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DWRE RO - ARE FROS —OF—HRHEAH
44t 8 (AAAS BRIDGE, INC.)

WE. AT, BERRZ RO TINRE L KRED b Ao Y — 2l s faconT, E 2T 5.
FF, AAHZERE, —RRZERE, AR, RHZER L o 2 BEE O ZRIMER E RN b s bR LT, 22
MRS R BN EGROMEEEAT 5. e, BENLESDS 7 A TS & Off owEREMEB L%, MR
RS TIP—E FTTAE 2R 22BN A0S, AREMEDS S5 —ERATREAR ZRINER I, ZRZNIERICNIET %
ZrERT. MR T 2 McCord RERY —D7 A4 77 2GR L, ZHEWESICHT 2RE0Y %
ERT S, 2 UUERBIGEARREZEEORE R Y —Fip 5/ NREZMO KR TR Y —FAOMERE L FET 5
ZEEIRT.

1. BA

IREE R R\ Y — (small-scale topology) &I 27 R7gMiE & 2 7= 2B OW5ETH 5. Zelm it (7
WL ZDERITTR) 13— RERD ROV TEN S, -G8 0M G R TOMEEIZA DIEPICE
AROTHERS. ZOXSIHMMANEZEZDONRE LTV VWS 2 THD. Z5 LENEIED
Wi T & % 3 =L B e LT, iHZE ([17)), Cauchy 22 ([27]), —BEZeml ([46]) , #E
—hRZER ([7]), F—HRZEHE ([32]) W okdDAHLDTHo7. Fii [FHED bRy —] OZLT
HBPHEL Rl RHEINEAS.

ZR TR AR bR Y — (large-scale topology) (&~ 2 0 /aiti % (# 2 72 2R OWI%E TH 5.
ZHTEHIICIE o TRV OTEODHIEET 5. HHOBFRMEE —REBMD RV DEMLZD L
BETEZLEY. Zo0BGENERZEHZR - TV WS HEEIE MR (50 IXERES )
TOEEZARRHFMHECEZ 2T ENRY. — A TIFARIES L TOMZIFARICE Z 7285810133
NEPHLNRVDITTHS. ZOLINTHWVEHEZERZONRE T2 WS e THL. AIESIIME
FRICiE < 22 Bk Iz & Z i —pUuciitiiz K 5wtz (BIEAFUERIEZ 5 TlERWY) , 2w iilicliiL T
SRR, EEPERE VI DIE HEL 2SRD 26— WS 2 THD L, ~O0FGRENERILER?
RoTWzLWIDIE ES A SHDZLFL ) 2WH ZeThs. FEL LD b REY—2Wnwd
Y CMBE b AR e Y — (asymptology) LFHINZ Z ¥ b H B, MM ZO—MATATIMIE 2l U 220G 2
FoTdWVWVESS, AREOHEICOVWTHMTE % I = VRREIE, BHRMER (cf [4)), HZE
M ([41, 38]), HEFZERT ([47]) , “PHIZER] (bid) REXFDH 5. GHRUEMZRIIEDREOXSY & I
NCHBEDFLOETH 2.

IR SRR WS XANEY ¥ — TR DTIERW I LICHERT 5. ALK 280 a v 82
MEGORRIERYELKT. THROB/PREOHEEHVTERSINILRKNEOHMETHS. Zhid/h
REOMZLDZZ22 LAREOMEL b EX 27255, F/z, MHZERICRY 2 mFI O WS D,
INFEERICKET Lz RFIDERISEFAS KO e TH L2050, MREL KREIEAG -T2 A
TV FEMEETH L. ARTHND T2 R ZFRM RO ED N TV v FTH 5.

IREY KRED bR Y -0t 7 F R =D T 5 Z e A TW5, HilZE, (i
ZER & A FRYZEE, —RRZS e 2SR, AERRZER & HER 2O, R RRZE R B ZERENE, 2R e hEN O
EHEEF>TWS. ZNODOBOPFDERICOVWTHATH 2. —HDORTF—LOERENEGZENE L,
ZTNEFB LM DRy —VOEEEEZ SN TE, ZTOAHDADTHLLTCWS, W5k d
LIELIEH 5. HIZIE, %4 D%E/M e ZDEOHNPEERLTWS (DF DHPERTHLETWS) 2k,
ML EAR & A RN GG 2 2 AUEAS T L ADERE R I AR E T 2 28, RETHS. IV LEHE
7 7 8 Y —1X Dranishnikov [11] @ “micro-macro topological dictionary” 228, 7272L, Z® dictionary
TRELBAEDZ XD =X 2D 7 Fad =TT IO TV E 05, FHEIRETHS. DRI
WTIIRIRT 5.

ID7FuIY—WE3RALH S, FHXIDTFRI—E TR TIT 4y 7B DTV, Bz, —
DR —=LTRLPDEMMG LN LT, ZIrbMITORT—AOEMPATMCESNS X
I 7 BARICIZ A, BEED & 5 BRI o Tna b T RkWw. #l21X, MAEZME?—REER]
METH2 IR EHITHZ I L EFAMETD 35, MHEMIEMEH Mt ch 205, 790
3TV S,



CWEEODPDOWAEFNTL 2. DMRIEZELKRED bREY -0 7 F 0y —2XAF 5 FUHIM D
7 u Y —DIEMRRFIEM D). 25V o MV TH 2. ARTIE, Robinson [40] DEHEMEMT DI A %2
HWwaZeT, ZOabDMWCOe20@E252 5. 55D LaEL L F R, Wb Ui/ hEE KRED
S (RUZH S DHOFHOMR) 22TEY, &b —MWREHBS (RUZhsOROH) ZEA
U, N/ RREZEBORENT 252 2. /NREr KREOZMBEROMICE, HEo—#ib e 7 5%
S ZRor WS AR, HELIFEN I 2RO L WHIHER 2D 2D THS. O LH
DOMNDIREREGZDENWITF VA TH 5.

2 /i, MRIEZEOEMOTmO i (DOr2) THD7 4 L& -2y, KRIEDOMHEYTH
54 77 NZER ORI A Uitk, BEFRT OMHEA L RECHEiT 5. 553 Hicik, “ENESRS
EENEBROMEEEAT 5. HAMTET 4 VR—2EH 2 4 77 VBRI ERNESTH L 2
BT, X DIERRCE, 74 L& -2 I E R AT RE A R 2 (R R 7 ARG, A 7 7 VRN S5t
EFRARERMNE Z WA B EINES, L 2h TR o2 2 2R3, UK DPREERRED
7ruY -0 R EHEINS. E, ARTRICHS 7hey —vikAEhsbi, jliEo7 -
Y=oV Tfiltiis. 5 HiTIEZERNES L ZHNTEORTEO ForkEny —mEEATS.
AUZ McCord [30] 12 & 2 il p R En Y —HD 74 77 2 L7 DTH 5. HNEEITER
ERY—EGZ B I, —RRZEROHEM R C O BREO I LTI RERY —HES X5 2
CEEKT S, 2OV o0MAL LT, AREORERY —Fe/hEDRERY —HoM ot
[FUAIS AT T 4y ZITHEIRCTE 3 Z ¥ 2 R8T 5.

