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Abstract

In this paper, we study the cartesian product of two multi-sets , multi-set function and some
of its properties . We defined the image and the inverse image of multi- sets and study of some
properties .We study the multi-order relation ,quasi-multi-increasing ( decreasing ) function,quasi-
multi-increasing ( decreasing ) sets ,and the multi-topological ordered spaces and some of m - separa-
tion axioms of multi-topological spaces.Finally ,we study a different types of generalized rough msets
and illustrate the relation between them .
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1. Introduction

In the classical set theory, a set is a well-defined collection of distinct objects .If repeated occurrences
of any object is allowed in a set ,then a mathematical structure that is known as multiset (mset for
short). The same idea are studied by Yager in [15] and Jena in [9], but under the name of bags and lists.
Thus, a multiset differs from a set in the sense that each element has a multiplicity-a natural number not
necessarily one-that indicates how many times it is the member of the multiset was studied by ([1], [5],
[6], [7], [8]). One of the most natural and simplest examples is the multiset of prime factors of a positive
integer ”n” . The number 640 has the factorization 640 = 234251 which gives the multiset {2, 2, 2, 4, 4, 5}.

The theory of rough sets proposed by ( Pawlak 1982 ,1991 ) is an extension of a set theory for the
study of intelligent systems characterized by insufficient and incomplete information . The lower and the
upper approximation operators are constricted by using a binary relation on a set . Using the concepts
of the lower and upper approximations from the rough set theory .
In any information system ,Some situations may occur where the respective counts objects in the uni-
verse of discourse are not single .In such situations we replace its universe of discourse by multisets called
rough multisets . The relation on a multisets is a mathematical model to which many real life data can
be connected .In fact the multi-relations are using the construction of multi-topological spaces .

We first introduce and study in section some properties and concepts of msets and mset relation .More-
over we study the properties of cartesian product in case of msets and we define image ,inverse image of
mset function in sections 3 and4 .In section 5 ,we study multi-order relation and some of its properties
.In addition we study multi-order topological spaces and some of its separation axioms .Finally ,we define
three generalized rough msets and give an example to illustrate the relations between different types of
generalized definitions of rough multiset approximations .
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2. Preliminaries and Basic definitions

In this section the basic definitions and notations of multisets and the different types of collections of
multisets and the basic definitions of functions in multiset context are given ([1],[5], [6], [7],[8] ).

Definition 2.1:[6 ] A mset M drawn from the set X is represented by a function count M or CM
defined as CM : X → N where N represents the set of non negative integers.
Here CM (x) is the number of occurrences of the element x in the mset M. LetX = {x1, x2, ..., xn}, the
mset M drawn from the set X is represented by M = {m1/x1,m2/x2, ...,mn/xn} where mi is the number
of occurrences of the element xi, i = 1, 2, ..., n in the mset M.

Example 2.2: Let X = {a, b, c, d, e} be any set. Then M = {2/a, 3/b, 5/d, 1/e} is an mset drawn
from X. Clearly, a set is a special case of an mset.

Definition 2.3:[6,7] Let M and N be two msets drawn from a set X. Then the following are defined:

1. M = N if CM (x) = CN (x), ∀x ∈ X.

2. M ⊆ N if CM (x) ≤ CN (x), ∀x ∈ X.

3. P = M
⋃
N if CP (x) = Max{CM (x), CN (x)}, ∀x ∈ X.

4. P = M
⋂
N if CP (x) = Min{CM (x), CN (x)}, ∀x ∈ X.

5. P = M ⊕N if CP (x) = CM (x) + CN (x), ∀x ∈ X.

6. P = M 	N if CP (x) = Max{CM (x)− CN (x), 0}, ∀x ∈ X.

Where ⊕ and 	 represent m-set addition and m-set subtraction, respectively.

Definition 2.4:[7,8] Let M be any m-set drawn from a set X. The support set of M denoted by M∗

is a subset of X and defined as M∗ = {x ∈ X : CM (x) > 0} i.e. M∗ is an ordinary set. M∗ is also called
root set.

Definition 2.5:[7,8] An m-set M is said to be an empty m-set if CM (x) = 0, ∀x ∈ X.

Definition 2.6:[7,8] A domain X, is defined as a set of elements from which m-sets are constructed.
The m-set space [X]w is the set of all m-sets whose elements are in X such that no element in the m-set
occurs more

than w times.
The set [X]∞ is the set of all m-sets over a domain X such that there is no limit on the number of the
occurrences of an element in an m-set.
If X = {x1, x2, ..., xk} then [X]w = {m1/x1,m2/x2, ...,mk/xk} : for i = 1, 2, ..., k ;mi ∈ {0, 1, 2, ..., w}}.

Definition 2.7:[7,8] Let X be a support set and [X]w be the m-set space defined over X. Then for
any m-set M ∈ [X]w, the complement M c of M in [X]w is an element of [X]w such that
CMc(x) = w − CM (x), ∀x ∈ X.

Notation 2.8:[7,8] Let M be an m-set from X with x appearing n times in M. It is denoted by x ∈n M .
M = {k1/x1, k2/x2, ..., kn/xn} where M is an m-set with x1 appearing k1 times, x2 appearing k2 times
and so on. [M ]x denotes that the element x belongs to the m-set M and | [M ]x | denotes the cardinality
of an element x in M.

Definition 2.9:[6,8] A submset N of M is said to be:

1. Whole m-subset of M if CN (x) = CM (x), for every x ∈ N .

2. Partial whole m-subset of M if CN (x) = CM (x), for some x ∈ N .
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3. Full submset of M if M∗ = N∗ and CN (x) ≤ CM (x), for every x ∈ N .

Definition 2.10:[6,7,8] (Power Mset) Let M ∈ [X]w be an mset. The power mset of M denoted by P(M)
is the set of all the submsets of M. i.e. N ∈ P (M) if and only if N ⊆ M . If N = ∅, then N ∈1 P (M),
and

if N 6= ∅, then N ∈k P (M) where k =
∏
z(
|[M ]z|
|[N ]z| ), the product

∏
z is taken over by distinct of z of the

mset N and | [M ]z |= m iff z ∈m M, | [N ]z |= n iff z ∈n N , then

(
|[M ]z|
|[N ]z| ) = (mn ) = m!

n!(m−n)! .

The power set of an mset is the support set of the power mset and is denoted by P ∗(M).

Definition 2.11:[7,8] The maximum mset is defined as Z where CZ(x) = Max{CM (x) : x ∈k M, M ∈
[X]w and k ≤ m}.

