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Draw]ng Conclusions From Given Information

L-Osﬁ" involve_s inPerring truth from given statements.
For @(ample W

1. One of them is a theif.

2. Exac‘tlt/ one of them is $peak?n3 the truth.
A I oam not the theif B 4 is the theif

C: I am not the theif

Who is the theif? iTu
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Dro\wing Conclusions From Given Information

Suppose 4 is the theif. Then both B and C are speaking the truth.
However,
. Exac‘tly one of them is speaking the truth.

A I om not the theif B 4 is the theif C: I am not the theif

Conclusion: 4 is not the theif.
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Dro\wing Conclusions From Given Information

Suppose B is the theif. Then both 4 and C are speaking the truth.
However,
. Exac‘tly one of them is speaking the truth.

A I om not the theif B 4 is the theif C: I am not the theif

Conclusion: B is not the theif.
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Drawing Conclusions From Given Information

Suppose C is the theif. Then onll/ A s speaking the truth.
We know that 4 and B are not theives. So,
A I oam not the theif B: 4 is the thef C: I am not the theif

Conclusion: C is the theif.
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Dr‘a\wing Conclusions from Given Information

What if we have n persons, and e,xac‘tlt/ k of them are speaking the
Truth? Who is the thief?

z 9
e .
Vst

&/
cﬁ \ E

@ We can infer new statements (conclusions) l:t/ carePu“y
COnsIchﬁv\g the given statements and premise.

T ake_aways:

® Things can get complex quicklc/, so we need to Formalize and
sys‘te_mize our method of r‘e,oxsoning.
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"""« L
Example_ - How to Reason?

Lets look at ancther @(ample. Our focus now is on the process of
rea$onin<3.

o
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"""« L
Example_ - How to Reason?

Lets look at ancther example_. Our focus now is on the process of
reason?ng.

e Itis Snowing in New York.
o If it snows in & Q?‘ty, then its schools are closed.
o If it snows in New York, then it snows in Boston.

o
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Example_ - How to Reason?

Lets look at ancther exampl@_. Our focus now is on the process of
reasoning.

e Itis Snowing in New York.

o If it snows in o Q?‘ty, then its schools are closed.
o If it snows in New York, then it snows in Boston.

Can I conclude the Po“ow}v\g? Schools in Boston are closed?

o
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"""« L
Example_ - How to Reason?

Lets look at ancther example_. Our focus now is on the process of
reason3n3.

e Itis Snowing in New York.
o If it snows in & city, then its schools are closed.
o If it snows in New York, Then it snows in Boston.

Can I conclude the Po“ow}v\g? Schools in Boston are closed?
It is snowing It is snowing
in New York in Boston

Schools are Schools are
closed in New closed in

York Boston
1u
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"""« L
Example_ - How to Reason?

Lets look at ancther example_. Our focus now is on the process of
reason3n3.

e Itis Snowing in New York.
o If it snows in & city, then its schools are closed.
o If it snows in New York, Then it snows in Boston.

Can I conclude the Po“ow}v\g? Schools in Boston are closed?
It is snowing It is snowing
in New York in Boston

Schools are Schools are
closed in New closed in

York Boston
1u

@ Statements
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"""« L
Example_ - How to Reason?

Lets look at ancther example_. Our focus now is on the process of
reason3n3.

e Itis Snowing in New York.
o If it snows in & Q?‘ty, then its schools are closed.
o If it snows in New York, then it snows in Boston.

Can I conclude the Po“ow}v\g? Schools in Boston are closed?
It is snowing It is snowing
in New York in Boston

Schools are Schools are i Re—l"\t'o" between statements
closed in New closed in (structure)

York Boston
1u

@ Statements
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"""« L
Example_ - How to Reason?

Lets look at ancther exa\mple. Our focus now is on the process of
r‘easonina.

o It s Snowing in New York.
o If it snows in a aity, then its schools are closed.
o If it snows in New York, then it snows in Boston.

Can I conclude_ the Po“ow}ns,? Schools in Boston are close_d?

It is snowing It is snowing
I:>
o Statements
ﬂ ﬂ o Relation between statements

Schools are Schools are (structure)
closed in New closed in
York Boston frU
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Formalize - How to Reason?

