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Tableaux)5e 7 BT L AYIGH 7 (Tableaux System)& » ZA[f
GRBURTR AR B R S IS S B A A EE AR
AR AFLABLE AREE AR E T RS ) (direct

? Begriffsschrift i[5 f8 SC isE 44 > 550 E 44 I H #13E Fy Concept
Scripte 2218 From Frege to Godel: A Source Book in Mathematical Logic,
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B T AR — (A R T R A S S 2 A
TR (E T T B R R 1 2R
SRS -

Ao T s

R 2 S M R RSB R S (AR H A9AE R
ST 1 S HR A 2 3 8 2 4 FL A (correct reasoning) B 4
(valid) » UIbEE5REE LR SHA o B ST > Tl
SRS — 2 SR AL SR SRR B
[F A S RESRE By (R st R i - 25— (B

A5 (A Ry FR i B2 5 SR R RO A B B E AR A T IR A A
(Elimination rules) » ZA[fi - B ZAHEEAAMERAR A ST _EAIGHTEIEHY
FANMTSAAEE KRR - N fERE I EARE R iy Sk - B
T N ARG REEARTEES (disjunction) I FRAEA - i EERE R M
B RIS -
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il Ry A E M (decidability) WY IRE > FTas Al R E MRV E S
ST TS O A — (B BRI A2 e RE S FH LU E S Y
AR 52 RERIGZIEFP R AVR(F - siresE % am
R i Ry WEmae © ERR (E B sLEEEEE ARG
TEftEE I AR -

PATE M E H (decidability) (£ EH U2 IEH B R EHE
N Ry i (e B (H N T B2 S RESRE I - 1T ELRESF
—{EA T EAREE (LA R (insight) BURFIARA VRS HIRE /- -
A REMEERA S E R SRR MEE > T2 ARy
MWE - HEL > (T Eger ap g 2 n R ERY - — T altEE e i
(monadic predicate logic)/2 A JEHY » FIFE R A 1 E
ESE -

P I DVEME R GER I E A Y - AR R A
R T IR M SR E MR TR R R ERAE A
ARG - Dlan R Ry > F{EFOAMAERERH 2 Dlanif
SRAY SR AE - ARE e AV A W ERR(E - BT E A R
PRIEL AN IR B (st o L ER nfE e RE Ao - UL SR 2"E4EHS
EERHIL - Al LLSe dE s 5 i A ml RE R AVAH & © T E—
ehicsa R R ] DU R BERTA SR A R A B e B
(quantifier-free) VAR FRER) > AL AT LA B EAE AT
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JTEEFRATAIEIR" © ZAIM - B8 T TlsE DA AT £
&0 B BRI ERRR F RESsE IR sE A R0 2
AERERT o
AHEEYE Beth 5B E A EEEBECATE A ANEE
FEILEIRVRFE - st AT DA ZACE I e R g B —Jr i aa
BT A AERHE RS EERGE R ERI(EARSH LEE
RIEKGE B ZZER - M Z A LA RE S A 1 nE = H (B St
SN P e P i S ps UL SE S G =L (NN
AR A DIGE R TR+ (DAERE A EREEE R E 7y >
A2 W {18 2~ 2e T 5t 73 A5 Flll (decomposition) » 32 A
Jek/ VBRI R - IR R DITEE R EEREEIR AR A - AL AR
s YRR S A TRAVIEIL T s A A e I D B & 2Rk
EAMRAYRE - MR ERFERE AR - AL - $HE

. g@ﬁ?ﬁ?ﬁqﬁmﬁ FREHVEES] > BLonHEMEE AT MEE AR
s iEk(domain) B & A R HYRE] » B EE VIR ASE

L('jwenhelm Skolem 1F 1915 FIE P » L CHEMNE S B—7T
AEEIREE] > WA EEI A DU EsER) S AN ER(E A TR EE
SIS S BE - ARSI E SRR A E R 2% Hp k2
fe—J Tt s (E L > r FIljZ 8 & (variables) Y {[EE] -

M A ISR N AT E YRR o i 5 | A E H (Church’s
Theorem) » fr. %} & B2 FH LAES EH W PR 2R AV RS2 A vl ERY - 20

