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H OE: A CREIR ISR £ R — MR ik, CEE kS
CHMMERES 5 B el % X g. R, CERERE 7%
WMBCEEE 250, T ElIEMN 4B X ER-RAE BT Y. BTk, CERAKE
ISR, S5 R T AR RTIR IR B 7 L EANRBUA A BT . Ida, CEIRESE
B L TCE SR — R SR 745 FORVGIESE M = B A 02 55 1, A
FRPE

KEEIE): Py, SHEX £61

FESHES: BsI HEAFRIRAG: A

1 3|5

g N IUTHAEARRLK, BEEE S (Stewart Shapiro) « ## /K2 (Geoffrey
Hellman) A IHAR W7 (Charles Parsons) 55 N\ FIHES], £ 3 2454849 32 3L (Struc-
turalism) — ELREEY AT BRI TR, S8, ASCGRE i gE, Heed
T 3 UL R e e R BB 2 A G0 2 T IR e S SOOI IR 2 sz e 1 30
R RE, B SESEAEAE R B 1 VF 2 50 R B R IR

B S5 2 GRYE T X G  F Al 32 L (set-theoretic foundationalist position)
LT DL—FriZ s AR I BARE R AR T 9 & # (Gottlob Frege) (%
FHRIERNES J7 o TSR - 90 22 R A B SE B 18 (Zermelo-Fraenkel set theory ),
EFHME S E, BETINEREHEE L RE—P R e, BIMUE, A8k

BN AR . AR TR X ERAFE SR REFER
B Hoe, JUPITA B S DIER S IRTE T T E L. FEIXEEE L
B JUFHTA R € BART I E VR R EE SR AP R S ZFC N ERE, JFH
PR B SR e U — NN RS . B, BB e O E S« EKE

PFSEHA: xxxx-xx-xx

CREWE: AHRIEGASRER ST ENH — WS ARESIRT AT (17CZ2X052)
Bh.

g AR A KRR TR RN A S () MiEE.
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J¥# (von Neumann ordinal): 0, {0}, {0,{0}},.... HHIt, RTEENSREIAAEL
i 22 A B R] PLEZ R TRA AR M. 1R 51E T Ngh3E
$i7 (Paul Benecerraf) 5= 4 K AN

1B [1] H, DIghgeh RIg H B0 Sl e M@ (Benacerraf’s identification
problem), HFEERIEHE BRI N = (N, <, +, ) fTEEEGRF ] LAY E SUH
ANFERIEE S, (B ME RS R R . 55 1, EERFEFAARAATFID « i
W FHAE N B AREE M. EANTE IEESGRFHTHRIMTEEZE N
[FIF AN ARSI S50, 91 S P 2 (Zermelo ordinal): 0, {0}, {{0}},... -
kG, DUANBR R RN NI BB AR B 3 3, T R AR Bl 3 SR — MR A
PEME R s H 20 RICTEAE AR B BN E NFE RS . 0 —XE-E, DL4h
FEh RARH IR UGS, HARBOX P EUCER RAPAXONE NES, EBERAA
X R AN, AA AR ECFE R R B R T IE 46 £ 224 (abstract
structure) , LA T35 « WK 2 7 iR A& P SO IR I B SR 2045 1 T 2 FR IR
(exhibit) AN HAREC R A ) BARGE ) . DN R RAE LSO IR A i — 2 1 e
R EE AR ), AR S BRI A RZIE AT X E L. X5 G
KA 32 P EBAE AT EBUGH 18 5 nTOH R AR TR N . FRATHSAESE 3 gt —
e,

FEiZUt,  DUENFERT R IC T4 € (1) H ARECA NAZ AR A it R & R TR E S
X WA B 2 A Al . RIHZ R 22 5B W32 « WK 2 PR E N B R
BOH 2R AT TS ERE . IR (AR o EsR% o
EXAIAYES “AETHS” IMSERMB AR, mMHRE 1 2rf
5 “ET 07 RS EEMES AT 2R IS AN E T RRTE AR IR E
AR ERER . NIREGLRUARE, BT W EREEAESE
TRRUE T HAAEESFET . IREGRAEREE KN B E 2R
PR R A5 3057 (Scott’s trick) (7775, BEEMSEHLED « K2 )Z1E (von
Neumann hierarchy) N2 FARRA MM E S RKABBENEMIE. XL 4
AR MZBEAESRERS RV EN KRR —ERSE 255
AR o N T « WK Z 5 HO) i 72— 2 2R b2 e TR %
JEo BRULLASE, AT L HEEHE G RVIIART S € RERSBRE ER/NT KRR
MR THET BB S S E. B, BRI 3 CRE AR R
VRN E RS L R stk e B Rgee &S {0},

H b, AT AR G AR B EHE R (Kurt GodeD) 0 H %%
MUAELE I R SR “RE&” 450 SR, AATIOCT “ME&” IXRE 14 R SR 1R
RAHUA K . AR LA A2 i B Rt 00 S e i e (1) — 26 %% 7. 45
wl, EEWHROMEIAINE . BHERE 20— %L Hoo TS B 1
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FA . 2R, BHEIRANIE DU ZE R P 2 IS A1 FLIKER S i Bl 32 L3
BHE R IX S R LAl v @ )2 2 AR AP AR S IR B W] RS, BRA IRt T
BRSO E RIARE ST, B AATE—ANTET BIRLE R e LS At
MBS Z AR R, FEP BB A A e B e 4 R . flin, AHE
/REBHE (Paul Cohen) KT IEZ G R B SIVE IE Il 2 FE AR SR HEZE T 45
(1. EHE /R 5RHEOCT XA R 7 A RIS O X 5 4 AR hr A
F 5T A F SRR .

