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1 MP
M P"�2��F�E 1.1 MPM r;>OC6h (2, 2, 1, 1, 0, 0) �D>O�n 〈M, +, ∗,¬, µ, 0, 1〉. �r

〈M, +, ∗,¬, 0, 1〉 �( DeMorgan >O�X6QVW “µ” w�:�n_� ∀x, y ∈ M

(1) µ¬x = µx;

(2) µ(xy) = xµy + µxy + µxµy;

(3) µ(x + y) = µxµy + µx¬y + ¬xµy;

(4) ¬xx + µx = µx;

(5) µµx = 0;

(6) x + ¬x + µx = 1.�~j- MPM r;>OrD6�%ADf���E 1.2 TG M = {0, a, 1}, 0 ≤ a ≤ 1, ,| a = ¬a,¬0 = 1,¬1 = 0, # µa = 1, µ0 =

µ1 = 0, ℄' MPM r;>O�n 〈M, +, ∗,¬, µ, 0, 1〉 C�} MPM r;>O�n��E 1.3 U C MPM r;>O�nrD6hQV��#℄w� ¬U = U, µU = 1.

2 MP
M P"�2���AN�"aj-j MPM r;>O�nD�� p��#T�>�jd��A3�zj-D prD>OVWbhÆw MPM r;�d/W�nDu�y6;� p+)(
��' 2.1 Y MPM r;>O�n 〈M, +, ∗,¬, µ, 0, 1〉 r�E µ0 = µ1 = 0 (
�L) DQ< 1.1ReT MPM r;>OE µ0 = µ¬0 = µ1,# ∀x 6= 0, 1,E x+¬x+µx =

1, =w7; x + ¬x 6= 1, qm� µx = 1. F µµx = 0, [: µ0 = µ1 = µµx = 0.�' 2.2 T MPM r;>O�n 〈M, +, ∗,¬, µ, 0, 1〉, �lGA(
� ∀x ∈ M

(1) µx¬µx = 0;

(2) µx + ¬µx = 1;

(3) x¬x = x¬xµx;

(4) µ(n)x = 0, n > 2.L) (1) DQ< 1.1 Re x +¬x + µx = 1, T5Ah��A µ C� µ(x +¬x + µx) = µ1.� µ(x + ¬x + µx) = µxµ(¬x + µx) + µx¬(¬x + µx) + ¬xµ(¬x + µx) = µ1 = 0, [:E
µxµ(¬x + µx) = µx(µxµµx + µx¬µx + ¬µxµµx) = µxµx¬µx = µx¬µx = 0. � µx¬µx = 0.

(2) T (1) Ah�m;�A ¬ C� ¬(µx¬µx) = ¬µx + µx = ¬0 = 1. � µx + ¬µx = 1.

(3) DQ< 1.1 Re ¬xx + µx = µx, � x¬x ≤ µx (
�[: x¬x ≤ x¬xµx; F
)
x¬xµx ≤ x¬x, [: x¬x = x¬xµx.

(4) µ(n)x = µµ(µ(n−2)x) = 0.�' 2.3 T MPM r;>O�n < M, +, ∗,¬, µ, 0, 1 >, �lGA(
� ∀x, y ∈ M

(1) µxµy = µ(xy)µ(x + y);
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(2) µx + µy = µ(xy) + µ(x + y);

(3) ,| x ≤ y ≤ U �b x ≥ y ≥ U , ℄ µx ≤ µy.L) (1) µ(xy)µ(x + y) = (µxµy + µxy + xµy)(µxµy + µx¬y +¬xµy) = µxµy + µxy¬y +

x¬xµy. DQ< 1.1 Re� y¬y ≤ µy, x¬x ≤ µx, [: µxy¬y ≤ µxµy # x¬xµy ≤ µxµy. GC
µ(xy)µ(x + y) = µxµy.

(2) µ(xy) + µ(x + y) = (µxµy + µxy + xµy) + (µxµy + µx¬y +¬xµy) = µx(y +¬y + µy) +

µy(x + ¬x + µx) = µx + µy.

(3) 0 x ≤ y ≤ U ,℄E xy = x, x+y = y (
�[: µx = µ(xy) = µxy+xµy+µxµy, µy =

µ(x + y) = µx¬y + ¬xµy + µxµy. F x ≤ U , [: ¬x ≥ ¬U = U , [: ¬x ≥ x. m3D ¬y ≥ y.[: µx ≤ µy.m_R:d�A x ≥ y ≥ U ;� µx ≤ µy 5(
�
3 MP

M P"�2��M�D MPM r;>ODQ<Re� MPM r;>O�n<#5CY De Morgan >OD�05k}^&j6h>OVWb “µ”:�6��r p[)X(D�=7 MPM r;>ODGA^C De Morgan >OGA^D�^�
Kalman Yz [9] r9Cd�j De Morgan >OD8i�RS�Aw M0, M1 � M2, X

M0, M1 � M2 D Hasse q,q 1 [B�
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q 1 M0, M1, M2 D Hasse q�' 3.1 MPM r;>O�nD8i�RS�AC M0 � M1.L) 
) M0 � M1 C MPM r;>OD8i�RS�A��~4d�DC M2 �C MPM r;>OD8i�RS�A�}|m"4d� M2 �C6hMPM r;>O�R��A\d[�)8M2C6hMPM r;>O�℄TG a,}|E a = ¬a# a + ¬a + µa = 1 (
�[: a + µa = 1. =wTG M2 =E a + b = 1, q µa = b. m_TG
b, b = ¬b# b+¬b+µb = 1,� b+µb = 1,� µb = a. [: a = µb = µµa = 0, b = µa = µµb = 0,q a + b = 0, 
J M2 r a + b = 1 yV�[: M2 �R�C6h MPM r;>O��5� MPM r;>O�nD8i�RS�AC M0 � M1.

