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Abstract
This study is devoted to the analysis of symbolic 2-plithogenic limits and the development of systematic procedures
for their computation. In particular, the plithogenic factorization approach and the plithogenic rationalization
approach are examined as effective techniques for evaluating such limits. The accuracy of the obtained expressions is
further confirmed through the application of I’Hopital’s rule. Additionally, several special stats of symbolic 2-
plithogenic limits, including trigconometric forms, are established and analyzed. The theoretical findings are supported

and clarified by solving carefully selected numerical examples.
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1 | Introduction

In 2017, Smarandache presented plithogenic logic, which is a sophisticated extension of classical, fuzzy,
intuitionistic fuzzy, and neutrosophic logics. It is predicated on the notion that real-world systems frequently
exhibit a variety of characteristics, some of which may be incompatible or partially interdependent. Plithogenic
logic incorporates a wide range of attribute values, each linked to varying degrees of appurtenance and
impacted by dominance and contradiction relationships, in contrast to conventional methods that depend on
single-valued truth or membership functions. This paradigm provides a strong tool for modeling complexity,
uncertainty, and inconsistency in a variety of domains, including data analysis, artificial intelligence, and
decision-making. Plithogenic logic offers a more accurate depiction of human thinking and complicated
situations by taking into account the interaction of several qualities and their conflicts. Its uses include risk
assessment, medical diagnosis, and multi-criteria decision support, where it is necessary to reconcile
contradicting data in order to arrive at well-informed findings. Consequently, plithogenic logic surpasses the
capabilities of current fuzzy and neutrosophic frameworks, making it one of the most complete methods for
reasoning under uncertainty. We use numerous "knowledges" from domains like soft sciences, hard sciences,
arts and literature theoties, etc. as "entities" in this study, this is what Smarandache introduced, as he presented
a study on plithogeny, plithogenic set, logic, probability, and statistics [1], in addition to presenting
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introduction to the symbolic plithogenic algebraic structures (revisited), through which he discussed several
ideas, including mathematical operations on plithogenic numbers [2]. Also, an overview of plithogenic set and
symbolic plithogenic algebraic structures was discussed by him [3]. It is thought that the symbolic n-
plithogenic sets are a good place to start when developing algebraic extensions for other classical structures
including rings, vector spaces, modules, and equations [4-5-6-7]. Also, many other extensions and algorithms

in cryptography were presented in [8-9].
2| Main Discussion

2.1| A Factorization Approach to the Limits of Symbolic 2-plithogenic Rational
Functions

Consider the rational symbolic 2-plithogenic function:
f(xi P]_, PZ)
g(xl P]_, PZ)

If f(x, Py, P,) and g(x, Py, P,) shate common factors, these factors may be algebraically canceled (whenever
defined), and the limit is evaluated using the simplified form of the function.

Example 1
_ x—1—2P, —2P,
im
x-1+2P;+2P, X2 — 1 — 8P; — 16P,
Solution:
_ x—1-2P,—2P, 0
lim =_
x->1+2P+2P, x> — 1 — 8P, — 16P, 0
Method1:
. X—1—2P1—2P2 . x_1_2P1_2P2
lim = lim
x>1+2P +2P, X2 — 1 — 8P; — 16P,  x-1+42Pi+2P, (x — 1 — 2P; — 2P))(x + 1 + 2P, + 2P,)
1 1 1 1 1

li = =——Zp ——P
xo142h+2p,x + 1+ 2P, + 2P, 2+4P,+4P, 2 3 ' 15 2

Method2 (L'Hépital's rule)
x—1-2P,—2P, 1
xo142Pi42P, X2 — 1 — 8P, — 16P,  x-1+5pi+2P, 2
1 11 1

= =-——P, ——P
2+4P, +4P, 2 3 ' 157

2.2| A Rationalization Approach to the Limits of Symbolic 2-plithogenic Rational

Functions
Example 2:
. J1—(8+ 2P, +12P))x — /1 + (8 + 2P, + 12P,)x
x"0+(l)§’r1l+01’2 (2 +4P, +4P)x
Solution:

y V1 —(8+2P +12P))x —/1+ (8 + 2P, + 12P,)x 0
Xo040Py+0P, (2 + 4P, + 4P,)x "0
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Method1:
.y J1—(8+ 2P, +12P)x —/1+ (8 + 2P, + 12P,)x
Xo0+0BL40P, (2 + 4P, + 4P,)x

y J1—(8+ 2P, +12P)x —/1+ (8 + 2P, + 12P,)x
x—>0+(L)7;}+0P2 (2 + 4P, + 4P,)x

(VI=(8+ 2P, + 12P)x — T+ (8 + 2P, + 12P)x)(J/1— (8 + 2P; + 12P,)x + /1 + (8 + 2P, + 12P,)x)
= lim
X-0+0P1+0P, (2 + 4P, + 4P2)(\/1 —(8+2P, + 12P)x ++/1+ (8 + 2P, + 12P2)x)x

