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Abstract:- This work presents the picture fuzzy rough matrix, which generalizes the intuitionistic fuzzy rough
matrix. We define picture fuzzy rough matrix and explore its structure, including operations such as AND, OR,
min-min composition and the complement. We establish several key properties such as commutativity,
associativity, distributivity, idempotency and absorption.
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1. Introduction

The notion of fuzzy set theory was established by L.A.Zadeh [12] in the year 1965, which allows for the
representation of imprecise information by permitting elements to possess partial memberships within a set. In
1982, Zdzislaw Pawlak [8] developed rough set theory as a mathematical tool for the analysis of imprecise,
uncertain and incomplete information. D.Dubois and H.Prade [5] formulated the fuzzy rough set in 1990 by
merging fuzzy set theory with rough set theory. In 1986, K. Atanassov [2] presented intuitionistic fuzzy set theory,
extending the classical fuzzy framework by assigning both membership and non-membership degrees to each
element. Picture fuzzy sets were introduced by B.C.Cuong and V.Kreinovich [3] in 2013, extending intuitionistic
fuzzy sets by including a neutral degree to model acceptance, rejection and indifference.

In 1977, M.G.Thomson [11], represented these concepts in matrix form, a fuzzy matrix with values of elements
lying in [0,1], representing degrees of membership rather than mere binary classifications. In 2002, M.Pal,
S.K.Khan, Amiya K Shyamd [7] introduced the intuitionistic fuzzy matrix which builds on the idea of including
both membership and non-membership degrees. S.Dogra and M.Pal [4] proposed Picture fuzzy matrices in 2020,
defining them through four degrees- acceptance, rejection, neutrality and refusal. In contrast, rough matrices
provide a structured approach to address uncertainty and ambiguity in data.

Moreover, advanced structures such as intuitionistic fuzzy rough matrices [1] merge intuitionistic fuzzy sets with
rough set theory to simultaneously illustrate both uncertainty and vagueness. Additionally, picture fuzzy rough
matrices integrate picture fuzzy sets and rough set theory to effectively manage the intricate uncertainties that
include acceptance rejection, neutrality and vagueness in data sets.

2. Preliminaries

Definition 2.1. [11] A matrix P = [Pij]lxm is referred to as a fuzzy matrix if each entry P; assumes a value in [0,

1], representing a membership degree.

Definition 2.2. [7] Consider P = (ai]-, )\i]-) as intuitionistic fuzzy matrix (IFM) of dimension 1 x m. For each ijt"
entry, a;; and Ay, taking values in the interval [0,1], represent the corresponding membership and non-membership
degrees. These components adhere to the constraint.

0 <oy + A < 1, forall i, j.

Definition 2.3. [4] Assume P = ((xi]-, A, Bi]-) denote a picture fuzzy matrix of order | xm. For the ij" element of
P, ajj, Bjj and A;; represent the degrees of membership, neutrality and non-membership, respectively, with each
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value belonging to the interval [0, 1]. These values must satisfy the condition 0 < aj; + Aj; + By < 1, forall
iandj.

Definition 2.4. [1] Assume U is a non-empty finite domain of discourse. A picture fuzzy relation % on U is
described as a picture fuzzy subset of U x U is given by

R = {(,m), a;(1, m), B;;(L, m), A, m)| (L, m) € (U x U)}

where o;;:1 Xxm — [0,1],B;5:1 xm — [0,1], A;:1 Xxm — [0,1]. The membership, neutral and non-
membership measures of (I, m) lie in the interval [0, 1].

0 < o;;(Lm) + B, m) + A;(,m) < 1, forevery (I, m) € (U x 0).

Definition 2.5. Suppose ‘R is a picture fuzzy relation defined over U x U. The framework (U, ER) is termed as

picture fuzzy rough approximation framework. For every P belonging to the picture fuzzy power set of U, the
corresponding lower and upper approximations are defined as below.

axmy® = /\ [omam /\ apcm)]

aed
Bacr) () = \/ﬁ [Baamy \/ BoC)]
Ay (1) = \/U P \/ 200
oy (1) = \/U lasam \/ )]
By () = m/\U [B50my /\ BoC)]
Xicoy () = m/\U Psim [\ 00

The Picture fuzzy rough set corresponding to P is given by the pair (ﬁ(P), ﬁ(P)), which is denoted by R(P).
3. Picture Fuzzy Rough Matrix

