MHEZEEDOD=ZAHE S HIT DT
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§0 B
AROEME, ROFEHEEEPT I LD 3.

FEE

K % n®RLx—7"Y) v FER R* iC embed SNTW 53 k RICEAKIEE, N % R THlF
5 K DIEAIZET, K i collapse 95 PL ZHR{K, f%, N Z mRiL2—7 Y » FEM R~
locally unknotted IC embed T 2EHREFT S, ZODH, m—k>3, m—n<<3 75 5T, 7wy (R"
—f(N)) ={e} DRV LD,

COEEIL, EREADSERME LODOUNEEREKOZHESEMBEDO ho —F4 MRS
FRIKOH T, BIKE LU TREAESENINTNEY, HARSREAE L TREARESE INTE
WEDMHED.] ZBRUTHWIBERTRONL I DOMETHS. ZOEBEDABEFTEZH
OPICT BHIC, §1 TEREKOSTHEMBEICONT, §2 THHEEREKOZAESEICONTRT.
XEBZIENT 2MEEIEE LT 3 EALFEES, Covering isotopy EHE §4 & §5 T
U, §6 CEHEDIEHART,

§ 1. BIHRGEOSTME

ZRRIKICTIZOMEERIK, HEEERIK, BOSRELDY, 2hooRERENEN, FEH,
HEERME #MoRMETHEINSG, cof, EEHRECFE FE—-HELDONEI LTS
Hahiz,

E#Fl—1 frAZEfE (X, A) (Y, B) i LT, #E5E 1 X A)—>Q, B), g: (Y, B)
=X, A) BEELT, gf & f-g BESEBERICKE ~7HEE, X A) & (N, B L2
UhEeE PE-BEEDENS,

EFL1—2  #HRER f: XY MPEEHT, ¥ER i Y-X bEREThEILE f 2
HMERE WD, "YRAFVI7ZERMREI, SEPHR EHLIIH O ED D H & FMHE M BEALE
UP) 2bD&&, n RIEMESHBIEKEZTN B,

E#I—3 HRK LicHLT, 2ho0fs aK, BL BEEL T, RIELILS &,
K& LiZMaeRBEKENS. /5387 FSHEK M=|K| 13, 205E8K K OEE
ODHADEREKD n BIALFAMED &L &, n RTHMEEEZRIKEXIZN 3.

E#ELI—4 o RLUMHEASHREKM OBEELERE 8S={(U., Y)} acA LT3, S IKBT
BHIERDBELRE (Us Yo, (Us, ¥p) KIMLT, UNUsxg 1551, Vve- ¥ ! 12 R* OF
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e Ve U.NUp) 25 R ODBEE vp(U.NUp) ~ORMEEZLTH . R DEEE (a1xn) %
DT, (e ¥ )@= fh(rza), =, fo(@1rz)) EVIIRICEDLTCENTES, nfH
DB fap . [ DMERD a, BEA (72720 UuNUgg) 1T LT, r EHBMSTAIEET
HbHEE, S & CREEOFRE K3 n ROGINAHSEREK M 28 O SEERERS 2 b D L X,
M&ESDHEH M, S % n kit CMBAARESKREK (2L 1< r<Loo) 10D,

@ % C° BRIK M M5 C° LA MW ~0MEEGHRET 2 M FOEED O BEK F
MUT, MEOBEE ¢ MO MTHEES, ¢ %2 C WD TERTBREND. ¢ B MDD
M OENDRBEEBERT, ¢ & ¢! BEBIK CHMDEE, ¢ & C FORHEERE NS,

J.H. C. whitehead IC XD [EARBATERSHK L, KOO LREMESTELZEL, WMOA
BERADEDOPBEMEFHNIIMEGEEZHRIKELE. Lrd, b2BOAREREN 220
BHOPBEMETEEE 5c T, TNORBENIGRAERMICKES, ] C&B8H-T
w%(m]®ﬁ,ﬁ%ﬂ%%&%@,ﬂé&%ﬁ%&%if&b.ﬁ%mbt,ﬁéﬁ%ﬁ%
X, PSRRI, MHESKRERZFE I E-HEEZ TIPS, ROXD EEHEEKRNH 3B,

WA ARESRECHARSRIECIEZHRAC ke b &1,

J. Milnor 23, A WHSHAEAD EHEBICE DSBS AEE2BAL T, TRTHK
m S okic, 8" LTS 22, MOPHAHETRESHSDOERKL L (9) CGEBIKiZ, 7o
L3280 D RIS - WS FTHEREE NS AL (6)) ¢& XD, KD BEEKRA T~ 2 FH A
R BRIEE IND X DI -7, TNMESHRARDO HMETH 5.

SHEDOHEME MO TRSRESUESEZRESMHESREA—>F2 b -t T,

1) HOEMNTZSNics X, Zn& compatible TLAEDHREM FET 3

(2) Compatible 73413, M1 DICR 5 (—EkDRED.

