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Introduction
In natural language, there are various kinds of syllogisms, such 
as Aristotelian syllogisms, Aristotelian modal syllogisms, and 
generalized syllogisms [1-6]. Therefore, syllogistic is one of 
the important forms of reasoning in human thinking and natural 
language [7]. This paper focuses on Aristotelian modal syllogisms. 
In Organon, Aristotle studied Aristotelian modal syllogisms, 
many scholars have also studied them since the Middle Ages. 
For example, the L-X-M calculus given by McCall is a formal 
system to judge whether apodeictic syllogisms is valid or invalid 
[8]. Johnson tried to reconstruct modal syllogistic after finding that 
some previous research results were inconsistent [9]. Smith even 
considered that Aristotelian modal syllogistic itself is inconsistent 
[10]. Thomson also failed to provide a consistent explanation for 
Aristotelian modal syllogistic. Johnson and Malink provided anti-
models for some invalid Aristotelian modal syllogisms [11-14]. 
Xiaojun conducted a formal study of Aristotelian modal syllogisms 
from the perspective of modern logic [15-16]. 

Although many scholars have studied Aristotelian modal 
syllogisms, the prevailing view is that existing studies cannot 
give consistent explanations for Aristotelian modal syllogistic, 
and cannot guarantee the consistency of their results. Malink 
believed that the reason why previous studies cannot give 
consistent explanations for Aristotelian modal syllogistic is that 
modern modal logic and set theory are not properly applied to 

the syllogistic [17].

In the light of the generalized quantifier theory, modern modal logic 
and set theory, this paper tries to provide a consistent explanation 
for Aristotelian modal syllogistic. Specifically, this paper proves 
the validity of the modal syllogism ◊I�A◊I-3 on the basis of the 
definitions of truth value of (modal) categorical propositions, 
and then derives the other 47 valid modal syllogisms from the 
syllogism ◊I�A◊I-3 in line with some facts and inference rules.

Preliminaries
Aristotelian syllogisms characterize the semantic and inferential 
properties of the following four Aristotelian quantifiers: all, 
no, some and not all, which are type <1, 1> quantifiers [18]. 
The proposition containing a type <1, 1> quantifier Q can be 
formalized into a tripartite structure like Q(S, P) [19]. In this 
paper, S, M and P refer to the set of objects represented by the 
lexical variables of categorical propositions; p, q, r and s are 
propositional variables. And the symbol =def indicates that the left 
can be defined by the right.

Aristotelian syllogisms contain the following four propositions 
that can be formalized as follows: The proposition ‘all S is P’ is 
denoted by as all(S, P). The proposition ‘all S is not P’ is equivalent 
to ‘no S is P’ and denoted by no(S, P). The proposition ‘some S 
is P’ is denoted by some(S, P). The proposition ‘some S is not 
P’ is equivalent to ‘not all S is P’ and denoted by not all(S, P). 
The above four propositions are respectively referred to as the 
proposition A, E, I and O [20]. 
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An Aristotelian modal syllogism can be obtained by adding a 
possible modality ◊ or/and necessary modality � to an Aristotelian 
syllogism. The definition of the figures of Aristotelian modal 
syllogisms are similar to that of Aristotelian syllogisms [21]. 
One can interpret an Aristotelian modal syllogism such as the 
following example:
Major premise: Some birds are possibly swallows.  
Minor premise: All birds are necessarily animals.
Conclusion: Some animals are possibly swallows.

Let S represent the set composed of all animals in the domain, 
M the set composed of all birds in the domain, and P the set 
composed of all swallows in the domain. Therefore, the major 
premise is denoted by ◊some(M, P), the minor premise by �all(M, 
S), and the conclusion by �some(S, P). Similar to the Aristotelian 
syllogisms, the Aristotelian modal syllogisms can be viewed as 
the conjunction of two premises implies the conclusion. The 
conjunction symbol is denoted by ‘˄’ and the implication symbol 
is denoted by ‘→’. This modal syllogism in the example can 
be formalized as ◊some(M, P)˄�all(M, S)→◊some(S, P). The 
middle term of the syllogism is the subject of the major and minor 
premises, so the modal syllogism is the third figure, thus it can be 
abbreviated as ◊I�A◊I-3. Other syllogisms are similar.