Definition 3.1. Let U = {ml, my, ..., mp} be a finite universe of discourse. Forj=1,2, ..., q, let SB~(P]-) represent

the picture fuzzy rough sets defined over U. The corresponding picture fuzzy rough matrix of P, is a matrix of

order I x m, denoted by, B. = (23_~, 23_~) where B = by, foreachi=1,2,..,landj=1, 2, ..., m, the

Ixm
corresponding entry is defined as,

by = (a5, ) (B B, ) (A 25, ). for all i .
The lower and upper approximations of degrees of membership are represented by (O‘gij' agi]_), the lower and

upper approximations of degrees of neutrality are represented by (Béij'ﬁﬁi,—) and the lower and upper

approximations of degrees of non-membership are represented by ()Lgi]" )‘Bij) that satisfy the condition. 0 < p; +

Bhij + )Lhi]. <land0 < O(gi]_ + BBij + 7\5” <1

Definition 3.2. A picture fuzzy rough matrix of size 1 x m is termed a Picture fuzzy rough null matrix if every
entry of the matrix is given by ((0, 0), (1, 1), (1, 1)). The null matrix is denoted by V.
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Definition 3.3. A picture fuzzy rough matrix of order 1 X m is referred to as a Picture fuzzy rough absolute matrix
if all its entries are equal to ((1, 1), (0, 0), (0, 0)). This matrix is denoted by 2.

Definition 3.4. A pair of picture fuzzy rough matrices B.. = bj; and €. = ¢;; of the same order are equal iff
Opy; = Oy Oy, = Oty
BQij = BEij' BEi]- = BEij’
Apy = }‘Eij'}‘Ei]- = Ay

4. Operations on Picture fuzzy rough matrices

From now on we denote Picture Fuzzy Rough Matrices as PFRM’s.

Definition 4.1. The AND operator between two PFRM’s 8B and €. is represented by,
B_ANC. = [min (O‘Qij' O‘gij) ,min (agi]_, agij)],
= [max (Bﬁij' BEii) » Max (Bﬁij’ Baij)]

= [max (Agij,lgij),max (7\ ACU)]

Example 4.2. Consider the PFRM’s corresponding to the universal set U = {ﬁl, 02} and the attribute set A =
{Al, Az} is given by,

5 i i,

B = ﬁl (0.2,0.3)(0.4,0.06)(0.3,0.5)  (0.6,0.2)(0.1,0.7)(0.3,0.1)
2]1(0.4,0.2)(0.1,0.4)(0.2,0.08)  (0.3,0.2)(0.06,0.2)(0.5,0.2)

The PFRM corresponding to the universal set U = {Ul, Uz} and the attribute set B = {El, Ez} is given by,

- B, B,
c.= (0.1,0.2)(0.3,0.2)(0.4,0.1)  (0.2,0.4)(0.2,0.3)(0.4,0.1)
U2 (0.5,0.3)(0.2,0.6)(0.3,0.07)  (0.3,0.1)(0.05,0.2)(0.6,0.3)

Now,

(0.1,0.2)(0.4,0.2)(0.4,0.5)  (0.2,0.2)(0.2,0.7)(0.4,0.1)

B.AG. = [(0.4, 0.2)(0.2,0.6)(0.3,0.08)  (0.3,0.1)(0.06,0.2)(0.6,0.3) |

Definition 4.3. The OR operator between two PFRM’s B__ and €. is represented by,

B.. \/ (U [max Opy;» Ol ) max (ab ,acl])]
[min (Béii' BEii) , min (BE]-' BEii)]

[min (}\Qij’ }‘gij) ,min (}‘Fu’ )‘Eij)]'

Example 4.4. Consider the PFRM’s 8B._ and €.. as in Example 4.2.

(0.2,0.3)(0.3,0.06)(0.3,0.1) (0.6,0.4)(0.1,0.3)(0.3,0.1)
(0.5,0.3)(0.1,0.4)(0.2,0.07)  (0.3,0.2)(0.05,0.2)(0.5,0.2) |

&v&;[

Definition 4.5. The max-min composition of the two PFRM’s B__,.q and €_, 4 denoted by B.. * €_, which is
defined as,
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= [mjax (ahij A (xEjk) , m]_ax (agi]_ A agjk)]

[m]_in (B V Bey ) min (Bgij v Baik)]

j
[m;in (Ray VAgy). min (7‘51,- v }‘Eik)]
Definition 4.6. The Picture fuzzy rough complement of B._ is given by B'_ = bi’j, such that bi’]- =
[(}\Qii’ }\Eij) ’ (Béil" BEij) ’ (aQiJ" aBij)]'

Theorem 4.7. The commutative property holds for PFRM’s over the universe U, which can be expressed as:

iB.AC.=C_AB..
B . VE.=C_VB._.