(3) Compatible 72fEDS 1 DT lﬂiﬁ’a{%‘ Z D& DTN Do,

fzE Z0E, nROTERM S" LT MRS UNEDBE AN 3 &, (HESBAKTIR
n3, 4 DESMEIDEREL, n=3, 4 DEXETH->TWHEN CET Y AL TR, HEES
BETH, nx3, 4DEXE—DHEEL, n=3, 4DEZXE5> TR, HWHARESHEE
Tl n=1, 2, 18 BREEDBH>TWB (6] 2%, COEED n=3D& &5 TR,
Fh, MAEEBRENESEELZLBELNE VD BEPEICH U TIE kervaire O L [5) b
5. MESEHREOZMESEE ZO—REOMES Co XS 8 HHED 1 2TH 3.

§2. MHEZBEEOC=FESE

MEZEEO=ZATESELZO—EEDORME

(1) MAEMESRAET 2L, HARSRKK BEELT, M & K| BREMEIIE S 5,

(2) (1) 25T HEAEEEREN2D K, LEELELETEE, K & L BHAERMICES
»,
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n=1, 2 3 DL, HFENCEINTOS. n=4 DELERH->TVIEL. n=5 DL R,
Kirby-Siebenmann & 0 WEMICHEI DTS (7], (8). 20KOREER HM, 73(TOP/PL))
=H¢ (M, Z3) ODETH 5. ZDEE% Kirby-Siebenmann OEE 1y, KM) &K,

ECATHBEERD LD ITHEDTH S,

B BHALLUTHESARSZIINED, HARESRKE RS BOAMESRIKDD 5,
SL, COESIHERAE M HE, KMX0 T, L b2AIESEITE 3 BRIKBIE
HIT BT EITD,

B 2—1 M2k E FE— nBREER MK MOMASEEICE T 3 EEO =M
SENCH LT, & i BERD link 28 (n—i—1) BKifids, (—i—1) BAEEFE U +€ bE-4%
bOSEKICILE L ETH B,

% 2—2 M O resolution (X, V &M ¥ BEIEK, f: (V, aV)—>O, 0M) %% [(2)
DEHET, % (F1OV)~'(s) #5. collapsible & 755 & 5 73 compact point-inverses 7&Ai#AHE R
L33EE (V, ) TEEINS.

SRR L R E b E—-SRERCHEAEESRAEOERICONTIE, EXRLVMGEEHRAL
Si3ke b —BBIKTHAB, T, Siebenmann (11) XV nxd (n=5 D& &I 6M HLI4E
SRR BOIXEBROEE L A EEANFE b C— n SRIKSMHESIRIKICIE S, COPERD 3
BRI T TERTACERE ST, LB EETANKD.

(1) GHEZHREM O=AE5E K idRE b E—SHRIKICES 0.

(2) FE b E—ZHIKL ST resolution & D

(3) resolution A3 NI, MAREBIRIKE 22D

(2) 122 T, Sullivan (13) £, & E P ©—ZERIKDS resolution %D ADEMEIRS
PICEINTN B,

FEE (Sullivan (13)) RE b E—BEEER M 25 resolution % & DD SKEMND T 55
z=0 L7320 zEHAM, ¢M: 03) BEET L ETHS, L, O3l A% b~ 3ERMD
h— [T H 5.

BE O3=0 72513, z=0 &£18505, HHIMN Poincaré THEMNKOIL-> TN, K E
b — SRR EKITE I resolution 2 H D EMT B,

(3) 1IZDINTIE, ROEELDEEMTEIN TS,

1 (Cohen (1)) n>6 (n=5 O & %I OM=g) I L T, M%+rE }E—LEK, d
MBI AEHRETS. (V, ) 2 M DEZED resolution, e: V>R! ZIEEERE T 375
12, TRTO 2 e LT dhle), f(2) <e(z) L ARMEMR h: VoM WBEET 3.

(1) T2 TIZ, RD—f% Supension FIEMSAIELZHREADBFRHANZAESEZE LS
ETHEIE ST B,



56 E A E K

—#% Suspension n> 3 (BH), H" 2HEE TR iEoY — nHREE T 5,
Sk H™ B (a+k) RUESRELEEE572 k=2 BEET 5.

X 5 IC—f% Suspension % E"*' KBY S SBEEENETL D 8.D.S. BETH 5.

Simplified Double Suspension [ (S.D.S.) B n>4 T3 LT, E* OHA
HZARSENT m (B—K)X0 LB 3HRLE THBAMENEFET S 851, (B/K)XE!
iZ locally Euclidean {T75 % 7>,

S.D.S. D& EMMIT—% Suspension MED EENRE FETH Y, 8.D.8. MEDOERE
HI#EIL 6 DO TFHRLERMEICIE > T 5.,

£H (Glaser (2))  S.D.S. BE®D & ENEIE— K Suspension (B EEHHR L FETDH
5.

2 (Glaser (2)) S.D.S. MO TEMNRIIROFRLMEETDH 5.

1) K% E*(n=>4) KBF3ERBAETHY TOEAEED, HERTRWERZH2560
2151, (BY/K)XEF 1T, §XTD k>0 T LT locally Euclidean & 7257500,

(2) M" AEAOIOANE o B8E TE2MOZARSEETEE T 3BAENFE PE~n
ERIKTH 3.