M2, g5 F S A RINAATTE 518 BRI AL AT UIAEAE . B
HUL, BRI T AER Y BT R AR AL . XA R BVFIE A
PRI . A SCHT RO 42, BUF S5 K 32 SRy — AN FAT A 25200 g i e 8 2 1
WHERC bR B MR — MR TR LY

EFAE [3] HE IR M S W ECH O, BE R A
SLI R SRR ETH . SARECE A 2 IR0 K AR S . AT
S — AR VAN AR 1. — DR L e SEE O B A R . SRR
Hhy, FATTRT LK &P E 2= 35 K o A A 289 5 (mathematically effective
philosophy) LAz %% 5% ¥t 69 % 5% (mathematically neutral philosophy) . fEZ 2 7
o FRATH IR D, — 8 B BRI LI T DR B A RN . RS 3 R, kAT
LI I 2R IR A 7T U S5 K 3 SR A R B A AT a0y . lE, B RS
HERGWZ 0T A RNBUA S R M S50 1 ORGP, alEEE 32 AP
M TR, BB R R

2 HERUNBFEF

AN, R TR LRI A AR 2 LIRS R B A
7 5 A S AR S B, IR EA A DA D B R B 2.

21 HEHFTIEENESERX

SRR IR G DL R BRI Sk T8 A AR T S IR ) N SRR BB T
By PR R R RSB R R AL SR BN — D ER
VAR A B )R 3 i, ANUTEOA SR R 25 B L GXEVF2 AT 1)
LA R HH B B T AU R (BB AATTA 1) e 223 A B2 R ORI T 1R REAS L
B AR 2 L DR DR AVF 2 A /e B[] 3 80 TAR % Jsk
I P 2%

PRI 5% [2].
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PRAE Y T 30 B A B TR S Ty . s SRR 75 SR RIE
T 55 5 PR AEE 5w 32 R DA R I Sk F49 6T 7% 2k P A S AR B vy g 2
Ko F2EEERTUMEH T TR B G, e msthiz H itk
NIXEE e G5 WA TR IUEE, BRI RBUE IR T A A A A A . (H
LECF T ZHEENTL T U, R 5 T oRA &R R RIE bR gE, B TEE S
X R EB R, —&, GXE) e TR S, RIxX sesl 5 B fi4h
REWREMH 4, EATRNIES KA FIRE R, a2 AN E D RlE )
IR A, XEHE TAE R ST ERER . WREFR KN, BAER R
BRER; WRBCFRTER, BAIXANTERFIN A B 2 52 A TR . X esE
Ir] ] R XS AR 2 B — I B AR, X ) K R R 2 ELE R A
VR BB A U AR R 13 IR I 40T

SRS I DA BT X P T I IR . B, IR RS A SRR BT G B
TAEE IR R Rl b 3ok, RS R TIRRERE . SR, A
I8 o5 T AR B N B R B A B T U — B R, S R
5EE5WEAEARPIIREN—N 2. X TE, WRED T, 20 A1
ROt 7 —ANGE B TR U B T R SR W — AN IR BT DU O, AR T
FIAEFH R T PR TR R AT K. Hok, ik Gbm X 54E#) (Uber Sinn
und Bedeutung) 5975 TARWG 2 A AECE il 5 R R BB RER, N
[R5 R0 S M7 E A BT A

S5 R B SCVHRI B Al T Bk RS RO o PENSE (Jules Henri Poincaré)
R IR E G RN AV e ) 6 (E N — BB R ST REH, BN mE
RIR AR AGHE DR, A5 B R T S 0 R . A SOt IR B RS
Hep AR 0B 8 . B2 B R RC, RIS R B AR R AL 1A
PR B Je R IR PEINSEAE JUfAT 2% ESREL T —M2)5E 18 (conventionalism) {37,
Yy, X RO RN U R i e . I, PN O T s B 1 PR A A
X REAEAE iR . S5 B FL I S R MR IR T IS B] B A AR (A B . AT 57 B
/R (L. E.J. Brouwer) [NHE 5 E XMZ 2 (Bertrand Russell) 818 AR BL1) BH iH
F X (predicativism) FEFRE S #E X0 R INSEARE RIS SEIE.

— NN, BERIFZW (Russell’s paradox) F) & BlbREE IR, REE
X} o T A% SO IR B A AR AR B R R 1 B I HAR R 8 A G
RSr e (T 205 TAE B AR A Z Oyl 0 @, S PAA ZR1A%F (David Hilbert) A

PEERIEE (BASCFE) Begriffsschrift) (FHARKERD (Die Grundlagen der Arithmetik) VAJ (BLAFEA
JRELY (Grundgesetze der Arithmetik) ZFZAFEH I TAE . FRATAFFAEIX S BT A A4 3SR 51 5

‘5% [4].

SIRAE— AR AT DR AT 4 045 2 S 1 N I B i TR 1t 22 A AN O AR AR AR
P HAETIISE 5] NVEH o THBELEERAE A RSBV A B RS AR BA IR R  R . 5 —m, —
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AREMTE R E AR KR F IR R X)X E g, #ees T4
] DLEFR SF I A R, EAREE — VAR A SIS a8, £ T
VEFRAELE E RN IR SR, H05 TAEE VIR A SA I X 26 [ . %
(R R I B I A A4, X B AT ey . SEERf i, 207 TAERIRAE T /&
FE—MERMLRI ARG, AN AE RS S — 81 KA, WREesprkk
THABRGRA—BE, A EEE TR PN T BT 1
VIR AR T oK, A RAARFAH40 (Hilbert’s program) #$2H . & EK: 1. #H|—
MAARS (OFIEAE S 5T HERAED; 2. IEBX AN A B R0 H5 2 58
(1), BIAEAT o AT A AR IX AN A BE R G P uE B EIERS s 3. IEBIR A AR
Gt — B o X LS R B 8 NOZAE A /R AA 4R BB B8 55 20% (finitary mathematics)
SRS LR