Definition 2.12:[6,7] Let [X]w be an mset space, {M1,M2, ...} be a collection of msets drawn from
[X]w, then the following operations are possible under an arbitrary collection of msets.

1. The union ∪i∈IMi = {C∪Mi(x)/x : C∪Mi(x) = Max{CMi(x) : x ∈ X}}.

2. The intersection ∩i∈IMi = {C∩Mi
(x)/x : C∩Mi

(x) = Min{CMi
(x) : x ∈ X}}.

3. The m-set addition ⊕i∈IMi = {C⊕Mi
(x)/x : C⊕Mi

(x) =
∑
i∈I CMi

(x), x ∈ X}.

4. The m-set complement Mc = Z 	M = {CMc(x)/x : CMc(x) = CZ(x)− CM (x), x ∈ X}.

Definition 2.13:[8,9,10] Let M1 and M2 be two m-sets drawn from a set X, then the Cartesian product
of M1 and M2 is defined as M1 ×M2 = {(m/x, n/y)/mn : x ∈m M1, y ∈n M2}.

Definition 2.14:[7,8,9] A sub-mset R of M ×M is said to be an m-set relation on M if every mem-
ber (m/x, n/y) of R has a count, product of C1(x, y) and C2(x, y). We denote m/x related to n/y by
m/xRn/y.

The Domain and Range of the m-set relation R on M is defined as follows:
Dom R = {x ∈k M : ∃ y ∈r M such that k/xR r/y} where CDomR(x) = sup{C1(x, y) : x ∈k M}.
Ran R = {y ∈r M : ∃x ∈k M such that k/xR r/y} where CRanR(y) = sup{C2(x, y) : y ∈r M}.

Definition 2.15:[8,9]let R be a m-set relation on M .The family R−1 = {(n/y,m/x) : m/xRn/y}is
said to be the inverse m-set relation of R .

Definition 2.16:[8,9]m-set relation R on M is said to be :

1. reflexive if it satisfies m/xRm/x ∀ m/x ∈M .

2. symmetric if it satisfies m/xRn/y ⇒ n/yRm/x .

3. transitive if it satisfies m/xRn/y, n/yRk/z ⇒ m/xRk/z.

A m-set relation R on M is said to be equivalence relation if it is reflexive, symmetric and transitive .

Definition 2.17:[7,8] An m-set relation
f is called an m-set function if for every element m/x in domain f , there is exactly one n/y in Ran

f such that (m/x, n/y) is in f with the pair occurring as the product of C1(x, y) and C2(x, y).

Definition 2.18:[7,8] Let M ∈ [X]w and τ ⊆ P ∗(M). Then τ is called a multi-set topology on M
if τ satisfies the following properties.
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1. The m-set M and the empty m-set ∅ are in τ .

2. the union of elements of any sub collection of τ is in τ .

3. the intersection of elements of any finite sub collection of τ is in τ .

The pair (M, τ) is called multi-topological space (for short M-topological space). The elements of τ are
called open msets.

Definition 2.19:[6] Let (M, τ) be an M-topological space and N is a
sub mset of M. The collection τN = {N ∩ U : U ∈ τ} is an M-topology on
N denoted by (N, τN )is called a subspace of (M, τ).

Definition 2.20:[5,6,8,9] A submset N of an M-topological space M in [X]w is said to be closed m-
set if the m-set M 	N is open.

Theorem 2.21:[7,6] Let (M, τ) be an M-topological space. Then the following conditions hold.

1. The m-set M and empty m-set ∅ are closed m-sets.

2. Arbitrary intersection of closed m-sets is a closed m-set.

3. Finite union of closed m-sets is a closed m-set.

Definition 2.22:[5,6]Let (M, τ)and (N, τ∗) be two M-topological spaces .A function f : (M, τ)→ (N, τ∗)
is said to be m-continuous if the inverse image of τ∗ -open mset is τ -open mset .

Definition 2.23:[5,6] Given a submset N of M-topological space M in [X]w.

1. The interior of N is defined as the union of all open msets contained in N and is denoted by Int(N).
i.e. CInt(N)(x) = C∪G(x) : G is an open mset, G ⊆ N .

2. The closure of N is defined as the intersection of all closed msets containing N and is denoted by
Cl(N). i.e. CCI(N)(x) = C∩F (x) : F is an closed mset, F ⊇ N ,

Theorem 2.24:[7,6] Let N be a subspace of an M-topological space M in [X]w and A be a submset of
an mset N and Cl(A) denote the closure of an mset A in M. Then the closure of an mset A in N equals
Cl(A) ∩N .

Theorem 2.25:[7,6] If M1,M2 are submsets of the M-topological space M in [X]w, then the follow-
ing properties hold:

1. CInt(M1∩M2)(x) = Min{CInt(M1)(x), CInt(M2)(x)}.

2. CCl(M1∪M2)(x) = Max{CCl(M1)(x), CCl(M2)(x)}.

Definition 2.26:[5,13,14,15]Suppose we are given a finite nonempty set U of objects ,called the universe
,,and R is a binary relation defined on U.WE list the properties that are of interest in the theory of rough
sets (Pawlak 1982,1991),let A,B ⊂ U

1. R(A) = (R(Ac))c , R(A) = (R(Ac))c

2. R(U) = U , R(φ) = φ

3. R(A ∩B) = R(A) ∩R(B) , R(A ∪B) = R(A) ∪R(B)

4. R(A ∪B) ⊃ R(A) ∪R(B) , R(A ∩B) ⊂ R(A) ∩R(B)
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5. A ⊂ B ⇒ R(A) ⊂ R(B), R(A) ⊂ R(B)

6. R(φ) = φ , R(U) = U

7. R(A) ⊂ A , R(A) ⊃ A

8. A ⊂ R(R(A) , A ⊃ R(R(A)

9. R(A) ⊂ R(R)(A) , R(A) ⊃ R(R)(A)

10. R(A) ⊂ R(A) , R(R(A) ⊂ R(A)

3. Cartesian Product

In this section we study the cartesian product of two multi-sets , the mset relations and some of its
properties.

Definition 3.1:[8] Let M1 and M2 be two msets drawn from a set X, then the Cartesian product of
M1 and M2 is defined as M1 ×M2 = {(m/x, n/y)/mn : x ∈m M1, y ∈n M2}.

