W iZiE

(Press ? for help, n and p for next and previous slide)

MEM

FERREEEREERARZER
20255 -FZF
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H22—M ( first-order ) ?
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—bhiEs

BIRGS {EBEEE (signature)
= /‘\‘/’“I:l “(n “w\n “ "

o s 0 Y L TG (AIESA) , n> 1
2. H?% ST —, - Ag’,A?,...

» HEBEHE: AV, < 2. ®in (AIES1T) : co,ca,.--
3. ﬁfﬁ (A& FIET) : vo,v,... » R EFREL: T,L,T,F
4. Eid: V 3. nIuRE (AEEST) :

n £n
» ;E: %—J 3 f()?fl)"'

5. A (AJiE) @ =

HHIPHE 2025 https://daiwz.net



—bria s BHlF

ai—[iZ %8 ( pure First-Order Logic, FOL )

,_'%47—_-5 CosC1y- - -
nyuigiE | Ap, A7, ...
nJLRRE | fo' f1s- -
FiH] /"
Bt 0
27TIFH | €
nJGERE | Jo
4] =

B 2025
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—kria s Msl-+

YIFEGL

> {E: S, EAlNEAITa R eREL

HIT 0
1518 <
LJTER%EL | S
2JCREL | +, X, E
= =]

FHEHBFFE, FRIMTEZ2EEIRRE X Z T language signature Hi51H -5
BRI S, flan<, e, <HEAZ; 0,08co; +, <, ERNfF, i, f3

B 2025
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FOLZ F#%

ESyaR

> —ESHSESILES

> —UIRFE AR AR SR
FREL:

1. E5RHN—kHES EBHEEREF
2. YIRS EEERENESRAHEHABEES

—FiZEIE S R AR — T B F SN ?

PR 2025 https://daiwz.net



FOL H{]ﬁ“ ? [ENDERTON, PP.73]
. “FTEEREER T

Vo1 (A(vi) = B(vi))
2. “FESERAT”
Jv1(A(v1) A B(vy))
Vo1 (=(—(A(v1) — (—B(v1)))))
3. B XEETY
» Vo (X(v1) = Y(v2))
» Yoi(X(v1) ANY(ve)) GERKRTR: FIERAHNEXMEHBRY )
4. FEXETY

» vy (X(v1) AY(v1))
» Jui(X(v1) = Y(v1)) GBRKEE: FE—EEA, REISERXKN, EARY)

HHIPHE 2025 https://daiwz.net



1]

E X 2.1 (I, term) [Enderton, pp.74]:
B TRt ST — T RETIER T
Frler, - €) = fe1 - €,
—pnZEI IS SR E TR SEd (0REZIR ) FAeESEH
RIZAERS
e

+ ’UgSO,
SSSSO,
+ Ev18S0 E’UQSSO

HHIPHE 2025 https://daiwz.net



B2z

EX 2.2 ([RFAZ, atomicformula, atom ) [Enderton, pp.74]:

— 2R T AR T ERIERIA

HPRERFTIEA, t1y--.,1,8
filan:
— V102,
< SS0SSSS0,
— E’UlsSO E’UgSSO

HHIPHE 2025 https://daiwz.net



(S WAF

EX 23 (&5 A, well-formed formula, wff) [Enderton, pp.75]:
—kriZERN S AR EEREFANETEHADKREZ IR AR ER I
E.,E.,Q:i=1,2,.. EENELIRES, Hd

E-(7) = (=7)
g<—(77 5) — (’7 — 5)
Qi(y) = Vuiy

filan .
> v INEWT

> Yoi((-Vws(— € v3v1)) = (~Vva(€ vov; = (FV4(€ v4vy — (- € v401))))))E
EWE( ZFCRIIEN A3 )

HHIPHE 2025 https://daiwz.net
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(SN

-t

Vo1 ((—Vo3(— € v3v1)) — (V2(€ vav1 — (FVV4(E€ V4v2 — (- € v4v1))))))

\V/’Ul
|
/ - \
| |
V’Ug V’Ug
| |
— —
€ V31 € Va1 B
|
\V/’U4
|
%
/ \
€ V4V2 -

HE PR 2025

https://daiwz.net
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> Yvg € v
» “FrERGHEL_  BITR"

> (Vo1 (Vg € vovy))

» ‘“FHE-ITEEG, ERESHZETR"

» idlza = -V (—a)

B 2025

https://daiwz.net
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HH3E

EX 2.4 (HHHEI, occurfree) [Enderton,pp.76]:

ZRE— 12 ke, FATHIFME XL :

1. MFEFARR, ofEbdHE H 4 B S eiEbad HI

2. cWE—a)BP B HHI S EN L efEREH 5 B

3. efEfa — B)HEH H B H BN LeEet 5 B I EEDE 5 B S
4. eHE{Vv; o)l HH S ENSefEREr HILHE # v,

H—TRTTMRAEEH (notfree) B, MFEMRERN (Z) ZRH
(bounded ) . E—TWRH BHEIHIZTT, WIRERH AN (cosed wff) BL
1£H] ( sentence )

PR 2025 https://daiwz.net
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TRH R

E X 2.5a (B, substitution ) [Enderton, pp.112]

wifBH A2 o ( substitution ) AJEEJIHIE AT :

1. MEREFARR, of BATEELE HIR B RS fEaIRIAT
2. (ma)f = (—af)

3. (= B); = (af = fB7)

s | Vyao, ifx=1y
4- (Vyo)i = {Vy(a);’f, if z # y

BATCX NS HE TP = [t/z], NBd =aocb=ab

HHIPHE 2025 https://daiwz.net
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Al & ik

E X 2.5b ( B]E#, substitutable ) [Enderton, pp.112]

A TE LIRS T RERFZE e A =AY (substitutable ) ¥R :

L WMEREFARR, et FaehHRAREe#R B R (rratngd)
2. R FE—o) BRI EHE, 4ENSExXhab B eE e

3. JERSTHa — B)EHIERE A #EY, 3 HNS eX REIBEH LAt 2 2
AT

4. IR Ty oBP RIS BN :
» cHEVy o RAR BT CHREPEREREHEARER) , &
»  yRERRRR I CufirmbmE n A E syt ) BIRTTREFNERE A

PR 2025 https://daiwz.net
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&% BB+

—miZE R Hilbert R BEA —FAHEL

Vea — of
Bt F o)z 2 B #E, B8A:
>  PAT wit @i AE AT — L4
Vos (Vvi (Avy — Yoy Avs) — (Avg — Voo Avs))

» ;H\:EI:'O(%(A’Ul —>va2 sz), w%vl, t%’UQ
> DA wit A2z AR A SLAF]
Vv, —Vvy Bv1vs — VY9 Bvovs

» FENv &~V Bvivs F2 4R, FHIEABREHRXERN v,

B 2025

https://daiwz.net
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1EHA
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IEBA R E X

E X 2.6 (FEX1.19-21) ( proof deduction, or derivation ) [Enderton, pp.111]:

ITEIREGEE (#S) B— A5 HWEFTRao, . .., ), HHE, SR
TER <nB

. il BEFTUA (ARAHEE) , Bi#

2. o BEHFFIHAT BRIHE KW MPEINH SIS ; BIfF(EL, j < ki
ﬁj%i — O

£ LA BRI, FRATE0R PR NI RE & AIER] ( provable, deducible or
derivable ) , EXHRRBEN BHEEH ( theoremof T') , iCHAN I ¢

HHIPHE 2025 https://daiwz.net



—krZEP B RS

EX 2.7 (—iZEEAEZRS, Axiomatic system for FOL ) [Enderton, pp.11o]:
SRESPWFOL wit, zFIE8NZAZ T, FOLBIAHENE B LI MEANWARIFTE S
1. EHEFE (HlaE X2 AH )
2. Vza— of, EFIRITFoebieiE &
» EHEFLRaEtEAE: - Jcp,, EheeRrEenh i
3. Vo (a— B) — (Vza — Vz b)
4. a = Vea, HPEHREREH HHI
5. (BFHEN)z==2x

6. (BZAN) (z=y) - (o — o), EFOEFAR, o PXaIheRHToe-iE
B MM E R HE R 2T

HHIPHE 2025 https://daiwz.net



—khriZEP N2 E RS

(88 ) X 2.7 (—HZBERATEARS, Axiomatic system for FOL )

GZRNBRAGHHRE—~FMPIEEMN], HIEHESTEESD — ofiB, Ak
2By, Hi:

B,(8—a)ka

HHIPHE 2025 https://daiwz.net



—bri2sa S M5+

WiE: A 2.7.2(#EL

~ Px — dy Py

NR:: K

Lemmar: - (o — f) — (=8 — —a), RIBEZEE, FHE{a — 8,6} + —a

a—p

(a — —6) = -«
=B = (a— —p)
—B

a— f

e’

e S s e B L

(a—B) = (¢ = —6) > —a) AX1.22.9

1,2MP
Ax,1.22.7

4,5MP
3,6 MP

HE PR 2025
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—bri2sa S M5+

RIE: BN 2.7.2 8938

~ Px — dy Py

kB (Cont'd) :
Lemma 2 (syllogism ) :+ (o — B8) — (8 = v) — (a — 7)), FEZEHESIE

Lemma 3: - o — ——a, REEEEHE, HHE{a}F a

1. « Hyp
2. a— (a— (aNa)) Ax1.22.3
3. a—(~a— 1) Rewrite /Def
4, -a— L 1,3 MP
5. (ra— 1) = -« Ax1.22.13
6. ——a 4,5 MP

2 2025 https://daiwz.net



—bri2sa S M5+

RIE: BN 2.7.2 8938

~ Px — dy Py
#EBH ( Cont'd) :
1. VYy-Py— —-Pzx AX2.7.2
2. (My-Py — —-Pz) — (——Pz — —Vy—Py) Lemma 1
3. ——Pzx — —Vy—Py 1,2 MP
4, ——-Pzx — dyPy Rewrite 3
5. (Pz —» ——Pz) — [(-—Pz — JyPy) — (Pz — JyPy)] Lemma2
6. Px — ——Pzx Lemma 3
7. (——Px — dyPy) — (Px — JyPy) 5,6 MP
8. Px — JyPy 4,7 MP

Q.E.D.

