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M EEHESR D BEUGEBAT — K ¢ VE D #ER

RERmIEIC B W T, 2RITTHIRKTH % 5ERAKE 1Rt
HIARXETH S EADOFRENAFES L T, SBAM%E 1R
KRS DHIEIERL 72 UG — R 2z 88N L 7. T
Tld, ThzhEmEBEAILEYT 5. MEimE TRV 25
SFBAO— R OSld, ZOFFRERETE AWD.

Y, ROFEARICTT 5 BEGEERT —R 217

—P(a,a)]* [P(a,a)]’
Vx (P(x, a)\/p(ij))]s\v/E[ (a,a)] B [J(_ )]

il

1D

P(a,a) VP(a,b) P(a,b)
P(a,b) )
—P(a,a) — P(a,b) 1 ;
Vx (P(x,a) V P(x,b)) — —P(a,a) — P(a,b)
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[P(a,b)]"

VE1




assume 1:Vx(P(x,a)V P(x,b))
assume 2 : —P(a,a)
from 1 have 3:P(a,a) VP(a,b) by VE
show P(a,b) as follows:
distinguish cases by 3
case P(a,a)
hence | using 2 by -l
hence P(a,b) by LE
case P(a,b)
hence P(a,b) trivially
hence claim by VE
hence —P(a,a) — P(a,a) by —I[2]

hence Vx (P(x,a) V P(x,b))——P(a,a)—P(a,a) by —I[1]
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VORERAICKHT 2 BEGEAD — KN &, sm@EmEDE
IEAERTHS: Ve AL L, FEDIEIZ AWT, [z :=t]|(A)
ZEBEHTLH. EBEBA, RAIKDWTIE, RIEZHD AR
BADEEEEENRW &.

EE 15.1. LUTOEARZ S&ICL T, Vx (P(x) — Q(x)) —
P(a) VP(b) — Q(a) vV Q(b) DEMUGEEAD — K Z5CH.

Vx (P(x) — Q(x))]? Vx (P(x) — Q(x)))?
P(a) — a<aQ( ) @), P®) - Q(bQ( ) el
a b
P(a) VP(b)2 Q) v Q(b) "] () va) ',
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assume 1 :Vx (P(x) = Q(x))
assume 2 :P(a) V P(b)
show Q(a) V Q(b) as follows:
distinguish cases by 2
case 3 :P(a)
from 1 have P(a) — Q(a) by VE
hence Q(a) using 3 by —E
hence Q(a) V Q(b) by VI
case 4 : P(b)
from 1 have 4: P(b) — Q(b) by VE
hence Q(b) using 4 by —E
hence Q(a) V Q(b) by VI
hence claim by VE
hence Vx (P(x) — Q(x)) — P(a) V P(b) — Q(a) v q(b) by —I[1, 2]
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N EEHEERDERUEERAO — K @ VID H#HEEm

RIS, VOEAFAZBWS #BLEFAOD —R ICDWTER
B9 5. VOEARAZBAWSREZESIL, AT Oy 7
Bx=EZ5. i?,ﬂwiﬁxé%zf&$v

VyP(y) AVzQ(2)]" o [YyP(y) AVzQ(2))]
vy P(y) VE vz Q(z) VR
P(x) A(x) |
P(x) NA(x)
vz (P(x) A Q(x)) o
VyP(y) AVzQ(z) — Vx (P(x) A Q(x))

D

Z DFFFAR%Z GO — K 2 L TH5.
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assume 1 :VyP(y) AVzQ(z)
hence 2: VyP(y) and 3 :VzQ(z) by AE
{ fix x
from 2 have 4 : P(x) by VE
from 3 have 5: Q(x) by VE
from 4 5 have P(x) A Q(x) by Al
} hence Vx (P(x) A Q(x)) by VI

hence VyP(y) AVzQ(z) — Vx (P(x) AQ(x)) by —I[1]

VOEARBATREBINSG ZHZcET5HE, VODEAR

%@Eﬁif TDEH AN BHICHEIEY 55
HRABEVWS M TWS.

mIEI 2 AL

ZDES I, BEER ARV %u;t {e; L& AL

T, TOEHDEME

EEH(RO—7)%4E
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AA—TDRMTIE, fix BH T, TS5 BVWBEREH
*EETD.