Iti i Iti i . .
— Do you realize omy‘thmg about
ﬂ ﬂ the form of statements and the
conclusions?

Schools are Schools are
closed in New closed in o S‘to\‘teme_y\'ts
York Boston
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Formalize - How to Reason?

Do you realize o\m/‘th?ng about

It i Iti i
— the form of statements and the

ﬂ conclusions?
o Statewments

Schools are Schools are
closed in New closed in
d in losed i ® They are all Yes/No

statements.
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Formalize - How to Reason?

Do you realize o\m/‘th?ng about

4 ) — the form of statements and the
It is snowing It is snowing

| 1 o Statements

Schools are Schools are

Schools are chools ar ° They are all Yes/WNo
York Boston statements.

@ How does that he_lp?
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Formalize - How to Reason?

Do you realize anything about

- ) - - the form of statements and the
It is snowing It is snowing
in NewYork |~ | in Boston conclusions?

ﬂ o Statements
Schools are Schools are ° They are all Yes/No
closed in New closed in
York Boston S‘ta‘temen‘ts.

® How does that help?
Our 3ooJ will be to Pormalize the process of reasoning.
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Formalize - How to Reason?

Do you realize anything about

; : ; ; the form of statements and the
It is snowing It is snowing
I:> QOV\CIUS‘OV\s?

ﬁ ﬂ o Statements
Schools are Schools are ] Thel/ are all YQS/ No
closed in New closed in
York Boston Sto‘teme“’ts-

@ How does that he_lp?
Our goal will be to Pormalize the process of reasoning.

@ What do we mean by statements (mathematically)?

@ What can be a s,ood woy to cap‘ture re_la‘tions between
statements?

@ How can we write new statements from known ones, such as
by Perporminsq some opera'tions on Them? ITU
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"""« L
ww/ - Need to Reason?

This Pormalization is key to
° Cons‘tructing precise mathematical a(‘gume_v\'ts,
® Proving (disproving) complex statements,
° VeriPying correctness of computer progroms,

° De_s]yﬁng computer circuils,
Q..

o
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"""« L
ww/ - Need to Reason?

This Pormalization is ke_t/ to
@ Constructing precise mathematical arguments,
® Proving (disproving) complex statements,
° veriPyimg correctness of computer programs,
° Des]yﬁng computer circuils,
° ..

® And to pass this course.

o
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"""« L
ww/ - Need to Reason?

This Pormalization is key to
o Constructing precise mathematical arguments,
o Proving (disproving) complex statements,
° VeﬁPg/ing correctness of computer progroms,
@ Designing computer circuits,
° ..

e And to pass this course.
Now we are going to Poma“y start Chapter .

iu
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S
1.1 Pr‘opos?'t?ons and L03Ical Operations

ProposT‘tiov\: A statement that is either true or ‘Palse, but not
both.

Statement Propos?‘tiov\ Truth Value
29 is & prime number
Open the door
T+y > 9,

Eoarth is the only planet where [ife 7
exists

For every positive integer 1, there
iS o prime number lo\rge_r than n

o
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1.1 Pr‘opos?'t?ons and L03Ical Operations

ProposT‘tiov\: A statement that is either true or ‘Palse, but not
both.

Statement Propos?‘tiov\ Truth Value
29 is & prime number v Yes
Open the door

T+y > 9,

Eoarth is the only planet where [ife 7
exists

For every positive integer 1, there

iS o prime number lo\rge_r than n

o
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S
1.1 Pr‘opos?'t?ons and L03Ical Operations

ProposT‘tiov\: A statement that is either true or ‘Palse, but not
both.

Statement Propos?‘tiov\ Truth Value
29 is & prime number v Yes
Open the door X

T+y > 9,

Eoarth is the only planet where [ife 7
exists

For every positive integer 1, there

iS o prime number lo\rge_r than n

o
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1.1 Pr‘opos?'t?ons and L03Ical Operations

ProposT‘tiov\: A statement that is either true or ‘Palse, but not
both.