(3) K" IIEEOBR n REENBETHY, 5 k=1 KL T, TR =§* L715TWH
31251%, nx3, 4 D& =, K* |3 S iC[EME, K3 PL K€ I ©— 3KRILEEKRE, K43 §4 & ok
= P —EMESHEANEE FE— 4 RTEREE 135,

(4) M DSEROED n RIEMHEBRREK, T XM OZAESELSIE T OKBEREER IT|
BT locally flat 1T75 3,

(5) n=3, 4 ®& X, Poincaré FEMNKVIL->TWBEHLIE, 2 TOEZARSEEN n RT
MAEZRIAL, HEEEREKTHS.

6) M* 2=MEAE T %2> n RTPEEHRIEK, K &2 T ORSBIKT, K| 2k RS
KEB-TNBHDET S, n—kXx2 1256, |K| & |T] i€ T topologically locally flat
TH5.

VI EOENSHRERERT 5241, S.D.8. MBED &H2H T BEEZREANICEDSTT,
2% mm(E—K)X0 &7 5% PL Z2AESE O GRAERT B I& K(CE") £2H520 T,
(E"/K) XE! 23 locally Euclidean IZ75 - T3 M E S PEANBINIEE B, § 6 TRY
FEBEREZDAD 1 DORRTHS.

§3 % @&

P SRR TN THAEZRIKE T 3.

§3. §4. §5 BT AEMIZ, FIC Zeeman (14) DIEHICIKILL, Glaser(3) & Hudson {4)
=HREL T

2% 3—1 K, L #8k&E73. KDL T, K—L BHHNETE2 DK OBEK A HLTE
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T3EK, K»b LD elementary simplicial collapse 255 5 & VD, WAL, A=aB 6 (E
K=LUA, aB=LMNA T, A % aB LIC collapse T3, $2 & A # B 75 collapse 32 &
AR

K »5 L ~O elementary simplicial collapses DFASFIE T % K, K (& L T simplicial I
collapse T3 &L\, KN L <. L MR—EDKIZ, K % Simplicially collapsible & U 0y,
KNXO0 &K,

SHERICH L CHRABROERENTE S, XDY BEWMETHY, X=YUB", B '=YNB" &
%% B">BY! BEETEE, X 5 Y ~D elementary collapse 2855 E0D. X b Y ~
D elementary collapse DFUMNEET ZH, X I3 Y i€ collapse T 5 & 1, XNY &L, Y A8
—EDE & X % collapsible & 1Y, XNO &<,

E3#® 3—2 K, JREKT, KCIJ &35 J-KOHKT, TOTXNTOHEALK AICH
BZHDOMIENELIE, KIZT T full THBENI. K23J T full 55F, f10=K &L725H
RER [ I-1 KR 21 DFEEL T 3.

EF 3—3 T2k XCIJ| &F5. BUEKES N ) i X &5 J OFHKE
ZDAETNTHEDILSDTH 5.

X% n RTERAM ROEHEK, JEKA2M & XOZAESEETS, IV AT D[
derived I N 7cBKE T B E, N=N (X, JP) 2 M icBF 2 X D r K derived TfFE 1.
r=1T, KNI TfullOLE, NEMIIKBIFS XD derived dTfFEE1NH. KO P 3 Jr-P T
full 7235, 1 R derived 4T3 derived FIFEELE L O NS,

EHK 3—4 XEEREAMICBT 32FHEHKET 5. Mickds XOEREHE N &E, @
NBMICET2 XOAHETHS, @ NP n RTEHEK (n=dimM) TH53, @ N\X, Zif
1T EBHEEDCETH B,

31 2ODKRARDERAH DO EEDORMERIL, REICETHRT 3.

WEI-2 B '<B, AV'<A" Kol FEOEMER BTI>A" ZEEER
B'—> A" ~NIFRTE 5.

F* 33 2DODREBIEBOIL TR D> THONIE, ThS OMES LERIKTH 5.

A5 KN\L %51, KNL &%5K, L oflsr K, I B8EET 5.

WE 36 M, Q ABBAETE. M A Q OFEHSEARLIE, Q-M BERHKT
b5,

E#H 3—5 f:M—Q BT, Q=M D& &, f % proger &£109. & <IC éM=¢
Lxid, M »5 Q ADEED embed % proper &1V, Q DEMEZRE L, Q S Q ~DFEME
BERE2EBEWT 5. & ICHEMEERIL proper embedding TH 5.

EH 3—6 M 2D Q ~ND isotopy & i3, proper level preserving embedding F: MXI—
QXI D ETHB. TTD 2EM IFL T, Flz, t)=(F.z, t) TEFKINS proper embed-
ding M—Q % F. &5 <. Q @‘&B%";EFEEJL%JIEM %, #®@ isotopy ICK > T T HHEFE WD,
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XCM Ot &, §XTD =X & tCLIEH LT, F (o, t)=F(zg, o) £7257851F, FZ X%
BIXIZNEND, MBS QD isotopy WHELEL T, Fy=f, Fi=g 755 (¥ embedding f, g : M—>Q
23 isotopic THBEW D,

€k 3—7 Q D ambient isotopy & 1%, H (z, o)=id & 7L 5 level preserving [HHHE®H
H:QXI>QXI DZ&ETHB, H 2T NTD 2€Q LT, H(x t)=(Hz, t) TEERY 5.
TRTO t€1 ITF LT, Fe=HFo O & &, H (d isotopy F 2> LD, Hif=g £7185 Q
@ ambient isotopy H MEHET 5 & &, embedding f, g : M—Q % ambient isotopic & 9.

