A~EV(GW)
.~Pv~W
.(~(EvB)+*(~EVvP)
.(*EvP)*(~EVB)
~EvP
.(~EvG)*(~EVW)
.CEVvW)e(~EV Q)
9. ~EvW

10. ~(EvP)* (~EVW)
11.~Ev P+ W)
12.(P+ W) v~E
13.~(P+W)

14. ~E

Exercise 7.4

Part1
1. GoQ 3
2. R*S§)oN 1
3. ~Po>~H 2
4. B=N 1
5. A ‘ 2
6. ~Q>o~L 3
7. ~~CvF 1
8 Go(NoZ) 2
Part 11
1. JIoM 1,
2,
2. JIo(F>oN) 1,
3. (CoA)(ADC) %
4 KvK ?:
3

5

=

(78

»

an
7

@

%

<2

~

[3o)

-

Q
o)
=3
=

N es]
=)
€.
<

o]
o

=
g

/~E

1, Dist

4, Com
5, Simp
2, Dist

7, Com
8, Simp
6, 9, Conj
10, Dist
11, Com
3, DM
12, 13, DS

10.
11.
12.
13.
14.

15.
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D=H 1
SoG 3
JoF 2
(C-H)DA 3
W=~T 2
K>M)=S 1
So>D 1
(GoB)-H>C)
J-M)>oQ

. Ho(C>R)
ToG
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Exercise 7.4

9. (K*<A)DF 1, Exp 13. NDA)*(A>DN) 1, Trans
2,3, MT 2, Equiv
10. ~Hv~H 1, Impl 14. (E*R)v(~E-*~R) 1, Add
2, Taut 2, Equiv
11. ~Sv-~K 1, Add 15. Qo>(G>W) 1, Trans
2, Impl 2, Exp
12. M-M)oD 1, Exp
2, Taut
Part IIT

(1) 1.(S*K)oR

2.K /SR
3.K*S)oR 1, Com
4. K> >R 3,Exp
5.SoR 2,5, MP
(2 1.GDE
2H>-~E /Go~H
3.~Eo>~H 2, Trans
4 E>~H 3,DN
5.Go>~H 1,4, HS
(3) 1.~NvVvP
2(NoP)DT /T
3.NDOP 1, Impl
4.T 2,3, MP
@ 1.BoM)- DM
22BvD M
3.MvM 1,2,CD
4 M 3, Taut
5) 1.L.Qo>F>A)
2.R>(ADF)
3.Q*R [F=A
4.Q 3, Simp
5FoA 1, 4, MP
6.R*Q 3, Com
7R 6, Simp
8. AoF 2,7, MP
9.F>A)*(ADP 5, 8, Conj
10.F=A 9, Equiv
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6) 1.B>2G)*(F>oN)
2.
3.

™

~(G+N) /~B+F)
~G v ~N 2, DM
. (~G>~B)*(*"N>D~F) 1, Trans
.~Bv~F 3,4,CD
~B+F) 5, DM
.(J*R)oH
.RoH)oM
~P v ~]) /Me~P
JoR>H) 1, Exp
IoM 2,4, HS
~P+] 3, DM, DN
~P 6, Simp
J 6, Com, Simp
M 5,8, MP
M. ~P 7, 9, Conj
T /ST
.Tv~S§ 1, Add
~SvT 2, Com
SoT 3, Impl
(00« (~S>~D)
A(E>D)*(~E>~C) /0>8
0oC 1, Simp
~So>~D 1, Com, Simp
D>oS 4, Trans
EoD 2, Simp
~Eo~C 2, Com, Simp
CoE 7, Trans
O>E 3,8 HS
O>D 6,9, HS
.0>S 5,10, HS
~MU-W)D X
.Uo~U /~Uv~X)
~Uv~U 2, Impl
~U 3, Taut .
~Uv~W 4, Add
~(U W) 5, DM
X 1, 6, MP
~UeeX 4,7, Conj
~U e ~~X 8, DN
~U v ~X) 9, DM
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Exercise 7.4

(11) 1. ToR
2.To>~R /~T

3.Ro~T 2, Trans, DN
4. To>~T 1,3, HS
5. ~Tv~T 4, Impl
6. ~T 5, Taut
(12) 1. Sv~N
2.~8vQ /INDQ
3.~-NvS§ 1, Com
4. N>S 3, Impl
5.0 2, Impl
6.N>Q 4,5, HS
(13) . Mo (U>H)
2.Hv~U)oF /M>F
3.~UvH)>F 2, Com
4. UoH)DF 3, Impl
5. M>F 1,4, HS
(14) 1.~RvP
2.Rv~P /R=P
3.R>P 1, Impl
4 ~PvR 2, Com
5.PoR 4, Impl
6. RoP)-(PDR) 3, 5, Conj
7.R=P 6, Equiv
(15) 1.~-BoH
2.~DoH
3.~(B+D) /H
4. ~Bv-~D 3, DM
5.*\BoH)-(~D>H) 1,2,Conj
6HVH 4,5 CD
7.H 6, Taut
(16) 1.Jo(G>L) /IGo(I>L)
2.J.G)oL 1, Exp
3.(G-)) oL 2, Com
4.Go(JoL) 3, Exp

136



17

(18

(19)

20

@1

(22

Exercise 7.4

1.So(LM)

2. Mo>(L>R) /SoDR

3.M+L)oR 2, Exp

4 L-M)DR 3, Com

5.SoR 1,4, HS

1.LFo(A+*K)