2 2025 https://daiwz.net



—Bri2ia S M5 2

ik :

HIEEA :

- (Vz Pz A VyQy) — Vo (Px A Qx)

Lemma: {a — B,a >y} Fa— (BA7Y), RIBEZEENAEEL.22.381E

Co SN By B s B9 e =

(Vx Pz A VyQy) — Vx Px Ax1.22.1
Vo Px — Pt AX2.7.2
(Vx Pz A VyQy) — Pt 1,2 Syl
(Vx Pz A Vy Qy) — Yy Qy Ax1.22.1
VyQy — Qt AX2.7.2
(Vz Pz A VyQy) — Qt 4,5 Syl.
(Vx Pz A VyQy) — (Pt A Qt) 3,6 Lemma

(Vz Pz A VyQy) — Va (Px A Qz) Ded. and Gen.

Q.E.D.

B 2025
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— Bt iZ 55 1Y o e B
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e

%‘IE!Z.S (T#j“}-!“ ) [Enderton, pp.118]:

Gl Fay,...,'Fa,B{a,... o, }ESEKS (Bl
(a1 — (o — ... > (a, = B)) NESR) , M-S

> BN nIR MPH#EHR]E

EE%Z.9 (EFEH ) [Enderton, pp.118]:

I'U{a} - BEEMET o —

> EBH: WandlZRAEEEE (1.25)

PR 2025 https://daiwz.net



—EHER el

it 2.10 (F B W@, Contraposition ) [Enderton, pp.11o]:

TU{p} o BEMNEET U {¢} - —p

> HIERIGFF Bk

HEig 2.11 (32, Reductio ad Absurdum, RAA ) [Enderton, pp.119]:
%‘PF U {g0}7F~§5Z, lj\”JF = -

> IR S arELZ R EHE 1.30 =40

HHIPHE 2025 https://daiwz.net



Bi+s 2 2

Eiﬁ!2.9 ( MEEE! ) [Enderton, pp.117]:
T b o Ho RETREHEH, N F Ve

1NR:: K
£ o FE—TIEH (ap, . . ., o, = ), FAXMUEBRERIF49E0] uEiE % EH

> BAE: MFHHKENIN, o e T, HRIEABE2. 748 51Y « NME o b HH BN G
o — Voo, RIBEZEHEARBL - Ve o

HHIPHE 2025 https://daiwz.net



Bi+s 2 2

I~‘='E.-'E§2.9 ( MEE‘EE! ) [Enderton, pp.117]:
Gl FpHae AETHEHEM, ML EVep

HEEA (%2) -
> 1AM R < iBMER G BIZEIEHNL, FTEMNT o S BIRITE:

» a; € A, RIBENXEV: o, KAZIZEHEAE, TAET Vo, (REzAJBEq, FHIL, BHAE
MZ5ie )

» o; €T, HEERFHR -

» aHa;Ha; — o BEMPHRNIGEE], HEEIRET - Vo AT - Ve (a; — o) XRHE
2.7.3

Ve (o; = o) = (Ve a; = Ve ;)

ZEFBIR MPILNBIRIAET F Ve oy Q.E.D.

HHIPHE 2025 https://daiwz.net



Bi+s 2 2

I~‘='E.-'E§2.9 ( MEEE! ) [Enderton, pp.117]:
Gl FpHae AETHEHEM, ML EVep

> B, AM2.7352.7.4FERMERBLEN T U €3
» 273Vz(a— B) —» Vza — Vzp)
» 2740 —Vrea, HFz N NeEaFEHEI

> WEEEAEFEEBRASGHHIE NEEMN] (40 Gentzen B LK HAEZERGE )
» Heexf e AFEITRIR (AR ) BIANERAGE ¢, BBARDR BT« iEEE, FITE
Ve =  RRIL”

> HULBIRITE: “without loss of generality” ( INK—figHE, WLOG)
» RS —RMEEE, &EME (FANERAE 2.7.25MEEHE )

PR 2025 https://daiwz.net



A—EXNHERG

EX 2.7 (—kHiZEBAB AL, Axiomatic system for FOL ) [Open Logic, section 10.1]:
AHE (A) :
1. AU AE (€ XE.22) FFOLELHE
2. RTFEHEEAHE: XA ( closed term, BEIAEZZIUAII ) B
» Ve — B7
» B(t) — Jx [ [Enderton, pp. 124] (Rule EI)
FEEERI -
1. MP@ER]
2. RTEFBEEHN (QR) :
» HPB — oo BEAHIEIEHARFSF, BHREED U {1 HI, B4R — Vo f(z)RRIEFIRY
» FHi(a) » SESHIEIERFYIF, BRIED U {1, AF48z 5(x) — SEEIEHHH]

HHZE 2025 https://daiwz.net



IR YL

Bl :
. {Vz (Pzx — Qx),Vz Pz} F Qc, TR
2. {Vz (Pz — Qz),Vz Pz} F Qy, FH13R
3. {Va (Pz — Qz),Vz Pz} - Vy Qy, RR—MxlE
4. {Vx (Pr — Qz),Vz Pz} - Vx Qx, ZAJRZLH#

HHIPHE 2025 https://daiwz.net



WS

HEIE 2.13 (BEBIFE, Generalisation on Constants ) [Enderton, pp.123]:

IR - LR — N ET T I AR S WITEAESTEN, yaERR T, (/5
DF o, Eifi—, FE— T WENy oISk

NR:: K

Sla, ..., 0n = OENTEREI— TR, STIE—NRIEERR, i € {0,...,n) B
Bt ARAFTLINS

((@0)y, - -+ (an)y)

B A ACEIR o — MR, FERAWE, RIS Moy EABTIUA, BAMR
FEMPBITIAL (), - - -, (s 1)< }BEHE SR .

HHIPHE 2025 https://daiwz.net



g =
LR E YL
Heie 2.13 ( HEUEYE, Generalisation on Constants ) [Enderton, pp.123]:

MR - ERR— A TVETH TS S . WFERTTY, IMERRITL, (AT - ooB
S, Eif 5, FEE—TEIy ol S

MEBR (%) :
THENARVEZ e BR TS
L oy €I FIRERE i HEL, "I#§ar); =ar €T
2. op € A: BleBuE XR.TRFRIZEAE, IBATE o) MRAR—FIZEAH (Why?) , KIE
(Oék)z eA
» HiEmAZETNESN, BREPEERINNARESN. flPc — ——Pc, TRER
(Pc = ——Pc); = Py — -—Py, BIiRZBAH
» EHwEVry — o7, Bal) B8RV Y — (v7)5. ERENyy) ERLY,);, FblEtZiZk
N, HEARNAEBE SRR

3. B HR R, = (o — ap)B(4, 5 < k) AMPRINIGEH : ARAE); = ((qu); — (ar);), B
ﬂ%ﬂ%ak);@Etlﬁai);%ﬁaj)gﬁéiiwwﬂmu?f&

HHIPHE 2025 https://daiwz.net
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WS

HEiL 2.13 (EE TS, Generalisation on Constants ) [Enderton, pp.123]:

BT - soﬁl:%—/\? VETTF HIIRE BN S WFEEZRTTY, yiERIHIL, #FE - o) Bk
Mo Bit—F, FE—TITEIVy o) IS elikE

MEBH (£2) :

B EERESAEIAL, (00)S ..., (o)) BIHHE R BT — MR,
LSBBIH()s, - - -, ()5 BFFIE R, € TRIBHIERS

> ERPE—TEFRS, AUIERHHIED F o]

> MBS EE, @ VyeS, FiDAT - VyeS

ER2IE EEHANEA P AZS IS E T, XERA ISR — TRy o  BIIERH, HE
B EEE . QE.D.

