Hardegree, Intermediate Logic; Unit 2: Derivations in Function Logic 10f15

1.

UNIT 2: DERIVATIONS IN FUNCTION LOGIC

EXERCISE SET A (Review of Predicate Logic)

For each of the following arguments, construct a formal derivation of the conclusion (indicated by "/")
from the premises.

1.
2
3
4,
5
6
7

2.

LA.

1.B.

2.A.

2.B.

Vx(Fx — Gx)/VxFx > VxGx

Vx(Fx — Gx); ~3Ix(Gx & Hx)/ ~3x(Fx & Hx)

AxFx —> dx~Gx / Vx[Fx > ~VxGx]

Vx[Fx —> ~VxGx|/3xFx — 3x~Gx

Ax~3y(Fy & Ryx)/ Vx(Fx — 3y~Rxy)

Vx3yRxy ; VxVy|Rxy = Rxx]|; Vx|Rxx - YyRyx|/ VxVyRxy
Vx3yRxy ; Vx[FyRxy = FyRyx] ; VxVy|Ryx - YyRyx|/ VxVyRxy

EXERCISE SET B

For each of the following three formulas, list the formula that is obtained by a single application
of the rule Universal Elimination (VO), using the singular term ‘f(a)’.

For each of the following three formulas, list the formula that is obtained by successive
applications of the rule Universal Elimination (VO), substituting ‘f(a)’ for ‘x’ and ‘s(a,b)’ for

v
(1) VxVy(Rxy — Rxx)

(2) VxVy{(Nx & Ny) = N[p(xy)l
(3) VxVy(R[x,m(y)] > R[m(y).x])

For each of the following three formulas, list every (non-trivial) formula that can be obtained by
a single application of the rule Existential Introduction (31).

(1) Rla, fla)]
2 R[f(a), fla)]
(3) Rls(a),p(a,b)]

For each formula obtained in 2.A, list every (non-trivial) formula that can be obtained by one
further application of 3I.
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3. EXERCISE SETC

Directions For All Derivation Exercises. For each of the following, construct a formal derivation of
the conclusion (indicated by "/") from the premises (if any). In cases in which two formulas are
separated by '//', construct a derivation of each formula from the other.

P[f(b)]/ 3xP[f(x)]

P[f(b)]/3xPx

AxF[f(x)]/3xFx

Vx(Fx — Hx); F[p(a,b)]/ H[p(a,b)]

Vx(Fx— Hx); F[p(a,b)]/ 3xHx

Vx(Fx — Hx); ~H[f(a)]/ ~F[f(a)]

Vx(Fx— Hx); ~H[f(a)]/ ~VxFx

Vx(Fx — Gx); Vx[(Fx & Gx) —> ~Hx] ; H[p(a,b)]/ 3Ix(Hx & ~Fx)
Vx(Fx — Gx);Vx(Gx —> Hx) ; Film(a)]/ 3x(Gx & Hx)

Vx(Fx — Gx); Vx(Gx — Hx) ; Flm(a)]/ 3xG[m(x)] & IxH[m(x)]
Vx{R[x,s(a)] > ~R[x,p(a,b)]} ; R[s(a),s(a)] / Ix~R[x,p(a,b)]
xR[xf(n)] = VxR[x.f(n)]; ~R[g(m).f(n)]/ ~R[f(n).f(n)]

Vx(Fx — Rxx) ; F[p(c,d)]/ 3xR[x,p(c,d)]

Vx(Fx = Rxx) ; Vx~R[m(a),x]/ ~F[m(a)]

Vx{Fx = VyRxy} ; Flg(a)]/ R[g(a).g(a)]

AxR[f(a).x] = VxR[x.f(a)]; ~R[g(b).fl@)]/ ~R[fla).f(d)]

p—
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4.

17.
18.
19.
20.
21.
22.
23.
24.

25.
26.
27.

5.

28.
29.
30.
31.
32.
33.
34.

35.
36.
37.
38.

