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some a is not b

inhabited

every a is b

empty

no a is b

some a is b

Aristotle’s Categorical Propositions

contradict
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>



Euler diagram

all a is b no b is c

no a is c

a ✏ b b ✏ ¬c
a ✏ ¬c

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

All snakes are reptiles 
No reptiles have fur  
∴ No snakes have fur

1

2

3



All plants are fungi 
Some flowers are not plants 
∴ Some flowers are not fungi

Is this a valid argument? 

Give it as a syllogism, and use Venn diagrams  
either to show it is valid,  

or to produce a counterexample.

?



All plants are fungi 
Some flowers are not plants 
∴ Some flowers are not fungi

all a is b

some c is not a

some c is not b

every a is b some c is not b

some c is not a

?
? ?a ✏ b c 6✏ a

c 6✏ b
<latexit sha1_base64="PtZMD5R/TT336ANJAyT4k4JKA0g="></latexit>



All plants are fungi 
Some flowers are not plants 
Some flowers are not fungi

all a is b

some c is not a

some c is not b

every a is b some c is not b

some c is not a

X

XX

¿counterexample?

this region could 
be empty

a ✏ b c 6✏ a

c 6✏ b
<latexit sha1_base64="PtZMD5R/TT336ANJAyT4k4JKA0g="></latexit>



All plants are fungi 
Some flowers are not plants 
∴ Some flowers are not fungi

every a is b some c is not b

some c is not a

X

XX

plant fungus flower
✔ ✔ ✔

✔ ✔ ✖

✖ ✔ ✔

✖ ✔ ✖

✖ ✖ ✖

A counterexample can be given by including 
things of five different kinds  

corresponding to the red d ts 
as shown in the table. 

We only actually need the third row.

a ✏ b c 6✏ a

c 6✏ b
<latexit sha1_base64="PtZMD5R/TT336ANJAyT4k4JKA0g="></latexit>



All plants are fungi 
Some flowers are not plants 
Some flowers are not fungi every a is b

some c is not b

some c is not a
XX

plant fungus flower
✔ ✔ ✔

✔ ✔ ✖

✖ ✔ ✔

✖ ✔ ✖

✖ ✖ ✖

A counterexample can be given by including 
things of five different kinds  

corresponding to the red d ts 
as shown in the table. 

We only actually need the third row.