2. YEfi
AREITIE, ETBEFEO/NRE L KREOZEREE Y LTRENZR S 022, Zh b BRI 2 i
32z T4 2—2E0E 4 77 VEROMEES.
21. Z4NR—EReATT7IVER. T PREOZEMBEE Y LTRENRD DEZROPEVET.
EE 2.1 ([46]). B4 X LO—FME (uniformity) 21X, X x X OEAEEL LR BB U TH-T, X
il T DTH S !
FLT: Ux X x X EDOT7 4 V2 —Th3. THROBMIESEWMAEIELHR 0 THAL TV 2.
Ul: (FEO U elUx HLT Ay :={(z,2)|ze X} cU.
U2: FEOUelx X LTU T i={(z,y)]| (y,z) e U} € Ux.
U3: {FEO U ey WL Velx BWEELT VoV CU

— DL DK O EFEMIZ W LHIFR L TR L2 ke L THIZIZRD b DD 5.

E& 2.2 (7). £E X LOE—HME (quasi-uniformity) 21Z X x X LD 74X —Ux TH-T (UL)
Y (U3) 2736 DTH 5.

EE 2.3 ([32). B4 X Lo¥E—HFME (semi-uniformity) 21X X x X LD 7 4 V& — Uy TH->T (U1)
¥ (U2) 2736 DTH 5.

EE 2.4 ([29]). £E X LoiAEME (contiguity) & X x X ED 7 4 V&2 —Uy TH-T (UL) %ififz s
LDTH5.

ZAF (U1) ZFRLTELHAEM bRV, 22206 RDERDGFONS.

EE 2.5 EEX HEMX x X LO7 42— Fx Ol X = (X, Fx) 271 ILZ—ZM (filter space)
YRR, Fx Ot%E X DiEf (entourage) ¥ FER.

EE 2.6. 74 VEZ—TEHEOBDER f: X > Y BTN EZ—ERBETHZ 1L, TED Ee Fy IIHL,
ED ficks5 KL
fPE = {(x,y) e X x X [ (f(2),f(y) e E}

MWFx KBTI s>.
E 2.7. 74V R—ZE 7 4 LR —HERIRNIE 1t 2K
HE 28, 22 TRRDARYIA/NRIELEMDZ 5 2DV D TH M2 T ETWiwA, (k2R
DTN 2 2 72 24 OB AT DAD 5 ([29) . LD o TT 4 VR —ZE/-E 7 4 L& —
HERBIDPHIADHTIREZ 5.

TITKNE D 2RI DV TEWEZ 5.
EE 2.9 ([41, 38]). HA X LOMIEE (coarse structure) &1, X x X O EEN LR LECKy Tho
T, REWIETHIOTHS :
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IDL: Cx G X x X LA T7VTH5. ThOBILKEGEIMSHEL AR O THETWS.
C1: AXeCX.

C2: FED EeCx IZHMLTEeCx.

C3: fFHED E, FeCx ML Eo FelCx.

FRHE DS DEOD Z AL N LHIBRL TR oI 2 b LTHIRIZRD S DAH 5.

EE 2.10 ([47)). £E6 X FLOEMEEE (quasi-coarse structure) &1 X x X DA 77 Cx THoT
(CL) & (C3) 2i72FHDTH 3.

EE 2.11 ([47). A X LO¥REEE (semi-coarse structure) 21E X x X FDA F71 Cx THoT
(Cl) ¥ (C2) Zillif-F b DTH 5.

CIPBLRDERDEONS.

EE 212 FEEX LHEBE X Xx X LOAF7 NV Ty O X = (X, Zx) 24T 7ILER (ideal space) ¥ T
K. Ix D% X OFIEES (controlled set) 72\ LM (coarse entourage) & IES.

EE 2.13. A TT7AEROMOGHR - X > Y DPATTINERETHS L1E, TED EeIx L, E
D fITE B

LB ={(f (@), f )| (v,y) e E}
DIy TETZEZES.

EE 2.14. 4 77 NVER L 4 77 AVHERFNIIE Jdl 2 K9,

HE 2.15. £E X FLOBRE (bornology) 21, X FOAT7NV By TH-T, YBx = X MDD
HDTHS (cf. [4,18]) . ZAUINAH L 1FxHH LAV, (ikH e xHn3 2 DEETE R (prebornology, [22])
PESHGE (bounded structure, [12]) EMIN2HDTH2. £EH X LORERE LI, X OFHES
DI By THoT, H0HEAERIBEME L non-disjoint AR U ZIBEMETHLETED, 2By = X
BERDDODDTH 5. HiHRBEEOE D HHEMOBADHHET CSHBET ORI MSFET 5.
¥ ITHZER DB A LRI DIAD B, L7zh - TR RAZERI M2 4 77 VR e 4 77 L
HEROMHADFTIRZ 2. FEE (22, 24] S,

I CIRTIHBRDOEDME B RHEZ I B EZ 72D, b o bR n-THBERDIRZ X 122 EE X, 2
N&En-7 4 NE=ZEMP n—A TTAEME LTHRTZ2 2 TELREAS. 0L SEFZERMIZ 1-
A FT7NERE B2, ARTE R =2 DEEDOAEZ 20, “HBRICFRE OMEEZ VTV
RIZOWTIEne NA —R{ETE 3. & o L EMEICRRIUE, X L0 nJBEHRE X o HIEREG E [E
LHDTHEIend, n=1I1CRTZHERIET MO neNTHHILT S, tWH I TH5.

2.2. EBEMM. BHEMNTOEAFIRFEBO b DD 5. KU, BHEECEONECREERCE DR
7L (DTHRERED) 2o CERET 27 VN7 Tu—F , @HERZONRZ v
SNHERI Y Ta—F D 5. wiFICOWTE, MG ZoAREE (b5 0WEEEETLOHRS
Y7k ENWEHD (cf. [6]), @SRHALGORBMEE T L 2O/ ELE/NIVE DD (40D, okl
KEEEHOBFHEE 7L 2 OEHIRO#E (H 2 VIEEFIROEEET L) ZHVWLHORY, Ak
VI—vavAbs. BEICOWTE, IST (33,34), NST (126)), HST (19]), a-FE& (9,2 %
Y, CRERERBNERER WY Tu—F055 (25) . ¥O7 Fu—FTho TdHAEDHMIA
BECTHBH, Z TR - T, EERDET I Z DIEHIROEHEE 7L % NHERIICEA S
%, EWOIMHEEZRAT 5.