Proposition 3.2:Let M1 and M2 be two msets drawn from a set X, then

1. M1 × φ = φ×M1 = φ.

2. M1 × (M2 ∪M3) = (M1 ×M2) ∪ (M1 ×M3).

3. (M2 ∪M3)×M1 = (M2 ×M1) ∪ (M3 ×M1).

4. M1 × (M2 ∩M3) = (M1 ×M2) ∩ (M1 ×M3).

5. (M2 ∩M3)×M1 = (M2 ×M1) ∩ (M3 ×M1).

Proof

1. Trivial.

2. M1 × (M2 ∪M3) = {(m/x, n/y)/mn : x ∈m M1, y ∈n M2 ∪M3}.
= {(m/x, n/y)/mn : x ∈m M1, y ∈n M2 ∪M3}.
= {(m/x, n/y)/mn : m ≤ CM1

(x), n ≤ max{CM2
(y), CM3

(y)}}.
= {(m/x, n/y)/mn : m ≤ CM1

(x), (n ≤ CM2
(y) or n ≤ CM3

(y))}.
= {(m/x, n/y)/mn : x ∈m M1, y ∈n M2} ∪ {(m/x, n/y)/mn : x ∈m M1, y ∈n M3}.
= (M1 ×M2) ∪ (M1 ×M3).

3. (M2 ∪M3)×M1 = {(m/x, n/y)/mn : x ∈m M2 ∪M3, y ∈n M1}.
= {(m/x, n/y)/mn : m ≤ max{CM2

(x), CM3
(x)}, n ≤ CM1

(y)}.
= {(m/x, n/y)/mn : (m ≤ CM2

(x) or m ≤ CM3
(x)), n ≤ CM1

(y)}.
= {(m/x, n/y)/mn : (m ≤ CM2(x), n ≤ CM1(y))or (m ≤ CM3(x), n ≤ CM1(y))}.
(M2 ×M1) ∪ (M3 ×M1).

4. M1 × (M2 ∩M3) M1 × (M2 ∩M3) = {(m/x, n/y)/mn : x ∈m M1, y ∈n M2 ∩M3}.
= {(m/x, n/y)/mn : m ≤ CM1

(x), n ≤ min{CM2
(y), CM3

(y)}}.
= {(m/x, n/y)/mn : m ≤ CM1

(x), (n ≤ CM2
(y) and n ≤ CM3

(y))}.
= {(m/x, n/y)/mn : (m ≤ CM1

(x), n ≤ CM2
(y))and (m ≤ CM1

(x), n ≤ CM3
(y))}.

= (M1 ×M2) ∩ (M1 ×M3).

the rest of the proof is similar

Proposition 3.2:Let R ,R1, R2 be a mset relations on M ,then
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1. R is symmetric ⇔ R−1 is symmetric .

2. R is transitive ⇔ R−1 is transitive .

3. R1, R2 are reflexive ⇒ R1 ∪R2 is reflexive.

4. R1, R2 are reflexive ⇔ R1 ∩R2 is reflexive.

5. R1, R2 are symmetric ⇒ R1 ∪R2, R1 ∩R2 are symmetric.

Proof

1. R is symmetric ⇔ m/xRn/y ⇒ n/yRm/x
⇔ n/yR−1m/x⇒ m/xR−1n/y
⇔ R−1 is symmetric .

2. Let R be transitive then, if m/xRn/y, n/yRk/z ⇒ m/xRk/z then
n/yR−1m/x, k/zR−1n/y ⇒ k/zR−1m/x then R−1 is transitive.

3. 1 and 2 are straightforwards

4. m/xR1 ∪R2n/y ⇒ m/xR1n/y or m/xR2n/y
⇒ n/yR1m/x or n/yR2m/x
⇒ n/yR1 ∪R2m/x
⇒ R1 ∪R2 is symmetric

5. m/xR1 ∩R2n/y ⇒ m/xR1n/y and m/xR2n/y ⇒ n/yR1m/x and n/yR2m/x
⇒ n/yR1 ∩R2m/x⇒ R1 ∩R2 is symmetric

But the converse is not true as we show in the following :

Example3.3 Letf : X → Y ,M = {3/x, 5/y, 3/z, 7/r} , R1 = {(3/x, 3/x)/9, (5/y, 5/y)/25} is not
reflexive and ,R2 = {(3/z, 3/z)/9, (7/r, 7/r)/49, (3/x, 5/y)/15} is not reflexive

But the relation R1 ∪ R2 = {(3/x, 3/x)/9, (5/y, 5/y)/25, (3/z, 3/z)/9, (7/r, 7/r)/49, (3/x, 5/y)/15}is re-
flexive .
R3 = {(3/x, 5/y)/15, (3/x, 7/r)/21, (5/y, 3/x)/15, (7/r, 5/y)/35} is not symmetric also ,
the relation R4 = {(5/y, 7/r)/35, (7/r, 3/x)/21} is not symmetric .

But the relationR3∪R4 = {((3/x, 5/y)/15, (3/x, 7/r)/21, (5/y, 3/x)/15, (7/r, 5/y)/35, (5/y, 7/r)/35, (7/r, 3/x)/21}is
symmetric .
the relation R5 = {(3/x, 3/z)/9, (3/z, 3/x)/9, (7/r, 3/x)/21, (3/x, 5/y)/15} is not symmetric ,also ,R6 =
{(3/x, 3/z)/9, (3/z, 3/x)/9, (3/z, 5/y)/15} is not symmetric .
But the relation R5 ∩R6 = {((3/x, 3/z)/9, (3/z, 3/x)/9}is symmetric .

4. Multi-set function

In this section we study the concept of multi-set function and we give a new definitions of the image ,
the inverse image of a multi-set and study of its properties .
Definition 4.1:[5,6] An mset relation f is called an mset function if for every element m/x in domain
f , there is exactly one n/y in Ran f such that (m/x, n/y) is in f with the pair occurring as the product
of C1(x, y) and C2(x, y).

Definition 4.2:[6,5]A mset function f is called one-one ( injective) if no two elements in Dom f have
the same image under f with C1(x, y) ≤ C2(x, y), forallx, y
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Definition 4.3:[8,5]A mset function f is called onto ( surjective) if no two elements in Ran f equal to
co-domain f and C1(x, y) ≥ C2(x, y), forallx, y

Definition 4.4:[5,6]A mset function f is called one-to-one and onto ( bijective) if it is injective and
surjective with C1(x, y) = C2(x, y), forallx, y

Definition 4.5:Let R be an mset relation defined on M and m/x ∈ Mthe R- relative mset of m/x
is the set of all n/y in M such that there exist some k such that k/x R n/y i.e R(m/x) = {n/y : ∃k ∈
N, k/xRn/y}

Example 4.6 LetM = {5/a, 4/b, 4/c, 3/d} and N = {7/x, 5/y, 6/z, 4/w} be two msets .Let f : M →
Ngiven by f = {(5/a, 5/y)/25, (4/b, 6/z)/24, (4/c, 4/w)/16, (3/d, 6/z)/18}, A1 = {2/a, 2/b, 3/c}, A2 =
{5/a, 2/b, 3/c} then, f(A1) = {5/y, 6/z, 4/w},f(A2) = {5/y, 6/z, 4/w}.