EXERCISE SET D

vx[3yRxy — VyRyx]; R[f(a,b).f(a,b)]/ R[g(a,D).fla,D)]

Vx(Rxx — Fx) ; VxVy(Rxy — Rxx) ; ~F[g(a,b)]/ ~R[g(a,b),b]

Vx(Fx — Gx); VxM[m(x),x)]/ Vx{Fx = 3y{Gy & M[m(x),y]}}

VxVy{(Nx & Ny) = N[p(x.,y)]} ; Ix{Nx & Vy{Ny — E[p(x,y)]}} / Ix(Nx & Ex)
Vx{R[x.f(x)] > ~Rxx}/ ~3IxVyR[f(x).y]

VxvyP[p(x.y)]/ Vx3yP[p(cy).p(y.x))]

Vx(Fx — Gx) ; Vx{Gx— F[f(x)]} ; IxF[g(x)]/ IxG[f(x)]

Fa;Vx{Fx— Flm(x)|]}; VxR[x,m(x)]; VxVyVz{(Rxy & Ryz) = Rxz}
/Ax{Fx & {Rax & R[m(a),x]}}

Vx{Fx— R[xm(x)]} ; VxH[m(x)]/ Vx{Fx— 3y(Hy & Rxy)}
Vx{D[f(x)] > D[m(x)]} ; ~3Ix{Hx & D[m(x)]} / Vx{D[f(x)] > ~Hx}
Vx(JyR[x.f(y)] > Hx) ; Vx(Fx = JyRxy) ; VxVy{Rxy = R[x.f({y)]} / Vx(Fx — Hx)

EXERCISE SET E

Vx(Fx — Rxx) ; 3IxFlm(x)]/ 3Ix3yR[x,m(y)]

Vx(Fx — Rxx) ; 3xF[m(x)]/ IxIJyR[m(x),y|

Vx{Flg()] = FmX)]} ; ~3x{Fx & F[m(x)]} / Vx{Fx > ~F[g(x)]}
Vx{Flg()] = FmX)]} ; Vx{Fx = ~F[mXx)]} / ~3x{Fx & F[g(x)]}
VxVy{Rxy — Ryx} ; VxVy{R[x,s(y)] = Ryx} / VxVy{R[s(x),y] = Ryx}
VxIyK[x,s(y)]; Vxvy{K[xy] = Rlx,s@)]} / VxIYR[s(x).s@y)]

VxVyVz{[Rxy & Ryz]| = Rxz} ; VxVy{Rxy — R[f(y) f(0)]} ; VxR[x f(f(x))]
I VXVY{R[x.f(y)] = Rly.f(x)]}

VxVy{Rxy — Ryx} ; Vx3dyR|[x,s(y)]/ VxIyRyx
Vx(Fx <> ~F[f(x)])/3x{Fx & ~ F[f(x)]}

VxFlm(x)]/ 3x{Fx & Flm(x)]}

IVx{R[x fx)] <> Fy{Vz(R[z,y] = Rlzf(x)]) & R[xy]}}
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1. ANSWERS TO UNIT 2 EXERCISES

1. EXERCISE SET A

#1:

(1 Vx(Fx — Gx) Pr

(2) SHOW: VxFx — VxGx UD
3) VxFx As

4 SHOW: VxGx UD
(5) SHOW: Ga DD
(6) Fa— Ga 1,vO
@) Fa 3,vO
(8) Ga 6,7,SL
#2:

(1) Vx(Fx— Gx) Pr

2) ~3x(Gx & Hx) Pr

3) SHOW: ~3x(Fx & Hx) ID

4) dx(Fx & Hx) As

(5) SHOW: X DD
(6) Fa& Ha 4,30
7) Fa 6,SL
(8) Ha 6,SL
9) Fa— Ga 1,vO
(10) Ga 7,9,SL
(11) Ga& Ha 8,10,SL
(12) Ax(Gx & Hx) 11,31
(13) X 2,12,SLL
#3:

(1 dxFx — Ix~Gx Pr

(2)  SHOW: Vx[Fx — ~VxGx] UD
3) SHOW: Fa > ~VxGx CD
4) Fa As

&) SHOW: ~VxGx ID

(6) VxGx As

7) SHOW: X DD
(8) dxFx 4,31
9 Ix~Gx 1,8,SL
(10) ~Gb 9,30
(11) Gb 6,70
(12) X 10,11,SL
#4:

(1) Vx[Fx —> ~VxGx]| Pr

(2) SHOW: IxFx — Ix~Gx CD
3) IxFx As

4 SHOW: dx~Gx DD
(5) Fa 3,30
(6) Fa— ~VxGx 1,vO
@) ~VxGx 5,6,SL
(8) Ix~Gx 7,QN
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#5:

(1)  Ix~3Jy(Fy & Ryx) Pr

(2)  SHOW: Vx(Fx — Jy~Rxy) UD
3) SHOW: Fa — Jy~Ray CD
4 Fa As

(5) SHOW: Jy~Ray ID

(6) ~3dy~Ray As

@) SHOW: X DD
(8) Vy~~Ray 6,QN
9) ~3y(Fy & Ryb) 1,30
(10) Vy~(Fy & Ryb) 9,QN
(11) ~(Fa & Rab) 10,v0
(12) ~~Rab 8,VO
(13) ~Fav ~Rab 11,SL
(14) ~Fa 12,13,SL
(15) X 4,14,SL
#6:

(1) Vx3yRxy Pr

) VxVy[Rxy = Rxx]| Pr

3) Vx[Rxx — VyRyx] Pr

(4)  SHOW: VxVyRxy UD
(5) SHOW: VyRay UD
(6) SHOW: Rab DD
(7) JyRby 1,vO
(8) Rbc 7,30
) Vy[Rby —> Rbb] 2,50
(10) Rbc— Rbb 9,vO
(11) Rbb 8,9,SL
(12) Rbb — VyRyb 3,v0
(13) VyRyb 11,12,SL
(14) Rab 13,vO
#7:

(1) Vx3yRxy Pr

) Vx[dyRxy — JyRyx] Pr

3) VxVy|Ryx - YyRyx]| Pr

(4)  SHOW: VxVyRxy UD
(5) SHOW: VyRay UD
(6) SHOW: Rab DD
(7) JyRby 1,vO
(8) JyRby — dyRyb 2,vO
9) JyRyb 7,8,SL
(10) Rcb 9,30
(11) Vy(Ryb — VyRyb) 3,vO
(12) Rcb — YyRyb 11,v0
(13) VyRyb 10,12,SL
(14) Rab 13,vO
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2.

1A1:
1A2:
1A3:

1B1:
1B2:
1B3:

2A1:

2A2:

2A3:

2B1:

2B2:

2B3:

EXERCISE SET B

Vy(R|fla).,y] = R[fla).fl@)])
vy{(N|f(a) & Ny) - N[p(fla).y)|}
Vy(R[fla),m(y)] = R[m(y).f(a)])

R[fla),s(a,b)] = R[fla).fla)]
(N[fla)] & NIs(a,b)]) = N|p(f(a).s(a,b))]
R[fla).m(s(a,b))] = R[m(s(a,b)).f(a)])

(@)  3xR[xf(x)]
(b)  3xR[xfl(a)]
(c) AxR[a.f(x)]
(d) dxRax

(a) AxR[x,x]

(b)  IxR[x,f(a)]
() 3xR[f(a).x]|
(d)  IxR[f(x)f(x)]
(e)  IxR[f(x)f(a)]
®  3xR[fla).f(x)]

(@)  3xR[s(x),p(x,b)]
(b)  IxR[s(a),p(x,b)]
() 3IxR[x,p(a,b)]
(d) 3xR[s(a),x]

(e)  3IxR[s(a),p(a,x)]
®  3xR[s(x),p(a,b)]

(a) none

(b)  JyaxR[x.y] JyIxR[x.f(y)]
(©  FyIxR[y.fx)]

(d) JydxRyx

(a) none

(b) JydxRxy JyaxR[x.f(y)]