2.Go(~A*~K)

3.3FvG /A=K
4 [Fo(A*K)]*[GD(~A-~K)] 1, 2, Conj
5.(A*K)v (~A+~K) 3,4,CD
6.A=K 5, Equiv
1.A>E)>C

2.Co~C /1

3.~Cv~C 2, Impl

4, ~C 3, Taut

5.~(1>E) 1, 4, MT

6.~(~1VvE) 5, Impl

7.1-~E 6, DM, DN

8.1 7, Simp

1.ToG

2.8SoG /I(TvS)oG
3.~-TvG 1, Impl

4 ~SvG 2, Impl
5..~Tv@*(~SvG) 3, 4, Conj
6.(~T+~S)vG 5, Com, Dist, Com
7.~TvS)vG 6, DM
8.(TvS)nG 7, Impl

1.LHoU /HoUvVvT)
2~HvU 1, Impl
3.~;HvUVT 2, Add
4.~Hv(UvVT) 3, Assoc

5 Ho@UvVvT) 4, Impl
1.Qo(W+D) /I QoW
2.~Qv(W-D) 1, Impl
3.~QvW)+(~QvD) 2, Dist

4. ~QvWwW 3, Simp

5Q0oW 4, Impl
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(23)

(29)

(25)

(26)

@7

1
2
3.
4
5

WR_NANDR WD WX N h W= 00N R LR -

I N T N

P> (~E>B)
.~(B v E) /~P
~(E v B) 2, Com
.~(~E > B) 3, DN, Impl
.~P 1,4, MT
(G )>H2Q)
J+~Q /~H
J 2, Simp
Jv~G 3, Add
~Gv] 4, Com
Gol S, Impl
HoQ 1, 6, MP
~Q 2, Com, Simp
~H 7,8, MT
Iv(N+F)
Io>F /F
(AvN)e(dIVvE 1, Dist
IvF 3,.Com, Simp
~I>F 4, DN, Impl
~Fo~1 2, Trans
~FoF 5, 6, HS
FvF 7, Impl, DN
F 8, Taut
K=R
.KoR>P)
~p /~R
.K*R)v(~K+*~R) 1, Equiv
(K<R)DP 2, Exp
~(K+R) 3,5 MT
~K+~R 4,6, DS
~R+~K 7, Com
~R 8, Simp
.Co(~L>Q
Lo~C
~Q /~C
(C~L)DQ 1, Exp
~(C+~L) 3,4, MT
~C v ~~L 5, DM
~CvL 6, DN
CoL 7, Impl
Co~C 2, 8, HS
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Exercise 7.4

10.~Cv~C 9, Impl
11.~C 10, Taut
(28) 1.(EDA)*(FDA)
2.EvG
3.Fv~G /A
4 ~EvG 2,DN
5.~E>5G 4, Impl
6.~~FvG 3,DN
7.~Fo~G 6, Lmpl
8.GOF 7, Trans
9~E>F 5, 8, HS
10.~~EVF 9, Imp!
11.EVF 10, DN
12.AVA 1,11,CD
13.A 12, Taut
(29) 1.(F*H)DN
2.FvS
3.H /INvVS
4 (H-F)oN 1, Com
5. Ho(F>N) 4, Exp
6.FoON 3,5, MP
7.~ No>-~F 6, Trans
8. ~FvS 2, DN
9.~F>S§ 8, Impl
10.~NDS 7,9, HS
11.~~Nv S 10, Impl
12.Nv S 11,DN
30) 1. To®H"))
2. HvN)DT /T=H
3.~Tv(H*J) 1, Impl
4. (~TVH)*(~TV]) 3, Dist
5.~TvH 4, Simp
6. ToH S, Tmpl
7. ~HVvN)VvT 2, Impl
8. (~H~N)VvT 7, DM
9.Tv (~H*~N) 8, Com
10. (Tv~H) « (Tv~N) 9, Dist
11.(~HvT)~(Tv~I~0 10, Com
12.~HvT 11, Simp
13.HoT 12, Impl
14 (ToH)-HDT) 6, 13, Conj
15.T=H 14, Equiv
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GD

(32)

1
2
3
4
5
6
7
8

1

13

PN NA WD

To~(ADN)

.TvN
~Tv~A>N)
~Tv~~AvVN)
.~Tv(A+*~N)
.(~TVvA)*(~Tv~N)
.~Twv~N
.To~N

9.
10.
11.
12.

NvT

~No>T
(To~N)+(~N>T)
T=~N

.(DoE)>(E>D)

.(D=E)>~G*~H)

E-G
E
Ev~D
~DVE
DoE
EoD

.(D>E)-(E>SD)
10.
11.
12.

D=E

~(G + ~H)
~GvH

.G
14.
15.

(33) 1.