6 B SR RI AT DL 2 2 e A (52 1% e (hallting problem) » 5% 56 HHES
(UI)
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BAMREPARNES T KEEFES D S T 268
M D B RRERY - A Ryim AR A > BT e A2 —2F
stk VB B EREE Y (> (RS rE A e R 1L
QEEAES T 2G84 D fHR—JTaEErEE T - B
> L 68 5 A Ty i 4 AT 7, X {18 9111 (instantiation) 3 Al
172 H —f{b(generalization) KAl » AT LA » 7 RE S & 5 1%
WO - Rt MBS ARP R PEH T 26800
D o FI8 - S AT R A R R — T I Y e T DARERR
Y - AR & 2R B EEEE A S HAEGTHUCHYEE AR
2 S PR A 2 20{A] BE S0 475 PR 2 B o 56 g HAUE 7 [B] F]
Lowenheim-Skolem EFE - 5% EBIFEHALE —ralisal @ s 4
FIE—EA Ram S sEHEE RS T 2E40H D - 5
& B MR DUFI I E B E R AR A v R M s R e =X
AL, - R A SRR B BV R HEFEE
AT EREEER R R R AT DI TR BRI SE RGEE B -
i - FE EAEFRE D RS AR AR e E M
(BRAEBIEENZE TR T - S R G 8 F R AT
TE ) SEEmHYIEER o
FAPTEEL G- BHEL R BRAE

TAEF R RAER I APERET PG e
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2. NPREARAFET - BWmETF o R ART ek
WS A Ao S R E N o (R % 0 1973:96)

APEALT 2 2[R EL FHL B4 2 A

BIRAT - BRELT F ok 3B LA ThEY
MM B R B A TAP 0 - B sxhaT &L
dofe 4 $F A e > LG R P AR B P Ak

it hiBARE B kP BiE d o (¥ F £ 0 2009: 126)
TEE - PR NOERTE T (IER - B TEH
il r*"‘ED%J AIRE S B - MBI BT B AR EIY

A B THERTR ) HERRBAHEASE NEE
EHHERRITE TR IR a5 21 6EamEVAEAR - PR - Bk
FOARTEEEY B A(indirect proof) | MHBAVAIDE ~ H
PR EE 250 Z P DA R e SR TP B A U
AL > BRAERY HEE e By T B REE A (direct proof) | - {H

B ANBEBLE PRNE AN BE I ARES ] e g R B — Tt

Al FR 2R A E MR M RS L H RS AN R A4
W2 A Rt —(E A P AR PR o G R (e T B

FRAGFORIESG hE 0 - 27 ket B

R Sk T L BRSBTS

13 O BB NG ST o B Rt o B g
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TERMNEH DR - BHRE AR LUEP TR

SN 22 B 2T 4. i 3T Yo fa 1 s 2 .
mE A BIEDECGHE  FIERT R FEL T

128)
MBEZHER A B TS [EVEE RS R R BREE 28
TREEEE Ry A R0 (E A HEam s T ahama v im mizrR T
I HEER A R 2 S B H B — R RIaY A B 5, A
REATR EIEMERES (S SEREE B « BRIL 24N B —(EIEE T
SEAIRTRE - BB AN A AR E S A 2 R &
o FERZ 1 Z S E e e H Mamra e ? R AR Z i
B  IRAM AR ESERE RSN T8 0
NHETE #Zimae e o b B X Gmaa 1 T B G RE 2
TESFIRINHY < 28I » S TREETF AT HYE - AR Iy A4l
R R EEESREEOE R AR RS S G A R
Ve (HZ2ANS AR T B Gamny s RO BREEE
SEHEZR I DIERTERZ T B ) &am o A FE T RHVRERE
& AN A g T — (B = (transformation) Y £ 47 > AE%Y
e B B E S RO ARSI - AR B NE S ARYEEH
W E AR I » AR T LAEE " REEEA
P B ANESASE T BEREESE ) NS IR -
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£ ~ Beth g 3% 35 5\