Q DFRIAEEM D ambient isotopy 25 Q=X ZEI M & &, ZHid X T support ST

EFH 3—8 Q DA move &1, EREKICK - T support SN Q DREIMEMRT, ERE
DEREZHINTNHDTDHS. Q OHEHA move &3, Q LTLTR b B HRIKICE T support
XN Q OFRMEEBRTHS. ht hewhaf=g L7535 Q D move OFRF hi, hg, -+ hy %%
AT 2 & %, embedding f, g »% moves ICX 5 isotopic TH B &,

E#% 3—9 f:M—Q % proper embeddimg, Qo Z Q KBF 3 f(M) OERIAEELT 5. K
L%, f:K—>L BEEKERELIZEIIE M, Qo D=ZMAESFEIET S, f 3 locally unknottd
embedding &3, A vEK It U T, st Uk (fv, L), f (k (v, X)) % unknotted & 7
52 & THD. embedding 23 proper 7272 5, X i VEM 7, vEM Ik »TERPEBREDORHT
5.

%% 3—10  isotopy F : MXI—>QXI »3 locally unknotted & (¥, @ %% level F,: M—Q 23
locally unknotted embedding T&H - T, @ FMHXME JCI LT, IR F:MXJIT—>Q
X J H% locally unknotted embedding D& X T&H 5.

BE 3T h:K—K %, REHAZZNERCEL, 58K L 3BHIT0LEDI7E, HBHEK
BORMEMRETSE, hid L 230 THEEERIC ambient isotopic TH 3.

RI3I-8 MEBIE X OFEED2DOD derived HfEH X % F Z751> ambient isotopic T
BT, XCM 75513, =0 isotopy 13 M ABI L&D IGRRS,

W 39 HWAEHINORELS HRENOEEORHEERIHA LB 2 WEFER
& isotopic TH 5.,

AEHA 1 D0BEICH U THEHITNE TS TH S, h: A=A BHEZS TS E & isotopy
EROESICLTIES. [ AXI=AXT%, t=0 D& %13, f(z )=hz, t=1 » sEA
DEEEF, flz )=z EF3&, f12 (AXI) ET level preserving iC78 - T3, AX IO
g AX I ORNCESRIYE, BRLIEEIC join VB EIKEST, f %2 AXI T level
preserving IC7 5 X D ICEHK TS, CDE X f BRD B isotopy TH 5.

* 3—10 12QBEE IO K D RERED S RENOEBRORMEERIZ, €DUZEH IS
WEFERE isotopic THB.
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§4 EHGAEEIE

EE 4—1 M iZBIF3 X OEED 220D derived 13, X ZHIRNTRBL LS.

FEIH Ni=N(X J), o=NX, ) 25256 nk 220745, 2L, |dl=
|Jol =M, J, % J1, J2 OIFEOMSEF 5. Ty @ 1[0 derived #1530 % J; &L, No=N (X, J))
EFB, X 12 I T full S, f10=X & 5M 1 DO BEKER f:I—1 BELET S,
0 %, 2T, sEX ERB3IRTOHEAKKILT, e<<fz &73b KD Ess, Jf (=0, DI,
fA=1 D& x ACI: % fe LTERILL, ThADE ZRZBFICHITTE LIk - THE
SNtz Ji @ 1[E derived f5FEF 5, €D L&, INKX I =770, o &05. WAIC,
Ni = N(X, JD =N, J2) =Ny=Na,

R 4—) MickBI3 X DIEED derived JLfE (T X 1T collapse T 5,

FIH 4—3  collapsible ZIfifk X D derived ¥LfE3, n—ERIKE LB ERIKTH 5.

FEI] n [T 3 IHREEED. n=0 QL ERAGNLTHS. EBEL4—1 XD, H 5455
1% derived FTFIC U CEBEDOEHZTRAI THTHS. OB, X=|K|, KCJ, "% J
O 2 ETELHIS S NI E L, 2K derived #f% N=N (X, J) ##&Z 5. X I collapsible
Pinh, WHE3—5XD, KNO0 &85 K ZEBCENTE3,

r 4 KNL0 &723 elementary simplicial collapse DM E 3. t KT 3 JIF#hikT N HSERIK

KA ERRT, 1=0 D&, KIBEALEHS, N ZHEREENRD, KETHS. KNL%E
15 %] @ elementary simplicial collapse & 37 5%. 72 72L, B4Rk A=aB % B 75 collapse L /c
42 A BAE A BOELETEE N=N (K J)=PUQUR, 77#L, P=N{, J),
Q=N @, ), B=N B, ) &5, LCAHT. P RWEDHELD REKTHS. Q, B
BEAOHBRKZLSHEKEE, 4. Q 28 P o LidtBodTciRo 2o Tind ez
REE, %3—3X0D, PUQ @Kk 3. RFRkIC, R 2 PUQ LicdkilioTRID oI5 0
T, N ZEREKICIE A, Lieh-T, I PNQ & (PUQ NRB ¥ (n—1) EREKTH 3
CEAERFIERD, BERDS, P, Q R ONERIL disppint 2225, PNQ, PUQ) MR MEKIK
7251, FNoRLMOAITIE > TNBRD,
C&T, PNQCQ=1k (4, I, Ji=lk A, J) £95. T« DT~NTO CEH LT, HAER
AC—C £Z22L, Qolx BREERS. COMBOTT, PNA—=N G B T &K%
2. T AD aB (KD collapsible TH 5. WAL, N (aB, J'%) 13 collapsible £k
D derivediT (5 TH 5. n IKHETZAMEOEESD, N @B, I & (n—1) HIKELLE. ¥
ZIC, PMNQ ik (n—1) ¥EKTH 5.