(c) JydxRyx JyaxR[f(y),x]

(d) none

(&)  JyIxR[f(x).y] Jy3IxR[f(x).f(y)]

®  FyYIxR[y.f(x)] Fy3xR[f(y).f(x)]

(@)  JyIxR[s(x),p(xy)]

()  FyIxR[y,p(x,b)] Jy3axR[s(a),p(x.y)]
Jy3xR[s(y),p(x,b)]

() Jy3xRxy Jy3xR[x,p(y.b)]
Jy3axR[x,p(a,y)]

(d) Jy3axRyx JyAxR[s(y),x]

()  Jy3xR[s(a),p(y.x)] Jy3xR[s(y),p(y.x)]
Jy3xR[y,p(a.x)] Jy3xR[s(y).p(a.x)]

M JyIxR[s(x).y] Jy3axR[s(x),p(a.y)]
Fy3xR[s(x),p(y.b)]
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3. EXERCISE SETS C-E

1:

(1)  P[fib)] Pr

(2)  SHEW: IxP[f(x)] DD
3) | IxPlf)] 1,31
#2:

(1)  P[f(b)] Pr

) SHOW: IxPx DD
(3) | 3xPx 1,31
#3:

(1) AxF[f(x)] Pr

) SHOW: IxFx DD
3) | Flfla)] 1,30
4) IxFx 3,41
4.

(1 Vx(Fx— Hx) Pr

(2)  Flp(a,b)] Pr

(3)  SHew: H[p(a,b)] DD
4) Flp(a,b)] > H[p(a,b)] 1,vO
5) Hl[p(a,b)] 2,4,SL
#5:

(1) Vx(Fx— Hx) Pr

) F[p(a,b)] Pr

3) SHOW: dxHx DD
4) F[p(a,b)] = H[p(a,b)] 1,vO
) Hp(a,b)] 2,4,SL
(6) IxHx 5,31
#6:

(1) Vx(Fx— Hx) Pr

() ~H|[f(a)] Pr

(3)  sHow: ~F[f(a)] DD
@ | Flflw]- H[f(a)] 1,vO
&) ~F[f(a)] 2,4,SL
#7:

(1 Vx(Fx— Hx) Pr

() ~H|[f(a)] Pr

3) SHOW: ~VxFx D

4) VxFx As

&) SHOW: X 7,8,SL
(6) Flfla)] = H[f(a)] 1,vO
(N ~F|[f(a)] 2,6,SL
(®) Flf(a)] 4,v0
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#8:

(1 Vx(Fx— Gx) Pr

2) Vx[(Fx & Gx) —> ~Hx] Pr

(3)  Hp(ab)] Pr

4) SHOW: dx(Hx & ~Fx) 10,31
oS (Flp(a,b)] & G[p(a,b)]) > ~H[p(a,b)] 2,0
(6) ~(F[p(a,b)] & G[p(a,b)]) 3,5.SL
(7 F[p(a,b)] > ~G|[p(a,b)] 6,SL
(8) F[p(a,b)] > G[p(a,b)] 1,vO
9) ~F[p(a,b)] 7,8,SL
(10) | H[p(a,b)] & ~F[p(a,b)] 3,9,SL
#9:

(1 Vx(Fx — Gx) Pr

2) Vx(Gx —> Hx) Pr

3) Fm(a)] Pr

4) SHOW: dx(Gx & Hx) 9,31
(5) Flm(a)] - G[m(a)] 2,vO
(6) G[m(a)] 3,5,SL
7 G[m(a)] > H[m(a)] 2,vO
(8) H[m(a)] 6,7,SL
9) G[m(a)] & H[m(a)] 6,8,SL
#10:

(1) Vx(Fx— Gx) Pr

2) Vx(Gx > Hx) Pr

3) Flm(a)] Pr

(4)  SHOW: IxG[m(x)] & IxH|[m(x)] 7,8,&I
(5) G[m(a)] 1,3,v—0
(6) H[m(a)] 2,5,Vv—>0
(7) IxG[m(x)] 5,31
(8) IxH[m(x)] 6,31
#11:

(1) Vx{R[x,s(a)] > ~R[x,p(a,b)]} Pr

(2)  RJs(a).,s(a)] Pr

(3)  SHoeW:dx~R|[x,p(a,b)] 5,31
4) R|[s(a),s(a)] > ~R][s(a),p(a,b)] 1,vO
5) ~R[s(a),p(a,b)] 2,4,SL
#12:

(1)  FxR[x.f(n)] > VxR[x.f(n)] Pr

(2 ~Rlgn)f(n)] Pr

(3)  SHOW: ~R[f(n).f(n)] ID

4) R[f(n).f(n)] As

(&) SHOW: X DD
(6) AxR[x.f(n)] 4,31
@) VxR[x.f(n)] 1,6,SL
() R[g(n).f(n)] 7,Y0
9) X 2,8,SL
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#13:

(1 Vx(Fx — Rxx) Pr

2) F[p(c,d)] Pr

(3)  SHoW: dxR[x,p(c.d)] 5,31
“4) Flp(c,d)] = R[(p(c,d)),(p(c.d))] 1,vO
oS R[(p(c.d)).(p(c.d))] 2,4,SL
#14:

(1 Vx(Fx — Rxx) Pr

(2) Vx~R[m(a),x] Pr

(3)  SHOW: ~F[m(a)] ID

%) Flm(a)] As

®) SHOW: X 7,8,SL
(6) Flm(a)] - R[m(a),m(a)] 1,vO
(7 R[m(a),m(a)] 4,6,SL
(8) ~R[m(a),m(a)] 2,Y0
#15:

(1 Vx(Fx — VyRxy) Pr

(2)  Flg(a)] Pr

(3)  sHow: R[g(a).g(a)] DD
“4) Flg(a)] > VyR[g(a).y] 1,vO
&) VyR[g(a).y] 2,4,SL
(6) Rlg(a).g(a)] 5,v0
#16:

(1)  3xR[f(a),x] > VxR[x.f(a)] Pr

2)  ~R[gD).flD)] Pr

(3)  sHoW: ~R[f(a).fla)] ID

4) R[fla).f(a)] As

5 SHOW: X DD
(6) AxR[f(a),x] 4,31
@) VxR[x.f(a)] 1,6,31
®) R[g(b).f(a)] 7,v0
9) X 2,8,SL
#17:

(1) Vx[dyRxy — YyRyx]| Pr

(2)  R[fla,b).fla)b,)] Pr

(3)  SHewW: R[g(a.,b).f(a,b)] DD
“4) JyR[f(a,b).y] = YyR[y.fla,b)] 1,vO
(%) JyR[fla,b).y] 2,31
(6) VyR[y.fla,b)] 4,5,SL
(7) Rlg(a,b).f(a,b)] 6,vO



Hardegree, Intermediate Logic; Unit 2: Derivations in Function Logic

10 of 15

#18:

(1 Vx(Rxx — Fx) Pr

2) VxVy(Rxy — Rxx) Pr

3) ~F[g(a,b)] Pr

%) SHOW: ~R[g(a,b),b] ID

(5) R[g(a,b),b] As

(6) SHOW: X DD
@) R[g(a,b),b] > R[g(a,b),g(a,b)] 2,v02
(8) R[g(a,b),g(a,b)] 5,7,SL
C)) Rlg(a,b).g(a,b)] > Flg(a,b)] 1,vO
(10) Flg(a,b)] 8,9,SL
(11) X 3,10,SL
#19:

(1) Vx(Fx— Gx) Pr

2) VxM[m(x),x)] Pr

(3)  SHeW: Vx{Fx — Jy{Gy & M[m(x),y]}} UD
) SHOW: Fa — Jy{Gy & M[m(a),y]|} CD
5 Fa As

(6) SHOW: Jy{Gy & M[m(a),y]} 10,31
7 Fa— Ga 1,vO
®) Ga 5,7,SL
9) M[m(a),a] 2,vO
(10) Ga & M[m(a),a] 8,9,SL
#20:

(1)  VxVy{(Nx & Ny)— N[p(x.y)]} Pr

(2)  3Ix{Nx & Vy{Ny— E[p(x,y)]}} Pr

(3)  SHew: Ix(Nx & Ex) 11,31
4) Na & Vy{Ny — E[p(a,y)]} 2,30
() Na 4,SL
(6) Vy{Ny — E[p(a.y)]} 4,SL
7 Na— E[p(a,a)] 6,vO
(8) E[p(a,a)] 5,7,SL
) (Na & Na) - N[p(a,a)] 1,vO2
(10) | N[p(a,a)] 5,9,SL
(11) Nip(a,a)] & E[p(a,a)] 8,10,SL
#21:

(1) Vx{R[xf(x)]> ~Rxx} Pr

(2)  SHEW: ~IxVyR|[f(x),y] ID

(3) IxVYR[f(x),y] As

@ SHOW: X DD
) VyR|f(a).y] 3,30
(6) R[f(a).f(f(@))] 5,v0
(7 R[f(a).f(f(@)] > ~R[f(a).fd)] 1,vO
®) ~R[f(a).f(a)] 6,7,SL
©)) R[f(a).f(a)] 5,v0
(10) X 8,9,SL
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#22:

(1 VxVyP|p(x,y)] Pr

(2)  SHeW: Vx3yP[p(c(y).p(y.x))] Ub

3) SHOW: 3y P[p(c(y).p(y.a))] 4,31

@ ||| Plpeb)pba))] 1,v02
#23:

()  Vx(Fx—Gx) Pr

2)  Vx{Gx— F[f(x)]} Pr

(3)  IxFlg(x)] Pr

@) sHOW: IxG[f(x)] 11,31
&) Flg(a)] 3,30
(6) Flg(a)] = G[g(a)] 1,VO
(7) Glg(a)] 5,6,SL
®) Glg(a)] = F[f(g(a))] 2,v0
©) Flf(g(a))] 7.8,SL
(10) | F[flg(a)]— G[flg(a)] 1,vO
(1) | Glfg(a)] 9,10,SL
#24:

(D) Fa Pr

) Vx{Fx — F[m(x)]} Pr

3) VxR[x,m(x)] Pr

4 VxVyVvz{(Rxy & Ryz) - Rxz)} Pr

(5)  SHOW: dx{Fx & {Rax & R[m(a).x]}} 12,31
(6) Flm(a)] 1,2,v—0
@) FIm(m(a))] 2,6,Y—0
(8) Rlam(a)] 3,vO
€)) R[m(a),m(m(a))] 3,vO
(10) {R[a,m(a)] & R[m(a),m(m(a))]} = R[a,m(m(a))] 4,v03
(11) Rlam(m(a))] 8,9,10,SL
(12) Flm(m(a))] & {R[a,m(m(a))] & R[m(a),m(m(a))]}  8,9,11,SL
#25:

()  Vx{Fx— R[x,m((x)]} Pr

2) VxH[m(x)] Pr

(3)  SHewW: Vx{Fx — Jy(Hy & Rxy)} UD

4) SHOW: Fa — Jy(Hy & Ray) CD

&) Fa As

(6) SHOW: dy(Hy & Ray) 10,31
@) Fa— Rla,m(a)] 1,vO
(8) Rla,m(a)] 5,7,SL
9) H[m(a)] 2,v0O
(10) H[m(a)] & R[a,m(a)] 8,9,SL
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#26:

(1) vx{D[f(x)] » D[m(x)]} Pr

(2) ~3x{Hx & D[m(x)]} Pr

(3)  SHoW: Vx{D[f(x)] > ~Hx} UD
) SHOW: D[f(a)] > ~Ha CD

(%) D[f(a)] As

(6) SHOW: ~Ha ID

@) Ha As

(8) SHOW: X DD

©) D|f(a)] » D[m(a)] LVO
(10) D[m(a)] 5,9,SL
(11) Ha & D[m(a)] 7,10,SL
(12) ~(Ha & D[m(a))]) 2,~30
(13) X 2,12,SL
#27:

(1 Vx(JyR[x.f(y)] > Hx) Pr

(2) Vx(Fx — JyRxy) Pr

(3)  VxVy(Rxy = R[x.f(y)]) Pr

4) SHOW: Vx(Fx — Hx) UD

(®)) SHOW: Fa— Ha CD

(6) Fa As

@) SHOW: Ha DD

(8) Fa— 3JyRay 2,vO
9) dyRay 6,8,SL
(10) Rab 9,30
(11) Rab - R[a f(b)] 3,02
(12) R[af(b)] 10,11,SL
(13) dyR[a.f(y)] > Ha 1,vO
(14) JYR[a.fly)] 12,31
(15) Ha 13,14,SL
#28:

(1) Vx(Fx — Rxx) Pr

2) IxF[m(x)] Pr

(3)  SHoewW: dxdyR[x,m(y)] DD
4) Flm(a)] 2,30
(5) Flm(a)] — R[m(a),m(a)] 1,vO
(6) R[m(a),m(a)] 4,5,SL
(N JyR[m(a),m(y)] 6,31
(8) IxAyR[x,m(y)] 7,31
#29:

(1) Vx(Fx — Rxx) Pr

(2) AxF[m(x)] Pr

(3)  SHeW: AxdyR[m(x),y] DD
4) Flm(a)] 2,30
(5) Flm(a)] » R[m(a),m(a)] 1,vO
(6) R[m(a),m(a)] 4,5,SL
(7 JyR[m(a),y] 6,31
(8) IxdyR[m(x),y] 7,31



Hardegree, Intermediate Logic; Unit 2: Derivations in Function Logic

13 of 15

#30:

(1) Vx{Flg(x)] > F[mX)]} Pr

2) ~3x{Fx & Fm(x)]} Pr

(3)  SHOW: Vx{Fx—> ~F[g(x)]} UD
4) SHeW: Fa— ~F|g(a)] CD
%) Fa As

(6) SHOW: ~F|[g(a)] DD
@) Vx~{Fx & F[m(x)]} 2,QN
(8) ~{Fa & F|m(a]} 7,v0
9) ~F[m(a)] 5,8,SL
(10) Flg(a)] > Flm(a)] 1,vO
(11) ~F[g(a)] 9,10,SL
#31:

(1) Vx{Flg(x)] - F[mX)]} Pr

2) Vx{Fx—> ~F[m(x)]} Pr

(3)  SHOW: ~Ix{Fx & Flg(x)]} ID

4) Ix{Fx & F[g(x)]} As

) SHOW: X DD
(6) Fa & Fg(a)] 4,30
(7) Fa— ~F[m(a)] 2,vO
®) Flg(a)] > F[m(a)] 1,vO
) X 6,7,8,SL
#32:

(1) VxVy{Rxy — Ryx} Pr

2) VxVy{R[x,s(y)] > Ryx} Pr

(3)  SHeW: VxVy{R|[s(x),y] = Ryx} UD
4 SHOW: R[s(a),b] - Rba CD
(5) R[s(a),b] As

(6) SHOW: Rba DD
@) R[s(a),b] = R[b,s(a)] 1,vO
(8) R[b,s(a)] 5,7,SL
9) R[b,s(a)] > Rab 2,vO
(10) Rab 8,9,SL
(11) Rab — Rba 1,vO
(12) Rba 10,11,SL
#33:

(1) Vx3yK[x,sy)] Pr

(2)  VxVy{K[xy] = R[xs@)]} Pr

3) SHOW: Vx3yR|[s(x),s(y)] UD
%) SHOW: JyR([s(a),s(y)] DD
®) JyK[s(a),s(v)] 1,vO
(6) K[s(a),s(b)] 5,30
@) K[s(a),s(b)] = R][s(a),s(s(b))] 2,v02
(8) R[s(a),s(s(b))] 6,7,SL
©) JyR[s(a).s(v)] 8,31
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#34:

(1) VxVyvz{[Rxy & Ryz| — Rxz} Pr

(2 VxVy{Rxy - R[f(y)S(X)]} Pr

(3 VxR[xf(f(x))] Pr

4)  sHOW: VxVy{R[xf(y)] > Rly.f(x)]} UD2
5) SHOW: R[a.f(b)] > R[b.f(a)] CD
(6) Rla.f(b)] As

@) SHOW: R[b.f(a)] DD
®) R[a.f(b)] = R[f(f(b)).f(a)] 2,v02
©) R[f(f(D)).f(a)] 6,7.SL
(10) R[b.f(f())] 3,vO
(11) [R[b.f(f(D))] & RIf(f(b))f(@]] = R[b.f(a)] 1,vO3
(12) R[b.f(@)] 9,10,11,SL
35:

(1) VxVy[Rxy - Ryx]| Pr

(2) Vx3yR|[x,s(y)] Pr

(3)  SHewW: Vx3JyRyx UD
4) SHOW: JyRya DD
(5) JyR[as(y)] 2,v0
(6) R[a,s(b)] 5,30
@) R[a,s(b)] = R[s(b),a] 1,vO2
(8) R[s(b),a] 6,7,SL
9) JyRya 8,31
#36:

(1) Vx{ Fx < ~F[f(x)] } Pr

(2)  SHOW: dx{Fx & ~F[f(x)]} SC
3) Fav ~Fa SL

4) cl:Fa As

(5) SHOW: Ix{Fx & ~F[f(x)]} DD
(6) Fa & ~F[f(a)] 1,vO
(7) Fa & ~F[f(a)] 4,6,SL
(8) Ax{Fx & ~F[f(x)]} 7,31
9) c2: ~Fa As
(10) | SHOW: 3x{Fx & ~F[f(x)|} DD
(11) Fa < ~F[f(a)] 1,vO
(12) F[f(a)] 9,11,SL
(13) Flfla)] & ~F[f(fla)] LVO
(14) ~F[f(f(@)] 12,13,SL
(15) F[f(a)] & ~F[f(f(a))] 12,14,SL
(16) Ax{Fx & ~F[f(x)]} 15,31
#37:

(1) VxF[m(x)] Pr

(2)  SHOW: Ax{Fx & F[m(x)]} DD
3) Flm(a)] 1,vO
“4) F[m(m(a))] 1,vO
(5) Flm(a)] & Fim(m(a))] 3,4,SL
(6) Ix{Fx & Flm(x)]} 5,31
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#38:
(1) SHOW: Vx{R[x,f(x)] & Jy{Vz(R[zy] > R[z.f(X)]) & R[x,y]}}

(2) SHOW: R[a.f(a)] <> Fy{Vz(R[zy] - R[z.f(a)]) & R[a,y]}
3) SHOW: R[a.f(a)] — Fy{Vz(R[z,y] - R[z.f(a)]) & R[a,y]}
4 Rlaf(a)]

(5) SHOW: 3y{Vz(R[z,y] > R[z.f(a)]) & R[a.,y]}

(6) SHOW: Vz(R[z.f(a)] = R[z.f(a)]) & R[a.f(a)]

(7) SHOW: Vz(R[z.f(a)] = R[z.f(a)])

8®) | SHow: R[b.f(a)] - R[b.fla)]

) Vz(R[zf(a)] > R[z.f(a)]) & R[a.f(a)]

(10) SHOW: Jy{Vz(R[zy] — R[z.f(a)]) & R[a,y]} = R[a.f(a)]
(11) Fy{Vz(R[zy] - R[z.f(a)]) & R[a,y]}

(12) SHeW: R[a.f(a)]

(13) Vvz(R[z,b] > R|z.f(a)]) & R[a,b]

(14) R[a,b] - R[a.f(a)]

(15) Rla.f(a)]

UD
3,10,1
CD

As

6,31

DD

UD

SL
4,7,SL
CD

As

DD
11,30
13a,vO
13b,14,SL