From the above example we show that the image of A1and A2 are the same although the two msets
are different . then, the definition of the image of mset under a mset function does not depend on the
multiplicity of the elements so it is not good extension .So,we can define the image of msetas following :

Definition 4.7:Let M1 be a mset drawn from a set X ,and M2be a mset drawn from a set Y . Let
f : M1 →M2 be a mset function from M1 to M2 . Let A be a submset of M1, the image of A under the
function f denoted by f(A) where f(A) : Y → N defined by

Cf(A)(y)) = min{M2(y), sup{CA(x) : f(x) = y}} if f−1(y) 6= φ
= 0 otherwise

Example4.8 : Let f : M → Nas defined in the above example we show the images ofA1and A2

are f(A1) = {2/y, 2/z, 3/w},f(A2) = {5/y, 2/z, 3/w} are not the same . In the following we study the
properties of the mset function

Proposition 4.9:Letf : M1 →M2be a mset function andA1, A2 be submsets ofM1 .Then ,

1. A1 ⊆ A2 ⇒ f(A1) ≤ f(A2)

2. f(A1) ∪ f(A2) = f(A1 ∪A2)

3. f(A1 ∩A2) ≤ f(A1) ∩ f(A2)

4. f(A1)⊕ f(A2) = f(A1 ⊕A2)

5. f(A1)	 f(A2) ≤ f(A1 	A2)

Proof

1. Cf(A1)(y)) = min{M2(y), sup{CA1
(x) : f(x) = y}} .Since , CA1

(x) ≤ CA2
(x)∀x ∈ X,then we

haveCf(A1)(y)) = min{M2(y), sup{CA1(x) : f(x) = y}} ≤ min{M2(y), sup{CA2(x) : f(x) = y}} =
Cf(A2)(y)).Thus , we have f(A1) ⊆ f(A2)

2. Since A1, A2 ⊆ A1 ∪A2then, f(A1), f(A2) ⊆ f(A1 ∪A2)

Cf(A1∪A2)(y) = min{CM2
(y), sup{C(A1∪A2)(x) : f(x) = y}} = min{CM2

(y), sup{C(A1∪A2)(x) :
f(x) = y}} = min{CM2

(y), sup{max{C((A1)(x), C((A2)(x)}} : f(x) = y}} = min{CM2
(y),max(sup {C((A1)(x) :

f(x) = y}, sup {C((A2)(x) : f(x) = y})} = max(min{CM2
(y), sup {C((A1)(x) : f(x) = y},min{CM2

(y), sup {C((A2)(x) :
f(x) = y}) = max{Cf(A1)(y), Cf(A2)(y)}.Thus ,Cf(A1∪A2)(y) = max{Cf(A1)(y), Cf(A2)(y)} .Conse-
quently , we have f(A1) ∪ f(A2) = f(A1 ∪A2)
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3. Cf(A1∩A2)(y) = min{CM2
(y), sup{C(A1∩A2)(x) : f(x) = y}} = min{CM2

(y), sup{min{C(A1)(x), C(A2)(x)} :
f(x) = y}} ≤ min{CM2

(y),min{sup{C(A1)(x) : f(x) = y}, sup{C(A2)(x)} : f(x) = y}} ≤
min{min{CM2

(y), sup{C(A1)(x) : f(x) = y},min{{CM2
(y), , sup{C(A2)(x)} : f(x) = y}} ≤ min{Cf(A1)(y), Cf(A2)(y)} =

Cf(A1)∩f(A2)(x).Thus f(A1 ∩A2) ≤ f(A1) ∩ f(A2)

4. Cf(A1⊕A2)(y) = min{CM2
(y), sup{C(A1⊕A2)(x) : f(x) = y}} = min{CM2

(y), sup{CA1
(x)+CA2

(x) :
f(x) = y}} = min{CM2

(y), sup{CA1
(x) : f(x) = y}}+sup{CA2

(x) : f(x) = y}} = min{CM2
(y), sup{CA1

(x) :
f(x) = y}}+min{CM2

(y), sup{CA2
(x) : f(x) = y}} = Cf(A1)(y)+Cf(A2)(y).Consequently ,f(A1)⊕

f(A2) = f(A1 ⊕A2).

5. Cf(A1	A2)(y) = min{CM2
(y), sup{C(A1	A2)(x) : f(x) = y}} = min{CM2

(y), sup{max{CA1
(x) −

CA2
(x), 0} : f(x) = y}} ≥ max{Cf(A1)(y)−Cf(A2)(y), 0}.Consequently ,f(A1)	f(A2) ≤ f(A1	A2)

But the converse is not true.

Example 4.10 LetM = {8/x, 7/y, 1/z} , N = {6/a, 9/b} ,and f = {(8/x, 6/a)/8, (7/y, 9/b))/7, (11/z, 6/a)/11}
be a mset function ,M1 = {5/x, 3/y} , M2 = {8/Z},M1 ∩ M2 = φ ,f(M1) = {5/a, 3/b},f(M2) =
{4/a},f(M1)∩f(M2) = {5/a}, f(M1)	f(M2) = {3/b},M1	M2 = {5/x, 3/y} , f(M1	M2) = {5/a, 3/b},
f(M1 	M2) ⊇ f(M1)	 f(M2) , f(M1) ∩ f(M2) ⊆ f(M1 ∩M2)

Example 4.11LetM = {5/a, 4/b, 4/c, 3/d} and N = {7/x, 5/y, 6/z, 4/w} be two msets .Let g :
M → Ngiven by g = {(5/a, 7/y)/35, (4/b, 7/x)/28, (4/c, 6/z)/24, (3/d, 4/w)/12}, B1 = {5/y, 6/z, 4/w},
B2 = {2/y, 3/z, 2/w} then,f−1B1 = {5/a, 4/c, 3/d}and f−1B2 = {5/a, 4/c, 3/d} are the same although
the two msets are different . then, the definition of the inverse image of mset under a mset function does
not depend on the multiplicity of the elements so it is not good extension .So,we can define the inverse
image of mset as following :

