I CHAPTER 4
COMPLEMENTS;

I The purpose of this chapter is to introduce the conplenent of a

predicate, i.e. those things which do not satisfy it. (PC€) is
satisfied by precisely those things which do not satisfy P. i

I 1. C represents conplenent (for one-place predicates). i
D ¢ ; (P% ; ; {a: - Pa]} i

I 2. Fundanmental Proposition of Conplenents. The
definitionin Pl is only used in this chapter to prove this
fundanental proposition. In turn, P2 is only used in the proofs
of P3 and P4. i

F OPOx ( (PC)[Xx] < = P[x] ) i

P 11 (Prem i
Ox ( {a: = Plal}[x] = = P[x] ) 12 (Pred) i
Ox ( (P)C[x] = = P[x] ) ,1 3 (Dl: P1,2) i

OPOx ( (PC)[x] = = P[x] ) L4 (0Ol) i

0

I 3. Fundanmental Proposition of Conplenments, First Half.
i

F OPOx ( (PC)[x] O - P[x] ) i

P, x 11 (Pren i
( (PC[x] « = PIx] ) 2 (0B P2) i
(P)CIx] = = P[x] 13 (0OE 2) i
(P Cix1 O = Px] 14 (B 3) i
( (P)Cx] O = P(x] ) 5 (01 4) i

OPOx ( (PC)[x] O = P[x] ) 1 6 (O: 1,5) i

0

I 4. Fundanental Proposition of Conplenents, Second Half.
i

F OPOx (- P[x;] O (PC)[x] ) i
P, x , 11 (Prem i

( (P)C[x] = = P[x] ) 12 (OB P2) i



(P)C[X] = = P[X]
- PIx]1 O (P)Crx]
( - Plx31 O (P)C(x1 )
OPOx (-~ P[x] O (PC)[x] )
O
I 5. P5is the contrapositive of P3.

F OPOx ( P[x] O = (PC)[x] )
P, x
Pl X]

(PC)[x]
( (FO)I[x1 O = PIx] )
(PE)[x] O = PIX]
- P[X]
F
(PO)Ix1 O &F
= (PC)[x]
Pix] O = (PC)[x]
( PIx] O = (PC)[x] )
OPOx ( P[x] O = (PC)[x] )
O

I 6. P6 is the contrapositive of P4.
renove a doubl e negation (Step 9).
F OPOx (= (PC)[x] O P[x] )
P, x
= (PC)[x]
- PIX]

( = Px] O (PC)[x] )

3(OE 2)
4 (-~E 3)
5 ()1 4)

6 (O: 1,5)

H

(Prem
(Prem

3 (Prem

N

4 (DE: P3)
5 (OE 4)
6 (OE 3,5)
7 (F1: 2,6)
8 (O1: 3,7)
9 (-l: 8)
10 (O1: 2,9)
11 (()1: 10)

12 (O 1,11)

The proof given is
structurally the same as P5' s, but with one additional

1 (Prem
2 (Pren
3 (Prem

4 (DE: P4)

step to



- P[x] O (PC)[x] 5 (OE 4)

(PC)[x] ! 6 (OE 3,5)

F 17 (F1: 2,6)

- Px] O F ,18 (01: 3,7)

-= PIX] 19 (-l: 8)

PIX] ,1 10 (-E 9)
- (PS)Ix] O Prx] 111 (O1: 2,10)
( = (PC)[x] O PIx] ) 112 ((O1: 11)
OPOx (= (PC)[x] O P[x] ) | 13 (O1: 1,12)

0

I 7. P7 is the contrapositive of the Fundanental Proposition
(P2). '

F OPOx (- (PC)[x] = P[x] )

P, X 11 (Prem
( Pix1 O = (PC)[x] ) .12 (OE P5)
PIx] O = (PO)[x] 3 (0E 2)
( - (P9[x] O P[x] ) .1 4 (OE P6)
= (PC)[x] O PIx] 15 (OE 4)
P[x] < = (PC)[x] 1 6 (=1: 3,5)
( PIx1 = = (P°)[x] ) L7 (01 6)
OPOx (=~ (PC)[x] = PIx] ) 18 (O 1,7)

0

I 8. The Law of Non-Contradiction: Conplenent Form

F OPOx = (P[x] & (PC)[x])