€D

VoI h W

.PvL
.LvP

H
G'H

(OoR)>S

.P>o>R)>~§
.S>~P>R)
.(ODR)o~P>R)

~O0>R)v~{P>OR)

.~(~OVvR)v~(~PVvR)
.{O*~R)v(P+~R)
.(OvP)*~R

~R

.(LvP)oU
.M>o U)ol

P

3, Add
4, Com

/T=~N

1, Impl

3, Impl

4, DM, DN
S, Dist

6, Com, Simp
7, Impl

2, Com

9, DN, Impl
8, 10, Conj
11, Equiv

/G*H

3, Simp

4, Add

5, Com

6, Impl

1,7, MP

7, 8, Conj

9, Equiv

2, 10, MP

11, DM, DN
3, Com, Simp
12, 13, DN, DS
13, 14, Conj

/~R

2, Trans

1,3, HS

4, Impl

S, Impl

6, DM, DN

7, Com, Dist, Com
8, Com, Simp
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Exercise 7.4

6.U 1,5 MP
7.Uv~M 6, Add
8. ~-MvU 7, Com
9. M>U 8, Impl
10.1 2,9, MP
(B5) 1. A=W
2. ~Av~W
3.RDA /~WvVvR)
4. (A*W)v (~A+~W) 1, Equiv
5.~(A*W) 2, DM
6. ~A*~W 4,5,DS
7. ~A 6, Simp
8. ~R 3,7, MT
9. ~W 6, Com, Simp
10. ~W « ~R 8,9, Conj
11. (W v R) 10, DM
(36) .(SvT)o(S>~T)
2.(So~T)o(T>2K)
3.SvT /SvK
4. 8So-~T 1,3, MP
5. ToK 2,4, MP
6.~SoT 3, DN, Impl
7.~§oK 5,6, HS
8.SvK 7, Impl, DN
GB371.G=M
2.GvM
3.G6oM>T7) /T
4. G M)v(~G+~M) 1, Equiv
5. ~(~G+*~M) 2, DN, DN, DM
6.G-M 4, 5, Com, DS
7.(G*M)>T 3, Exp
8. T 6,7, MP
(38) 1.0o(Q*N)
2.(NVE)DS /028
3. 0v(Q*N) 1, Impl
4.(~0vQ)+(~OVN) 3, Dist
5.~OvN 4, Com, Simp
6.0oN 5, Impl
7.~NVE)vS 2, Impl
8 ("\N+~E)vS 7, DM

9.(*Nv S)+(~E v §)

8, Com, Dist, Com
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Exercise 7.4

10.~Nv S 9, Simp
I.N>S 10, Impl
12.0>8 6, 11, HS
(39) 1. H=1
2Ho>(>F
3.(HvI)oF /F
4 H)v(~H-~D) 1, Equiv
5. H-I)>F 2, Exp
6.(~H*~I)>F 3, DM
7.[(He)DF]+[(~H+~I)DF] 5, 6, Conj
8 FVF 4,7,CD
9. F 8, Taut
40) .Po A
2.QoB /PvQ)>(AvB)
3.~ PVA 1, Impl
4.~QvB 2, Impl
5.~PVvA)VB 3, Add
6.(~QvB)VvA 4, Add
7.~Pv(AvB) S, Assoc
8.~Qv(AvB) 6, Assoc, Com
9. [~Pv(AvB)]*[~QVv(AVB)] 7, 8, Conj
10. (~P+~Q)Vv (A Vv B) 9, Com, Dist
11.~PvQ)v(AvB) 10, DM
12.PvQ)o(AvB) 11, Impl
Part IV
(1) 1.D>C
2. ~(C+~8) /D>S
3.~Cv~~§ 2, DM
4.Co>~S§ 3, Impl
5.C>8 4, DN
6.D>S 1,5, HS
2 1.Co(D-M)
2.~M /~C
3.~-Mv-~D 2, Add
4 ~Dv~M 3, Com
5.~D-M) 4, DM
6. ~C 1,5, MP
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3)

@

®)

®

)

®

1.~MvS) /S>U

2. ~M+~S§ 1, DM
3.~§~M 2, Com

4. ~S 3, Simp
5.~8vU 4, Add
6.SoU 5, Impl
1.DoP /(1<D)>P
2.~-DvP 1, Impl
3.DvP)v-~1I 2, Add

4. ~1v(~DVvP) 3, Com
5.(~Iv~D)vP 4, Assoc
6.~(I-D)vP 5, DM
7.(1-D)oP 6, Impl
.LEVP)DU /EDU
2~EvP)vU 1, Impl
3.E-~P)vU 2, DM
4 Uv(~E*~P) 3, Com
5.(Uv~E)«(Uv-~P) 4, Dist
6. Uv~E 5, Simp
7.~EvU 6, Com
8.EnU 7, Impl
IL.(W«C)>~S

2. W /ICo~S

3. Wo(C>~8S) 1, Exp
4.Co~8 . 2,3, MP
1.GoA

2.GolL /IGD(A+L)
3.~-GvA 1, Impl
4.~GvL 2, Impl
5.~GVvA-*(~GVvL) 3, 4, Conj
6.~Gv(A-L) 5, Dist
7.Go(A-L) 6, Impl
1.So>D-I)

2.Sv(U-+D) /D
3.~Sv(D-]) 1, Impl
4. (~SvD)+(~SvD 3, Dist
5.~SvD 4, Simp
6.SoD 5, Impl
7.(SvU)+(SvD) 2, Dist
8.(SvD)+«(Svl) 7, Com
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Exercise 7.5