VOEARAIC K % sEERD EARBR I RDEY

{ fix x

.- have A
} hence Vx A by VI

B xlE, {& | TEHENLTAY IBEDOHRT, FBME
HELTEDNS.

fix d, "EIETZ" & WD BEROBELD, Z DEKRD
@Y, EEMICE, JOEBIE(EATVWIREERDTE
He L T)BEEITWD, & WS SH5THD.
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{ fix x

.-+ have A
} hence Vx A by VI

CDEE, BRI, (BEINTWVWSEA)EDELD X
REPY TR EWDZEICER. 2FY, L, xICEKT
LB REEZ {1 TOY I DHRTEATBIHFEICIE, D
REL, {}70Y 9 ODRTHREZFITETE BENHS.
(', VOBARRBOEZHETH 2. )

LU bhHHY T VWIERAD=HICIE, x& /KL LR
Eld, {}7Ay 7 OHFTHRL, 7AY 7ICABHIIC assume
R TCTEAL TH & L,
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mE 15.2. LUTODANZSEICL T, JROMBEEREINIC
9 S BELGEAT — N Z2 "t
Vx (P(x) — Q(x)) — VxP(x) — VxQ(x)

Vx (P(x) > Q)P o [vxP()]!
P) 2 Qx) 0 P [P
) o

Vx Q(x) L

VxP(x) — VxQ(x)
vx (P(x) — Q(x)) — VxP(x) — VxQ(x)

]?2
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(R& &)

assume 1 :Vx (P(x) — Q(x))
assume 2 : VxP(x)
{ fix x
from 1 have 3:P(x) — Q(x) by VE
from 2 have 4 : P(x) by VE
from 3 4 have Q(x) by —E
} hence VxQ(x) by VI
hence Vx (P(x) = Q(x)) — VxP(x) — VxQ(x) by —I|1,2]
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WMEEHEEROEIEIFEO — R : JIO#:R

RIC, JOHwICHT 2B —R 288N 5. LU
TN A EZ 5.

Vx P(x,x)]!
P(y,y)
J2P(y.2) "\,
Vy dz P(y, z) )
VxP(x,x) — VydzP(y, z) —1

VE

Z DEIFAE %A B {LIE RO — R ICEL TH 5.
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assume 1 : VxP(x,x)
{ fixy
from 1 have P(y,y) by VE
hence JzP(y,z) by dl
} hence VydzP(y,z) by VI
hence VxP(x,x) — VydzP(y, z) by —I[1]

JOBARAITIE, [z = HADFHICA> TS E =T,
Jo A% EHT 2 H, THIBLEBEI—F CERL TH5.
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wmE 15.3. LUTOANZZEICL T, RODEREINIC
Y % EUEEATD — KN &2 Rt
VxP(x) VQ(a) — Ix (P(x) V Q(x))

v P(x)]!
Px) Q@)
P VA L P vaE)
VxP(x) vV Q@) 3x(Pe) VaEx) > Ex(PE)VaE)
Ix (P(x) V Q(x)

VxP(x) VQ(a) — Ix (P(x) VQ(x)) —I°
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assume 1 :VxP(x)V Q(a)
show Jx (P(x) V Q(x)) as follows:
distinguish cases by 1
case VxP(x)
hence P(a) by VE
hence P(a) V Q(a) by VI
hence Jdx(P(x) V Q(x)) by dI
case P(b)
hence P(b) V Q(b) by VI
hence Jx(P(x) V Q(x)) by dI
hence claim by VE
hence VxP(x) VQ(a) — 3x (P(x) VQ(x)) by —I[1]
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JIICL > T, BEHZEHED L BRBGEEHB. TDED
I, BRHEBDRAOI—T%ZHAL2EITDEEIE, BIZ}TR
O—7%FAC T, Z0F F#HAEHKITHITL .

