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-- Thing is the type of things in our universe
things :: [ Thing ] -- we list every thing

(|=) :: (Thing -> Bool) -> (Thing -> Bool) -> Bool
a |= b = and [ b x | x <- things, a x ]

-- every a is b

(|/=) :: (Thing -> Bool) -> (Thing -> Bool) -> Bool
a |/= b = not ( a |= b ) -- some a is not b

neg :: (u -> Bool) -> (u -> Bool)
neg a x = not ( a x )

<latexit sha1_base64="sewL5hoq60cKEuXrHfa13s16vwI="></latexit>



a ✏ b b ✏ c
a ✏ c

barbara
a 6✏ c b ✏ c

a 6✏ b
baroco

a ✏ b a 6✏ c

b 6✏ c
bocardo

a ✏ b b ✏ ¬c
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b 6✏ ¬c disamis
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c 6✏ ¬b darii
<latexit sha1_base64="vyGOxsbGN42+mOGzQoRTbMpsHZE="></latexit>

a ✏ ¬b
<latexit sha1_base64="7IzlDZADKxT3pcvkutDvQiwJKjc="></latexit>

a 6✏ ¬b
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<latexit sha1_base64="xSDt1OlAxadCWVCGz0S0LG1MNg4="></latexit>
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<latexit sha1_base64="8Ha5cRRF3JgkNYOyLc4/d4kp8Dw="></latexit>
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s 6✏ ¬p disamis

p ✏ m m ✏ ¬s
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s 6✏ p

ferio
m ✏ p m 6✏ ¬s

s 6✏ ¬p datisi

p ✏ m s ✏ ¬m
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<latexit sha1_base64="pLvq70i7ADrBfJAZ3Ga7rOhKiWs="></latexit>

a ✏ ¬b
<latexit sha1_base64="7IzlDZADKxT3pcvkutDvQiwJKjc="></latexit>

a 6✏ ¬b
<latexit sha1_base64="1JQ63nGZkga5HpiKUAFDuj48nv0="></latexit>

a 6✏ b
<latexit sha1_base64="xSDt1OlAxadCWVCGz0S0LG1MNg4="></latexit>

a ✏ b
<latexit sha1_base64="8Ha5cRRF3JgkNYOyLc4/d4kp8Dw="></latexit>
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rules Aristotle forgot to mention

the immediate rule

a ✏ ¬b
b ✏ ¬a

a ✏ a
<latexit sha1_base64="JNBYPIe5bl8S+MV965A30Q14BB8="></latexit>

contraposition



a
neg a



a
neg a



¬¬a = a
<latexit sha1_base64="mlN7E8vRvOPqoc38w0RTwEh7eyg="></latexit>

The second rule of boolean logic

(the first is barbara)

a ✏ b
¬b ✏ ¬a

<latexit sha1_base64="gdWYrEBzpNDSSpKHqiv3s/Gv1Qg="></latexit>

a ✏ b
¬b ✏ ¬a

<latexit sha1_base64="l0g+ylcWRPBzZaQgP/Z9ZeuXFTc="></latexit>

a ✏ b
¬b ✏ ¬a

¬¬a ✏ ¬¬b
a ✏ b

<latexit sha1_base64="UpcXx/C85ptXPSxxL4ya/w1oLXs="></latexit>

contraposition



a

¬ a



b

a

¬b

¬a



b
a

¬b

¬a

a ⊨ b
??

b ⊨ a



b
a

¬b
¬a

¬a ⊨ ¬b

b ⊨ a



predicates are just functions :: U -> Bool

our first operation on predicates is negation

a

neg a

( neg a)x = ¬(a x)
<latexit sha1_base64="ehYCQUYi0F0+wRXUQwD4lypVeHU="></latexit>

type Pred u = u -> Bool
neg :: Pred u -> Pred u
neg a x = not ( a x )

