W iZiE

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

MEM

FERREEEREERARZER
20255 -FZF
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EHEeft 4

ZHERIE 2 R G 3SR T B B 8

1. H4MH“8IE” (arguments ) ?
2. FA“MEES" (evaluation ) ?
3. HAM“BRE" (validity ) ?
4. H2W ARG ( systematically ) ?
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“Roritiiaig”

EXITRE, BMRARESZALERE:
L “HITR R B & T, HIEFMEMZHERE

2. ZHFRROHZ: “INFEE (BRENER) 18:
AN e R R AR SH 1R

H
A

\%LE'
bt
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“RaPEk L

EXT TR B, RIOTRRE %’: eﬁg

NI BT 2N i N E (U= [ ——= =lnlw e Ay <Y = <Y & BE B A

Io = - L " @, /\ T T 1] ’ =i =i Srods =

» IEIA: _‘I;)”q:n:[ "

INA

> B filﬁl‘lﬁ 7[<’j

(=L E
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&5 ( SYNTAX)

LELER. fF5

» FiiE. R HEE

» EE. fARRE. EEREEE
|

2. FRIAT

» 8RN (wff)

» JANEE (458345 ) « ST, MR

HHIPHE 2025 https://daiwz.net



i# X ( SEMANTICS )

H 20 B2
> ﬁBH ia %/\—h\ /\{E?E[{)E
> Tarski: “GsH" 5 HRRE
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AR

AT NP oS 7 7
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AR

I' =9 5]
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ieiE:

E N 1.19 ( derivation ) :
aIR—TWIRES, BATHHN—THESE—ITWIESFRa,. .., a), X
5 < nEE TH=FZ—HIL:
I. oy €T
2. o le—FNHE
3. o WRTEHEEEAIMINTE SRy, (o) B8], HfF<i (Hk <)
» ME—HJRN: EB — ofIBEIE HIERESFHRE, Al 4B IERFR

» JEEMIN (rule ofinference ) 25 H Y REPPRIEFIMERIZE T &0, BHESLR—M TN, AP
—MER, AR R —FN

PR 2025 https://daiwz.net
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AEFRGPHEZEER

NR:: R

)

d— ((0 — ) = 9) Ax1.22.7
(6 = ((0 = 6) —9)) —
(6= (0—96)—(6—9) Ax1.22.8

(6 — (6 —9)) — (6 —9) 1,2MP
§— (6 — 0) Ax1.22.7
§—6 3,4 MP

Q.E.D.

HE PR 2025
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JUE I
> [HEEEH
> HiEEHE
> AIEMEM: Tto=>TkEo
» “—yIRJCLEARSS S, AR
» —pZEAENERE
» Hirg[HE
> BEMEM: T=o=Ttlo
» “—YINERENE, #A]LLER”
» AEEME. —BitEEeE
» MEMIER. SEERINETE X
» Lindenbaum 5[3. ZXEHEEH

B 2025
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SY MBO LITC
SPEEIES

“A work of enormous IJrr: ydth, Ihel r
SUrpris hn h general r caders : e;c;:ert

- 3

TERRENCE W. DEACON
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HABEMEHRZE
SCJFZEi% ( material implication, — ) HYJ[AJER:

>

HXFMARaZEeNE, HEN ELEREEARK
»  PIANIREBLEFAAREESHN: A - BIERH -B — -A:

» CUURARELERSE, EAZEE . XAEERANE, HEFEG WRAREEZEIEE,
AR S RS T " BRI

TR E MEEE AT & S L R A A ]
» BMERERESHMEZEZ AV B, fEA—EGREHMEEZ A - B

» FEFEREIAER RS, FrtIFEHEENAER 2SR, BIRASMEE MMRAEAR A
ARERTERL 26 R

REZHERES PHIFAAEA @ SERE S RE =L, &
» SEAIGE—TFMEE, RATMEEEZFHTEE: (A — B)ATLIEH A

» AH: “FHE (MRBR—THHZERFER, TR THIXER) "2EH, EIHRE—75F
HIZ AR
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CERE:pUE

