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predicates a, b ...

Venn diagram every 2] Satisﬁes b . ‘NF‘] A
a relation
@ between predicates contrapositions
aeDb
negation valid rules
(ma)r =not(ax) aFEb bEc aEb bE —c
——a = Q a = C a —C
aFEb aF b —aFDb contraposition
-bE—-a bE-a —=-bEaqa of predicates




p :: U —-> Bool ® INF1A

propositions

Wesay a F b iff
{x | ax}c {x | bzx}
as in this example.

If this Is an Euler diagram, the following propositions [ ¢
are valid.

a Fb b Ec b E a a Fc ¢ EFa
a ¥ b b E ¢ b E Ta a F¢ c¢ Ea
where, (Ta) x = T(a X)



more contraposition ‘ INF1A

When can you buy drinks in a shop?

In Scotland alcohol can be sold between the
hours of 10am and 10pm.

In some other countries you can buy alcohol 24/7.
In others you can never buy alcohol (legally).

syllogism

(For this discussion we assume you are of age to buy alcohol in Scotland.)

— In Scotland Time is between 10am and 10pm  \hat time can I buy
Can legally buy alcohol. alcohol in Scotland?
ehT Lo You can buy alcohol
S In Scotland Cannot legally buy alcohol. in a supermarket from
55 between 10am and

10pm each day.

Time is between 10am and 10pm. Cannot legally buy alcohol.
77
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— In Scotland Time is between 10am and 10pm  \hat time can I buy
Can legally buy alcohol. alcohol in Scotland?
Eime You can buy alcohol
S In Scotland Cannot legally buy alcohol. in a supermarket from
55 between 10am and

10pm each day.

Time is between 10am and 10pm. Cannot legally buy alcohol.
Not in Scotland.




more contraposition . INF1A

When can you buy drinks in a shop?

In Scotland alcohol can be sold between the
hours of 10am and 10pm.

In some other countries you can buy alcohol 24/7.
In others you can never buy alcohol (legally).

syllogism

(For this discussion we assume you are of age to buy alcohol in Scotland.)

- : What ti b
In Scotland Time is between 10am and 10pm arfime can ' buy

You can buy alcohol

in a supermarket from
In Scotland Cannot legally buy alcohol. between 10am and

Time is after 10pm and before 10am; be patient ...  10pmeachday.

alcohol in Scotland?
Can legally buy alcohol.

Time is between 10am and 10pm. Cannot legally buy alcohol.
Not in Scotland.




Contraposition of propositions . INF1A
aFb bFc

barbara a — C

contraposition

What does this mean?

What can we deduce in each case”?

b ave bEe abe QFFC

77 77



Contraposition of propositions

aFb bFEC
barbaraa:C
bEc aFc
barocoajl#b
a = b

aZc

bocardo b 7’ %

everyaisbh

L)

alF b

This region
IS empty

INFTA

contraposition

some aisnotb

a7 b

This region
IS inhabited



Aristotle’s categorical propositions ‘

INFTA

propositions

universal affirmation

everyaisbh

alFb

universal denial
noaisb
a = —b

These regions
are empty

particular affirmation

someaishbh

a7 —b

particular denial

These regions
are inhabited

& 73
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someaisnotb

atZb




more contrapositions of predicates

someaisbh some aisnotb some notaisnotb
a 7 —b atZb —a b
b —a —b 7 —a -bH a

@ @

some bisa somenotbis a some not b is not a




Aristotle’s Categorical Propositions ‘ | N F1 A

allaisb noaisb

propositions

© = ®

@ @

someaisbh some aisnotb

11



Aristotle’s Categorical Propositions ‘ | N F1 A

everyaisbh noaisb

propositions

© = ®

aEb . 7 aE-b

contradict

afF-b »  w aklb

@@

someaish some aisnotb

12



some alis notb nobisc ‘ INE1A

soundness
b = —C C ’7’ 1 no b IS_C No mathematician is
b some _C IS a infallible
a7 some a is not b Some programmers

are mathematicians
<. Some programmers
are fallible

somecis a



® INFIA

All plants are fungi counterexamples

Some flowers are not plants
=« Some flowers are not fungi

s this a valid argument”?

