' CHAPTER 15
SW TCHI NGS;j

' In this chapter switchings are introduced. A swtching,
witten (Ra a b), of arelationship R and for things a and b,

is exactly like R except anything which bore Rto a now bears
to b, and anything which bore Rto b now bears to a.

G ven the definition of (Ra a b) interns of a predicate

containing three disjuncts involving equality, the Law of the
Excluded Mddle for Equality, 13.4, is often used. i

I 1. o represents swtching. i

D ao; (Raab) ;
{ aab: (-b=a&-b=Db&Ra,b])
O(Ra,a &b =Db)
O (Ra,b] &b =a) } i

I 2. Fundanental Proposition of Sw tching. i

F OROaObOxOy ( (Ra a b)[x,y] =« (-ny =a &-y =b & RXx,V])
O (Rx,a] &y = b)

O(RX,b] &y = a) ) i
R a, b , 11 (Pren i
OxOy( { a,b: (-b=a&-b=D>b &Ra,b])
O(Ra,a &b =Db)
O (Ra, bl &b =a) }[x,y]
= (ny=a&-y=>b&RXY])
O(Rx,a &y = b)
O(RXx,b] &y =a) )
, 1 2 (Pred) i
OxOy( (R a a b)[x,vVy]
= (ny=a&-y=D>b&RXY])
O(Rx,a &y = b)
O(Rx,b] &y = a) )
0 3 (D1: PL, 2) i

OROaObOxdy ( (Ra a b)[x,y] =« (-ny =a &-y =b & RX,YVy])
O(Rx,al &y = Db)
O(Rx,b] &y =a) )

4 (0O: 1,3) i

0

' 3. Fundamental Proposition of Switching, First Half.j

F OROaObOxOy ( (Ra a b)[x,y] O (ny=a&-y =b & RX,Y])
O(Rx,a &y =Db)



O(Rx, bl &y =a) )

R a, b, x,y , 11 (Pren
( (Raab)[x,y] « (ny=a&-y=Db&RX,y])
O(Rx,a] &y =Db)
O(Rx, bl &y = a) )
2 (OE P2)

(Raab)[x,y] « (ny =a&-y =Db &RX,Y])
O (Rx,al &y = b)
O (Rx,bl &y = a)
3 (OE 2)

(Raab)[x,y] O (~y=aé&-y=>b &RX,Y])
O(Rx,a] &y =b)
O(Rx,b] &y = a)
I 4 (=E 3)

( (Raab)x,y] O (-y=a&-y=Db&RXYl])
O(Rx,a] &y = D)
O(RXx,b] &y = a) )
L5 ()1 4)

OROaObOxOy ( (Ra a b)[x,y] O (-y =a&-y =Db &RX,Yy])
O(Rx,a &y =b)

O(Rx,b] &y = a) )
I 6 (O1: 1,5)

0

I 4. Fundanental Proposition of Switching, Second Half.

F OROaObOxOy ( (-ny =a &-y =b & RX,Y])
O(Rx,a &y b)
O (Rx, bl &y = a)
O (Raab)[x,y] )

R a, b, x,y , 11 (Pren
( (Raab)ix,y] « (~y=a&-y=>b&RX,Yy])
O(Rx,a] &y = b)
O(Rx,b] &y = a) )
12 (OE P2)
(Raab)[x,y] « (ny =a&-y =Db &RX,Y])
O(Rx,a] &y = b)
O (Rx,bl &y = a)
3 (OE 2)

(ny=a&-y=Db&RXY])



O (Rx,a] &y = b)
O (Rx,b] &y = a)
O (Ra a b)[x,vVy]

' 4 (<E 3)
((ny=a&-y=Db&RXxyl])
O (Rx,a] &y = Db)
O(RX,b] &y = a)
O (Raab)ix,yl )
A5 (01 4)
OROaObOxOy ( (ny =a & -y =Db & RXx,vy])
O(Rx,a] &y =Db)
O(Rx, bl &y = a)
O (Ra ab)[x,y] )
' 6 (O: 1,5)

0

I P5 and P6 are proved early, so that they can be used in the
proofs of P9 and P12. i

I 5. Symretry of Switching Around I nclusion.