“PHIA B RN AR

A JLZERFRITH

s bu EIIFIEFX iyt

RIS F 2P 22 X 53y

ARGF XA TS 2P ARG 2 IF AR T AP 2N
RSN

RN INFARAS R [7] A

——JJBR { ZRIET )
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5 1%

1. ESiF¥ (Language Game ) : ESNZHEFIEREME
» EBSIAEMFEANBARS, e —MMERFEEETRED.
BHESHER, HBREER MK, TMARFREARFE
BIAE AT E 5
» [[EMESEAE, MEZENERNESIK . EBEL - ¥
IR, BHE; BERaE b - @ X, iEHE; .
» BERESCERETER (use) , MAETERIE X
2. FIEHMM (Family Resemblance ) : #E&ZERRRIG R
» R ZEFAREE —H A E R FERERR T, T2
GRBER G —FE, B—HEEN. REMELE
» REUNENIEEDERE— DR AR RE X

» MBFKEER: GRNEHENNET, GrEHEONIRE, E
FiAE — TR R AV HIRFE
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Bhs: “iHE" LI BRIARIL ( discrete state machines ) F_//~

HERFETE B BEITER (computer ) , TABMA FHHITES, HIdZH
Rz, BIRER EMipr, —BESHTREI—F, ERprEPRUEMESICZMt 4. FIL,
BATEA TARMBLIRSER, HEBETAEFITESHHMNEE TR, FR, TAHEE
ERRIEESHHTITREIE IR, BEGER —E BEIIHTEREE TATIE,
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TURING MACHINE

FINITE STATE

CONTROL

INFINITE

fape |0 |11 [1]0]0 |1 |1 |1 L]l ]L L
0—0,L
1—1,L

1l—-1 R

HHIPHE 2025 https://daiwz.net



TM B4+ (TURINGMACHINE.IO)

L e

Ctrl - S Load machine
Save changes and load the machine.
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AT A

All languages
PET)

Recursively-
Regular Context-free Context-sensitive enumerable/
(FA) (GDLY) (LBA) Recognizable

(T™M)

F MR General Recursive Functions (Gédel), Lambda Calculus (Church), HEAH (fFi1E
&2 KRIFE), etc.

B 2025
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itH 528

UTM
start_binary_add :-
string_chars("1011+11001", TapeChars),
run(right, 0, TapeChars).

start_binary_add(S) :-
string_chars(S, TapeChars),
run(right, 0, TapeChars).

run(done, _, Tape) :-
format("xxx Machine has halted. Final tape: ~w~n", [Tapel]),
1

run(State, Pos, Tape) :-
read_sym(Tape, Pos, Sym),
transition(State, Sym, NewState, WriteSym, MoveDir),
write_sym(Tape, Pos, WriteSym, TempTape, PosAfterWrite),
move_pos (PosAfterWrite, MoveDir, NextPos),
format("State=~w, Read=~w, Write=~w, Move=~w, NewState=~w, Tape=~w~n",

[State, Sym, WriteSym, MoveDir, NewState, TempTape]),

run(NewState, NextPos, TempTape).
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qHESHHH

E X 3.1 (BBfTHIITE, effectively computable ) :

— AR (FERANRE SUBIDRE B2 R ) AT AT A B e —
HE, NHMERED € DEFAILIZER 555 B HiE (o)

> MNF—TRESAEDIEITER, BATAE X —PRHAERZL ( characteristic function ) &p, =08
R RPEHRp(0) = 1, ZBNIRp(0) =0
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qHESHHH

EX 3.2 (BBITAIH|RE, -effectively decidable ) :

— MR (FERMEIDREE X ) BAETAAIE S BAS A E— D EE,
HHSRTTHNHERD ¢ DEEURIHE I RP

> B RPN E ST HIER
» MEEER
> wilBPEEER NV EREITAHER
» XESTEHITITE
> AE/AIAEERNER BITE N MR ITTEN T, RO ZEENYEEERE
ENFENR/D, E—EEREA S e