BHERMANA TSR, AR ZWEZEET, JLFEH T A/RMHE
RN E R, B, ATATI AR A IR Y S AR R I A HE R G BE A R
TN, WA B S — 8. fERHE/RE R G, A %5 71K Bl R
HEREA KA REAN AT B d, AR A %) B2 WP R B — Bt ik B . Houk B 208 55
FHeo NG, I0F SHERARNIET —M “§ok 75 F LRGN RR”
T B R E H AR FIAER — SR B . OO T X L8 TAE 2 A5l A U & A /R TA RN
SR Ay SEIL AR R T A AR AN R 2 B R B ek e iR
WH R, AURE —MRER A 75 B RIE B A B — B A . I, A
IRABRRTE 203 SORR B 3 il 1 AR BRI 2 A U 1 — 3y, AR T X SO i
AN A o T AR ANl 23 H T B

T 3 SCHIX — PR Ay B 32 SO R BB AN EE I B B A% 5 A /R fAds OR
E B R E AT A B R M BEAE T, IERE AR E AN
A T R A I AUR R 5 H A RN, —dH R E RS — . Bl
IRIIAEHL I 3 S SR B RS AE RS o B — 2, ARk B HUE A F Pk ——
MSTHEILR . BHE/RUERH I W ZFC X R A B R G MR 2 — B8R, IarAwse
1o H—, aHE/RSRHER SRR AL BRMEmE (NESSRE), '
I ZFC FHEA R AT RGUEHBUE R . X2 Kk Tk O TAEE 20
M —RGR ARG — MR, EAME MM UHE. FoaEs:
GRS RS R, ORI B R SRR R0 X 2 a3 5 & T
AHESRITERT L. YA R dEE R T UIE A R g R
PINATR TR M AR A TE AR, RIG TR B IF Hoay DS i — 0 M PR A 4 2

n

SR 2 SN R AU AR Z B A il e 2y, AR R G B T ARk i, SRMRE SR
TR ABEEH . 2 [5].
SR TSGR R HAT LR T LS [6], KT HHERE TAEW LUZ% (7],
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5, AR R A TR 2 PERCHE MO T HE A B R G . 1M
FHEGA Y, A ZFC HIBRSL RS ol 2 S G a5 vl ‘U B 25 A ok . LTS
SR BCE MR AE ZFC MUER .

W AU MBI I N, VRS A T OREM N M A SR
WA T HEIR G IR RIAR Dy, X LT Ay 3 A A R BB 510 5 | L
BB, AAES TS G0 5207 TAR R IX L2250 AR i fe, SOu A 3
XK THBR . JEENNFERRAEEGRTH, ABEES BRI
MRS (HATES) k. Eit, (EMESRmEAE —PMEKR. AMTH
LI 51X R X AERAER G —5 %MW (Universe view) HIAAHLE 3= A2 180F
TR T — RIS G2 T E LI RO R I = = AL B i 5208 7

DAk, FATM SRR 2 X B B E S MR S R
INES=gtoE AS RIS & S TR A VG I /e o 4 € 2 7 e sk M Ve sH ]Sk

22 BEBEFIATENHFERR

EEA B TEEE TR 7 HC 8 20 G 8 S B UM @
FERET L B N, WEF SRS T 22503 R A TR
SN FEUR G B I, W T SRR ST TR ORI E A BEAIE B R
SR (projective set) FYIENIMERT; DL 22 37300 — LSe35 22 Bt 90 1 A g
W E BRI S SR 2 B i — B HE T A 4 SRR B S5 B, T e 1k
SRR G R 8 AT RS . AT, EE AU [3] R R AR A .

5 2500 hahn B 32 3 B8 33 SO R B B TR A B ik R
B HeEEER” AR~ T g i B E R TR R EVER, n—
BERANEVER, AT B s s e e TS . TR e iz I 3
X (revisionism). FLEF X2 H AR TR T HIT 3 ERE &, RO R
JURISE TR EE, RATAEEIERE X o 057 BURFET B SIS OGS HE
DA BE T HE R R SOUEEA MR FI A . REEREER, BIEE LR 2
HiFZ e K AR B TAE 7 20, (HX e 22 57 37 o B A2 1k ) SEBR B M i i 7 i
B SCCL T2 ks 3 kAR EAT], it (Arend Heyting) . & /R
F¥hi (Anne Sjerp Troelstra) 5 A 1) — T B8 2L TAF 28 B 32 LSS L firl
AT R DA BRAL B AR R S0k (0 7 A0 g i 2 k. AR IRRR . b, AATTRT
DL P16 1 6 11 AR 6 25 L5 2 ) AR & T DATE ¥ G0 o = B e 2 1Y), TR
WA B, VET AR E LA 55 F CE R ERIE, EamREHH
B R o 75 MU T DAEAR 75 F U R B R 45 2R o 8 A0S e i —

TS0 [8].
8% [9]
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ANTTIA, RIEEF (reverse mathematics) 75— € & X Bl 2 X R TAEMRES:, &4
CAr=E TEEMEER. TFE2ardlmmEm Z2aE— N ERPIAE RS (W ZF)
TRLIEEEIN, EAMERLEATE RS N iESEN . mME— MRS RAY,
MATER AT ATE M B EA T AR5 5 R BRIk, A6 B0 3 AR NI &My
R XAELL A E N EARAE G RN 1) XEPrEsrigsa & 7 a3 TR
77 PR 2) X ey 5k 5| 80w 45 RS o g s B SR, JFH
WA T — BB S, P TR E R R

2.3 o) ER

P — PR AL R A A R — AN T IR RS, B RE TR S AR
2PN AL (test problem)o B4R, BEH B M ] th it — N5 2 B ARE 2
BRGAIRREZ — o FTIEN ] — e L RARE (FESR D BT
B, XM R RURT BE AR S A R H AR SR ROEIE . TR B S IR . IR

iy

Blan, A RAAR A B R 32 RIS 5 B RAA R AN A A 2R AR
A B T AR AT A — LA B A2 . B EOR MBI A B R
gt MERXRNTEN ARG, WML ar il Z AT IZ RGP RGE, 2
AR UBGIET ; ORI ZAEIZ R G 8, I H—BUEIE A REERH 55
Bt YL, A /RAARFASUE I iR BT 28 B AT L VE AR i B T
BERBEMEATEE AT, E RSB 58 T e
H, (EBEH A T HEARE L. JERAEFRT O L, AHERI A SE
SR ARG B EE S T AR AN AT RESLHLN . Ry 5K 7R
HARBENNE AN ARG UWRZ ), AT, OF HIRGERREAR
FIZAR AL S thAIEW B O — Bk, DI, £ RIEm T, Likk%H
KA T Hr (B[ EFEEARRN—HEAR) R ERETH IR (B
SERE I EAR TN B FEARARMEGCA AT AT TR 1 BUE R R X LSk
Blo A RARF SRR 2 A5 A 7R A0S SR X 3 S AR e B2
i —E A A7 A3 18], (HAME R AN 58 4 g BRAE WA B2 45 R LT 445 1 45 R
ARFNATUX — 2 52 28 /D U TS ZR AR RE IR 2 SCRR U T A R R Ik [