F OROaOb (Ra ab) € (Ra b a)

R a, b , 11 (Prenm
X,y 12 (Prenm
(R a a b)[x,yVy] , 13 (Pren

( (Raab)x,yl 0O (~-y=a&-y=>b&RX,Yy])
O(Rx,a] &Yy b)
O(Rx,b] &y = a) )
! 4 (OE: P3)

(Raab)x,yl O (-y=a&-y=>b &RX,Y])
O(Rx,a] &y = b)

O(RXx,b] &y = a)
5 (OE 4)
(ny=aé&-y=>b&RXxY])
O(Rx,a &y =Dh)
O(RX,b] &y = a)
.1 6 (OE 3,5)
(-y=a&-y =b &RX,Yy]) 17 (Pren
-~ y=a&-y=Db &RX,Yy] 1 8 (O)E 7)
-y = a 1 9 (& 8)

-y =b 1 10 (& 8)



RIX, Y]

-y =b&-y =a

-y =Db &-y =a&RX,Y]
(ny=b&-y=a&RXxyl])

(-y=b&-y=aé&RXx,yYy])
O (Rx,b] &y = a)
O(RXx,a] &y b)

(~ny=aé&-y=Db&RXxyl
O (-y=b&-y=aé&RX,Y])

O(RX,b] &y = a)
O(Rx,al &y = D)
(Rix,a] &y = D)

O(RX,b] &y = a)

(Rix,a] &y =b)

(-y=b&-y=a&RX,Y])
O (Rx,b] &y = a)
O (Rx,a] &y = b)

(RIx,a] &y = D)

O (-y=b&-y=a&RXxYy])
O(RX,b] &y a)
O(Rx,a] &y b)

(Rix,b] &y = a)

(-y=b&-y=a&RXY])
O(RX,b] &y = a)

(-y=b&-y=a&RXY])
O(RX,b] &y = a)
O(Rx,a] &y = b)

(RIx,b] &y = a)

O (-y=bé&-y=aé&RXyY])
O(Rx,b] &y = a)
O(Rx,a] &y =b)

111
112
,1 13
, 114

,1 15

,1 16

117
,1 18

, 119

, 120

, 121

, 122

, 123

I 24

(&E: 8)

(&: 9,10)
(&: 11,12)
(O1: 13)
(Or: 14)
(Or: 7,15)
(Prem
(Prem

(Or: 18)
(O1: 18,19)
(Prem

(or: 21)
(. 22)
(Or1: 21,23)



OROallb (R a a b)

0

OxOdy ( (Ra a b)[x,y]

(R a a b)

6.

( (Raab)ix,y]

(-y=b&-y=aé&RXxyYy])
O(RX,b] &y = a)
O(Rx,a] &y = b)

(Rix,a] &y =

O (Rx,b] &y = a)

O (-y=bé&-y=a&RXY])
O(RX,b] &y = a)
O(RXx,a] &y = b)

b)

(ny=bé&-y=aé&RXxy]
O(RX,b] &y = a)
O(Rx,a] &y = Db)

((ny=b&-y=a&RXxYyl])
O(Rx,b] &y = a)
O(Rx,a] &y =Db)
O (Raba)ix,yl )

(ny=Dbé&-y=a&Rxy])
O(RX,b] &y = a

O(Rx,a &y =Db
O (Ra b a)[x,y]

(Ra b a)ix,yl

(Raab)x,yl O (Ra b a)[x,Vy]

N

(Ra b a)

(]

(Ra b a)

O (Ra b a)[x,yl]

)

O (Rabaix,yl )

25 (CE: 17, 20, 24)

26 (O1:

27 (L[E:

28 (OE:

29 (O E
30 (OE

31 (O1:

32 (O)1:

33 (00 :
34 (SI:

35 (0O

17, 25)

6, 16, 26)

P4)

28)
27, 29)

3, 30)

31)

2, 32)
ClL. 1, 33)

1, 34)

Symmetry of Switching (Around Equival ence).

F OROaOb (Ra ab) £ (Ra b a)

R a,b

1 (Prem



(Raab) £ (Rab a)

(Raba) &£ (Raab)

1 2 (OB P5)

1 3 (OB P5)

(Raab) E(Raba &(Raba & (Raahb)

14 (& 2,3)

( (Raab) £&(Raba) &(Raba) & (Ra ab)

(Raab) £ (Raba) &(Rab a)

0 (Raab) Ec(Ra b a) )

0 (Raab) 2 (Rab a)

(R a a b)

(Ra b a)

OROallb (Ra a b) € (Ra b a)

0

I P7 through P9 state consequences of

7.

<

P4.