Definition 4.12:Letf : X → Y be a function from X into Y and let B be submset ofM2,then ,the
map f−1 : M1 → M2 defined by Cf−1B(x) = min{CM1

(x), CB(f(x))}is called the inverse image of a
mset B of M2 ,whereM1 is a mset on X andM2 be a m-subset on Y

Example4.13 LetM = {5/a, 4/b, 4/c, 3/d} and N = {7/x, 5/y, 6/z, 4/w} be two m-sets .Let g :
M → Ngiven by g = {(5/a, 7/y)/35, (4/b, 7/x)/28, (4/c, 6/z)/24, (3/d, 4/w)/12}, B1 = {5/y, 6/z, 4/w},
B2 = {2/y, 3/z, 2/w} then,f−1B1 = {5/a, 4/c, 3/d}and f−1B2 = {2/a, 3/c, 2/d}are not the same . In
the following we study the properties of the inverse of mset function

Proposition 4.14: Letf : M1 →M2be a mset function andB1, B2 be submsets ofM2 .Then ,

1. B1 ⊆ B2 ⇒ f−1(B1) ⊆ f−1(B2)

2. f−1(B1) ∪ f−1(B2) = f−1(B1 ∪B2)

3. f−1(B1 ∩B2) ⊆ f−1(B1) ∩ f−1(B2)

4. f−1(B1)⊕ f−1(B2) = f−1(B1 ⊕B2)

5. f−1(φ) = φ ,f−1((M2) = M1

Proof

1. Cf−1(B1)(x) = min{CM1
(x), CB1

(f(x))} ≤ min{CM1
(x), CB2

(f(x))} = Cf−1(B1)(x)

2. Cf−1(B1∪B2)(x) = min{CM1
(x), CB1∪B2

(f(x))} = min{CM1
(x),max{CB1

(f(x)), CB2
(f(x))}} =

max{Cf−1(B1)(x), Cf−1(B2)(x)} = Cf−1(B1)∪f−1(B2)(x)
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3. Cf−1(B1∩B2)(x) = min{CM1
(x), CB1∩B2

(f(x))} = min{CM1
(x),min{CB1

(f(x)), CB2
(f(x))}}

= min{Cf−1(B1)(x), Cf−1(B2)(x)} = Cf−1(B1)∩f−1(B2)(x)

.The others are similar

Proposition 4.15: Letf : M → Nbe a mset function and letA be submset of M , B be submset of
N ,then

1. f(f−1(B) ⊆ B,and equality holds if f is onto.

2. f−1(f(A)) ⊇ A,and equality holds if f is one-to-one.

Proof

1. Cf(f−1(B)(y) = min{CN (y), sup{Cf−1(B(x) : f(x) = y}} ≤ min{CN (y), CB(y)} = CB(y)

.The other are similar.

5. Multi-order relation

In this section we study multi-order relation and some of its properties
Definition 5.1:A mset relation R on M is said to be multi-pre-order relation if it is reflexive and

transitive .

Definition 5.2: A mset relation R on M is said to be multi-antisymmetric relation if it is (m/x, n/y) ∈
R, (n/y,m/x) ∈ R⇒ m/x = n/y

Definition 5.3:A mset relation R on M is said to be multi-partial order relation if it is reflexive ,
anti-symmetric and transitive . The pair (M,R) is said to be multi-partially ordered set denoted for
short ( m - poset ).

Definition 5.4:A multi-totally ordered set is a m - poset relation (M,R) in which for any two multi-
points m/a , n/b in M are comparable , that is ∀m/x, n/y ∈M ⇒ (m/x, n/y) ∈ R or (n/y,m/x) ∈ R

Definition 5.5:A mset relation D on M is said to be multi-directed relation if it is reflexive , tran-
sitive and satisfies the following condition ∀m/x, n/y ∈M∃r/z ∈M s . t. (r/z,m/x) ∈ D, (r/z, n/y) ∈ D

The pair (M,D) is said to be multi-directed set or m - directed system .

Definition 5.5:Let M be a mset drawn from a set X ,A be a submset of M .A multi-point n/x is
said to be m- quasi-coincident of A Iff n+ CA(x) > CM (x) and denoted by n/xqA

Definition 5.6:Let M be a mset drawn from a set X ,A and B be two msets of M .A multiset A is
said to be m- quasi-coincident of B Iff ∃x ∈ X s.tCA(x) + CB(x) > CM (x) and denoted by A qB

Proposition 5.7:Letf : M1 → M2be a mset function and B be a mset on M2, n/b a multi-point
on M1 then we have f(n/b)qB ⇒ n/bqf−1(B)

Proof Since f(n/b)qB ⇒ n + CB(f(b)) > CM2
(f(b)) then , n + Cf−1(B)(b) > Cf−1(M2)(b) that is

n+ Cf−1(B)(b) > C(M1)(b).Hence we have n/bqf−1(B)

Definition 5.8:Let(M,R) be multi-partially ordered set . A mset A of M is said to be :
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1. q- multi-increasing if ∀m/a ∈ A,n/b ∈M, (m/a, n/b) ∈ R ,then n/bqA

2. q-multi-decreasing if ∀m/a ∈ A,n/b ∈M, (n/b,m/a) ∈ R ,then n/bqA

.

Example 5.9:Let X = {a, b, c},M = {4/a, 5/b, 4/c, 6/d}, and
let R be a mset relation on M defined by m/aRn/b⇔ a 6= b ,then

R = {(4/a, 5/b), (4/a, 4/c), (4/a, 6/d), (5/b, 4/a), (5/b, 4/c), (5/b, 6/d), (4/c, 4/a)(4/c, 5/b), (4/c, 6/d), (6/d, 4/a), (6/d, 5/b), (6/d, 4/c)}
then A = {3/a, 4/b, 2/d, 3/c}is a q- m-increasing mset and B = {3/a, 4/b, 1/d, 3/c}is a m-decreasing mset

Example 5.10:Let X = {a, b, c},M = {3/a, 3/b, 4/c},and let R be a m-set relation on M defined by
m/aRn/b ⇔ a 6= b and m < n , then R = {(3/a, 4/c), (3/b, 4/c)}, then A = {3/a, 2/b, 1/c}is a q- m-
increasing m-set .

