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ZOELD inverse limit OHEBITERLICIINVWS.

§ 3. BEDHE.

1987z O FHETHHE approximate system
EALT, (2.3)FPRO—-OBEL2525L, HicEMS3
WHLTH—DBERHEZ D, FLT, PEFEH, —HKANR
TEROMBIITE, UVIERORH T, Vietorius-
Smale FHEAGHLA, ‘

Z22,3FMOMIz, L.Rubin, J.Segal, S.Mardesic
Zicknav)y 7 MEMTO, ET#E approximate
systemPEA XN, IRTOY HIRTPHERIKITIZ
BEXhE. #LT, Mardesic-Watanabe {241,

o A NG E TR approximéte system &
EREEMPEONE,
IITi, BROATHOBSOEFRMELHEET 3.

XFZEMEL, U = {U,:a €AlEXOHBELT 3.
Tabb, &U, RXTOMEATHD, X = U {Uy: a € A},
BHEY = (V,:b € BISUOMSTHBLME, &V, € U
LT, WU, € U BNV, c U z@EETIL.

IO, U s U 8L,
XOWABELIZHLT, st(L,U) = U{U, € U:

U, N L +0}e¥s. &EAEnzlsLTst!U =

st = {st(U,Us U e U}, st™ =st(st™ lU)rgEss.
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UPXDERRAEETH S i3, BHXORBEFEDIU,, U, Uy Ug,s ...
TUp = U B2 RilkkDE stly,, s U, 4ERTLONEET 3
CETHB. Bov(X)ZEHMXOETOEEHETOETZI N LT 35,
EHEERZIOS0E2 O HEEEOZETH S, T2,
INF AN PEB(a VN NERIRERTRIENTZ NI RT
HahH. )T, FTEOHEERZIERABEERECHS. Chrs, #HEL
HERHEEZ2EKT 52D0DLT 5.

f,g: X —> YZEHEEHREL, U € Bov(X) &75.

oty = (£71viv e ¥) € Bov(X)THB. fLglm
VIEBTH B EIE, &x € Xz HLTHV € UT
Fix), g(x) € VERBSONBETHLETHS. = O,
©ETIR (f,8) s UEEL. '

ERIEREES (A, <)) cofinite THB L, Haca

WL T{a’ € Ata’ £ a} PEREETHLIETHS.

(X,U0) = {XA,UA,pA)\;,A}?jfapproximate inverse

system THbH& i, %ﬂtd)%ff#(l,)—(B)%ﬁ?":Tﬁ’C‘ésé.
(1) X = {XA,pAAs,/f}ii, TOPT (M inverse system

THb.

(2)Aitcofinite 2 BREFREGTEACMINLT,
Uy€ 8av(X,)T $D, HA’ 2 MZzWLT,
Py 2 Uy @AY,

(3) &Ared, BUeBov (X )L T, A’z AWHD

pii AU 2 Uye  THA.

EX MFEEFEOR, (X,U)zFEFNapproxinate
inverse system =5, XD indexEESMEDBEOD

24N DFF,approximate inverse sequenceXED.
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(X,U)e(Y,V) = {Yu,@u,quuy,M}J&approximate
inverse system ¥ 43, f = {S",fu}i(X,U) —_—
(Y,V)»approximate mapTH B &L, % WOEMH(4)-
(5)2WMAETEETHS.

(4) v:M — MHEFTHD, KFueMizxfL T,

. o . -1,

(5) FBu = LI LT, A 2 2(u), 2 (L )WED

g = {¢9gv}:(Y3V) -=> (Z,W) = {Zl/’w}/s r)/)/”
N} % approximate map &3 5& %, gf = {vw¢,
st{Z,W) = {Zv,stwv, I‘w/s,N}'C“ZSU, gf:(X,U)

= (Z,WITEBEWEERELRITREZ S 2.
- T, AMEERT IBICLIRPBETHS.

AN ==> NP (Z,W)Dn-HIBHETH D Eld, an#Em
ERTHED, Mmoo, r;:}a()/)wv 2 Stnwa(u)

PEBEDVENIZOWTHLTAETH 3.

(3.1)#EHE. (1) FEDapproximate inverse
system(Z,W)iZ, FEDniZH LT, n-H7EBRE2FED.

(2) 0% (Z,W)D1-@HEELT IR, r(s)(sf) =
999, o118 (y) Toain) b (KaU) =3 (Z,W0i,
approximate mapTHB.