! 5 (OE Cl.6)
(Ra a b)

16 (O)E 5)

1 7 (OE 4,6)

18 (O 1,7)

F ORJaObOxOy ( -y =a &-y =b &Rx,y] O (Ra ab)[x,y] )

R a, b, x,y

-y =aé&-y=Db &RX,YVY]
(-y=a&-y =Db&RXY])

(ny=aé&-y=>b &RX,Y])
O(Rx,a] &y = h)
O(Rx,b] &y = a)

((ny=a&-y=>b&RXY])
O(Rx,a] &y = b)
O (Rx,b] &y = a)
O (Raab)[x,y] )

(~y=a&-y=>b&RXVYl)
O(Rx,a] &y = h)
O(RX,b] &y = a)
O (Ra a b)[ix,y]

(R a a b)[x,y]

, 11 (Pren
12 (Pren
L3 (01 2)

14 (0O 3)

1 5 (OE P4)

16 (OE 9)

1 7 (OE 4,6)

- y=a&-y=b&RXx,y] O (Ra ab)[x,y]



18 (01 2,7)

(~y=a&-y=>b&RXxy O (Raabixyl)

9 ()1 8)
OROalbOxOdy ( -y =a & -y =b &Rx,y] O (Ra ab)[(x,y] )
10 (d: 1,9)
O
I 8.
F OROaObOx ( Rx,a] O (Ra a b)[x,b] )
R, a, b, X , 11 (Pren
R x, a] 12 (Pren
b=nb 3 (=1)
Rix,a] &b =b 4 (&l 2,3)
(Rix,a] &b = b) A5 (01 4)
(-b=a&-b=Db&RXx,Db])
O (Rx,a] &b =Dhb)
O(RX,b] &b = a)
1 6 (0O: 5)
((-b=a&-b=D>b&RXx,Db])
O(Rx,a] &b =Db)
O(Rx,b] &b = a)
O (Raab)[x,b] )
V7 (OE P4)
(-b=a&-b=>b&RXx,Db])
O (R x,a] & b = Db)
O(RX,b] &b = a)
0O (Ra a b)[x,b]
P8 (OE 7)
(R a a b)[x, b] , ' 9 (OE 6,8)
Rix,a] O (R a a b)[x,Db] ;010 (O1: 2,9)
( Rx,a] O (Ra a b)[x,by ) 1011 ()1 10)
OROalbOx ( Rx,a] O (Ra a b)[x,b] ) 12 (Ol 1,11)
O
I 9.

F OROaObOx ( Rx,b] O (Ra a b)[x,a] )



R a, b, x
R X, b]

( Rx,Db]

R(X, b]

O (Ra b a)[x,a] )

O (Ra b a)[x,a]

(R a b a)[x, a]

(Ra a b)

(Ra b a)

, 11 (Pren i
, 12 (Pren i

, 1 3 (OE P8) i
4 (OE 3) i
' 5 (0E 2,4) i

1 6 (OE P6) i

(Raba)x,a &(Raab) 2 (Rab a)

1 7 (&: 5,6) i

( (Raba)ix,al &(Raab) (Rab a)
O (Raab)[x,a] )

1 8 (OB Cl.21)

(Raba)ix,al &(Raab) E(Raba O (Raab)[x,a]
|

(R a a b)[x,a]

Rix,by O (Ra a b)[x,a]

( Rx,b]

O (Ra ab)[x,a] )

OROalblOx ( Rx,b] O (Ra a b)[x,a] )

0

9 (OE 8) i
1 10 (OE 7,9) i
111 (O1: 2,10)
12 ()1 11) i

I 13 (O0: 1,12)

I P10 through P12 state consequences of P3. i

I 10.

F OROaObOxOy ( -y =a & -y =b & (Raabix,y] O RX,y] )

R a, b, x,y

-y=a&-y=b & (Ra a b)[x,y]

Yy =
—|y:

a

b

(Ra a b)[x,y]

( (Raabx,y] O (-y=aé&n-

O(Rx,a] &y
O (Rx, bl &y

(Raabx,yj O (-y=aé&-y

11 (Prenm i
12 (Prem i
13 (& 2) i
14 (&E 2) i

, ' 5 (& 2) i

= b & RX,Yy])
b)

a) )
1 6 (OE P3) i

b & RIx,yl)