Statement Propos?‘tiov\ Truth Value
29 is & prime number v Yes
Open the door X

T+y > 9, X

Eoarth is the only planet where [ife 7
exists

For every positive integer 1, there

iS o prime number lo\rge_r than n

o
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S
1.1 Pr‘opos?'t?ons and L03Ical Operations

ProposT‘tiov\: A statement that is either true or ‘Palse, but not
both.

Statement Propos?‘tiov\ Truth Value

29 is & prime number v Yes
Open the door X

T+y > 9, X

Earth is the only planet where [ife v 7
exists

For every positive integer 1, there

iS o prime number lo\rge_r than n

o
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S
1.1 Pr‘opos?'t?ons and L03Ical Operations

ProposT‘tiov\: A statement that is either true or ‘Palse, but not
both.

Statement Propos?‘tiov\ Truth Value
29 is & prime number v Yes
Open the door X

T+y > 9, X

Earth is the only planet where [ife v 7
exists

For every positive in'tege_r n, there v Yes

iS o prime number lo\rge_r than n

o
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S
1.1 Pr‘opos?'t?ons and Log?cal Operations

Propos?‘t?on: A statement that is either true or Palse_, but not
both.

Statement Pr‘oposi‘t}on Truth Value
29 is o prime number Ve Yes
Open the door X

T+y>5 X

Earth is the only planet where [ife v 7
exists

For every positive integer n; there v Yes

iS o prime number lars«er than n

Why we defined our basic bu}lding block this par’ticulo«‘ wm/?

° Simples't, concise, and the most un-ambiguous woy of
Jecloming o Pact / information ITU

@ Hos a definite truth value



S
1.1 Pr‘opos?'t?ons and L.og?cal Operations

@ Sometimes sImple_ statements are not enough (to express
Qompl}ca'ted ideas).

@ Combine proposi’tions to 3e_’t compound Propos?‘tions using certain
composition rules called 103ica| operations.

It is raxining ‘ Proposition.

It s raining and it is cold Compouno( Pmposi‘t]on.

0 What determines the truth v«lue of a compound pmposi‘tion?

o Let’s see some basic logical operations.
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"""« L
Conjundt?on Opera'tor

Conjunction Operator: Represents logico\l “"oand"! operation be-
tTween two propositions.

The conjunction of propositions PP and Q is conjunction of e and q
is & new proposition, whose truth value is true when both P and
Q are ‘tf‘ue_, and Po\lse, otherwise.

P Q PAQ
True | True | True
Truth Table: | True | False | False
False, True Fal$e
False False Fo.lse

Notation:
PAQ
Read as P and Q

Example;

If P represents "It is sunny”
and @ represents "I go to the beach,"
then PAQ represents "It is Sunny ond T g0 To the beach." ITU

Mudassir Discrete Structures



"""« L
D?S\‘\unc’tion Ope_r‘octor

Disjunction Operator: Represents log]co\l "or" operation between
two propositions.

The J?s:‘une'tion of Proposi‘tions P ond Q@ is o new Propos?‘t?on,
whose truth value is true when either P or Q or both are True,
and false otherwise.

P Q | PvVQ
True | True | True
Truth Table: | True | False | True
False | True | True
False, False, False

Notation:
PvQ
Read as P or Q

Example:
If P represents "I found a unicorm"
and Q represents "I won the lo‘t'te_n/,"

then PV Q represents "Either I found a unicorn, or I won the ITU

lot‘te,ﬁ/”



"""« L
Exclusive-Or Operator

Exclusive-Or Operator (XORY): Represents logical "exclusive-or!!
operation between two propositions.

The exclusive-or of propositions P and Q is & new proposition,
whose truth value is true when either P or Q is true, but not
both, and false when both P and Q are either true or Ralse.

Notation: P Q P
PaQ True | True False
Read as P Teruth T able: True Fone_ True
exclusive-or Q False | True | True

False False False

Example:
If P represents "I'm in the wood for pizza
and Q represents "I'wm in the mood for sushi"
then P @ Q represents "Either I'm in the mood For pizza or susm,ITU
but not both!/" o



N egation Operator

I‘/ego(tion Operator ) Repr‘esen'ts the logico\l ‘not"’ ope,r‘o(tion

on a pf‘oposi‘tion.
&iven o proposi‘tion P, its nego\'t?on P is o new Proposi‘tion whose

truth value is the opposite of P.

