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Group Project

Proposal

Research Proposal

Due today!

Do not start testing until I email
go ahead by Saturday morning
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Group Project

Proposal

Research Proposal: Grading
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Big Picture

Big Picture

Why are we learning. . .

Set theory?

Set theoretic notation?

Propositional logic?

Truth tables?
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Big Picture

Big Picture

To better understand meaning in
propositions and words

Entailment

Quantifiers

Pragmatics. . .
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Big Picture

Big Picture

We are laying the groundwork to
discuss the big picture. To get there,
we will cover. . .

Predicate logic (more
abstractions)
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Big Picture

Building Blocks

This requires
learning/memorizing the tools
we will use

There is a lot of abstraction
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Big Picture

Realworld Grounding
Why truth tables? With your group,
brainstorm

All logical possibilities
Demonstrating real world
intuitions
The complex is just a lot of
simple, basic parts
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Big Picture

Realworld Grounding

Why truth tables?

The complex is just a lot of
simple, basic parts

We define fundamental axioms
and use those to understand the
more complex
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Proposition Relations

Meaning Relations
Chapter 4 uses the terms:

Paraphrase

Contradiction

Implication

We will use the terms
Equivalence

Contradiction

Entailment
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Propositional Interaction

Logical Connectives

Need to memorize the theorems

Additionally the truth tables
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Propositional Interaction

Logical Connectives

And: ∧
[[φ ∧ ψ]] = 1 iff [[φ]] = [[ψ]] = 1

Or: ∨
[[φ ∨ ψ]] = 1 iff [[φ]] = 1 or

[[ψ]] = 1

Exclusive Or: ⊕
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Propositional Interaction

Logical Connectives

Entailment, Conditional: →
[[φ→ ψ]] = 1 iff [[φ]] = 0 or

[[ψ]] = 1

Mutual entailment,
biconditional: ↔

[[φ↔ ψ]] = 1 iff [[φ]] = [[ψ]]

Brackets: ( )
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Propositional Interaction

Conjunction

Conjunction

A conjunction of two propositional
expressions is True iff the two
propositional expressions are
individually True

[[φ∧ψ]] = 1 iff [[φ]] = [[ψ]] = 1
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Propositional Interaction

Conjunction

Truth Values

For the statements:
r : “It is raining outside”

c : “It is cold”

r ∧ c : “It is raining outside and it

is cold”
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Propositional Interaction

Conjunction

Truth Values

r c r ∧ c

1 1 1
1 0 0
0 1 0
0 0 0
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Propositional Interaction

Conjunction

Conjunction

Are the two expressions equivalent?

[[φ ∧ ψ]]

[[ψ ∧ φ]]
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Propositional Interaction

Conjunction

Conjunction

Are the two expressions equivalent?

“I woke up and left the house”

“I left the house and woke up”
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Propositional Interaction

Disjunction

Disjunction

A disjunction of two propositional
expressions is True iff at least one of
the two expressions is individually
True

[[φ ∨ ψ]] = 1 iff [[φ]] = 1 or
[[ψ]] = 1
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Propositional Interaction

Disjunction

Truth Values

For the statements:
r : “It is raining outside”

c : “It is cold”

r ∨ c : “It is raining outside or it

is cold”
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Propositional Interaction

Disjunction

Truth Values

r c r ∨ c

1 1 1
1 0 1
0 1 1
0 0 0
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Propositional Interaction

Disjunction

Assignment No. 7
Exercise 2.23

Draw a truth table for the
statements:

1 ‘John is home and Mary is
happy’

2 ‘John is home or Mary is happy’
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Propositional Interaction

Disjunction

Truth Values

For the statements:
r : “It is raining outside”

c : “It is cold”

r ⊕ c : “Either it is raining outside

or it is cold”
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Propositional Interaction

Disjunction

Truth Values

r c r ⊕ c

1 1 0
1 0 1
0 1 1
0 0 0
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Propositional Interaction

Disjunction

Assignment No. 7
Exercise 2.20

Draw a truth table for the statement:
‘either she passed the exam or she
did not pass the exam’
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Propositional Interaction

Conditional

Conditional

A ‘conditional’ consisting of two
propositional expressions is True iff
the antecedent expression is False or
the consequent expression is True

[[φ→ ψ]] = 1 iff [[φ]] = 0 or
[[ψ]] = 1
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Propositional Interaction

Conditional

Truth Values

For the statements:
k : “Karen went to the party”

g : “Gita went to the party”

k → g : “If Karen went to the

party, then Gita went to the

party”
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Propositional Interaction

Conditional

Truth Values

k g k → g

1 1 1
1 0 0
0 1 1
0 0 1
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Propositional Interaction

Conditional

Entailment

Does the first statement entail the
second?

1 Xochitl cooked an egg

2 Xochitl boiled an egg
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Propositional Interaction

Conditional

Entailment

Does the first statement entail the
second?

1 Ofra boiled an egg

2 Ofra cooked an egg
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Propositional Interaction

Conditional

Entailment

Does the first statement entail the
second?