P, X .1 1 (Prem
(PIX] & (PC)[x]) 1 2 (Prenm
P[x] & (PC)[x] D 3 (OE 2

P[ X] 14 (& 3)



(PC) [x] ' 5 (& 3) i

( (PO)Ix1 O = Px] ) ! 6 (OE P3) i
(PO [x] O = P[x] 7 ((O)E 6) i

o PIX] ,! 8 (OE 5,7) i

F 19 (F1: 4,8) i
(P[x] & (PS)[x]) O F ,1 10 (O1: 2,9) i
- (P[x] & (PC)[x]) , 111 (=1: 10) i
OPOx - (P[x] & (PC)[x]) 1 12 (O: 1,11) i

0

I 9. The Law of Non-Contradiction: Conplenent and
Intersection Form i

FOPOX = (P n (PC))[x] i

P, X , 11 (Prem i

(P n (P€))Ix] 12 (Prem i

( (Pn (PS))ix1 O PIx] & (P%)[x1 ) ,! 3 (OE C3.3) i

(P n (P€))ix1 O PIx] & (PC)[x] 14 (0B 3) i

P[x] & (PC)[x] 1 5 (OE 2,4) i

(PIX] & (PC)[x]) 16 (01 5) i

- (Px] & (PC)[x]) .17 (OE P8) i

F 1 8 (FI: 6,7) i

(P n (PS))[x] O F 19 (O1: 2,8) i

- (P n (P€))[x] , 1010 (=l 9) i

OPOx = (P n (PC))[x] 11 (O 1, 10) i
0

I 10. The Law of the Excluded M ddle: Conplenment Form j
F OPOx ( Px] O (PC)[x] ) i
P, x , 11 (Prem i

( P[x] 0= P[x] ) 1 2 (OE 13.15)



PIx] O = P[X]
P[ X]

PIx] O (PC)[x]

Prx] O Prx] O (PC)[x]

- P[X]
( = PIx1 O (P€)[x] )
- P[x] O (PC)[x]
(PC)x]

Pix] O (P€)[x]

- P(x] O P[x] O (PC)[x]

Pix] O (P€)[x]
( Prx1 O (P9 Ix] )
OPOx ( Prx) O (PC)[x] )
O

1 11.
Form

The Law of Excluded M ddle:

F OPOx (P O (PC€))[x]
P, X
( PIx1 O (PS)[x] )
Px] O (PC)[x]

( Prx] O(PC)[x] O (PO (P%))[x] )

Pix] O (PC)[x] O (P O (P%))[x]
(P O (PC))[x]
OPOx (P O (PC))[x]

0

I P12 and P13 are the only propositions
P12 appeals to P3, and P13 to P4. i

proofs of this chapter.

I 12.

13 (0E 2 i

14 (Prem i
15 (0 4) i
1 6 (OI: 4,5) i
17 (Prem i
! 8 (UE: P4) i
9 (OE 8) i
,! 10 (OE 7,9) i
111 (O 10) i
12 (O1: 7,11)

1 13 (CE: 3,6,12)

P14 ()1 13) i
15 (01: 1,14) i
Conpl enent and Uni on

(Prenm i

(OE P10) i

N

(OE 2) i
(0E: C2.4) i
(OE 5) i
(OE 3,5) i

(dr: 1,6) i

appeal ed to i n subsequent



FOPOQ( (PC) DQO (&) OP)

P, Q

(P69 OQ

X
() [x]
( (P)ix1 O ~Qx] )
(X)x1 O =~ QX]
- Qx]

- Qx] & (P¢) OQ

(- Qx] &(P°) D QO = (PY)[x] )

- Qx] & (P¢) 0 QO = (PY)[x]

= (PC)[x]
( =~ (P&Ix1 O PIx] )
- (PC)[x] O PIx]
P[]

(F)Ix1 O Prx]

( (X)[x1 O Px1 )

Ox ( (F)[x] O Px] )

(&) OoP

(P¢) 0D QO (k) OP

((P) ODQO (&) OP)

OPOQ ( (P°) D QO (&) OP)

0

I 13.

