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(b) Define the converse and contrapositive of a conditional statement p=q.

The convene is q=3p.
The controposihve s 19=>-1p.

(c) Verify the Double Negation Law )
~—p=p

using a chain of logical equivalences derived from the 5 basic laws of propositional calculus.
State each law that you use.

By negahon  pVap =t . Replacing p througnour by 7p we
obtain . IpVarp =% 83 negallon pArp=c. Rep\acfnﬂ P
%rouShw}: bﬁ 7p we obtain pATIp =C.

2 p= pAt \dentity
= pA (apV17p) from obove
. =(pAap) v (pATp) distribution.
= ¢ VI(phTp negothon.
= (ap A1p) v(pA7p) from above
= (pVp) A p. distribuhon
t A qp negahon

nm o

17p idenh).




(0) Lonsider the expression I~ denined by
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(a) Write a disjunctive normal form for P.

(pAgArAS) ¥ (pAQATrAS) v (pATq AT AR V(pAqATr Aa)
V (pAMgATrATs) v (ip Ag Ar Ans)v (1pAq ATrAas) v (ipAg A Ans)

(b) Write a conjunctive normal form for P.
(1PV1 q V1 rNs)A(T PV"I qVr Vs)A (1qu'V1rVﬂ A(pVﬁqurV'lS)
A (pVagVrVas) A (P\Zq\/‘:rV'ts]/\(PVq'VrV'IS\/\ (pVqVrVs)

(¢) Write an optimized disjunctive normal form for P by completing the Karnaugh map

v Y || o

2 13 | I8 S

p e | O o \
p g |\ © | I W
ap__1q| O 1 © | O
1p o | O [T ][ o

(P/\gj v( P/\-wq/\*rr') v (1 P ArATs) V(‘\P/\cl/\-ls\




(0) Lonsider the model

Objects | True Propositions
a P(a) Qf(a)
b Q(b) R(b)
¢ P(c) R(c)

For each of the following propositions determine its truth value in the model. Give an explanation.
(a) Jy (Vo (P(z) = Qy)))
True. let y=b. Then PGA=3QCb) st regordless of
which object we fake > Yo be 3lhce the 1mphcx§hon 1t
tue depandent of the druth value of PGo. So the Vi
s hue. Sine there b one objecryfor which the Vi s

true the Ty 1y e

(b) Yz (Q(z) = R(z)) ) B i 1
: —a the proposifion 15 Q)= which 0 folie.
gﬁi@ -'E\rc:sarrax i&? an ogjj.QPC‘\' for which the Roposihon 1 fobe

the Vx q\mn)n‘ﬁu v fabe,

(c) Az (P(z) = (Q(z) A R(z))) ' k
Trwe. Let x=b. Than PCb) 1 fabe so the 1m‘)heq\‘n0h
i3 vacuowly Arue. Swce there 0 Lcr\r. leort) 1 objeck
for which the pro?oﬁhon D hue the Ix s hue.

(d) (Yz (P(z) V Q(z))) = (3z —R(z)) e N
True. Take x=a in the conclwion, 1kCo) 13 True so &
’—_lr::e fsqhiux.ﬂSmca the conclwion it fue the \mp\[caho‘;xo
i3 fue regardies of Fhe 4ruth value of the premise. tor

Yhe record the premise is rue.

(e) Vz (Fy ((P(z) A Q(y)) = R(z))) e PEOAGE)
h x Yoke u=c. Since AC) v P IA
1;;‘*-;&\3‘" rzi:vo\\; of JﬂwLng value of PG). Thw the mpli coflon

i3 vacuously true. for oll x Hence the Vix vhue.




kU}l AL

Va ((P(x) v Q(#)) A ~(P(x) A Q)
(v) = R

Vz (P(z) = R(z))
vz (Q(z) = S(z))

w. Vo ((R(@) v S(&)) A ~(R(z) A S(@)))

for validity. Clearly indicate the contradiction or give a model which is a counterexample.

The negation of the conclusion is Ix ( ("R A+ SO‘))‘/(RG‘MSC’O))
This_ 3 means create on object. All the premises go
h the V¥V sechon. |

For All:  Vx ( (POVQGN A1 (PRAQE))
Vx C PG) = R(A)
Yx (GG)= 3(x)]

Ob] QCB. Qa _
L0 (7 R@ A7 S@) V(R@ AS(Q).
@  (P@OVA®) A1 (PR
® _

5 Pl) =2 R{).
@ A Q) = S(a)

This does net determine the value of any of
the pro posihaons, _

Asume PG, We get 1 Q) by @.
We get R@ by @

- We get  SCa) by O.

AU proposihens ore now determined and  the 1y
o contradichon, We have o caunterexample
The OrgqunJr iy nvalid.

Mod:z,I: Ob}ec‘\ : Q. _
) ProP%. Pl RCQ) SCa).