Give it as a syllogism, and use Venn diagrams
either to show it is valid,
or to produce a counterexample.



some cisnotb

g

every ais b

n
() *

n
? allaisb
some c IS not a

u .
some cis notb

some ¢ IS not a

® INFIA

propositions

aFb cHa
cHb

All plants are fungi
Some flowers are not plants
<. Some flowers are not fungi




every ais b some c is not b ‘ INE1A

propositions

*

this region could

be empty aFEb cHa
<

allaisb C 7’
some c IS hot a

some cis not b

D

some ¢ IS not a

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

;counterexample?



every aisb some cis not b ‘ INE1A

counterexamples

~ -k

All plants are fungi

Some flowers are not plants plant fungus flower

A counterexample can be given

. Some flowers are not fungi v v v by including
v v x things of five different kinds
| % W, W, corresponding to the red dets
a ><b CX# a « v « as shown in the table.
o x x We only actually need the third

ci7b <,

some ¢ IS not a



bc



fresison

bE —-c ck —a pE—-mMm mkE s
atZ b sEZp

bc 0 nobisc
some cis a

4 \5/ 1 some ais notb

no b is ¢ means both 3 and 7 are empty

some c is a means at least one of 7 and 5 is inhabited
— since 7 is empty, 5 is inhabited.

This shows that the conclusion is valid since,

some a is not b means at least one of 4 and 5 is inhabited.



every ais b some c is not b ‘ INE1A

propositions

*

this region could

be empty aFEb cHa
<

allaisb C 7’
some c IS hot a

some cis not b

D

some ¢ IS not a

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

;counterexample?



alFEb b

barbara |

ar—C

take
contrapositive

—c aFb bE —c
celarent CI/ — _|C
aEb cFE b
cesare | _IC
aFEb cE b
camestres

C—
aFEb bF —c
calemes C - —|a

INFTA

syllogism

Aristotle
384-322 BC



Showing a rule is valid by deriving it from a valid rule . ‘ N F 1 A

cE-b alt—c
o A H b propositions
substitute —b for b
cEb at —c
a B —b We may alsp
show a rule is
take the contrapositive of the conclusio invalid by
deriving it from
cEb alf —c an invalid rule

dimatis b ’? —q —_—

local contraposition



akFEb
aFEb bEC

al c

barbara

aFEb bE —c

celarent 4 E —¢

aFb ckFE b

cesare q E —c

aFb cE b

camestres ¢~ E —q

aFb bFE —c

caemes ¢~ E —q

alFE —b

aFb aFc
b c

bocardo

aFb al —c
b —c

disamis

aFEb aF —c
datisi C I?/ —|b

aF—-b alf—c
cHb

ferison

aFb ckH —a
daril C I? —|b

a 7 —b

a7 b

bEc alc
baroco @ b
bE-c al —c
festino a |7z b
cE-b al —c
o q K b
bE-c cH —a
fresison a |§Z b
cEb al —c
dmatis  p )7’ —a



alaZb

aFb bFEC
barbara CL'ZC

aFEb bFE —c

celarent a |: —c

aFEb ckE b

cesare a/ I: _|C

aFb cF b
camestres C I: —a

aFEb bFE —c

calemes C I: —a

al;ﬂb

aFb atc
bocardo b#c

aFEb al —c
disamis b V —c

aFb al —c
datisi C)?’_'b

aF-b alf—c
ferison C '7’ b

aFEb cH—a
dari C);Z_,b

ai;ifﬂb

o

a7 b

bEc aFc
baroco a ’?/ b
bE-c at—c
festino a ’?’ b
cE-b at —c
ferio a '7{ b
bE—-c cH —a
fresison a ’?’ b
cEb al—c
dimatis b ’? —Q

® INFIA

syllogisms

The first row is derived from Barbara
by contraposition

The second row is derived from the first
by substituting —C for C .

You should derive each of the following
rows from those above, using
substitutions and local contraposition.



