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Table 3.4.3. Basic Logical Laws - Equivalences

Commutative Laws

pVqgeqVp PAGEqAp
Associative Laws
(pVgVrepVigVr) PAg AT PpA(gAT)
Distributive Laws
pA(gVr) e (pAgV(pAT) pV(gAr) & (pVa A(pVr)
Identity Laws
pVO0&p pAl&p
Negation Laws
pA-p<0 pV-pel
Idempotent Laws
pVpep PApP& P
Null Laws
pA0&0 pVlel
Absorption Laws
pA(pVq)ep pV(pAg) & p
DeMorgan’s Laws
~(pVg) € (op) A(H9) ~(pAg) © (-p) V(09
Involution Law
~(-p) & p

Table 3.4.4. Basic Logical Laws - Common Implications and Equivalences

Detachment (AKA Modus Ponens) =9 Ap=>q
Indirect Reasoning (AKA Modus Tollens) (=g AN-q=-p
Disjunctive Addition p=(pVq
Conjunctive Simplification (pANg)=pand(pAgq)=gq
Disjunctive Simplification (pV@A—-p=gqgand(pVg A—qg=p
Chain Rule po9ANA(g—or)=>(m—T)
Conditional Equivalence p—>qe pVg
Biconditional Equivalences perge@o9Ar(g—p) e @AYV (PA)

Contrapositive (p—4q) & (~g— -p)



Sec 3.5 Mathematical Sjs-te.ms £ Tf ea-f Y

Far-@. T Dicect 'f\fov-f-\

E)(MV"]Flﬁ, 1

Here's a  +theorem : FV&) Qﬁv S, P—= R = SV&
w\—)
Ohat we

The Term1Se wont o

Here’s a Toss'ulale_ diveck 3%-column r{oo_F_. Conclude
S{Ce.F .Ffo'ro sittion J-msti-FTCq-E:?on
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2. - F— &, C1)) Conditional
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O— O & Vo
A >0 & A VO

3. XR—5 Fremise

4. P— 5 (), (3) Chain Rule
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b. p— R Fremise
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Heve’s a Tossup\e, c[t're(‘/{:, 2 Column Troo-F 07C
PV, SVP, 7@ = S
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Step ?ro-ro sikion Justification
1, TRVP Fremise
2. R Added  TFremice
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Face T+ Indivect proof
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G offen  called “Proof by Coateadiction”
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3 proof of N )
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PV, K-S, P—>R = SVR
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Step ?roro sition Justification
1. 7(5vR) Negated conclusion
2. TS AR (1), PeMorgan's Law
“(ova) e (M)A
3. g (2), Conjunctive Simplification
SN & D
4. R —S Fremise
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Note: For an indivect Ffoo{:) the lagk Step  must be

a contradiction.
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Indirect proof ofa — b, —(bV ¢) = —a

1. a Negation of the conclusion
2. a—b Premise

3. b (1), (2), detachment

4. bVc (3), disjunctive addition
5. —(bVec) Premise

6. 0 (4), (5) U
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aVb,

Step Proposition

cAd, a—c = b

(1)

(2)

3)

(4)

(3)

(6)

(7)

cNd

a— —C

~(=c)

—a

aVb

jus{-,?(’( cation Cheat Sheet
Detachment (AKA Modus Ponens) (P29 Ap=gq
Indirect Reasoning (AKA Modus Tollens) (p—>g)AN=g=—p
Disjunctive Addition p=(pVq)
Conjunctive Simplification (pAg)=pand (pAg) =q
Disjunctive Simplification (pVg)A—p=>gand(pVq)A—g=p
a

@

Consider the following argument.

"If my salad contains watermelon, then | will carry an iPhone. | will not eat
candy if | don't carry an iPhone. My salad contains watermelon. Therefore,

| will eat candy."

Is this argument valid?

(Tuskifq by or Ohy wst)



@T‘*&bﬁ{‘ﬂ ‘e ste_?s T —E{,\e -(:oHoVJ'wg :FfOD'F O-F
P9, 9=, ”(F/\rﬁ, pVr = ¥

Step Proposition t]ug{—,'l{'( cation Cheat ¢heed ;}

Detachment (AKA Modus Ponens) P2 Ap=>gq
Indirect Reasoning (AKA Modus Tollens) P—=qA-q=>-p
(1 ) -r Disjunctive Addition p=(pVq)
Conjunctive Simplification (pAg)=pand(pAg) =g
Disjunctive Simplification (pVg A-p=>gand(pVgA-g=p
(2) Py
3) p
(4) p—q
(5) q
(6) q—rT
(7) r
(8) 0 =
@ Consider the following argument.

"My snack contains chocolate chips and donut. If my snack contains apple
then it doesn't contain chocolate chips. My snack contains apple or
banana. Therefore, my snack contains banana."

Is this argument valid?
Cj MS‘E’F‘FS N} '/“3 oY¥ oJ\m\JS no‘b’)
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Step

(M

(2)

(6)

(7)

cAd,

cNd

a— —c
—(=e)
—a
aVb

b

a ¢ => b

Proposition

Justification

Premise

Conjunctive Simplification (1)

Premise

Involution (2)

Indirect Reasoning (3),(4)

Premise

Disjunctive Simplification (5),(6)

@ The

argumey\t s not va(?&_

Let w: aterme lon T - Tplone, C : (andy

Ther +he arqument i€ W—>I, TTSTC, W SC

Let < dercte -the anjunc-k?on (0 of all ']>V€_"""§2—§

w I C -I -C W—=1I -I—>-C zz z—->C
0O 0 o0 1 1 1 1 0 1
0 0 1 1 0 1 0 0 1
0 1 0 O 1 1 1 0 1
0 1 1 O 0 1 1 0 1
1 0 0 1 1 0 1 0 1
1 0 1 1 0 0 0 0 1
¥ 1 @ 0 1 1 1 1 0
1 1 1 0 0 1 1 1 1
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Step
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(2)

(3)
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(3)
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(8)

-r

pVr

p—4q

0

Proposition

Justification

Negated conclusion

Premise

Mm@ Pisjunctive S'IMTIT—FTC Lron :
__' —

[aVvDD)ad TO>aA

Premise

Detachment (3), (4)

Premise

Detachment (5), (6)

Mm@ is a contvcadiction o

@Tf/le, araumer\t s valid.

L—Q_E a: a‘>‘>|c, L:baﬂawq) c:c,hoc,olate C,fq}'F.S) 4-' olonu-l;.

gv tle ar&lﬁment is CAd, a—>7¢c, aVb = J:)
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Step Proposition Justification

Q)]

(2)

3

4)

(5)

(6)

7

cANd Premise

c Conjunctive Simplification (1)
a— ¢ Premise

—(—e) Involution (2)

-a Indirect Reasoning (3),(4)
aVb Premise

b Disjunctive Simplification (5),(6) 0~