9.SvD 8, Simp
10~§>D 9, DN, Impl
11.~D>~§ 6, Trans
12.~D>D 10, 11, HS
13.DvD 12, Impl, DN
14.D 13, Taut
® 1.To(G>oR) /~RD(G>D~T)
2.~Tv(G>oR) 1, Impl
3.~ Tv(~GVR) 2, Impl
4. (~Tv~G)VvR 3, Assoc
5.Rv(~Tv~G) 4, Com
6.Rv(~Gv~T) 5, Com
7. ~R>(~Gv~T) 6, DN, Impl
8 ~Ro(G>~T) 7, Impl
10 1.(A-U)=~R
2. (~Rv~A) /~U
3.[(A-U)o~R]* [~ R2(A-U)] 1, Equiv
4. (A-U)yo~R 3, Simp
5. ~~R s ~~A 2, DM
6. ~~R 5, Simp
7. ~A-U) 4,6, MT
8. ~A v ~U 7, DM
9. ~~A +~~R 5, Com
10. ~~A 9, Simp
11. ~U 8, 10, DS
Exercise 7.5
Part 1
() .N>O
2.NoP INS(O+P)
3.N ACP
4.0 1,3, MP
5.P 2,3, MP
6.0-P 4, 5, Conj
7.N>(©O-P) 3-6, CP
(2) 1.FoE
2.(F-E)oR /FDOR
3.F ACP
4 E 1,3, MP
S.F+*E 3, 4, Conj
6.R 2,5, MP
7.FoR 3-6, CP
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(3) L.GoT

2.(TvS)oK

7.

@) 1.(GVH)S(S*T)
2.(TvU)>(C+D)

10.

5 1

) 1.

11.

N 1

3.G
4T
5.TvS
6.K
GoK

3.G

4. GvH
58T
6.T

7.TvU
8.C+D
9
o

8. ~M

9. ~K-~M

10. (K vM)
JIo~(KvM)

Mv(N+O)
2. ~M
3.N+O
4 N

.~M>DN
.~NoM

/GoK
ACP
1,3, MP
4, Add
2,5, MP
3-6, CP

/IGoC

ACP

3, Add

1, 4, MP

S, Com, Simp
6, Add

2,7, MP

8, Simp

3-9, CP

/ADF
ACP
1,2, MP
3, DM
4, Simp
2, Add
5, 6, DS
2-7, CP

ACP
1, 4, MP
2,4, MP
3,5 MT
3,6, MT
7, 8, Conj
9, DM

4-10, CP

/~NDM
ACP

1,2, DS

3, Simp

2-4, CP

5, Trans, DN
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Exercise 7.5

8) .P5(@QVR)
2.PoR)D(S*T)

3.QoR /T
4.P ACP
5.QvR 1,4, MP
6.RvQ 5, Com
7.~RoQ 6, DN, Impl
8. ~R>R 3,7, HS
9. RvR 8, Impl, DN
10. R 9, Taut
11.PoR 4-10, CP
12.8-T 2,11, MP
13.T 12, Com, Simp

(¥ 1.LHo(I5N)
2.H>o~)>MvN)

3.~N /M
4 H ACP
5.Io5N 1, 4, MP
6. ~1 3,5, MT
7.H>~ 4-6, CP
8. MVN 2,7, MP
9 M 3, 8, Com, DS
(10) 1.C>(A+D)
2.Bo(A+E) /(CvB)DA
3.CvB ACP
4.[Co(A+D)]*[B>(A-E)] 1, 2, Conj
5. (AD)v(A-E) 3,4,CD
6.A«(DVE) 5, Dist
7. A 6, Simp
8.(CVvB)>A 3-7, CP
(1) 1. Mo (KoL) ,
2.(LvN)D]J /IMD>(K>J)
.M ACP
4 K ACP
5.KoL 1,3, MP
6.L 4 5 MP
7.LvN 6, Add
8.] 2,7, MP
9.K> 4-8, CP
10 M>(K>)J) 3-9, CP
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(12) . Fo>(G+H) /(A>F)>(A>H)
2.ADF ACP
3.A ACP
4.F 2, 3, MP
5.G*H 1, 4, MP
6.H S, Com, Simp
7.A> 3-6, CP
8. (AoF)o(AoH) 2-7,CP
(13) 1.RoB
22.Ro>(B>F)
3. Bo(FoH) /RoH
4.R ACP
5.B 1,4, MP
6.BoF 2,4, MP
7.F 5,6, MP
8.FoH 3,5, MP
9. H 7, 8, MP
10.R> 4-9, CP
(14 1.F+G)=H
22FoG /F=H
3.[F*G)oH]« [H>(F+G)] 1, Equiv
4 F ACP
5.G 2,4, MP
6.F«G 4, 5, Conj
7. (F*G) oH 3, Simp
8. H 6,7, MP
9.FoH 4-8, CP
10. H ACP
I1LHoFG) 3, Com, Simp
12.F+ G 10, 11, MP
13.F 12, Simp
14 HoF 10-13, CP
15.FoH)*(H>oF) 9, 14, Conj
16.F=H 15, Equiv
(15) 1.Co>(Dv~E)
2E>(D>oF /CHOEDF
3.C ACP
4. E ACP
5.Dv~E 1,3, MP
6.D 4,5, Com, DN, DS
7.DoF 2,4, MP
8.F 6,7, MP
9.EoF 4.8, CP
10.Co>(EDF) 3-9,CP
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Exercise 7.5

(16) 1.Qo>R>S)
2.Qo(T>~U)
3UoRvVvT)

4.Q
5.U

6.R>S
7.To>~U
8. ~T
9.RvT
10.R
11. S
122.U>S

13.Q>(@UDSS)

(17) 1. N>(O-P)
2.Qo(R*S)
3.PoQ

©Nowas
mEOTOZ

9.
10. N> S

11.P2Q>(NDS)

(183) .Eo(F>G)
2. Ho(G>]I)
3.Fo)o(Jv~H)

4.E-H
5.E
6.FoG
7. H
8.Gol
9.Fol
10.Jv~H
11.]
12.(E-H)>!

