Computer Science & Engineering 235 — Discrete Mathematics
Logical Equivalences, Implications, Inferences, and Set Identities

1. —(-p) <= p Double Negation
2.a. (pVq <= (qVp) Commutative Laws
2b.  (pAq) <= (gAp)

2c.  (perqg) = (¢¢p)

3a. [(pVqgVr] < [pV(gVvr) Associative Laws
3b.  [pAgAr] <= [pA(gAT)]

da. [pV(gAr)] < [pVva A(pVr) Distributive Laws
4b.  [pA(gVvr)] <= [(pAQV(pAT)]

5.a. (pVp) <= »p Idempotent Laws
5b.  (pAp) <= »p

6.a. (pVv0) < p Identity Laws
6b. (pVvl <=1

6.c. (pA0) <= 0

6.d. (pAl) < p

7a. (pVvl1) =1 Domination Law
7h.  (pA0) < 0

8a. —(pVq) <= (-pA—q) DeMorgan’s Laws
8b.  —(pAg) <= (-pV—q)

8c. (pVa) = —~(-pA—q)

8d. (pAq) < —=(-pV—q)

9. (p—=q) = (—qg— —p) Contrapositive
10.a. (p—=q) < (-pVyq) Implication

10b. (p—=4q) <= ~(PA—q)

1la. (pVq) < (-p—q)

11.b. (pAq) < ~(p = —q)

12a. [(p—=r)A(g—r7)] <= [(pVa)—7]

12b. [(po ) Alp—7)] <> [p— (gA7)]

13. peq) <= [(p—=a9A(¢—D)] Equivalence

14. (pAg) =] <= [p— (g—71)] Exportation Law
15. (p—q) = [(pA—q) — (] Reductio ad Absurdum
16. peg)=pmEA-q)V(-pAq) Exclusive Or
17.a. pV(pAq) =p Absorption Laws
17b. pA(pVq) =p

Table 1: Logical Equivalences



1. p= (pVaq) Addition
2. (pAhg)=p Simplification
3. (p—c)=-p Absurdity
4. AP —q]=q Modus Ponens
5. [(p—q)AN—q] = —p Modus Tollens
6. [(pVaq)A-pl=q Disjunctive Syllogism
7. p=lqg— (pAg)]
8a. [pegAger))=@pmer) Transitivity
8b. [p=gAlg=r)]=p—r)
9a. (p—=q =I[pVr)—=(¢Vvr)
9b.  (p—=a)=I[pAr) = (gAr)
9¢.  (p=a=[p—=r)—=(g—=r)
10a. [p—= @A (r—39s)]=[pVvr)—(qVs)] Constructive Dilemmas
10b. [p=@A(r—=s)]=[pAr) = (gA3)]
1laa. [(p—= @A (r—38)]=[(-gV-s)— (-pV-r)] Destructive Dilemmas
1Lb. [(p= g A(r—=s)]=[(-gA=s) = (zp A )]
Table 2: Logical Implications
AU =A Identity Laws
ANU=A
AUU=U Domination Laws
Anh=0
AUA=A Idempotent Laws
ANA=A
(A=A Complementation Law
AUB=BUA Commutative Laws
ANB=BnNA
AUu(BUC)=(AUB)U Associative Laws
AN(BNC)=(ANnB)N
AN(BUC)=(ANB)U (A NC) Distributive Laws
AUu(BNC)=(AUB)N(AUC)
AUB=ANB De Morgan’s Laws
ANB=AUB
AU(ANB)=A Absorption Laws
AN(AUB)=A
AUA=TU Complement Laws
ANA=1

Table 3: Set Identities