FIEFEOREEREMTA2ICTORERRES U REET 5. Z4Z Grothendieck FHZH 5 X 5
bHDTH5. 72721, Grothendieck FH Z S 722X ZFC & H d BICHWAAMKEL 25 Z b,
Grothendieck ‘T4 OH TR T E Z 2 DTV i={o |o =2} TR T2 Z L &3 LB MIAITHR
WZ ¥, BOPORND . (BEH I Aj—mIBX/Z 1T 2 2 TOAUIREICIE R 572\0.) Feferman
[14] 1, ZFC ZARENHIER T2 2 ek Lic, UMY T 2ERBRFHEEATSL M) v 72527, &
ATl Feferman ® ™V v 7 ZHEHT 5.

FEHER L R EFROFERIC U & WO ERGE S 2N INA 5. HER ZFC/s IZAFTORE» 572 5.

(1) ZFC OFRH. 7272 L ZFC ORBIKRICIE ZFC 0 GHifzicMz 728G U 2 & £720) il
RDOARATE 3.

(2) Gt ZFC O ¢ (2) 2, Ve U.p (@) < oV (7)) DFom#ENR. 22T oV (@) 1X
» (T) DU~ (Bb+% UL TR on2imE) Ths.

(3) 3Ja e OnU=V,. ZZT, On BEHFTHRADZ 7 X, V, % von Neumann FEE D o 7 H % 2k
T 5.



BAIONHKEZ 2D B, BUZTZFC O L TREE T 57006 DTH 5. _FHORMMAL, s
WmR TR I 2 U Loz, RAUmHRTeEHRasns V Lol&e s, U LETix—H3s2k
RPEHTEHDTHS. DED, ¢(F) ICEo TERINZMEEAH, U LhV ESCHHINTIER L, $inf
FHCIRE B 2 WD 22 BIRNT WS, REBEOABIEIUD (ERE) ZLTORWI L2 EET 5. finfE
FR XD VORI 5EED (UzaEiwy) EHIZUTHHRLTS WsRD) . /2 V CHEKNIC
MR XN 2 ¥ ABEAIR (FEBEZRRY) b URKETS. L > THHFO2BAE U oh Tt
HTE2bD LI oTEWV. X512 ZFC/s 1d ZFC DIRAANIEKICR o TW5. Fibb ZFC/s THEl]af
BEREFRD S bENGES U B 20 DI ZFC TillARETH . 2B, Z0 & S5 IR OIK
BIPNT2 0 b B R %2 (R LARED) D o (@) ZEE L, T4 50 FERHHET &
7% X 57 U & ki F 2 D THRUE L v, EEE, Feferman @ bV v Z I3 MEFIOBEXECTH D,
7ZFC/s o ZFC ORIFIIER MG KM% - W CE SIS T % 5.

MEFRIERY 1 > U] ZIEES 5. M8 (U, €) DIEK (*U, *€) & 2 DIDIAA «: (U €) — (*U,*e) ZXD
NIRRT D LED B, TITH(x) DI L%k *r & HL

(1) BATHEHD) 2To ZFC O ¢ () 1T LT Vae U.U = ¢ (@) « *U = ¢ (*a)

(2) (v FBIFFFR) p(z) Z AHEK 2 285 *U DL 89 X — XIHiD ZFC OB OELE LT
3. ZZTplx) <k 2RETS. dLpx) DEDHRED S *U e o1E, p(2) 13 *U
WfREFED.

ZD XSS (U, *e) DTFEFEBICHIIATE 243, Z DA & BT ED Fx DFGEICIEAETH 2
DT, ZITRHRIHEIERZIRDTRICHED 2 Z v ITT 5. 7EliX [6] 25K,

K REERI R 2 S IZ R DG W FEHIAE N 5. fEZIGH T ZDFHEA DT T TH 5.

(2)  (S9EaFIERR - INARILERD p(z) ZHBZH z 285 U DILE T X — 212850 ZFC Oinfi
DEGETSH. BLp) DEOERETSD ULRERORSIE, {¢(2,%d) | ¢ (z,@) ep(x)} &
Ui E .

Hiid (U, €) Z1Z2EFH (standard universe) , i (*U, *¢) ZBHEFH (nonstandard universe) & IFA.
BATHEPNIEFE TN W T S BT & 2 K M CBUEDSROL T 2 2 & 2 IRGET 5. (8y) BRI e
FHP 171 L ORI (R T 2V NPIBRD X5 2b D) 2B Z e 2GET 5. 2 IcH
HEFHPEMEFHOEDILRTH B Z & 2 IRAET 5.

Z ZCHAT D pedantic RIEEE T 5. BUEFTH U MCHEOFH VISR 2ELSDMEM G e ¥, 1
AU Ofif 2 B IR fe 1F, MICIZ R s TR TH B, TNWR AU L A= {z | x*eA}
DE—THBHINIZ. L LEDS, (FU %) WRVT AR ATHEDDLSICIRSHES DT, il
PFEOBENNLVED, Ar AZF—HT2. Fhelk *c 2F—HT 2. (ZOR—H2MERIIT
SEFEMEL . HlZIE, *c FEMIBGBTIERWDAS, VISR 2 ERIEAB Y i LR, 20
I3 RFFEPRI SHWTIPITH T2 WS 2 ThHb. HAMEDD LTINS E, ZOHEE
WKHEBLTWAR D TIEFR—HT 525, JIOMEICEHLTWS 2I2EXGT 5, WO 5DOLRFLT, &%
BB TEEIIIToTWAIETHS.) ZOEDT—2 759y REIFERVESIE, FHBEsHR
BREICHES S EFVRNT 7 —F, NST XIS RNBERN Y o —F 2 2RHATUE L 0.

BEARTROEER (standard) TH2WFURKETEEZE2ES. LIELE, U Zzh%E « THL
72t R L T, im(x) € *U OILERHENE S5 2 b H 5. BANWNRPAM (internal) TH 23 &
BFUWETER S5, dor—fc, 3V E (ZLTU L) OBEE X 2 ZFC Oifiic X - T
RxhTwsrx, AUHRHERICE>TH*U L TERINZEZAN X, B X, X, *X R 2ER
I TRV RIINE (external) TH B & 55, B, EHEWHR 225, 5L TWA%ENDHATHD L
0, MAEZROMWAEESRIEFEGETH 2 L 2i12iE, LIZLIE *s O BN ST « 2B LT e ¥ EL

U 2 T ORI T % *U OS2 BRE (hyperreal) LIER. U 3 HBOER TG L
LH OG22, 2l ENHEMRIE T2 13FEBTHS) 20D ZFC O ¢ (2) HliATE S, Zh
ZAUTIHER L 0% (2 3EHTHZ ) it WS 22 Ths. R%Z (ZOMEELHEDD T
D) FERERDES L TIUL, *RIFEEMEAROES LS. T2, RIGEEDIEF L HED S & CIHF
HRETD, ZASDHEE « THELEHDIE 'R LIJEFAROMEZ ED 5 (BITHEM) . B, Jlox
BoMRiEE R TENOMER ¢ (2) RS0, ZIroHOEBR LHOBIE R MEoh 3.
L LAEDS, URRKRWTR2R TH2 Zehs, BITKINIID *UIRKRVWT *R* > *R' TH 5. (ZZ
T, *= x> KDROBEFRTH D, BICHBEENTFET 204K 6T, HEESRD *U OHFIIFET S Z
HT.) Lid o THERDOERIFHOMBIEICHK S 2w,

FEUERY 72 IR T ORMR (finite) (RIS T 2 HHERIEREBER (hyperfinite) TH 5. ARTH 2 i
NOH Bt (HRED) &0 tEh 28 TH o708, BERTH 23 *NDH 55t (BEAK v
AN 0B 2 TH B, 22T, *NIKRKEBAITCHEEN 2 DT, BERICIZERIIXIER
RHDDBEEND. ZAUTH b S TBATHEIIC L D BAREEERELFET X5 1R2 85
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BRI TIED/ RS AR 0 S —ADISINTDOWTIE [40, 44], KRJE M H 1Y —ADIEAITOWTIZ 22, 24|
Z2Z.