INFTA

syllogisms

Syllogisms as a logical system .

three predicates; four kinds of proposition

15 rules — but they can all be derived from barbara by simple reasoning
the modern notation helps a lot in making patterns visible

The meaning of a categorical proposition is defined by saying some region
of a two-predicate Venn diagram is empty or inhabited.

Are there some ideas we can’t expresses categorical propositions?

For example, can we express the statement that, “All tall men are Greek” ?

In general, What is a predicate?
What operations are there on predicates?

We consider a finite universe U — a collection of things.

Any subset a ¢ U can be treated as a predicate:
axistrueiffx e a
akE biffa ¢ b and barbara is sound
xe-aiffxea akrbiff-bk-a



Euler diagram Venn diagram

predicates /O
abc Q

every a satisfies b sound rules
a relation a = b b =
between predicates
akEDb a E ¢
aFEb alfc

negation akE=Db
1d =a —|b = —q b # C

counterexamples




rEfop

vl

piZ—f

Here is a little proof to show
this argument is sound

p

- f

All rabbits have fur
Some pets are rabbits
<. Some pets have fur

-/

T
_If:_l’r

p

— |

This shows that, if r & f and pFE —f then pFE —,
but we assume that r £ fand pH# —r,so p & —f .



syllogisms in standard form

mEDPD SEmM

barbara

sSEp

mE-p sEm

S|:—|p

celarent

pE—-mMm SsEm

Slz—lp

cesare

pEM sE-m

camestres S |: —Pp

pEM mkE s

calemes

Slz—lp

mEZp mEs pEmMm sHEm
bocardo S ’7/ P baroco S ’7‘/ P
mE-p mEs pE-m sF-m
disamis S I D fesino S 7 D
mEp mE-s mE-p sE-m
datisi S £ —p ferio S p

mE-p mkE s

pE-m mkE s

sp

ferison

mEp sH-m

dari S —p

fresison 8§ V p

pE—-m mEs

dimatis S I}/ —|p

® INFIA

' syllogisms

alFb
aFE —b
a 7 —b

atZb



7 S

mEDPD sFEm

barbara S |: D

mE-p sEm

celarent S |: —p

pE-mMm sEm

cesare S |: — p

pEM sFE-—-m

camestres § E —p

pEM mE —s

caemes § E —p

sEp sH s

darii
s —p
mEp mEs pEmM sHEm
bocardo 8§ F}Z D paroco S ’7’ D

mE-p mEs pE-m sF-m

disamis 8 '7/ Y festino S ’7/]?

mEp mHE-s mE-p sH-m
datisi 3|7/—|p ferio s|7/p

mkE-p mEFE-s pE-m m¥F-s

ferison S I?Zp fresison S I?Zp

mEp sF-m pHF-m mEs
darii SI?Z—Ip dimatisSl?/_'p




mp



Some cats have no tails

<. Some mammals have no tails

All cats are mammals

All informative things are useful
Some websites are not useful
<. Some websites are not
informative

All rabbits have fur
Some pets are rabbits
<. Some pets have fur

No homework is fun
Some reading is homework
<. Some reading is not fun

® INFIA

sound
syllogisms

Express each of these arguments
symbolically as a syllogism
and use the Venn diagram
method to show it is valid.

Write each syllogism in s-m-p
form and find it’s name in the
standard list



mFE-p SEMmM

No reptiles have fur

All snakes are reptiles

<. Some snakes have no fur cesaro S ’? p

No flowers are animals. S ': T

pEmM

All flowers are plants.

. Some plants are not animals. ~ camestros S ’? p

All squares are rectangles. m E P m E s
all squares are rhombuses. _
. Some rhombuses are rectangles. darapti s —p

All horses have hooves.

mE-p mEs
No humans have hooves.

- Some humans are not horses. felapton S EZ P
Pair each natural language syllogism with the
corresponding symbolic syllogism
Show that each of these syllogisms is not sound,
by giving a counterexample in which one of the
predicates empty.

® INFIA

existential
assumption

Optional: The existential assumption
described in the Book may be
expressed as the rule:

a #~= —a

For each of these syllogisms give a
derivation showing that under the
existential assumption it is sound.