Bl LT, LFD
THED.

sk B

[Vx P(x,x)]}

\>\(

ICX9 % BUEERAO — K 2 & X

P(y,y)

VE

4z P(y, z)

= |

Jy 3z P(y, z)

1

1
VxP(x,x) — dy 3z P(y, 2) —
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assume 1 : VxP(x,x)
{ fixy
from 1 have P(y,y) by VE
hence JzP(y,z) by dl
hence dy dzP(y, z) by dl
} hence VxP(x,x) — dydzP(y,z) by —I[1]

JIIC& > T, BHE#MyIIRL 25 DT, TORA—7
IXEALC T &L,

BRHZHORO—7I1F, FAMLTHE LV, KR—IZ,
2A—TDRAN DRAEIZH D H%ERT.
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VyP(x,y)]

P(ry) T
IyP(xy) |
vyP(x,y) = JyP(x,y) '\
Vx (Fy P(x,y) = Iy P(x,y)) '
{ fix x
assume 1 :VyP(x,y)
{ fixy

from 1 have P(x,y) by VE
hence dyP(x,y) by dI
} hence VyP(x,y) — dyP(x,y) by —I|1]
} hence Vx (VyP(x,y) — dyP(x,y)) by VI
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SEHEER D BELIEERAO — K : IE D HEER

RIS, JDRERBNICNT % BAEHAI —R Z@8N9 5.
LTRSS 2 UGB —R 2Z X TH5.

P(z) A —P(z)|! P(z) A —P(z)|!
P( )ﬁp(z)( )] AR [P( )P(Z) (E)] AE
[3x (P(x) A —P(x))]? 1 - -
1 2
~3x (P(x) A —P(x)) !
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assume 1 : dx (P(x) A =P(x))

{ fix z
assume 2 : P(z) A —P(z)
from 2 have P(z) and —P(z) by AE
hence 1 by —E

} hence 1 using 1 by JE[2]

hence —3x (P(x) A =P(x)) by —I[1]

JDOMRERAICBEWNTEH, BHZEHEDIEAINS. PY
A, VORERBDE T & [EF.

IDBERBITIE, ROA—TO0LENMIHBIRELBEES
N35ZEIEFE. ©AA, IOBRERIOBERICEL T,
THEZEHEDTF v I A E.
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mE 15.4. LITOIANZZEICL T, RODEREINIC
Y % EUEEATD — KN &2 Rt
Vx (P(x) — Q(x)) — JxP(x) — IxQ(x)

Q(Z) — K
[3x P(x)]? Ix Q(x) 3}31
Ix Q(x) o

Jx P(x) — Ix Q(x) 5
vx (P(x) — Q(x)) — 3x P(x) — JxQ(x) !
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assume 1 :Vx (P(x) — Q(x))
assume 2 : 3x P(x)
{ fix z
assume 3 : P(z)
from 1 have P(z) — Q(z) by VI
hence Q(z) by —E
hence JdxQ(x) by 4l
} hence dxQ(x) using 2 by JE[3]
hence Vx (P(x) — Q(x)) — JxP(x) — IxQ(x) by —I[1, 2]
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aa M D EEEEEBA T — K Do ZF DEERAAN

BIICE v R7=L D 1T, BHFDEFRAIE, BERIBICED L
TW5. B DRTE/LBLEAD—NR (&, GERAR&E Y (&
WEDIEBIEWE DE > TWB EBbhs. & LEIZL\Z_,
EROMEDEIRE 1X, FIEEDE S\,

hEEHE R o ICAIATER I RE R 2mHITTHL

o 1EZNFDVYCHREDOVIDHERIIBBINS I &N
ZW., DFY, [ Az, y) XILT B ] & WD EEKIE,
[ VaVy A(x,y) BXILT D] & W) BERTHS.

o VR IDEWAMNE o & FER. (Fx DEEL T ahsE
HIBIELE—EREBRIEE LITNDE DED, HETHWS
TL%’Q i sEERIENL, SfEREERIEDD. )
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55 D Hesm D F R

BRLLEERHO — RN T, 5 0OHRICDOWTIEERY EiF4
Mo . =7, EE2EDOH®BICOWVWTIE, BREELZDH:S
EHRICEEHRL AAWTEFELD EES.

