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Abstract

Predicate abstraction is the predicate abstracted from a formula. The basic idea of predicate
abstraction came from the Lambda calculus of higher-order logic and was introduced into modal logic
by R. Stalnaker and R. Tomason in 1968. They found when an abstraction operator was added to the
classical predicate calculus with identity, no essential change was effected in the logic. In modal calculi,
however, it was by no means clear that this was the case. Introducing predicate abstraction involved a
change of scope of the necessity (possibility)-sign.

R. Stalnaker and R. Tomason found that the problem of reference in modal context can be analyzed
clearly using predicate abstraction. They formulated a modal predicate calculi on the standard first-order
modal logic. This provided a theory adequate to deal with modality, quantification and definite
descriptions.

Further modal study and applications of predicate abstraction was finished by Melvin Fitting.
Fitting applied predicate abstraction to study logic and accomplished a series of achievements. The most
dramatical one was that he introduced the device of predicate abstraction into the usual first-order modal
logic, expanding the expressive power of modal logic in a natural way and proved the modal version of
Herbrand’s theorem of modal logic K without the Barcan formula, which was a more natural analog of
the classical version than had appeared before. Fitting also applied predicate abstraction to study of
philosophical problems, including Frege’s puzzle, identity of principle, existence and so on. Predicate
abstraction provided a new point of view for solving these problems.

The works of this study mainly include are as follows:

Firstly, the author will introduce the background of the predicate abstraction and the early
development, providing theoretical basis for philosophy application of predicate abstraction.

Secondly, the author will investigate the logic application of predicate abstraction.

On the one hand, the author will introduce the work of Fitting, on the other hand, the author will
continue to work on the basis of Fitting’s work, proving Herbrand’s theorem of modal logic T.

Thirdly, the author will investigate the philosophical application of predicate abstraction. Predicate
abstraction is the essence of a language scoping device, it can solve the problems of Referentially
Opaque Context,Frege’s puzzle,Belief Puzzle and existence.

Fourthly, the author will consider the Gettier Problem, which is the core of epistemology from the
point of predicate abstraction and put forward a new solution scheme for a series of Gettier —type

counterexamples.



Key words predicate abstraction Herbrand’s theorem in modal logic Mechanism of Scope
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14 (Predicate abstraction) HAYHH S 111517 (abstracted predicate), & MAXLITHIS
RRNEE R, HEARIE TS @ i gaE A EED . IhREE R EAREE, h—1d
Hix + 1, MR AIRKREGEAxx +1); KU, BH—P2E ox), LT MRA 2 R H0E
Ax.D(x)y, WIHR t Km— DI, IAMXOX) QAR =D, SAERIT ¢ s R 2EA
X O)EIBHIPER . XFE, Ox.Ox)LEFFREZNEIFRIERH, 5 oM, Ax.Ox))H 5 K4
TIRAARAL

AT A T X P R, BE R R B R A T AE R ? X BN LB 5 S IP
1) 22 7 Bl o

ARG LR, 2 AR A ST DAAVEAREL T BRI BT . 9 it -F PO)IXFE— AN R A
X, BRIEE & MEETE x BA B P RIEFIMER . d T E2— AR, #li Px)AQ(X),
ERMWANE R ARG, Hfh— MR REAXRE R MEZEI0 x B P RIAKMER: 5
—ANRER A IS SO MR TT x AR Q RIAHIMER . B ARIE G MEZ T x A
A8 P RIEPER, I HAMEAE T x BAA T Q ARIAMMERT . X 71X — A& X, Warkl
i, MAEEEIC x B EE(PAQ)RIAMMERT, EFEUIF AL TIE . HlW4 P(x)FER x ZFEH,
A Q)RR x ;erm, Mot x AR, FHH x 2mi, 5 x XEEXERENT, Aarefl
o

KL, ASFERg b, 202 A RFRIE TR T .

SRIMAERS I, E ARt . fltn, xFA:RNOPe), ERE SUEAHER, BEr
PLAE, wlRef T OMNHTAK Pc), HIEHE PAEMHT c ZRIREN; WA LLSAE, OP 1ENIFIA
ERTF AT ¢, B c B OP BIHESR .

PR F SR 2 P A A FE R A5 SR e 2 it — M S AT Rt SRR, E R A OP(c)
TR AL ) S

A M=(K,R,D, D), Hf K={wi, w2}, R={wi1, w2}, D(wi)=D(w2)={a, B}, D' = {c},
I(P, wi) ={a}, I(P,w2)={a}.

LIS ¢ £E wa THRFR o 7E wo FHHEFRB.
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Wi a,B I(P, wi) = {a}

I(c, wi) ={a}
w2 I(P, w2) = {a}
a,p I(c, w2) = {B}

B HE NN OPC)E wi FIEME.

