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Abstract. We derive some formulas in axiomatic propositional logic and we show that two sets of different axioms are equivalent.
The outputs were manually derived through logical deductions and subsequently typeset in LaTeX, without the use of automated
computational tools.

Construct a new propositional calculus formal system P’ from P. Axiom (A3) is changed to :
(A4) (ma = —B) = ((ma— B) — o).

Prove that the set of internal theorems of P’ and P are identical. Axioms of P are:

(Al) a = (B — a).

(A2) (@ = (B =) = ((a = B) = (a = 7).

(A3) (ma = =B) — (B — a).

There is only one rule of deduction, namely modus ponens (abbreviated as MP). It says: from a and a — 3, B is a direct
consequence.

Lemma 1: (a = 8) = ((B =) = (a = 7))

To prove thata = 3,8 > v F a — 1.

(Ha—p hypothesis
(2) B — hypothesis
3 B—=7) = (= (B—7) axiom (A1)
(4)a—= (B =) (2),(3) MP
(5) (= (B =)= (a—=pB) = (a—=7)) axiom (A2)
(6) (= B) = (a—1) (4).(5) MP
(7) =y (1).(6) MP

Thus, by (1)-(7), « = 8,8 — v+ o — «y. Therefore, by the Deduction Theorem, o — B F (8 — v) — (a — ), and,
again by the Deduction Theorem, + (a — B8) — ((B — 7v) — (a = 7)).

Lemma 2: o — o

(1) (= ((a = a) = a)) axiom (A1)
2)(a—=((a—=a)—a) = ((a=(a—a)) = (a—a)) axiom (A2)
B)a—(a—a) axiom (A1)
@) (a—=(a—=a)) = (a—a) (1).(2) MP
B)a—a (3).(4) MP




Lemma 3: -a — (a — 3)

(1) o hypothesis
(2) ~a = (8 — —~a) axiom (A1)
(3) (28 = —a) (1).(2) MP
4) (-8 — —a) = (a—0) axiom (A3)
B)a—p (3).(4) MP

Thus, by (1)-(5), ~a F a — B. Therefore, by the Deduction Theorem, + —a — (a — ).

Lemma 4: ——a — «

(1) ——a hypothesis
(2) —a — (ma = =) Lemma 3
(3) ~a — =« (1).(2) MP
4) (ma = ——ma) = (o — a) axiom (A3)
(5) o —« (3).(4) MP
(6) o (1),(5) MP

Thus, by (1)-(6), =—a F a. Therefore, by the Deduction Theorem, F —=—a — a.

Lemma 5: a0 —»

(1) = —o =~ Lemma 4

(2) (o= na) = (a = a) axiom (A3)

(3) a— —a (1),(2) MP

Lemma 6: (o — 3) = (-8 — ~a)

(1)a—p hypothesis
(2) —a—a Lemma 4
3) (a—a) = (a—=B) = (-—a—0)) Lemma 1
(4) (¢ = B) = (=~ — B) (2).(3) MP
(5) ——a =B (1),(4) MP
(6) B— -0 Lemma 5
(7) (o = B) = (B = ~—B) = (——a — -—08)) Lemma 1
(8) (B = —=B) = (m—a = ——=0) (5),(7) MP
(9) ——a — -8 (6),(8) MP
(10) (== = ==B) = (=6 — ~a) axiom (A3)
(11) -8 = -« (9),(10) MP

Thus, by (1)-(11), o — B+ =6 — —a. Therefore, by the Deduction Theorem, - (o — 8) — (=6 — —a).




Lemma 7: -8 — ((-6 — a) = a)

(1) -6 hypothesis
(2) B—a hypothesis
(3) a (1),(2) MP

Thus, by (1)-(3), =68, =8 — a F a. Therefore, by the Deduction Theorem, =8 + (=6 — a) — «, and, again by the
Deduction Theorem, - =6 — ((—=6 — a) — o).