O (Rx,a &y =b)
O (Rx, bl &y = a)
7 (OE 6) i
(~y=a&-y=Db&RXxyl)
0 (Rx,a] &y = b)
0 (Rx,b] &y = a)
, I 8 (OE 5,7) i
(~y=a&-y=>b&RXYl) 19 (Prem i
—y=aé&-y=Db&RX,Y] , 110 ((OOE 9) i
R X, Y] 111 (& 10) i
(~y=a&-y=Db&RXyl) U RXY]
112 (O1: 9,11)
(Rix,a] &y =b) O(Rx,b] &y =a),! 13 (Prem i
- RIX, Y] 1 14 (Prenm i
(Rix,a] &y =Dh) ,1 15 (Prem i
Rx,al &y =Db ,1 16 (()E 15) i
y =b 117 (& 16) i
F 118 (F1: 4,17) i
(Rix,a] &y =b) O F ,1 19 (O1: 15,18)
(Rix,b] &y = a) , 120 (Prem i
Rx,b] &y = a 121 (()E 20) i
y = a 122 (& 21) i
F 123 (Fl: 3,22) i
(Rx,b] &y =a) O F 124 (O1: 20,23)
F 1 25 (CE 13,19, 24)
i
- Rx,y] O F 1 26 (O1: 14,25)
-= R[X, Y] 127 (-l: 26) i
R X, Y] ,1 28 (-E 27) i
(Rix,a] &y =0Db) O(Rx,bl] &y =a) O RX,y]
129 (O1: 13,28)
RIX, V] )1 30 (CE 8,12,29) i



—y=a&-y=Db&(Raab)x,yl] O RX,VY]
;031 (O1: 2,30)

(~y=a&-y=b&(Raab)xyl ORXYyl)
132 (()1: 31)

OROaObOxOy ( -y =a & =y b & (Raab)[x,y] O RX,y] )

1 33 (0O 1,32)
d
11,
F OROaObOx ( (Ra a b)[x,a] O Rx, by )
R a, b, X , 11 (Prenm
(R a a b)[x,a] , 12 (Pren

( (Raab)[x,ag O (—-a=a&-a=b &Rx,aj)
O(Rx,a] & a = b)
O(RXx,b] & a =a) )
! 3 (OE: P3)

(Raab)[x,ag O (na=aé&-a=D>b&RXx,a])
O (Rx,a] & a = b)
O(RXx,b] & a = a)

14 (0B 3)
(—a=a&-a=Db &Rx,aj)
O (Rx,a] &a =h)
O(RX,b] & a = a)
1 5 (OE 2, 4)
(—a=a&-a=>b &Rx,a]) ,1 6 (Pren
—a=aé&-a=>b &RXx,al I 7 (()E 6)
- R X, b] ,1 8 (Pren
~a=a 19 (& 7)
a=a , 110 (=I)
F 111 (F1: 9, 10)
- RXx,b] O &F 112 (O1: 8, 11)
= RIX, b] 113 (Al 12)
R X, b] .1 14 (-E 13)

(—a=a&-a=Db&RXx,a]) O RX,Db]
,!1 15 (O1: 6, 14)



(Rix,a] &a=»>Db) O(RX,b] &a =a),! 16 (Pren)
(Rix,a] & a = h) , 1 17 (Prem
Rix,a] &a =D , 118 (OE 17)
R x, a] , 119 (& 18)
a=b 1 20 (&E: 18)
R x, b] , 121 (=E 19, 20)
(Rix,a] &a =b) O RX,b] 122 (O1: 17, 21)
(Rix,b] & a = a) ,1 23 (Prem
Rix,b] &a = a 124 (()E 23)
R X, b] .1 25 (&E: 24)
(Rix,b] & a =a) O RXx,bj 1 26 (O1: 23,25)
R X, b] 1 27 (CE: 16, 22, 26)
(Rix,a] &a =Db) O(Rx,b] &a =a) 0O RXx,Db]
| 28 (O1: 16,27)
R X, b] | 29 (CE: 5, 15, 28)
(Ra ab)[x,a] O RXx,Db] , 130 (O1: 2,29)
( (Raab)ix,al O Rx,b]) 1 31 (()1: 30)
OROaObOx ( (R a a b)[x,a] O RXx,b] ) | 32 (O1: 1,31)
0
I 12.
F OROaObOx ( (Ra a b)[x,b] O Rx,a] )
R, a, b, X , 11 (Pren
(R a a b)[rx, b] , 12 (Prem
(Raba & (Ra ab) ,1 3 (LOE P6)
(Raab)ix,bj & (Raba & (Ra ab)
U4 (&l 2,3)
( (Raab)ix,b] &(Raba E (Raab

O (Rabaj[x,b] )

(Raab)ix,b] & (Ra b a)

)1 5 (OE Cl.21)

(Raab) O (Rab a)[x,hb]



16 (OB 3)

(Ra b a)[x, b] 17 (OE 4,6)
( (Ra b a)[x,b] O RXx,a] ) ! 8 (OE: P11)
(Ra b a)[x,b] O Rx,al ' 9 (()E 8)
R X, a] )1 10 (OE 7,9)
(Ra ab)ix,b] O RXx,a] 011 (O1: 2,10)
( (Raab)ix,b) O Rx,a] ) 1012 ((O)1: 11)
DROJaObOx ( (R a a b)[x,b] O Rx,a] ) I 13 (O0: 1,12)

0

I' 13. Switching maintains inclusion.

