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Abstract: Gentzen deduction system for sequents is monotonic in both I'" and
A, that is, given any theories I', T, A, A’, if sequent I' = A is provable and
FCI/,ACA’"then TV = A, T = A’,TY = A’ are provable. The Gentzen
deduction system for co-sequents is nonmonotonic. In this paper, four Gentzen
deduction systems G2, GP, G¢, G4 and their dualities Ga, Gp, G, G4 will be
given which are proved to be sound and complete with respect to definitions
of the validity of sequents and co-sequents. Moreover, G#, G are monoton-
icin I and in A; and GP, G4 are monotonic in I" and nonmonotonic in A.
Dually, Ga, G¢ are nonmonotonic in I' and monotonic in A; and Gy, G4 are

nonmonotonic in both I' and A.
Keywords: Propositional logic, Gentzen deduction system, Validity, Sequent,

Co-sequents.

1. Introduction

Propositional logic [1] is basic, based on which other logics are developed. The
deduction system for propositional logic is monotonic, that is, given any theories I", T
and formula A, if A is deducible from I" and T is a subtheory of IV then A is deducible
from I too.

Nonmonotonic logics are a class of logics which deduction systems are nonmono-
tonic. Typical ones are default logic [2,3], R-calculus [4], autoepistemic logic [5],

circumscription [5], etc.
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Nonmonotonicity of a nonmonotonic logic follows from using nonmonotonic A I/ A
of a monotonic deduction A F A. We found that each nonmonotonic logic has an

occurrence of I' I/ A. For example, a formula B is deducible in default logic from a

default theory (A, ) if A is deducible from A and —B is not, that is,

At A&A W —B.

The monotonicity of I' - A implies the nonmonotonicity of At A.

As a deduction relation, I/ is contradictory to - . Correspondingly, in a Gentzen
deduction system, I' = A is contradictory to I' & A. Therefore, as a contradictory
relation I" & A, there is a nonmonotonic Gentzen deduction system Gy [6] such that
G is sound and complete, that is, for any co-sequent I' A& A, if I' A A is provable
in G then I" % A is valid; and conversely, if I' A A is valid then I" % A is provable
in Gy, where I' & A is valid if there is an assignment v such that v satisfies I' and
does not satisfy A.

The validity of a sequent I' = A is defined as follows:

Eg: T = A if for any assignment v,v = I' implies v = A, where v = T
if for every A € T',v(A) = 1; and v = A if for some B € A, v(B) = 1.

Correspondingly, a co-sequent I' A A being valid is defined as follows:

Eg, I' & A if there is an assignment v such that v =T and v }£ A,
where v |= T if for every A € T,v(A) = 1; and v = A if for every
Be Ajv(B)=0.

We consider other possible definitions of the validity and have the following three
definitions:
e A sequent I' = A is valid if for any assignment v,v = T' implies v = A, where
for every B € A,v(B) =1
v T if for every A € I',v(A) = 1; and v = A if { for some B € A,v(B) =0
for every B € A, v(B) = 0;
e A co-sequent I' — A is valid if there is an assignment v such that v T and v =
for some B € A,v(B) =0
A, where v [=I'if forevery A € I',v(A) = 1;and v |= Aif ¢ for every B € A,v(B) =1
for some B € A,v(B) = 1.
Therefore, we have sound and complete Gentzen deduction systems

G*(= G'),G", G, G, G, (= G), Gy, G, Gq,



where

definition system
Yo(VAeT(v(4A)=1)=3IBe A(v(B)=1)) | G*
Vo(VA e T(v(A) =1)=VB € A(v(B)=1)) | GP
Vo(VA eT(v(A)=1)=3IB € A(v(B)=0)) | G°
Vo(VA € T(v(A) =1) = VB € A(v(B) =0)) | GY;
and
definition system
(VA €T (v(A) =1)&VB € A(v(B) =0)) | G,
(VA eT(v(A) =1)&3IB € A(w(B) =0)) | Gy,
(VA eT(v(A) =1)&VB € A(w(B) =1)) | G
(VA eT(v(A) =1)&IB € A(w(B) =1)) | Gq.

It will be proved that

2

(1)
(2)
(3)
(4)

This paper is organized as follows: the next section gives basic definitions in
propositional logic; the third section gives Gentzen deduction system G? for tradi-
tional propositional logic and G, for nonmonotonic propositional logic; the next three
sections give Gentzen deduction systems G”/Gy,, G¢/G. and G4/Gq; and the last
section concludes the whole paper with the table of monotonicity of all the systems.