3. LIRS v MM 55
3.1. E&.

E&E 3.1. KDOF— X550 X := (X, Ex) 2 ZRIMNES (spatial set) ¥ IER.
(1) NIVIES Ax e "U OHRHEEG X € Ay. ZThZ2B%E (underlying set) .
(2) X FoZIHB%R Bx € X x X. ZHhZZERMBR (spatial relation) .
5 X 2 X OBES (underlying set) , Ex % X OZEHIMEAR (spatial relation) ¥ AR,

EFE 3.2. X Y 2ZMNERLTS. B f: X - Y PEMMER (spatial map) TH B &i&, DIT
DEMERRETeEESS ¢

(1) fI3ZeMfBRE A RO, Tbb fuEx < Ey.

(2) f LiV\]E’S‘E%’E%O ?‘Eb%[’\]ﬁ’951%F AX — Ay € *[U ﬁiﬁﬁ:‘bf X c Ax, Y < Ay, f c F.

iRl 3.3. ZERMINIES L 24HINEGEE Sp 25K 3.

FEHH. ZERINGAAB AT T TV Z e IZEZIEAETH 5. (BT HE 2 22 R G0 D NIV IE R 2 53
BRAREC RS WD) X >Y g Y - Z22EMNEHBE L, F: Ax - Ay £ G: Ay — Ay
FANIERE 5. COYEGoF: F 1 (Ay nA) —» Az l3 go f ONMNIERETH %. O

W b, RS NI TIHBER R A TH B U, 2NN T IEIER i 2 7R ol
D (EFNVHEEGOERTO) HEFAITH S, LA, ZRENESDORESHD 2NNESOETHES
ICHoTWE I, ZEHMINGED D 2 NWEBRDEMAEBICIZ>TWE 2, 25 & o NEN 72
WEWAZINDEDTHD. DI L DERIIE U DILHH ZFOMAK 7 4 LR —MKA 771 & KHEHE
KR —HTEZ L WS HELD . [42, 24| R EBIR.

3.2. . ERINEEOHIZEOMHEEEL THB L. RETTRT X518, BANZREIDZ 3/PREZR 2 KR
JEZEID & BRCG SN 006, 2 T TIEMRNLRBIOAEHIET 5.

Bl 3.4 (HF5r2E). X 222 MRS L T2, RO EAY € X 13Y = (Y, Ex|Y) 1T & o T2
BrRAMEs. GE5%iy: Y - X ZZEMNTH 5.

Bl 3.5 (MFME). X ZZ2MVIEG 2 T35, X OZEMBIGR Ex ZXFHNCT 2 [1RB AL LT2dH 5.
(1) &2 Ex 2 TR/ NORFNBEG Ex v By TH 5. ZEMINES S X = (X, Ex v EyY') %
By FHRFE (cup symmetrisation) ¥ MR, [HEGHR idy: X — SOX TN THS. v 7
MFMEIER ORI TR S 2 RO ZEHVES Y L ER—NESR - X > Y IZ
ML, NGB g: SOX > Y DB —EBNHEELT, X->S,X->Y=X->Y MDD, T
bbb, NIHIRZERRIES DT B Speym 1%, B TOZEMBIIES DT E Sp D S &

TH5.

(2) WED LD Ex ICHENBIKDNMIINIG Ex nEy' TH 5. 2RSS X = (X, Ex n EY')
% F vy TRFME (cap symmetrisation) & FER. [HEER idy: S,X — XIZZEMNTH 5. Frvv
TR RO TR T % AT OXMFRI R ZENES Y Y 24HNES f Y - X
WAL, ZERINER g: Y — SOX DB EINCFELT, Y > S, X > X =Y - XD 7D,
TIHB Gpsym (& Sp DRKMATFERIETH 5.

5 3.6 (efsfk). X 2ERNES L 5. Ex 2 30RDNOHEBINER (Ex OHBINEAT)
Ef = U EY

neNy
BHEZ, MRS TUX = (X, Ey) 2#84t (transitivisation) & IE3. HERBHY 72 2R & D514
EE 3.7 (BHR). XY 2ZERNES L T2, ARADEMX x Y 1d, X ONWIEK Ax ¥ Y QWL
KAy @ (A 1HET Ax x Ay DIDIEEICRoTWS. K172 B 6R
Exxy={((z,y),(e"y)) e (X xY)*| (2.2') € Ex, (y,/) € By }
RO, LIehioTXXY = (X x Y, Exxy) BZEHINEATDHS. g rx: XxY > Xl ry: XxY >Y

B GGETH . FEEE, HENBERERO I LIE Exyy OEBRPSHONTH D, JI Ax x Ay — Ax
Ay x Ay > Ay PDANIEEZ G525, L7zhoTXxY X &Y O Gp R ZEERIETH 5.



EE 3.8 (REH). Xt Y Z2ZERNESLT 2. AEAOEN XOY 1E, X ONWIEK Ax ¥ Y QWL
KAy @ (W) E Ax @ Ay DEDIEE TR o TWS. K7 FRRZEH B R

Exey:= Ex ® Ey
2RO, Lo T XY = (X DY, Exqy) EHEENESTDH 5. BEEAS ix: X > XOY L iy: Y —
X @Y MM ES&TH B, KX, EENEGRERD Z LI Exey OERD SIS TH D, KEHE LS
Ax @Ay —» Ax ¥ Ax Ay — Ay DANIEEE 52 %. LEP>TXBY IEX &Y O 6p it
BERIIRITH 5.

3.3. EBHEREN - BEARENE— - EIEER. FH5HTHVS Z IR 2MREHONEALTEL.
E& 3.9. X 22N E L35, X NDEHTIRYI { x; }NO (N € *N) »3HigH (hyperchain) &1, {u; }fV:O

i=

DA (e *U) TH b, POTED i < n IR LT Ex [vbl] N Ex [:L‘i+1] £ @DPRDINDODZEEZWNVS. XD
RO R HEHTHRAN S & SEBHERE (hyperchain connected) TH D &5 5.