(19) 1.PS[(LvM) D (N+0)]

2(0vT) oW
3.P
4 M

5. (LvM)>(N+0)

6. MvL

/IQo>U>S)
ACP

ACP

1, 4, MP
2,4, MP
5,7, DN, MT
3,5 MP
8,9, Com, DS
6, 10, MP
5-11, CP
4-12, CP

I(PoQo(N>S)
ACP

ACP

1, 4, MP

5, Com, Simp

3,6, MP

2,7, MP

8, Com, Simp

4-9, CP

3-10, CP

/(E-H)DJ

ACP

4, Simp

1, 5, MP

4, Com, Simp

2,7, MP

6, 8, HS

3,9, MP

7, 10, DN, Com, DS
4-11,CP

/Po(M>DW)
ACP

ACP

1,3, MP

4, Add
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7.LvM

8N-O
9.0

10,OvT
11. W
12M>W
1I3.Po(M>W)

(20) 1. Ao [B(C+~D)]
2.BVE)>(DVE)
3A°B

4. A
5..Bo(C+D)
6.B
7.C+~D
8.C
9.~D
10.BVE
11.DVE
12.E
13.C+E

14 (A-B)>(C+E)

Part I1
(1) .LHoD

2.UoS
3.H-U

XN A
nnncCoOm

.S+D
9.(H-U)>(S+D)

2 1L.LPo(I>W)
2. 15(W>o-~8)
3.P
4.1
510w
6. W>o~§
7.1>~8
8 ~§
9.1>~8§
10.Po(I1>~8)

/(A*B)>(C+E)
ACP

3, Simp

1, 4, MP

3, Com, Simp
5,6, MP

7, Simp

7, Com, Simp
6, Add

2, 10, MP
9,11, DS

8, 12, Conj
3-13,CP

/(HU)>(S+D)
ACP

3, Simp

1, 4, MP

3, Com, Simp

2, 6, MP

5, 7, Conj

3-8, CP

/P> (I5~8)
ACP

ACP

1,3, MP

2, 4, MP

5,6, HS

4,7, MP

4.8, CP

3-9, CP
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Exercise 7.6

(3) 1.D=(SoF)

2R>(D-P)
3.8 /ROF
4 R ACP
5.DeP 2,4, MP
6.D 5, Simp
7.[D>(S>F)]*{(S>F)>D] 1, Equiv
8. Do(S>F) 7, Simp
9.SoF 6, 8, MP
10.F 3,9, MP
11.R>OF 4-10, CP
@4 1.JoD
2.J-D)>C
3(N-C)>1 /[Jo(NDD
4.] ACP
5.N ACP
6.D 1, 4, MP
7.JD 4, 6, Conj
8.C 2,7, MP
9.N«C 5, 8, Conj
10.1 3,9, MP
11. N>l 5-10, CP
12.J5(N>I) 4-11, CP
(5) 1.AoH
2.FVvW)oL /H>F)>(A>L)
3.HOF ACP
4. A ACP
5.H 1, 4, MP
6.F 3,5, MP
7.FvW 6, Add
8. L 2,7, MP
9.ADL 4-8, CP
100 HoF)o(ADL) 3-9,CP
Exercise 7.6
PartI
O 1.SvT)>~S /~8
2.8 AIP
3.SvT 2, Add
4. ~8 1,3, MP
5.S~8§ 2, 4, Conj
6. ~S 2-5, 1P
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2) 1. XK>oK)oR
2.(RvM)oN

10.N
(3) 1.(C*D)>E

2. (D+E)oF
3.C*D

*E

Nove
myUm

8. (C+D)DF

(4) 1.Ho (L oK)
2.Lo(K>-~L)

10.L~L
11.~H-L)
12.~Hv~L

;) 1.S>(Tv~U)
2.U>(~TVvR)
3.8-U)o~R

4 ~(~Sv~U)

W

.S+U

N
w

o
-3
<
4
c

10.~TvR
11, ~T

/N

AIP

2,3, MT
4, DM

5, Simp

1, 6, MT

7, Impl

8, DM, DN
3-9, IP, DN

/(C+D)DF
ACP

1,3, MP

3, Com, Simp
4, 5, Conj
2,6, MP
3-7,CP

/~Hv~L
AIP

3 Simp
1,4, MP
3, Com, Simp
2,6, MP
5, 6, MP
7,8, MP
6, 9, Conj
3-10, IP
11, DM

/~8Sv~U
AIP

4, DM, DN
3,5, MP

5, Simp

6, Com, Simp
1,7, MP
2,8, MP

6
9,11,DS

, 10, Com, DS

Exercise 7.6




Exercise 7.6

14.
15.

) 1

N 1.

13.U-~U
~~(~8 v ~U)
~Sv~U

~AD(B+C)

.D>~C

3.D
4.~C
5.~Cv~B
6.~Bv~C
7.~B+C)
8. A

.DoA

(EvF)o>(C+D)
.DvG)oH
.EvG

~H
.~(DvG)
~D *~G
~D
~Dv~C
~Cv-~D
10. ~(C + D)
1. EVvF)
12. ~E ¢« ~F
13. ~E

©® N

8, 12, Conj
4-13, 1P
14, DN

/DDA

ACP

2,3, MP

4, Add

5, Com

6, DM

1, 7, MT, DN
3-8, CP

/H

AlIP

2,4, MT

5, DM

6, Simp

7, Add

8, Com

9, DM

1, 10, MT
11, DM

12, Simp
3,13,DS

6, Com, Simp
14, 15, Conj
4-16, IP, DN

/M

AlP

1, 4, MP

5, Simp

2, 6, MP
3,7,DN,MT
5, Com, Simp
8,9, Conj
4-10, IP, DN
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) LRvS)ST
2.PvQ)oT
3.RvP