HHIPHE 2025 https://daiwz.net
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RIS E R B 1Y 5T

EEMEF (an) B 5o

AM >0Vn €N, la,| < M

NR:: R

1. FIFSIRIEN : XERe >0, FEN € N&Vm,n > N, |a, — an| <€

2. &e=1, HF (a,) BMAFSI], ILFEN € N&Vm,n > NEHla, —an| <1
BHEIN: AE—KHE, Bl18n=c, HSm =N, H4E|a. —an| <1

. HEERERE, BE=AFEXE|a| < |ay| +1

WG : BN cRERREET, BEBEMMERn > NBFAL, BIFS] (a,) B

VR N

HHIPHE 2025 https://daiwz.net
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Z)RBLE R
FRATTABAE -
- VYaVy Pry — Yy Pyy
BT VaVy Pry$ B e NeeH y 788, FrLlERiEERAHE 2.7.2,

IR ETATE
- VYaVz Prz — Yy Pyy

EARMEIFERZS

WARTEER
- VaVy Pry — VaVz Pxz

A REE S SRRy g

B 2025

https://daiwz.net

.13



RS
ALPHABETIC VARIANTS %

5
& xS

&S1TY

ElR.14 (ZIRTILFIREE, Alphabetic Variants ) [Enderton, pp.126]:

SPRE—IWE, RB—1 T, BT, SR URE - o, ERIRIZE R
TARZTT, E5

. oo B F o

2. tE]DMER B RHE he

Z BN H B2 YePii g RS e, 7] PUBEIE X A R A T R SL SEE e,
TERA M2 :
1. ARR—%M, BEEeFIestid )T NpiaiEe’, @it )39 TiERH

» JHAMEEN: NAWEREFRIERE o (Bl - o)

2. EEBREESR; NTERENBRMAENY o) =V (¢')), EFRMED’, oFfeshHl, X
AT REER] AR S E SRR ( EHEICRENL )

3. =S e Sk E A AT

HHIPHE 2025 https://daiwz.net
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5FiEA XM e

1. -V (z=x)

2. FVeVy (e =y — y = x)

3. FVaVyVz(e=y— (y=2—> = 2))

4. FVzVEaVy1Vys (1 = y1 — (T2 = y2 — (Pr1z2 = Py1y2))), PAN—_JtiEi

5. F Vo Vo Vy Yys (21 = y1 — (22 = y2 — (frize = fy1ye))), fHN—JuEREL

HHIPHE 2025 https://daiwz.net
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15 : A R 2 48 Y I {E

E X 1.12 ( truth assignment ) :
MNFamEFSESS, —TEERIRvE—TEH

v: S —{F,T}

7 X 1.12° ( truth assignment, extended ) :

L ve—PEERR (WE) HER—1TERv: S - {F, T}, NiNFEMGEFSA; € S,
v(AZ)ﬂEJTEEF

2. MNFEMEERKY, €Xo:S — {F,THAT
» 9(A;) =v(A;),teN
» ¥(—a) = B-(9(a))
» v(aldp) = Bo(v(a),v(B)),0 € {V,A, =, <}

Hir: RARFLAREE, BAEA w4 kE—HRERIK

PR 2025 https://daiwz.net



FOL H i) I {H

5REBHEMENMEANE, EFOLPRINIFBE—LEBIMIME B8

B A B AR

1. FHE—EEN S (objects) , ZVEB 1T (ENEEAEIMSBANZEIIE
SABAL) , BB REIEEAEE it ( domain of discourse )

2. NEEHFHE T NRIEIR— P FOLEEES T ERZFE (AIEX/HS) , 1E
I EREREMNZRS] (ESeEFNTTE——XN, BANREIEST)

3. EEH IS k- iE/ RISk — T FOLIES R IEZF (181H
5/ REFS) o XEFSNTFIgEP—EE-Jod (XFRENE
k+ 1-JoéH ) HIES (FIRERER ) , A LR ESRER/ME
(extension ) , CAITNXTIMEIEMHRBEEMEE

»  “extension” A E X IE W ZFC A “ A GE /T

HHIPHE 2025 https://daiwz.net



E X 2.15 (5], Structure ) [Enderton, pp.8o]:

FOL f— AN AR —DEREL, ERIE SR FOL RIAMN 5 RABZEAT
5 (signature) , FEERE TFI&M:

. ANEHEVEBIR—TIEZES A 1ENiLE ( domainBX universe )
2. ANEBTn-uiBHMAS PIIK— T n-JuRk & P2 C ||
3. ANBDETHRS cHBIR—D | RS
4. ARG n-TCRBFFES FIRIR— D n-ToRE 2 - (A" — |2

HHIPHE 2025 https://daiwz.net



e 2]k

EESIERFOLESY, @ —T4HAIT:
> [ NBEREES
> A HNTTHES {(m,n) | m < n}
— MBS TEEN

JeVy—-y € x
HTEEAFNE, TAFRAZEH— TR (model ) , iCH

Fo dxVy—y € x

THEATEREA T MIZAMAIERE? AR BRI ?

VaVyd2Vi(t € z ot =x Vit =1y)

HHIPHE 2025 https://daiwz.net



A IEMMER T A g in— T —M FOLwif N E?
> EARBMEEHBHZ B RER AT EIR, BN
EARmE, flilp =2z € 10
ik, BMNGFEESE—TZEEs : V — || B,
Fa 8]

L HEAYR o FREHBER T BN s(z) = c* € |2
G, EEEANMEHITEE", FrEHEaNERE

> flfne =5 € 10

PR 2025 https://daiwz.net



5 2

ELE')‘( 2.16 (ﬁﬁ" E o Interpretation) [Enderton, pp.83; Hao et.al., 90]:

SRIEFOLBESHEM, s: V — |AR—TRBZ oS 2SI mE.
fi1E X RIFIBEH & (satisfy ) wif o, ICHEy ¢[s] (BRELA,s)F o) , &
J3E T
> TR EXZ R ERY RN FrEIIRE. STRRTFTEI
MRS, BIHENAIREREE : T — [A|§0T
L. NE—1TZTRSE, 5(z) =2
2. WEB—PHETHEE, 5(c) =
3. Fby,..., .0, HfFE—7Th-TREFS, B4

5(ft1,...,tn) = £2(5(t1),...,5(tn))

PR 2025 https://daiwz.net



5 2

E N 2.16 ( fERE, Interpretation) [Enderton, pp.83; Hao et.al., 90]:

SREFOLEESHEN, s: V — |AR—EE nﬂ%ﬁﬁﬂﬁs\ﬂzﬁ‘]uﬁ ?Ja
fi1E X RIFISEH E (satisfy ) wif o, IEHEy ¢[s] (BRERA, s)EF @) ,

J3E XU

> BFAXMER: BT EFARKEEIEREIER, FILE RN E

AR T Y

L STFRBREEE =", BITEEa= 1685 B C4E () = 5(t2) (FER, XF = Blb7Er
FOLFIGIES ¥ )

2. WNHAME MR- TIERFSPE

o Pty...t, iff (3(t1),...,5(t,)) € P*

PR 2025 https://daiwz.net



5 2

E M 2.16 ( ﬁ’ﬁ%, Interpretation ) [Enderton, pp.83; Hao et.al., 90]:

SREFOLESMEN, s: V — |AR— Mo s 2 S Er i
fI1E X RIFIBES 2 (satisfy ) wif ¢, BBy ¢[s] (BB, s) E @) , i#
J37E X a0

> HEwSMER: RIEWTEESH, @3 XIT:
1. HHNEFAR, HEXWE
2. Fo (s BN ZEqy ¢[s]
3. Fa (@ — )[s|& BN EFy ofs|@ily [s]; BiE LA ERERGL
4. Fo Vo o[s|EENEMNESE c ||, FiTEEFy o[s(z | d)], HEFB(z | dRENLIT:

sl ) = {5 FL7Y

3
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Bll F [Smrre, pe.3as]

EX—ANFOLESUT: MMM SRR T

> Hiu: m,n > |A|: {Romeo, Juliet, Benedick, Beatrice}
> —Juigi: F,G > HEyuiElk:

> ZJuign: L » m: Romeo
ZETHERNMBERSRE: >y dfliet

> THEE]K:
» F: {Romeo, Benedick}
» G: {Juliet, Beatrice}

1. (Jdxz Lmz — Lmn)
2. Vz (Gx — (Lzm V —-Lmzx))

3. Vz (Gx — Jy Lzy)
» L: {(Romeo, Juliet), (Juliet, Romeo),

(Benedick, Beatrice), (Beatrice, Benedick),
(Benedick, Benedick) }

HHIPHE 2025 https://daiwz.net



Bll F [Smrre, pe.3as]

EX—PMFOLEESWT: MR EEHREA T

> HJu: m,n > A {4,7,8,11,12})
> —JuigiH: F,G > WItiEIk:

> JruigwE: L » m: 7
ERTFHEANMRESHRAE: » s 1

K=
» F: |ABPRIEEMEE
» G: |ABPEIEEREEL
» L: |ABPATAH R < nBJEFXEm,n)

1. (Jdxz Lmz — Lmn)
2. Vx (Gx — (Lzm VvV —~Lmz))
3. Vz (Gx — Jy Lzy)

HHIPHE 2025 https:/daiwz.net 5. 11



=i wrr P HIH H B3 Tt

EEiE.I7 [Enderton, pp.86]:

A5 HEENTIVER(BZERERL, BlEWT ofrEBEHEZ T (IR
BRI ) ERIBUERESE, R4

Fa pls1] iff  Fy plsa
HEieR.18 [Enderton, pp.86]: NF—"MEAE, TG eHHE —FAL:

1. ABRTFERZD TIRE RS e, XFIRIMIFRESEIER! ( model )
2. AR EEZ UIRERE R e

JEBARR R . BT vl A R R AANE XY, ERRE A GNER R .

HHIPHE 2025 https://daiwz.net



HRA

X TFEH]

Jrz(z-z=1+1)

> SEHEUENR = (R;0,1, +, )T BB HEE]
> FHEHEEQ = (Q;0,1,+, ) NEEBERIERE
> 3N, V, « RS B 1TEmEE B IS L —7¥ Enderton, pp.87]

t = ()b,

P2, ) R—MERERGEE, REEAS R AR BEA innit i A

B 2025
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FOL MiZ$ER M1t/ iZ 45 4E 1

E)Z.I9 ( Eiﬁ%ﬁiﬁ ) [Enderton, pp.88].

