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ABSTRACT: In this paper, the definition of Lattice Valued Picture Fuzzy Set (LVPFS) has been introduced by
inducing the concept of lattice to picture fuzzy set. Some of the basic set operations for the Lattice Valued Picture
Fuzzy sets are defined and their properties are investigated with examples.
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I. INTRODUCTION

Most real-world issues involve ambiguity and uncertainty in the data. In many disciplines, including Engineering,
medical sciences and Economics, handling such data is a major problem. To address this concern, Zadeh [1] introduced
fuzzy sets. Cases when an element partially fits into a set were handled well by fuzzy sets. However, inadequate data
led to uncertainties in certain circumstances that fuzzy sets were unable to address. Atanassov [2] proposed idea of
Intuitionistic fuzzy sets. Neutrosophic Sets had been introduced by Smarandache [3]. Following this, Cuong [4]
described a novel concept by adding a grade of neutral membership and termed it Picture Fuzzy Set. The Inconsistent
Intuitionistic Fuzzy Sets (Ternary Fuzzy Set and Picture Fuzzy Set) are special cases of Neutrosophic Set [5]. Yuan and
Wu [6] induced fuzzy set’s concept in lattice theory. The concept of Lattice Valued Intuitionistic Fuzzy Set was
introduced by T. Gerstenkorn, A. Tepavcevi¢ [7]. Jose James and Sunil C. Mathew [8] introduced Lattice valued
Neutrosophic Sets.

In the current article, we define LVPFS and extend notion of picture fuzzy sets to the theory of lattices. The definition
of set operations and an analysis of their associated properties have been presented.

II. PRELIMINARIES

Definition 2.1: [4] A picture fuzzy set A = {(@, u,(Q),n4(@),v4(@))|a@ € X} where uy (@),14(a),v4(Q) € [0,1] are
called the positive, neutral and negative membership degrees of @ in X and satisfy the following condition: V@ €
X4 (@) + na(@) +v,(@) < 1. Now 1 — (uy (@) + 1n4(@) +v4(@)) could be called the degree of refusal
membership of @ € X.

Definition 2.2: [4] The union, intersection, and complement for each pair of PFSs A and B are described as follows:

Biff Vx € X,us(x) < pp(x),na(x) < np(x),v4(x) = vp(x) (D
Biff A € BandB C A 2)
B = {{x,max(pa(x), up(x)), min(n,(x), ng(x)), min(va(x),vg(x))) | x € X} (3)
B = {{x,min(us(x), up(x)), min(n,(x),ng(x)), max(va(x),vg(x))) | x € X} “)
{0V (), ma(x), pa () ) | x € X3 (5)

WD AW N -
S
=<1

Definition 2.3: [9] Let P be a non-empty ordered set. If x v y and x Ay exist for all x,y € P, then P is called a lattice.
Definition 2.4: [10] It “is said that a lattice L is distributive” if Vx,y,z € L,x A(yvz) = (x Ay) v (x Az) and

xv(yanz)= (xvy A(xvz).
Definition 2.5: [9] Consider” L “be a complete lattice & 4, B € L.

1. Va € LandVB CL,an(VB) = Vpeg(anb) (6)
2. Va € LandVB S L,av(AB) = Ayep(avb) (7)
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Definition 2.6: [9] For a lattice (L, <), forany V a,b € L,
1. avb=b&e a<b ()
2. anb=ae® a<b ©)

Definition 2.7: [9] Let (L, v, A, 0, 1) be a bounded lattice with 0 & 1 denoting minimum as well as maximum
elements correspondingly & let @ € L. Then b € L is known as a complement ofa ifavb = 1andaab = 0. A

bounded lattice with complement for each member is called complemented lattice.

Definition 2.8: [9] If (L, v, A) is a complemented lattice in which each element has a unique complement, then unique
complement of a is represented” by a'.

Definition 2.9: [9] We refer to a complemented distributive lattice as a Boolean lattice.