Proposition 5.11:Let(M,R) be multi-partially ordered set and A ,B be m-subsets of M such that
A is q- m-increasing mset and B is q- m-decreasing of M .Then Ac is q- m-decreasing mset and Bc is
q-m- increasing mset , where Ac ,Bc are complements of A and B respectively .

Proof Let A be q-m-increasing mset and let m/a ∈ Ac, n/b ∈ M, (n/b,m/a) ∈ R.If n/bqAc,then
n/b ∈ A ,A is q-m-increasing which implies m/aqA.Then , m/a 6∈ Ac which is contridiction. Hence Ac is
q-m-decreasing mset of M .

Let B be q-m- decreasing mset and let m/a ∈ Bc, n/b ∈ M, (m/a, n/b) ∈ R. If n/bqBc,then n/b ∈ B ,B
is q-m- decreasing which implies m/aqB.Then , m/a 6∈ Bc which is contridiction . Hence Bc is increasing
mset of M .
Proposition 5.12:Let(M,R) be multi-partially ordered set .The intersection of two q-m-increasing (resp.
q-m-decreasing ) msets is q-m-increasing (resp. q-m-decreasing ) msets ,also The union of two q-m-
increasing (resp. q-m-decreasing ) msets is q-m-increasing (resp. q-m-decreasing ) msets

Proof Let A and B be q-m-increasing msets and m/a ∈ A ∩ B, (m/a, n/b) ∈ R ⇒ m/a ∈ A and
m/a ∈ B, (m/a, n/b) ∈ R then ,we have n/bqA, n/bqB ,implies n + min{CA(b), CB(b)} > CM (b) ⇒
n + CA∩B(b) > CM (b) .Hence ,we have n/b q A ∩ B,consequently we have A ∩ B is q-m- increasing
.Similarly we can show that the union of two q-m-increasing msets is also q-m-increasing mset

Definition 5.13:Let (M,R), (N,R?) be two m-posets. A mapping f : (M,R)→ (N,R?) is said

1. q-m-increasing (q- m-decreasing ) if ∀m/a, n/b ∈ M, (m/a, n/b) ∈ R ⇒ (f(m/a), f(n/b)) ∈ R? (
(f(n/b), f(m/a)) ∈ R?)

2. m-order embedding if ∀(m/a, n/b) ∈ R⇔ (f(m/a), f(n/b)) ∈ R?

3. m-order reverse embedding if ∀(m/a, n/b) ∈ R⇔ (f(n/b), , f(m/a)) ∈ R?

Example5.14 : LetM = {5/a, 4/b, 4/c, 3/d}, N = {7/x, 5/y, 6/z, 4/w} and f : (M,R) → (N,R)be
a m-set function where f = {(5/a, 5/y)/25, (4/b, 4/z)/16, (4/c, 4/w)/16, (3/d, 3/z)/9}and R be a m-set
relation on M defined by m/aRn/b iff m < n then , f is q- m-increasing function from M to N .

.Proposition 5.15:Let f : (M,R) → (N,R?) be a mapping and f is q- m-increasing map then the
inverse image of q-m-increasing (q- m-decreasing ) mset of M is q- m- increasing ( q-m-decreasing ) of M

Proof Let B be q-m increasing mset of N and let m/a ∈ f−1(B) ,n/b ∈ Msuch that (m/a, n/b) ∈
R.Then , f(m/a) ∈ B ,(f(m/a), f(n/b)) ∈ R?,since B is q- m- increasing then, f(n/b)qB ⇒ n/bqf−1(B)
consequently f−1(B) is q-m- increasing m-subset of M.Similarly , we can prove that the inverse image of
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q- m-decreasing mset of M is q-m-decreasing of M .

6. m-topological ordered spaces

In this section we study multi-topological order space ,some of separation axioms of its and study some
of its relation between them

Definition 6.1: A m-topological ordered space on M is the triple (M, τ,R)where (M,R) is a m-poset
and (M, τ)is m-topological space

Definition 6.2: A m-topological ordered space(M, τ,R)is said to be :

1. m- LowerT1 ordered space iff ∀m/a, n/b s.t.m/aRn/b ,∃ q-m-increasing open mset u such that
m/a ∈ u, n/b 6∈ u

2. m- upper T1 ordered space iff ∀m/a, n/b s.t.m/aRn/b ,∃ q-m-decreasing open mset u such that
n/b ∈ u,m/a 6∈ u

3. m- T0 ordered space if it is m-lower T1 or m-upperT1ordered space .

4. m- T1 ordered space if it is m-lower T1 and m-upperT1ordered space .

5. m- T2 ordered space if ∀m/a, n/b s.t.m/aRn/b,∃ q-m-increasing open mset u and q- m- decreasing
open mset v , such that m/a ∈ u, n/b ∈ v and u ∩ v = φ

.
Proposition 6.3:Let(M, τ1, R),(N, τ2, R

∗) be two m-topological ordered spaces and f : (M, τ1, R) →
(N, τ2, R

?)be a m-continuous and m-increasing map from M onto N .Then,if (N, τ2, R
?) is m- LowerT1

then , (M, τ1, R) m- LowerT1.Also.if (N, τ2, R
?) is m- upperT1 then , (M, τ1, R) m- upperT1

Proof Let m/aR n/b,since f is m-increasing then f(m/a)R?f(n/b).Since(N, τ2, R
?) m- LowerT1, then

∃q- m-increasing open m-subset u of N such that f(m/a) ∈ u, f(n/b) 6∈ u ⇒ ∃f−1(u) is q-m-increasing
open m -subset of M and m/a ∈ f−1(u), n/b 6∈ f−1(u) .Consequantly , the space(M, τ1, R) is m-lower T1
.Similarly we can prove upper case

Proposition 6.4:Let ( M , R )be m-poset .The class of all q-m-increasing (q-m-decreasing ) msets
forms a m-topology on M ,it is denoted by τinc ( τdec)

Proof

1. φ,M are q- m-increasing msets

2. Let A , B be q- m-increasing msets ,and let m/a ∈ A ∩B , n/b ∈M , (m/a, n/b) ∈ R⇒ m/a ∈ A
and m/a ∈ B. since , A , B are q-m-increasing then,we have n/b ∈ A ∩ B.Hence , A ∩ B is q-
m-increasing .

3. m/a ∈ ∪αAα, n/b ∈M , (m/a, n/b) ∈ R.
If n/b q ∪α Aα ⇒ n/bqAα∀α⇒ n/b 6∈ Aα∀α which is contradiction for Aα is increasing ∀α

Similarly we can show that the class τdec is m- topology .