R 3.10. BSHDOERE (v;,7,) e Ex Y LTLEI ERARZEDLRV. 2W0WHDD, WHEZDOLIW
ERLTLED &, o &y EBITHIANS ) 205 ZHIGRDHIR & 72 70w CifiEdsginsg) Z &
PHDIS. BADERTIE [z &y FHEBLETTHANS ) 205 THERIEE CFEER-GRE 5. 7,
Ex PHERID ORI 51X, Ex[z]nExy] # 9 & (z,y) € Ex EEMET®H 5.

EE 3.11. X Y 2EBVIES, f9: X - Y 2EMNGEHE 5.

(1) frg»EELTWVWS (contiguous) LIHMLED € X ICHLT By [f (z)] n By [g(z)] # @ DK
DIALDZ &RV,

(2) f & g»BEAEFEYZ (hyperchain homotopic) (f ~ g &) &%, ZERNERH» 5723
WIS {hi: X > Y} DIHAAELT, ho=f, hn=yg, POFEEDi<niTHLThH &
hig1 PHELT0R &2V,

R 3,12, B8HAE b ES T AR KHHER BT TRV, B E Y T 4 1RO NS
OHAREOFFITH 2. L7zh > TRAHERHE LD 550 (EEBFRICELTI D KEW) BEfRick-
TW3. flzIE, By DREBIGRTS 2858, THEED REBGRYE 22006, ZORGHEBEILEEIC
—HT5. Lyl (By PEMEFBTH->TH) THEHREGHEERE PES 74 2 fIid B L R0,
W 3.13. 2B O ERE (f(2),f(y) e By ELTLES E RIRBEHIRW.
@R 3.14. HEHART ST 4~ 13Gp LOBTIUBRTH 5.

AEHRA S TH 2 (HEMRITICEG ORI EL EEhRW) OEKT 5.
B 3.15. BEGEMIEIGBEHAT N ¥ —FEETAETH 5.

Zh & b UEMT IS OEmE 2 < EEhku.
EE 3.16. X 2 UKBTHD, Ex 2*X Lo HMERE L, *X = (*X,Ex) OFOEHMNESEE R
3. *X Opix EEYE (nearstandard) &1, 2 ye X WKL Cae Ex[y] (D% (y,z)e Ex) 2
KOO ERFS. *X O o FRIEHE (symmetrically nearstandard) 1%, % ye X LT
re Ex [yl D ye Ex [z] DO EEEFS.

REFHSLTHA .
MR8 3.17. *X & Y BZEMINES L L, TRPhOBEEP* X L *Y DR LTS T3, f: *X > *Y
BEENEMSRE T3, A X Z2Y WXETRSIE, fIZ*X D GHFR) EEHESE *Y @ Goffl) JEEEHE s
A

4. TI§-22f 2 st—Z2 )

41. T{-%B L 244,
EE 4.1, HMR o (@) 25 LI, ZFC OHRBMR ¢ (£,9,2) £ 8T A—&X G e UILEoT (&) =
Yy (Z,%y,%a) LHE T2 E20S. o@D 5 2iF, o@) =y (7,%y,%a) LEF2 L E20S.
W42 EEMPH2 X e UM LT *X OFRIEGICZoT0WEYE, MAPLUFT THsZry, X
DFFEEEAM, |ie I} DFEHELT M = (,., *M; DR DD Z L LIFFEETH 3. FEBE, M2 I 0
LEX, M= {reX Y@ i,a)) LBHE, M= M TH2. ¥, M =, M DL Ei3,
M=*M; EEHIE, MEVy (ye* M >aey) W05 I TERTE . [AkIC, G2 *X Ok
BTHIYGE, GOIF ThHL Iy, X DMAESIE{G; |icl} PMFELTG =, G DD D
ZrrIXFETH 5.

iel
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HE 4.3, Zho Ml (ightface) DII /S5t EIHIN 2D TH 5. I DRV T2 LTKF (bold-
face) DI/ S5 2iH 5. N\ ZMWMRER L 5%, ZorE, WNEEOMHDMES M 2 115" 21k, N
a2 UMYR) M = {M; | i <A} DPFIELT M = (o) M; DD IO EEWVS. Fz,
WIS DEA RS G M NS TH 2 2iE, NNEEG2522 GMYZR) 15k G = {Gi i<} PHEIEL
TG =y Gi DD ZRWS, TNSDZ TR <k (v IZBFIFFOFNC T % 7= SERIER0)
DL EICOARIRDIES.

RIAHZER X 2RV T v e X LHERISEWV * X ORBR ux (z) & ¢ OHT (monad) Y¢h: (halo) &
M. CARIF-EHCRsT0E., 2O s IF-EEFH T (monadic) HFEEPHAEN (halic)
EEY BTN S, FiIEFAEHY KRWTyeY LARDEXICH S *Y DHeE Gx (z) 2 y DI/
(galaxy) YRR, A DF-HAICHE-TWVWE., 2D eh 5 SSEAIZIRAI (galactic) AL BT
3.

EEA44. XPURETHEAL TS, X LOT7 410X — F OBF (monad) F72E¥%E (halo) &l

W (F) = ﬂ *A
AeF
TEREINZ *X O IUFEATHS. X LA 770 T OfFA (galaxy) & ik
G(F):=]*4
AeF

TEHREINS *X O SF-HEATH 3.
EE 45 X2 URBTHEEL TS, *X OI-E9%EE ML T
Fu={AcX|Mc*A}
B MIHET 2 7 4 L X — 2R, *X O SRS Gl LT
I ={Ac X |*Ac G}
Gt 54 77 LR,
TNOEDEBICT A NE =4 T 7Moo TWD Z IEBITEM» BT 5.
FE 46. X ZPURETHEELTS. ZOLEF o pu(F) e M — Fy FHVWCHERTHS. £
T—G(I) ¥ G To BHWIHEBRTH S,

IR R EBR L 5 O FIREAGHNT B % 2 HRFEE TR T

FXEDT74NR—T5. T Ae Fup LRETS. THDOE p(F) S*AL VS L TH 5.
FRRIEI L D B <y (F) 2723 Be *FHEET 3. bbb ($% Be *FIINLT B S *Al 2K
DD, BITFEED (52 Be FIHLTBC Al BRDILD. 74 LE—DERLID Ae FThH5.
MICAe FLlUETS. MEDEREID u(F)c*ATHS. LEdioTAec Fyr TH5.

M%*X OIS0 EE L 35, BidOHR I D X OESEEHTE{ M, |ie I} PFEELTM =, *M;
DR DILD., bBAA M S *M; DR DD, DRI

Mc({ASX|Mc*A}(=p(Fu))
()M
i€l
= M. O

L5566 ¢ S -EaEmm e (RIETIClT 2) BHoBfRIcH2. CDZiE74 MR- A4 T7
ADIEFEIN 7 (BEERRICET2) WNTH2 L0 2L ERISL TV S.

4.2, T-ZRAL T5-2BM. SETIRBRTEZI 00 7 4 AR =ML 4 F7 AN D X 5 IR
BN B EHSLDES 5.