Definition 1 (truth value definition of Aristotelian quantifiers):
(1) all(S, P) =def S⊆P;            (2) some(S, P) =def S∩P≠Ø;
(3) no(S, P) =def S∩P=Ø;         (4) not all(S, P) =def S⊈P. 
Definition 2 (truth value definition of modal propositions):
(1) �p is true, if and only if p is true in any possible world ɷ;
(2) ◊p is true, if and only if there is at least one possible world 
ɷin which p is true.

According to modal logic and generalized quantifier theory, the 
following facts hold [22-23]:
Fact 1 (a necessary proposition implies an assertoric proposition):
(1) �all(S, P)⇒all(S, P), abbreviated as: �A⇒A;
(2) �some(S, P)⇒some(S, P), abbreviated as: �I⇒I;
(3) �no(S, P)⇒no(S, P), abbreviated as: �E⇒E;
(4) �not all(S, P)Þnot all(S, P), abbreviated as: �O⇒O.
Fact 2 (a universal proposition implies a particular proposition):
(1) all(S, P)⇒some(S, P), abbreviated as: A⇒I;
(2) no(S, P)⇒not all(S, P), abbreviated as: E⇒O;
(3) �all(S, P)⇒�some(S, P), abbreviated as: �A⇒�I;
(4) �no(S, P)⇒�not all(S, P), abbreviated as: �E⇒�O;
(5) ◊all(S, P)⇒◊some(S, P), abbreviated as: ◊A⇒◊I;
(6) ◊no(S, P)⇒◊not all(S, P), abbreviated as: ◊E⇒◊O.
Fact 3 (symmetry of some and no):
(1) some(S, P)⇔some(P, S);         (2) �some(S, P)⇔�some(P, S);
(3) ◊some(S, P)⇔◊some(P, S);      (4) no(S, P)⇔no(P, S);
(5) �no(S, P)⇔�no(P, S);          (6) ◊no(S, P)⇔◊no(P, S).

In the following, D stands for the domain of lexical variables, Q 
for any of the four Aristotelian quantifiers (that is, all, some, no 
and not all), ¬Q and Q¬ for the outer and inner negation of the 
quantifier Q, respectively. 

Definition 3 (inner negation): Q¬(S, P) =def Q(S, D-P).
Definition 4 (outer negation): ¬Q(S, P) =def It is not that Q(S, P).
The following facts hold in line with Definition 3 and Definition 4:
Fact 4 (inner negation for Aristotelian quantifiers)
(1) all(S, P)=no¬(S, P);           (2) no(S, P)=all¬(S, P);
(3) some(S, P)=not all¬(S, P);      (4) not all(S, P)=some¬(S, P).
Fact 5 (outer negation for Aristotelian quantifiers):
(1) ¬not all(S, P)=all(S, P);       (2) ¬all(S, P)=not all(S, P);

(3) ¬no(S, P)=some(S, P);        (4) ¬some(S, P)=no(S, P).
Let Q(S, P) is a categorical proposition, it can be seen that ◊Q(S, 
P)=def ¬�¬Q(S, P) and �Q(S, P)=def ¬◊¬Q(S, P) in line with modal 
logic. Thus the following Fact 6 can be obtained:
Fact 6: (1) ¬�Q(S, P)=◊¬Q(S, P);    (2) ¬◊Q(S, P)=�¬Q(S, P).

Aristotelian modal syllogistic is an extension of classical 
propositional logic, so the following rules in propositional logic 
can also be applied to Aristotelian modal syllogistic.
(1) Rule 1 (subsequent weakening): If ⊢(p˄q→r) and ⊢(r→s), 
then ⊢(p˄q→s).
(2) Rule 2 (anti-syllogism): If ⊢(p˄q→r), then ⊢(¬r˄p→¬q) or 
⊢(¬r˄q→¬p).

The other 47 Modal Syllogisms Derived from ◊I�A◊I-3
According to the following Theorem 1, the modal syllogism 
◊I�A◊I-3 is valid. Therefore, the following syllogisms derived 
from this syllogism are valid. In the following Theorem 2, ◊I�A◊I-
3⇒◊I�A◊I-4 means that the modal syllogism ◊I�A◊I-4 can be 
deduced from the modal syllogism ◊I�A◊I-3.