HHIPHE 2025 https://daiwz.net
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GODEL it X

On formally undecidable propositions of

Principia mathematica and related systems T
(1931)

1

The development of mathematics toward greater precision has led, as is
well known, to the formalization of large tracts of it, so that one can prove
any theorem using nothing but a few mechanical rules. The most com-
prehensive formal systems that have been set up hitherto are the system
of ‘Principia mathematica {PM)? on the one hand and the Zermelo-Fraenkel
axiom system of set theory (further developed by J. von Neumann)? on the
other. These two systems are so comprehensive that in them all methods
of proof today used in mathematics are formalized, that is, reduced to a
few axioms and rules of inference. One might therefore conjecture that
these axioms and rules of inference are sufficient to decide any mathemat-
ical question that can at all be formally expressed in these systems. It will
be shown below that this is not the case, that on the contrary there are
in the two systems mentioned relatively simple problems in the theory of
integers? that cannot be decided on the basis of the axioms. This situa-

B Z R 2025
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GODEL it X

1. AR formally undecidable propositions?
2. N 24s2 Principia Mathematica?

3. Part IIFEHF?
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GODEL RY 2% % 1] &3

— eI R BRI FE R Jie TS 2 NG ?
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[e] 3

EX (a]&5EME, Soundness) :

HTRE—THEIE, BLAERUENEENEENAEYINE (ETTRES RE
EHRIERE ) HERIEBBRSIZRE (truth-preserving ) B, tHELEY, BRIEHE
#HEER]

EX (—2M:, Consistency ) :

ETR—ER, BATR GBEL) AN AL TEEEARRT - oE
T+ —p, B~ RTEEEER

HHIPHE 2025 https://daiwz.net



il

EAHAHEIEMIE

E X 3.3 (BAEAREISHNES

— ARG IGES LR S EARERIES (thelanguage of basic arithmetic ) 24
HiNSLE:

> A RRBHI

> SRR, M. TEREARERE S
> —REBHE, SRS

> AR E AABORT RAL A R S

HHIPHE 2025 https://daiwz.net



RETT 2L

E X 3.4 (BEITIEARMANES, effectively formalized language ) :
— P AEREESLREETEAHN S ENS e
1. —MESFRERFSRF (basicsymbols ) &

INZV/

2. BefTRJAERIEIAMERR ( syntactic properties ) , IR 20T (term ) « &=
A (wff) « BHZETT (freevariable ) . 1EH] (sentence ) 5% ; H—TiEH]
BNEEEMERRITRIRERY (effective determiniable ) , BI7EHR 55 20 &N B it

3. A RINASEH SLE RS R A% A SR BEf THIIR E — MBI ME— RS, ©
HBE —TEENEE (fixed truth-value )
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RETT 2L

E X 3.5 (BITAHEAEITFEIEIE, effectively axiomized formal theory ) :
— PR T AEACRITE e T WA :

1. BT —TEITEELRIESE

2. —HEATRFAE N AL -wit

3. — P ETRI A EWIIFF 2 4 NTH ) — P SiEIEHATIE R 5t

> “Hi8” (Theory ) 8B —1THE—MRHIE X, JEnderton, 1s5]
> BETORBMNFTERZIFHEIR” (theory ) #2 GEIT A RIEIR", FBRIESIMRHA
> #R: RKE—MERRG SRR EA—F; ERRS A ME—:

» X g pRRNEHARGBRER UNEHES HD

» T+ oeRnEIST s EE E B S IEHR SIS Hp, HpE— P -EH (T-Theorem )
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i B

E X 3.6 (FEAXTJHIRE, formally decides ) :

ETR—ER, BRREERFERNRESMAN— 5, AR
TORAHEPRENS: BAT - o, BAT F g, G4, —MEHLEETH

RICAA A RIS HANET F oEHT F —p

EX 3.7 (BEFEEM, negation completeness ) :
FTAMRTR— TS ETE (I EIETEE", syntactical complete ) BIFHIE, HH

NG EHRATHEEES A ERE (HAR) , EAHERD, HAD
THo, BAT F -y

PR 2025 https://daiwz.net



TR\ EEEEE A

3.8 (EHERTZ2EEHET)

AUR—TRITAEANEAECHerESHaEAEARE e, IBAETER
S0, BARFE—TEARAEARELTNENERLr, T ¥ GrET ¥ -Gr.