1 Julio saw a boy

2 Julio saw a person
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Propositional Interaction

Conditional

Entailment

Does the first statement entail the
second?

1 Sameer ate something

2 Sameer ate all the cookies
something
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Propositional Interaction

Biconditionals

Biconditional

A ‘biconditional’ consisting of two
propositional expressions is True iff
the antecedent expression and the
consequent expression both have the
same truth value.

[[φ↔ ψ]] = 1 iff [[φ]] = [[ψ]]
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Propositional Interaction

Biconditionals

Truth Values

For the statements:
s: “Sarah went to the party”

d : “Dani went to the party”

k ↔ d : “Sarah went to the party

if and only if Dani went to the

party”
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Propositional Interaction

Biconditionals

Truth Values

s d s ↔ d

1 1 1
1 0 0
0 1 0
0 0 1
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Propositional Interaction

Biconditionals

Entailment

Does the first statement entail the
second and vice versa?

1 Football is forbidden

2 Sports is forbidden
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Propositional Interaction

Biconditionals

Entailment

Does the first statement entail the
second and vice versa?

1 Some countries have no
coastlines

2 Not all countries have a coastline
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Propositional Interaction

Biconditionals

Entailment

Does the first statement entail the
second and vice versa?

1 The archduke was assassinated
by the Serbian

2 The archduke is dead
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Multiple Connectives

Scope

Scope

Every logical connective has scope.

Think of scope as domain that
the connective operates over

What is being operated on
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Multiple Connectives

Scope

Scope

We can clarify domain using
brackets

Scope interactions can lead to
ambiguity
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Multiple Connectives

Scope

Types of Scope

Given two interpretations of some
logical operator (e.g. ¬φ ∧ ψ), we
can say refer to them as having:

Wide scope

Narrow scope
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Multiple Connectives

Scope

Types of Scope

Wide scope

Operates over the larger
grouping

e.g. φ ∧ ψ are negated
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Multiple Connectives

Scope

Types of Scope

Narrow scope

Operates over only the smallest
unit

e.g. Only φ is negated
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Multiple Connectives

Scope

Scope Practice

What is the scope of negation in the
two wff (well-formed formulae?

¬(φ ∧ ψ)→ ρ

¬((φ ∧ ψ)→ ρ)
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Multiple Connectives

Scope

Scope Practice

What is the scope of the
connectives?

φ ∧ ψ
φ ∨ ψ ∧ ¬φ→ ψ

(φ ∨ ψ) ∧ (¬φ→ ψ)

¬φ ∨ ¬φ
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Multiple Connectives

Scope

Scope Practice

What is the scope of the
connectives?

¬(φ ∨ ¬φ)

φ→ φ ∧ ψ
φ→ (φ ∧ ψ)
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Multiple Connectives

Scope

Scope Practice

What is the scope of the
connectives?

¬φ→ ψ → ψ → ρ ∧ ¬φ→ ρ

¬(((φ→ ψ)→ (ψ →
ρ)) ∧ ¬(φ→ ρ))
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Multiple Connectives

Scope

Main Connective

The main connective is the
connective that has the widest scope.
This tells us the type of connective
we are dealing with (i.e. a negation,
a conjunction, a disjunction, a
conditional, or a biconditional)
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Multiple Connectives

Scope

Main Connective

Identify the main connective for the
following expressions.

φ→ (φ ∧ ψ)
conditional

φ ∧ ¬φ
conjunction
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Multiple Connectives

Scope

Main Connective

Identify the main connective for the
following expressions.

φ ∨ ¬φ
disjunction

¬(φ ∨ ¬φ)
negation
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Multiple Connectives

Scope

Main Connective

Identify the main connective for the
following expressions.

φ→ (ψ → φ)
conditional

(φ ∧ ψ)↔ (ψ ∧ φ)
biconditional
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Multiple Connectives

Scope

Main Connective

Identify the main connective for the
following expressions.

((φ→ ψ)→ (ψ → ρ))→
(φ→ ρ)

conditional
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Multiple Connectives

Scope

Main Connective

Identify the main connective for the
following expressions.
¬(((φ→ ψ)→ (ψ →
ρ)) ∧ ¬(φ→ ρ))

negation
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Multiple Connectives

Scope

Main Connective

Identify the main connective for the
following expressions.

(φ→ ψ) ∨ (ψ → φ)
disjunction
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Multiple Connectives

Scope

Scope

“It is not raining and cold”
¬ + r + ∧ + c

¬r ∧ c

¬(r ∧ c)
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Multiple Connectives

Scope

Scope

r ¬r c ¬r ∧ c

1 0 1 0
1 0 0 0
0 1 1 1
0 1 0 0
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Multiple Connectives

Scope

Scope

r c r ∧ c ¬(r ∧ c)

1 1 1 0
1 0 0 1
0 1 0 1
0 0 0 1
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.11

The statement ‘John paid Mary and
Mary paid Bill or John paid Bill’ has
at least two meanings. What two of
the meanings? How could they be
distinguished in English by inserting a
strategically placed ‘either’?
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.11

jm ∧mb ∨ jb

(jm ∧mb) ∨ jb

jm ∧ (mb ∨ jb)
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.11

jm ∧mb ∨ jb

(jm ∧mb) ∨ jb :

‘Either John paid Mary and
Mary paid Bill of John paid Bill’
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.11

jm ∧mb ∨ jb

jm ∧ (mb ∨ jb)

‘John paid Mary and either Mary
paid Bill or John paid Bill’
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.13

Draw the truth tables for the
following expressions and verify their
truth conditions are different.