H s B B EE A FERRE AP R0 AIAEDE
o H NG A E R A S T EAE - I - R
e PR E G E PRI AVERE R4 - B2 REHRFPAE
BethiEi#:E B EEEE - sSiE&BmE E = [EME - i B
filr 2 5 A T L B A B AR AR - DU R
Bethffyfji+'¢
(A9)  (VX(PXA—MX) : GNSyAMY) /. (F2(SZA —P2)

fRI% Beth Hy 57 MR R EEE > EIURATHREAL

- HIEEAI(DAIQ) » SsmABEAGRE  EEsEa0) - R

R AR A (vil) - IR BEE R Q) AR ATLl
JA LG A s U - AL - DL a BV B HERAVALE -

" Nieland 1F 1966 fE65RCH » $25] Beth #7750 DIE BT EE A
HUESSHINERE o (B 0 B AR E IR A0 RS I S i e
FAPTA] LA T FAR AT B AT LU TR S E4E 5% B RS EEE
SN ARG > B REHRARE R B AR A ARSI 2 R
M 281 BB R B E BRI EESUFE It 5 2VEG LSS AN E S E A (It
WA DA fERE B AR B 5 2N E G LSS B 0y B =CE By
FEEHME -

' B FHEYECSRE Beth HLER[E - SEE(A9) T HYE —(EATHE
(VX)(Px—>—Mx) » L) Beth FyF5E2T » A= B(0[PO)—>—-MX)] ; T
5 HEATHEAY(SY A My) > DL Beth (UEEBERIEE B(EY)[SY)&MY)] : &
455 (32)(SZ A —P2RIEE B(ED[S(2&—P(2)] °
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FEEEA(4) - FHRIZARRIGY) iR H)(4) - (5215 RIS RIEE
H)(6) » F MARFREEERI(L) > AR H AR AR a S
T > L ARG > sEE(DFEEAIER a U
Z 0 JEEERI(T) - Atk > EEEEAQ) > R FEETIR
AR > AL R R AR R G - DAY BSR4 R 1
SR ERIALE - Frll o DL a R BN ESFRES
(8) » # MK - HIFE/AEEARERIS) » Bl Sa> AL > (EEE
BERD EAVBTECE » IR BAYEEE)(8) - MRIRHES A
A(viEY(c) » JERZ 7 BERA(EER 5 - BT Sa fl—Pa - {E2 N K/
G Sa #E AR TS o NI EPARYER T
FiLAAZE E—-Pa » thgt/Esia)(9) > ifiHik—-Pa HIEAELS
& MR HEERRAIG) - FMET HEAEBE A Pa > HlEES
(10) = ZAMARIEEE E(DAN(10) - (EFHHERARAIGV)AI(Db) - OH
PRIAZY J& B PARYER 7T - FEIEERI(1D) » Hik - RBHERAR
AIG) > BT DUSEIREE](12) - BEEEE)(5)RI(12) > FeffTR] LA
S E IR Mao (AL - B EE T B EEZE P -
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A 17(Valid) REEIr(Invalid)
(1) (YX)(Px = =MXx) (3) 32(SZ A —P2)
(2) @S A My) (8) Sa A —Pa
(4) Sa A Ma (9) —Pa
(5) &= (12) Ma
(6) Ma
(7) Pa—> —Ma
(10) Pa
(11) =Ma

] 4

HH e (A9)HEE B EE B2 EFAN - Kt » (A9)ZEH
REREE o PEE BRI Beth WAl 5 2 EE B0 B H
SRIEGEENTESEA © (Beth, 1955: 16-7)

(1) (VX)(PX = —MXx)
(2) @S AMy)
(4) SaAMa

(5) S

(6) Ma

(7) _Pa—> —Ma
(10) Pa
(11)_=Ma

9 —Pa

(prem)
(prem)
(thyp 1)
“4)
4
(M
(t+thyp 2)
(7) and (10)
(-hyp 2)
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(8)  San—Pa (5) and (9)