FOPOQ( PO (QF) O QO (PC) )

P, Q

1 (Prem

2 (Prem

3 (Pren

4 (Prem

5 (DE: P3)

6 (OE 5)

7 (OE 4,6)
8 (&: 2,7)

9 (OE CL.3)
10 (OE 9)
11 (OE 8, 10)
12 (DE: P6)
13 (OE 12)
14 (OE 11,13)
15 (O1: 4,14)
16 (()1: 15)
17 (OI: 3,16)
18 (%l: C1.1,17)
19 (O1: 2,18)
20 (()1: 19)
21 (OI: 1,20)

1 (Prem



PO (&)

X
QXx]
( Qx1 O =~ (F)Ix1 )
QAx] O = (&F)ix]

() x]

(XF)ix] &P O (F)

d

d

~~

(X)Ix] &P O(F) O = P[x]

i

= PIX]

- P[x] O (PC)[x] )

)

Pix] O (PC)[x]

J

(PC)IxI]
Qx] O (PC)[x]
( Q@x1 O (PC)Ix1 )
Ox (- Q@x1 O (PC)[x] )
Q O (PC)
PO() O QO (PY)
(PO(E) O QO (P )

OPOQ ( PO (QF) O QO (PC) )
i

I P14-P17 are various pernutations on the sane thene, and are

corollaries of P12 and P13.

I 14,

FOPOQ ( (PC) =QO () =P)
P, Q

- (F)ix1 &P O(F) O = P[x] )

, 11 (Pren

2 (Prem

3 (Prem

4 (Prem

5 (DJE: P5)

6 (OE 5)

7 (OE: 4,6)

8 (&: 2,7)

9 (DE: CL.3)
10 (OE 9)

11 (OE 8, 10)
12 (OE: P4)
13 ()E 12)
14 (OE 11, 13)
15 (O1: 4,14)
16 (()1: 15)
17 (OI: 3, 15)
18 (&I: Cl.1,17)
19 (O1: 2,18)
20 (()1: 19)
21 (Ol 1, 20)



(P&) =Q
(P& =Q0 (P& D Q&QD (P )

(PC)

QO (PF) D Q&QD (PY)
(P) 0 Q& QO (P°)
(P 0 Q

((P) DQO (&) OP)
(P6) QO (k) OP

(&F) OoP

QO (P

( QO (P O PO (X))

QO (P®) O PO (XF)

PO (&)

(F) OP&PO(E)

((&F) OP&PD (&) D (&)
(F) OP&PO(&F) O (&) =P

P)

(&F) =P
(P¢) =Q0O (&) =P
( (P¢) =Q0 (&) =P)
OPOQ ( (P€) =Q0O (&F) =P)
O
| 15.
FOPOQ( (P¢) =QO P =(Q) )
P, Q
(P¢) =Q
( (P6) =Q0O (&) =P)

(P¢) =Q0 (&) =P

12 (Pren
, ! 3 (OE Cl1.13)
4 (OE 3)

1 5 (OE 2,4)

(o2}

(&E: 5)

1 7 (OE: P12)

8 (OE 7)

1 9 (OE 6,8)
.1 10 (& 5)

1 11 (DE P13)
112 (OE 11)
1 13 (OE 10, 12)
1 14 (&l: 10,13)
.1 15 (OE: CI.8)
1 16 (()E: 15)
1 17 (OE 14, 16)
118 (O1: 2,17)
119 (()1: 18)

1 20 (OI: 1,19)

, 11 (Pren
12 (Pren
, 1 3 (OE P14)

I 4 (OE 3)



(F) =P

((F) =POP=(F))
(F) =P 0 P=(F)
P = ()

(PC) =QO P

()

( (P¢) =Q0 P =(Q))
OPOQ ( (P€) =QDO P =(Q) )
0

I 16.

FOPOQ( P=(CF) O Q= (PC) )
P, Q

P=(Q&)

(P=(&) 0 (&) =P)
P=(&) 0O (&) =P
(&F) =P

( (&F) =P0O Q= (P )

(F) =P 0 Q= (P

Q = (F9)
P=(¢) 0 Q= (P9
(P=(®) 0 Q= (P )

OPOQ ( P=(QF) O Q= (PC) )
I

15 (OE 2,4)
! 6 (OE CI.10)
7 ((O)E 6)
1 8 (OE 5,7)
19 (O1: 2,8)
110 (O) 1 9)

I 11 (O 1,10)

11 (Prem
12 (Prem

,! 3 (OE: Cl.10)
4 (OE 3)

15 (OE 2,4)
! 6 (OE: P15)

7 ((O)E 6)

1 8 (OE 5,7)
19 (O1: 2,8)
110 (O)1: 9)

I 11 (O 1, 10)

I 17. The proof has the sanme structure as P15's.