RA47. X 2UIWETHEAL TS, X x X L7402 —r *X Lo I -ZHBERE—N—0E 5 5.
X x X koA F7re *X o ost-ZIEB R 3 e T 3.

Fhbb, 740K (X, Fx) GHIMIES (X, 1 (Fx)) ERIEL, RS IE—4HN%S (* X, Ex)
BT 4 VB2 (X, Fey) XIS 5. MBS, 477020 (X, Ix) & S5-2HRNES (FX, G (Ix))
YIIEL, PO SIS (FX, Ex) 34 77 VR (X, Ig, ) EXIET 5. 208 DXt HER
WOWTHRRZHES.



107

FE48. X YRUIWET 74 0&—28H, f: X >Y 2UIWETEHRET 3. LUTIZFEME:
1) fiEF74V2—HEETH 5.
(2) *f: (*X, 0 (Fx)) = (Y, (Fy)) 3ZEHITH 5.
FE49. X YR URESTAT7UVEM, f: X->Y 2 UIKETESR 5. ITIXFEE:
(1) fidA4 F7NMERBITH 5.
2) *f: (*X,G(Ix)) — (*Y,G (Ty)) $EMNTH 5.
I BHIF—HEHE G4 ¢ bornologous BAR DHIHENRHIMN I 22—t L7=d D TH 5. GFIHICH ZHEE

FiE e RO bH8IgT 5. ©5 5 5O ML SHTH 5. — 220 K CHZERIT R 2 FEH
13 [44, 22] 2B

% 4.10. FIU & Jd1IU & Sp IZEFUTHDIAD 5.

5 3.2 HiCIE 2R RS O IEZ RO i To. JFME, HERB(L, EE, HRkRYTHhL. Ihbid
7 4 VRO A 77 VIERNCIR 2 FRA G 250, wFMbi, (U2) Zifife 37 4 L& —281H
DT Fltoym S Tt &, (C2) Ziiifz T4 7 7 VZERB OB T Idlgym € 3123, 202 (R)
IR P72 5TV B Z 2 2K, Gp I 3 ERTZ EAN Flt & 3d1 ISR 2 iERT e EAC—5T 3.

GplE Flt 2 Jdl £ D WEIHEFD GRAOHEDAAIIFIHTIEIRY) . TOZLOREE LT, §lt
R odljE s FEHER) ST RBITE RV X 5 BRI O LTED Gp DYty LTRBITE S, 2w
9;Xﬁéw6ﬂ5 Thbb, FitRIAICRIIHRERE I —XD Y, Sp RT3 ZRDHEH
EMRENE WS I THD. me —RRZEM L LTO Q & RIZATE b E—FHTIEARWS, SEd 5%
ﬁ%%@*@t*RMGpK%mfﬁ%FEwﬁﬁkﬁé.:@%%@%ﬁtmmmpﬂ%%%.

4.3. Bl DREZER ¥ KREEZEMDT E D & 5 222 MINES IS S 2 022 KO0 R L TH <.
Bl 4.11. U CmsfiiZEm X 2

Fx :={E< X x X | E[z] is a neighbourhood of z € X for each z € X}
WkoT7 4 M &2—ZEE Bifg ([29]) . Fre X ITHLT

uﬁkﬂﬂ—<[7 Wﬁkﬂ— () *Elz] = px (2)

EeFx EeFx
TH5. LiedioT (*X, p(Fx)) WCHF 2 HTEHER 2 15 ORI T OAHER (B2 py (z) 1B H)
YRICHDTH 3.
FIE 4.12. X Y 2 UICETMAHLRE, [ X > Y 2UIRBTEGSRE 5. UTREM:

(1) f: X - Y 3EGTH 5.

()Eg®1€XhﬂLT *flux (2) € py (f (z) PSR D IO,
(3) f: (X, Fx)— (Y, Fy) &7 4 VX —HEFRRITH 5.
()f.ﬁxuum)ﬁﬁxﬂu&»m%wmﬁﬁa

REFA. (1) & (m®ﬂﬁﬁm@%5@®ﬁﬁmﬁﬁHHQMp%@%@T@é (3) & (@@H{@mﬁ@
48 TH%. (426 2)HPHBZviE u(Fx) & pu(Fy) DEI»SHSLTH S, (1) 15 (3) 2HEL.
FeFy ’EE"L»HXZ) T2r, HreXITHL,
[AFRE] ={(2,2") e X x X | (f ('), f (2")) € F'} [2]

={2"eX|(f(x),f(a")) e F}

*{x"EXWf( ) Ff ()]}

=fHFf @)
ZIZT, FIf(@)] & f(z) DIEFETH 2056, [fOHEXID fAF[2]) 2 DEHETHS. LicdoT
f¥*FeFx TH5. O

EE 4.13. U B a2 (X, Bx) &
Ix:={ECXxX|EcAxu|J(BixB), B eBx}

i—1
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WEoTAT7 MRS (22 2H) . Zor &
G (Ix) =*Ax v | J (Gx (x) x Gx (z))

reX
MDD, 2 IWZze X ITXHLT
G(ZIx)[z] = Gx (z)
TH3. LIh>T (*X,G (Ix)) IR 2EEHER L IZERE (23 Gx (2) WETH) AL DOTHS.

FHE 414 X &Y 2 URETHAREZEN, f:X Y 2 UBETTRET 5. L FER
(1) fIEARRTH .

(2) fERED 2€ X IDHLT *f (Gx (2)) S Gy (f () DD,

(3) f: (X, Ix) = (Y, Iy) ¥4 77 VHERAICH 5.

@) *f: (*X.G(Ix)) — (*Y.G (Iy)) 32N TH 2.

ﬁ%.m (2) DEMEMEZE R EGROMENRMAY (22) 203D THS. (3) & (4) DEMEMEZE
49 TH3. (2) ¥ (4) DRMENE G (Ix) ¥ G (Ty) DEH WL TH 3. O

TR 415, AHZEEChIES 2 7 4 V& —L, B RRZERICHIES 24 770 213, ZDERDF L
ML Tz, FHRMEZ IS 2 e itz oMo E R e G ZER D2z ICEDE S 2L 25 R
THES. X A% LT

Fy:={E € Fx | E[z] = X for all but finitely many = € X }

LEDDL. THEEMA120D55 (1) 25 (3) DEEIE»NL 5. il s, GEHHY, Fy] 23ER
D y ZFRNTY THoTh, fL(F[f(2)]) WERMED z ZBNT X LIRS KVRSTHS.