Proof:

~
=
o
<
~—~~
=
=
=
oL
=
B
o
<
N
=
£
N

1.B.AC. = min (abi]., Oy
= min (aci].,ab
=C_AB..

i.B_.VE. = max (abij, O

= max (aci]., (xbi].) ,min (Bcij‘ Bbij),min (}\Cij,}\bij)
=C.V8B..

ij

Example 4.8. Consider the PFRM’s that satisfy the commutative property as in Example 4.2.

iB_AC.=C_AB..
B8 _ VeE.=C_ V8.

Proof:

‘3 ng < [ (01,02)(04,02)(0405)  (02,02)(0.2,07)(0.4,0.1)
1B AC-=104,02)(0.2,0.6)(0.3,0.08)  (0.3,0.1)(0.06,0.2)(0.6,0.3)

=C_AB..
~B_.ANC.=C_AB..
ii.Similarly, for B_VCE. =C_VB_.

Theorem 4.9. The associative property holds for PFRM’s over the universe U, which can be expressed as:

OB ACHOAND. =B AC_AD).
(iH(B.VE)IVD. = B_V(E.VD.).

Proof:

@ (B ACHAD. = [min (O‘bii' O‘Cii) »max (Bbii‘ Bcii) »max (}‘bij’ }‘Cii)] A [(adij' Bay, }‘dii)]
= [min (O‘bii' ey “dii) »max (Bbii‘ Beyy Bdii) »max (}‘bii' Acyj }\dii)]
= [(O‘bii' Boy» }‘bii)]
A [min ( ey O‘dii) »max (Bcii’ Bdii) »max ( Acyp }‘dii)]
=B_AC_AD).
(i1) B.VECHVD. = [max (O‘bij' acij) ,min (Bbu' BC“) ,min ()‘bij' ?\C‘j)] \ [(O‘diy Bdij'}‘dij)]
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= [max (abii' e O‘dii) ,min (Bbii' By Bdii) ,min (Abii' Acyj )‘dii)]
= [(abii’ Boy» }\bii)]

v [max ( Ocyjr 0‘O‘ij) »min (Bcij' BO‘ij) »min ( Acij )‘dij)]
= B_V(E_. VD).

Example 4.10. Consider the PFRM’s that satisfy the associative property as in example 4.2.

OB ACHAD. =B_AC_AD.).
(i)(B.VEIVD. = B_V(E.VD.).

(i) Now (B_AC)AD.
(0.1,0.2)(0.4,0.2)(0.4,0.5)  (0.2,0.2)(0.2,0.7)(0.4,0.1)

(B-AC)=104,0.2)(0.2,06)(0.3,008)  (0.3,0.1)(0.06,0.2)(0.6,03)
_[(0.1,0.1)(0.4,0.6)(0.4,05)  (0.2,0.2)(0.4,0.7)(0.4,0.1)
B-ACIND- =1(0.08,02)(0.2,0.6)(0.3,02)  (0.07,0.1)(0.09, 0.3)(0.6,0.3)] - M.
¢ Ao, = [ 0L0D(03,06)(04,01)  (0.203)(04,05)(04,01)
~AD~=10.08,0.2)(0.2,0.6)(0.3,02)  (0.07,0.1)(0.09,0.3)(0.6,0.3)]"
B AGC D) [(OL0D(04,06)(04,05)  (0.2,02)(0.4,07)(0.4,01)

(0.08,0.2)(0.2,0.6)(0.3,0.2)  (0.07,0.1)(0.09,0.3)(0.6,0.3) - (2).
From equation (1) and (2), we get (BL.AC)IAD. =B_AC_AD.L).

2 (BACHOAD. =B AC.ADL).

(ii) Similarly, for (B.VE)VD. = B_V(C.VD.).

Theorem 4.11. The distributive property holds for PFRM’s over the universe U, which can be expressed as:

(i) B.AC. VD) =B AD)V(B.AD.).
(i1) B.VE.AD)=B.VE)IA(B.VD.).

Proof:
M BoAGC VD) = [(an, By ho, )| A [max(ag, o, ) min (B, B, ) min(i, 2, )]
= [(ew, ) Amax(ay )] (B, ) v min (B s, )
() vimin(ae, 24
= max (oo, A, ). (e, Aca, )], min[(Bo, V Bey ). (Boy V Bay)]
min [(Ap, Vg, ), (Ao Vg, )|

=(B.AD)V(EB.AD.).
ZBoAC VD) =(B_ACHV(B_-AD).