1 (p ∧ q) ∨ r

2 p ∧ (q ∨ r)
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.13

1 (p ∧ q) ∨ r

2 p ∧ (q ∨ r)

These statements can be the result of
different readings of an expression:
p ∧ q ∨ r
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.9

Draw truth tables for the following
sentences (assume ‘inclusive or’):

1 ‘either the boat capsized or John
fell in’
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.9

Draw truth tables for the following
sentences (assume ‘inclusive or’):

1 ‘either the Angels won and the
Dodgers tied or the Giants lost’
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.9

Draw truth tables for the following
sentences (assume ‘inclusive or’):

1 ‘Pooh will have honey and either
he will have maple syrup or he
will have clotted cream’
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.16

1 ‘it is not the case that both p
and q are true’

2 Check in the truth table that
either p or q is false when the
proposition above is true.
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.16

1 ‘it is not the case that either p
or q is true’

2 Check in the truth table that
both p and q are false when the
proposition above is true.
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Multiple Connectives

Scope

Essentially the same sentence

Either John is home, or he left
his lights on.

p ∨ q

If John is not home, then he left
his lights on.

¬p → q
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Multiple Connectives

Scope

Essentially the same sentence
Now you can simply negate p again
in both formulae, without affecting
their equivalence:
¬p ∨ q
p → q

We want to check the truth of the
conditional when p is false
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Multiple Connectives

Scope

Essentially the same sentence

To do that, we can rely on the
disjunction in, because the two
formulae are equivalent:

if p is false, then ¬p is true,
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Multiple Connectives

Scope

Essentially the same sentence

and if ¬p is true, then the whole
disjunction is true, simply
because one of its disjuncts is
true.

So the falsity of p makes the
disjunction true,
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Multiple Connectives

Scope

Essentially the same sentence

and since the disjunct is
equivalent to the conditional,

the conditional is also true.
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.21

Draw the truth tables for the
following pairs of sentences. The
following pairs of sentences should all
have the same truth conditions.
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.21

1 John proposed to Mary and
either she hit him or he banged
his head.

2 Either John proposed to Mary
and she hit him or else John
proposed to Mary and he banged
his head.
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.21

1 John proposed to Mary and
either she hit him or he banged
his head.

p ∧ (h ⊕ b)
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.21

1 Either John proposed to Mary
and she hit him or else John
proposed to Mary and he banged
his head.

(p ∧ h)⊕ (p ∧ b)
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.21

The following pairs of sentences
should all have the same truth
conditions.

1 p ∧ (h ⊕ b)

2 (p ∧ h)⊕ (p ∧ b)
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.21

Draw the truth tables for the
following pairs of sentences. The
following pairs of sentences should all
have the same truth conditions.
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.21

1 Either Colonel Mustard did it or
it was done in the billiards room
and it was done with the
candlestick.

2 Either Colonel Mustard did it or
it was done in the billiards room
and (also) either Colonel
Mustard did it or it was done
with the candlestick.
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.21

1 Either Colonel Mustard did it or
it was done in the billiards room
and it was done with the
candlestick.

m ⊕ b ∧ c
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.21

1 Either Colonel Mustard did it or
it was done in the billiards room
and (also) either Colonel
Mustard did it or it was done
with the candlestick.

(m ⊕ b) ∧ (m ⊕ c)
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.21

Draw the truth tables for the
following pairs of sentences. The
following pairs of sentences should all
have the same truth conditions.

1 m ⊕ b ∧ c
2 (m ⊕ b) ∧ (m ⊕ c)
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Multiple Connectives

Scope

“. . . But. . . ”

How do we treat the word but in
the proposition “The food is
cheap but good”?
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Multiple Connectives

Scope

“. . . But. . . ”

Is this statement equivalent to
“The food is cheap and good”?

We can treat is as the same as
the logical connective ∧
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Multiple Connectives

Scope

Assignment No. 7
Exercise 2.24

Make a truth table for the statement:
‘either p or q but not both’. This is
often known as ‘exclusive or ’ as
opposed to ‘inclusive or ’

p ∨ q ∧ ¬(p ∧ q)

p ⊕ q
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Multiple Connectives

Scope

Exlusive ’or’

The real question is, do we have
an “exclusive or” in our
semantics?
Draw a truth table for “John
spoke to Mary or Sue or Both”
using the exclusive and exclusive
or.
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