a ✏ b c 6✏ a

c 6✏ b
<latexit sha1_base64="PtZMD5R/TT336ANJAyT4k4JKA0g="></latexit>

X
X
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a ✏ b b ✏ ¬c
a ✏ ¬c

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

a ✏ b c ✏ ¬b
a ✏ ¬c

<latexit sha1_base64="sJH/vo7I1+3gX7P2B9eqGPh6tyo="></latexit>

a ✏ b c ✏ ¬b
c ✏ ¬a

<latexit sha1_base64="PbWZvSABqOxrGiGvryIWdhd+srQ="></latexit>

a ✏ b b ✏ ¬c
c ✏ ¬a

<latexit sha1_base64="/G0EbXGdmcFBrzU8uJWvmmJ8rlo="></latexit>

cesare

camestres

calemes

celarent

all snakes are reptiles

no reptiles have fur

∴ no snakes have fur

all humans are mammals

no reptiles are mammals

∴ no humans are reptiles

all humans are mammals

no reptiles are mammals

∴ no reptiles are humans

all humans are mammals

no mammals are reptiles

∴ no reptiles are humans



m 6✏ p m ✏ s

s 6✏ p
<latexit sha1_base64="78DEKGTnqTPoR11lPYXLtdjzvAY="></latexit>

p ✏ m s 6✏ m

s 6✏ p
<latexit sha1_base64="HpHadmh4WfCHzq2cHkeIbKtDnZA="></latexit>

m 6✏ ¬p m ✏ s

s 6✏ ¬p
<latexit sha1_base64="HRCWloADq/L0E2hwE/Bx0wDYn6g="></latexit>

p 6✏ ¬m m ✏ s

s 6✏ ¬p
<latexit sha1_base64="+BqIVh2XMm54u+MCDpvloueMU44="></latexit>

p ✏ ¬m s 6✏ ¬m
s 6✏ p

<latexit sha1_base64="+9wMCzLukyS8odVIWg3C3kWF+kE="></latexit>

m ✏ ¬p s ✏ m
s ✏ ¬p

<latexit sha1_base64="6hg6Rs7R8NWF9Tm+PWU1vAZZrys="></latexit>

m ✏ p m 6✏ ¬s
s 6✏ ¬p

<latexit sha1_base64="dwNEJdMUB8lzTusuHpU3Kyk1cSY="></latexit>

m ✏ ¬p m 6✏ ¬s
s 6✏ p

<latexit sha1_base64="LFMsqenS1JLXfvvbhHj9amM3DTs="></latexit>

m ✏ p s 6✏ ¬m
s 6✏ ¬p

<latexit sha1_base64="JX1z1anhPQdauRCMCObFFLysAlc="></latexit>

m ✏ ¬p s 6✏ ¬m
s 6✏ p

<latexit sha1_base64="58AzBzb8PHuFSAlF8jPfvN1IE+Y="></latexit>

p ✏ ¬m m 6✏ ¬s
s 6✏ p

<latexit sha1_base64="KThgi1/ACaxvo8RS7rpR74vf3x4="></latexit>

p ✏ ¬m s ✏ m
s ✏ ¬p

<latexit sha1_base64="vAaatNmes0Og9z2MMtu8KaMf6ok="></latexit>

p ✏ m s ✏ ¬m
s ✏ ¬p

<latexit sha1_base64="KGPVrkGXdelBEG4Hq+9NQG40qQc="></latexit>

p ✏ m m ✏ ¬s
s ✏ ¬p

<latexit sha1_base64="aaoIzFzs3R+9Muql+fBlxYaK8yE="></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>

a e i o

barocobocardobarbara

ferio

festino

ferison fresison

darii

datisi

disamis

dimatis

celarent

cesare

camestres

calemes

m ✏ p s ✏ m
s ✏ p

<latexit sha1_base64="Yr9eSQku+ByuSExc+xG9BeGZ4Qc="></latexit>
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a ✏ b b ✏ ¬c
a ✏ ¬c

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

a ✏ b c ✏ ¬b
a ✏ ¬c

<latexit sha1_base64="sJH/vo7I1+3gX7P2B9eqGPh6tyo="></latexit>

a ✏ b c ✏ ¬b
c ✏ ¬a

<latexit sha1_base64="PbWZvSABqOxrGiGvryIWdhd+srQ="></latexit>

a ✏ b b ✏ ¬c
c ✏ ¬a

<latexit sha1_base64="/G0EbXGdmcFBrzU8uJWvmmJ8rlo="></latexit>

cesare

camestres

calemes

celarent

m ✏ ¬p s ✏ m
s ✏ ¬p

<latexit sha1_base64="GdYOBrEAOrCuSJ73AbzswQe4UAU="></latexit>



What do these mean?



What do these mean?

✏ a _ b

¬a ✏ b

¬b ✏ a
<latexit sha1_base64="GGmYy6A++QCFJz7ioOtB1RqiGOI="></latexit>



What do these mean?

✏ a _ b

¬a ✏ b

¬b ✏ a
<latexit sha1_base64="GGmYy6A++QCFJz7ioOtB1RqiGOI="></latexit>

2 a _ b

¬a 2 b

¬b 2 a
<latexit sha1_base64="cHqJAJdEn7wtFdbsvuf3cap3d4s="></latexit>

every thing is a or b

every not a is b

every not b is a

some thing is neither a nor b

some not a is not b

some not b is not a



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

The first rule of boolean algebra

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



Contraposition

a ✏ b b ✏ c
a ✏ c

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

barbara

b ✏ c a 6✏ c

??
<latexit sha1_base64="HtguSjpEEqFvE6H7KAozb+1lPPY="></latexit>

a ✏ b a 6✏ c

??
<latexit sha1_base64="SwnNb6FF0zIUkaAlBUQudg0shGw="></latexit>

What can we deduce in each case? 

What does this mean? 