(ii) B.VE.ADL) = [(abij, Bb”, )\b“)] \Y [min(acij, adij), max (ﬁcij‘ Bdij) , max(?\cij, )\dij)]
- [(abii) v min(acij, O(dii)] ’ [(Bbij) A max (Bcij’ Bd”)]’
[()‘bn‘) A max(}‘cu’ )‘dii)]

= min [(abii v O‘Cii) ’ (abii v adii)] »max [(Bbii A Bcii) ' (Bbii A ﬁdii)]'
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max [()‘bii A )‘Cii) ’ ()‘bij AR )]
=(B.VEIAMB. VD).

2B VO AD) = (B VE)IACB. VD).

Example 4.12. Consider the PFRM’s that satisfy the distributive property as in Example 4.2.

() B AC.VD)=(B_AD)V(B.AD.).
(ii) B.VE_AD)=(B_.VEIAB.VD).
(i) Now B_AC.VD.)

_[(05,0.2)(0.3,0.2)(0.07,0.1)  (0.2,0.4)(0.2,0.3)(0.07,0.1)
~ 1(0.5,0.3)(0.1,0.4)(0.2,0.07)  (0.3,0.5)(0.09,0.3)(0.6,0.3) |

(0.2,0.2)(0.4,0.2)(0.3,0.5)  (0.2,0.2)(0.2,0.7)(0.3,0.1)

C.VvD.

B_ANC.VD) =

Now, (B.AD.)V(B.AD.)

(0.1,0.2)(0.4,0.2)(0.4,0.5)  (0.2,0.2)(0.2,0.7)(0.4,0.1)
(0.4,0.2)(0.2,0.6)(0.3,0.08)  (0.3,0.1)(0.06,0.2)(0.6,0.3) | *

_ [(0.2,0.1)(0.4,0.6)(0.3,0.5)  (0.2,0.2)(0.4,0.7)(0.3,0.1)
~ 1(0.08,0.2)(0.1,0.4)(0.2,0.2)  (0.07,0.2)(0.09,0.3)(0.6,0.2) |

B_NAND. =

B.NAD.

7(0.2,0.2)(0.4,0.2)(03,05)  (0.2,0.2)(0.2,0.7)(0.3,0.1)
(B-ADIV(B-AD-) = [(0.4, 0.2)(0.1,04)(0.2,0.08)  (0.3,0.2)(0.09,0.3)(0.6,03) | ~ -
From equation (3) and (4), we get A(C.VD.) = (B AD)V(B.AD).

SAC VD) =B ADHVEBADL).

(ii) Similarly, for B_V(C_AD.) = (B_VE)AB.VD.).

Theorem 4.13. The idempotent property holds for PFRM’s over the universe U, which can be expressed as:

(i) B AB. = B_.
(i) B.VB.= B_.

Proof:

(1) B_AB_ min(abij, O‘b;j)' max (Bbij' Bbij) , max(lbij, Abij)

= [(“bij' Boyy» }\bii)]

=B.
(ii) B.VB. = max(abij, abij), min (Bbij’ Bbii) , min(kbij, }‘bij)

= [(Otbij, Bbij'}\bij)]
=B.

Example 4.14. Consider the PFRM’s that satisfy the idempotent property as in Example 4.2.

(i) B_AB.= B_.
(i) B.VB.= B_.

(i) Now,

3 rp - [0203)(04006)(0305)  (0.602)(0.1,0.7)(0.3,0.1)
~AB-=1(0.4,0.2)(0.1,0.4)(0.2,0.08)  (0.3,0.2)(0.06,0.2)(0.5,0.2) |

“B_AB.= B_.

(0.4,02)(0.1,0.4)(0.2,0.08)  (0.3,0.2)(0.09,0.3)(0.6,0.3)] ~ 3"
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(ii) Similarly, for 8.V 38. = B_.
Theorem 4.15. The absorption property holds for PFRM’s over the universe U, which can be expressed as:

() B_AB.VE.)=B_.
(i) B_V(B.ANC.)= B_.

Proof:
i) BoAGBVE) = (B s, )| A max( ) min (BB, ) min(R, 2, )|
= {(co) Amax(a, )] | (8, ) vmin . )]
| (%,) v min(2,2,, )|
= max| (e, Act, ). (ciny Aty )] min (8o, V B ). (8o, V By )]
min [(xbi]. V) (A V xci]_)]
=B..