(3) (F(ZA P2 (-hyp 1)
EFRS(AHY H ZNEE LA AT E » Sy E BHIRE
] fE(MENAL) - MAEAEEAAEE N E EEPHIH -
FEO)FIQ) » FEA(12) A EREEsE A DHEREEIRY » B¢
B e B EBERE - R » £F Beth FHREAYEEHA Il RS
o Aid o HEPFERAVEUA R B AN EE AN HE &
T NSRRI H g RS 1 H 2R E A E TR HEsm
FLAIE RS amaS(A)HYEEEH » A LASE] MHIHVEER

L. (VX)(Px— =Mx) p

2. (ENESAMy) P

3. SaaAMa 2,El

4. S 3, Simp
5. Ma 3, Simp
6. Pa—>—-Ma 1, UI

7. Pa AP

8. —Ma 6,7, MP
9. —Pa 7-8, 1P
10. San—Pa 4,9, Conj
1. (32(SZA—P2) 10, EG
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[HEEREE (A7) » IR E B E BB R (AT ARG
AT e S5 5 T ELAEL B B Al B 2RV G20 A 56 e 2 48
[l 2 & R HIRAEL ) P HIEE R G NG R HIRAYEE R
G (E(L-) 2R BARTE > PRI - 4 (L i) AR aE
LL Beth By REREE - Jey /280555 > Bl Mk
St ENEE] - a[LIEE R AIRYE R

(1) (AvB)—>(CAD) (prem)

(2) (DVE)->G (prem)

5 A

(11) CAD

(16) C

(17) D

(21) B

(200 A

(13) AvB

© E

® D

(6) DvVE

@ G

3) A-G
Iy LA EE TR SRR RS ERTR - 45 2%l SRR YRR i D B2
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ERFARERA - H > (EEH(5)ERE R4 IS EE
H e Z (5 IR A58V A(CPYIV DA » st i@ s A iERaE 1) A
AL - R ERER) G AL > BRI PASEREE - (0)fRIEsE
HJ(11) ~ 5ERI(16) (1 ER » WERISEIFESR] CAD BT > Al
R LIS EEER) C a7 585 D ks - (OfgsEH(21) -
QOFI(IETR > HEHIHEER) A B IS B > gia LA
f55] AVB - (d)FEFHE > 5BEI(9) ~ @)FI(OBURIEER E
FRATE#ERE ] D BRAL > ] LAFSE(EE ] DVE

YOS EAHEENIE 2 RisE A A EEREEEAC - n] AR
B () 55| AVvB > £ N A& #E MP HRITT S E] CAD » AT
B ()AL - E AL P PSS D - FARER(HYEAL - =] LA
155384 DVE - 5% > FIH MP #HAIFE TSR] G - BE2R
AT A AT HESRTS 2] G BRIT > APk 5 e B RE A -
HESHBREAT T

1. (AVB)=>(CAD) P
2. (DVE)>G P

3 A Ass

4. AVB 3,Add

5 CAD 1,4, MP
6. D 5, Simp
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7.  DvVE 6, Add
8& G 2,7, MP
9. A-G 3-8, CP

& BRI AT AT LU T B - B E XGRS S - sE S HEEE
(T —EAHEARERE S SRS MR RN g
FEIEER - B2/ DATA ST fR 20 BR & i -
It RE AR S E EEFE A &R A ] LUS2
A E NPT R A B

A o (L [ P2 BE R M e M e A B R R A &
HIRIE - A IR R Z RVERE A ? B sE R E(EE
e G R AR AR A o3 BIRET 80 07 Fy T AR 5E BEAYHE
i & el > TREIRIR IR E 4 e e (A S EL T « EAR - 41
A ER o ARESEA  AINES S BE5 R4 s R IR 50Em s > e
H B RILIEZER /e AR (/2B R ARG B
I - MEAENE AR NME ERFAIH - #E T
A ERERERIAYE RN > BIAIEmEE(AT) > B RERS
Rt B (S)NIEEA)(20) - N RRIETT Ry A TTEEEI(17)HIEE &
(8)9 % D AIE5—(E B0 BERE - AR RaRE TR fny
B Pl AT DB R RS BHAY AR MERA (% - T8 & ISR
(R H] UR e BRI AT 2R D fEsm Ay =K - LA A (24
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— P AL A Y 2850 AR B R B RIAAIR A
TE Rosll AT R E VRV 2400 B S A AT G S
PRI MEAYERERE S -