a 6✏ c
<latexit sha1_base64="lQ88W4ZGnKl3E0t9dYqGzGZbUlM="></latexit>



a ✏ b b ✏ ¬c
a ✏ ¬c

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

a ✏ b b ✏ c
a ✏ c

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

a ✏ b a 6✏ c

b 6✏ c
<latexit sha1_base64="fkWGc1lK4PsxDdrYKCq4xoH2cnw="></latexit>

b ✏ c a 6✏ c

a 6✏ b
<latexit sha1_base64="96PxsX3cwcEu143hb6dedXOMSBo="></latexit>

a ✏ b a 6✏ ¬c
b 6✏ ¬c

<latexit sha1_base64="F7T1jfsH/yxs+xrXm2P86KE80cQ="></latexit>

c ✏ ¬b a 6✏ ¬c
a 6✏ b

<latexit sha1_base64="kIYxuD+QfDSpEwV6+M13CYB++VU="></latexit>

a ✏ b c ✏ ¬b
a ✏ ¬c

<latexit sha1_base64="sJH/vo7I1+3gX7P2B9eqGPh6tyo="></latexit>

a ✏ b c ✏ ¬b
c ✏ ¬a

<latexit sha1_base64="PbWZvSABqOxrGiGvryIWdhd+srQ="></latexit>

a ✏ b b ✏ ¬c
c ✏ ¬a

<latexit sha1_base64="/G0EbXGdmcFBrzU8uJWvmmJ8rlo="></latexit>

a ✏ b a 6✏ ¬c
c 6✏ ¬b

<latexit sha1_base64="SrgesAxJxZLz7Vs2SGz6l55XM9s="></latexit>

barocobocardobarbara

ferio

festino
b ✏ ¬c a 6✏ ¬c

a 6✏ b
<latexit sha1_base64="YjrkqBZuaknkto8ND7aPz+vbwQE="></latexit>

a ✏ ¬b a 6✏ ¬c
c 6✏ b

<latexit sha1_base64="vYgrllY/yQmg6zDlyecHlwK2/qg="></latexit>

ferison
b ✏ ¬c c 6✏ ¬a

a 6✏ b
<latexit sha1_base64="tA7LmLrLFPUWbge9nEhNiRsCC5A="></latexit>

fresison

a ✏ b c 6✏ ¬a
c 6✏ ¬b

<latexit sha1_base64="irEpV6kEVtwMmBFiBMbmaRSSPhw="></latexit>

darii

datisi

disamis

c ✏ b a 6✏ ¬c
b 6✏ ¬a

<latexit sha1_base64="JoWm8d0vlTL48B8LvidPSQ7cOtE="></latexit>

dimatis

celarent

cesare

camestres

calemes

a e i o



m 6✏ p m ✏ s

s 6✏ p
<latexit sha1_base64="78DEKGTnqTPoR11lPYXLtdjzvAY="></latexit>

p ✏ m s 6✏ m

s 6✏ p
<latexit sha1_base64="HpHadmh4WfCHzq2cHkeIbKtDnZA="></latexit>

m 6✏ ¬p m ✏ s

s 6✏ ¬p
<latexit sha1_base64="HRCWloADq/L0E2hwE/Bx0wDYn6g="></latexit>

p 6✏ ¬m m ✏ s

s 6✏ ¬p
<latexit sha1_base64="+BqIVh2XMm54u+MCDpvloueMU44="></latexit>

p ✏ ¬m s 6✏ ¬m
s 6✏ p

<latexit sha1_base64="+9wMCzLukyS8odVIWg3C3kWF+kE="></latexit>

m ✏ ¬p s ✏ m
s ✏ ¬p

<latexit sha1_base64="6hg6Rs7R8NWF9Tm+PWU1vAZZrys="></latexit>

m ✏ p m 6✏ ¬s
s 6✏ ¬p

<latexit sha1_base64="dwNEJdMUB8lzTusuHpU3Kyk1cSY="></latexit>

m ✏ ¬p m 6✏ ¬s
s 6✏ p

<latexit sha1_base64="LFMsqenS1JLXfvvbhHj9amM3DTs="></latexit>

m ✏ p s 6✏ ¬m
s 6✏ ¬p

<latexit sha1_base64="JX1z1anhPQdauRCMCObFFLysAlc="></latexit>

m ✏ ¬p s 6✏ ¬m
s 6✏ p

<latexit sha1_base64="58AzBzb8PHuFSAlF8jPfvN1IE+Y="></latexit>

p ✏ ¬m m 6✏ ¬s
s 6✏ p

<latexit sha1_base64="KThgi1/ACaxvo8RS7rpR74vf3x4="></latexit>

p ✏ ¬m s ✏ m
s ✏ ¬p

<latexit sha1_base64="vAaatNmes0Og9z2MMtu8KaMf6ok="></latexit>

p ✏ m s ✏ ¬m
s ✏ ¬p

<latexit sha1_base64="KGPVrkGXdelBEG4Hq+9NQG40qQc="></latexit>

p ✏ m m ✏ ¬s
s ✏ ¬p

<latexit sha1_base64="aaoIzFzs3R+9Muql+fBlxYaK8yE="></latexit>

barocobocardobarbara

ferio

festino

ferison fresison

darii

datisi

disamis

dimatis

celarent

cesare

camestres

calemes

m ✏ p s ✏ m
s ✏ p

<latexit sha1_base64="Yr9eSQku+ByuSExc+xG9BeGZ4Qc="></latexit>

s 2 ¬s
<latexit sha1_base64="9jjdqO1N/UcwuHSLB9yo/y9bRRE="></latexit>

s ✏ p s 6✏ ¬s
s 6✏ ¬p

<latexit sha1_base64="3/aHN1XsGm+YGOJyVpusT8plEkE="></latexit>

darii



⊤

⊥

A

CB

D

(A ! B) ^ (A ! B) ^ (B ! D) ^ (C ! D)
<latexit sha1_base64="AqZZpVrXnuevJ2PZEmtfXzDXUls="></latexit>