(if) B.V(B.AC.) = [(abij, By, Abij)] v [min(abij, acij), max (Bbq' Bcij) , max(?\bii, }‘cu)]
- [(abii) v min(abii' acii)] ’ [(Bbij) Amax (Bbij' Bcii)]’
[()‘bii) A max(}‘bii’ )‘Cii)]

= min [(abii 4 abii) ' (abii \4 O‘Cii)] »max [(Bbii A Bbii) ' (Bbii A Bcii)]'
max [()\bii A )\bii) ’ (}\bii Ade )]
=3B._.
~ B_V(B.AC.) = B_.
Example 4.16. Consider the PFRM’s that satisfy the absorption property as in Example 4.2.

® B_ANB.VE.) =3B..
(i) B_V(B-ANC.) = B..

(i) Now, B_.A(B.VCE.)

(0.2,0.3)(0.3,0.06)(0.3,0.1)  (0.6,0.4)(0.1,0.3)(0.3,0.1)
(0.5,0.3)(0.1,0.4)(0.2,0.07)  (0.3,0.2)(0.05,0.2)(0.5,0.2) |

(0.2,0.3)(0.4,0.06)(0.3,0.5)  (0.6,0.2)(0.1,0.7)(0.3,0.1)
(0.4,0.2)(0.1,0.4)(0.2,0.08)  (0.3,0.2)(0.06,0.2)(0.5,0.2) |

23~vcz~=[

B.AB.VCE) =

~B_ AB.VCE.) =B_.

(ii) Similarly, for 8. V(B.AC.) = B._.
5. Application Framework of Picture fuzzy rough matrices

This part explores aspects regarding PFRM in real life problems.

The problem addressed in this study is the evaluation of multiple waste management methods under uncertain and
imprecise information to identify the most environmentally beneficial alternative. Since environmental benefits
depend on multiple criteria and involve subjective judgments, an appropriate mathematical framework is required.
The expected solution is to determine the waste management method that provides the maximum overall
environmental benefit by simultaneously considering all relevant criteria.
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5.1 Procedure

The algorithm can be executed by following these steps:

(1) Input the PFRM G _related to the product set U x P
(2) Input the PFRM $_related to the product set P x Q

3) Compute the resulting matrices by performing the operations J.. = 6. * $._ and
I.=6G_+9H_.

4) Compute the values of S_j, T.jxand B_;, where,
Snik = [max (afik' aiik) ,min (Bfik’ Biik) ,min (}\Yik’ Aiik)]

Tk = [max (O‘éik' ail.k) ,min (Biik' B7ik) ,min ()\éik, 7\7“()]

B = [O‘Sik+ O‘tik] [Bsik_ Btik] [}‘Sik_}‘tik]
~ik 2 ’ 2 2
6) Contrast and result. For every column, the element ;. exhibiting the maximum membership degrees,

maximum neutrality and the minimum non-membership degree is regarded as the most appropriate representative
from the universal set for that column.
5.2 Example

Let us assume that an environmental scientist is analyzing three waste management methods namely A,
(Recycling), A, (Composting) and A; (Landfill Management) to identify which one provides the greatest overall
environmental benefit. Let the universal set U = {&,;, ¢, €3} represent the types of environmental benefits, where

¢, = Pollution Reduction, ¢, = Resource Conservation, ¢; = Ecosystem Protection.

Step:1 The environmental benefits provided by each waste management method are represented using PFRM G _,
an illustrated below:

G C, G

A,[(0.2,0.8)(0.03,0.07)(0.02,0.05)  (0.4,0.06)(0.08,0.6)(0.05,0.08)  (0.05,0.01)(0.02,0.6)(0.01,0.2)
®. = A,| (0.03,0.5)(0.08,0.2)(0.7,0.1) (0.3,0.6)(0.03,0.1)(0.4,02)  (0.1,0.4)(0.2,0.04)(0.4,0.07)
A, | (03,03)(0.08,03)(0.4,0.04)  (0.1,0.8)(0.01,0.04)(03,04)  (0:2,0.5)(0.05,0.06)(0.8,0.08)
LetU= {Zl, Z,, 23} represent the different environmental zones, each having distinct ecological characteristics,

where
Z, = Urban Areas, Z, = Agricultural Regions, Z; = Coastal Ecosystems.