Our notation is standard, and a

references is [7].

2. The logical language of propositional logic

The logical language of propositional logic consists of the following symbols:
e propositional variables: pg, p1, ...

e logical connectives: —, A, V.

)

A string A of symbols is a formula if

A17A2 = p|_|A1|A1 AN A2|A1 V AQ,

where p is a propositional variable.

The semantics of propositional logic is given by an assignment v, a function from

propositional variables to {0,1}.

1) G*, GP, G, GY are monotonic in T;

G?, Gy, G Gq are monotonic in A;

G., Gy, G, G4 are nonmonotonic in I’

4) G,,GP, G, G4 are nonmonotonic in A.



Given an assignment v, a formula A is true in v, denoted by v = A, if

v(p)=1 if A=p

v jE Ay if A=-4,
vEA&kvE Ay, A=A NA
vEAjorvE Ay A=AV A,

where ~, &, or are symbols used in meta-language, and correspondingly, =, A,V are
the ones used in the language. Therefore, v = Ay can be represented as ~ (v = Ay).
Given two sets I', A of formulas, I' = A is called a sequent and I" — A is called a
co-sequent.
A literal [ is a propositional variable or the negation of a propositional variable.
Given a set T" of literals, I" is inconsistent, denoted by incon(T"), if there is a proposi-

tional variable p such that p, —p € T'; otherwise, I is consistent, denoted by con(T).
3. Gentzen deduction systems G?* and G,

A sequent T' = A is G*-valid, denoted by Eg= T’ = A, if for any assignment
v,v = I' implies v = A, where v |= T if for every A € T',v(A) = 1; and v = A if for
some B € A,v(B) = 1.

Proposition 3.1. Let I' and A be sets of literals. g I' = A if and only if
I'NA # () or incon(T") or incon(A).

Proof. Assume that 'NA # @ or incon(T") or incon(A). Then, for any assignment
v, if v =T then v = A.

Conversely, assume that TN A = (&con(I")&con(A). Define an assignment v such

that for any propositional variable p,

1 ifpelTor—peA
v(p) = ,
0 otherwise.

Then, v is well-defined, and v £ T = A.
U

Gentzen deduction system G?* consists of the following axioms and deduction rules:

e Axioms:

I'N A # () or incon(T") or incon(A)
I'sA ’

(As)

where A, T" are sets of literals.



e Deduction rules:

( ) F,A1:>A ( ) FjBl,A
[,——A; = A =" TI'= B, A
(AR A4 = A ( /\R)F:>B1,A = B,,A
- F,Al/\A2:>A = F:>Bl/\B2,A
L FA2=>A
(:/\2)I‘A—
1/\
iy b SR T A=A Lum _L=BLA
F,AlvA2:>A TV T = B VB, A
) =By, A
72/ I'= B, VB, A
( /\L) I''-A=ATI,-4,=A ( /\R) I'= -8By,
= T _|(A1 AN AQ) = A = ! I'= _|(Bl AN BQ),A
( /\R) F:>ﬁBQ7A
= 2 TS S(BLABy), A
( \/L) F,_|A1:>A ( v )F:>_| 1,A F:>_|BQ,A
= ! I',- A1VA2):>A = F:>_\(Bl\/BQ),A
L ,_\A2:>A
(=>_‘V2)

T, (A VAy) = A

Theorem 3.2(Soundness and completeness theorem). For any sequent I' = A,
FgaI'= Aif and only if Fg= ' = A.
O
O
Theorem 3.3(Monotonicity theorem). G?® is monotonic in both I" and A, that
is, for any formula sets I, TV, A and A/,

FCr'& b, I'= Aimply kg, IV = A
ACAN&Fg, T'= Aimply kg, I'= A,

Proof. We prove that the axiom is monotonic and each deduction rule preserves
the monotonicity.

Assume that ' N A # 0 or incon(T") or incon(A). Then, for any formula sets I
and A’ with I’ CIY and A C A/,

I N A # 0 or incon(I"”) or incon(A)
I'N A’ # ( or incon(T") or incon(A’)
"N A" # 0 or incon(I"”) or incon(A’).