F OROSOalb ( RE SO (Raab) E(Saab))

R S,a,b , 11 (Pren
R&E S ' 2 (Prem
X,y , 1 3 (Pren
(Ra a b)[x,y] , 1 4 (Pren

( (Raabix,y] O (-y =a&
O(Rx, a &y )
O(Rx, bl &y = a) )

, ! 5 (OE PI)

b & RIX,y])

d
n <
o |l

(Raab)x,yl] O (~-y=a&=-y=Db&RX,Yyl)
O(Rx,a] &y =b)
O(Rx,b] &y = a)

' 6 ((OOE 5)
(~y=aé&-y=>b&RXY])
O(RXx,a] &y = Db)
O(RX,b] &y = a)
' 7 (OE 4,6)
(~y=aé&-y =Db &RXx,Yy]) ,1 8 (Pren
—y=a&-y=Db &RX,Yy] 19 ((O)E 8)
—,y:a&ﬂy:b IlO(&Eg)
R X, y] 111 (& 9)

RX,y] &RE S 112 (& 2,11)



(Rix,a] &y = b)

O (~y=aé&-y=>b & S[x,vy])

( Rx,y] & RE SO 9[x,y] ) ,! 13
RXx,y] & RE S O 9[x,V] 114
S[X, VY] , 115
~y=a&-y=>b & S[x,Y] ! 16
(-y=a&-y =Db & §x,Vy]) 117
(-y=a&-y =b&Sxyl)
O(S[x,a] &y = Db)
O(S[x,b] &y = a)
,! 18
(-y=a&-y =b &RX,Yyl])
O (~-y=a&-y=Db& 9[x,Y])
O(S[x,a] &y = Db)
O(S[x,b] &y = a)
, 119
(Rix,al &y =Db) O(Rx,bl &y = a)
, 120
(Rix,a] &y = hb) 121
Rix,a] &y =Db 122
R x, a] , 1 23
y =b 24
Rx,a] & RE S , 1 25
( Rx,al & R&E SO 9[x,a ) ,! 26
Rx,al & RE S O 9[x, a] 27
S[x, a] ,! 28
S[x,a] &y =Db , 1 29
(S[x,a] &y = D) ,1 30
(S[x,a] &y =b) O(Sx,b] &y = a)
, 131
(ny=a&-y=b & §x,yl)
O(S[x,a] &y = b)
O(S[x,b] &y = a)
, 132

(0E: Cl.2)
(OE 13)

(0E 12, 14)
(&l
(O

10, 15)
16)

(d: 17)

(O1: 8,18)

(Prem

(Prem

(OE 21)
(&E: 22)
(&E: 22)
(&: 2,23)
(OE Cl.2)
(()E 26)

(OE 25,27)
(&l

(O1:

24, 28)
29)

(0 30)

(0O 31)



O(S[x,a] &y = Db)

O(S[x,b] &y = a)
1 33 (O1: 21,32)
(RIx,b] &y = a) ,1 34 (Prem i
Rx,bl &y = a ,1 35 (()E 34) i
R X, b] ! 36 (& 35) i
y = a ,1 37 (& 35) i
Rx,b) & RE S 1 38 (&: 2,36) i
( Rx,b] & RE SO 9x,b] ) ,! 39 (OE Cl.2) i
Rix,b] & RE S O 9[x,b] 140 ((O)E 39) i
S[X, b] ! 41 (OE 38,40)
S[x,b] &y = a 142 (&l 37,41) i
(S[x,b] &y = a) 1043 (()1: 42) i

(ny=a&-y=Db&S3xyl])
O(S[x,a] &y = b)
O(S[x,b] &y a)

144 (0O 43) i

(RIx,b] &y = a)
O (-y=aé&-y =Db & 9x,vy])
O(S[x,a] &y = Db)
O(S[x,b] &y = a)
145 (O1: 34,44) |