ANV VE thn] LA 2s 5 90 T M HIE B S 384 3 LESROv A S BA 4R f)
AR IR . SRR KRR, I2 8 OO T2 AR I B M ) S E 1 AR B3R
IR — DR I AR . BA TR IR R D AR AR ISR s 1248 &
S EEAT S, RS A B SR E A I ECILZ AR 0 K R A 1512 40 1 iR
Wt . B RIERIE A TR IR B 5 H A% (10 Fril 12 2Ll 12 75 MR, )5
BB E, AR NIRRT I X 70 3% L) (—Bir) AR 5RO AT,
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KM ESGL AR, B A FEEAE SO U iE, flassEaie A
A R N B B M B TEWE . T IR RS 1 e O e A aris i, H
23 B IR 57 BARHT TAR 1) 51X — S S0 B 90 B RS (108 4 32 U3 /D 2 SR A Tl
BECHH BB 50 .

IR I I 20 B 3 14 1>k B 0T (WL Hugh Woodin) (%4 L (Ultimate
L) itRle BT gk SHE /RN, A BN E07 S OB 1A B DUR) E B 2L G R B S5
VT OCAERL A RGMEE . 20 L vH R B A RIS A B R i
PP R LR A . 30T I, — B H e S 40 (supercompact
cardinal) fASERL, TIB-2 BT A Mg Ik 4 55 R N A4 32 (1) DR B 501 o 0 4 5 1% P A Y
A L, PIBIALTE R AR ) R SRS R ARG A SR, L AR, X
FRAEZM Lo BT R4 L BR1E L 22 M AFE S ) @ v R T A i oL s, K
N TV = 2l L ABR ] Refiik J AR () SOESE SRR, FEZImE T4
ML AE AR, 0% LA AR — WA e i . e AR S A AR TR ()
FEREA S — B AT IR B 0] FR R O A R A BN V' = 28 L 25 & A3 21E
H. T2 LA ARUE S R — W S A AL E B, IRRE A AATTANSAS BB e
MAAFE RIEE A AL AT EE & T/ P ER A . DRIk, 2 L5482 — xS T a6 K
INKER A B ETE NI — B LA BN 8. T 7 2014 FFE AT
HSLEREE [12] Thoxf o6 L% 5 (Sy Friedman) #8525 C(hyperuniverse) %42 H
APk R AT S 25 HH AN L A7 AR IR P i 3K ) A

3 XMEHMEXBYMRIREE

Ao, BHEWERIESCA A L AR A BB . B, 4
CZ R | — M 2 n i i 5 e b TAR AT E), WM RES AT
ARIBEET o AT RAE T UAS T EL 77 10 R U B B 0 3 A I L8 777 i 4
AR S H S R B B EE) . X TR NS H, X2
— AR, TEEIE L BNE, BT R R RSO e A IR 2518 . S
K, BHEARMIE X G, ARG T SCEPTHESR, Bl inVamsie S 40 ot
TR B 5K o 2B PR TS UE ORI R Gk, BRI, 33 o AT
) N AL X G40 2 SO SO — Pkl 2B IR W 2 5 T B 4 2 S n ey
DISER M B AT SR B A R 1T

O RALFEA L 250 5 e P A FR M SR IM L i 4 K A 40 (choiceless large cardinal) .
CHAETNIE, EERRRNSCHA, [10] 85 7 4&W L EERFGNZIE. SO0 2% [11].
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31 FHMENREEWMTREERIAR

IEA5E HIERIR), BeEgi 3 ORE N GRS U584 S 31 b 12
W BARECEE A 32 T2 i i 1) B 6 Ve Al 2 S SRR A2 75 L SE AT
18, PARHEROARRM B MR B 3 LA H R hr B 3 AT R 25
WALy, HEAEESRERE L2 MM TEGRIKE. LA

B SO A T S, B EIBR ) 28 8L B0 A8 F R o T ik, TR R R H
BTG T FRR, AR THBRECR . BeEgih 3 SO0 TR R IR E
e ATAE IS 5 0 2

Y, SR SCIVEAE G F a3 S I Bt G SO BRI S . i,
HARBA R EESR A 7515 « B 2T H. A3 R BIE 5+ L —
FE, BRI H R LA A 0 50 AR B R B T VR AN AT, Bl B A 3 B
BEE AT RN AR ? EE NN, BEEEN T AR X R RR ), &
& MR A BRI RS . 2R ENEHESEEE CEAR, RERIEIEF
XA . Wi, G583 SO B S5 R I o iR 56 T 2540 32 S R4 s i
. M, ERCESCER, [RIMOC RV R BRE F S R AN R R It B SN
KFZR. HFTAEHFBRHAELRLEAMKR FHIEAZE (invariant) . T4
P RIERWER] TiX pt, $HEWHS FEOR B X OGENA RN S 51 -
W2 PR AN PR, X2 — AN ECEET E R AR R AT RE e 41,
B2 BATV PR TE AN AR . NSREEMWE L FEREANWE K Z %
TEEEV MO A E A 15, 55 21-35 7], AT UE L, BAEERS
¥4 5 S5 LT AN 1 AT 87 24 00 B AR 5 SCBMIAHIE R, BB I 2= 8 T
B & S 5t 0 TAE AR RN A