SO FRNZE R ol O R 2 MR O ZCEDETA LS. X 2ARMZRH e LT

Iv ={Fc X xX|E[z]u{z}eBx}
i s, THLEM 414D B (1) 5 (3) DEEAENNEL KB, BEe T CHLT foEe T, &m
L7z, yeY iTxfL
KEW = | F(E[])
zef~1(y)

b, fPERETHLZ DS f(E]) 3ERTHS. Lol 1 (y) $ERES L 22 [aEED H
5729 fo B[y FAEFR IR S50,

WIFhomE %f®§5T®ﬁ@#ﬁﬁf%éXma%#@%Kfﬂﬁ&#E@éhé ZDXkSICE
WIEWTHEDTHTAIUIT FrY =L L TS

E%4w.¥%mm%o&%%&mm%fgé.UKETWW%%XK%L,ﬂXk@:@%%EX%
Ex = LJ({x}><ux(xD

xeX
TEDNE, X — (*X,Eyx) BFRMEERDAATDHS. Tz, UKETHIERZER Y oL, *Y
Fo—1Eif% By %
Ey = | ({z} x Gy ()
x€Y

TEDIURL, Y — (Y, By) BFMILERMEDAL TS 5.

44 ZNRECLAREDT7FOS—. MREL KRED7 Foy —DFBIE AT TBRRTERZZ L 6H
LM THAS. EHELIJEMIESELWIRITDI L THD. fROZEMWESITOWTEIL T 2 8
&, R, ARSI S T H B/ANEE (15 & AR (55 THRNLL, ZoaiEdkimo
WERROZLIZRSE. LELELES, —HORETKLTZEHTH->TD, ZDAAIZERIIEGRDE
FATHEMEICIRIE L TV B 2 513, @ﬁ@ﬁﬁTWi?%Z@@%? ﬁkﬁi?é&bf%ﬁ%#%@@%
RO IR &7,

I TN DI R 2 X4 TO7F I —dFET 5. RO LS REHIEHNS 7F s —Thb.

(1) 7V LZ2 OB GG TH 2 L AFNTH B Z v L IZAETH 5.

(2) JRATAARERIE 220 & iR S5 0 B3 T8 & v R 24T v A SRR BA% D R N R

Ths (18] 2BR) .

TR BBMER WL MG ZOHO7Fayd—D M TH5. ZhbD 7y —ZBUERICED
5y, EER/NOMEIIEATH D, MEAKOWBIIME/NTH S, WS EFARE 2 ERNCHRT 2 B
DrEZLRDE (]22) . ZHEARTR-TERT7I Y- 3BERZ2 D TH S Z L ITHEREY L.



4.5. TOMD FROD—. PREEZE 2 -2 NGz ROEATH D, KREZM 2 1d S5y
BREROEGROTH o7, KIS 3HUE VIRE PR e Y -3 I8 ORMWDIE. THh TR
REFRaY =13 S HEORMIITITL WS 22 Thb. LMo TIE T I THhRVESDR
IR IRETH RRETH RV R —¥IFUS 23 DIZZ>TW5. LaL, I TH 57 TH
20 (DMA] & 2> DHEX ORI CEFRTRER) ZERINBIR E XE T 5 & 578, HABREEENREEIE AT
H5. FIKFENLIIED LA S, (), o Uiper -+ " Aivin - & Ui ev Nigew -« F Aiyin - DTEOHEEE
FOoDRENS, BHEICHATNIT ONIEETHE (A, | i1,i2,...e U} ZZHRE AR IZ IV, LrLIh
DR,

BWEFE O —REMIAEM 2 22 IBEE D2 {1 2-7 4 VR —2E%0 24 T 7 VIR0 TW A D TH o7z,
21 i THHAR7ZESIZ, D neNITHLTn-7 4 VR 2[R n-A T 7 NEREEZDZ LD TE
5. ZAHITEHERN R n-TIUREROEG LB T 5. 2D X 5 RZERINIES OB BN NE 501
LI NT VDB 2IEE 2R,

5. ZEHNESDRERY —

McCord [30] ZBHEMRMT IS D AR DA TR Y —% 5272 74 773D THHERTH %, X
ZUCESTMMHEZEM, G2 *UiEs (W) it 35, *XPH DT (ao, - .., ap) 25 p-7 4 7 B Hifk
(microsimplex) TH2 W5 2%, [Hilag,...,a, DD 5 py (x) (py () 1Fz DEHROET) BT
ZELEDD. GEFEBET S p-~ A 7 v KD RANBEARNO 2% M, (X;G) L, BED
FIETHSHERIT 0, M, (X;G) — M,_1 (X;G) ZEDD ¥, M, (X;G) FPHERERT. T OREIIE
HENAHZEH D Top N U 20 SEHERDE ¢h NDBFICR > T3, Zh kD RERY —BF HM
L DERE GRB McCord A ER Y -T2 8D 5. ZIUIEEHAHEE G RERY — A8 (13) %
Tl 3. McCord DWIEER KA T 2 Z & ToeaEHIZEN ([28]) —HkZE ([21]) @ McCord k&
nY—EMRTAIdTES. arEnY—dRABICHRTE 2 ([39, 48)) .

McCord & 1 2 — 1ZIEFRIC A VB D Vietoris—Cech REB Y — ([45,5, 10) DLSHBHDTHD,
McCord a7+ E R Y —IFMEICHI W D Alexander—Spanier 2 REB Y — ([1,43]) DLI3BHDTH
5. bbAA, McCord R EBY —IFHRETIE R CBAREEZ b LITESN 2 DT, TS IKIERITIENR
55D TH5. —J, McCord #zfi & Cech—Vietoris Mz I8 Alexander—Spanier ZflE, M4 ZelbD
b THBE 5 ZeHIbATVS ([16, 23, 48]) .

AREITE, LOWRESSIT—MILL T, HHWESITHT 2R ERY —HEMKT 5. ZAUTPRE
CRREDOEEOREDY —HEFFICGZ 2 BDIRoTWS. ZOZ 2 LT, REDHIHEED
PMRPEZER e LTorErY =¥, [HHE QMR AR EOR LM E LToRER Y — & DR OHER
2T 5.

5.1. EEMEEOFREOV—E. WE X 2EHWES, G2 U WEST (W) Mt 35, %pe NI
KL, *XPT DI (ag, ..., ap) A p-BIE (simplex) THB WS L& (V_,Ex [a;] # @ DEHILDZ
LLEDD.

T 5.1, F—Ax DHEDERT (X, X, Ex) @ Vietoris BAITRIT 2 BEDEFR L E LW, Zofticd, Cech
BRI 2 Witk i 78 NP_, Bt [a:] # @ %, Rips BRI 2 WD Ex [a;] n Ex [a;] # 2 %
W2 ZedTES. bl Ex DAHEBEGRO & 210d—K T 35, —BOBEIE—8B L. Yo
ERZHEHLTDH, DAEITIERRMDS LT WL, Kb ICHIDEFTIZ LT vk, 2nws b
L—RA 7B 3. ZOHEFTHBTHRRS.