To show that (= AL) preserves the monotonicity of I', assume that I', A; = A is
monotonic with respect to I'. By (= AF), from T', A; = A we infer T', 4; A Ay = A.
Then, for any IV D T, T/, A} = A; and by (o AL), from I, A; = A, infer I, AjA Ay =
A. Hence, I', A1 A Ay = A implies IV, A1 A Ay = A, that is, I, A1 A Ay = A is

monotonic with respect to I
5



To show that (= AF) preserves the nonmonotonicity of I', assume that I', A; = A
is nonmonotonic with respect to I'. By (=AL), from T, A; = A we infer T, A} A
As = A. Then, for some IV D I',T, A; = A may not imply IV, 4; = A; and by
(=AE), T, A1 A Ay = A may not imply I, A} A Ay = A, that is, ', A; A Ay = A is
nonmonotonic with respect to I'.

Similar to show that other deduction rules preserves the monotonicity and non-
monotonicity with respect to I' and A.

O

A co-sequent I — A is G,-valid, denoted by =g, ' — A, if there is an assignment
v such that v =T and v = A, where v =T if for every A € T, v(A) = 1; and v E A
if for every B € A,v(B) = 0.

Proposition 3.4. Let I'; A be sets of literals. g, I'— A if and only if TNA =
P&con(T)&con(A).

O
Gentzen deduction system G, consists of the following axioms and deduction rules:
e Axioms:
(A) I'N A = @&con(T")&con(A)
= I'— A ’
where A, T" are sets of literals.
e Deduction rules:
( L) F,A1I—>A ( ) FHBQ,A
~ I,——4; — A ~ I — —-=B;,A
( L) F,A1I—>A F,AQHA ( /\R FHBl,A
~ LA A Ay = A 71T By ABy, A
A T By, A
727 '— By ABy, A
(LVE) A — A ( R)FHBl,A '~ By, A
TV A VA A - I'— B,V By, A
( \/L) F,AQ — A
T2 AV Ay = A
( /\L) F,ﬁAli—)A ( R) FF—>_\Bl,A FF—>_\BQ,A
T D, (AL A Ay) = A - I~ —(By A By), A
( /\L) ,_\AQ — A
T2 D A(AL A Ay) = A
(V) I''-A1—A T',-A;— A =y I'— -B, A
- F, _\(Al vV Ag) — A - ! I'— _\(Bl V BQ),A
R I'— ﬁBg,A
(V')

I'— ﬁ(Bl V BQ),A

Theorem 3.5(Soundness and completeness theorem). For any co-sequent I' — A,
Fe, ' — Aif and only if g, ' — A.
O

Theorem 3.6(Monotonicity theorem). G, is nonmonotonic in both T' and A,
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that is, for any formula sets I', TV, A and A/,

I CT"& kg, I'— A may not imply kg, IV — A;
A CA&Fg, T'— A may not imply Fg, I' — A"

Proof. We prove that the axiom is nonmonotonic and each deduction rule preserves
the monotonicity.

Assume that I'N A = P&con(T")&con(A). There is a superset IV D T" such that T”
is inconsistent; and there is a superset A’ O A such that A’ is inconsistent. Hence,
G, is nonmonotonic in both I and A.

Similar to show that the deduction rules preserves the monotonicity and nonmono-
tonicity with respect to I' and A.

O

4. Gentzen deduction systems GP and G,

A sequent I' = A is GP-valid, denoted by =g» I' = A, if for any assignment
v,v = I' implies v = A, where v |= T if for every A € T',v(A) = 1; and v = A if for
every B € Ajv(B) = 1.

Proposition 4.1. Let I'/ A be sets of literals. FEgv I' = A if and only if
incon(T") or A CT.

Proof. If incon(T") or A C T then for any assignment v,v =T = A.

Conversely, assume that con(I')&A ¢ T'. Let | € A —T'. Define an assignment v

such that for any propositional variable p,

1 ifpel
vip)=< 1 ifp=-l

0 otherwise.