Theorem 1 (◊I�A◊I-3): ◊some(M, P)˄�all(M, S)→◊some(S, P) 
is valid.
Proof: ◊I�A◊I-3 is the abbreviation of the modal syllogism 
◊some(M, P)˄�all(M, S)→◊some(S, P). Suppose that ◊some(M, 
P) and �all(M, S) are true, then some(M, P) is true in at least 
one possible world and all(M, S) is true at any possible world in 
terms of the clause (2) and (1) in Definition 2, respectively. Thus 
M∩P≠Ø is true in at least one possible world and M⊆S is true at 
any possible world by means of the clause (2) and (1) in Definition 
1, respectively. Now it follows that S∩P≠Ø is true in at least one 
possible world. Hence some(S, P) in at least one possible world 
according to the clause (2) in Definition 1. Thus ◊some(S, P) is 
true in line with the clause (2) in Definition 2. This proves that 
the syllogism ◊some(M, P)˄�all(M, S)→ ◊some(S, P) is valid, 
just as desired.

Theorem 2: The following valid modal syllogisms can be deduced 
from ◊I�A◊I-3:
(2.1) ◊I�A◊I-3⇒�E◊I◊O-2
(2.2) ◊I�A◊I-3⇒�E�A�E-1
Proof: For (2.1). In line with Theorem 1, it follows that ◊I�A◊I-3 is 
valid, and its expansion is that ◊some(M, P)˄�all(M, S)→◊some(S, 
P). According to Rule 2, it can be seen that ¬◊some(S, P)˄◊some(M, 
P)→�◊all(M, S). In the light of the clause (1) and (2) in Fact 6, it 
follows that �¬some(S, P)˄◊some(M, P)→◊¬all(M, S). With the 
help of the clause (2) and (4) in Fact 5, i.e., ¬some(S, P)=no(S, 
P) and ¬all(M, S)=not all(M, S), one can deduce that �no(S, 
P)˄◊some(M, P)→◊not all(M, S). Therefore, �E◊I◊O-2 can be 
derived from ◊I�A◊I-3, just as required. (2.2) can be similarly 
proved on the basis of the above facts and rules.

Theorem 3: The following valid modal syllogisms can be deduced 
from ◊I�A◊I-3:
(3.1) ◊I�A◊I-3⇒◊I�A◊I-4
(3.2) ◊I�A◊I-3⇒�I◊A◊I-3
(3.3) ◊I�A◊I-3⇒�I◊A◊I-1
(3.4) ◊I�A◊I-3⇒�E◊I◊O-2⇒�E◊I◊O-4
(3.5) ◊I�A◊I-3⇒�E◊I◊O-2⇒�E◊I◊O-1
(3.6) ◊I�A◊I-3⇒�E◊I◊O-2⇒�E◊I◊O-3
(3.7) ◊I�A◊I-3⇒�E�A�E-1⇒�E�A�E-2
(3.8) ◊I�A◊I-3⇒�E�A�E-1⇒�A�E�E-4
(3.9) ◊I�A◊I-3⇒�E�A�E-1⇒�A�E�E-2
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Proof: For (3.1). As pointed out earlier, ◊I�A◊I-3 is valid, which 
is the abbreviation of the modal syllogism◊some(M, P)˄�all(M, 
S)→◊some(S, P). According to clause (3) in Fact 3: ◊some(M, 
P)↔◊some(P, M). Hence, it follows that ◊some(P, M)˄�all(M, 
S)→◊some(S, P). That is to say that◊I�A◊I-4 can be derived from 
◊I�A◊I-3, the proof of (3.1) has been completed. The remaining 
syllogisms can be similarly inferred from ◊I�A◊I-3.

Theorem 4: The following valid modal syllogisms can be deduced 
from ◊I�A◊I-3:
(4.1) ◊I�A◊I-3⇒�E�A�E-1⇒�E�A�E-2⇒�E�AE-2
(4.2) ◊I�A◊I-3⇒�E�A�E-1⇒�E�A�E-4⇒�A�EE-4
(4.3) ◊I�A◊I-3⇒�E�A�E-1⇒�A�E�E-2⇒�A�EE-2
(4.4) ◊I�A◊I-3⇒�E�A�E-1⇒�E�AE-1
Proof: For (4.1). According to (3.7) ◊I�A◊I-3⇒�E�A�E-
1⇒�E�A�E-2, it follows that �E�A�E-2 is valid, and its 
expansion is that �no(P, M)˄�all(S, M)→�no(S, P). According 
to clause (3) in Fact 1: �no(S, P)⇒no(S, P). Then it follows that 
�no(P, M)˄ all(S, M)→no(S, P) from �E�A�E-2 on the basis of 
Rule 1. In other words, the modal syllogism �E�AE-2 is valid, 
as required. Others can be similarly proved.