4 MP
M P"�2H-5�2<7��<

MPM r;>OCwj�G*E MPM �d/W�nD>O pX1
D>O�n�J[
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�\D�GCPu�D Boolean >O��Gr;u�Dr;>O [10] :� Kleene >O [11] G>O�ng,E~}"Df���~3a�`r MPM r;>OJ
�>O�ng,Dr���' 4.1 MPM r;>OC Kleene >O�L) 8 M = 〈M, +, ∗,¬, µ, 0, 1〉 C6h MPM r;>O�℄
) M C De Morgan >O�

∀x ∈ M , ℄ x ≤ U,¬x ≥ ¬U = U � x ≥ U,¬x ≤ ¬U = U , [: x¬x ≤ U . ∀y ∈ M , E
y ≤ U,¬y ≥ ¬U = U � y ≥ U,¬y ≤ ¬U = U , [: y +¬y ≥ U . =7 ∀x, y ∈ M, x¬x ≤ y +¬y,[: M C Kleene >O��' 4.2 0 M =< M, +, ∗,¬, µ, 0, 1 > C6h MPM r;>O�n�A#=A ∀x ∈ M ,E µx = 0 (
;� M C6h Boolean >O�L) =wMC6h MPM r;>O�q M rDQVT +, ∗VWw�5Æq�9�q�#w�K6a�q�KYa�q� 0 wmQ� 1 w�Q�,| ∀x ∈ M , µx = 0, =wMC6h MPM r;>O�E x+¬x+µx = 1, [: ∀x ∈ M ,

x +¬x = 1. F=w x¬x ≤ µx, [: x¬x = 0. � ∀x ∈ M , ¬x C��Q�q7; M C Boolean>O�\g�,| M C6h Boolean >O��z ∀x ∈ M , ¬x w��Q�q x + ¬x = 1. [:
µ(x + ¬x) = µxµ¬x + µxx + ¬xµ¬x = µx + µxx + ¬xµx = µx = µ1 = 0. � ∀x ∈ M , µx = 0.�' 4.3 0 M =< M, +, ∗,¬, µ, 0, 1 > C6h MPM r;>O�n� µM = {µxA#|x ∈

M}, ℄ 〈µM, +, ∗,¬, 0, 1〉 C6h Boolean >O�L) ∀x ∈ M , ℄ µx ∈ µM , E µx+0 = µx, 0µx = 0, µx+1 = 1, 1µx = µx # µx¬µx = 0,

µx +¬µx = 1, [: 0, 1 a�wmQ��Q� µx � ¬µx 	w�Q�DGY µM rT +, ∗ DQ<m M r63�[:Y µM rQVT +, ∗ VWw�5Æq�9�q�#w�K6a�q�KYa�q�=7 〈µM, +, ∗,¬, 0, 1〉 C Boolean >O�n��' 4.4 T MPM r;>O M, ,| µ(0) = U # µ(1) = U (
�℄ M 3|�w6hr;>O��\TGr;>O P, ,| µ(0) = 0 # µ(1) = 0 (
�℄ P 3|�w6h MPMr;>O�L) Y MPM r;>O�nM r�,|o µ(0) = U # µ(1) = U (
�℄7;Q< 1.1rDn_/j (5) :r+3(
�XTGn_ (5) 3E µµx = x +¬x (
�kIz [10] Re7; M w�r;>ODQ<�:X|�(w6hr;>O�n�m3J�Yr;>O�n P r�,|o µ(0) = 0 # µ(1) = 0 (
�℄ µµx = 0 (
�X µµx = x +¬x 3�X(
��#r;>OQ<rD�I 5 jn_+)w��kIQ< 1.1 Re�7; P w� MPM r;>ODQ<�|�(w6h MPM r;>O�n�
5 !1I

MPM r;u��d/W�nCAG2_OIWr�s%��Dv4GS�mL��zk}T MPM r;u��d/W�n>�>O*��1
j6h�D>O�n�� MPM r;>O�̀ rjMPM �nD>O p�*EjMPM r;>OD8i�RS�A��j-jMPMr;>OJ Boolean >O�r;>O:� Kleene >OG>O�ng,Dr��:��	|�D
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The Algebraic System of MP
M

CAO Ru-ming1, MAO Yu-guang1,2, CHEN Wen-bin1

(1. College of Information Science and Technology, Nanjing University of Aeronautics and Astronautics, Jiangsu
210016, China;

2. State Key Laboratory for Novel Software Technology, Nanjing University, Jiangsu 210093, China )

Abstract: MP
M is a 3-valued logic propositional calculus system which is based on the medium logic

system, and it is used to deal with the incomplete information in the database. In this paper, a new type
of algebra is introduced, which is an algebraic abstract of MP

M system just as Boolean algebra is an
algebraic abstract of two-valued propositional calculus. The main purpose of this paper is to investigate
the various properties of the new algebra.

Key words: medium logic; propositional calculus system; algebraic system; subdirectly irreducible.