WRAE S —MiE, TRETOEMT AR PC), EHEREOPC)E wi TINIE, FHEHREAN
P(c)TE wi A Rt R A I EAE, BT wi R — A LS wa, R A =0 P(o)7E w2 H BB A
Wi OP(e)E wi HEH 8. THE AR PO)E wa FINEAE, NFHHEE ¢ £ w2 BRI % 2
AR P, BT o /£ wa HERFR B, 110 I(P, w2) = {a}, FTLL v (P(c), w2) =0, 21 v (OP(c), wi)
=0,

RIEE A, OP MENBHEERTIAW ¢ b, BEEIR OP(C)E wi HINEH, RFE*%
& o 7 wi HERRR IO GO B 2 MR OPo BT wi HAT — AN Rt Jt wo, PRILZEEHLE ¢ 76 wi
FRRRIIXT R ETWH AR OP, RFEHE o £ wi FIRFRIIN RIE wa FREWEER P. 1T ¢ 7
wi FERR a, H I(P, w2) = {a}, FTLAH v(OP(c), wi) = 1.

KR AKX OPC) P FPEE——T] RS T O M T A P(e), BIEIE P EMT ¢ & FTREMN,
5OPAENBIRMEM TR c—JF A F — . Bt vl, Bia@Ed, A=A G 1EHE
H AR ] B 3R T B A PR

AR AR REME R AT DN ARG k. @, XRTOPe)mFEnE, ol R
AN AS A B 1 W P(x)) A (O P(x))y, T AH BEHE, A X OPe) B 2B N O (Ax.P(x))(c) F
Ax. OPENC)H N A, EAT AR N F OP() MBI E . B2 OP(c)iXFE— /M B LR IE A,
A O PE)Y)FIAX. OPX)) ) & SRTE R, AHEAE, AiERE TR ¢ SRR
BAE B RO PE) KRBTSR, BIArseE 7R T AXOX PX)e)s JE#HFRIE TR ¢
FEFR I R B AT 1B 17 (. O P(x)) R IE I

T Al g ) AR B L e 3 [P A T IE SR W 5E R (R, Stalnaker) FIFEZ#% (R.Thomason)
7E 1968 SEHEHI2, 7E 1972 £E(KIHE, Aido Bressan K5 L5 F R s B AIE 4, TARMIS B, I
HEA AT R0,

TH A Hh R E— B SN2 N 36 S K Melvin Fitting 58 /8. A B4
70 FATF4E, Fitting 418 1 3 G UEAR S T2 48 22K 2 S @ I 7t , S 7 — RV,

I Stalnaker R, Thomason R. Abstraction in first-order modal logic. Theoria, 1968 (34): 203~207.
2 Thomason R, Stalnaker R. Modality and reference. Nous, 1968 (2): 359~372.
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JRAA%E(Hilbert) Z8 e- JBEA5E . Fitting £ 18 1] 3t G 0 B 78 F0 8 77 Th HUAS 0 A Ve 3 e o
7 20 4t 90 FARLLfE, — /B E R B G @ — S B EIES, ¥ KEH
PIRIE T, IR T —1Nigs5 NiE 524 M Herbrand 7€ B NALFIFEZS Herbrand @ # (FEFS
R4 K ] Herbrand 2D > H—/ MR R BN H T HZ R, ERZEMmY
S n AR B TR TS
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1 IBAHMRSIANMNBERAL R

B 1A G AR R AL S E AR A KBS R W 2K (R, Stalnaker) FIFG A% (R.
Thomason) $EH ). ABATHEABEFIRILE 1968 R KM LFE Abstraction in First-Order
Modal Logic A1 Modality and Rrference '

1.1 BlAHHKREBESIA

Wi R N SR AIFE S ARA L, RembriZ i g R E AR (A 850D SR E S —F
B AR AP AR AR . PUONTEZS i I8 4

(1) AxAX)N)=A(1)

KRR RO, Wi, 2R 8 R R A0 AEE N T — DA S I AR 1
ox 3\, B e SR R B AR TR 1 28 AU AT LRSS a dih GO TR ) 22 3 B 0% A(x)=P(x),
A4 (Ax P))O)=P(t) AL o PRI IS e i 12 A m (10 e 22 v 5 R8RS ) 3802 555 ) — B i il 22 4
AN FEAR ERZER

SR, s 2 4 o i G S B AR S ARSI AR, R OLAN KA. 58 A g
BERSERES, B, HH0OPX)ZREH LRSFAP A K, PraaessE, KAWL
HOFAME, LR OPX))), B ¢ AL T BRE 7O S T, ALER 0P,
BRI ¢ 4b T AR ORI, B LU, S85 IR, T A s sasE I,
W R EIBS S TR, AR 4 M8 AR b O H TR N (O A (X)) () =A () FER S I B R A AL
WA WS Z RS, BEMRIEANARIEAR RSN T — DA SHRE R AN, FHog
/R,

B R NS R FIFE S AR ST N m B i ) A - AR B IRN, EMATE SR, B
AxPC)YOBIEEH G A NG H T 7= LRHE, AT 2R E — sy 2. flin, xT
N A H AR E RIKHITE A,

(2) Necessarily, the Predent of the U.S. is a citizen of the U.S.