W, S50 SCE VTG T ES R P2 AR S bR N B ) B RL. 5
HANECE TAEARR, E£50HHR I E Z AWM E. s 3 O m
TS, AR SR, SR REE, EESRTEH (V,€). HEH
WIFRMER (N, <, +, ) AR, BAICTFESRFHNOAIRER AR, WRES
Wil A ER 5% (Skolem hulD AR, WBIAIAI I8 LSS T A, ik & &4
ZF 8L ZFC FIfAL . Horr, A Leminlg nidely, AL e Ree—mEmm, 52
(IRAIE ) 2 SO — PR o I LT R 5 S5 R AH DG 1 il 8, (H 54 32 S B
2 [l T IR ), BV 4 A AR A T R AN ) . Bildn, A
N T s T R B ) de B AR 4 £ 3L (if-then-ism) o B —WIECFE A, 0
“Q43="5" RN SHEREG M, WR LR IE A BRI, B4

29ﬂ +9ﬁ 393'{ — 593?0 11
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M — B R e A v S T S E AR IR R, XM T PAFR 2+ 3 =5
WIS 2 2 MR O AN R o X RIS T IR SRR TG0 SL ik
(N 2R S S L ) WA 2 R G IR TR E LT 2 .

M4, G5k S B o i T H 2L 3 sl e s) — et Fo iR, el
EH RS2 F 00 e 238 DA I8l i 6 T T ) B 2 A e e 2 BT ERTAE 1937 SRR Y T PR AR
FrAEfit (New Foundations, {108 NF) 1A BEEE A8 DA SHE 47 b %1 il % 21 iy 25 A4
Wo B NF WEEHCAE G RN T, HESRETENMHH R, Hrh
FEPHRZESFRABAGN —HIEEE KRR, RIS SR IHE S5 3 X
/DR R AL A A FE R 2 — e g ) 32 SR PR 1T B A b 1 e AT ) R
AT 5] B A ) R T BN, RO R IR B R B I A R
(theory of structure) '3

5 % R 5 7 I A BB B b o SRR E T OB F RN E B
B BB e LS (BN BEAARE S R Ee s Lo R
SO FAERSG (system), 1 5 KD 145 #4520 TR L6 B AR R A I R G & .
L BV AT DA S5 M BRI ands « VK 2 7 B0 SRS I 308 Ja L R B 2R T,
IEMANE KRB 2 FTE T (N, <, +,-) B (BB F D 2. x5
TP S T A XS, B R DR BRI A A BRI 7 2ok E A . 1X
H5MTHEG B ABREE LEGIX MM 2R AEE. B EP a8 it g
TN LA AR,

ZHE R (Infinity): EDFIE NG, HIEHFLZANMLE (places).

AR (Subtraction): WA 45ty S, HoH 1S ERIKR R, B4
TFE—ANGE S, BRTRARXRZR R, HAp5 S FEM; SR, Wn] Lk — 1

FALNIE (Subclass): WIR S E—NE, ¢ S HALEM T (subclass of
places of §), IAFHE—NEMERE c MAGIFN, (HE2RAEMER SR

AR (Addition): IR S 2 —A4i, R2&SHE EREERR, B4
FAAE—NEEH S A T— 2l S I E. S BB R LKL R AR #
. FAehh, FATH AT LA I — AN R %L

BEZEHNIE (Powerstructure) : 2 S 2451, s & S T EMES, T4
FAEG T UK —NI0 KRR R AN s 7% s FET TH— M E

"2 [13],

12— SRS HEIT (¥ NF BF 7T A LA https://math.boisestate.edu/~holmes/holmes/nf.html,

BZL 15, 55 93-95 1(].

IR R D AR A, XA LR e . R P IS B S AL E (places), XA B T LABE
TERX S ik, —MEAERERIM R EA S BT UREFERE D RG, HHESHIR (exemplify) XA
SRR ARG . X AR R I TR B R GR h AR I R


https://math.boisestate.edu/~holmes/holmes/nf.html
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r i3 V2 (2 € 8 < Rzx).

B8 (Replacement): & S &—N4il, fR—1 KR, HHEXMER S
N E ©, fo SRR E, RITREANSEN S, o IBALFE NS5
T, ERR/NEDRITAXE S, PAERFFRIRAD. BIfEERE g, (15X
S, FHBANIE 2, FET FHRMNE v, A gy =20

A AFE (Coherence): WIHR @ ZALM PGS HIHIAM AN, BAfF
E— S5 2 @

RERAIBIRI (Reflection): SEATEHIIRIET (—MrE =) A @, T
WarE AT R &, WAFE—ANLEM S, Ei LALLM EI I A B LK
P,

MR LIE R ARG AERESR E D S, 2 F 2L NEEk
i T7 . B, BB s R f TR NAERE. $2E85H 3 )AL
Y, BRECARERIEA G ER . I, B RAESESRREL £ SEBR B RN
F bR E . A TR (AR 1R A B A A BAAAEIGOL T 58 #H
ANFREN: eSS, WREA S hIALE ¢ R FEANEN S, PN E, B4
FAE—NEW T, THESWE S, PAEN “AZHER” XM b 2 ik
Tade KBS SR R fo b0, LA BB RIR) (—FrE R R 454
HRTE T B2 e Xy, He g ia &2 AR AL G, 8
T2 (two-sorted) AL oA Ek [F]—Fp A2 Toidid AT H IAE AR € i = o iB i iF
SIEMARAE, Wery, RXFH? BEZHMMIPR AP AEAEE . Hbr) “oh
WP WA Z PR . BEPARNWERB, 7 ORIES 2T 5 bR e
A (YamEE) , PR A LIRS EE —Hr A T B A 2 Y
2, FETAE SRR 1) — B 2 DUHE BB AR, DR T L B
DAZI LG — PR R 5 s T BLEER FH ml i e e A b R P A ER RO [RE R . R,
BT RS R: A I SE-DRR. BERME, ARL AT
BRIV, B ARAS B s — A Mg 105E X7 [15, 28 135 1] B X&' 0T
“OrETE” BIX—13g, Bl T A EEAS A ER I . BDSS RIS IR E R
FEARATTE A R T G5 Rt SR 2 o ik, FRATT R T2 AR 254 32 S 4
FAL “ G PRI 5 —F XFERIE A TR ]