Alic, PUQNRCR, Jx—lk B, J) &¥2&, A R>Jx » PUQNR 2 N A B,
Je BT, FEREUEH2S, PUYNR Z (n—1) REKITIKS.

BE A4 SHREM CRE B BSEEOBI TR b TNEETS. XA B ERDL L
M OB AIELSETE. 20& %, X ZHIRO M 5 M'UB* ~OREHAERNEFEAET 5.

AE ] X GHEALH»D M'—X BEREATHE. B2 M & B Lottd@oxu s L,
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A" 2 M'—X CBF B B O derived ZifFEL T 5., EFE4—3 KD, A® IREKE L 5.
APCM® 775, B 3 A® DO, Lhrd B i3 A" 0ATH 5. A" B (33LED
B TRb-TEHD, R3—3&D, A"UB" 3BT 3. B! =B—B"!' LT3
L, WE3—4KD, Bt IERIATH 5.

SCHEHER b 21555, M—ADUQA—B") ET, h=id EEHT 3. & <IC hlx=id
L7585, h=id: B —Br! Z@E3— 140, HMAER B =B INLEs 3, RARICLT,
h:A"—>(A"NBY) ZWIMICHEIRS B E b HRDBZHUEE b,

EE 45 MY QT BEBKT MR Q OMESEAEEET S B & Q KBy
0 HREEL, M" LHEOITRH-TAETS. X %2 B" TROLOLIEWN Q* ODFAMSE
BETAE, XUQ REISINT, M* % MUB* KB T Q' 725 Q' ~ ambient isobopy
BEFEET S,

FE B AELEOWETA. ME3—4&0, BIT'=B"—B! @K TH L. EH4—
4X0, MMUB" MEREEKICILE0D, MES—6LD, M*=Q'— M"UB") 12 BHIKITE 3.
D" % Z Bk Q' —Q'—X ICB T3 B" O derived FFE T3 L, EEWL4—3 LD, D" FRATH
3. A"=D'M", Al=D'M} &9 5. D* Z{f5E&, M", B X hBEHHN D" THIHE
RERDEDKEAMETEZRATELE, A%, A? 3, #hEFh M*, M <3 B, B!
@ derived JIfFLILB. WAIT, A", A? BEAKTHZ. A 14 B* L@ B! ¢RDHD,
A7 12 B* LSO B TR L. KT AUBY, ATUBY 33 —3 X VERIKEL B,

KiC D" 5 D' ~OFRHERK h AXDOL D ICLTES, DUMA—B*Y) ETik h=1 &
E#L, h:BloB AAES— 1Ick > THIBICHES® 2. BRICLT, A"— (A*UB?Y
& (BMUAY) —A? ZRPICHEES RS, MM 3—9 X, ESEBRI D' 2H X T h i
isotopic TH 5. Ch%E Q—D' (&< ic XUQY ZE» & 756> Q' [Hd ambient isotopy I1CH
XL, EDEHLD D isotopy 1 M* & M'UB* IZBL T 5,

EE 46 (ERIEFEEE)

(1) MicEd3 X DITED derived JfEIFERTH 3.

2) MIicE8F3 X OfEZED 2 DOIEAFFIE X Z2E) IS0 CRMEIICE 5.

(8) XCM %551, MicBi3 X ® 250 EAIFEIE, XUM 46 & 7510 T ambient isotopic
iITis B,

B () N=NE, J) % M KB8F 3 X D derived &fEE 5. EAICKH TS 3DD%
HARIEINLESRD, & © BREZE»LOHTL S, &6 ® BHR4—205HTL 3.
@ ZEEH T2 A1KIE, N OFHEHAD link ZFHNF I, L=k («, J) £33, HL 2EX
o5, 1k (o N)=L REPBKICE S, 2EX #5513 2CA, 727210 A1 JT—K @ 1 DD B,
KiZ|KI=X &3 XOWMPHEETHS, KiZ J T full »rd, ANK=B T A OTIC
> T3,
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=A’S. 22RL, S & (KA, D) LEEEND, S RHARATES. Sz st @A,
DRIBICH B0, X EFTHS L, HMICLOAX=A'1X=B. L7 Ik N)=N(B, L)
=N(B, A’ =N, A)S. EE4—3 XD NB, A) I, A BT 2 B O derived 3157
DORRETH S, wEIT Iklz, N) EERLERKIC 2.