Step:2 The effectiveness of the waste management methods across these environmental zones are represented
using a PFRM $._, as shown below:

Z Z, 3

%, [ (0.2,0.4)(0.04,0.1)(0.5,0.02)  (0.8,0.5)(0.09,0.03)(0.3,0.02)  (0.9,0.4)(0.3,0.5)(0.6,0.07)
$. = 62[(0.2,0.3)(0.06,0.1)(0.2,0.08) (0.09,0.8)(0.3,0.1)(0.1,0.1)  (0.3,0.4)(0.1,0.6)(0.7,0.03) ]

t,1(0.1,0.7)(0.07,0.3)(0.5,0.09)  (0.7,0.5)(0.01,0.2)(0.1,0.2)  (0.3,0.1)(0.03,0.04)(0.5,0.08)
Z, Z, Zs
€, [(0.5,0.02)(0.04,0.1)(0.2,0.4)  (0.3,0.02)(0.09,0.03)(0.8,0.5)  (0.6,0.07)(0.3,0.5)(0.9, 0.4)
$. = (,|(0.2,0.08)(0.06,0.1)(0.2,03)  (0.1,0.1)(0.3,0.1)(0.09,0.8)  (0.7,0.03)(0.1,0.6)(0.3,0.4)
€,1(05,0.09)(0.07,03)(0.1,0.7)  (0.1,0.2)(0.01,0.2)(0.7,0.5)  (0.5,0.08)(0.03,0.04)(0.3,0.1)

Step:3 The two PFRM’s G_ and .. are derived from the composition of waste management methods and
environmental zones. These are represented as G * $_ and .. = .. as shown below:

Zy Z, A
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A, (0.2,0.4)(0.04,0.1)(0.2,0.05)  (0.2,0.4)(0.06,0.1)(0.4,0.09)  (0.2,0.5)(0.06,0.1)(0.3,0.04)
3. = 4,((0.2,0.5)(0.02,0.07)(0.1,0.05)  (0.1,0.6)(0.09,0.1)(0.4,0.1)  (0.3,0.8)(0.05,0.1)(0.3,0.04)
A, 1 (03,04)(0.03,05)(0.50.07)  (0.3,0.4)(0.1,0.04)(0.5,0.08)  (0.3,0.4)(0.05,0.06)(0.6,0.07)

A Z, 7y
A (0.2,0.06)(0.04,0.1)(0.1,03)  (0.2,0.09)(0.06,0.1)(0.4,0.3)  (0.3,0.09)(0.06,0.1)(0.3,0.4)
3. = 4,((0.2,0.06)(0.02,0.07)(0.09,0.5)  (0.1,0.2)(0.09,0.1)(0.4,05)  (0.3,0.2)(0.05,0.1)(0.3,0.5)
Al (040.07)(0.03,0.5)(03,0.2)  (0.3,0.08)(0.1,0.04)(0.40.1) (0.3,0.08)(0.05,0.06)(0.3,0.1)

Step:4 Calculation of S_j, T ik, B.ik

A Zy Zs
A, [(0.4,0.04,0.05) (0.4,0.06,0.09) (0.5,0.06,0.04)
S.ix = A, [(0.5,0.02,0.05) (0.6,0.09,0.1)  (0.8,0.05,0.04)
A,](04,03,007) (0.4,0.04,0.08) (0.4,0.050.07)

Zy Zy Zs
A,[(0.2,0.04,0.2) (0.2,0.06,0.3) (0.3,0.06,0.3)
T = A,[(0.2,0.02,0.1) (0.1,0.09,04) (0.3,0.05,0.3)
A,1(04003,02) (03,0.040.1) (0.3,0.050.1)

7, 7, 7,

A, [(05,0.02,—0.05)  (0.5,0.03,—0.06)  (0.65,0.03,—0.28)
B = A,| (0.6,001,0) (0.65,0.045,—0.1)  (0.95,0.025,—0.11)
A, 1(0.6,0.015,-0.03)  (0.55,0.02,0.03) (0.55,0.02,0.03)

Step:5 By examining the values in the first column, we can conclude that Composting (A,) most effective in
resource conservation within urban areas. Similarly, Composting (A,) is also highly beneficial for resource
conservation in agricultural regions, while Composting (A,) also contributes significantly to resource conservation
in coastal ecosystems.

6. Conclusion

This work proposes PFRM’s and illustrates their usefulness through practical applications. We have established
the definitions and discussed various operators including AND, OR, max-min composition and the Picture fuzzy
rough complement. Additionally, fundamental mathematical properties like commutativity, associativity,
distributivity, idempotency and absorption were analyzed through appropriate examples. The applicability of
PFRM’s is validated through an MCDM case analysis involving an agricultural context.
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