. 1— (8 + 2P, + 12P,)x — [1 + (8 + 2P, + 12P,)x]
= m
K2OOPLOP2 (2 4 4Py + 4P,)(T = (8 + 2P, + 12P)x + [T+ (8 + 2P; + 12P))x )x

. —(16 + 4P, + 24P,)x
= m
*oOOPLOP2 (2 4 4Py + 4P,)(T = (8 + 2P, + 12P)x + [T+ (8 + 2P; + 12P))x )

. 16 + 4P, + 24P,
= m
XoOOPLOPz (2 4 4Py + 4P,) (V1= (8 + 2P, + 12P)x +/1+ (8 + 2P; + 12P)x)

T 2+4P +4P, 371 157

Method2 (L'Hopital's rule)

J1—(8+2P, +12P))x — /1 + (8 + 2P, + 12P,)x

”
Xo0+0P40P, (2 + 4P, + 4P))x
—(8+2P, +12P))  (8+2P +12P)
3 _ 2\/1—(8+2P, +12P))x 2/1+ (8 + 2P, + 12P))x
- x—>0+(l)¥11+0P2 2+ 4P, + 4P,

—(8+ 2P, +12P,) (8 + 2P, +12P,)
2 2

2 + 4P, + 4P,
_ —8-2P, —12P, 4+7P 8P
© 2+4P, +4P, 31 152

Example 3

_ 1—/x—1+3P, +4P,
x~2-3h-1p,  x — 2 + 3P, + 4P,

Solution:
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1-/x—1+3P, +4P, 0

xo28pi-ap,  x—2+3P, +4P, 0

Method1:

; 1—/x—1+ 3P, + 4P,
xo2-5p-ap, X — 2 + 3P, + 4P,

i (1-/x—1+3P, +4P,)(1+ /x —1+ 3P, +4P,)
= m
x22-3P1=4P;  (x — 2+ 3P, + 4P,)(1 +/x — 1 + 3P, + 4P,)

.y —x+2—3P, — 4P,
= m
X=2-3P1=4P; (x — 2 + 3P, + 4P,)(1 + \/x — 1 + 3P, + 4P,)

m
x-2-3P1=4P; (x — 2 4+ 3P, + 4P,)(1 + /x — 1+ 3P, + 4P,)

-1 -1

x-2-3P1~4P2 ] + [x — 1+ 3P, +4P, 2

Method2 (L'Hopital's rule)

1—/x—1+3P, +4P,
x2-8Pr-ap,  x — 2 + 3P, + 4P,

-1 -1

= lim =
x-2-3P1-4P2 2 [x — 1+ 3P, + 4P, 2

2.3 | Symbolic 2-plithogenic trigonometric limits

1 [ [ P P. =
) x—>0-£(lJTF”r11+0P2 sin(lg + LP, + LP)x =0

2) x~0+ltl)g}+opz cos(lo + LP, + 1,P)x =1

) sin(ly + LP, + 1,P)x
Dol x ~lot P+ LF,

Proof 3

1
put(o +LPr+ LP)x =2z = x= oz

whenx — 0+ 0P, + 0P, = z— 0+ 0P, + 0P,
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. sin(ly + LP, + LLPy)x . sinz
= im = lim
x—0+0P; +0P; X Z—0+0P;+0P, 1 2
= (o + LP, + L,P,) i 2 1y + 1,P, + L,P
= (lo 111 2 2)z—>0+(l)gll+opz 7 0 11 212
X 1
4)

li =
X—>0+é7g;l+opz Sln(lg + l1P1 + lzpz)x lo + l1P1 + lsz

_1+[ 1 1]P [ 1 1 P
Tl e+l LIt g+l 4L L+l

Where [, [}, [, are real coefficients, [, # 0,1, + 1, #0,lo+ 1, + 1, #0

Proof 4

1

put (o +hP +LP)x =2z = x=—7—-z

whenx — 0+ 0P, + 0P, = z — 0+ 0P, + 0P,

1
75752
x
= lim - = im b + llp,l + LoP
x—>0+0P;+0P, Sin(ly + [{P; + [,P,)x  z-0+0P;+0P, sinz
_ 1 . sinz
T 1y + L,P 4 1L,P, z—>0+(l)¥11+0132 z
1
"o+ P+ P,
1 4 [ 1 1] p [ 1 1 P
I T N R T A e AN
tan(ly + L, P, + LLP)x
j = P P.
> s lbsor, x ot hifi v il
x 1
6)

li =
x—>0+(llgll+0P2 tan(lo + l1P1 + l2P2) X lo + l1P1 + lsz
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_1+[ 1 1]P [ 1 1 P
Tl e+l LIt g+l 4L L+l

Where [y, l;, L, are real coefficients, [, # 0,1, +; # 0,1y + I, + I, # 0, by using the same method in 3, 4, we
prove 5 and 6.