(2) FHEHA4—1XDIEEDOFRIMEA derived Fifié X 2HXMBNTHEMEELZC &5 RE
X, N ZFEAAEHETLE, MES—5X0, J A K ICHAKRIC collapse 5 & 9 1T,
N, X OZMFESE J, K 28R ENTES,

T =K N\Kr_ N\ - \Ko=K

J” % J OELA 2 [E derived #15r, Ni=N®XKy;, J°) £ 3 2&, NI MBI 3 X @
derived LT, N,=N &73%. EH4—3DFHORT, Ny 1t Ny IC2 DD EEAEIZ D D1}
THRONTWV, N i3 X OEELEHS 20 DHEKEZVTAS X XS, Lizhs
T, EEL—4 XD, XEZHIBORAHER NN BEET S, b5 0ETE, kb
%R No—»N 2385 h 3,

(B) (2) EEKDOHRTH T, EHM4—1ELTHLI—4DRDIC, L3-8 LEHL—5%
HS5E, 200FEHN XUM AT X200 T, ambient isotopic 1T 5 TIND T ENbnrb

RA—T XCM NN BMIZBFZ X OFUEETH-T, Ni—N Thhid, N—N;
=NXI Tk 5.

AEY ERA4A— 1OFEBICE T2 20D derivd JTEZ{ED, N*=f1(0, ), Ni*=f"1(0,
8), 7275l 0<<<e<<1 &9 3. ZD&&, NF—NpF=f1(5 e)=f'eXI=N*XI L7153,
U7edio T, N* NF IO U TSR Y aro.

EH4—60D (2) &0, X ZHSZOEMTH b N*>N 2i%3sL, hN* & Ny ZflihE
SN B2 XOEAEETSH S, WAICERL—60 (3) X0, N TRZBHMEL h N% /»
5 N1~ ambient isotopy M T& 3. WZAIT, N—N;=N*—NF=N*xXI=NXTI,

§ 5 Covering isotopy FH

EE 5—1 HZ, Y 28I /37 b support X A 4D Q @ ambient isotopy & 3

HE, Hild Y ZH 20K SRR D moves DR & L TEDHENS,

AERA FTTRLDIC, Q BHAELEZHIK (0F D B Oho NkBIK) OB 4%l HT 2.
TOLE QXTI IE, E'XT ICBIZEEEKTHZ. B 2k T2RIEEALT

K, L 2 H:K—->L BERGRELEE572 QX T OU5, A % L O principal BifK,
B % A T8 % vertical line element & 33, f(A) &, H'(B) LZBEHEOM O MEEL E
#Y 5. H:K—->L BHARGKRE,S §A) 13 B DD FITKS7, H i3 level preserving
7ZnG, B(A)<%. f=max {§(A)1A 78 L OFTXTD principal YLK F%2FHL} & EHRT 2
<.

A W EFTRTORMER Q=1 DEL, Wi={fEW ! maxf—minf<d} &3 3. fEW O
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LX, fDgraph f* %, Ff=1Xf:Q—>QXI &,<&, fF 13 Q DEBIKE B'XI ~
BLET. o) % * Q OEBOHEABKTEREBTAEDOBEROLDETE. 0 252
2L, 0>0 BEELT, fEWs D& & o(H)<<e L1353, E1E5 Q @ 1Rk E HELT,
3 & THNS CBSFEOHD, e<T—0 LB 0 % ¢ KONTRE,

SGfEWsNOER, q% Q DEETEE, M H'@QXD & fQ O REANHE 12T H B
CTEZRY. f* 0% graph 705 f*Q RHHES QXD —*Q % graph O LE FieNEET 3.
LRADZFHIE, M H ' (@XD BTOA H (g 0) & Los H(q, 1) 285800, M
LTWBCERFETS. Fh, SRALCBNT, ¢(f)+0<% EhdIlkkoTHESTH
N7ZWMITPD ENEBE, §Eo TRAR PP 1DTH 5.

P:QXI—-Q 2 IRTFOHELETEE, k=pHf*: Q—Q R LEOEMD 1: 1 EBT
H5r5 (PL) EHERERS,

XEIDav» 2y bEED, Q=0 £:Q) =1, FilCHLT fiea & fild, QOEAEV: T
—HLUTHWBLSIT, Wiy DEBLDF fo, fi, - o fn BB ki=pHff LE#HTSHE, k=H
=id, kn=H; &78%. hi=ki ki LEHETSE, T klklGy, Q) ZHITNE S, B
ke(St (vi, Q) T Support Ihic Q »d Q ~DEMEM LS. $-T hi i3 move TH 3.
WZ T Hi=hn hn-1-+ee- ht 13 move DA TH 3.

HBY ZH IR 0ROE FilkkdLT k|Y=kl|Y 255, & move hi & Y B X3
W, ELIT moves 3 Q—X ZFIILNT, X ICX 5 T support SN T3,

Q Bavos r BRADES, T % Q OEABSEETEE, T ICHIL TR EEMNIERX
hiehd Q ITRHLTHRmY I,

Q Wav/ N7 FTIRVWEA, N %2 Q KEBUE XDEREREETAE, NiZav,es b
FERERTH-T, NNQ—NCY £703. WAIK HINXI iF, NNY 2HSZ0E5 N »
5 N ~\OD ambient isotopy TH%. I V%7 rOBEAXD HiIN & NNY 2B IBOE D7
X T support S L7z moves DAL TH 5. moves 13, EHERICE ST, Y 2BHI LW ED
2 Q 5 Q ~D moves ICIFEI NS, HIT, Hi 1 Q 2D Q ~D moves DARKEL S,

FE 5—2 (Covering isotopy EI) F:MXI->QXI% M &I\ locally unknotted
isotopy, N % isotopy X AP D FfEETEE, Fid Q £ES7 N T support Shiz
ambient isotopy ICX - THb 3.