Definition 6.5:Let R be an m-binary relation on M . The after m- set of m/a ∈ M is denoted by
m/a R and it defined by m/aR = {n/b : (m/a, n/b) ∈ R}.Also , the fore m-set of m/a ∈ M is denoted
by R m/a and it defined by Rm/a = {n/b : (n/b,m/a) ∈ R}

Proposition 6.6:Let R be an m-binary relation on M .Then , the class τ?R = {A ⊆ M : m/aR ⊆
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A ∀ m/aqA} is an m-topology on M

Proof

1. φ,M ∈ τ?R

2. Let A1, A2 ∈ τ?R . Let m/aqA1 ∩ A2 ⇒ m/aqA1,m/aqA2.Then , m/aR ⊆ A1,m/aR ⊆ A2 ⇒
m/aR ⊆ A1 ∩A2.Hence , A1 ∩A2 ∈ τ?R

3. Let Aα ∈ τ?R ∀α and let m/a q ∪α Aαthen , m/a qAαfor some α .then,m/aR ⊆ Aα for some
α.Hence ,m/aR ⊆ ∪αAα ,consequently ,∪αAα ∈ τ?R.Thus ,τ?Ris an m- topology

Definition 6.7:A triple (M, τ?R, ρ) is called an m- order topological approximation space ( denoted by
m-OTAS ) , where τ?R = {A ⊆M : m/aR ⊆ A ∀ m/aqA} ,and ρ is m- partially order relation .

Definition 6.8:A triple (M, τ?R, ρ) be an m-OTAS and A be submset of M .The m-lower ,m-upper
approximations ,m-boundary region and m-accuracy respectively are given by :
Rτ?

R
−inc(A) = ∪{G ∈ τ?R : Gis q −m− increasing,G ⊂ A}

Rτ?
R
−dec(A) = ∪{G ∈ τ?R : Gis q −m− decreasing,G ⊂ A}

Rτ?c
R
−inc(A) = ∩{F ∈ τ?cR : Fis q −m− increasing,A ⊂ F}

Rτ?c
R
−dec(A) = ∩{F ∈ τ?cR : Fis q −m− decreasing,A ⊂ F}

BNτ?
R
−inc(A) = Rτ?

R
−inc(A) \Rτ?

R
−inc(A)

BNτ?
R
−dec(A) = Rτ?

R
−dec(A) \Rτ?

R
−dec(A)

ατ
?
R−inc(A) =

|Rτ?
R
−inc(A)|

|Rτ?
R
−inc(A)|

ατ
?
R−dec(A) =

|Rτ?
R
−dec(A)|

|Rτ?
R
−dec(A)|

Proposition 6.9: Let(M, τ?R, ρ) be an m-OTAS and A ,B be submsets of M .Then ,

1. Rτ?
R
−inc(A) ⊂ A ⊂ Rτ?

R
−inc(A)(Rτ?

R
−dec(A) ⊂ A ⊂ Rτ?

R
−dec(A))

2. A ⊂ B ⇒ Rτ?
R
−inc(A) ⊂ Rτ?

R
−inc(B)(Rτ?

R
−dec(A) ⊂ Rτ?

R
−dec(B)

3. A ⊂ B ⇒ Rτ?c
R
−inc(A) ⊂ Rτ

?c
R −inc(B)(Rτ?c

R
−dec(A) ⊂ Rτ?c

R
−dec(B)

4. Rτ?c
R
−inc(A ∩B) ⊂ Rτ?c

R
−inc(A) ∩Rτ?c

R
−inc(B)

5. Rτ?c
R
−inc(A ∪B) = Rτ?c

R
−inc(A) ∪Rτ?c

R
−inc(B)

6. Rτ?
R
−inc(A ∪B) ⊃ Rτ?

R
−inc(A) ∪Rτ?

R
−inc(B)

7. Rτ?
R
−inc(A ∩B) = Rτ?

R
−inc(A) ∩Rτ?

R
−inc(B)

Proof

1. Straightforward

2. LetA ⊆ B then the family {G ∈ τ?R : Gis q −m − increasing,G ⊂ A} ⊂ {G ∈ τ?R : Gis q −m −
increasing,G ⊂ B} which implies that ∪{G ∈ τ?R : Gis q − m − increasing,G ⊂ A} ⊂ ∪{G ∈
τ?R : Gis q−m− increasing,G ⊂ B},that isRτ?

R
−inc(A) ⊂ A ⊂ Rτ?

R
−inc(A).Similarly ,we can show

that Rτ?
R
−dec(A) ⊂ A ⊂ Rτ?

R
−dec(A)
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3. LetA ⊆ B then the family {F ∈ τ?cR : Gis q −m− increasing,B ⊂ F} ⊂ {F ∈ τ?cR : Fis q −m−
increasing,A ⊂ F} which implies that ∩{F ∈ τ?cR : Gis q −m − increasing,A ⊂ F} ⊂ ∩{F ∈
τ?cR : Fis q−m− increasing,B ⊂ F},that is R

τ?R−inc(A) ⊂ A ⊂ Rτ
?
R−inc(B).Similarlywe can show

that R
τ?R−dec(A) ⊂ A ⊂ Rτ

?
R−dec(B)

4. Since A ∩ B ⊂ A and A ∩ B ⊂ B We have R
τcR−dec(A ∩ B) ⊂ R

τ?R−dec(A) ∩ Rτ
c
R−dec(B).Since

{F ∈ τ?cR : Fis q −m − increasing,A ⊂ F} ⊂ {F ∈ τ?cR : Fis q −m − increasing,A ∩ B ⊂ F}
then,we have R

τ?R−dec(A) ⊂ Rτ
?
R−dec(A∩B) and also R

τ?R−dec(B) ⊂ Rτ
?
R−dec(A∩B).Hence we have

R
τ?R−dec(A) ∩Rτ

?
R−dec(B) = R

τ?R−dec(A ∩B) .Similarly for decreasing case

5. Since R
τ?R−inc(A) ∪Rτ

?
R−inc(B) = (∩{F ∈ τ?cR : Fis q −m− increasing,A ⊂ F}) ∪ (∩{F ′ ∈ τ?cR :

F
′
is q−m−increasing,B ⊂ F ′}) = ∩{F ∪F ′ ∈ τ?cR : F, F

′
are q−m−increasing,A ⊂ FandB ⊂

F
′} = ∩{F ? ∈ τ?cR : F ?is q −m− increasing,A ∪B ⊂ F ?} = R

τ?R−inc(A ∪B)

6. Since A ⊂ A ∪B and B ⊂ A ∪B then we have Rτ?
R
−inc(A) ∪Rτ?

R
−inc(B) ⊂ Rτ?