BRPHE KT “OitE” 1505 /e #3880 (Church’s thesis)o IX A58
AR, BN ARG A B B T ReAT vl vH SRS i gk o S fk 2
1] Bl R AT TSR o BRGR BEIA 2 0 bE HEOGT SR AT 57 UK 0 T B 3 SCE2E 1 4
o AT 97 BUR RO AR B R A S . R, W ESE A
SRR B e AL, JF IR RIEE B R . A, B R R4S
PR S A RS R KR ? H5t, BEEPELTHEWERTNAET R
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Sunif, SR C B RS- b S REA R I EM (reworking) 7. U0,
BB EWR, FRAEPRIFESLE AT IER ABERREBEZE V, 1\, WM
BN BEHARERAE V, (k22— DATREED , BRI LA B G AR 4 A5
Rh o IR BON A PTIR R 450, 5%, Fe b, BRI LFL
BT HE R ESR. Fla, FEEHAHHR “G s BTE7 XM
TR, IR FIE AR ST X REE P(s) FIE SRR . FA1mIE, fEIAR

G, MEFES s, FE P(s) MIRSGEAHN . Kk, FESHAEN
BRSO T8 J5 R G R R (N, ZEIE rEAZ T
D EHINN, BRI EREZR TR ZF 50 EM, madt
THEEG®, WEEGRIEST T, WA —A2E. X5EEG R %) H
SRBECSRONE S —FEIT . BRI, X 5 A R I AE 9 o SR AR BE AR A R B ST AL
2 R/MAEZ THOR BT SOt RAEH SR T, 19

3.2 FHgE XXITERFIL & RAIFE?

JuWE2E R 32 S (categorical structuralism) AZIT AR AL 4544 = XRUR -
B (Steve Awodey) & FEIMRH . CIEMBANICLERR, Tt NgiFER K
W & BB B0 X6 2540 32 S5 B v FE A 32 S DX BT 2 AL Ak A (1) 221 ik J L 2 T

BWIET M. el £ XN CATEW 2 (category theory) A & B il & 454 &
XEWBAHELE . AW, 4T FEER, Hoaom ARSI
(structural property ).

1T P VW R B AR R T, TR 45 S R R A 45 e X B, BIAE
AATEE X 5, TR RAT MIVE U A RER S T . [16]

RIE, YamEie 2 AR A 10 B AR A IR B IS G HE S . X 2 AR 2 — i R i) 14 1)
Wik, 5HEE SCF R E RO SR 2R

JuBE UG T A8 {AM% (Samuel Eilenberg ) F13 7> (Saunders Mac Lane )
DY) AR (18] A ATTZ20 E R YE B R HE SRR O 1) Al AT THE [17] T
KABIRI TR UL S AER, BUAPH TR RS, TR ESE
AR R R A S RS T (morphism) . 38 RIS SR Z (450 (458185
MR MR EE T, THRAH BA N X L S M 2 A — el — B S I 4h
Fo TYEBEIR I —MEBRME TR AFES . EEARKMMEN, K4S
¥ 53R E5 89 2 B IR &R o

SRR, B ARNEAE WA E RS R REG W T, MBS h i RMABESE5Bh IR
MR IR D REARAL, T BE R — B IR OR B, (E L LRSI JEE (10 0BT MO T 3 8 AN 5 A B 1 5 5 S 1) 2
BVFARRAE T RE S R — B R .

1% 1, [16].
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HAE E AN EMRTFEUR (Bill Lawvere) ik B H#Esh GBS BURSE S8 1F
R . T VERE I A B RE SENIEE I, A B R A I Y
BWAHHTA, b AR R X 5 & JEmE ) A B ——ETCS (the Ele-
mentary Theory of the Category of Sets) [19]. 4K, JEW;18 LR AL RE# MR 21 45
Hie . SR EHEEHE AR N EBCF IR B ZOR UL, 1 26 7R EUE W S A B
PTEHFRAE MR )] LA T ZFC FEG W AT RS, X0 ZHIEHE L5k F 18k
Yol i MR . T ACATEBAS R N R T S0 i 2R 2, filin
ETCS AR OES TINS5 (internal structure), WSS BRI TR,
MR AL T, s 8UE 5 BHHEZ AR R,

RIZUL, ToiRak B 5 B ECE 4 3 SO0 8k B B RTEE L S T 451
XAAT A BRI LGS H TR0 RIR AEAR 83U, Hk B, %
IS S B R A [20] JEWEIRTEA T IR 50 = SO 2 1T, K
FHYEE 0 BURER Gl /R B B Rl AR T L S 30 450 3 SCRIISF I, mT B,
TG 500 T W ETCS 45 BARE 18 ) 70 I T Hol B HE T JE s 0 DU AR &
WAE NECAEER B, X —ZhHLAE s B ) B3 ST T Hee g5 0 3
VPRI RAUE, e R R A 3 SO PE T & — Sl 2 25 0 3 SO N — Ly if
FRE T AU, BB OGS E AT 34t 7 SCkF. HEE IR
A R IEER T SCSEBRHES) TS 18 A £ K e 1) HARAIE .

WAk, BVFE A RIS LA YO A 10 B WCE BRI TURE B (N W& H) i
RGBT DU RV IE . LB P 250 . TE W R e 5 SR it IX ke — A
WERG, MUGEELHT X, ERHRN AR AT 7? RER
RTEM, R R 4 g5 3 SRR 2 bR LETu G 1R T B K 2 1)
Hriel @, ML & R RE .