(3) The Predent of the U.S. is necessarily a citizen of the U.S.

TR FZNNEERBERIL T B kEES R DM REAR, XS LRM; mE
HRIE T (FLD) RREBGHNEAG DR —ASKEARBIER. fENEE IR H
5K, 1T I S B BB — AN B

B RN SE R AIFE S AR, B2 B Xy R ANTE R, JFHABRFE 2R 1
MATE R, BMAERIR, REZRA B ARE S RE R a2 E XK ATk,

I HE RS, () P 5HERERHR
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(4) OQ(xP(x))
B

(5) Oy.Qx))1P(x))

(4 (5 A, X—FUREZUEH.

m (3 MRS HhERIELN

(6) (Ay. QX)) 1P(x))

(HA, Q)ZiFH, RET x B—MEEHAR, PAIEH, RET x 2EELS, (&P(x)
MR T @m0 T 2RAE R #RE, BAME—RBAREE AR x. )

REAR, 78 (5) (B U (4) 1, (oP)ETRRETFOREESH, ME (6) F, (uP(x))
HAE T DR T ORI T .

TEWEE RN e /R FIFE S ARG R, (5) A (6) TER B X i A & LU B BRI T A R iy
., BT

(7)  AYx=(x.A) (t)
XRE— A EN, (5) A1 (6) TIREMML N8 4 EA5E .

RERZ S M H A E 0] DLE A BISZEY, HE—IMAFMFELE: YA Pa
EMEF T, XA R R HAS ST, A U2 H P (O R R AR BRI B 4,
EMEZET (7)) LKA

1.2 —PEEIBFIHMKR A NIRS RS 03

W /K N S /R NG B AR R AR 8 AR S AR N VBV ANE SO SRRt B30 605 ih AR A K 2
2o UEW] T G SOE A 1 3 S N AR A I P AN o ARATT R R AR S22 £ T B T I I
RS RS Q3 AL, T AP IO A A, #iE 7 — M E R A
SRS Q3" JHIEN] T H gt

M Q3" 2 AE Q3 HyE:Ah L AyI&E kA, T4 Q3 HI4Hl A BLAIHE S A H /R 2 Q3" I A B
AR, BRIEZ b, Q3" By A BIE A [ BB 17 3l R B AR A P Ab.

1.2.1 QT E

Al. [(A—B)—(LJA—[LIB)
A2. [JA—-A

! Stalnaker R, Thomason R. Abstraction in first-order modal logic. Theoria, 1968 (34): 203~207.
2 Thomason R,Some completeness results for modal predicate calculi.Philosophical developments in non-standard
logic,K.Lambert ,ed.
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A3. HA-OOA
Ad. (VX)) A—Et—AYx Ex 72(x =X)
485, t AT T
A5, (VX)(Ex—A)—(VX)A Ex &(x=x)45
A6. (Ix)Ex Ex /2(x =x)4E 5
AT. s=S
A8. st (A—AYN) A PRSI s B
Bl ¢ MIERSE T8
d I L
A9. End—(3! x)A
A10.  (Vy)(Vx)A=x=y)—>y=nA
All. x=y —[Ix=y x Fly =&/ MAEAZ T
Al12,  Ox=y —x=y x Ml 'y AMARAR T
Ab. x=t—(A*y=(Ay.A) (1))

1.2.2 Q3" SN

R1. A A—-B
B
R2. A
LA
R3. A—B
A—(Vx)B A ) x A2 E H I
RA4. A—[IB
A—-O(Vx)B A T x AN H B I

R5. A—Bi—3(...—3(B.—300)))
A—-B1—3...3B:+—30(Vx)C A x A2 H HH I

R6. >t =
-A A Y x A H BB
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R7. A—(BiI—3(...3(B:—3t=x)))
A—BI—3(...—3(0O-Bw))) A T x AN E B I

1.2.3 Q3" HYIE W fRFR

A(K, R,D, D'V& Q3 M4y, H, K Z&rfaetth A4S, R2K BRI AKR, D 2—
BB, T K HHIICE o B RIAMAIR D 195 T, D2 «2xDo A HIAMARISES . D 2

FA X 65 IR HIFE, D=DU a¥xDq.