BN M i compact THIZIONTWVWS, TTRLEHBICQ a7 T, N=Q 04
EEZD.

0 <t<< 173 51¥, locally unknotted isotopy D EHEM D F @ (0, ), (t 1) ~D&HBEIZ
locally unknotted embedding T#H 5. WZICt DFET F % cover TXx 3, HULLZXIE, &
tET LT, t D LICBT 588 I@ &, QXI® D level preserving [AIHH H® MBELEL T,
H® 3 Q BN T, HO=1, Lhrb FTRIZTHRE LI CENTES, I Da v,y MEX
D, ZOXHBRHE I° OBRBETIZHE S LT &S, WAIT by, by, oo bt & 0 =s1<<
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Sg<rerers <sp+1= 1 ZRBATHIITXTFULT, (54 si+1)
© CJuny & T& 5, H=HW E»n<.
x H % i B9 2RMETROE S CERTS.
‘ o  He=1l H/ :Q—=>Q 2% 0<<t=<si X L T HFo=F,
G EWRBDZEDITERINTNSEETS, TDE X i<t
/ <sim I LT, He=H H) 'Ha EEHETS. L
MxJ" 7o %5 T, HFo=H;(Hi)™ HuFo= Hj(H}) "Fu=
B —F,. WA, T~TD teT iCHLT H 5
FEIN, HF=F, £33, Xbic, H IBEMRMD piecewise linear 25 TEX T3 15,
piecewise linear TH 5. LAd& H 2 Q 2HSm1nd, H b2k Q #HEKL. WA,
Q MNa v,y T N=Q ODEADIFHIZKS.

wic, =ROBLAEDED, Q BMa v,y P THD MNEZEL, NCQ OBEICER % fI5kR &
H5, FEOEBRENAEZEATHEI LD, N BEBFOFEAEETH 2 L LTI, WA
. NRQav s v BEAERKTHE. #-T, a3 v/%7 FOROIERITIFETE S,

BE 3 X%EQOav U/ MHELN N %2 QB2 X 0lEBLETEE, XT
support X7z Q @ ambient isotopy |3 N T support & 1.7z Q O ambient isotopy IZILIE X
ns.

isobopy F 78 M ZE S0 E NS ERBEROIEAIZKRDOK D 1T 5.

R 5—4 F:MXI—>QXTI % locally unknotted isotopy, N % isotopy ICX > T T& 7
BErOAEE AL, F i3 N T support X 3172 ambient isotopy 1K - TH#ibon 5.,

AERA T 2QICBY3 F OHPFET S, #2720, MBav, 7 b 2ho T bavsy
b, F:MXI—>QXI # F OER~DHIEE T 5. F 75 locally unknotted 72725, F &
locally unknotted T& %. X % Q¥ 5 F OWEF TNQ OELEMMMH, NoZ Qb3 X
DOEREFEE TS, X, No 2 T9/NEERCEWCKST, BASN/ T OAF N I3 No O
HEILD,

SEFE—2 LD X T support S417c Q OFRID ambient isotopy (2 F A4 5. LirbHES
—3 &Y, No T support &{17c Q D ambient isotopy G ITiZILESI NS, €D& %, G'F i3
M 2T M BDE QD isotopy TH» T, FOWEIZ TUNo OHICEETNTINS, &C
AWM NG TUNy OFEFHFTH 505, BUOEHS—2%Z M -T, N T support S Nfc Q D
ambient isotopy H X T, G'F Zg> ¢ &N TXx5%. #®IC GH & N T support &7z
ambient isotopy T, F %4f-> T3,

* 5—5 f. g M—Q %, proper locally unknotted embedding & 95 &, KD 4 DD
ZEETH 3.

(1) f, g (% locally unknotted isotopy ICXK — T isotopic TH 3,

(2) f. g (X ambient isotopic TH 5,
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(3) f, g | compact support %Z &> ambient isotopy iC& - T, ambient isotopic T&H 3.

(4) f, g 13 moves [Tk 5 T isotopic TH 3,

AEAA (1) 25 (3) 134fF N & LT, compact " bDMBENREDHOEES5—2LR5—4 2
SEIND. Q2D WREES—1LDBEINS. @) HD5 (2134 move %, EHEERLE
ambient isotopic 7L MBI —9EFR3—10 5 TTL 3. 225 (1) ZPSHLTH 3.

§6 EEELZDIEHA

EEE 6—1 KAnRiL2—7Yy FEMR IKHEDRAINTNS kK KTBE, N % R"
B8BTS K OEEDTEAIEE, AN 2S5 mKT2—2 Y v FZEE R* AD locally unknotted
& embedding &35, m—k=>3, m—n<<3 D& &, mR"—fF(IN))={e} VKD ID.