Then, v is well-defined, and v f= T = A.
O
Gentzen deduction system GP consists of the following axioms and deduction rules:

e Axioms:
incon(T) or ACT

I'=A ’

(A=)

where [ is a literal.



e Deduction rules:

( ) F,A1:>A ( ) FjBl,A
[,——A; = A =" TI'= B, A
(AR A4 = A ( /\R)F:>B1,A = B,,A
= FAl/\A2:>A = F:>Bl/\B2,A
L FA1=>A
(:Al)I‘A—
1/\
iy b SR T A=A Lum _L=BLA
F,AlvA2:>A TV T = B VB, A
) =By, A
72/ I'= B, VB, A
( /\L) I''-A=ATI,-4,=A ( /\R) I'= -8By,
= T _|(A1 AN AQ) = A = ! I'= _|(Bl AN BQ),A
( /\R) F:>ﬁBQ7A
= 2 TS S(BLABy), A
( \/L) F,_|A1:>A ( v )F:>_| 1,A F:>_|BQ,A
= ! I',- A1VA2):>A = F:>_\(Bl\/BQ),A
L ,_\A2:>A
(=>_‘V2)

T, (A VAy) = A

Theorem 4.2(Soundness and completeness theorem). For any sequent I' = A,
Fer I'= A if and only if Egu T = A.
U
Theorem 4.3(Monotonicity theorem). GP is monotonic in T' and nonmonotonic
in A, that is, for any formula sets I', TV, A and A/,

P CTV& e T = A imply Fa» IV = A;
A C A& Fgo I' = A may not imply & I' = A/,

O
A co-sequent T' — A is Gy,-valid, denoted by =g, T — A, if there is an assignment
v such that v E T and v = A, where v =T if for every A € T,v(A) =1; and v = A
if for some B € A, v(B) = 0.
Proposition 4.4. Let I',; A be sets of literals. =g, I' — A if and only if
con(IN&A ¢ T.
Proof. Eg, I' = Aiff g T' = A, iff =(incon(T) or A CT), iff —incon(T")&—(A C
T), iff con(I")&A Z T
O
Gentzen deduction system Gy, consists of the following axioms and deduction rules:

e Axioms:

con(T&A €T
) 7 Fox

where A, T" are sets of literals.



e Deduction rules:

( L) F,A1I—>A ( ) FHBQ,A

= I,——A; — A = [ — =B, A

( /\L) F,A1I—>A F,AQHA ( /\R) Fl—>B1,A

~ LA A Ay = A 71 T By ABy, A
AT T By, A
727 ' By ABy, A

(LVE) [, A — A LVR) I'— B,A T's By, A

—rl F,Al\/AQ’—)A = F'—)Bl\/BQ,A

( \/L) F,AQHA

T2 AV Ay A

( /\L) F,_\A1I—>A ( /\R) Fl—>_\Bl,A Fl—>_\BQ,A

~ ! F,_\ Al/\A2)0—>A - P’—>_|(B1/\B2),A

L ,ﬁAQHA
(=AY

) F,_\(Al /\AQ) — A

( _|\/L) F,_\Ali—)A F7_|A2'—>A ( _‘\/R) F’—)"BhA
= F, _‘(Al \ AQ) —~ A - ! I'— _‘(Bl vV BQ),A
(V) o

T~ ~(B,V By),A

Theorem 4.5(Soundness and completeness theorem). For any co-sequent I' — A
Fg, I'— Aif and only if g, T'— A.
U
Theorem 4.6(Monotonicity theorem). GP is nonmonotonic in I' and monotonic
in A, that is, for any formula sets I', TV, A and A/,

I CI'&tg, I' = A may not imply Fg, IV — A;
ACA&Fg, T'— Aimply Fg, T'— A

5. Gentzen deduction systems G° and G,

A sequent T' = A is G¢-valid, denoted by g I' = A, if for any assignment
v,v |=I' implies v = A, where v |= I' if for every A € I',v(A) = 1; and v = A if for
some B € A,v(B) = 0.

Proposition 5.1. Let I' and A be sets of literals. =ge I' = A if and only if
incon(T') or ' N =A # 0 or incon(—A), where A = {~l : 1 € A}.

O

Gentzen deduction system G° consists of the following axioms and deduction rules:

e Axioms:
incon(I") or I' N —=A # ) or incon(—A)

(A=) Ir=A ’

where A, T" are sets of literals.




e Deduction rules:

F_\A1:>A F_‘A2jA F:>_\Bl,A F:>_\BQ,A

( L) F,A1:>A ( ) FjBl,A
= I,-—A4; = A = I = B, A
( /\L) f,A1=>A ( /\R) F=>B1,
TV A ANA = A 1T = By ABy, A
(onp) B2l oty LBl
=72 FA1/\ I' = By A By, A
iy b ﬁrA2:>A (ym D= BLA = By, A
= FA1VA2:>A = F:>Bl\/B2,A
(

L
=N ) (Al /\AQ) = A (:>_‘/\ ) I'= - Bl/\BQ),A
( ﬁ\/L) FﬁA1:>A (—VE) I'= -
= _\Al\/AQ):}A = ! F:>_\(Bl\/B2),A
(:>_‘\/%) A= 4 (é_‘\/g) L= 202

T _‘(Al \% Ag) = A I'= _‘(Bl V BQ),A

Theorem 5.2(Soundness and completeness theorem). For any sequent I' = A,
Fge I'= Aiff ):GcF:>A.