G 2R 5 % p- BRI RNIEERFIO 2% M, (X; G) LED 5. BFHERR 0, M, (X;G) —
]\Ip—l ()(7 G) %
P .
opg (ao, ..., ap) = Z (—l)lg(ao,...,fzi,...,ap)
1=0
LB T M, (X;G) BHWHAERT. 727 LM (X;G) =0, g =02 F5.(RbYicM 1 (X;G) =
VWE [ X - Y BERNGHE T3, £pe NIIHLT M, (f;G): M,(X;G) — M, (Y;G) %
M, (f;G) g (ao,...,ap) == g(f (ao)...., f(ap))
LiEDB Y, M, (f;G) GG ko TNW5.
PEXD M, (—;G) & &p » SHHEAEDE ch ~NDBIFTH 2. Chrefifkoreny —MF H,: ¢h —
Ab DEEE HY (—G): 6p > Ab ¥ T 2. CAHHEDFERY—HFTHS. RIS L CEHMVES
SotirrEny —#HoERLEON 5.
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TR 5.2 (HHURE N U—FLH). g X - Y 2EMNEGE T 5. ZHOMIE By SREBGC
BoTWBELRETS. L f ~ gBblE, M.(f;G) & M, (9;G) AT M —[FH, Lid>T
HY' (f;G) = HY' (9; G) B D LD,

AW, BHIS 7SN B, f v g 2RI LTV & BT Y X LHEFBIY M, (f;G) & M, (g;G) DRID§H
KT ]‘ E"v—&:f;o’CL‘%. #ﬁg@i%/ﬁ\bzbi, j v g @Féﬂ@féﬁﬁy}::& ]\ t"__;{?{:ﬂ‘xb’ 7QUX-L\$@§2®WB,‘JZI

AR ZED, HAERMERS 2 THAE N —2BELR 3. O
HE 5.3, HHAE P —ALEMOFIETI, f 2 g MEHELTVSEE, p-HIK (a,...,q,) LT
(f(ao) o F (@), g(a), ... g(ap) B p+ 1-HRICTR 2 LW S R Z WS, By HFEE B@HU&[’E%?X

CHAICIE Z O S ﬁﬁk@i%%ﬂﬂ@%ik%%?ﬁ%xf%;@ LIEEDLR.

5.2. $EIRBIBAE C BSED R EQ Y —BE. /DRUEZEMH O Flt ¥ KRJEZE R Ok Jdl & T2h 2 Uil AL
WAZERZ MR L 7235802, BI2ES < & 5 i RBINAZ R A DO SHAMEFI IR L TR 2 R E DD - 7-.
7, ZEENES DR Sp TIEFI & Idl 2B L5 eEbw R, REIALRBOME BIFNTH
ZMD) HEESNS., 22 TREZD XS Rz 022 5.

EE 5.4. X ZEAEMZER, Y2 Bl 35, 55 f: X - Y 2HEIRE) (slowly oscillating) ¥ 13,
TRDOEeIx 2 UeFy WL, % Be By (Bx 3 Ix OFETIREREY) BHEELT, {LED
(2,y) € B\ (B x B) Kt LT (f (), f (y) e U RO VDL ZEE 5.

RRARE) B g — R D ZE I 5% & Wi 5.

EE 5.5 ([22]). X 2 UWZm @R HZEE, Y 2 UIKES B2, [ X > Y 2 UIETERET
3. X 2 Y RiEEO & O WCHEMWES L RINT. £ X X OEEHEN TR VR (DF D R
) RO EMNES L 35, BUFIEFEI

(1) fiFEREITH 5.
(2) *f: *Xinr — *Y IZZERGTH B,

L7e3o TRDK D 37D
EE 5.6. X Z /LAZEMV OHMERE D a > 7 MEpZE e $ 2. X OBt (open cone) ¥1Z
OX :={Xx|A>0,re X}
TEFEIND V OEHEETH S, WUT, X &—HR7ZEH, OX ZHIZEM & RS,

ROFHF I HON-HIETH S, 2 2 CTIIBMENGIHEZ 5 X 25, ERAH I L R/ INESEENE
HOOWHTH 2, LWIHIEIHWNLAT WS Z X IZEE IR,

FEB5.7. X L OX 2 LKLY TS, COLE f(2)=a/ o] TERINLFE f: OX — X IZEERH)
TH5.

FERH. et & D EFNCEAN A M U BT 2 RELTE V. 2,y € *OXjyr 122V T (2,y) € G (Zox)
YIRET S, TRbb x| & |y 1ZERTHD \IxfyH BHRTH 5.

[*f @) =*f W) =

HIH lyl H

IRIE Hyl\ Hyl\ HyH
x

=] HyH Hy\l
T T —
_ gl ==l = =yl
Iyl (]l
y=z  Jr—yl

Iyl Iyl
_ finite finite

" infinite ' infinite
= infinitesimal.

Lo T (*f(x).*f(y) e p(Fx) THS. O

%5.8. X, OX, fZLrFtkrT5. WIRHER f: OX - X WFHERA H, (f;G) : He (FOXiy; G) —
H, (*X;G) ##H7 5.




5.3. SBOEBE. AfTHAAEnY =l HER) RZEMNESICH L TOARIIRS S . BFD
FEHE 72 2SR & O Tl —FRZE M Y 2GRN L TOARKIRZ S Y WS Z e TH 5. [IEFRIER ) 72
2R LT BIRA S R TR Y —HOMRIZ0 L DOMETH 5.

PAHZER R (2) e Y —BHCR L TRRERE Y-8 GEROKRE M-8 PFEET S LD
12, A2 Cech (2) FETS—FASH LTIE Cech € M E—FEREZ 5N 3 ([35, 36, 37]) . [k
IZLT McCord FEBY —FRZHINT 2B DE LT McCord RE M —HEEZIDIEMNTES. IHIKZ
ZEMIEEAND— b2 EZ 2 28 dTE S, ZIUIMNHIZEN — LB D/ NRIEE B DR E b B —iF
PHZ20DA%57F, HZEMO XS R AREZEMORE FE—HE2LRAFICEI2DDTHHS. 210
Z, “HOREDOEEDKRE b —BEFHET 28T OREDEEDKRE b —EOEREFHT 2
Z e DFEEINIEATRE L 72 5. BMEI R E b - BHFOSMERN R E P ([31]) L OBIRD %
=R ORIETH 5.

ZRED 5 VI & D —ROMZER] ([20]) D &SRV v F MR EOZERIZ G E D I By R E
FEOBRGFEORRTH B, £ ZAD, Bax DOPFHATZEEO— R RMcoAEHLTED, Zh
5OHIRZENZER (D) 25 2 e TERV. REAOM AR 25 L2ZMICHAEXE S Z 2 id—
DDMEDITINMETH A 5. BIZIE, de Rham Filifi ([8]) < Morse—Floer Bl ([3, 15]) D & 5 7224 D
Uy FRMEERR LR E, () v FIhiz) PREZEZERS KR EZRMZ G2ty —{bs 2
ZEMTENE, CHIIEHICHATH A 5. FERY—BRARE FE—BHTRT 5 L FRIkE, NREEZEM
KREEZEE2 2 L TR L TV 5 & 21, —HOREBINT — & % )5 B 7 — & D EHEIHIH
TE32006TH5. bbAHA, INHEFENMTEDOHEZNTORVWEETHD, —HOME 20 EL T 5.
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