III. LATTICE VALUED PICTURE FUZZY SET
Definition 3.1: Let g be the universe and L be a nontrivial complete boolean lattice. A Lattice Valued Picture Fuzzy
Set (LVPFS) €, = {{ 4, {(s,) (1), ts (1), Is,(1) ) | 1 € §} where {(¢,): § — L is positive membership degree,

Le,): 2 — L is the neutral membership degree and 9 s,y: $ — L is the negative membership degree.
Ty () = (o) Vv e () v I, (1)) is the refusal membership degree of 4 in €.

Remark 3.2: All lattices we consider here are assumed to contain the lower bound 0, and the upper bound 1, .

Example 3.3: Let o = {1t,, 1, } and the lattice as in Fig.1.

FIGURE.1. Representation of Boolean lattice of order 3
C,= {uncel)(duyc f,e)andC,, = {(4y,1,a,a), (e, ¢ b,0)} are LVPF sets in .

Definition 3.4: Let G,,,C,, € LVPFS (). Then G, S G, iff Vi €0, {g,, (1) < {,,, (1), (e, () <
L(GZL) (’bL),l?((glL)(’bL) > 19(0:212) (/I/L) (le = (§2L iff (le c (SZL and (gzL c G:lL'

Definition 3.5: The complement of a LVPF set € is €, = {(1, Yy (1), Ly (1), (e (1)) |1 € 3.
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Definition 3.6: Let €, ,, €, € LVPFS(). Then V 4 € g,
€ UG, = (66, 0 6 ker, u 6000, U )@)€ P)

where

{1 U () = S, p(1) v g, (1), (10)
Uy, Ue (1) = i, n(1) A e, (1), (1)
Ve, e, () = I, H(0) Adg,,)(@). (12)

€ NG = {(i e, ne, ) () iy, ne, ) () Ve, N, ) (1)) | 41 € 0} where

(e ne () = (g, (1) A, (1), 13)
Uy, nE (1) = e, (1) A e, (1), (14)
Ve, ne, () = I, n(t) v, (@). (15)

Here, v and A denote the join (or supremum) and meet (or infimum) of the lattice respectively.
Theorem 3.7: Let €, . and €, be two LVPF sets in . Then €, , U €, , and €, . N €, are LVPF sets in .
Proof: The proof is clear.

Definition 3.8: The absolute LVPFS and null LVPFS are defined as I, = {(,1,,0,,0,) | € %} and
Og = {(1,0,,0.,1,) |2t € o} respectively.

Theorem 3.9: The absolute LVPFS and null LVPFS satisfy the following equalities:

. LUO, = I (16)
2. I,N0; = 0 (17)
3. G UL =1, (18)
4. GL n 01: = OL (19)
506N =CU0= iy, 0c,9,) (20)

Theorem 3.10: For €, ,, €, ,C; . € LVPFS(), the following properties hold:

((ilLC)C = G, (Involution)

€,,UC,,=C,,andC, NC,, =C,, (“Idempotency)

¢, ,UGC,=¢C,,UC , andC, NC,, = C,; NGC,, (Commutativity)

€, U, UC;,)= (¢, ,UC;)UC;, and

€., N, NECs,) = (€, NEC;,) NCy, (Associativity)

€, U, NGC,)=(C,UE,) N, UE;)and

€, N, UC) = (€, NC;,) U(C, NCs,) (Distributivity)

€ UG ) = @1LC N (SZLC and (€, NGC,, ) = (SlLC U @zLC (De Morgan’s” Laws)

A Sl

Theorem 3.11: If €, , €, ,, €5, € LVPFS($) and €, , € G, , then

1. QﬁlLﬂ(Zg,L;(ZzLﬂ%L 21
2. QﬁlLU(Zg,L;(ZzLU%L (22)
Proof:

Since €, < €, , then, ((Gu) () < 6(62,4) (), l(@u)(’bl) L(@u)(u) 19(@1.4) () = 19((;2[)(44)
L4, (@) < g, (1)

= (e, () A ey (1) < g, (1) A (g5, (1)

= {6,061 < {6, nesp) ()
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ey () < i, (1)
= 16y ) () A e p(B) = Ly (8) A sy (1)

= U, ne () < Ly, ne; (@)

Ve, p() 2 I, (1)
= Yo, () VI, (1) 2 Ve, () v Iy (%)
= Y, nes)() 2 gy, ne, (@)

ThuS,@lLﬂG3£§@2£n@3L.