Lemma 8: -8 — (-a — —(—6 — a))

(1) -6 hypothesis
(2) B—((B—a)—a) Lemma 7
B)(B—a)—a (1).(2) MP
(4) ("8 = a) »a) = (~a—= (-6 —a)) Lemma 6
(5) ~o = (=0 = a) (3),(4) MP

Thus, by (1)-(5), -8+ —a — =(=8 — «a). Therefore, by the Deduction Theorem, F =8 — (—a — (=8 — a)).

Lemma 9: (B — a) — (—a — =(-8 — a))

(1) B —« hypothesis
(2) hypothesis
3) (B—a) = (ma— —B) Lemma 6
(4) ~a — 3 (1),(3) MP
(5) -6 (2).(4) MP
(6) 8= (—a— (=8 — a)) Lemma 8
(7) o = (-8 — a) (5).(6) MP
(8) =(=8 = o) (2).(7) MP

Thus, by (1)-(8), 8 — o, ~a F =(—8 — ). Therefore, by the Deduction Theorem, 8 — o + —a« — =(—=8 — a), and,
again by the Deduction Theorem, - (8 — a) — (-ma = =(=8 — a)).

Lemma 10: (8 — o) — ((-6 = o) — a)

(1)B—«a hypothesis
(2) (B—a) = (—a— (=6 —a)) Lemma 9
(3) o = (=0 — a) (1).(2) MP
(4) (ma = =(=B—=a)) > ((=8—a) > a) axiom (A3)
(B)(B—a)—a (3).(4) MP

Thus, by (1)-(5), 8 = aF (=8 — a) — a. Therefore, by the Deduction Theorem, (8 — a) — ((—=68 — a) — a).




To derive (A4) from (A1), (A2) and (A3).

(1) ~a — =0

(2) ~a—=p

(3) (ra = B) = (26 = ~ma)
(4) 6 —

(5) —a -«

(6) (<8 = =) = ((-—a = a) = (26 — @)

(7) (mma = a) = (26— )
(8) B —a
9) (ma = =B8) = (B — a)
(10) B = «
(1) B—=a)=(B—a)—a)
(12) (8= a) > a
(13) o

hypothesis
hypothesis
Lemma 6
(2).(3) MP
Lemma 4
Lemma 1
(4),(6) MP
(5).(7) MP
axiom (A3)
(1),(9) MP
Lemma 10
(10),(11) MP
(8),(12) MP

Thus, by (1)-(13), ~a — =8, ~a — B F a. Therefore, by the Deduction Theorem, —a — =3+ (-ma — 8) — «a, and,

again by the Deduction Theorem,  (-ma — —8) — ((ma — B8) — a).

To derive (A3) from (A1), (A2) and (A4).

(1) ~a— =6

)6

(3) (ra—==6) = (ra = p) = a)
(4) B — (-a—p)

(5) a—=p

6) (ha—p) —a

(7) @

hypothesis
hypothesis
axiom (A4)
axiom (A1)
(2),(4) MP
(1),(3) MP
(5),(6) MP

Thus, by (1)-(7), o — —6,8 + a. Therefore, by the Deduction Theorem, —a — -8 F+ 3 — «, and, again by the

Deduction Theorem, - (-a — =) — (8 — a).

Lemma 11: -(a > 3) —» a

(1) ~(a—=B)
(2) ~a = (a—pH)

(3) (ma = (=) = (=(a = B) = —a)

(4) =(a = B) = -«
(5) —a

(6) —a — «

(7)

Thus, by (1)-(7), =(a — B) - a. Therefore, by the Deduction Theorem, - —(a — 8) — a.