FOPOQ (P = (QF) O (P =Q)
P, Q

P

(&F)
(P=(F) 0 Q=(F))

, 11 (Pren
, 12 (Pren

1 3 (OE P16)



P=(¢F) 0 Q= (P° 4 (OB 3) i

Q = (PC) 5 (OB 2,4) i

( Q= (P O (P°) =Q) ! 6 (DE CL10) i
Q= (P¢) O (P%) =0Q 7T (OB 6) i
(P =Q , ! 8 (OE 5,7) i
P= (&) DO (P =Q 19 (01 2,8) i
(P=() 0 (P°) =Q) 110 (01 9) i
OPOQ ( P = (@) O (PC) =0Q) 11 (0O 1,10) i

0

I Part of the reason for the chosen devel opnent for this chapter
(proving P12 and P13 first) is that it permts the follow ng
slick proofs for P18 and P19. i

I 18. i

FOP ((PC)C) OP i

p 11 (Prem i
(PC) O (PC) 1 2 (OE CL.4) i
( (PC) O (PC) O ((PC)C) O P) ! 3 (OB P12) i
(PC) O (P%) O ((P6)C) O P L4 (O 3) i
((PC)C) O P 1 5 (OE 2,4) i

OP ((PC)C) O P I 6 (O1: 1,5) i

O

I 19. i

FOP P O ((PC)C) i
p 11 (Prem i
(PC) O (PC) )1 2 (OE CL.4) i
( (PC) O (PC) O P O ((PS)C) ) ! 3 (OB P13) i
(PC) O (P¢) O PO ((PS)F) A4 (OB 3) i

P O ((PC)C) ,1' 5 (0E 2,4) i



OP P O ((PC)C) I 6 (O: 1,5) i
0

I 20. Bipotency of Conplenents (Relative to Equival ence).
There is a slick proof for P20, akin to that given for P18 and
P19, which also has six steps. The follow ng proof takes eight,
but is better notivated, in that it appeals to P18 and P19 rat her

than to P17. i

FOP ((PS)C) =P i

P 11 (Prem i
((PC)C) O P ! 2 (OE: P18) i
P O ((PC)C) .1 3 (OE: P19) i
((PC)C) O P &P O ((PC)C) 14 (&l 2,3) i

( ((P)C) OP&PO((P)C) O ((P)C) =P)

,! 5 (OE CL.8) i
((PO)C) O P &P D ((PC) O ((P)C) =P
1 6 (OE 5) i
((P6)C) =P 1 7 (OE 4,6) i
OP ((PC)C) = P 1 8 (Ol: 1,7) i
[
I P21-P22 state that conplenents inverse inclusion, i.e. taking

conpl ements of both sides of an inclusion reverses the sense of
t he inclusion. i

121, i

FOPOQ( PO QO (QF) O (P ) i

P, Q 1 1 (Prem i
POQ 12 (Prem i
((F)°) =Q 1 3 (OB P20) i
((F)C) =Q&POQ 14 (& 2,3) i

( ((F)C) =Q&PDQD PO((XF)C) )
! 5 (0OE CL.31)

((F)€) =Q&PD QO PONEF)E ! 6 (OE 5) i

PO ((@)°) 17 (OE 4,6) i



( POE)C) O (&) O(PY) ) ! 8 (0B P13) i

PO O (&) O(P°) 9 (OE 8) i
(QF) O (PC) 1 10 (DE 7,9) i
POQDO (Q) O (PS) 111 (O1: 2,10)
(PODQO () O (P ) 12 ()1 11) i
OPOQ ( PO QO (QF) O (PS) ) | 13 (O: 1,12)

0

I 22. There is an alternative proof to the one given bel ow,
essentially a copy of P21's, which is shorter by two steps. i