EE K'CR" & N"CR™ @ embed (& KCN'"CR™ L7535 embed % EHEL T3 D TIE
V. K % R"IT embed U7:kReDIERIATfE N 2 WD THID R™ i€ embed S B72bDTHB. &
DOMEIZ, LA E K=8!, B"=R?, R"=R' DL &% EZ 3L X\, EE SICREDELX
DIEAEHEZ NG, R &95&, 2R RAT SIXI 7183, SICN2CR2CR? (727U,
RCR® RERZEEER 1 T embed LTWNEET5E) DL TDHEFE DR iNES, R2)) &,
f3 N?>R3 (27201, fid N2 % R3 T knot X8 T embed X¥4EHRETE) D& xDAMHDIR
f (NBL RY)) i REITBINT, £ 813,

FEEBDIEHDEIC 2 DDOBELUEMRT B

WEE—2 m—Lk>=3 75T m@"—f(K))=/{_e}

AEHA mB"—fKDDEEDOTLE {¢} &L, EHREER ¢ Sl>@™—fK) %2 2D RKTLE
T3, p@)=0R? WA ERD B2 AZ2%. (RELD m—dimf(K)=m—k=3 X5, E? &
fR) Z2—BOMETELSE B2 & f(K) LERDLOID., WK, RP—fK) TORAHIFeEDIZ
BR" TOHMREZEZO NS, 2F0 {plem@®™). £CbH m@®)={e} X5, {¢}=1{e}.
Wwzic, m@®*—f(K))={e}.

BE M8 6—2XD, m—n>3 O m@—fN)={e} &7 3. WAL, FEHE L
m—n<3 DEEEEZ5D,

BE 3 m@®"—N)={e} &% f(K) iIK+HI fK) OERIE N BEET 5.
TH 2 PTRUDIIE, FARICTAENEREEEES. (N % f(K)O ERIHE fNDE 1
EE LS E S5 &, mesh f(N)mgn—j’r—l mesh f(N) 28ER D 3D (12, P124). 7272 L mesh f(N)
EE ) KB TN TORKOEFEO LRTH S, |- 41<1 #5535, ELEFOEH m
BakExTaE, EEOEEK 018 L T mesh f(N)<m>g(;§‘:1)Nmeshf(N)<e L5,
AN & fN)™ 2503 K QEAEEE TS E, o Nk f(B) TR0 ERIAE L5,
wic, 2O N 5B nfRB"—N)={e} £7BBL5ICENBTLEZERD.
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{e} 2 Mm@ "—fK) OEEDOTEL, ¢ Sl-R"—f(K) 22zoRETETS. HFE6—2
X0, mB*—f(K))={e} K5, @) #ERETIEEDO B2 IKFLTENF(K)=9¢ &2
5. DFD, B2 & f(K) OfEHEIE, EHMA®, (RK) =06>0 &3, EHORULDDHHLD
N’ i3 mesh N'<<e<d 732 KDIKMEZCEMTES. #-T, d@E, N)>5—e>0 &35, W
A R"—f(K)) TOMME ¢@) 2 ®BR™—N) TOHHKE ¢B) &L, ¢; SI=®"*—N) %
REETHHZE {0} £T3E, B2 &N BRDLSKROHD {p)={e} E725.

EEREOEH FHEE—3CBIL N OEDFLD, FIKICR™ T, f(N) & N EiZR™ I
BI5 fOEAIEETHS., Lrd NCint f(N) £ -TW3, LichksT, FAEEERE
4—6DRA—THBEATET, fN)—N'=GFWN))'XI L1153,

A TITH - T, isotopy Z1EAH L f(N) & N & id locally unknotted isotopy IC& - T, isoto-
pic 178 3. W Z IC Covering isotopy EE5—2 D% 5—5 &£ 0, fF(N) & N’ &3 ambient
isotopic €755, T AMMHHEE—3 LD 711 (B™"—N)={e} Kb, KDLEHER nRR™—FI))
={e} NEONS.

fFit. ARBIERCH e - T, FEABBESTI o/, RRTILREEERHR, HEBE=ZHF L
BELR#H L 4. M, KBO—iZ, 19734E, Combinatorial Topology EFMIEHESITEBNT
REL T
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ON TRIANGULATION OF TOPOLOGICAL MANIFOLD

Axie TAMAMURA

In this paper we obtain the next theorem.
Theorem

Suppose K is a k-dimentional simplicial complex embedded to n-dimentional euclid space
R® and N is a pieceweise linear manifold which is a regular neighborhood of K in R™ and
collapses to K. Suppose f; N —> R™ is a locally unknotted embedding map. Then,
T3 (R™—f(N))={¢} for m—k =3, m—n <<3.
Outline of proof

First we obtain that if m—k =3, m—n <{3, then 7 (R™ — f(K)) = {¢} (lemma 6-2).
Next we obtain the regular neighborhood N’ of f(K) such that 73s(R™—AN') = {¢} and N’
approaches well enough f(K) (lemma 6-3).

f(N) and N’ are regular neighborhoods of f(X) in R~ and N’ C Int f(N). therefore
from collorally 4-7 of regular neighborhood theorem 4-6, f(N)—J(T’ ~f((N)) X1

Now let make a isotopy along the I, then f(N) and N’ are isotopic by locally unknotted
isotopy. Therefore from collorally 5-5 of covering isotopy theorem 5-2, f(N) and N’ are ambient
isotopic. But 7 (BR™—N’)= {e}, so we obtain 7w (R™—f(N)) = {e}.

Okayama college of science.