RN, TROGENTEER,

5.8 (EHEATRRMEE, MR )

2 — T ATMEM RIS LSS S A S EAEARES, HABTR—
1 ELRE U5 E EA PR SRR S — NI BRI (DU — e TR AR o
WEIMER ) , ISARTEE— N EABATILHIERG,, ST ¥ G

T ¥ =Gro

F, TRGENTEEN.

HE PR 2025
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A5 et

BT EIE L ERAREEM, BRT ¥ GrHT ¥ —Gr, HENTAT AT

Grin#HZE? HI<
U=TU{Gr}

L UMTEE T E?

FATEZR U RIHER:

L REAFE?

2. AR R—TAEAREAEIR?
3. HIESRGEHSEAREAREIL?

B Z R 2025
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FR RSN EEEEE

T RHFENFOLRANERH IS, BRMTE—E—EZRSS (Hla0Hilbert System,
Gentzen'’s Sequent Calculus, etc. ) , ARAMRIEEE/RZEEEHE, THATE:

TFp = Trgep
TEHERRTEERE N THEEME", IIEEESEMN (BE) TEHEESRKANE, IBLAXTEILTE,

RIEHR RN ZEEEHE, BTG FE-ENTHEIR TRENERN W ¢ ANAHE, B
HQO(T }:Q[ QD) =T ¥Fg H TFg "

ML, SERMHEXE IHET, IASHIEER o SBEXTHIEAERAZE,
BIT KImAA] 582

FER, XENTHETESIRG, i Rei#APA”, ARG RAENIEETRERAT. FHXET oY
HRRARNER ZEEXNTER . SNAZEERENRE YT TR NERE EFEAAREREER,
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ansy, BTG SMHEIEE AT RS T REX —HLEAEERET .

19315, XPMIEEIRFFAAGS RS Ko
fEEMEGNL, PUNXME XAt iz BASH S %A (Al

EME.1008( EFE/REL, Godel number )

— NI T RYEHE /RIS ( Godel number scheme ) , E&—HriE T HIZR
B (PARFRIEFF ) gefTHdmid N BRI AE . SEAEE T —DRBRE
= (EEREXFY ) B NERBNEE; FEEEMET - MEREE, B
HREG A B AR B HR [E E R RS B ME—RA T (BFEREXFT))

MNP — TR, —1TRAN (HFRAANFS]) HEHE/REEE T2 H M —
HIEF /R B
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>

FE X 301 (AFKHFNEHREHME/RD )

WN—T e TAEANFEEET, FEE—TXNTEHNIES PRREN/FRIEXFF]
TR E/RRISEIET, AF4, XN Tz, 1A PLE XA HR/R
/183

. Wffr(n)d4 B ERET-w Tl EE/REL
2. Sentr(n)EBNERET-AF (sentence ) HIEHE/REL

3. Prfp(m,n)@& B G — - EHEE/RE, Bkl T BEREREIT-
AT

ER, XERNRER— TR R W

B 2025
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EHM .10

Gl RE—TTAEANERE IS, BE —1TEERmEHEIN. IBAE NS 18
JIFRTFEFRIMERW ffr(n). Sentr(n) Prfr(m,n)8 081 TR]HIER

MEBABEE :