TTICRL 7LD 1T, ESOREHNS, ES5OKREHME, I
M, MDA TES. 2D DMEIXFREERDD BIC
FhhdZ&ENEW., FIL, “SLWEDEZZEIFTWLLT,
“ELWZEAETRT, DIFLE BLWS B FE.

£/, s=tDEE, ULTOMEL L AWS:
o sHF->TEHL tAF> CTHEHEL 7=EITZEL L.
o SFE A(s) DRI <> S E A(t) DURRAL.
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EFICDOWT

BICH Nz L D 1T, EEE (Dl TE RENLE AL
SIF)EEOBESHTAICTETAL. LHL, EEEAHWE,

AHE = HEOREKRT SIEVHRIERN (unfolding)
e < HEODEKRT SIEVHERN (folding)

DOWARDER, BMFOLRDEZL DD ZE HHB &
LHENTHS.

L7=n> T, EEAHSLWESFEANATE L, DIZEA
LMWNEAD., DFY, FhNTWs HAEZEDODEEN LIS
WIZEICIE, T EZZMNE2LELDHS.
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FAEDEENDONL RWGEE WD RKiLxEE D DLEFL
K EHHTDE, ULTFTDELDOIC, W DD —ADLHB L
%D D

T—2(1): TDEHFETDEENSZTWE D, HEALT
WaigE. B%, TORBZRAWADICKZ> T, HE
ERBHL TWB D, LK IE, EEZS5ATWSIET THS.
> T, ECMNCESHLAWVND, BEETZFAEIEL THD
MWENHDEED. Plld, ChESETHNIE, T nET
DEBRERNAEIL>THDE, EWDHTEIIRS.

F—2((2): EBENEBBRINTWEIEE. TOHFOEARDN
BAZETH- Y ThiE, EBPEBINTWVWSIGEEH
5. TDHEIE, TORHFOEFEMELRY ®XIXAY T, 0
FAEDODEEZ AR MWEIH S . =[EICIE, RN DL L
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574, ERMALHESENDD TOWARWEESIZIX, FOOH
DEBHLAHREZES DL MRS 5 WELXHB LS D ..

T—2R(3): BRI RETRVWERLDIC, BEHNKRZLT
Bl TWARWGSE. COEaEIFERICZEN. EXF2H
F Y EL TIEWIFARL.

—i%icix, ECHETH->TH, 9FICL>T, DUV
£, [ ANCE2T, EHFEIFTIZE. THEZ EICHEFE.
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GRLIEEIRT — R D ) EF DS (411)
INETOFHRPEA, BEAMICRTHB7HIC, TZ T
HICRIEROMBEDIEAZEZZ THLD.

18 15.5. (Hi2) AERER LORBORERS ERAE
BETHD.

FMERRDERLY, “=HRHE, D, =AW, H
D, EHER”, R"EIXL L.

I, “SHAREW” &, “SHRQIE” &, “ZDHEB
H" &%, TRERTRBEREELWL. 5 ThiE, ALO#RD
LN FL D,
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(E9R)

(1) k&%

[ AR THD <= VA (A2 A)] THBDD, 2DR
B R ICIE, VA (A= AZEREIEELEWL. LEDS T,
AFERICEY (B —K TDfixfR), A= A%t
EE W, (RREROVIDHRIE, £H525 AR, )

[ AZEEBDERIERNE §5. 02 EEDHEETS. &
Dex, [A], =[A],DRIITS. £2T, EFEDOMMEVIC
DWT, [A], =[A],D'BRILT 5. £o T, HEHREEMED
EFxL Y, AZ A LEHI>T, FEOSHERERAICD
WT, AZ A F7abb, ZEREH.]

xXFIc L cifoid, ERICE’I T D L.
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(2) SR

[ AR THD < VAVB(A=XB=B=A)l. L%
N>T, A BEERICEY (fix®HF), “AXB= B A"
AREIEL VL. “A2 B= B A"ICIE, SIO#ERLY,
“AXB"HREL T, “B A" %8(F L,