O
Theorem 5.3(Monotonicity theorem). G€¢ is monotonic in I" and A, that is, for

any formula sets I', TV, A and A/,

FPCr&tg, I'—= Aimply Fg, IV — A
ACA&Fg, T'— Aimply Fg, I'— A"

d
A co-sequent I' — A is G¢-valid, denoted by =g, T' — A, if there is an assignment
v such that v =T and v = A, where v =T if for every A € T',v(A) = 1; and v E A
if for every B € A,v(B) = 1.
Proposition 5.4. Let I',; A be sets of literals. g, T — A if and only if
con(I)&I' N —=A = P&con(—A).
U
Gentzen deduction system G, consists of the following axioms and deduction rules:

Axi :
e Axioms con(T) &I N =A = (&con(—A)

(A) r— A ’

where A, T" are sets of literals.

10



e Deduction rules:

( L) F,A1I—>A ( ) FHBQ,A

= I,——A; — A = [ — B, A

(LAD) [LA = A T, 4, A (LAR) I'— B,A T'— By, A

~ F,Al/\AQ'—)A = F'—>Bl/\B2,A

( \/L) F,A1I—>A ( \/R) Fl—>B1,

=L F’%lXAQ’ZA =L F?Blé/B&;A

L y Ag > R — Do,

(’_)\/2) F,Alr\/ Azl’—) AA (H\/Q) F’_>€1\/Bé’ AA

(o) T (o) o
F,_\Al/\AQ)HA F'—)"(Bl/\BQ),A

( ﬁ/\L) ,ﬁAQHA ( ﬁ/\R) FP—)ﬁB%A

- 2 F,_\(Al/\AQ)HA - 2 FHﬁBl/\Bg),A
F,_\Ali—)A F7_|A2'—>A I'i—» = 1,A F'_>_‘BQ,A

(H_‘\/L) (s R)

F, _‘(Al V AQ) — A I'— _‘(Bl \Y BQ),A

Theorem 5.5(Soundness and completeness theorem). For any co-sequent I' — A
}—GCF'—)AiﬁQ ):GCF'—)A.

O
Theorem 5.6(Monotonicity theorem). G is nonmonotonic in I" and A, that is,
for any formula sets I', TV, A and A’,

FPCr’&tg, I'—= Aimply Fg, IV — A
ACA&Fg, T'— Aimply Fg, I'— A"

6. Gentzen deduction systems G¢ and G4

A sequent I' = A is G%-valid, denoted by FEga I' = A, if for any assignment
v,v | T implies v = A, where v |= T if for every A € T v(A) = 1; and v = A if for
every B € Ajv(B) =0.

Proposition 6.1.
incon(T") or —A C T

Let ', A be sets of literals. FEga I' = A if and only if
O
Gentzen deduction system G¢ consists of the following axioms and deduction rules:

e Axioms:
incon(T") or ~A CT

I'=A ’

(As)

where [ is a literal.
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e Deduction rules:

L F,A1:>A FjBl,A
(== )FﬂﬁA1:>A (== )F:>ﬂﬂB1,A
by DAL= A L= BLA
o 1)F,A1/\A2:>A & 1)1“:>Bl/\B,A
(LAL L4, = A (LAD) I = By, A
=/\2 T A A A . A T . D A D A
FA ANA I'= B AB
iy b A ﬁrA2:>A ( V)F=>B1,A QI%:>BQ,A
= FA1VA2:>A = F:>Bl\/B2,A
( /\L)F_\A1:>A F_‘A2jA ( A )F:>_\Bl,A F:>_\BQ,A
= (Al/\AQ):>A = P:>_|B1/\B2),A
( \/L) FﬁA1:>A (—VE) I'= -
= - A1 \/AQ) = A = I'=> _\(Bl \/BQ),A
( \/L) _|A2:>A ( \/R) F:>_|B27A
="V2 ="V2

T _‘(Al \% Ag) = A I'= _‘(Bl V BQ),A

Theorem 6.2(Soundness and completeness theorem). For any sequent I' = A,
|—GL1FZ>Aiff #GdF:>A.