1. XPFWf frRl®ent BiMiER, HTBEFSNFRBZEITH, BFFRIEERAE R
erefTHY, FrPAXmid R eerT il H] e HY

2. XfFPrfr, HF—TEITABEANTERAEIRHNEAR S ZREITAAER, HitlARFS|H
HIEEHE/R WA I FER A 1T Bt 2 s THY, BRIGZMERRR 81T Rl A ERY
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BTULES R, BATMEBS2ICITMIERBERNAR: NGB ETIRRIA L

EMza2: TR —TEITAHEANE i, HERBRAERARAZERHEE, 45
E—TEE/RMEERET. IPATREERIZ R TRFERIERPr fr, Z R HE
FRIAN—TEARWT ( I RIST-wit) Prip(x,y)

XNTERANREMZ W, ERIUEB AR BT :

1. BHJRE_EHAE: SE—TRRET, REE - EARREARAZFRFZIAP fTER
Bo RENEHITHERE, PISEMERRRE LERTE L

2. BIRETHGER: BERE, EARERNESHRIFAEMATAERMERIIRR
NEHER. 1485 /A, ATR— TR TAEMNERIEICR, BUERARPr fr 2AJHIE
Ho FRPAZRATIBEAFIX R T RIABESTHI MR BN A TP fr ( BFE/RRA T X ThRAR )
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T ety “— A S ATHE”
BT EHER. 12, WATREBAEINTRT AL T UM ZRIARTIE X :

FE X 3.13 (BJUERAMEIEIE, provability predicate ) :
TE X Provy(x) = Iz Prfp(z,x) ( EHEVEREBASUEL )

B84, Provp(n), B@zPrir(z,n)BNE, HHENXNIAENLARESH 2a5E/RImILGE
AR — T -1k, RIS HAN S S /RS aE) 7 208 — T EH,
I, Provr@stAR e uERE 15 1E
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BHE/RIBA] Gr

Bk, SHERMET —PafaEa:

EIEB.148( BME/RIEHA], Gddel sentence )
B I EEAENESHNEIST#E— e E/RIEAGy, BEGLU MR

GrNE S HIXEEProvr("Gr)WE, HAEGr IERG B E /RIS

> BEMIEAE, GrEEfERERNE S HEMNSEProvr("Gr ) MNE
> B ENSHEGr BRI EHE/R G M A AR 2T H E
> BIE HANSG A2 e

> HTS, EERERRATAT S — A AG,, SR (SR R W R
ARE
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A 5e et e s i iE Bt E

el z.8 (EHfE RN ZE2EEHET)

ETR— T ATMLIEREIS AU B S A S BAREATL, IALTS
GH, BARGE— P EABARBE T NEMENG,, ST ¥ GrET ¥ ~Gr.
HEtRY, TREEFZEM.

HERA :

> RGN EER. 1785 AREHE/RIER, BT ENFET - Gr, MGE—1T-E
H, REGHIEN, BENR

> HRATFFE—THERNEE, ITEArnsE, S5EHEFE

> [F, TEREEIEHGr. BT ¥ Gr

> BHIRMBEEHEN, HTGERENSAFHENNE, FLIGSNE

> BARGER. (EHTETRAIFERN, FTLEAREUEARGr, Eit, FIMHEET ¥ -G

> FrlA, THRERRHEEG. RiEEXE.6, TREGENTER Q.E.D.
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HindFENA et

BRAZBHEER, MPAREEFLERIFE, MEER N ZEEEE 2 EH?

>

>

XA Al T A e B RER R AR

HMEZ, BT 22— 1TeITAEMER, AJDIFRARBHERER, 4, THIA
PAZRIEVE N — P eERH R RE A MR

AMAEEL |, THRERIA“HAMBENT- 1B " X—MR (MR e, IBATEA
AR REFIR )

FREA, “ER@-Ea"FIaHERE -5 A" WFh e & AR E AR

Fit, ZEARETWEHEATIENAT, EAREETHABRERIERA T

xR TR AT ZERY HERR TSR MBI, ArLIG e BT BB L T TERiEE RN
EFOE. W, T RERESETERN
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The End(less)
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