ST HAWEES, o—Twil, ABAFRMNTRT Z5E2514 (logically implies, entails )

e ZAENBMER S AFUEETRIE s
I'F

1. XEBERZEZZmERRN (JTES ) FESES5FE (&
( subsumes ) fiZE ( RERIFouIBIEFE) ,
F—EF (JEE1LiZ5E ) BEE X

AT B p[s]o ERFATCH

meliZig ) B—R—k, BT 2B
FZEaEm A S ES AN, WERITIRIE

EX: BAWF—TEEPREE UL B XS FEEMA e, SZEENEEAE SRR, R, EX

MER FERATFRX LEETHR251H ( entails ) HE51L,

2. HZHIATEX —1F:

» iZEEEN (logically equivalent ) N~y E Jp & v ~

2

» HOFpNiFReR (128 ) BRET (valid) , FHICHE @

B 2025
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FOL MiZ$ER M1t/ iZ 45 4E 1

E)Z.I9 ( Eiﬁ%ﬁiﬁ ) [Enderton, pp.88].

ST HAWHES, pR— T wit. IBATMTAT Z4E2510 (logically implies, entails )
o X4 FLALSAHE RS AFMERRE s : V — |ABIET o os]. XHERALEH

I'F

?ﬁiﬁ.zo ( iﬁ’ﬁ] H‘]E#ﬁﬁiﬁ ) [Enderton, pp.88].:

MN—TERESIMERC, X FodHNXASHERE - MEEAR cBIREL, 3K
I1RiER o R EBHIZ HNSEERSEH T o WNE,

HHIPHE 2025 https://daiwz.net



Bl

I. \V/’Ul Q’Ul = Q’Ug

2. F——0o—o0

3. Fdz (Qx — Vx Qx)
4. [Enderton, pp.99] I' U {Oé} = @%E{K%F = (a — 90)

» UukHH:

Fu{alEe
&S FEEANEE s B Fy TU{a}[s] BHE Fy o[s]
& WHEZEAMBE s B Fy D[s]| BHE Fo als] BBA gy ¢[s]”
S WNEEANMWME s B Eo T[s] B Fo (a — ¢)[s]
eTFE(a— )

Q.E.D.

B 2025
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e

IEBHBA &St [Enderton, pp.99] .

{Vz (a — B),Vzxa} F VxS

JIEBA :
1. RIBEN, MEERMEFY (o — B)[s|FlEy ofs| BB AFIRE s, FA1H:
» IMEEd € |/ BEy (a— B)[s(z | d)]| HEq afs(z | d)]
2. TRIE - FFHIERE, XMEERd e |A|BFy (a — B)[s(z | d)| HHANE:
» Fooafs(z|d)|SEFy Bls(x | d)]; BAXZEYRL, F—EF3MER:
» Foals(z | d)]BFy fls(z | d)]
» Foals(z | d)]BFa fs(z | d)]
(z | d)] BFEy Bls(z | d)]
3. RINES—2ZHEM, MMERd € |A|BFa afs(z | d)]
» HAMREEy Bls(z | d)], BlEy Vz Bls] Q.E.D.

» Ky als(z

HHIPHE 2025 https://daiwz.net



WRAP UP

The study, in English, of the view below:
If ke, then I'l-¢.
Fiat-Ba-BsDi-ma
Eg Vx ~1Sx =0
B 3x(Px — VxPx)

Formal
language
expressions.

Axioms:

3x(Px — Vx Px) Deductions:

B Z R 2025

https://daiwz.net
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OPENAI-O71’s

&

Create a puzzle How many rs are Is a hot dog Solve an advanced
for me to solve in “strawberry?” a sandwich? math problem

How many vowels are there in the word
“G00000000000000000000000000000al” 7

PR 2025 https://daiwz.net



OpPENAI-o0r1’s

How many vowels are there in the word
"G00000000000000000000000000000al"?

EIEFERIERT ChatGPT HihRASHI R 1o

BERATHBIMEIE? EIZATHER

® BEf1
Thought, ¥4 15%) v

To determine the number of vowels in the word

"G00000000000000000000000000000al," let's break it down:
1. Total Letters in the Word: There are 34 letters in total.
* G (1letter)
¢ 31 0's (from counting each 'o' between 'G' and 'a')
e A(1 letter)
o L(1letter)
2. Identifying the Vowels: Vowels are A, E, I, O, U.
e O's:There are 31 O's.
e A:Thereis 1A.
 Total Vowels: 31 O's + 1 A = 32 vowels

3. Final Answer: 32 vowels in the word.

Answer: 32

REERXEIE

E—mBiElR .

© BE2
Thought, 48 %) v

To determine the number of vowels in the word

"G00000000000000000000000000000al", let's break it down:
1. Identify the Vowels:
* The standard vowels in the English alphabet are A, E, I, O, U.
2. Analyze the Word:
¢ The word is composed of:
* G (aconsonant)
¢ Along string of "o" characters
* A (avowel)
* L (aconsonant)
3. Count the Vowels:
* "0" appears 30 times in the word.
* "A" appears once.
4. Total Vowels:

* 30 (from "o") + 1 (from "a") = 31 vowels

Therefore, the word "G yo00al"

contains 31 vowels.

HEEUXTEE

B 2025
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OPENAI-01 PREVIEW X 10

#trial | answer | #trial | answer
1| 30V 6 | 31 X
2 | 31 X 7 | 31 X
3 | 31 X 8 | 29 X
4 | 33 X 9 | Choose between 32 > and 31 ¢
5 | 24 X 10 | 29 X

B 2025
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03-MINI 5 03-MINI-HIGH

How many vowels are there in the word
"G00000000000000000000000000000al"?

EHIE, #545 1m 555 v

Okay, the question asks to count vowels in the word

@S @& ChatGPT 03-mini

"G000000000000000000000000000004al." Let's break it down: It starts with a G (not a vowel),
then many o's (which are vowels), and ends with ‘al', where 'a' is a vowel, and 'I' is not.
How many vowels are there in the word

1 G00000000000000000000000000000al"? So, I'll count each "o" and the 'a'. That gives me the vowels: "o" repeated a lot, plus the 'a' at

the end. I'll make sure to count them all!

Okay, so the word "Goo000000000000000000000000000al" has vowels: ‘o' and ‘a'. The letter
BRE, 21 By

"G"isn't a vowel, and "I" isn't either. Let's see how many "o"s there are.

I'm trying to count the vowels in the word "Go0000000000000000000000000000al." I start [ will count carefully: The word starts with "G", followed by 31 "o"s, then ends with "al".
by identifying the letters: "G", then many "o"s, and finally "a" and "I."
So, after the "G", I count 31 "0"s, plus the "a" at the end—that's 32 vowels in total.
ITknow "G"isn't a vowel, but "o" is, and "a" is also a vowel. So I focus mainly on the "o"s. Let's
see — we have one "G," followed by 30 "0"s, then "a" and "I." That gives me 31 vowels in total. Alright, the word is "Go0000000000000000000000000000al", and I need to count the 'o's
carefully. Starting with "G", then it's mostly 'o's followed by "a" and "I" at the end. If I break up
The word "Goo000000000000000000000000000al" consists of a starting "G", followed by 25 "o's, the 'o's into groups, I get 5 groups of 5 'o's and one final group of 3 'o's.
then the letters "a" and "I". The vowels in this word are the 25 "o"s and the "a", which gives a total

So0,5+5+5+5+3=23"'s. Don't forget the a' and 'I', but the vowels so far are exactly 23 'o's.
of 26 vowels.

@O P DMy

Keep counting to stay accurate!

Let's carefully count the vowels in the word "Go0000000000000000000000000000al". Fi
“G" is not a vowel; then there are a series of "o"s followed by "a" and "I" at the end.

I can break it up into groups: "00000" (5), "00000" (10), "00000" (15), "00000" (20) and "000"
(23). Therefore, those 23 "0"s plus the "a" make 24 vowels in total. So, the answer seems to be

24 vowels.

Let's count the vowels in the string "Goo0000000000000000000000000004al". By grouping, I

see 10 "o"s in the first block, 10 in the second block, and 5 in the third, giving 25 "o"s total. Plus
the "a" at the end, that makes 26 vowels

So, the total number of vowels in this string is 26. It fits with the total length of the string if I
also account for the other letters.
Let's break down the word:
* The word is G + 00000000000000000000000000000 + al.
* The only vowels here are the “0” and “a".
+ ®En D ENFS * Counting the letters:

* There are 25 “0"s.
ChatGPT thATRERIREE. i

e Thereis1"a".
* Total vowels = 25 + 1 = 26 vowels.

PO PDd Oy
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DEEPSEEK-R1

Okay, let's see. The user 1is asking how many vowels are in the word
"G0o0000000000000000000000000000al". Hmm, vowels in English are A,
E, I, O, U, and sometimes Y. But in this case, the word 1is "Goal"
with a bunch of 0's 1in the middle. Let me break it down.

First, let's write out the word properly. It starts with a G, then
a lot of 0's, and ends with an L. So the structure is G followed by
multiple O's and then AL. Wait, no, the original word is "Goal",
right? But here 1it's written as "Gooooo...al". So maybe it's G,
then a bunch of 0's, then A and L. Wait, but in the given word,
after the 0's, 1is there an A? Let me check again. The user wrote
"G00000000000000000000000000000al". Let me count the letters after
G. Let's see: G followed by a lot of O0's and ending with "al". So
maybe the word 1is structured as G + multiple O's + A + L. So the
letters would be G, O, O, ..., O, A, L.