Z~% %

Heid R AN SR RE S 7 17 8 A B 18 7 P A
o= ARG B R A IR A2 - [R AT SRS
RORS MBS AR A Esmea A U R A (B2 5w
JE KR o HEEEER 52 JE K H R A RE AR D SR B Y B AR
HEF R - (HE > FAERIRCEARYIREAL - B Beth FVEEREH
ElE FEE TR Bt T — (B S ANl s B e A EE A e
Y75 18] > AR YR A P A B A (o i E s A R
E o AR B BERENV AR S o ARESE B B EE o EE
%) 2w A R - MR BRGNS - B BB
WaZemet e s N2 AR amee e A W mee > Al 2/ VEEE

HA{EEFEAE T —(EEREEIHAESS -

©



124 e ) S22 §H 20124 1 H

34 o g

1 tRIEsh - @) - 21 =R&ER 0 1973

2. FRERH -~ ZRE - (EEEEAFT) - 2dbm  EEEE
2004 -

3. P o CEIRELESE) =40 228 5YE 2005 -
Wnst 0 (R ) =40 0 B2 5Yh 0 2009
Beth, E. W., Semantic Entailment and Formal Derivability,
in The Philosophy of Mathematics (1969), eds. by Jaakko
Hintikka, Oxford University Press, 9-41, 1955.

6. Boolos G. S. and Jeffrey, R. C., Computability and Logic,
3" edition, New York: Cambridge University Press, 1989.

7. Carnap, R. The Old and the New Logic. in Logical
Positivism. A. J. Ayer (eds.), The Free Press, 1959,

133-45, 1930.

8. Cauman, L. S., First-order Logic: An Introduction, New
York: de Gruyter, 1998.

9.  Church, A. A Note on the Entscheidungsproblem, Journal
of Symbolic Logic (1), 40-41, 1936.

10. Copi, I. M. and Cohen, C., Introduction to Logic, 10th
edition, Prentice-Hall, 1998.

11. Frege, G. Begriffsschrift, eine der arithmetischen
nachgebildete Formelsprache des reinen Denkens, Halle a.
S.: Louis Nebert. Translated as Concept Script, a formal
language of pure thought modelled upon that of arithmetic,

by S. Bauer-Mengelberg in J. van Heijenoort (ed.), From
CU])



(% 6 7o) EETRAEFIST A 5 125

12.

13.

14.

15.

Frege to Godel: A Source Book in Mathematical Logic,
1879-1931, Cambridge, MA: Harvard University Press,
1967.

Hodges, W., Logic: an introduction to elementary logic,
London: Penguin Books, 1977.

Kant, 1.(1998). Critique of Pure Reason, translated by P.
Guyer and A.W. Wood, Cambridge University Press,
1998. (Oringinal work published 1787).

Nieland, J. J. F., Beth's Tableau-Method. Synthese 16 (1),
7-26, 1966.

Smullyan R. M., First-order Logic, New York:
Springer-Verlag, 1968.

©



126 e ) S22 §H 20124 1 H

From the New Logic to the New System

Hao-Cheng Fu

Abstract

The prominent empiricist R. Carnap mentioned in
1930 that most logic textbooks were still unaware of the
essential difference between traditional logic and the new one
though the latter has been developed for half century since G.
Frege. It is surprising that the same situation happens today in
calculus systems in classical logic. From an inferential point of
view, these systems can be divided into two different main
strategies, one is called direct proof as axiom system and
natural deduction but the other is indirect as tableaux system.
The advantage of indirect proof is to provide a decision
procedure to decide whether an argument is valid or not. But
on the other side, direct proof could represent the derivation
step by step. What [ am curious is it possible to combine these
two advantages via transformation between different systems.

So far, most textbooks of elementary logic presented these
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systems as independent to each other but I found it might be a
way to connect indirect proof to direct one. In this essay, I
suggest that Beth’s semantic tableaux method indeed inspired

us to characterize the connection of two strategies of proof.

Keywords: decidability, natural deduction, tableaux system,

semantic tableaux, proof
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