4. R

5.RvS

6. T
7.RDT

8. P

9.PvQ

10.T
11.PoT
R2.RoT)«(PDT)
13.TvT
14. T

(10) 1.K
2.8
3.8v~T
4. ~TvS
5.T>S
6.S>(T>8)

(1) 1.(AvB)oC
2.(~AvD)>DE
~C
.~(AvB)
~A+~B
~A
7.~AvD
8.E
9.~CoE
10.CVvE

o wnon W

(12) 1. KvL)D(M+N)
2.(NvO)o(P-~K)
3.K
.KvL
.M+N
.N
.NvO
Pe+~K
~K
K-~K

H

S0V oW

Exercise 7.6

/T

ACP

4, Add
1,5, MP
4-6, CP
ACP

8, Add
2,9, MP
8-10, CP
7, 11, Conj
3,12,CD
13, Taut

/ISD(T>S)
ACP

2, Add

3, Com

4, Impl
2-5,CP

/CVE
ACP

1,3, MT

4, DM

5, Simp

6, Add
2,7, MP
3-8, CP

9, Imp}, DN

/~K
AIP

3, Add
1, 4, MP

5, Com, Simp
6, Add

2,7, MP

8, Com, Simp
3,9, Conj
3-10, IP



Exercise 7.6

(13) L.[Co(D>C))>E /E
2.C ACP
3.Cv~D 2, Add
4.~DvC 3, Com
5.0oC 4, Impl
6.Co(MD>C) 2-5,CP
7.E 1, 6, MP
(14) 1.F/(GoH)v(~G>DJ)
2.G-~H ACP
3.G 2, Simp
4.Gv] 3, Add
5.~G>] 4, DN, Impl
6.(G*~H)>(~G>J) 2-5,CP
7. ~G+~H)v (~G>lJ) 6, Impl
8. ~GVH)V(~G2J) 7, DM, DN
9. (GoH)v(~GDJ) 8, Impl
(15 1.Bo(K-*M)
2B-M)>P=-~P) /~B
3.B AlIP
4 KM 1,3, MP
5. M 4, Com, Simp
6.B- 3, 5, Conj
7.P=~P 2, 6, MP
8. (P*~P) Vv (~P+~P) 7, Equiv
9. P+~P)v(P*~P) 8, Com, DN
10.P+~P 9, Taut
11.~B 3-10,IP
(16) 1. Nv0O)>(C+D)
2.DvK)o>@®v~C)
3.3.PvG)>~(N+D) /~N
4.N AIP
5.NvO 4, Add
6.C*D 1,5, MP
7.D 6, Com, Simp
8. DvK 7, Add
9.Pv~C 2, 8, MP
10.C 6, Simp
11.P 9, 10, Com, DN, DS
12.PvG 11, Add
13. ~(N » D) 3,12, MP
14. ~Nv~D 13, DM
15.~D 4, 14, DN, DS
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16.D+~D
17. ~N
(A7) 1. R*S)=(G+H)
22R>S
3 HoG

4IR-8)>(G-H]-[(G-H)>R*S))
.R

5

6.S
7.R-S§
8

9

0

14.G*H
15.(G*H)>(R-8S)
16.R*S
17.R
18. HoR
1I9.RoH)*(H>R)
20.R=H

(18) LK [MVN)D (P Q)]
2.LOo[(QVvR)D(S+~N)]
3.K-L
4. K
5.MVvN)D((P-Q)
6.L
7.(QVvR)>(S+~N)
8.N
9NvM
100.MVN
11.P-Q
12.Q
13.QvR
14. S« ~N
15. ~N
16. N+ ~N
17. ~N
18. (K*L)>~N

Exercise 7.6

7, 15, Conj
4-16, IP

/R=H
1, Equiv
ACP
2,5, MP
5, 6, Conj
4, Simp
7, 8, MP
9, Com, Simp
5-10, CP
ACP
3, 12, MP
12, 13, Conj
4, Com, Simp
14, 15, MP
16, Simp
12-17, CP
11, 18, Conj
19, Equiv

/(K*L)yo~N

ACP

3, Simp

1,4, MP

3, Com, Simp

2, 6, MP

AIP

8, Add

9, Com

5,10, MP

11, Com, Simp

12, Add

7, 13, MP

14, Com, Simp

8, 15, Conj

8-16, IP

3-17,CP
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Exercise 7.6

(19) 1. AS[(NV~N) > (S v T)]
2. To~(F v~F)
3.A«~§
4 A

5. Nv~N)D(SvT)
6. N

7.NvN
8. N
9. NoN
10.~Nv N
11. Nv~N
12.SvT
13.~§
14. T
15. ~(F v ~F)
16.~F+«F
17. ~(A « ~8S)
18.~Av S
19.A>5S

(20) 1. F 5 [(C ©C) 5G]