Theorem 5: The following valid modal syllogisms can be deduced 
from ◊I�A◊I-3:
(5.1) ◊I�A◊I-3⇒�E�A�E-1⇒�E�A�O-1
(5.2) ◊I�A◊I-3⇒�E�A�E-1⇒�E�AE-1⇒�E�AO-1
(5.3) ◊I�A◊I-3⇒�E�A�E-1⇒�E�A�E-2⇒�E�A�O-2
(5.4) ◊I�A◊I-3⇒�E�A�E-1⇒�A�E�E-4⇒�A�E�O-4
(5.5) ◊I�A◊I-3⇒�E�A�E-1⇒�A�E�E-2⇒�A�E�O-2
(5.6) ◊I�A◊I-3⇒�E�A�E-1⇒�E�A�E-2⇒�E�AE-
2⇒�E�AO-2
(5.7) ◊I�A◊I-3⇒�E�A�E-1⇒�A�E�E-4⇒�A�EE-
4⇒�A�EO-4
(5.8) ◊I�A◊I-3⇒�E�A�E-1⇒�A�E�-2⇒�A�EE-
2⇒�A�EO-2
Proof: For (5.1). In terms of (2.2) ◊I�A◊I-3⇒�E�A�E-1, it 
can be seen that �E�A�E-1 is valid. With the help of clause 
(2) in Fact 2, it follows that E⇒O, so �E�A�O-1 is valid. In 
other words, �E�A�O-1 can be derived from ◊I�A◊I-3, as 
required. All of the other syllogisms can be similarly deduced 
from ◊I�A◊I-3 by means of the above theorems, facts and rules.

Theorem 6: The following valid modal syllogisms can be deduced 
from ◊I�A◊I-3:
(6.1)◊I�A◊I-3⇒�E◊A◊O-2⇒�E◊I◊O-1⇒�A◊I◊I-1
(6.2) ◊I�A◊I-3⇒�E◊A◊O-2⇒�E◊I◊O-3⇒�A◊I◊I-3
(6.3) ◊I�A◊I-3⇒◊I�A◊O-3
Proof: For (6.1). With the help of (3.5) ◊I�A◊I-3⇒�E◊I◊O-
2⇒�E◊I◊O-1, it follows that �E◊I◊O-1 is valid, and its expansion 
is that �no(M, P)˄◊some(S, M)→◊ not all(S, P). According to 
the clause (2) and (4) in Fact 4, no(M, P)=all¬(M, P), and not 
all(S, P)=some¬(S, P), it follows that �all¬(M, P)˄◊some(S, 
M)→◊some ¬(S, P) from ◊I�A◊I-3. According to Definition 3, 
all¬(M, P)=all(M, D-P), some¬(S, P)=some(S, D-P). Therefore, 
one can derive that �all(M, D-P)˄◊some(S, M)→◊some(S, D-P). 
In other words, the syllogism �I◊A◊I-1 can be derived from 
◊I�A◊I-3, just as desired. Similarly, (6.2) and (6.3) can be proved.

Theorem 7: The following valid modal syllogisms can be deduced 
from ◊I�A◊I-3:
(7.1) ◊I�A◊I-3⇒�E�A�E-1⇒�E�A�E-2⇒�E�A�O-2⇒ 
�A◊A◊I-3
(7.2)◊I�A◊I-3⇒�E�A�E-1⇒�E�A�E-2⇒�E�AE-
2⇒�E�AO-2 �AA◊I-3

(7.3) ◊I�A◊I-3⇒�E�A�E-1⇒�E�AE-1⇒�EI◊O-2
(7.4) ◊I�A◊I-3⇒�E�A�E-1⇒�E�AE-1⇒I�A◊I-3
(7.5) ◊I�A◊I-3⇒◊O�A◊O-3⇒�A◊O◊O-2
(7.6) ◊I�A◊I-3⇒◊O�A◊O-3⇒�A�A�A-1
Proof: For (7.1). According to (5.3) ◊I�A◊I-3⇒�E�A�E-
1⇒�E�A�E-2⇒�E�A�O-2, it follows that �E�A�O-2 is 
valid, and its expansion is that �no(P, M)˄�all(S, M)→�not 
all(S, P). According to Rule 2, it can be seen that ¬�not all(S, 
P)˄�all(S, M)→ ¬�no(P, M). In the light of the clause (1) and (2) 
in Fact 6, it follows that ¬�not all(S, P)˄� all(S, M)→ ◊¬no(P, 
M). With the help of the clause (1) and (3) in Fact 5, i.e., ¬not 
all(S, P)=all(S, P) and ¬no(P, M)=some(P, M), one can deduce 
that �all(S, M)˄◊all(S, P) →◊some(P, M). Therefore,�A◊A◊I-3 
can be derived from ◊I�A◊I-3. Others can be similarly proved.