A valuation gives 

a truth value for each atom


If X → Y is true and X is true 

then Y is true


If X → Y is false and Y is false 

then X is false


If every arrow points upwards then

 if X is true then 


every literal up from X is true


if Y is false then 

every X down from Y is false    

implication 

graph 

How many valuations make all four implications true?



⊤

⊥

A

CB

D

(A ! B) ^ (A ! B) ^ (B ! D) ^ (C ! D)
<latexit sha1_base64="AqZZpVrXnuevJ2PZEmtfXzDXUls="></latexit>

How many valuations make all six implications true?

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D



⊤

⊥

A

CB

D

(A ! B) ^ (A ! B) ^ (B ! D) ^ (C ! D)
<latexit sha1_base64="AqZZpVrXnuevJ2PZEmtfXzDXUls="></latexit>

implication 

graph 

How many valuations make all four implications true?

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D



⊤

⊥

A

CB

D

(A ! B) ^ (A ! B) ^ (B ! D) ^ (C ! D)
<latexit sha1_base64="AqZZpVrXnuevJ2PZEmtfXzDXUls="></latexit>

implication 

graph 

How many valuations make all four implications true?

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D



⊤

⊥

A

CB

D

(A ! B) ^ (A ! B) ^ (B ! D) ^ (C ! D)
<latexit sha1_base64="AqZZpVrXnuevJ2PZEmtfXzDXUls="></latexit>

implication 

graph 

How many valuations make all four implications true?

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D

⊤

⊥

A

CB

D



⊤

⊥

A

C
B

D

X

⊤

⊥

A

CB

D

1

1

2

2

1 + 2×2 + 1 = 6

2

1

1

1 + 2×3 + 1 = 8

1

1

2

2

1

1

⊤

W

YX

Z

⊥

A

C
B

D



⊤

⊥

A

C
B

D

X

⊤

⊥

A

CB

D

1

1

2

2

1 + 2×2 + 1 = 6

2

1

1

1 + 2×3 + 1 = 8

1

1

2

2

1

1

⊤

W

YX

Z

⊥

A

C
B

D

1 + 2×2 + 2×3 + 1 = 14



⊤

W

YX

Z

⊥

A

CB

D

⊤

W

YX

Z

⊥

A

CB

D



⊤

W

YX

Z

⊥

A

CB

D

1 + ( 2×2 + 2×2 ) × 2 + 1 = 18

⊤

W

YX

Z

⊥

A

CB

D

21

1

21

1

1

2

2 4

4

1 +  2 + 4 + 4 + 2 + 1 = 114



Z

C

Y

A

X

B

¬D

C

¬B

¬A

¬F

E

D

⊤

⊥

B

C

¬B

¬A

¬F

E

D

⊤

⊥

⊤

⊥



1/0

¬D

C

¬B

¬A

¬F

E

D

⊤

⊥

¬D

C

¬B

¬A

¬F

E

D

⊤

⊥

B

C

¬B

¬A

¬F

E

D

⊤

⊥

0/1 5/0

1/0

1/0
]0/2

0/2

0

9×22

B

C

¬B

¬A

¬F

E

D

⊤

⊥

1

1

1

1

0

0

7

7

3

3

14×22

2/1

2/1

D/¬D



Z

C

Y

A

X

B

⊤

⊥

C

Y

A

⊤

⊥

Z

C

Y

A

X

⊤

⊥

B =  ⊤ B = ⊥ 



Z

C

Y

A

X

B

⊤

⊥

C

Y

A

⊤

⊥

Z

C

Y

A

X

⊤

⊥

B =  ⊤ B = ⊥ 

5 + 13 = 18

53

1

1

1

2

2

3

5



¬E

¬C

E

¬AB

C

¬B

A

¬D

⊥

⊤



¬E

¬C

E

¬AB

C

¬B

A

¬D

⊥

⊤

¬E

¬C

E

¬AB

C

¬B

A

¬D

⊥

⊤

0

0

0 0

0

0

0

0

0

nada 0


