigate this spectrum of neutrality in other to obtained a realistic result. A lot of study
on infectious disease reveals that the transition moved in stages such as
S,I,Ror S,E,I,Ror S,I,Sor S,I,R,I among others and the total population size at any
given time N(t) is given by:

N(t) = S(t) + E@)I(t) + R(t) (D
We introduced a cyclic disease transmission with permutation patterns generated from
P, —1
=T P, =1,3,5,7 )
When attached an indeterminate factor "I"to 4,,, then
N(G)=A, Ul 3)

is a neutrosophic group [2]. Therefore the total population size at any given time (t) with an
indeterminate factor "I" attached to the transmission states is a function of N(G), hence
NG ={s@®en}+ {(E®)l} + {I(dI} + (RSB (4)

Taken the transmission rates from the subclass of the neutrosophic group and varying the
permutation scheme to obtained cyclic transmission graph from which a neutrosophic
projection matrix is derived. In this paper, we extend the S,I, R type model to include the
exposed state that is, the period the disease is starting to showup. So once the transmission is
portrayed into neutrosophic matrix epidemiological concepts such as threshold value, basic
reproduction ratio(R,), population growth rate(1)associated with disease transmission could
easily be estimated.

2. Literature review
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Neutrosophy is a branch of philosophy introduce by [3] that studies the origin nature and
scope of neutralities as well as their interaction with different ideational spectra. This theory
considered every entity < A > with its opposite or negation < antiA > together with its
spectrum of neutralities< neutA >in between them entity supportingneither
< A >nor< antiA > hence is a generalization of the Hegel dialectics which is based on
<A > and < antiA > only. The theory assert that every entity <A > tends to be
neutralized and balanced by < neut A > and < anti A > as a state of equilibrium, so that
in classicalway< A >,< neutA > and < antiA > are disjoint two by two. And
< neut A >which of course depends on < A > can be regarded as indeterminacy and is
labelled as 'I'' So neutrosophic theory means neutrosophy applied in many field to solve
problems related to indeterminacy.
The neutrosophic group N(G) = {(G Ul), *} is generated by | and G, under * [4]. Where ‘T’
is the indeterminate and

I?=1, I+1+1,. . .ntimes= nll—1 =0,0] =0.
It is however to note that:
I. N(G) in general is not a group by itself.
I1. N(G) always contains a group.

David N. Koons et al (2005) presented a transient population dynamics: Relations to life
history and initial population state using matrix population model. They calculated the short-term
(i.e., transient) population growth rate and its sensitivity to changes in the life-cycle parameters
for three bird and three mammal species with widely varying life histories [5].

Madan k. Oii et al (2006) provide a unified framework for modeling disease dynamics in discrete
time within the framework of matrix population models [6].First, they outline methods for
determining model structure for infectious diseases with any number of disease states, and
present methods for asymptotic analyses of the model, they then describe methods for estimating
model parameters such as R, using rigorous statistical techniques [7].

Zubairu. A (2017), provided a cyclic transition graphs and their corresponding neutrosophic

projection matrix with generating function A, = Pl with P, = 1,2,3. By transforming A4,
into neutrosophic group and varying the permutations of:
A, = (0, % 1), in the S,I, R model, it was found that disease transmission is cyclic and that

neutrophic projection matrices so derived are strong instrument for further statistical analysis [8].
The motivation for the present work stem from the prime generating function of Aunu sequence
Pp—1

A, = 5 B, =5 [9], that generates positive integers upon insertion of primes (= 5). The

distinction between Aunu generating function and Prime number generating polynomial 3n? +
3n + 23[10]Jor Mersene primes[11], is that Aunu inputs primes greater than or equal to 5 and
output sequence not necessarily prime. These numbers are permuted as a class of
(123) and (132) avoiding permutation patterns and is being applied in cellular algebra, circuit
design, automata theory, lattices and association scheme.

The Purpose is to explore the same polynomial 4,, = % P, =1,3,5,7. Also by attaching a
Pp—1

2

neutrosophic spectra of neutrality to 4,,, i.e. U I the generated function is then assigned to

the different states in the S, E, I, R type model.
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3. Methodology
3.1 Observation
Observed thatAd,, = (0, 1, 2, 3), this formed a group modulo 4 with respect to addition
operator. The set A,, could be permuted in twenty four different permutations and denote the
set of permutations of A4,, by:

a, = (0,1,2,3). a, = (0,1,3,2).
as = (0,2,3,1). a, = (0,2,1,3).
as = (0,3,1,2). as = (0,3,2,1).
a, = (1,0,2,3). ag = (1,0,3,2).
as = (1,2,3,0). a, = (1,2,0,3).
ay; = (1,3,0,2). a, = (1,3,2,0).
a5 = (2,1,0,3). a,, = (2,1,3,0).
a5 = (2,0,3,1). a6 = (2,0,1,3).
a; = (2,3,1,0). a5 = (2,3,0,1).
a0 = (3,1,2,0). a0 = (3,1,0,2).
ay; = (3,2,0,1). ayy = (3,2,1,0).
ays = (3,0,1,2). Ay = (3,0,2,1)

The cardinality of A,, is four, discrete, 0 < A,, < 3 for each permutation.

