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Substitution of EquIVO\len't Statements

@ So far, we have used truth tables to show equivalence between
statements.

@ Not the easiest way iR we have wore complex propositions.
@ Can there be ancther WO\L/?

Idea:
In a Qomple_x statement, substitute Parts with e_quiwxle_n't
stotements until we get the desired statement

It onlc/ makes sense to prove some simple but useful equivalences
once, and then re-use them whenever they appear in compl?cated
statements.
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"""« L
Substitution of EquiVale_r\'t Statements

Consider the Po“ow}ns, statement:

Proposition:
Afroh has o ce“pv\one AND she has a laptop.

What is the ne_go\'tion of the above statement? ie.,

—(pNq)?
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"""« L
Substitution of EquIVO\ley\'t Statements

What is the ne_goction of the Po“owing statement:

Pr*oposi‘t}on:
Afroh has o ce_“pkone_ AND she has o laptop.

@ For the above statement to be true, both p and ¢ should be
true.

o If p is False or ¢ is False then the above statement becomes
False.

@ So, the ne,god’,]on of the above statement is:

A/e::,o:tion:
Afrah does not have a ce“pl«\one OR she does not have o lap—
Top.
~(pAg)=-pV—q I,TU
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De Morgom's Lows: L.03?cal EquiValenQe

, Explano:t?on: De Morﬁan's Lows pro-
De Morgan’s Laws: vide o way to express the negation of a
QomPouno( proposition involv?ng logical OR
and logical AND in terms of logical AND

and logical OR, re,spec‘tive_ly.

=(pVaqg)=-pA—q
—(pAqg)=-pV—q
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Impoftant Lows of Propo&?‘t?onal L.os,?c with some

Errors

Loaw

Equivale_nce

Equivalence

Commutative Lows

PVg=qgVp

PAG=4qgANP

Associative Laws

(pVgVr=pVv(gVvr)

(PADAT=pA(qaAT)

Distributive Loaws

pV(@AT)=(pVag A(pVr)

pPA(gVr)=(pAg V(pAT)

De Morgan’s Laws

—~(pAg) =-pA—gq

—~(pPAg) =-pV g

Conditional Lows

pP—+49g=-"pPVg

-~(p > q) =pA—q

Idempotent Laws

Biconditional Loaws p<qg=(p— q) A(qg— p)
Identity Lows pANF =p pANT =p
Domination Laws pVvVT =T pVF=F
Double Negation Low —(=p) = —p
pVp=p PAP =P
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Impoftant Lows of Propo&?‘t?onal L.os,?c

Law Equivalence Equivalence
Commutative Laws pVg=qVp PAG=qAp
Associative Laws (pVvagVr=pV(gVvr) (pAg@) AT =pA(gAT)
Distributive Laws pV(@Ar)=((@Vag A(pVr) pA(@gVr)=(pAqg)V(pAT)
De Morgan’s Lows —(pVgq)=-pA—gq —(pANgq)=-pV g
Conditional Laws p—qg=-pVg —(p = q) =pA g
Biconditional Laws p<qg=(p— q)A(qg— p)
Identity Laws pVF=p pAT =p
Domination Laws pVvVT =T pANF =F
Double Negation Law —(=p)=p
Idempotent Laws pVpPp=p pADP=Dp

Discrete Structures




L.og?co\l EquiVOJe,nce_ 'thr‘ougl«\ Lows

Re_gomding all these equiwxle_nce rules: You should not have to
meworize thewm, instead you should be able to prove them. And know
where/when to use them.
Some Important Points:
@ Know the Ol;jec‘t?ve

So, what's the trick here?
@ Practice, and

@ Be mindful of the order of terms @ Some wore practice
0 Justify each step @ Justify each step
@ There could be many ways @ Keep in mind the objective.
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____________________________________________________
Exownple_: =(pV (=pAq)=-DA—q

Prove: —(pV (-pAq))=-pA—q




____________________________________________________
Exow/\ple_: =(pV (=pAq)=-DA—q

Prove: —(pV(-pAq))=-pA—q
Using De Morgom’s Low:

~(pV(pAq)=-pA-(-pAq)
=-pA(pV—q)
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____________________________________________________
Exow/\ple_: =(pV (=pAq)=-DA—q

Prove: —(pV (-pAq))=-pA—q
Using De Morgo\n's Low:

pA=(=pAq)
“pA(pV—q)

=(pV(=pAq)

Using Distributive Law:

pA(PV-q) =(-pAp)V(=pA-q)
="V (=pA—q)
E—\p/\ﬁq
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____________________________________________________
Exow/\ple_: =(pV (=pAq)=-DA—q

Prove: —(pV (=pAq))=-pA—q
Using De Morgom's Low:

=(pV(=pAq) =-pA-(-pAq)
=-pA(pV—q)

Usimj Distributive Law:

“pA(pV-g)=(—pAp)V (=pA-q)
="V (=pA—q)
=-pA—q

Thus, ﬁ(p \ (ﬁp A q)) =-pA-q
1u
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Summo«‘y of Pr‘opoS?‘t?onal Logic so far

@ Introduced basic concep'ts of Pr‘oposi'tional los,ic: pr‘oPosi'tions,
logical operators, truth values.

° Explored log?co\l operators: conjunction (A), disjunction (V)
ne,god.’,?on (ﬂ), conditional (—)), biconditional ().

@ Dewmonstrated truth tables to evaluate QOMPound propositions.
@ Discussed log}cal equ}VQlence ond its imPoﬂtance.
@ Covered De Morgan’s Laws for simpliPy}ns, expressions.

° Explore_d techniques for working with complex statements, Includ]ng
substitution.

Keep in wind: Logic provide_s tools for reasoning andl melem-Solv?ng n
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various domains.