Example 5

sin(4+ P, +7P))x 4+ P +7P, . sin(4+ P, +7P)x

DU = l
) ot or, (5 ¥ 2P, + 3P)x 5+ 2P, + 3P, x—oi5tsor, (4 + P, + 7P))x

_4+P +7P, 4 3P+17P
T 5+42P,+3P, 5 35 ' 3572

tan(5+ P, +P,) x

tan(5+ P, + P,) x

, _ , X
3) ot sor, SIN(5 + P, T 4Py) x  xo0tbiksor, Sin(5 + Py ¥ 4P,) x
x
lim tan(5+ P, + P,) x
_ X20+0P1+0P x
sin(5+ P, +4P,) x
x—>0+0P;+0P; X
5+P +P 3
=— 1 2 _9__"p,
5+ P, + 4P, 10
. 1—cos(—1+P, +P)x , sin?(—1+ P, + P))x
4) im = lim
x—0+0P; +0P, 2x2 x—0+0P; +0P, x2
. 2
sin(—1+ P, + Py)x
= lim ( ( ! 2)) =1-P, +P,
x—0+0P1+0P, X
. l (1+P +P)x—tan(2+ 4P, +3P,) x
)x—>0+(lJTF”rll+0Pz B+P +P)x
_ i (1+P +P)x tan(2+ 4P, +3P)x
B x—>0+6¥}+0P2 B3+ P, +P)x B3+ P +P)x

, 1+ P, +P, (2+4P1 +3P2>tan(2 +4P, +3P) x
x-0+0m+0, \3+ P, + P, \ 3+ P, +P, ) (2+ 4P, + 3Py)x

_1+P +P, (2+4P1+3P2)

" 3+P +P, 3+P, +P,
—1—3P, — 2P, —1+4P 1P
~ 34pP+P, 3 31! 57

2.4| Some special limits of symbolic 2-plithogenic

1 lim e(l0+l1P1+l2P2)x =1
x—0+0P; +0P,

e(lo+liP1+1P)x _

2) x—»0+l(l)¥}+opz x =lb+LPt LR

Proof 2
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1
B ———
lo+l1P1+1P;,

put(lo+llpl+lzpz)x=Z = X

whenx — 0+ 0P; + 0P, = z— 0+ 0P, + 0P,

e(l0+llP1+lzP2)x -1 eZ—1
= lim = lim
X—0+0P; +0P, x 2-0+0P, +0P, 1 2

z

=(l P, + ,P li
(o +LP + 1 2)z—>0+(l)7g}+opz z

In(1+ (o + [P, + [Py)x
3 im PG LATLEY b v,
x—>0+0P1+0P; X

Proof 3

1
Put (ZO + llpl + lZPZ)x =2z = X = mZ

whenx — 0+ 0P, + 0P, = z — 0+ 0P; + 0P,

In(1+ (L, + 1P, + [,P)x) ] In(1+ 2)
= = lim
x—0+0P; +0P, x Z—0+0P; +0P, 1 ,
U+ L Ly tm TETD g e Lpya
=+ LP +1, z)z_)oﬂl)gllmpzf—(o"' 1P+ 1,P;)(1)
= lo + llpl + lZPZ
. (lp + 1Py + [,P)* — 1
4 xao-z(l)g}+0P2 X = In(lo + Py + [5Pp)

= lTl lo + [ln(lo + ll) - lTl lO]Pl + [ln(lo + ll + lz) - ln(lo + ll)]PZ

Where.’l0>0,l0+l1 >0,lo+ll+lz >0

Proof 4

Put (lp + 1P, + LP) —1=2z = (lg+L P +LP) =z+1

ln(lo + llpl + lzpz)x = ln(l + Z)

X ln(lo + l].Pl + l2P2) = ln(l + Z)

z(lo +11P1 + ZZPZ)(]‘) = lo +l1P1 +l2P2
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1
T Ty + P, + LPy)

In(1+2)

whenx — 0+ 0P; + 0P, = z— 0+ 0P, + 0P,

(lo+l1P1+lzP2)x_1_ . Z

0 (lJP 0P, X 0 (l)P 0P, 1
x—0+0P;+0P, z-0+0P1+0P; 1
In(ly + 1Py + 1,P;) n( )

= ln(lo + l1P1 + lsz) = ln(lo + llpl + lsz) (1) = ln(lo + l1P1 + IZPZ)

lim —_—
x-0+0P +0P; In(1 + z)