FOPOQ( (P6) O(Q) O QOP) i
P,Q , 11 (Pren i
(P& O () P2 (Prem i

( (PC) D(F) O ((XF)C DO ((P6C) ) ,! 3 (OB P21) i

(P€) O (QF) O ((X)€) O ((PC)C) 4 (OE 3) i
((X)€) O ((P9)C) 5 (OB 2,4) i
QU ((&¥)F) ! 6 (0E P19) i
QU ((&F)C) & ((X)€) O ((PC)C) 7 (& 5,6) i
((PC)C) O P .1 8 (OE: P18) i

QU ((&F)C) & ((XF)€) O ((P)C) & ((PS)C) O P
P9 (&l 7,8) i

( QO ((XF)€) & ((XF)€) O ((PO)C) & ((P)C) O PO QOP)
,! 10 (OE CLl.21)

QD (X)) & ((F)€) O ((PO)C) & ((P6)C) O PO QOP

11 (()E 10) i
QO P 1 12 (OE 9,11) |
(P¢) O(F) 0 QOP 113 (O1: 2,12)
( (P) O() 0 QOP) 14 ()1 13) i

OPOQ ( (PC) O () O QOP) P15 (s 1,14) i



0

I P23 to P25 assert that conpl enents maintai n equival ence. i

I 23. There is a proof which appeals to P21, which takes 20
steps. A shorter, nore el egant proof, which shares the structure

of P21's proof, is instead given. .

FOPOQ( P=QO (PC) = () ) i

P.Q 11 (Prem i
P=Q 1 2 (Prem i
()€ =Q 13 (OB P20) i
((F)C) =Q&P=0Q 4 (&l 2,3) i
( ((F)€) =Q&P=0Q0 ((&F)€) =P)

! 5 (OB CL.17) |

((F)€) =Q&P=Q0 ((&*)¢ =P 1 6 (()E 5) i
((F)¢) =P 7 (OE 4,6) i
( ((F)€) =P O (PF) =(&F) ) 8 (OB P14) i
((F)€) =P 0O (PC) = () 9 (OE 8) i
(PC) = (@) 1 10 (OE 7,9) i
P=QO (PC) = () 111 (O1: 2,100
(P=QO (PY) =(&) ) 12 (01 1) i

OPOQ ( P=QO (PC) = (&) ) 1 13 (O 1,12)

O

woul  have saved a coupl 6 of Steps). 1nstead. one’like P28's s

f ol | oved. i

FOPOQ ( (PC) = () O P=Q) i

P, Q 11 (Prem i
(PC) = () .1 2 (Prem i
((PC)C) =P 1 3 (DE P20) i

( (P& =(Q&F) O ((P)C) = ((&*)€ ) ! 4 (OE P23) i
(PC) = () O ((P9)C) = ((X*)©) S (OB 4 i



((PE)C) = ((X*)O) ! 6 (OB 2,5) i
((PE)€) =P & ((PC)C) = ((&F)°) 17 (&8 3,6) i
()€ =Q ! 8 (0B P20) i
((PE)C) =P & ((P6)C) = ((XF)©) &((Q’C)!C)g (E&IQ: 28 i
( ((P)C) =P & ((PO)C) = ((&F)C) & ((&F)€) =Q0 P=Q)

,! 10 (OE CLl.25)

((PE)C) =P & ((PO)C) = ((XF)®) & ((F)¢) =QO P=Q

111 (()E 10) i
P=0Q 112 (OE 9,11)
(P¢) = (&) O P=Q 113 (O1: 2,12)
( (PC) = (@) O P=Q) U014 ()1 13) i
OPOQ ( (PC) = (@) O P=Q) I 15 (0O1: 1,14) i
0
| 25. i
FOPOQ( P=Q« (P°) = () ) i
P.Q 11 (Prem i
(P=Q0O (PC) = (F) ) 12 (0OE P23) i
P=Q0O (P = () 3 (0E 2) i
( (P¢) = (@) O P=0Q) 14 (OB P24) i
(PC) = (QF) O P=0Q I 5 (OE 4 i
P=Q = (P%) = () B (35
(P=Q< (P°) =(CQ&)) 7 (01 6) i
OPOQ ( P=Q = (PC) = (@) ) b8 (0 1,7) i