[ A BZREROmEmRERETS. A =2 BEIRETS.
I5&, wMENREEODERLY, EREOMEVICDOWVWT,
(4], = [Blo. WE, vEEEOMEE T5. §2&, [A], =
[B],. 2T, ES0OHEMNS, [B], = [A],. LEd>T,
FEEDMEIZDWT, [B], = [A4],. LEN>T, HREH
FEMDEEZRLY, B A LELY, AZBRsEB =
A. £oT, EFEOMERERA, BICDWT, [A], = [B].
BSIE[B], = [A], DY 12D, &oT, EELY, I
MHTHB. |
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(3) #BMH

[ 2B THD <= YVAVBYC (A BHDB=(C =
AZC). LEN>T, A B CZERICEY (fixfR),
“AXBMIDBEC = AZC” B REIEL L.

[ A B,C=EEDnERERNETS. A= B, BECEIR
9 5. §5&, mBNEEEOERLY, EEDMEVIC
D2WT, [A], = [Bles [Blo = [Cls. &, v&2FEEDE
3. ZDEE, [A], = [Blo»2[B], = [Cle. &2
T, EE0HEENS, [A]l, =[C],. AL, EREDHEY
IZDWT, [A], = [C],. &2 T, SHREBHNREEOERLY,
A=2C. UELY, A2 BhD2B2CHELIFA=C. L
> T, FEDERERNA, B, CICDWT, A=ZBHD
AZBRLIEBZCOHMKIITS. &> T, HEBEDOESED
5, ZIHEBRHNTHS. |
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(BLEERAO — K M5 ) ZUF D EEEAA (1512)

RIS, £ DU B mERRE Fo TWHHle LT, B
HOMBICET S EAZ RO THLD.

thed 15.6. B f: A - B,g: B - CHhHhE2HTH5 & =,
fEgDERgo f: A— CELEFERS.

2T, BEOIBMIOVTH D" EED f,glcd2WT”
NEBINTWSE Z EITER.

EHOLFEOERIT T B A - BH2f <
VyeBadre A f(z) =yl THDIELICFETHE, FE
DEEFEMf. A—-B,g: B—>C%x&EY, [ FEDzeC
ICDWT, e ADVBFEELT, (gof)(x)=2&125C
&l L.
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B f: A—- B,g: B> CHhE2HRTHDERET S.
EFEDze CZzED (fix 2).

IDEE, g: B OCHEFTHDZE (V2 € C Ty €
B (g(y) = z), 23Y, Vz(z2 € C = 3y € B (9(y) = 2)))
"o, Hdyec BONGFRELT, gy) = 2HKILTSH. £
T, (fixy) g(y) = 2725 y € BHABELN5.

RIC, f:A— BONERTHBZIENL, HBxc ADE
ELT, f(z)=yh KLY 5.

£2T, (fix 2) f(x) =yrdx € ADFELNS.
ZDEE, ABEMDEEREND, (go f)lz) = g(f(x)) =
g(y) = 2 HVBXAL.

Lo T, 2T, 22 ADVFELT(go f)(z) =2
ANSAYE

ELY, FRD2cCIZDWT, 2 € ADNFIEL T, (go

32/44




z) =212, £2T, gof: A— CHEHTHDZ
EDBRIN. N

to&t, HEEE, UFCHVDIERRICEREI NS :

(LEAR)

EED2cCZzED. TDEE, g: B— O EFRTHBZ
ENS, gly) =275 ye BOMFETS. £oT, f:A—
BHOYEFRTHB I EMDL, gly) =27%yc BHAFIET 5.
ZDEE, AHEMRDEERND, (go f)lx) = g(f(x)) =
g(y) = 2DKIL. 2T, gof: A= COHWERTHDI &
N RI . O]
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Vo,y € N. A(x,y) % y Il
EEIOENT:IEY

JEiniEE VIDIER

HIDI/FMETCTRIIEEZEZ D,

EELNHDZEIZEFREL LD :

X (1): VIOo7 Oy 2 OFT, IEHENEHND.
X (): BRWEDT Oy ¥ DT, VINEHLNS.