So the vowels here would be all the 0's and the A. The Y isn't
present here, so we don't have to consider that. Let's confirm the

HE PR 2025
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Sustizing ( BT H E SR )

66 Subitizing is the rapid, accurate, and effortless
ability to perceive small quantities of itemsin a
set, typically when there are four or fewer items, without
relying on linguistic or arithmetic processes. The
term refers to the sensation of instantly knowing
how many objects are in the visual scene when
their number falls within the subitizing range. 99

[Wikipedia: Subitizing]
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https://en.wikipedia.org/wiki/Subitizing

04-MINI-HIGH

How many vowels are there in the word
"G00000000000000000000000000000al"?

BEE23F v

o DPHEHMERIEIMHE"Go0000000000000000000000000000al"FHITTE Fito
XA P UFERGHL, EERE2270, BINL"al"s HSZE—TolEE,
INGNE D BFERE. BEERIBE o EH R RiEA BERIZ AP R,
ARSI EMAS N FEIEE, BRILiE.

FA P4 B2 815" Go0000000000000000000000000000al", B, KHE
BINEZ D PMoERNTE, XBE—1a. #iditH, oMHMEZENE - NFRE
BN FERZENo, SHE2310, Bil—Pa, XHEME T tENE
o NTHRFAER, BESXPMHHXLEFR, #RER.

RENE TEHRE =R T Xt
#. "Go0000000000000000000000000000al" H, oMY E EM2F24, &
#5230, BINLE—Tafll, XEHEKE247TE: 23701 1a, BT {F4IT
B, HMWIATT UGS BEEMREN, HBtRBEIREMFR. RENGERE24
o. Bl F—a, SIS TE

HHIPHE 2025 https://daiwz.net



Bl R — 127 &k

(MEAFSRIE) - B (1

SRIE) -1

&

— 1Rl

/A

B 2025
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04-MINI-HIGH

B2E2# 1m 24s v

w B

PIL Image

numpy np
matplotlib.pyplot plt

skimage measure

img = Image.o

Count the apples and oranges in this image

B Z R 2025
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GENERAL PROBLEM SOLVER ( 1957 )

—fRIEE (I

SRIE) - B (£

I

SRIE) T

L o=

FEREARSS, HWAEETE XN S1ES (Domain Specific Language )
> FFEENAL BREHEE, FHREHFES. BFEH......

> fHZFFE AL

G RBFE MREEER......

B 2025
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THE GROUNDING PROBLEM

66 ... these approaches miss an important
consequence of uncertainty in a world of things:
uncertainty about what things are in the world. Real
objects seldom wear unique identifiers or
preannounce their existence like the cast of a play.
In areas such as vision, language understanding,
..., the existence of objects must be inferred from raw
data (pixels, strings, and so on) that contain no
explicit object references. 99

[Russell, 2015]

review articles

’.’.

DOI:10.1145/2699411

Open-universe probability models show merit
in unifying efforts.

BY STUART RUSSELL

Unifying
Logic and

Probability

PERHAPS THE ring idea from the early
days of AT is that of a declarative system reasoning
r explicitly represented knowledge with a general

inference engine. Such systems require a formal
language to describe the real world; and the real world
has things in it. For this reason, classical Al adopted
first-order logic—the mathematics of objects and
relations—as its foundation

The key benefit of first-order logic is its expressive
power, which leads to concise—and hence
learnable—models. For mple, the rules of chess
occupy 10° pages in first-order logic, 10° pz
propositional logic, and 10* pages in the language of
finite automata. The power comes from separating
predicates from their arguments and quant

88 COMMUNICATIONS OF THE ACM | JLLLY oL.s8 | NO.7

thosearguments: soone canwrite rules
about On(p, ¢, x,y, t) (piece p of color ¢
atmove ¢) without fillir
lue forc, p,
Modern Al research has addressed
another important property of the real
ty about
both its state and its dynamics—usin

development of Bay 3
which provided the beginnings of a
formal language for probabil
els and enabled rapid progr
soning, learning, vision, and languag
understanding. The expre
of Bayes nets is, ho s
They assume a fixed set of variables,
g avalue from a fixed range;
thus, they are a propositional formal-
ism, like Boolean circuits. The rules of
nd of many other domains are
yond them.
‘What happened next, of course, is that
classical. hersnoticed the perva-
uncertainty, while modern Al research-
ersnoticed, or remembered, that the world
has things in it. Both tradition:
thesame place: theworldisuncertainand
ithasthingsin it. Todeal with this,we have
to unify logic and probability.
But how? g0
r. Early attempts
Leibniz, Bernoulli, De Moy

key insights

= First-order logic and probability
theory have addressed complementary
aspects of knowledge representation
and reasoning: the ability to describe
complex domains concisely in terms
of objects and relations and the ability
to handle uncertain information.
Their unification holds enormous
promise for Al

New languages for defining open-universe
probability models appear to provide

the desired unification in a natural way.
As abonus, they support probabilistic
reasoning about the existence and identity
of objects, which is important for any
system trying to understand the world
through perceptual or textual inputs.

BOEIZHE 2025

https://daiwz.net


https://people.eecs.berkeley.edu/~russell/papers/cacm15-oupm.pdf

CIE 3

2 2025 https://daiwz.net



FOL i n] S

EMER.27 (RA[FEMEHM, Soundness Theorem ) [Enderton, pp.131];
=0 o, MM Ee

#HA PHXEGHE, RiEESERNERSZRESIEN, FRERIEIREER & H

5] E!.ZS[Enderton, pp.-131].

FiEZRAHNEERH, X ESR c ABREE ¢
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FOL Al &%

AT SEMERIERA (B BEARLL )

ARyEUE AR B RE SCHEAT VA AAIERA :

I.

2

B EERKEN BT HMIER:
» o ARZEAE, IRAMRMET[H2.288F ¢, EITF @
» pel', BRETFp

. AN BREEARENn AR EE BN, SEAREN

» FHeec AU, NEEEBHEAER, SR
» oMv5¢Y — il MPHINHES TR : RIBIHABRET EvHT E (¥ — ¢)

» ER: XEBAMEANRE N 27 PR —-ERNERSG, HpHE—-FMPHEEMT, *FF
ﬁ%%f&@f'ﬂmﬂE‘J%éﬁﬂ‘]ﬂ%‘ﬁiﬁﬁﬂ%% [Open Logic; Hao et.al.] Xﬁ&%zﬁ

» MIRBEESEREINERAAIT E (v — o) GHNYGE v ¢
» BIESHMWBERFET EFE, BHEE Q.E.D.

HHIPHE 2025 https://daiwz.net



FOL 2 FE B 31

ANEREEE . ERERANIBEARE AT, B

Fop =FVxop

NR:: K
e B, HBHEH

> MEBREMHAMEEIRERE s B Fa p[s], HHEHE
> MEBSHAFTUESRTRER L sIF: WMEE € |A|BFy ¢ls(z | d)]
» (=) s(z | d)R—FhIRERE
» (<) HIWEEME, RESd=s@@)iEs(z|d) =s(z|s(z)) =s
S1ERE
> IMEREMAFERTRERE sF Fo Ve, ¢[s], BIE Vo pBL

Q.E.D.

B 2025
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FOL 2 A

F—HAHE: wEiZEPHESZFEFOL 2 G RHT,

NR:: K
A LATSIESNL, IFARTMT = ORI &L EE5 8 RAT .

FE"I fg&nderton, pp-129].

SAR—NEM, s:V — |A| BIRERE. EX—TEREREAR (prime formulas ) o LHE(E
IRV

va) =T iff FEgals]
RAMER W ¢ (FMERBNEAR) ¥IF

u(p) =T iff Fgpls
H—, ZLESHEM e, AT HBHEER

f /A Eﬁ?’ﬁﬁﬁﬁﬁ?/\_ﬁu&ﬂ/ﬂﬂ Ve a H@I/\_ﬁ Enderton, pp.114]

HHIPHE 2025 https://daiwz.net



2o WEZEE—HiZENRR

—prZRATEEE RN maUE A AL, XA AR witRysr3E |

E)‘( [Enderton, pp.114].

1. JRFARSFEV: o Wi NZE= /AT ( prime formula )
»  Formulas with no deeper propositional structure

2. EHAFABwiNIEE AT (nonprime formula ) 8{8 ¢/~ A= ( compound formula )

> BRAFHUE TR AN B ZRERMEE
> RARAASEUEEmEZETHGEN S (FERRX T [Enderton] FHIFTE A “sentence” F1a7

L

RALF “sentence symbol” )
> FEEAARRAXNRGBEEAFRHEMTS
» FBHRESHARNEEELRR—TFRH

HHIPHE 2025 https://daiwz.net



HEI

BMAERES AR HmEZES—ZE, XUEURTwEARSEE. Bl
PATRENX:

7E X 1.14 (tautologically implies, entails ) :
SESHEmT (ICNY F ) ZENXSMREH RS IEERIRSHE
> ZX =0, iIZHN0ETEFT
» BEWEEEREERIRSWHRE T, TIMr NESHEUKE (tautology )
B, REEERERAEAE—TwIEGZEST . HIT0 T EAIHF [Enderton, pp.ors]
(Vy Py — = Pz) — (Px — —Vy—Py)

Me—TESN, EPEWNTmEN (RAR) @ Vy-PyMl Pz, Vz (Pz — Px)Hl
Vz Pr — PcIARESA (REEBMZ2EXH, REEAGRMEFEETEMN2AENAZE
{E5% LHYIRIE ) ©

HHIPHE 2025 https://daiwz.net



"B A5 A
BEZA FOL wif il LIS E TRanRZ B AT, B TR IRENIHEE] T H 4R

Eiﬂ@.29 [Enderton, pp.115]:
(FOLH ) I'- o BEMNIET UAESEIH @

> ZEHEERBOL. RFEEEAGEERNZREE (2 MEAI#EE ) B
> ERESHEHB AR (§ifF) BTUA, BEESHERNFOLAE
» XEEEE, Blie = Ve Pz — PrBARIEESN, HETFec A, MRBETUAESHR ¢

> IR, IWOTLHUERHABERME. X MEREAEEET ESEE" ( AIEER
k) XAERIARRLZE T RIGE, M2 S RIER BT R
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FOL2H A 3
F—HAH: mAZEPRNESAEFOLHEEG A,

NR:: K
A LATSIESNL, IFARTMT = ORI &L EE5 8 RAT .