hypothesis
Lemma 3
Lemma 6
(2).(3) MP
(1).(4) MP
Lemma 4
(5),(6) MP




Lemma 12: -(a — —-6) =

(1) =(a — —B) hypothesis
(2) 8 = (e = =B) Axiom (A1)
(3) ("8 = (a— =B)) = (=(a = =B) = -=0) Lemma 6
(4) ~(¢ = =B) = -—B (2),(3) MP
(5) -6 (1),(4) MP
(6) -6 -5 Lemma 4
(1) B (5).(6) MP
Thus, by (1)-(7), =(a — —=8) - B. Therefore, by the Deduction Theorem, F —=(ax — —3) — (.
Theorem 1: —=((a = B) = =(B = 7)) = (a = )
(1) ~((a = B) = =B =) hypothesis
(2) ~((a=B) = ~(B—=7)—=B—=m7) Lemma 12
(3)B— (1),(2) MP
4) ~((a = B) = =B —7) = (a—0B) Lemma 11
5)a—=p (1),(4) MP
6) (B—=7) = (= (B—) Axiom (A1)
(N a—=(B-—=) (3),(6) MP
8) (= (B—=7) = (a—=pB) = (=) Axiom (A2)
9) (a=p) = (a—=1) (7).(8) MP
(10) a0 = 7y (5),(9) MP

Thus, by (1)-(10), =((« = B) = =(B8 — 7)) F a — 7. So, by the Deduction Theorem, - =((ax = 8) — =(B — 7)) —

(a—=1).

Theorem 2: (o — —8) — (=(B — 7)) — —a)

(1) a— -8
(2) ~(B =)
(3) ~(B—v)—B
(4) B
(5) (¢ = =B) — (—a = (a — —06))
(6) =~ = (a0 = —B)
(7) (=ma = (e = =P)) = ((-~a = a) = (7~ — =P))
(8) —a — «
9) (m—a—=a) = (—a— —06)
(10) -—a — -3
(11) (m—a = =B) — (B — )
(12) B = -~
(13) ~«

hypothesis
hypothesis
Lemma 11
(2).(3) MP
Axiom (A1)
(1).(5) MP
Axiom (A2)
Lemma 4
(6).(7) MP
(8),(9) MP
Axiom (A3)
(10),(11) MP
(4),(12) MP

Thus, by (1)-(13), @ = =3, ~(8 — 7) F —a. So, by the Deduction Theorem, o — =8 + =(8 — ) — -« and, again

by the Deduction Theorem F (a — =3) — (=(8 — 7v) = —a).




Lemma 13: (-a —» —-—08) = (—a — B)

the Deduction Theorem + (=8 — —a) — ((=8 — a) — B).

(1) —B8—p Lemma 4
(2) (==8 = B) = (ma = (=B — B)) Axiom (A1)
(3) ~oe = (=6 = B) (1).(2) MP
(4) (moe = (==6 = B)) = ((ra = ==6) = (o — ) Axiom (A2)
(5) (ma = ==8) = (ma — B) (3).(4) MP
Theorem 3: (-8 — —a) = ((-8 — o) — B)

(1) B = -« hypothesis

(2) B —« hypothesis

(3) (=8 = —a) = (. — B) Axiom (A3)

(4) a—=p (1),(3) MP

(5) (=8 = a) = (ma = =) Lemma 6

(6) ma — =B (2),(5) MP

(7) (mae = ==B) = (ma — B) Lemma 13

(8) ~a — B (6),(7) MP

(9) (¢ = B) = ((max = B) — B) Lemma 10

(10) (ra = pB) =B (4),(9) MP

(11) B (8).(10) MP

Thus, by (1)-(11), -6 — —a, 6 — a 3. So, by the Deduction Theorem, -6 — —a + (-8 — a) — 3 and, again by

References

[1] A. G. Hamilton, Logic for Mathematicians, Cambridge University Press, Cambridge, 1988.
[2] E. Mendelson, Introduction to Mathematical Logic, Chapman and Hall/CRC, Boca Raton, FL, 2009.

[3] Y. Nievergelt, Logic, Mathematics, and Computer Science, Springer, New York, 2015.