(~y=aé&-y=>b& §xvyl])
O(S[x,a] &y = D)
O(S[x,b] &y = a)

,1 46 ([CE 20, 33, 45)

|

(Rix,al &y =b) O(Rx,b] &y = a)
O (-y=a&-y=Db & S[x,Y])
O(S[x,a] &y = Db)
O(S[x,b] &y = a)
V47 (O1: 20,46)

(ny=a&-y=b&Sxyl])
O(S[x,a] &y = Db)
O(S[x,b] &y a)

1 48 (CE: 7,19, 47) |

((ny=a&-y =Db & 9[x,Vy])



O(S[x,a] &y b)
O(S[x,b] &y a)
O (S aab)ix,yl)

, 149 (OE P4)
(ny=a&-y=b&Sxyl])
O(S[x,a] &y = Db)
O(S[x,b] &y = a)
O (S aab)[x,y]
, 1 50 (()E 49
(S aab)[x,y] ,! 51 (OE 48, 50)
(Raab)ix,yl] O (Saab)[(x,vy] , 1 52 (O1: 4,51)
( (Raoaab)ix,yl O (Saab)ix,y] )
, 1 53 (()I: 52)

OxOy ( (Raab)ix,yl] O (Saab)[x,y])

, 1 54 (0: 3,53)

(Raab) £ (Saahb) ,! 55 (%l: Cl.1,54)
RE SO (Raab) & (Saab) ,! 56 (O1: 55)
(RESO(Raabhb) €E(Saab)) 1 57 (()1: 56)

OROSOalb ( RE SO (Raab) £ (Saab))

0

| 58 (Ol: 1,57)

I 14. Switching maintai ns equival ence.

F OROSOalb ( RE SO (Raab) E(Saba))

R S, a, b , 11 (Pren

RE S , 12 (Pren
(RESORES&SER) ,! 3 (OE Cl.11)
RESORES&SER 14 (OE 3)
RES&SER ! 5 (0OE 2,4)
RE S ! 6 (& 5)
SER 1 7 (& 5)

( RES0O (Raab) £(Saab)) ,! 8 (0OE P13)
RE SO (Raab) &£ (Saahb) "9 (()E 8)



(Raab) £ (Saab) ,! 10 (OE 6,9)
(SERDO (Saab) E(Raab)) ,! 11 (OE P13)
SERO (Saab) € (Raab) 112 (OE 11)
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I 15. Bipotency of Switchings Relative to Inclusion.
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( ((Raab) aab)[x,y]
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b & (Ra a b)[x,y]

7

8

b & (Ra a b)[x,VY]

9

O
10

11

(OE 3,5)

(Prem

(OE 7)

O RX,y] )
(DE: P10)

RIX, Y]
(OE 9)

(OE 8,10)

(ny=aé&-y=b&(Raab)x,y]) O RX,Y]

12

(O1: 7,11)

((Raab)ix,al &y =b) O((Ra ab)[x,b] &y = a)
!

((Ra ab)[x,a] &y =Dh)

(R a a b)[x,a]

(R a a b)[x,a]

y =b

&y =Db

( (Raab)[x,a O Rx,b] )

(Ra a b)[x,a]

R x, b]
RIX, Y]

O R x, b]

((Raab)[x,a] &y =b) O RX,V]

((Ra ab)[x,b] &y

(R a a b)[x,b]
(R a a b)[x, b]

y = a

a)

&y = a

( (Raab[x,b) O Rx,a] )

(R a a b)[x,b]

O R X, a)

13

14

15

16
17

18

19

20

21

22

23

24

25

26

28

(Prem

(Prem

(OE 14)
(&E: 15)
(&E: 15)
(OE: P11)
(O E 18)

(OE 16, 19)

(=E: 17, 20)

(O1: 14,21)
(Prem
(OE 23)
(&E: 24)
(&E: 24)
(OE: P12)

(OE 27)



R x, a] , 1 29 (OE 25,28) |

R X, Y] ,1 30 (=E 26, 29) i
((Raab)ix,b] &y =a) U RXx,y]

;031 (O1: 23,30)

R X, Y] , 1 32 ([E 13,22, 31)

((Raab)[x,a &y

b) O((Ra ab)[x,b] &y = a)

0 Rx,yl
, 133 (0O1: 13,32)
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I 17. Bipotency of Switchings (Relative to Equivalence).
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I P18 through P23 state consequences of bi potency.

I 18.
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I P26 and P27 are lemmas for P30. They are asserted separately
in part so P26 can be used in the proof of P29. i
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