Theorem 8: The following valid modal syllogisms can be deduced 
from ◊I�A◊I-3:
(8.1) ◊I�A◊I-3⇒�E�A�E-1⇒�E�A�E-2⇒�E�A�O-
2⇒�A�A�I-3⇒ �A�A�I-3
(8.2) ◊I�A◊I-3⇒�E�A�E-1⇒�E�AE-1⇒I�A◊I-3⇒A◊I-4
(8.3) ◊I�A◊I-3⇒�E�A�E-1⇒�E�AE-1⇒I�A◊I-3⇒A◊I-
4⇒A◊I-4
(8.4)◊I�A◊I-3⇒�E�A�E-1⇒�E�AE-1⇒I�A◊I-3⇒A◊I-
4⇒A◊I-4⇒�AI◊I-1
(8.5) ◊I�A◊I-3⇒�E�A�E-1⇒�E�AE-1⇒I�A�I-3⇒�AI◊I-3
(8.6) ◊I�A◊I-3⇒�E�A�E-1⇒�E�AE-1⇒I�A◊I-3⇒O�A◊O-3
Proof: For (8.1). In terms of (7.1) ◊I�A◊I-3⇒�E�A�E-
1⇒�E�A�E-2⇒�E�A�O-2⇒�A◊A◊I-3, one can obtain that 
�A◊A◊I-3 is valid, and its expansion is that �all(M, P)˄ �all(M, 
S)→◊some(S, P). In the light of the clause (3) in Fact 3, it follows 
that ◊some(S, P)↔ ◊some(P, S). Therefore, it is easily seen that 
◊all(M, S)˄�all(M, P)→◊some(P, S). That is, ◊A�A◊I-3 can be 
derived from ◊I�A◊I-3, the proof of (8.1) has been completed. 
The others can be similarly followed from ◊I�A◊I-3.

Theorem 9: The following valid modal syllogisms can be deduced 
from ◊I�A◊I-3:
(9.1) ◊I�A◊I-3⇒◊O�A◊O-3⇒�A�A�A-1⇒�A�AA-1
(9.2)◊I�A◊I-3⇒◊O�A◊O-3⇒�A�A�A-1⇒�A�A�I-
1⇒�A�A�I-4⇒ �A�AI-4
Proof: For (9.1). According to (7.6) ◊I�A◊I-3⇒◊O�A◊O-
3⇒�A�A�A-1, it follows that �A�A�A-1 is valid. According 
to clause (1) in Fact 1, it is easily seen that �A⇒A, so �A�AA-1 
is valid. In other words, it can be derived from ◊I�A◊I-3, just as 
desired. (9.2) can be similarly proved.

Theorem 10: The following valid modal syllogisms can be deduced 
from ◊I�A◊I-3:
(10.1)◊I�A◊I-3⇒◊O�A◊O-3⇒�A�A�A-1⇒�A�A�I-1
(10.2) ◊I�A◊I-3Þ◊O�A◊O-3⇒�A�A�A-1⇒�A�AA-
1⇒�A�AI-1
Proof: For (10.1). With the help of (7.6) ◊I�A◊I-3⇒◊O�A◊O-
3⇒�A�A�A-1, it can be seen that �A�A�A-1 is valid. With 
the help of clause (1) in Fact 2, it follows that A⇒I, so �A�A�I-1 
is valid. That is to say that �A�A�I-1 can be derived from 
�I�A�I-3, as required. On the basis of the above theorems, 
facts and rules, (10.2) can be similarly deduced from �I�A�I-3.