0

I 26. De Morgan's Law. Conpl enent, Union, and
Intersection Form nl, First Half. A return to first
principles,i.e. using one of the propositions P2 through P7,
provi des one possible proof, which is 30 steps long. This is

avoi ded, but at the cost of a |ess perspicacious proof. i



I_

OPOQ ((P n QC) O ((P°) O (X))
P, Q , 11 (Pren

(PC) O ((P%) O ()) ! 2 (OE 2.12)

( (P& O ((PC) O ()) O (((PC) O (F))€) OP)

! 3 (OE P12)
(PC) O ((P%) O (F)) O (((PC) O (F))¢ OrP

U4 (OE 3)
(((PS) O (F))C) O P 1 5 (OE 2, 4)
(QF) O ((PC) O (X)) 1 6 (OB C2.13)
( () O ((PC) O () O (((P6) O (X)) OQ)

1 7 (OB P12)
(QF) O ((PC) O (F)) O (((PC) O (X)) OQ

8 (OE )
(((P€) O (&F))C) O0Q ! 9 (OE 6,8)

(((PC) O (F))C OP&(((P°) O (X)) OQ
110 (&: 5,9)

( (((PE) O (@))% OP&(((P) O(F))C 0DQDO

(((PC) O (X)) O0(Pn Q)
1 11 (DOE C3.12)

(((PC) O (@))€ O P&(((PC) O (&F))C) OQ
O (((P€) D (&) O0(PnQ

112 (OE 11)
(((PC) O (&F))C O(Pn Q .1 13 (OE 10, 12)
( (((PC) O(F))C) O0(PnQ O ((Pn QF 0P O (X))
1 14 (OE: P12)
(((PC) O (&))C) O0(Pn Q O ((Pn QF) O ((PC) O (X))
115 (OE 14)
((Pn QC) O ((PS) O (F)) 1 16 (OE 13, 15)
OPOQ ((P n QC) O ((PC) O (&)) | 17 (OI: 1, 16)

0

27. De Morgan's Law. Conpl ement, Union, and

| ntersection Form nl, Second Half



F OPOQ ((PC) O (QF)) O ((Pn QF)

P, Q 11 (Prem
(PnQ OP 1 2 (OE C3.10)
((PnQ OPO(PC) O((Pn QS ) ,! 3 (0E P21)
(PnQ OPDO (PS) O((Pn QF) 4 (()E 3)
(PC) O ((P n QF) 1 5 (OE 2,4)
(PnQ OQ 1 6 (OE C3.11)
((PnQ O0DQO (&) O((Pn QC) ) ,! 7 (0E P1)
(PnQ 0QO (&) O (P n QF 8 (OB 7)
(Q&F) O((Pn Q) ,!1 9 (OE 6,8)

(P¢) O((Pn QF° & () O((Pn QFC ,! 10 (&: 5,9)

( (PC) O((PnQF &(&F) O((Pn QF)
O (PC) O (X)) OWPnQC) )
111 (OB C2.14)

(P€) O ((PnQF & (&) OWPNn QY
O (P¢) D(F)) OW(PnQF)

112 (OE 11)
(PS) O (F)) O ((P n QF) )1 13 (OE 10,12)
OPOQ ((PE) O (X)) O ((P n QF) | 14 (O: 1,13)

0

I 28. De Mourgan's Law. Conplenent, Union, and
I ntersection Form nl.

F OPOQ ((P n QF€) = ((P°) O (Q))

P, Q , 11 (Pren
((Pn Q% O ((P°) O (Q)) , 1 2 (OE P26)
(P& O () O((Pn Q9 , 1 3 (OE P27)

((Pn QFC O ((PC) O (F)) & ((P°) O (X)) OD(((Pn QY
14 (& 2,3)

( ((PnQFCF O (P O(XF)) & (P O (&F)) O (((Pn QF)
O ((PnQF =((P°) O (&F)))



, 15

(OE: Cl1.8)

((PnQF 0P O(F)) &(PC) O (F)) 0PN Q)
O ((Pn QF) = ((P°) O (X)) 5 (0E )
((Pn QF) = ((P°) O (&F)) 7 (OB 4,6)