3.3 HHMEXHATIUGRE~EHFRR

AR SRR SR A MR R AR B i A X N, AR A3 B 2%
B W, RERHIEAIRE . BRI SCERITGERIGER) 2 58 W
SLYye HAESLAERE NEIFRI A RETIERELTLR T AHERR
TREGRIFOH ABM L, EAIRTREG R T NEFAEE AR, XEZ
RIOAMATIHERSE A B RIE S AN Fln, o9 RE SRR —FriE 5 iR
i, HEEREMPTA ZFC AT AR R 30, JF HARIE AR AL R S5
R RAG AR AE A P B B8 N BRI, DSR2 VI —Rir . T 055
WERT V ERER, NI AERET TR LmH R T 2 78 LB Q-2
Witk U gab RA R, 30 7 FIEREEM AR AT, X
S TG RE 2 LN EHES SRS S . Ja AT DUk AR AR
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% (Inner Model Hypothesis) HJF5E, AT LLUA R 1 4R G R R RSN 1 1) 32k
o G5 T LN EBRIFEAFAETE 2 7008, X Ee 7303 2 (] it 4 2 75 1 A A2 3k A S 1
HFHEA?

B G, g5 3 N ATV £ Celiminative) 2584 & X5 A AT 2 (non-eliminative )
SR E X5y ARIVH G S, W DN aehy AN J D g ) sl R 45 1)
MAEMSLRIAELE, EATRECEI RN R TR 2450 3 SO SR R —F
YAE T 2, AR R SRR R R ATV . BN, BTCSCER B A SR 4
FE . WA, ARV LG I SR AL TS W, RV Je g 32 SRR
AT

TSR -ME RV AEE, FRATAT DA B 73 R S50 32 o B a2 45 3 X
F ARG R IEAL S, X RN B IR EOXFE BN G AR, B
SEMSES, B a2 % TR0 &, WRIRE MESIER. Hix
AT EGER T, MATARFEER RS, hREWHAME, R4
TR AR RGiG7R, HREEMAL B RGO GAE 7, T HC dr S %4
PRI NG T IX S fh R BRI R IR . R, BB G851 147 Bt RE
EERXN SR, B R E R B RN RS 750 2850 R X
MR S SEAE R FIFE L 70 B TR . PRI AN A AN R G5 A7 AE, (HIATT
B REE I RGO, WA TR 2 R T — N — R RAMIER.
SRRt A ATV A5 AN AT BAR RA AR, JUHZ B R R AR TS
R IEWUIERIB A F SRR, A ] i 2 4540 32 LR AN R TR
AFE o ERTPIM AT 228 232 X AR 5200 B A K 2 RS 4540 32 o

BEASEEN F SO AR AT o RN IAEHRB RS S 2B W ATRe; RN,
WIRIRHL, TR EREARR S b, o AL B 3 SLRIXANMRRE S N T ik
G AN R AT AEAE AN BAR R GEA7AE (PIRRT 1 RT3 25 4540 32 SCRI A 4
RAFAETEAN A MBI RS (I3t Foh SRR B R BEE M BIBIR &
AR, MWARTENRFEFUEANER A I . TR, R Z I UK
HORH PRSP TRE” 5 BN . BAR, BUSHH R XHEA
2N CBATRE” RN ZFC nUEfEE AR S ZFC — 8. RUE P ELE
P O PR A S AR B, A S5 32 S R X SRS 1R S AV IE .
IREAE [21] A [22] A3 allgh T3 BR S M FEE G0 I 28 TR S50 32 LT
AR o I8 A TE SR AR A il S AR B A . SR, 2
AR 2 B A B, /R B 10X B T AR T LB TR A= AR AT AT 52

AR, R REURE M T SRR T XL — 2 AR S, A%
S5k L (relativist structuralism) 58 BEE G 207 KA THAN R ARV S 3 bk
B 7R I R S8, BT IX A8 RGN UL AR, X SeiE A 2 7= A AT AR [ . 18R
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&5 X (concept structuralism) 55X T AL A BB R U, BEE AR
X REE A, MAEW “ BAAERT XIS . SR G 3 X
X (abstractionist structuralism) B ELFEHF 45 14 55 [F] T 7 X £ 25 K (1) R G40 i)
T[RRI )N, B 75 PR G5 ) 2 T8 4 G ELAR 22 G0 ook SR e ik & e IR B
SR BPER B AR VT . X EEA 53 T3 K 2 A T A S il i B 2 ARAE A
BASE) . A RIFERRBE R IR /3 33 2 M B BE AR R SR T A L
Z I IERRIIRE, ARSI A REC AR, I B ReR 23 S E sy In) /1 BIF 92
& B AR (R ) R

4 EARZTIRIEEE A

EARTTH, EHRAESEEGOHEESGL 2 FHUMEEFE X (potentialism) 1E
NIEAIRZ LR (pluralism) —Le45 5L, w8z g iy £ SOR BB, BE®
WE: G5 B4 LAY — e e 45 AR R A e B /D R 5 1, BEAANE:
SN IR LK R R fERE DRIk — 2D AR SR B R

XA AR 32 R, B A e I At R VR . O X B SRR
FERIERE, — N IS AR B — N S ST 1 &M AR ik 2540 2 1)
WAGERIRIR . ik, HEATRIC —DEEEE, W CERBRT N, AReA W
W e . WIEFDNI, 2540 3 SCE X H—BiE 5 RIE8 )1 R BR -5 20 JE A vk
B AR+ e, s W I EARE I A A BER E XA KA1

WU H B (Joel D. Hamkins) fE [23] H3 T AT S0 7 L 0 53R
T PR E 2 R SR . TH AR T B BEAS  OR VG B
I H D B, BT R T R SRR A TR 28 U [ A M — AR PR R
W T o0 T B AR AR BRI T AN A AR A NES 1 & Fh AR & 5 o hod i
T EARAFE L) B RE R AR L L HAHER I