/ADS
AIP

3, Simp

1, 4, MP
ACP

6, Add

7, Taut

6-8, CP

9, Impl

10, Com
5,11, MP

3, Com, Simp
12, 13, DS
2, 14, MP
15, DM, DN
3-16, IP

17, DM, DN
18, Impl

2.Go{[Ho(E>H)]>K+~K)} /~F

3.F
4.(CoC)>G
5.C

6.CvC

7.C
8.CoC
9.G

AIP

1, 3, MP
ACP

5, Add
6, Taut
5-7, CP
4, 8, MP

10.[Ho(EoH)] > (K- ~K) 2,9, MP
11.H ACP

12 Hv~E i1, Add
13.~EvH 12, Com
14 EoH 13, Impl
15.Ho>(E > H) 11-14, CP
16. K+ ~K 10, 15, MP
17. ~F 3-16, IP
Part I

() 1.(C*R)>(1+D)

22.Ro~D /~Cv~R
3.C*R AIP
41D 1,3, MP
5.D-1 4, Com
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Exercise 7.6

6.D 5, Simp
7.R«C 3, Com
8. R 7, Simp
9.~D 2,8, MP
10.D+~D 6, 9, Conj
11.~C+R) 3-10, IP
12. ~C v ~R 11, DM

2) .(CVvR)D(N-]
2(NvP)o(I>~C) /~C
C

3. AIP
4.CvR 3, Add
5.N-1 1,4, MP
6. N 5, Simp
7.NvP 6, Add
8.1>~C 2,7, MP
9.1 5, Com, Simp
10. ~C 8, 9, MP
11.C+~C 3, 10, Conj
12. ~C 3-11, IP
(3) .S>(P>B)
2.8o5P
3.Co(SvB) /~CvB
4.C+~B AIP
5.C 4, Simp
6.SvB 3,5 MP
7.~B 4, Com, Simp
8.8 6, 7, Com, DS
9.PoB 1, 8, MP
10.SoB 2,9, HS
11.B 8, 10, MP
12.B+~B 7, 11, Conj
13. ~(C +~B) 4-12, IP
14. ~C v ~~B 13, DM
15.~CvB 14, DN

@ 1.(Z>0C)>B

2.(VoZ)>B /B
3.~B AIP
4.~2Z>0) 1,3, MT
5.~(~2ZvC) 4, Impl
6. ~~2+~C 5, DM
7. ~~Z 6, Simp
8. Vo2 2,3, MT
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Exercise 7.7

9. ~~VvZ 8, Impl
10, ~~V e ~Z 9, DM
11. ~Z ¢ ~V 10, Com
12. ~Z 11, Simp
13. ~Z  ~~Z 7, 12, Conj
14. ~~B 3-13,IP
15.B 14, DN
(5) 1.B+S)v(H-C)
2.PvH)DS /S
3.~8 AIP
4. ~(P vH) 2,3, MT
5.~P«~H 4, DM
6. ~H 5, Com, Simp
7.~Hv~C 6, Add
8. ~(H+C) 7, DM
9. H-C)v(B-YS) 1, Com
10.B+S 8,9, DS
11. 8 10, Com, Simp
12.S+~8 3, 11, Conj
13. ~~8§ 3-121P
14. S 13, DN
Exercise 7.7
¢y /Po[(P2Q)>Q]
1.P ACP
2.P>5Q ACP
3.Q 1,2, MP
4. PoQ)>oQ 2-3,CP
TS5 Po[(PoQ Q] 1-4, CP
o) /(-P>QV @SR
1. ~[(~P>Q)v(P>R)] AIP
2. ~(~P>Q)*~P>DR) 1, DM
3.PvQ)*~(~PVR) 2, Impl, DN
4. (~P+~Q)+(P+~R) 3, DM, DN
5.~P+~Q 4, Simp
6.P«~R 4, Com, Simp
7. ~P 5, Simp
8. P 6, Simp
9.P«~P 7, 8, Conj
10.(~P>Q) v (P SR) 1-9, IP, DN
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(€)

1.P ACP
2.Pv(Q-P) 1, Add
3.P>[Pv(Q-P)) 1-2, CP
4 Pv(Q+P) ACP
5.PvQ)-(PvVvP) 4, Dist
6.PVvP 5, Com, Simp
7.P 6, Taut
8.Pv(Q-P)>P 4-7, CP
9.{line 3} * {line 8} 3, 8, Conj
10.P=[PVv(Q-P)] 9, Equiv
@ /P>Q>[(PR)>(Q-R)]
1.PoQ ACP
2.P°R ACP
3P 2, Simp
4.Q 1,3, MP
5.R 2, Com, Simp
6.Q*R 4,5, Conj
7.(P*R)D(Q*R) 2-6, CP
8. PoQ)o[(P-R)D(Q-R)] 1-7, CP
&) /®v~Q)>[(~PVvR)>(Q>OR)]
1.Pv~Q ACP
2.~PVvR ACP
3.~-QvP 1, Com
4.Q>oP 3, Impl
5.PoR 2, Impl
6.Q>oR 4, 5, HS
7.(~PvR) > (Q>R) 2-6, CP
8. Pv~Q)>[(~PVvR)D(Q>DR)] 1-7, CP
(6) /P=[P-(Qv~Q)]
1.P ACP
2.Q ACP
3.QvQ 2, Add
4.Q 3, Taut
5.QoQ 2-4, CP
6.~QvQ - %5, Impl
7.Qv~Q 6, Com
8.P-(Qv~Q) . 1,7, Conj
9.Po [P (Qv~Q)] 1-8, CP
10.P+-(Qv~Q) ACP
11.P 10, Simp
12[P-(Qv~Q)>P 10-11, CP
13. {line 9} * {line 12} 9, 12, Conj
14 P=[P+(Qv~Q)] 13, Equiv