OPOQ ((P n QF) = ((P°) O (&) L8 (O 1,7)
O

| 29. De Morgan's Law  Conpl ement, Union, and

Intersection Form n2, First Half

F OPOQ ((P O QFC) O ((P6) n (QF))
P, Q | 1 (Prem
PO(POQ | 2 (UE @.12)
(PO(POQ O ((POQC O(PC) ) ,! 3 (OE P1)
PO(PODQ O ((POQC) O (P 14 (()E 3)
((P O QC) O (P | 5 (OE 2,4)
QU (PLQ I 6 (OE: C2.13)
(QU(PIQ O ((PODQC O() ) ,! 7 (0E P21)
QU(POQ O ((POQF) O () 8 (OB 7)
((POQC) O (&) .1 9 (OE 86,28)
((P O QC) O(PC) & ((P O QFC O () ,! 10 (&: 5,9)

OPOQ ((P O QF€) O ((PC) n (QF)) !

0

( ((POQC O(PY) & ((POQC O (&)
O (PO Q) O(((P) n (&F)))

1 11 (OE: C3.12)

((POQC O(PY) & ((PDO Q) O (&)
O ((POQCS O ((P) n (&)

((P O QFC O (P n (&) !

30. De Morgan's Law. Conpl enment,
Intersection Form

112 (OE 11)

Uni on,
n2, Second Half

14 (01

13 (OE 10, 12)

1, 13)

and



F OPOQ ((PC) n (QF)) O ((P D QF) i

P.Q 11 (Prem i
((PC)C) =P 1 2 (OE: P20) i
((&F)C =Q 13 (UE P20) i
((PO)C) =P & ((&F)C) =Q 4 (&l 2,3) i
( ((PS)C) =P & ((F)C) =Q

O ( ((PO)C) O ((XF)C) ) =(PD Q)
1 5 (OE C2.35) i

((PE)C) =P & ((F)®) =Q0 ( (P O ((X*)€ ) =(PDQ
16 (OE 5 i

( ((P)C) O (X)) )

( ((PYC) O ((EF)C) ) O( ((P&) n (&F))C)
1 8 (OE P27) i

(POOQ 17 (OE 4,6) i

( ((P9)C O (&P ) =(POQ

& ( ((POYC) O ((&F)C) ) O ( ((P) n (&F))C)
1 9 (&: 7,8) i

( C (PO O (X)) ) =(POQ
& ( ((P)C) O (&E)C) ) O( ((PC) n (&F))C)
O (PO Q O(C ((PC) n () ))
)1 10 (OE CL.30)

( ((PO)C) D (X)) ) =(PDQ
& ( ((P)C) O ((F)€) ) O ((P) n (&F))C)
O (POQ OC( ((PY) n (&))€)

111 (()E 10) i

(POQ O(C ((PC) n (Q¥))¢c) 112 (OE 9, 11) i
((PODQ O( ((P°) n (&F))C)

O ((PC) n (&F)) O((POQC )

, ! 13 (OE P13) i

(POQ O(C ((PF) n (F))C) O ((PC) n (&F)) O (P DOQC

114 (()E 13) i

((PS) n (@) O ((POQFC , 115 (OE 12,14) |

OPOQ ((P) n (QF)) O ((P O QF° I 16 (0O1: 1,15) i

0



I 31. De Modrgan's Law. Conplenent, Union, and
I ntersection Form n2. i

F OPOQ ((P O QF) = ((P°) n (&F)) i

P, Q , 11 (Prenm i
((POQC O((PC) n (&F)) P2 (OB P29) i
((P€) n (Q)) O(((PDO QY 13 (OB P30) i

((POQFC) O((PC) n (&F)) & ((PC) n (&F)) O ((POQC)
14 (& 2,3) i

( ((POQC) O (P n (&F)) & ((PF) n (&F)) O ((POQE)

O ((POQFC) = ((P°) n (&F)) )
1 5 (CE Cl.8) i

((POQC O (P n (&F)) & ((P) n (&F)) O ((POQC)
O ((POQF) = ((PC) n (&)

1 6 (OE 5) i
((POQFC =((P°) n (&F)) L7 (OE 4,6) i
OPOQ ((P O QF€) = ((P°) n (&) g (d: 1,7) i

0