3.2 Deduction
Clearly the generated setA, formed a group modulo 4 @ and when we attached and
indeterminate factor I to A, the structure so formed is neutrosophic group.
0+0,0+1,0+21,0+ 3,
1+0I,1+1,1+2I,1+3I,
2+0L,2+1,2+21,2+3I,
3+01,3+1,3+21,3+3I
This neutrosophic group is also a group modulo 4.
by partitioning N (G) into different subclasses N;(G), N,(G), N5(G),N,(G) we will again
arrived at neutrosophic subclasses of N(G).
N, (G)=(+0I, 140, 2+40I, 340D
Ny(G)=(O+1, 1+1, 2+1, 3+1D
N;(G)=(+2I, 142, 2421, 3+2D
N,(G)=(©O+31, 1431, 2+3I, 3+3I)
3.3 Assumptions
We assumed that different subclasses of N(G) belongs to the interval [0,3] and the
probability of transition also belongs to the same interval. The population is sample at
discrete time and in SEIRtype model each individual in the population is assigned to one of
the disease states and the transition is serial.

So N(G)=A,UIl =

3.4 Model formulation

(0,1,2,3),(0,1,3,2),(0,2,3,1),(0,2,1,3),(0,3,1,2),(0,3,2,1),
(1,0,2,3),(1,0,3,2),(1,2,3,0),(1,2,0,3),(1,3,0,2),(1,3,2,0),
(2,1,0,3),(2,1,3,0),(2,0,3,1),(2,0,1,3),(2,3,1,0), (2,3,0,1),
(3,1,2,0),(3,1,0,2),(3,2,0,1),(3,2,1,0),(3,0,1,2),(3,0,2, 1).

Lets denote by (ai,bj, ck,dl)the set of all first, second, third, and fourth coordinates of the
different permutations in A,, of interval[0, 3]and assigned to the different states of the disease
transmissionobserved that:

A, =
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In general by composing two neutrosophic functions, the indeterminacy increases.
Example:
fi (x) = 23,
fo(x) = [2.1, 2.5]%, then
(fiof)(x) = f1(fa(x)) = [2.1,2.5]**
Theorem: During a cyclic disease transition the number of susceptible (S), Exposed (E)
Infected (i ) and recovered (R) changes at any given time (t).
Proof: From equationl above:
N(t) = S(t) + E(t)I(t) + R(t), where N(t) denotes the total population.
Assign N (t) to the neutrosophicgroup mod n. Hence:
NOUI=SEOUI+E{)UII({t)Ul+R(t)uUl. Where
SOUI=0G+L)P G, +L)D. . .(sp+ 1)
EMUlI=(e,+1)P(e; +L)D...(e,+1,)
IOui=+L)®(L+L)®...(I,+1,)
ROOUI=n+L)Pn+L)D...(n+1,)
Suppose an individual is introduced into the population, say n,(t), obviously the R.H.S of
equationl will increase. More precisely n,(t) could only belong to one of the transition
stage at time (t) and recall that the terms on the R.H.S of equationl are fixed at time (t). So
the insertion of n(t) to either S(t) or E(t) or I(t) or R(t)is being controlled by the
mapping definition below.
Now let n,(t) be inserted at S(t), then we would at least have:
(s:+1) D (§1 + fl) = (51 + 55, I + fl)modn
So that the value of S(t) is altered. And since N(t) is neutrosophic group mod n, and S(t)
is fixed the resultant effects of this interaction is being transferred to the next stage at time
(t). Continuously and obtained the cyclic disease transition.
Definition: LetN(G) be a neutrosophic group modn and let A =a+ bl , B=c +dlI be
two sets of neutrosophicsubsets of N(G)assigned to two successive stages of viral
transmission, then the mapping from A — Bdefined byf:4A — B = (ac +
(bd)I)modndefines the interaction between two successive stages of the viral
transmission. The effects of the interactions can be display on the cyclic transitiongraphs.
3.5 Disease interactive transitiongraphs
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Let N;(G) =A, N,(G) =B, N3(G)=C, N,(G)=D. Then assign the permutation of
A,B,C,D to the transition state of the viral transmission, hence we obtained 24, such
permutations.