FE"I fgﬁnderton, pp-129].

SAR—NEH, s:V — A BRERE. EX—NEFREEART (primeformulas) o EREE
fekv (F: FTEHRXAEIEKREN T FOL, vHAFsRE ) WIF

va) =T iff FEgals]
RAMER W ¢ (FMERBNEAR) ¥IF

u(p) =T iff Fgpls
H—, ZLESHEM e, AT HBHEER

f /A Eﬁ?’ﬁﬁﬁﬁﬁ?/\_ﬁu&ﬂ/ﬂﬂ Ve a H@I/\_ﬁ Enderton, pp.114]

HHIPHE 2025 https://daiwz.net



FOL 2 FE B 31

F—HAHE: wEiZEPHESZFEFOL 2 G RHT,

yiEBH (Cont'd) :

1. X wif BEEa 1 TIH40 .
> MNFEIHUBEREHEAR, v(a) = v(a) = THENYFy ofs]
» TR wWE, 0(-p) = THRHMNZv(p) = F
» AR - BRI BER S F o —oo[s] L EAG oy o[s]
» NFHRMY — olwil, 5(¢ — ) =TIHHMNZv(Y) = FEEv(p) =T
» R — BIRRRELAR AR S Fo (¥ — o) [s] BN #y s BiE o pls]
2. IRIBESEESHEN, T F pEHRE:
» SHEREHWATBEs, Ry € TEHEE(Y[s]) = THALEU(p[s]) = T,

» R LEREES, Bl sSHERSEHAFREs, £y c THES Fy ¢[s|IBANE Fy o[s], 1
e D IZHEES @ Q.E.D.

HHIPHE 2025 https://daiwz.net
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FOL2H A 3
DITAHEBEEMH (UEBHEEST )

> FB=HARHE: EV(a— B) > Vza — Vz f)
> BIUHANHE: Fa — Vea, HPeREREREHHEH
> BRHARHE: Fx==2x

> BNERHE: F(z=y) = (@~ o), HFMBIRTAR, o3

REGEE] AT

AR TORR S

B 2025
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BHANHEBBERME
BHRNE: FVza — of, BT o FAT 2 2R AT
REB—EHEIFT: Ve Pz — PtEBERN. X

= Vi Pz[s]
RIEEX, MMERd c [AF

Fa Pz|s(z | d))
BATAILLSd = 5(t), BRARLE
=a Pals(z | 5(2))]
IRTEERI R, thal2iR
5(t) € P*

HHIEqy Ptls]

B 2025

https://daiwz.net
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BHAHMARTE

BMIRERXMRE, BB 5 e, ARE"REXFNET REEE R w
g, Bl

Fa pls(z | 3(¢))] iff Fa of[s]
HrptaDIE&# o Pz X MEBRE DS ESE 9T H A5 3

G| i) 2.30 [Enderton, pp.133]:

NF—TERATREs, MEET v, Suf WRuFBzBFRNtERER, B4

8(ui) = s(z | 5())(u)

MEZ, —TEREURERES (18 ) 1, aPUREERE (1BX) B, H=%&
BFTH

HHIPHE 2025 https://daiwz.net
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&g

inEZ.ZO [Enderton, pp.133]. §(uf) — 8($ ‘ §(t))(u)

JEBH ;B T B EE AT A
1. BERL:
> Byl AETEHAEe BT, A LB (u) = 5(u)
» FHu =z EXBHMN5(E) = 5(¢)
2. A4 BRREISNTIMEEFHEITREVNT n B AL
» HAu= fur-un = flug,...un) B, uf = f((w1)?,..., (un)f)
» MREIEIAERE, H5(uf) = 5(F((w1)f,- - (un)f))
» EAREDF(E((u1)f), - -5 3((wn)?))
»  ARIBIAGNBRIL, Eﬂfg‘( (2 [ 3(¢))(u1), - .., s(z | 5(¢))(un))
> FRIEIRENERE, Hls(z | 500)(f(ur,. .. un))

B 2025

https://daiwz.net
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s

51 2.31 (F#5|1, Substitution Lemma ) [Enderton, pp.133);
AUt DIE#Hw o T, AFA

Fa pfs] iff  Fo o[s(z | 5(2))]

HEBR: XFwif o FIZEHI#EAT IS0,

> B o NEFAR. IRAMRIES B 2.30 AJAIZESIE AL, FlIe = Pug - - - u, 11
— (5((u1)?),...,5((up)?)) € P* Def.
— (s(z | 5(t))(u1),...,s(z | 5(t))(u,)) € P* Lemma 2.30
<~ Fa (Pui---up)(s(z | 5(2))]

HHIPHE 2025 https://daiwz.net
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&g

yEBH (Cont'd) :

> VA BRI BRSBTS IR EUNT n B wif BROL
» He Ny — OHIwiE, RIE-F1— BIERE, BFir5[EEANEMRL
» He Ny, TERIEAERIETRERITIE:
L. zfEeHFREBEI, BAsHs(x | 5(t)) e TAE B HZTHBEMRE, Fillef = ¢, &

2. cfEeHFHHLM, HF A LIE Pz, iy N EHHIE talE Ry Pz
» BERyANEHHI, FILEHER € |A|F3(t) = s(y | d)(¢) (*)

» HWFz#y, of =Vyyi, BLE

Fapp[s] iff IER d, Fa ¥F[s(y
iff WMER d, Fo ¥[s(y |
iff Fo @ls(z |

Jl TEX
)(z | 5(t))] VAMIRIZ & (¥)
(t))]

B, e R wit ¥ AL Q.E.D.

|
d
5

HHIPHE 2025 https://daiwz.net
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BHAERARME

ETHNEEBEARN, BEVe — of, Rt TF oz 2L

JERA -
AT BTE o 8z, HEo (Ve o)[s], ENEBEIEFy o[s(z | 5(1))]
BERIHMERd € |2
Fa pls(z | d)]
2RI LAS d = 5(¢), B
Fapls(z | 5(2))]
IREE g (B AT AN

Fa 7} |8]
HTAF s ERM, BE Voo — of 3L, #ifi, FOLRIAHEEZZHAERR, XthER
T A S E P A ERA Q.E.D.

HHIPHE 2025 https://daiwz.net
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FOL o] St E 3 R e i

*ﬁ’l«e@.SZﬁnderton, pp-134].
Gt (o <), B84 oS5y BHEENN

*ﬁi«%.SZ@nderton, pp-134].

% o' BpB— 1 #4% (alphabeticvariant ) ,

*ﬁiﬁ.34@nderton, pp-134].
=L ZAHER, BBAeR—2H

AR 4

(A=

ZHESFHTHY

B 2025

https://daiwz.net
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e EE

—khZENTEME (&) EERENETENEAEHE 22—, FEEE,
‘B H Kurt Gédel F 20 tH22 30 EACUERH,

AT EA 15 e SR —FHEEZ R 2 EE, EE R Henkin
£ 20 40 so ERA HANEA G E, AR —BE T,

HHIPHE 2025 https://daiwz.net



e EE

BRI LI

On the completeness of the calculus of logic
(1929)

1. Introduction

The main object of the following investigations is the proof of the com-
pleteness of the axiom system for what is called the restricted functional
calculus, namely the system given in Whitehead and Russell 1910, Part I,
*1 and *10, and, in a similar way, in Hilbert and Ackermann 1928 (hereafter
cited as H. A.), 111, §5. Here ‘completeness’ is to mean that every valid for-
mula expressible in the restricted functional calculus (a valid Zdhlaussage,
as Lowenheim would say) can be derived from the axioms by means of a
finite sequence of formal inferences. This assertion can easily be seen to
be equivalent to the following: Every consistent axiom system! consisting
of only Zdhlaussagen has a realization. (Here ‘consistent’ means that no
contradiction can be derived by means of finitely many formal inferences.)