T Q3" &7E Q3 At B3N T I n0x. A) OJETFARmAR, Hit, 82 Q3 ik
NAERE, Q3T IS SUMRE HHIE REHE N — 20 (. A) () A kg . Rl

Lu(Ax. A) (1)=I 'oV/xa(A)
WU, AXOXA) OF o TRNE, HHACEH t 1 o TR R E# A PH x, £ o Tl
B A

FEZARRET , AU OOX.P(x))(t)—(Ax. OP(x))Y(O)AS & R

P — R, & M=(K,R,D,D".I), HH K= {wi, w2}, R={(wi, wi), (W1, w2), (W2, w2) },
D (w1) =D (w2)= {a, B}, D" ={c}, I(P,w1)={a}, I(P,w2)={B}-

HEZFRRHN

w1 a,p [ (P, w1)={a}

W2

I(P, w2) = {B}

#22 ) RO O PX))(t)—(Ax. OP))NO)TE wi 5 EAH .

BREL S AWM IEA ROX PEOYOTE wi PIIZAE. 4 1(t, wi) ={a}, 1(t, wa) = {B}, SR7EARRE
1T, (. POOYOTE wi FNEL, B OX. POYOTE wa FNEL, IO, PROYOTE wi HUAEL

k& A EHA RO OPX)YOTE wi FRIE(E. 1(twi)={a}, LK I(o/xP(x),w2)=F,
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1, x.OPE))NOIE wi A .
Rk, A O PEYO—Ax.OPNOTE wi HRR, AXOAx. PX))(t)—Ax. OP))t) A2
R

1.2.4 Q3" Hy5E L4 IEEA
Q3" FIsE A MEIE A2 1E Q3 MIsE & EIE AL F TR, B2 Q3 MIse &R, Q3 M54
YEUEBEROER], R —MARXET & Q3-—H M), H4 I [l 2 Q3-ni 2 1. B T:
Hi, —A QMBI ANRET £— Q3-—&M M AR, FHHHE Q3-MAKIAT
HHERER . R Q3 MsEAMEIEN, M FIEM— Q3-—E A EA — 1> Q3-M-AI1H
ik, XHEMEZMB— o-F5k; WRT &2 MAERMKESIFHOCAET, IAH—1{0UB/BET}

U {A} T M-SR I 5K

BNk, AR Q3Tfse et ME— B RIER, W L M-Q3-MAI, ABA L [HR
72 Q3T R 1. 2K, Rp, o) Q3 &y, Hrf, K2 1THE&{A/A R Q3-M-1uFK), JfH
FEA}. Z48iH LR —MER T 5 Q3 LRIMRAEE .. FIEANEIER], T MBI ARX A, Jf
HXFHER AEK, AEA, L HAL Y In(A)=T.M—15 Q3 AEMIZ Y A I FIHE AKX A))®)
GO, RYE A M, H M B—MMEZD x, i3 x=tEA. Ia(t)=L1a(x). HIUENILIT:

R AT, Ab. x=t—(B*/y=(Ax.B))(t), (Ax.B)(H)EA, 1 HAL Y BYyEA. RHEHIMNE 5, (Ax.B)(1)
EA Y HAY BYYyEA, M HAY 1a(BYy)=T, FfHMREE#IIH, QAxB)t) €A MHLY BYyE
A, B HAH IABYy)=T, 2 HALH I'ax)/yaB(t)=T. BEAR Ia(t)= 1ax), IAAXBY)EA 24 HALY
B¥YyEA, M HALY 1aBYy)=T, M HALY I'a(x)/yaB=T, HHAY I'a(t)/yaB. &Ja, RIEHEA
AR E S, A BYD)EA Y HALY BYyEA, M HAY 1a(BYy)=T, HHAY I'ax)/yaB=T, %4
HAY S Ta((x.B)(1)=T-

X2 BE OB () EA 24 HAV Y Ia(x.BY(t)=T. ZiE EERIEAGNE, oA T={A/Ir

(A) =T},

R~ Q3-—EE T LAY A2 Q3B AIEE, Jf H CL&E IR — > Q314 [l 42 Q3'-
ALl R 1, DRI —AS Q3-—F4E [FII 2 Q3™-FIili & 1. Wiy M FEIRAE S, Bl —> Q3'-
Al R R Q3 — Bk,

XK, REREES RS Qe e,

— QI MARLET 2 Q3-—81, ¥HIMCHEFR 2 Q3= M. Q3T — 1A A &7
UEBAY, M HACY B2 Q3-A M.

1.3 RS 5iEMn
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