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Discrete Mathematics — Laws of Logic
Aministrivia

Tutorials/Labs
@ Not required, but strongly recommended

Homework
@ Crowdmark isn't set up yet (but it will be ©)

Quizzes

@ Firstis on Friday in the first 10 minutes of lecture
@ Similar format to homework/practice exercises

Lecture recordings
@ [T managed
@ They had an error on Friday
@ In general, don’t count on recordings being there
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Discrete Mathematics — Laws of Logic

Previous Lecture

@ Truth tables
@ Tautologies and contradictions

@ Logic equivalences
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Laws of Logic

@ Double negation

Discrete Mathematics — Laws of Logic
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Discrete Mathematics — Laws of Logic

Laws of Logic (cntd)

@ DeMorgan's laws
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Discrete Mathematics — Laws of Logic

Example

@ Construct the negation of

"Miguel has a cell phone and he has a laptop’

"Heather will go to the concert or Steve will go to the concert’
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Discrete Mathematics — Laws of Logic

"Algebraic’ Laws of Logic

® pAg & qAap
PvqQ < qvp

—

Commutative laws

® prlQan) < (PAgAT Associative laws
pvigvr < (pvq)vr

® prlavn < (Rad vIpan Distributive laws
pv(gar) < (pvaapvr
® pap = Idempotent laws
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Discrete Mathematics — Laws of Logic
‘Logic’ Laws of Logic

® pAT & p

Identity |
VE o p dentity laws

® pArgpp & F the law of contradiction

Inverse laws

pv—p < T the law of excluded middle

—— S

)—?'

® pAF < F
pvli < T

® 0ADVY < B Apsomtion laws
pv(pAag < p

Domination/annihilation laws
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Discrete Mathematics — Laws of Logic

Example W

@ Simplify the proposition
=(qvr)v—=(=qvp)v(rvp)

(0(0//%@/%)@/724 7r) \//’779/(7,0)\/[F\/p)
é—'>/7$/( W)V /(2//17/3)\//V wo)

> (4 V v (g A7p) v P

C“:X//”W?/‘/ ) A( 7rw)>\/(/g/ VfD> A~ vp))
(=2 (14V ) V(g1 p)
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Derived laws /@ +5>((‘ﬁ\/> —C +@O/7Lé’\féw

@ Some laws can be obtained by combining other laws, such as the
double distributive laws

[p (/%)/l(/ ys)E> /p/l/rvs))/@/zh;))
(= (p/ fW[{DAS) V(Q//I/)%@)



Discrete Mathematics — Laws of Logic

Order of operations

@ — binds most tightly

@®Then A Example: parenthesize correctly
@Thenv, @ '

At / /p A Q) r><—>(H3)v Qv r)
@Finally, &

Typically write multiple v, A without parentheses

PA(QATNSPAGQATrS(PAQ) AT

pv@vrnepvagvre(pvavr By associativity
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Discrete Mathematics — Laws of Logic

Expressing Connectives

@ Some connectives can be expressed through others

p®q < —(p<>q)

—_—

p<>q < (P—>9) A(@—>p)

P4 <& —pVvq(
S ——

@ Theorem Every compound proposition is logically equivalent to
a proposition that uses only conjunction, disjunction, and negation
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Discrete Mathematics — Laws of Logic

Example

“If you are a computer science major or a freshman and you are
not a computer science major or you are granted access to the
Internet, then you are a freshman or have access to the Internet”

P - you can access the Internet

q - Yyou are a computer science major’
r - "you are a freshman’

(v (g vp) = (¥ V)
@7{/&1//04[’7@\/@) V' V/D

ED g/ r)V2(7q/0P) VY v O



Example

@ Simplify the proposition
(Pva) <> (pAq)

& (pvg)=>(p1g) 1prs)>(pr9)
(j:>{[7(/0WF/> \/(pﬂéf))ﬂ/’7/ﬁ4§> \/(/OV@)
D((7/047¢> V [,0/1?/» 1 ([7,0\/7@) V/PV7)>

2 (1ov P09 g P 1 (g va) 1 1
é>((/]/<)\/@/34{‘7@v)0)) /]
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First Law of Substitution

. Suppose that @ is a tautology, and p is a primitive proposition.

formula @ with each occurrence of p replaced by a
formul
@ sometimes denoted @[V / p]
~—

@ Then @’ is a tautology

Example:
Let D=(p—>q)v(g—>p) and¥=pv(sDr)

Then
D' =0 /p|=(pVv(s®r)—>aqv@—>(pvis®r)
Is a tautology

—
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Second Law of Substitution

@ Let ® be a compound proposition and V¥ be a subformula of @

@ Suppose ¥ < V'
@ Then replacing W with W' in @ yields a logically equivalent formula

Example:
let D=(p—>q)v(q—>p) and ¥=p
Set¥’'=pv(pAQ) =
Recall that p < p v (p A q) by Absorption Law...

Then
(p—a)v@—p < (pvipag)—a v@—p).
— .



Discrete Mathematics — Laws of Logic

Practice

Exercises from the Book:
7" edition: No. 27, 5, 11(c,d) without truth tables, 55 (page 34)
8t edition: No. 31, 5, 11(c,d) without truth tables, 59 (page 38)

- Express conjunction and disjunction through implication and negation

()
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Discrete Mathematics - Logic Inference

Practice

« Showthat (pVvqg) » rand (p — r) Vv (q — r) are not logically
equivalent

* Is the following argument valid?
If the band could not play rock music or refreshments were not
delivered on time, then the New Year's party would have been
canceled and Alicia would have been angry. If the party were
canceled, then refunds would have to be made. No refunds were
made.
Therefore the band could play rock music
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