O
Theorem 6.3(Monotonicity theorem). G¢ is monotonic in I' and nonmonotonic
in A, that is, for any formula sets I', TV, A and A/,

FCT'&bFg, I'= Aimply bg, I" = A;
A CA&Fg, T = A may not imply Fg, I' = A’.

O
A co-sequent " — A is Gg-valid, denoted by =g, T — A, if there is an assignment
v such that v =T and v = A, where v =T if for every A € T',v(A) = 1; and v E A
if for some B € A,v(B) = 1.
Proposition 6.4. Let I'; A be sets of literals. g, I' — A if and only if
con(IN&-A Z T
O
Gentzen deduction system Gy consists of the following axioms and deduction rules:

e Axioms:
con(l&-A ¢ZT

(A) r— A ’

where A, T" are sets of literals.
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e Deduction rules:

F,Al — A

F,“"Al — A
F,Al — A F,AQHA

~AL)

F,Al/\AQ'_}A
F,Al — A

F,Al\/Agi—)A
,A2|—>A

F,Al \/Agi—)A
F,_\A1I—>A

F,_\ Al/\AQ)HA
,ﬁAQHA

) F,_\(Al /\Ag) — A
(H_‘VL)

~V3)

(
(
(=VT)
(
(

(Hﬁ/\é

F,_\Ali—)A F7_|A2'—>A

F, _‘(Al V AQ) —~ A

R FHBQ,A
(=)

F'—)"“Bl A
R)F»—>B1,A '~ By, A
F'—)Bl/\BQ,A

F'—)Bl,A
T BV Bo, A
I'= By, A
F’—)Bl\/BQ,A
F’—>_\Bl7A
I'— _|(Bl AN BQ),A
F’—>ﬁ327A
Fl—>_\Bl/\B2),A
R) I'i— = 1,A F’_>_‘BQ,A
I'— _‘(Bl \Y BQ),A

(s

(Vi)
(= VE)

('—>_‘/\{%)

(Hﬁ/\g)

(o

Theorem 6.5(Soundness and completeness theorem). For any co-sequent I' — A

FGdFF—)Aiﬁ‘ ):GdFF—)A.

O

Theorem 6.6(Monotonicity theorem). GY is nonmonotonic in both I' and A,
that is, for any formula sets I', TV, A and A’,

FCIlV&bg, I'—= Admply Fg, IV = A
ACA&Fg, T'— Aimply g, T'— A

7. Conclusions

In this paper we proved that G*, G, G¢, G4, G,, Gy, G, G4 are sound and com-
plete, and their monotonicity given in the following table:

system | precondition mono in I'  mono in A
G2 I'N A # 0 or incon(T") or incon(A) Y Y
G, I'Nn A = 0&con(I')&con(A) N N
GP A CT or incon(T) Y N
Gy, A g T'&con(T") N Y
Ge I'Nn—=A # 0§ or incon(T") or incon(—A) Y Y
G, I'n—-A = §&con(I")&con(—A) N N
Gd —A CT or incon(T") Y N
Gya -A ¢ T'&con(T) 13 N Y




where =A = {-A: A € A}. Hence, ~A is consistent if and only if A is consistent.

References:

[1] Takeuti G. Proof Theory [M]. Dove Books on Mathematics, 1977.
[2] Reiter R. A logic for default reasoning [J]. Artificial Intelligence, 1980, 13: 81-132.

[3] Antoniou G. A tutorial on default logics [J]. ACM Computing Surveys, 1999, 31(4):337-
359.

[4] Li W. R-calculus: an inference system for belief revision [J]. The Computer Journal,
2007, 50:378-390.

[5] Ginsberg M L(ed.). Readings in Nonmonotonic Reasoning [M]. San Francisco: Morgan
Kaufmann, 1987.

[6] Cao C, Sui Y, Wang Y. The nonmonotonic propositional logics [J]. Artificial Intelligence
Research, 2016, 5:111-120.

[7] Li W. Mathematical Logic, Foundations for Information Science [M]. Progress in Com-

puter Science and Applied Logic, vol.25, Birkh&user, 2010.

14