Truth Table:
Notation:
Reacd as ‘'not P True False
False_ True
Exomple:

If P represents "It’s a weekday," then —P represents "It’s not a
weekday G.e., it’s the weekend).”
1u
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L.og?cal Operator Problems

Problem 1: TR "I find my keys'' is represented l:t/ P, and "I'm late for
work'' is represented by Q, write the proposition "I'm not late for
work and I found my ke_ys."

Problem 2: Let P be "Tt’s raim?ng" and Q be "I Porgo‘t my umbrella."
write the proposition "It’s not raining or I Porgo‘t my umbrella.”’
Problem 3: Suppose P is "I have cookies" and Q is "I have wmilk."
Write the proposition "I have cookies andl milkc. "

o
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e
L.og?cal Operator Problems

Problem 1: TR “T find my keys" s rqorese,n‘ted By P, and "I'm late For
work'' is represe,n‘ted l':l/ Q, write the proposition "I'm not late for
work and I found my ke_ys."

Problem 2: Let P be "It’s raining"’ and Q be "I Porgo't my umbrella."
Write the proposition "It’s not raining or I 'Porgo‘t my umbrella."
Problem 3: Suppose P is "I have cookies' and Q is "I have wmilk."
Write the proposition "T have cookies and wmilk."

Solutions
Problem 1: =Q A P

Problem 2: =PV Q
Problem 2 PAQ

iJu
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S
1.1 Proposi't?ons ondh L03Ica| Operations

Let p and ¢ be propositions, then under what conditions

Qpdg#pVy
Q@ pVg=pAgq
Q@ pdg=pAgq

o
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1.1 Pr‘opos?'t?ons and L.og?cal Operations

Let p and g be propositions, then under what conditions
Q@pdg#pVy
Q@ pVg=pAg
Q@ pdg=pAg

Solutions:
Q@ p=T,q=T
Qp=Tq=T
Q@ p=Fgq=F
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e
EVO\IUO\'tb‘\g Cow\pound Propos?tions

When erlua‘t?ng compound propositions with logico\l operators, the order of
operations is as Pollows:

@ Evaluate expressions inside parentheses.
Q Applt/ the negation -) operator.

Q Applt/ the conjunction ) operator.

Q Applt/ the disjunc‘t]on W) operator.

Example,

Evaluate PA=QV R gven P = "Sumy",Q = "Beach”, R = "Uwmbrella.
@ —Q is "Not at Beach'.
Q@ PAQ s ”Suv\ny and Not at Beach'.
Q@ PA-QVRis “Sunny and Not at Beach, or Umbrella.

"

Y
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e
Solng Cow\pound Proposrtion

Example Proposition: 5= (pV q) A=(pAq)

plag|prVa|pAg| ~pAg | PV A-(pAQ)

ifu
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e
Solving Cow\pound PropoS?‘tion

Example_ Proposition: 5= (pV q) A~(pAq)

p q pVg | pAg [ ~(pAg | (pVgA-(pAg)
True | True | True | True
True | False | True | False
False | True | True | False
False False False, FoJSe,

Mudassir Discrete Structures



e
Solving Cow\pound PropoS?‘tion

Example Proposition: s = (pVq) A=(pAq)

P q pVaq | pAg | ~lpAg) | (VO A-(pAg)
True | True | True | True False
True | False | True | False True
False | True | True | False True
False | False | False | False True
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e
Solving Cow\pound PropoS?‘tion

Example Proposition: s = (pV q) A=(pAq)

P q pVag | pAg | ~(pAg [ (Vo A-(pAg)
True | True | True | True False False
True | False | True | False True True
False | True | True | False True True
False | False | False | False | True False
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e
Solvinﬂ Compound Pr‘oposi'tion

Example Proposition: s = (pV q) A=(pAq)

p q pVg | pAg [ ~(pAg | (pVg A-(pAg)
True | True | True | True False False
True | False | True | False True True
False | True | True | False | True True
False | False | False | False True False

Solution: The truth values of s for all possible truth values of p

and ¢ are shown in the table. Therefore, the simpl}{}-ed proposition is:
s=pdaq.

o
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