Theorem 11: The following valid modal syllogisms can be deduced 
from ◊I�A◊I-3:
(11.1) ◊I�A◊I-3⇒◊O�A◊O-3⇒�A�A�A-1⇒�A�A�I-
1⇒�A�A�I-4
(11.2)◊I�A◊I-3⇒◊O�A◊O-3⇒�A�A�A-1⇒�A�A�I-
1⇒◊E�A◊O-3Þ ◊E�A◊O-4
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(11.3)◊I�A◊I-3⇒◊O�A◊O-3⇒�A�A�A-1⇒�A�AA-
1⇒�A�AI-1⇒ E�A◊O-3⇒E�A◊O-4
Proof: For (11.1). According to (10.1) ◊I�A◊I-3⇒◊O�A◊O-
3⇒�A�A�A-1⇒ �A�A�I-1, �A�A�I-1 is valid, which is 
the abbreviation of the modal syllogism �all(M, P) ˄£all(S, 
M)→◊some(S, P). In the light of the clause (2) in Fact 3, it follows 
that �some(S, P)↔ £some(P, S). Therefore, it is easily seen that 
�all(S, M)˄�all(M, P)→� some (P, S). That is, �A�A�I-4 can 
be derived from ◊I�A◊I-3, the proof of (12.1) has been completed. 
The others can be similarly followed from ◊I�A◊I-3.

Theorem 12: The following valid modal syllogisms can be deduced 
from ◊I�A◊I-3:
(12.1) ◊I�A◊I-3⇒◊O�A◊O-3⇒�A�A�A-1⇒�A�A�I-
1⇒◊E�A◊O-3
(12.2)◊I�A◊I-3⇒◊O�A◊O-3⇒�A�A�A-1⇒�A�AA-
1⇒�A�AI-1⇒E�A◊O-3
Proof: For (7.1). In the light of (10.1) ◊I�A◊I-3⇒◊O�A◊O-
3⇒�A�A�A-1⇒ �A�A�I-1, it follows that �A�A�I-1 is 
valid, and its expansion is that �all(M, P)˄�all(S, M)→�some(S, 
P). According to Rule 2, it can be seen that ¬�some(S, P)˄�all(S, 
M)→¬�all(M, P). In line with the clause (1) and (2) in Fact 6, 
it follows that ◊¬some(S, P)˄�all(S, M)→◊¬all(M, P). With the 
help of the clause (4) and (2) in Fact 5, i.e., ¬some(S, P)=no(S, 
P) and ¬all(M, P)=not all(M, P), one can deduce that ◊ no(S, 
P)˄�all(S, M)→◊ not all(M, P). Therefore, ◊E�A◊O-3 can be 
derived from ◊I�A◊I-3. (12.2) can be similarly proved on the 
basis of the above theorems, facts and rules.

Conclusion
In order to provide a consistent explanation for Aristotelian modal 
syllogistic, this paper reveals the reductions between the modal 
syllogism ◊I�A◊I-3 and the other valid modal syllogisms on the 
basis of generalized quantifier theory, modern modal logic and 
set theory. Specifically, this paper proves the validity of the modal 
syllogism ◊I�A◊I-3 in the light of the definitions of truth value of 
modal categorical propositions, and then derives the other 47 valid 
modal syllogisms from the syllogism in line with some facts and 
inference rules. The reason why these syllogisms are reducible is 
that: (1) any of Aristotelian quantifier can be defined by the  other 
three Aristotelian quantifiers; (2) the Aristotelian quantifiers some 
and no have symmetry; (3) the possible modality ◊ and necessary 
modality � can be mutually defined.

From the perspective of mathematical structuralism, holism 
and system optimization, this paper  gives a formal study of 
Aristotelian modal syllogistic, which not only conforms to the 
needs of formalization transformation of various information 
in the era of artificial intelligence, but also provides a unified 
mathematical research paradigm for other kinds of syllogisms, 
such as generalized syllogisms, relational syllogisms, generalized 
modal syllogisms, syllogisms with verbs, syllogisms with 
adectives, and syllogisms with Boolean operations, and so on. 
As for future research, we can consider how to use the research 
methods of this paper to formally study other kinds of syllogisms, 
such as generalized syllogisms and generalized modal syllogisms?.

Acknowledgements 
This work was supported by Science and Technology Philosophy 
and Logic Teaching Team Project of Anhui University under Grant 
No. 2022xjzlgc071.

References
1.	 Patzig G (1969) Aristotle's Theory of the Syllogism, D Reidel, 

Dordrecht.
2.	 Xiaojun Z, Sheng L (2016) Research on the formalization and 

axiomatization of traditional syllogisms. Journal of Hubei 
University (Philosophy and Social Sciences) 6: 32-37. 