2. The proof is comparable to (i).

Theorem 3.12: For any two LVPFSs €; , and €, ing, €, N C, <€, ,C;,.
Proof:

Let ¢ € U. Then,

{Eine () = g, p() A, (1) < e, (1), (e, (1)
ey, NG (1) = 1, H (1) Ay, (1) < e, (1), L, H (1)
Ve, ne ) = I, n(@) v I, (1) = I, (1), Vg, (1)

ThuS, (glﬁ ﬂ GZL c GlL’ (SZL.

Theorem 3.13: ¢, N C,, = ¢, ifandonly if €, . € C;,.

Proof:

Let€,, NC,, = €. Since (ilL Ne,, €€, wehave ¢, S C,,.

Conversely, suppose that €, , € €, .

Then, {(¢, y(11) < {(g,,) (%), Y, (1) < g, (1), Vs, (1) 2 Yg, ) (1)
{1, ne (1) = (g, (1) A, (1) = (g, (1)
ey, N6y ) (1) = Ly p(1) A e, ) (1) = i, (4)

Ve, ne, () = I, H() v, (1) = I, (1)

Thus, GlL n GZL = G]_L.

Theorem 3.14: €, . € G, . UG, iff i(q, ) (1) < 1, y(1t) V4 € p.
Proof:
LetG,, <G, UG,,.
Then, L(cu)(u) < ey, U%)(u)
= ey (1) A Y, (1)
< &,y ()
= e, (1) < Y, (1)

Conversely, let (g 1L)(4JL) < ey (2t). Then,
(i ue () = Sy p() v e, (1) = (g, (1)
Le, UG ) (1) = L, p(1) Ay, p(1) = 1, H(11)
Ve, ue () = I, (1) A, (1) < I, ()

Thus, €, , € €, UG,,.

Theorem 3.15: ¢, . < ¢, UG, ,andC, < C, UGC,, ifft((;u)(u) = l(%)(u) V1€ p.
Proof: The proof is a consequence of Theorem 3.14.

IJIRSET©2026 | AnISO 9001:2008 Certified Journal | 12237



http://www.ijirset.com/

ﬂﬁi“ K International Journal of Innovative Research of
[FII;: X3 j Science, Engineering and Technology (IJIRSET)

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 15, Issue 9, September 2026
|DOI: 10.15680/1JIRSET.2026.1509047|

Theorem 3.16: Let (¢, (1) = i, (w) for every i € . Then, €, UG, = €, iff¢; S €, .
Proof: Let l(%)(u) = e, ().
€ €6 & e p() < {,,) (1) e, p(1) < i, H (1), Vg, H(1) 2 g, (1)
© $(01) ) V (0, ) (1) = () (D, e, ) () A Yy ) () = 1, ) (),
Ve, () A, p (1) = Ve, (1)
& (e, ue () = {,n () e, ue, (1) = L, (1) = g, (1),
Ve, ue, () = I, (1)
6, UG, =G,

Theorem 3.17: Let@lL,GZLELVPFS(p) Then (SILU(ZZL @11:”@21: G’lL if@lLZGZL'
Proof: The proof is clear.

Remark 3.18: Theorem 3.17's converse is not true. Consider two LVPFSs €, . and €, , such that

{er () = S, (1), (e, (1) S g, (1), D, ) (1) = e, ) (11).
Clearly, 0:11; U GZL = Q:an Q:ZL = Q:ll; but(ilL * Q:ZL‘

Definition 3.19: A LVPFS €, , is equivalent to another LVPFS €, (i.e) €, , = €, if and only if
{1 (@) = (e, (), 1, H (1) < 1, H (1), I, n (1) = Vg, ,H(10). (23)

Theorem 3.20: ¢, UG, = ¢, .NC,, =C, ifandonlyif €, = C,,.