2 (1) Bz (1)
{ fix x (B.S.)
(B.S.)... {fixz .. }
(1.S.)... (1.S.)
! { fixz ... }
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Bt (1)

{ 2% BEET 5.

Az, y) % yIICBET % J&H8E T EERA
HEAKZTY 71 A(x,0)%7R7.
IBINR T 7
Az, k) ZIREL T (JFHEDIRE),
Az, k+ 1) %= 9.
Ay, k) (z £ y) I REE L THEZ QL.

£oT, EFEDyICDWT A(x, y) DN BKAL.
} WZIT, ERDz,ylicDWT A(x, y) DYEKAL.
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Bt (1)

Vo . A(x,y) %, yllBEY % J7iNA T aERA
HEARATY 71 Vo.A(z,0) & =9,

{2%ZEET 5.
rDEY FICELS T, A(z,0)DNRIL%Z RY
L &2 T, EFRD2ICTDWT Az, 0) ASAKAL.

BIMIR T 7 1 VzA(z, k) = VzA(z, k + 1) &2 =Y.

VeA(z, k) ZIRET % (JEEDIRE).
{zZ2BEET 5.

rDEY FICEDT, A(x,k+1)DKIL%
Y. TDEE, Ay k) (x Ay bIREE
L TEAD I EISER.

} WA, FED 2,9yl DWT A(z,y) D
XL
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- AhEEHESR D BUEEAD — K (2)
- BERAR DS (FN= D) RERRA

- RNERE HFDOHFEZR
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HNFOEREMEDEE

BEDIRICH WTIE, RBIEHBROMICE, IFIFR
HOMBOESDODHEEINAVSL NS,

A IE HF
AR HEDRIR k=
ARIE T PR (EBIERHh ARV TED B48)
BEE EIE /e /P (EWATERIT )
A, V, —, - Mo, i, B IE, ~TRHRWV
sIERA X sIE AR
v, d FEED~ICDWT (V), ~BFEL T(I)

REEEZHRT BEURRE(RE)ZERITIRE
EDNENS FOMDONIBITEIFTE DT, £E5HD
NEMREINTWS EEZ NIEL L.
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RERE HFDER

% 15.7. [ABBR] BL-REZHREXOEAE NERE
J:/b\.

Bl KORNER

VxVyVz((x+y)+zx~x+ (y+ 2))
VxVy(x+y = y+ x)

VxVyVz((x Xy) Xz x X (y X 2))
VxVyVz(zx X (y+2z) = (xXy)+ (x X 2))
Vx(x 4+ 0 = x)

Vx(x 4+ (—x) = 0)

Vx(1 X x = x)

VxVy(x Xy &y X x)

0+#1

Vx(m(x =~ 0) > dy(zx xy=x1)
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A REGERD NI R (RT /) &)

Vx (=8(x) ~ 0)
VxVy (S(x) ~ S(y) —» x~ )
Vx (x40 ~ x
vxVy (x48(y) = S(x+y))
Vx (xx0 = 0)
Vx Vy (xxS(y) ~ (xxXy)+x)
BLY, UTDOFZL 123 RTD L EDERAL 72ahzEimER

[z :=0](A) AVz (A — [z :=8(2)](A)) - Vz A

R7 ) EMTIEBARBGRDONIERE > TW5S.
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EARDONER (ZFCERH

NIEHEDRE Vx,y(Vz(zexrzE€y) > x~Yy)
DHAE  VxdyvVz(z €y« z € x A A(z))
ZEADORE IxVy(y ¢ x)

WEREBDRE Vx,yJuVz(zeu+rzxxVzry)
EHESORE VYulzVx(xez+ dycu(xey))

(ZFCESHTIZ10DDAELHS. )
BRONENS, SXIXLRESEOMENAINS

ZEY, (FDMD)EMMLAAIK, REMNEGHRE WD
F—T—RDAD TWBERAEMIBT 5 & L L.
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CEABIR)BEsE, EAHLEIC, BAVHALE o
e BETAHORREI NG, (BIXIE, B5%R%0,1,2,. ..
0, {0}, {0, {0V}, ...ERbL, X7/ OREHSEIND T
EEIRT. )
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