=nl+[In(l+m)—MlP, + [In(l+m+n) —In(l + m)]P,

Corollary 1

l (lo + l1P1 + lsz)x - 1 _ ln(lo + llpl + lZPZ)
x—>o+(l)53r1l+op2 (c+dP,+eP,)*—1  In(c+dP, +eP,)

_ ln lo + [ln(lo + ll) - ln lO]Pl + [ln(lo + ll + lz) - ln(lo + ll)]PZ
 Inc+[ln(c+d) —Inc]P, + [In(c +d + e) — In(c + d)]P,

where: [, >0,l,+1; >0, +l;+1,>0and ¢c>0, c+d>0, c+d+e>0

Proof:
lo+1L,P+1,P) -1
(o +LP +1,P) -1 i < 11x22)
xeo+(l)1prll+opz (c+dP, +ePy)*—1 - xeo+(l)rprll+op2 (c+dP, +eP,) —1
X
o+ P+ LP) -1
_ x20+0P; +0P, X
x—>0+0P;+0P, X
_ ln(lg + l1P1 + l2P2) _ lTl lO + [ln(lo + ll) - lTl lO]Pl + [ln(lo + ll + lz) - ln(lo + ll)]PZ
" In(c+dP,+eP,)  IncH+[ln(c+d)—InclP, + [In(c +d +e) — In(c + d)]P,
Example 6
1) lim e(2+4-P1+7P2)t =1
t—0+0P;+0P;
o (1=55P1+9P)t _ |
2) lim =1—-55P, + 9P,
t—0+0P1+0P, t

145P, +6P) -1
3) lim ( ! 2) = In(1 + 5P, + 6P,)

t—>0+0P;+0P, t
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=In6P, +[In12 — In6]P,

(3+ 7P, + 10P,)t — 1

(3+ 7P, +10P,)' — 1 -
4) lim — = im -
t50+0P;+0P, e(15—5P1+11P)t _ 1 t—0+0P+0P, @(15-5P1+11P2)t _ |
t
o BHTPL+10P) —1
_ t-0+0P; +0P, t _ In(3+ 7P, +10P,)
B . e(15-5Pi+11P)t — 1 = 15— 5P, 4+ 11P,
im
t—0+0P; +0P, t
(1 fop -2 P,)(m3+1 N 41 2p,)
“\15730 1 210 A\ T TMAR
5) (6+2P +P)"—1 In(6+2P,+P,) In6+[In8—1In6]P +[In9—In8]P,

li = =
x-0+0p+0P, (6 + 2P, + 2P,)* — 1 In(6 + 2P, + 2P,)  In6 + [In8 — 6]P, + [In 10 — [n 8]P,

B n2+ [ln%] P + [ln%] P,

m2+[mi] P+ [m3] P,

4 9 4
ln2+ln§+ln§_ln2+ln§
4 5 4
ln2+ln§+lnz ln2+ln§

=1+ P,

, 1
6) x%lgg}mz;ln(l + (10 + 21P, + 77P,)x) = 10 + 21P, + 77P,

tan(2 + 4P, + 3P,) x

; . tan(2 + 4P, + 3P,) x ) X
m = m
) x—0+0P;+0P,  e+2P1+P2)x _ 1 x-0+0P;+0P,  e(#+2P1+P)x _ 1
X

tan(2 + 4P, + 3P,) x
_ x—>04+0P1+0P, X
- e(4+2P1+P)x _

lim
X—0+0P; +0P, X

_ 2+4P, +3P, N
C 4+42P+P, 2 2 7
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x—04+0P1+0P, X

(142P, +3P,)" —1— (2+ 4P, +3P,)" + 1

= im
X—0+0P; +0P, X
) (1+4+2P, +3P,)* -1 ) 2+ 4P, +3P,)* -1
= im — lim
x—0+0P; +0P; X x—0+0P; +0P, X

14 2P, + 3P2>

= In(1+ 2P. 3P,) — In(2 + 4P. 3P,) =1 (—
n(1+ 2P; + 3P,) — In(2 + 4P; + 3P,) n2+4p1+3pz

A E TR T
—n2 62 = n n3 2

3| Conclusion

Limits represent one of the fundamental pillars of calculus, as they provide the essential framework for
understanding differentiation through the analysis of infinitesimal behavior. Motivated by this foundational
role, the present study introduces and develops the concept of symbolic 2-plithogenic limits. Various
analytical techniques for evaluating these limits are systematically examined, together with the formulation of
specific rules designed to simplify their computation. Furthermore, the consistency of the proposed
approaches is demonstrated by solving illustrative examples using alternative procedures, including the
application of I’Hépital’s rule, which confirms the equivalence of the obtained results.
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