Proof: The proof is a consequence of Definition 3.19.
Theorem 3.21: Let G, ,, €, € LVPFS(). Then,

1. 6, U(G,,NG,,)C Gy, (24)
2. 6, N(C,UG,)C G, (25)

Equality holds if L(gu)(/ll) < l(%)(u).

Proof:
By Theorem 3.12,€, NG, S G, ,.

= {61, N6 0) < s, ) (1) (e, e, p () < 1, h(1), Ve, n e, ) (1) 2 D, H (1)

$e ) Ve, ne, () = g, (1)
Ly () A ey, ey ) (1) = e, ue, p(1) S e, (1)
Vs, () Ae,, ne, (@) = Y, n(1h)

= 1, U@, NGy () = (g, (1),
YE1, U@ e (1) = e, (1),
19((51 UEC, NG (w) = 19(@1 2 ()

Thus, €,, U (€,,NG,,) € G, .

The proof is comparable to (i).
Definition 3.22: Let €, , €, , € LVPFS(). The difference between €, and €, ,, denoted by €, \C, is defined as

€ \E, = {11, (o, N6, ) (1), ey N6, ) (1), D, 6, ) (W) | 11 € g0} where

{Er\6 () = g, p() A(g, ) (11), (26)
61 \E ) () = L, (1) A e, (1), @27)
19((515\(:2[)(45‘) = 19(cgu)(u)Vf((:u)(u)- (28)
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Theorem 3.23: Let €, , €, € LVPFS(). Then,

i. (Y'lL\ IL = OL (29)
1. GIL\GZL = (SlL n QZZLC (30)
Proof:

Lo G\ I = {(, e, p (1), e, p (1), Ve, (1) ) | 1 € UI\{( 2, 1.,0.,0,) | 4 € g0}
= {1, {c, () A Of, 1, (1) A O, Dg, h (1) v 1) |12 € 0}

={<a'0L'0L'1L>|aE<§O}
= OL

2. 6 NG, = ({4 e, (), (e, (@), I, (@) ) | & € 9} N
{1, 9, ) (1), g, p (1), (s, ) (1) ) | 1 € 0}
= {1, {c, (1) A, ) (1), (s, ) (1) A i, ) (1), D, (1) V (g, H (1)) | 1 € o}
= G, \Cy,

Definition 3.24: Let” €, , €, . € LVPFS(). The symmetric difference between €, . and €, is defined as
€ AC, = {1, a6, (1) L, a6, ) (1), Vs, ac,,)(10)) | 1 € o} where

(a6, = (e, (@) A g, (1)) v (s, ) (8) A(g, H (1)), (31
Ley, 06, ) (1) = e, (1) A g, (1), (32)
Ve a6,)() = O, (1) Ve, (1) A (O, (@) v g, (). (33)
Theorem 3.25: Let €, ,, €, € LVPFS(). Then,
1. (leAGZL = (SZLA(SlL (34)
2. G, AG,, = (6 ,\C;) U(C;\Cy)) (35)
Proof:

1. The proofis clear.
2. (€ \C; ) U (€ \Cy)p)
= {{(1, 4, ) (1) A (g, h (1), (s, H (1) A s, ) (1), D, (1) V (g, ) (1)) 1 € 0} U
{1, (s, ) (1) A D, (1), L, (1) A 1, (1), T, ) () V ) (1)) | 11 € §0}
= {{1, ({e, p (1) A s, ) (1)) v (S, (1) A g, (1)),
(l(cu) (&) A l(czﬁ)(’@) A (l(ch) (&) A L@y (@),
W, () v L, (1)) A D,y (1) v (g, n(1))) | 12 € 9}
{1, ({g, p(0) A (s, ) (1)) V (S, ) (1) A D, ) (1)), (e, ) (1) A g, ) (1)),
e, () v (g, (1)) A D, ) (1) v (g, (1)) | & € 0}
€, AC,,

IV. CONCLUSION

The LVPFS has been described and the properties of set operations are studied in this article. The work can be extended
to address issues with decision making.
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