B Z R 2025

https://daiwz.net



e EE

=

EM2.35 (EEMEEM, Completeness Theorem ) [Enderton, pp.135]:
1. 5L FE oy, MIE
2. EE—HBIWTESERHEN

> PLEPIPanaIF 0 s m] A an U2 ER 7y AU e 2 131 ) ELAEE TR

PR 2025 https://daiwz.net



€

&

SRsiTy

S
2
2
& <
Q Uﬁ\

1E
7

jeE e
ERANEFO—MES T SAEBEER TR, RGBT T, —
S AR — B A FHATE TR

. 'TCA
2. AR—EH, HEWNAK, I EEwWT offE: BELac A, BEL(-a)c A

3. MERWE o FHERMETTe, FE—H R
(=Vz p — —p?) € A

» Hl(3z—-p — —¢?) € A, I Henkin's Expansion
4. NAFMEAS T HAERSFEN W HHE. i A 2rETNES, Bl

<t1,...,tn> EPQL iff Pt;---t, € A

5. FEA AN FE B2

T5E ARt FARRI I FOLIRIRERNL, EREEERNESIETH

https://daiwz.net
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F—. BIMFOLYBEEIT

ST HAHFOLIEZ M— M —Bk, IBATEZIES PRI R TTE (AT
W78, TIAR—

yiEBA [Enderton, pp. 135]:
(ER: —2UEREETRHRE, RSFOLKESASER)

1. [ FOL LA Z TEIEC = {c1,c2,.. Y JEIEMELeo RIRL—B, HLoA—E

2. RIBEX, LcHFBTF (BA-B)e B, ZEH (BFEL5-8) PEZRAEEFTE
T CHFE LTS

3. XEEFHETTAED FHIL (TELFEN) o ARAMREMREEE, FATAPREIEUERE
K B BRI H Tk i A T

4. QO [ERAILHRI—EGER: T (6 A-F). X5 LR TE Q.E.D.

HHIPHE 2025 https://daiwz.net



EIMFOLE TR AR ST RFE?
#lF: TR Peano EARAE ARG PAYEANT

1. Vz(S(z)#0)
2. VeVy(S(z) =S(y) — =z = y)
3. Ve (z+0=2x)

4.¥zVy(x + S(y) = S(z +v))

1. Vz(x x0=0)

2. VeVy(z x S(y) = (z X y) + )

3. [0(0) A Vz(p(z) = ¢(S(2)))] — Veo(z), EHpe—Hrwi
»  JHAPFEERE - AEEN

2 2025 https://daiwz.net



M FOLFT I wrr AT AR FIE?

IR RRTEPAR:

1. fERRIRAR—RENT KA, EAFERFE (Lindenbaum’s lemma )
2. Ml Henkin A —Vz ¢ — —p? Ig?

Fean:
> WVe(z+zxz=4) - —(c+c=4)
> vV (s(z) #0) — —(s(c) #0)

2 2025 https://daiwz.net



#H — . HENKIN EXPANSION

Xt FOL Lo HBIFTE wif o AKRZE 2, ED AT wit
Ve o = o
Hitc c CEFFIANETHS . BRICXEWTHESNO (RN “Henkin AHE” )

Henkin AR ETFE :
1. W e (p,z), EFeflzaiIN Lo PFRIWEFZ . HF LoIE, FrLUXFMzE 2 rI1TH)

2. L01=-Vzi01 = (p1)e}, EFcr € CR o1 PREIME—THET (RERLEAIFE-TRT
R ——URFERE ——HISEE T, BRI e E e ERRETRE ) . —fkit, 3]
& X

0n = Vi, on — (‘Pn)g:

Hre, € CRE—TARBIME 0, F10, FEIFTET, HFEk<n
3. 0 =1{0:,0s,...}, &MEHST U E—HHY

HHIPHE 2025 https://daiwz.net



88— : HENKIN’s EXPANSION

yiEBH [Enderton, pp. 136].

1. BRTUOA—E, IRAMANTFETmMm >0ETU{0,...,0,}—2, HT U{01,...,0m,0m1}
A—2, BEHZE (RAA)

FU {017---707’11} }_ _|0m+1

HA0,,11 = Ve — %, e,z cZELeFRIFETwE ZIoilET
2. FHN-(a— B)E=HaA-p), RIEFRTHE]

TU{f1,...,0}F Vo FB TU{l,...,0,}F "
3. WFEZANREK, BHNRET U{0:,...,0, FIRHEET, RIBELEEE, BRI1TE
TU{,...,00)}F Voo
HAET U{0y,...,0,} F —Vz oA i
TU{f,...,0,}F L

4. X5mER/NERZYE Q.E.D.

HHIPHE 2025 https://daiwz.net



B=Y: MA—HE

2, AT UOH B KN~ REE BN —ZEA, BIXY LoFRERw
EE: BEopc A, BA(—p) €A

iﬁﬂﬂtﬂig [Enderton, pp. 137]:

> HandhZEERT RS #1135 3-(0

» SARNLHRIAE, ETUO—, MIEEM 2278 UO U AR RERII & S 206 4F1 -5 H
A C A, MAEEE-AEAN ENEERRERREIUOUA, HES

A={p|v(p) =T}
HIE], ERofl-pArjgeER BT A, HAR—HW
> HFABCKME, BHE—1NRTF-IEEAL

AFQO?AJ?‘—lQO _;?:&'l‘ii._

= (—p) £ A
= pcA SN

HHIPHE 2025 https://daiwz.net



M. WA

BIR, TOTALUNATRN LoME—TEMA, HfERH— TR —TiBiE ERE Lo
A (R AERTE ) ¢

L |A N Lo FHIFTET
2. EMZJLRREY, &
(u,t) € B* HBENHwifu=tBFA
3. WFATE LoHFHIn-JLBHE P, X n-Juk&P?, £
(t1,...,t,) € P* HENYwif Pt;---t, € A
4. XFE LoFBIn-TaEHE f, & n-Jul# f2, &
FA(t1, ... tn) = ft1-- -ty

l%U:i’SEJ n = 0BG MATEHETcEN ™ = ¢; EIETURMERE s : V — || NEFR
Bls(x) =

HHIPHE 2025 https://daiwz.net



B MDAk

o, SMEBLFHIAR g, € BREFHFEGEHN EFREN, &1

Fo @*[s] iff pe A

yiEBA [Enderton, pp.138]:

> N wHTERTGN, BIXt witaiEE 7z R EiE)490
> HApRTFEFARM (—p) B, #4514 E HH

> BTIREBRTIKRT (¢ — )" 5 (Vo o)* BIIEA

B 2025

https://daiwz.net



B MDAk

ﬁEHﬂ (Cont’d) [Enderton, pp.138].

Fa (p — )" [s] & Ko p*[s] or Fg ¥ [s]
Sepg&Aory e A
& (—p)eAoryp € A
S AF(p—=19)
S (p—yY)eA

IH

tautologically

HE PR 2025
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B MDAk

yEBH (Cont'd) :

EARENVz ) =V o, BRFRMTEFIER: Fy Ve p*[s] iff Vezpe A
1. WREVrp e A, BLAREATER.7Z2FIMPEINEIEIN - o2, MAER: ¢ A, HAE
c € |
2. TRIEIANEIRZ, XNER € |A|EEy o*[s(z | ¢)], By Va o*[s]. BTE
Vep e A = Fy Vep*[s]
RigR, HWxe ¢ A, IRAREDARIRREERVZ o € A
HEREIMenkinbhHY -V — ~¢f) € A, Hifk € CRISEIIAR RAIFTT
SEAMPBIITERD F —(02)*, FEHE-¢?) € A, RSB HE ARy (0°)7]s]
B LMRE SR ERVRIRERE ] FEy Vo o*[s], E

Vep € A = Fo Vro|s]

I

Q.E.D.

HHIPHE 2025 https://daiwz.net



Shi: LHEFR

ERTEIEE, BAIRMMEHRMEH AR — T EHD
ZER

> AIES L HELUIE— TS BN T RARSE, B
f#%% (interpretation ) i2fE E*, REA LRFEDS"ER
RAime

HHIPHE 2025 https:/daiwz.net 8 .16



Bh: LHEFE
FR, HAHPERAES:

> FOLEEWTHEtcFld
> wifEAEHFc =

> (ER2, TERTEMEHRINEHRAEATRER @ £ d*, BlcfldaBlskfiaRen A AR R T

=

> AEHFRIT ="HITHFERE—— _uXR EY, EWEIREFEET (.4

0]
» ER, XA “REXTRANELERT (*,d)

> RXFMEIEIRERER RIS FSRRIEER:
» He=dEAFHIN, BNZER C = (BMIEMZE—TXR)

—_—

1) XATT

B 2025
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Shi: LHEFR

A g

>

>

FE—MRIVEMIT, = AILMGEES R, A — R B TE R
EEASEIESE, PSS LIRENA LIESRAR

FREA, SRR BMIE T A T AMEE—20 038, R4 R ge= H:

>

>

c* # d*HE (c*, d*) e=>

RAEEE LB AV

HHIPHE 2025 https://daiwz.net



Shi: LHEFR
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BhY: W%

B (quotient ) £51%4)

HHIPHE 2025 https://daiwz.net



Shi: LHEFR

BATEN By NABKEFESRR =, RIGHEREHEA/ Ey
, BB Eqo NIMERTREHE—TF I, SR
%ﬁ A

> FEEEFRR
> P RAL Fh B E A R AR B 3 2

HHIPHE 2025 https://daiwz.net



R RFh)iE X
A EX . RA5REM
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AEXTE: HHZEZEENEX

1. xR E RN, {2}
=550

2. REEERAR<, HIEE{(v,v) | v; < vo}, HXHFAHRHEANHAUTARE L E

Fvs (v1 + Svs = vy)
3. R (HTIFA<HAEN, BLTwi2EaiER)

(1 <v) AVoaVos (v =v2-v3 > v2 =1V v =1)
4. TEAIEEEL, Hn—5, = <v1,v2>ﬂl%@ = ((v1)z, (v2)z)
Vi -5 =vs+0;  (v1-2)z = (vs-1)z

5. JoHEE (BidEeaE)

HHIPHE 2025 https://daiwz.net


https://en.wikipedia.org/wiki/Dedekind_cut#Construction_of_the_real_numbers

o e X 1%

EXZ.ZI (ﬂﬁ;’){‘lﬁ, deﬁnability) Enderton, pp.90].