Note that with the exception of N;(G) which is a group, the neutrosophic subclasses are
closed only with respect to N(G).

Fig1 PR -~

The interaction between S-stage and E-stage(SE) results in the E-satge, while E-stage and I-
stage (EI) results in R-stage. Furthermore interaction between I-stage and R-stage results in
E-stage of which there exist a neutrosophic returned to the S-stage.

In Fig2 the interaction between the S-stage and the E-stage (SE) remained S-stage, while
between E-stage and I-stage results at I-stage and finally the interaction between I-stageand

R-stage returned S-stage.
Fig3

&
v

Fig3: The interaction between S-stage and E-stage result on R-stage, while the interaction
between E-stage and I-stage remained at E-stage. Furthermore the interaction between I-

stage and R-stage result at R-stage
Fig4

53



Fig4:The interaction between S-stage and E-stage resulted on R-stage, likewise E-stage and
I-stage, also I-stage and R-stage. This is an indication that there are a lot of recoveries in this
transition.

Fig5: The interaction between S-stage and E-stage resulted and E-stage, while the interaction
between E-stage and I-stage resulted at R-srage. Finally the interaction between I-stage and
R-stage resulted at S-stage.

-
) Pu N
Fig6 , N

Fig6: The interaction between S-stage and E-stage resulted at E-stage, the interaction
between E-stage and I-stage resulted at B. But the interaction between I-stage and R-stage
resulted on E-stage and there is neutrosophic retuned to the S-stage.

Fig7: The interaction between S-stage and E-stage results at E-stage, while E-stage and
Istage result at R-stage. Finally the interaction between I-stage and R-stage returned
S-stage.

Fig8

Fig8: The interaction between S-stage and E-stage remains S-stage, while the interaction
between E-stage and I-stage result at I-stage. Finally the interaction between I-satge and R-
stage returned S-stage.
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Fig 9: The interaction between S-stage and E-stage result at E-stage, while E-stage and I-
stage returned S-stage. Finally the interaction between I-stage and R-stage resulted at E-stage
indicating that there is a neutrosophic return to S-stage.
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Figl0: The interaction between S-stage and E-stage resulted at E-stage, while the interaction
between E-stage and I-stage returned S-stage. Finally the interaction between I-stage and R-
stage returned E-stage indicating a neutrosophic returned to the S-stage.

Results/Discussion
The corresponding neutrosophic projection matrices related to these disease transition
interactive cyclic graphs were obtained as follows:
0 =no connection between nodes.
1 =directly proportional connection.
—1 =inversely proportional connection.
I =directly proportional indeterminate connection.
—I =inversely proportional indeterminate connection.
4.1 Neutrosophicprojection matrix

0 -1 0 -I
11 0 -1
Figl |-1 o | -1 Fig2 1110
0 -l 0 1+1 0 -10 |
I 1 —(1+1) 0 1 0 -1 O
o 1 0 1+l 0 I 0 1+l
Fig3 | I 0 -1 1| Fig4| -i 0 [
0 11 1 0 -1 0
-1+1) -1 -1 © —(1+1) —(@+1) -1 1
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1 1 0 -1 0 1 0 -l
Figs|-1 O I I+1' Fige|-1 1 1 -1
0 -l 0 1+1 0 -1 0 1
1 0 —(+1) O 1 -1 0]
1 1 0 -1 0 -1 0 -1
Fig7|-1 0 I 1+1| Figg|1 1 1 0
0 -l 0 1+1 0 -1 0 |1
1 0 —(1+1) o0 1 0 -1 0]
1 1 -1 -l 1 1 -1 -l
Figo(-1 0 1 -1 Figilo|-1 0 1 -1
1 -1 0 1 1 -1 0 |1
I 1 -1 0 I 1 -1 0]

4.2 Discussion

We viewed the SEIR disease transmission as an interactions between two successive stages
of the transition and consequently obtained the resultant effects of such interactions. These
resultant effects are indicated as shown to be within the limit on the transition graphs, since
the stages were allocated with subclasses of the neutrosophic group.

The projection matrices are quantities assigned to the directed neutrosophic graphs, so that
important epidemiological statistical concepts such as eigenvalue (1) (average number of
new infected persons generated by one primary case), could easily be estimated.

4.3 Conclusion
The paper provided the interactive stages of disease transition and their corresponding effects
on the cyclic nature of disease transition. Here the S, E, I, R model is adopted and with the

permutations generated fromA,, = P"Z_l, B, =1,3,5,7 and assigned to the SEIR disease
transmission we arrived at 24transition graphs and consequently 24 neutrosophic projection
matrices. But we presented only 10 graphs here which are neutrosophically isomorphic with
the remaining. Finally the results could be a sufficient tools for further epidemiological
statistical analysis.
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