/P=[PVv(Q-P)]
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Exercise 7.7

™ /IPoQ v (~Q>P)]

L~P>QVv(~Q>P)] AIP
2.~P>Q)*~(~Q>P) i, DM
3.~(~PvQ)*~QVvP) 2, Impl, DN
4. (P+~Q)+(~Q-~P) 3, DM, DN
5.P«~Q 4, Simp
6.~Q+~P 4, Com, Simp
7.P 5, Simp
8 ~P 6, Com, Simp
9.Pe~P 7, 8, Conj
10.P>Qv(~Q>P) 1-9, IP, DN
®) /®P>Q=[P>@-Q)]
1.P2Q ACP
2.P ACP
3.Q 1,2, MP
4.P-Q 2, 3, Conj
5.Po(PQ) 2-4, CP
6.Po>Q)[Po(P-Q)] 1-5, CP
7.Po(P-Q ACP
8. P ACP
9.P-Q 7,8, MP
10. Q 9, Com, Simp
11.P5Q 8-10, CP
12[Po®P-Q)]o>(P2Q) 7-11, CP
13. {line 6]} + {line 12} 6, 12, Conj
4. P>Q=[P>(P-Q)] 13, Equiv
® IP>Q-®>R)ID[PO(Q-R)] :
1.PoQ)+(PDR) ACP ;
2.P ACP
3.PoQ 1, Simp
4.Q 2,3, MP
5.PoR 1, Com, Simp
6.R 2,5, MP
7.Q<R 4, 6, Conj
8. P>(Q*R) 2-7, CP
9.[P>Q)+*(P>R)]D[P>(Q*R)] 1-8, CP
(10) /[~ » ~Q) » ~Q] >~P
1.~P+~Q)*~Q ACP
2. ~(P+~Q) 1, simp
3.~PvQ 2, DM, DN
4. ~Q 1, Com, Simp
5.~P 3,4, Com, DS

6. [~(P * ~Q) » ~Q] D~P 1-5, CP
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()

L~{P>Qv(@Q>P)
2.~(P>Q)*~Q>P)
3.~(~PV Q)+ ~(~QV P)
4.(P+~Q)+(Q*~P)

5.P+~Q
6.Q+~P
7.P
8 ~P
9.Ps~P

10.P>Qv(Q>oP)

(12)

16.[Q>(P>R)]>[P>(Q>R)]

1.Po(Q>R)

2.Q
3.P

4. Q>R

5.R
6.PoR
7.Q>(P>R)

8. [P:(QDR)]D[QD(PDR)]

9.Qo>(P>R)
10. P

11.Q

12ZZ.PSR

13.R

14.QoR

15.P>(QoR)

17. {line 8} « {line 16}

18.[P>(Q>R)]=[Q>(P>R)]

(13)

1.PoQ
2.Po~Q
3.0>~P
4 Po~P
5.~Pv~P
6. ~P

7.(P>~Q) o ~P
8.(°>Q) > [®>~Q) o-P]

Exercise 7.7

/IP>2QVv(Q>P)
AIP

1, DM

2, Impl

3, DM, DN
4, Simp

4, Com, Simp
5, Simp

6, Com, Simp
7, 8, Conj
1-9, IP, DN

/[P2(Q>R)]=[Q> (P >R)]
ACP

ACP

ACP

1,3, MP
2,4, MP
3-5,CP
2-6, CP
1-7, CP
ACP

ACP

ACP

9,11, MP
10, 12, MP
11-13, CP
10-14, CP
9-15, CP
8, 16, Conj
17, Equiv

/P>Q)>[(P>~Q)>~P]
ACP

ACP

2, Trans, DN

1, 3, HS

4, Impl

5, Taut

2-6, CP

1-7, CP
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Exercise 7.7

(14) P2 Q) DR]D[{(R>~R)DP]
1.PoQ)>R ACP
2.Ro~R ACP
3.~Rv~R 2, Impl
4, ~R 3, Taut
5.P>2Q) 1, 4, MT
6.~(~PvQ) S, Impl
7.P+«~Q 6, DM, DN
8.p 7, Simp
9. Ro>~R)DP , 2-8, CP
10. [P Q) DRI [(RD~R)DP] 1-9, CP
15) IPvQ[PVv~Q)>(P=0Q)]
1.~PvQ ACP
2.Pv~Q ACP
3.P>Q 1, Impl
4.~QvP 2, Com
5.QoP 4, Impl
6.(Po2Q)-(Q>P) 3, 5, Conj
7.P=Q 6, Equiv
8. Pv~Qo(P=Q) 2-7, CP
9. (~PvQ)>[(PVv~Q)>P=Q)] 1-8, CP
(16) /~{(P>~P)+ (-PDP)]
1.PD>~P)+(~PDP) AIP
"2.(~Pv~P)-(PVvP) 1, Impl, Impl, DN
3.~P+P 2, Taut, Taut
4. P~P 3, Com
5.MM®P>~P)-(~PDP)] 1-4, IP
an /Po[(Q-~Q >R]
1.P ACP
2.Q+-~Q ACP
3.Q 2, Simp
4.QvR 3, Add
5.~Q 2, Com, Simp
6.R 4,5, DS
7.Q-~Q >R 2-6, CP
8.P>[(Q*~Q)>R] 1-7, CP
(18) P QVR]D[(*RvQ) o (P> Q)]
1.P*QVR e ACP '
2.~Rv Q TN ace
3.P ACP
4 (PVvR)+(QVR) 1, Com, Dist, Com
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