ERE—NEMASG—Tw o, HeBRHBEZIT NV, ...,v., IFATRMNEREBLE
AFE N —Tk-TERER

{(v1,...,vp) [Fa oo, ..., 0] }

AR Z k-TERBRIEJAFH 7€ X ( defines )

> —figHl, — A ERk-JERBEAFAE N (definable) ZHXIFE—TH
HZTT N vy, . . ., v R WG EFBeiB A &

HHIPHE 2025 https://daiwz.net



g‘e

E)ZZ.ZZ ( %, Class) [Enderton, pp.92].

STF—TEREY, FAK = Mod XRFAH X ERARARRZE, R Z2HED

IEAESE {o}, NHMod oA HMod o Fmn

> H—%FOLIEHAIE L HIRMWEIRNHIEIE (elementary class, EC') , BFE—F
1IBr] o fEff I = Mod o

> HFOLIEERES X EMNBIFREIR N LHEZE (elementary class in a wider
sense, ECA )

PR 2025 https://daiwz.net



2D &

X6+ y

5
& xS

sy

I. [Haoetal,ppos] —H1ES L = {=, P}, R PA_STIHEANS, Lo NTII3TE
GIERF=g:0

VaVyvz (Pzy — (Pyz — Pzz))
VaVy (PryV ¢ =y V Pyx)
VaVy (Pxy — —Pyz)

2. [Haoetal,pp.or]—FMBS L = {=,0, 1, e}, Hiofl 135N ol —IoRERF
5, e NBEHEMFS, EXTH—HEREY

(1) VaVyvz (z o (yo z) = (z o y) o 2)
(2) Ve (xoe=eox)
3)Vz(zoxzl=zloz=e¢)

HHIPHE 2025 https://daiwz.net



X HBIF

import re

n = 13
print(not re.match(r'2.2$|A(..+2)\1+$', '1'%xn))

HHIPHE 2025 https://daiwz.net



=B+

INRESIETRIMERN: 52— TR, v, REFRIBEBEZT, 4!
Jv1Vu, (V2 € v1 < p(v2))

>  BERHE T Frege i The Foundations of Arithmetic (1884)

> HENX @ = (vy € vy), BBABEXNHHMEZ—TEXRMARRSES (FRFIL)

> NTEEEHZEE, ZFCiEE T 35S AHMEZ ( Axiom schema of specification )
REE

Vo3dvVoa(vy € v1 < (V2 € v3 A p(V3)))

HHIPHE 2025 https://daiwz.net



[l 2%

;.‘:.E-’S( 2.23 ( Iﬁl?&, Homomorphisms) [Enderton, pp.94; Hao et.al., pp.100].

A AFIB B FOLIESHITANEMN, REE A : YA — |B|2NAZB H—TER, WREHE T
5

L N8 (ARFE ) 188 PLUREAH |A| FBn-TTH (a4, ..., a,), #E
(a1,...,a,) € PYiff (h(a1),...,h(a,)) € P®
2. XENEBES FUREH A FHn-7TH (a1,. .., a,), EE
h(f*(a, .- a,)) = f2(h(a1), - -, h(an))
3. NFEBMERS EE

h(c*) =c®

£ biRE L han R h B — 0, MR EMNABB B—AEH (isomorphism ) , FEHRAFIDB [F14
T, iEHA =SB

" [Enderton] FRABIST I R/NX 3 T “onto"Fl“into” MG . BT AN A] SRIEFNSE R MEAIER, FRATRE (Hao ctal BIARIE, BI*[FEHA"HEHIZ onto MFIM, tHEN
XU B[S o

PR 2025 https://daiwz.net



[&] 2 B 1+

EXHRABRE EHEHA = (N;+,.), AEX—THE R : N — {e, o}

e if n is even
hin) = {o if n is odd

WAhR—TARIBE) (F) FS, HFDB = ({e,0};+7,-%), BEEWT:

+% e | o B lel o
€ e | o € e | e
0 o | e 19) e | o

BEHWUE, CHEE X 2.23 FHIFH 2513

RARBEXT HEHZ AR,
ABZFOLwARIEX (R{E) REB@E RN —AEHERR — A 5052

PR 2025 https://daiwz.net



[l 5 1

EH 2. 24 ( nlmiE,iE Homomorphism Theorem ) [Enderton, pp.96; Hao et.al., pp.100]:

g h N AZ]B —EZ, FHs: V — |™A|B—TIRE:

. SHEEt, h(s(t)) = hos(t), Hbs(t)EATHEHR o sEEB &
2. SHEAIAESRIEEASEFERNAR o

Fo afs] iff  FEg alho s]

3. QNS AR, W2 A wi o AT DA &4
4. ISR || BB HURET, 2 SR wit o Hm] UL & B

PR 2025 https://daiwz.net



ﬁl ?.§ AeE-' fi' H{] uE Hﬂ 1%}]52 [ENDERTON, PP.97]

1. RIEsFIRBIE X, XFTRYE5HE S 49ERA

2. X (FTeFrAFIEFESME ) w3 49iEH

3. IR

4. [FERTCAMERAANE . RIBIHNRIZEZE Fay ¢[s| ©Fs ¢[ho 5]
» Bk, FMERERGEHRNEE

Fg Ve p(hos) & fEE e € |B|,Fa ¢[(hos)(z |
= XWER d € [™A,Fs ¢[(hos)(z | h(d))]
& WERd € ™A, Fa pls(z | d)]

» Hieims, EEEEPIRIIE 2 2 BR/IE < L

HHIPHE 2025 https://daiwz.net



NEFFHE5HRH

EH2.25 (MFEFH, Elementarily equivalent ) [Enderton, pp.97; Hao et.al., pp.102]:

BAIR—TFOLIES I T A AN DB BUIEFITH, JEHNISNERER o
B

Fo o iff Fgo
LA =B, FABEHRTEETEFEEN, A2 B =A=3

/'_‘E-'fi 2.26 ( Eﬁ”‘ﬁ, Automorphism ) [Enderton, pp.98; Hao et.al., pp.102].

— P HEHEAZ]H SR EMERNEEE, €hAW—PEFRME, BRZ2—1T
£ || EfIn-JuR &R, BEAFEE . WFHEER || FEIn-7tH (aq,...,a,) B

(a1,...,ap) € R< (h(a1),...,h(an)) € R

PR 2025 https://daiwz.net



B+ [ENDERTON, PP.101]

RIEBH: TERR A = {(m,n,p) | p =m +n}FEN; ) PIIEE L.

NR:: R
MIEEAREARAEHE, (N; ) B—THEAEHEREEFRWEBHRE (R#FEE) , BES
— 070, FRERAESIT (FE) FTalnEELE CIAaE B [F4

> FJn=][,p", BABMTENLh(n) =2™-3"]] 50", BRER—T——H4
> ZHERKRTRER—TERM: XFn =[] p»Mm=][[ p™HE

h(n-m) = h([[p"*mr) = 2mtms . gretm T p™*™ = h(n) - h(m)
b

p>5

> BRI (1,1,2) € A (R(1),h(1),h(2)) = (1,1,3) ¢ A, AR 2.24 AIH] ATEZLEH
TR QE.D.

HHIPHE 2025 https://daiwz.net
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Bhiv: WMEE (42)

= LPEFE, BRITEXE* N A LB—1NEMRAVENN = ER, MHMERTt € |
, BX[t|AtRT E*EMNSE, B4, BATRTLIEIRE—DREEE (quotient structure )

1. |2/ E| 2| RTFE* S
2. W8N n-JCiEE P

([t1],...,[ta]) € P*E iff  (t4,...,t,) € P*
3. KA n-TEEA f
FHE([tas- - [tn)) = [F* (t1s - )]
4. NFEBTET
CQL/E:[CQL]

5. &h:|A — |A/E|H—BERIETh(t) = [t]

HHIPHE 2025 https://daiwz.net
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Shi: LHEFR

WA, hBRE—NUABA/EWFEZ, #H—Bih, EYVEPR |UA/E|FHE N <R, FiL,
(EN=Y"E=]

p A& Fypls] S0P
< Foyp @' |ho 5] EISEE2.24

& Fo/p p[hos] EYE 2K E

Rl 2L/ EFNTRERRZL h o s TR A FRMER wit

ﬁEHﬂME [Enderton, pp.141] .

I.

HATRIEAXT = 0@ EY iR A PSR R, B FOLEHEILMER (&
PRIRAL )

2. Joukh B— PR (ZARAL)

HHIPHE 2025 https://daiwz.net
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BT MLoiREI L

¥ A/ ERRSI (restrict) FEL £, BES5ho st FHUEE—T wit
Q.E.D.

HHIPHE 2025 https://daiwz.net
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—kriZis

1. —PMESHEE

»  BiAfI%EE

» HHEZTHE#H®
2. —PriZHE A Hilbert System
»  fEE e

3. BN
» FHM5E
»  fERE

4. —riZESHEZEIIRA
5. —FrZiEAy Al EME

» Bikg[H
6. EIE/RTEMEM
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