3.	 Beihai Z, Qiang W, Zhi Z (2018) Aristotle’s division lattice 
and Aristotelian logic. Logic research 2: 2-20. 

4.	 Łukasiewicz J (1957) Aristotle’s Syllogistic: From the 
Standpoint of Modern Formal Logic - Second edition. 
Clerndon Press Oxford Xiii, 222  https://lib.ugent.be/en/
catalog/rug01:002326961?i=3&q=Aristoteles%2C+384+
.C.-322+B.C&search_field=subject.

5.	 Mengyao H, Xiaojun Z (2020) Assertion or rejection of 
Łukasiewicz’s assertoric syllogism system ŁA. Journal of 
Chongqing University of Science and Technology (Social 
Sciences Edition) 2: 10-18. 

6.	 Xiaojun Z (2016) The validity of generalized syllogisms 
including the intermediate quantifier most. Journal of Hunan 
University of Science & Technology (Social Science Edition) 
4: 27-31. 

7.	 Yijiang H (2016) Formal research on discourse reasoning in 
natural language. Journal of Hunan University of Science and 
Technology (Social Sciences Edition) 1: 33-37. 

8.	 McCall S (1963) Aristotle’s Modal Syllogisms, Studies in 
Logic and the Foundations of Mathematics. North-Holland 
Publishing Company, Amsterdam.

9.	 Johnson F (1989) Models for modal syllogisms. Notre Dame 
Journal of Formal Logic 30: 271-284.

10.	 Smith R (1995) Article Logic. In: Barnes, J. (eds.) The 
Cambridge Companion to Aristotle. Cambridge University 
Press Cambridge 27-65.

11.	 Thomson SK (1993) Semantic analysis of the modal 
syllogistic. Journal of Philosophical Logic 22: 111-128.

12.	 Thomson SK (1997) Relational models for the model 
syllogistic. Journal of Philosophical Logic 26: 129-141.

13.	 Johnson F (2004) Aristotle’s modal syllogisms. Handbook 
of the History of Logic 1: 247-308.

14.	 Malink M (2013) Aristotle’s Modal Syllogistic. Harvard 
University Press, Cambridge, MA. https://ndpr.nd.edu/
reviews/aristotle-s-modal-syllogistic/. 

15.	 Xiaojun Z (2020) Reducible relations between/among 
Aristotelian modal syllogisms. SCIREA Journal of Computer 
5: 1-33.

16.	 Xiaojun Z (2020) Screening out all valid Aristotelian modal 
syllogisms. Applied and Computational Mathematics 8: 95-
104.

17.	 Malink M (2006) A reconstruction of Aristotle’s modal 
syllogistic. History and Philosophy of Logic 27: 95-141.

18.	 Xiaojun Z (2018) Axiomatization of Aristotelian syllogistic 
logic based on generalized quantifier theory. Applied and 
Computational Mathematics 7: 167-172.

19.	 Hui L (2023) Reduction between categorical syllogisms based 
on the syllogism EIO-2. Applied Science and Innovative 
Research 7: 30-37.

20.	 Long W (2023) Formal system of categorical syllogistic logic 
based on the syllogism AEE-4. Open Journal of Philosophy 
13: 97-103. 

21.	 Xiaojun Z, Hui L, Yijiang H (2022) How to deduce the 
remaining 23 valid syllogisms from the validity of the 
syllogism EIO-1. Applied and Computational Mathematics 
11: 160-164.

22.	 Chagrov A, Zakharyaschev M (1997) Modal Logical. 
Clarendon Press, Oxford. https://global.oup.com/academic/



Citation: Cheng Zhang, Xiaojun Zhang (2023) Reduction between Aristotelian Modal Syllogisms Based on the Syllogism ◊I�A◊I-3. Journal of Artificial Intelligence 
& Cloud Computing. SRC/JAICC-112. DOI : doi.org/10.47363/JAICC/2023(2)112

J Arti Inte & Cloud Comp, 2023           Volume 2(1): 5-5

Copyright: ©2023 Cheng Zhang. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

product/modal-logic 9780198537793?cc=in&lang=en&#.
23.	  Peters S, Westerståhl D (2006) Quantifiers in Language and 

Logic. Claredon Press, Oxford. http://ndl.ethernet.edu.et/
bitstream/123456789/8119/1/161.pdf.pdf. 