Nt PR EAMN 2 F W, BEE IR E T B EFEH A (Mulitverse
axioms). FLH) R IELIZ A (Well-Foundedness Mirage) Ri&N: XN EEGR
FHV HAER—NMEGRFEH V', £V EBRV AREREMN. R, V gz
XHFE V BRME—BFHRER GEFRL « K2 7AW s8R 7 8UE AR,
FEIXREE R IFARED) 78V BHR AT LU IEbrAER . B0 024K, £V FXK,
Vb U EARBR T BE £ — Con(PA). PEUHE i AR5 & (Victoria Gitman)
7 [24]) FEH T IR G T A 202 — 8. Bk, g5 3 G EIRFHA A =
M SR A BRRE ORUE B AR E S Pa W i, A5 4R At 2 i W, R

TSR A (8]
BENZKAMER: VX CNO e X Ve eN@z € X »a+1€ X) = Ve € Nz € X)).
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BOW R A ME— S M B R RS IR T o KRR T WA

FRE AU G HEEA LR TR RS T W R iR . X
BIRG AR ISLI MR . BORE GiX — S A 00, S5 32 SO I 2T Y oAtk
(U b AR Lt RS 45 SRR R i B AR A AR

PR SCE R, 5 — NEACE O B BT S, S T A
et iEul, PN [EIR I A8 RO 2 RIFE I — B BB . PRI i 5238
BT [25], fEZ2FHMMAM T, e EIEIRHFA RGN . 7T DAEAE R
ML, eI R B AREES M ER, SR, EATTH E U RR A
BOXA R RS XFh—5 R LR G e . filn, AN ESRTHE L TH
5] 1) SR BRI S8, (HEE AR E (projective truth); B # BA FANHHF
IHTEE Vs, (BH A B e U Vs AR R . FE—IR, 45k 32 CE A BITESE
HIL R —F A Z F i A e LR BRI R M E X 4t 2 2
DI SIIHIE E D), ELAS AR AR X se g e g R B/ bR ERE .

AR, — g 32 AR 3 S0 25 A6 IR R Bt T IR SR AL Bk . mT Sk
RBNMFF R EXESRES TS EME M. Hd, “@HErme”. “&
IR AENWIBERE S I o SRTIT ANFR /R BT “ AR AT ReHbAZE — MEA IR ALY
B B IRINT T AR B R] DUE AL TR — R AR
AWEE . F/REX “ZiEn]REHEE— NMEGIBHBIAL” iR [22] KT LA
e RN, ARAE— NEFRHERD « K2 R R IA G R L V, METY
5K Vo IXA&— PR 2 IR AR 8 7E 32 B . M s i AAR i DL (Q@ystein
Linnebo) 7 [26] % | 2 MES IR EF L. O 5H/R 20 FREE T T
WU —FER (G« K2 BRI TESE X (rank potentialism), FoVFASAHZ IR T
Pk R Ty 3Ky 7E £ X (top-extensional potentialism), i T A H LA (5
YRR . A9 7K B ] $fk 38 78 32 L (CTM potentialism) LA JJIEVELE T X
(forcing potentialism) 5. FFX AN [F] R 7E F SR 5, AT 4 1 = RSB 2L
o B, S4.3 Fnf ik A E RIS 7E F SURE T IS A X, MRk e £ X
fiE e T BB A RGN 2 S5 AR Tl sk 7E 3 SURE T AR 2 U Ik
Uf 7t S4 WEA R, XL RILR, BN ARG — P e 3 L1
K5, PRI 2 ) S s B0 A i 08 Mo AR 2 24 v RE A BN BIIX £k
Xllo MBTCE A IERE T 32 IRE 2 MARIBAE 32 X, BRVT & T 450 1 XX Jamws
MIE . IR, EEZ AT LB Sch, RIBEE X RRELRTEEGRE —F
FOW o Hi/R B E AKX — ik, BEADIIE NS ST IR R A
8K, AATISR T AR H AR ph i B R IR e 2 S e
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5 #Eip

R B T L A AR E T 56— R (philosophy-first) Al
1228 )5 )5 U (philosophy-last-if-at-all Do X454 2 22 55— FR W S237 (1 N K, £
LB NZEZ BT AR T TN R 8 5 R NSL I R UG, B 5
WA S 2 SR P R e T I v A AR BT I B R ISR BB IE H AL
TRFFH ALY, HA 2R — B EEAS 2 5 B0 e SUAS 2 805 R R R 1)
e BCE T . BB AR 2 B 1 £ SCE O B s L e
BLAE B IR Si (8] o SRR, A AT TR S 88 ) B0 2 2 AN S e R, T2 BE
REXTH 7 SEBR AR S 2 IRV, XAFE B R R SEPRIG Ol B A S 3 49k
FHER T RBCE P Z AT, G589 USRS X R RS X
T 2540 32 SORE 0 RS SRS o IR IR 2 TR, O B9 AR I K R AT
U SO B I ERAIEAS . SR, IR T HU SO T N AT 48
FAE, EATKREAMUR B M SO B IR AT IRTE G0 SR R A
BH—ANEMAE, HH, <A BRI BEE ST IX L ) B A
Kilro H—J7H, —ERAEGIOHFNE R CE BB M 451 T S8 T30
SER AN RN Th I A AE )R . SRS R 2 SO AN BT IR 6 B BBk Ak At AT
PERIIRIRE, I8 2 22 S0 A4 NARAE B2 4500 1 SR 5 IS Hh IR B2 A 984 R 1)

P I RA7/P
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Is structuralism an effective philosophy of mathematics?

Ruizhi Yang
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Abstract

Key words: Philosophy of Mathematics, Structuralism, Set theory

In this article, the author try to argue that mathematical structuralism is not an ef-
fective philosophy of mathematics. Toward this purpose, first, the author proposed a
taxonomy of the philosophies of mathematics: effective philosophy of mathematics and
mathematics neutral philosophy of mathematics. It is followed by a brief review of main
stream philosophy of mathematics in the history and showing that how these are qualified
as effective philosophy. Accordingly, the author try to show empirically that structural-
ism, however, is not as qualified as these predecessors. Finally, equipped with new re-
sults inspired by the study of mathematical pluralism, the author try to push structuralism
into a dilemma: either it is wrong, or mathematical neutral.
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