R
−inc(A ∪B)

7. Since Rτ?
R
−inc(A) ∩ Rτ?

R
−inc(B) = (∪{G ∈ τ?R : Gis q −m − increasing,G ⊂ A}) ∩ (∪{H ∈ τ?R :

Gis q−m− increasing,H ⊂ B}) = ∪{G∩H ∈ τ?R : Gis q−m− increasing,G ⊂ AandHis q−
m− increasing,H ⊂ B} = ∪{H ′ ∈ τ?R : H

′
is q−m− increasing,H ′ ⊂ A∩B} = Rτ?

R
−inc(A∩B)

in the following example we find The m-lower ,m-upper approximations and m-accuracy for some msets

Example6.11 : LetM = {3/a, 2/b, 4/c, 5/d},R ={(3/a, 3/a)/9, (2/b, 2/b)/4, (4/c, 4/c)/16, (5/d, 5/d)/25

, (3/a/2/b)/6, (2/b, 1/c), /2, (5/d, 2/c)/10}

then we have τ?R = {φ,M, {3/a, 2/b, 4/c}, {2/b, 4/c}, {4/c}, {5/d, 4/c}}

.

A Rinc(A) R
inc

(A) αinc(A) BNDinc

{3/a, 4/c} {4/c} M 4/5 {3/a, 2/b, 5/d}
{3/a, 2/b} φ M 0 {3/a, 2/b, 4/c, 5/d}
{2/d, 4/c} {4/c} M 4/5 {3/a, 2/b, 5/d}
{5/d, 4/c} {5/d, 4/c} M 1 {3/a, 2/b}
{2/b, 4/c} {2/b, 4/c} M 4/5 {3/a, 5/d}
{1/b, 4/c} {4/c} M 4/5 {3/a, 2/b, 5/d}
{2/a, 2/b, 4/c} {2/b, 4/c} M 4/5 {3/a, 5/d}
{3/a, 2/d} φ M 0 {3/a, 2/b, 4/c, 5/d}
{4/d} φ M 0 {3/a, 2/b, 4/c, 5/d}
{3/a} φ M 0 {3/a, 2/b, 4/c, 5/d},
{3/c} φ M 0 {3/a, 2/b, 4/c, 5/d},
{2/b} φ M 0 {3/a, 2/b, 4/c, 5/d},

Table( 1)

From the table we have Rτ?
R
−inc({3/a, 4/c}) = {4/c} ,Rτ?

R
−inc({3/a, 2/b}) = φ then

Rτ?
R
−inc({3/a, 4/c}) ∪Rτ?

R
−inc({3/a, 2/b}) = {4/c}

but Rτ?
R
−inc({3/a, 2/b}∪ {3/a, 4/c}) = Rτ?

R
−inc{3/a, 2/b, 4/c} = {3/a, 2/b, 4/c} ⊃ Rτ?

R
−inc({3/a, 2/b})∪

Rτ?
R
−inc({3/a, 4/c})
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in the following we define a different types of generalized rough msets and illustrate the relationships
between different types of generalized definitions of rough multi-set approximations

Definition 6.12:: Let R be any mset relation on a non-empty met M .For any submet A ⊂ M
the lower and the upper mset approximations of A are defined by R∗(A) = ∪{m/xR : m/xRqA} and

R∗(A) = (R∗(Ac))c and the m - accuracy is defined by α∗(A) =| R
∗(A)

R∗(A)
|

Definition 6.13: Let R be any met relation on a non-empty met M .For any submet A ⊂ M the
lower and the upper mset approximations of A are define as R∗∗(A) = ∪{m/xR : m/xR ⊂ A} and

R∗∗(A) = (R∗∗(Ac))c and the m - accuracy is defined by α∗∗(A) =| R
∗∗(A)

R∗∗(A)
|

in the following example we find The m-lower ,m-upper approximations and m-accuracy for some msets

Example 6.14 : LetM = {3/a, 2/b, 4/c, 5/d},R ={(3/a, 3/a)/9, (2/b, 2/b)/4, (4/c, 4/c)/16, (5/d, 5/d)/25

, (3/a/2/b)/6, (2/b, 1/c)/2, (5/d, 2/c)/10}

A R∗(A) R
∗
(A) α∗(A) BND∗

{3/a, 4/c} {2/c} {3/a, 2/b, 4/c, 5/d} 2/5 {3/a, 2/b, 2/c, 5/d}
{3/a, 2/b} {3/a} {3/a, 2/b, 1/c} 1 {2/b, 1/c}
{2/d, 4/c} φ {2/b, 4/c, 5/d} 0 {2/b, 4/c, 5/d}
{2/b, 4/c} {2/c} M 2/5 {3/a, 2/b, 2/c, 5/d}
{2/d, 3/a} φ {3/a, 2/b, , 2/c, 5/d} 0 {3/a, 2/b, 2/c, 5/d}
{2/a, 2/b, 4/c} {2/c} M 2/5 {3/a, 2/b, 2/c, 5/d}
{4/d} φ {5/d, 2/c} 0 {2/c, 5/d}
{3/a} {3/a} {3/a, 2/b} 1 {2/b}
{3/c} φ {5/d, 4/c} 0 M = {4/c, 5/d}
{2/b} φ {3/a, 2/b, 1/c} 0 M = {3/a, 2/b, 1/c}

Table(2)

A R∗∗(A) R
∗∗

(A) α∗∗(A) BND∗∗

{3/a, 4/c} {4/c} M 4/5 {3/a, 2/b, 5/d}
{3/a, 2/b} {3/a, 2/b} {3/a, 2/b} 1 φ

{2/d, 4/c} {4/c} {4/c, 5/d} 4/5 {5/d}
{2/b, 4/c} {2/b, , 4/c} M 4/5 {3/a, 5/d}
{2/d, 3/a} φ {3/a, 5/d} 0 {3/a5/d}
{2/a, 2/b, 4/c} {2/b, 4/c} M 4/5 {3/a, 5/d}
{4/d} φ {5/d} 0 {5/d}
{3/a} φ {3/a} 0 {3/a}
{3/c} φ {5/d, 4/c} 0 {4/c, 5/d}
{2/b} φ {3/a, 2/b} 0 {3/a, 2/b}
{1/b, 4/c} {4/c} M 4/5 {3/a, 2/b, 5/d},

Table(3)
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