(neg a) x = not ( a x )
<latexit sha1_base64="+ArOFr7BqVaYIKosblaP5BFOa2k="></latexit>



a ✏ b b ✏ ¬c
a ✏ ¬c

<latexit sha1_base64="l5shQ+9ggY5w0NpKYf3K66Cbm7I="></latexit>

a ✏ b b ✏ c
a ✏ c

<latexit sha1_base64="zjRIDakvTCQ0/3utJgYfVOHiwgU="></latexit>

For Aristotle, these were different syllogisms

for us they are the same rule applied to different predicates



(a ^ b)x = a x ^ b x
<latexit sha1_base64="tv4Z7lWFhUWxCBLTbXAQ8cLT8LE="></latexit>

draw a c such that 
c ⊨ a ⋀ b



c ⊨ a ⋀ b
iff

c ⊨ a and c ⊨ b

c ✏ a c ✏ b
c ✏ a ^ b

<latexit sha1_base64="4gkj8t0qFOMQHdDeqMRqC73QknA="></latexit>

(a ^ b)x = a x ^ b x
<latexit sha1_base64="tv4Z7lWFhUWxCBLTbXAQ8cLT8LE="></latexit>



c ✏ a c ✏ b
c ✏ a ^ b

<latexit sha1_base64="4gkj8t0qFOMQHdDeqMRqC73QknA="></latexit>

⋀ ⊥ ⊤
⊥ ⊥ ⊥
⊤ ⊥ ⊤

(&&) :: Bool -> Bool -> Bool

a :: U -> Bool
b :: U -> Bool

( a &:& b ) x = (a x) && (b x)
(&:&) :: (U -> Bool) -> (U -> Bool) -> (U -> Bool)

<latexit sha1_base64="CL+DAHOrFw3yq3nlG6VL/rMKhvQ="></latexit>



(||) :: Bool -> Bool -> Bool

a :: U -> Bool
b :: U -> Bool

( a |:| b ) x = (a x) || (b x)
(|:|) :: (U -> Bool) -> (U -> Bool) -> (U -> Bool)

<latexit sha1_base64="fanFpHnju1rp0DRtvRPcCPAR+lo="></latexit>

∨ ⊥ ⊤
⊥ ⊥ ⊤
⊤ ⊤ ⊤

draw a c such that 
a ⋁ b ⊨ c



a ✏ c b ✏ c
a _ b ✏ c

<latexit sha1_base64="FMsG8bK5Fgxp2RJxZqFCObXe9N0="></latexit>

a ∨ b ⊨ c
iff

a ⊨ c and b ⊨ c

(a _ b)x = a x _ b x
<latexit sha1_base64="PbIS73zhFH6m7t6daE/EgQ30C9M="></latexit>



(||) :: Bool -> Bool -> Bool

a :: U -> Bool
b :: U -> Bool

( a |:| b ) x = (a x) || (b x)
(|:|) :: (U -> Bool) -> (U -> Bool) -> (U -> Bool)

<latexit sha1_base64="fanFpHnju1rp0DRtvRPcCPAR+lo="></latexit>

a ✏ c b ✏ c
a _ b ✏ c

<latexit sha1_base64="FMsG8bK5Fgxp2RJxZqFCObXe9N0="></latexit>

∨ ⊥ ⊤
⊥ ⊥ ⊤
⊤ ⊤ ⊤



a ✏ c b ✏ c
a _ b ✏ c

<latexit sha1_base64="FMsG8bK5Fgxp2RJxZqFCObXe9N0="></latexit>

a ✏ b
¬b ✏ ¬a

<latexit sha1_base64="l0g+ylcWRPBzZaQgP/Z9ZeuXFTc="></latexit>

c ✏ a c ✏ b
c ✏ a ^ b

<latexit sha1_base64="4gkj8t0qFOMQHdDeqMRqC73QknA="></latexit>

simple rules for

¬ ⋀ ⋁ 