(3) [r(s)(gf) g f]l,[glORET, RUL-HET
ERsOBRDAIRESRZN,
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TaYUF 4Ty VickDEAZRENTITY - pro-TOP
% &G IzBWT appro-TOP2EHT 5 : HFRETOPIZHIT S
approximate inverse system&Z{f& ¥ 5.
(X;U)ﬁ)B(Y,V)/\ODE‘T@%‘é?%[(X,U),(Y,V)]E'é‘%’).
BI£]:(X,U) —=> (Y,V)egtlgl:(Y,V) -=> (Z,WIDERK
[gllfl&[r(s)(gf)ILEETS.

(3.2)5%®, appro-TOPRZHTIY-TH5.

appro-POL% ZH{AEjapproximate inverse
systemZEPH62 5 appro-TOPd)fullgﬁ;’r}?’??‘j“) -
r4 3. Eilcappro-FPOLELEET 5.

p = {py:A € A}:X -=> (X,U) Maproximate
system mapTHHEE, prx ——> Xhisystem map
THHEEL TS, approximate system map p:X
-—3 (X, U)pZEMIXDapproximate resolution
THbH e, Pﬁi?ﬁiﬁ)%ﬁ‘(ﬁ)-(7)7&?§t?‘ﬁ%8?’é.

(6) EBEOUEBOV (X)ITENWLT, RAEMMBY,
oy iU, s U.

(7) FEOAEAZENWL, BA'2 MPHD,

ﬁﬁ:%x/\fﬁgﬁﬁi@ﬁ&:, pE2IE, (X,U)2XOZEEE
approximate resolution® 5. ARES(X)Z2ZMHXD
approximate resolution®DBTEEN LTS,

(3.3)FH. fffé@%%?aﬁbi%@%% approximate

resolution® &, iz, a7 FEHEIZAER
ZE{EE approximate resolutionZ D
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p:X --> (X,U), q = {qu:IIEM}'ZY --> (Y,V)%

approximate resolution, f:(X,U) --3 (Y,V)#%
approximate system map &5 5., f&EEESEN:
X == YOp,qizd 4approximate resolution
ThdLE, ROEFH(T)ZHEETILLTS.

(7) BueMizoWT, (q,h, f,py(,y) = U

CZOF, t2hDp,qc»rATHAMUERLBED.

ue

(3.4)F#, p:X --> (X,U), g = {qu:UEM}:Y
--2> (Y, V)2 ZHX, YOEBDZHEEH
approximate resolutionk& 45,

(1) FEOHEKEFHFRh:X --> Yidp,aizBid 3
approximate resolution f:(X,U) --> (Y,V)%&=.
(2) £, :(X,U) --> (Y,V)A2h:X --3YDp,qi’
MA T Bapproximate resolutionTHIUTL,
f=: £°ThH5.

FE(2.3)ICANT5—-DDEZELT, FE(3.4)05 5.
Bi%, hOECUEBSEEL, Lrd, ELUERNEED »
HoTHFENRLFEWCEERMGR=: TEIEIhTWS., - T,
ZOREFEE ], LEIZLRTE.

(3.5)FEH®, p:X --> (X,U), p’':X -=2> (X,U)’,
q:Y == (Y,V), q’:Y == (Y,V)’, r:Z2 -=>(Z,W)
ZEMX,Y,ZOFENLEEKA approximate
resolutiond 35,

(1) FEOEHEESRh:X --> Y, k:Y --> Z=
WL T, [kh]p’r = [k]q,r[hlp’q.

(2) hp{IEEREESRZHIF, [hl, 4+ (X,U) ==
(Y,V)iZappro-POLTEHEE &2 5.
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(3) [1yly oo[R1, o = (1 s ooligly oo

X, Y2ZMe T3, X,YOLHEEKAEDERIZEBD ©H 5.
LEMoTEEDIMX,Y) = {[(X,U),(Y,V)]:ip:X -=>
(X,U)EARES(X), q:Y -->(Y,V)€ARES(Y)}ZDANZS.
COEDOLTHFESEERETS. DEDIL], 7] €
M(X,Y)ed 3. REEFSOELERP:X --> (X,U),

p’:iX -=3> (X,U)’, a:¥ -=> (Y,V), a’:Y ==->(Y,V)’
MEHn, £:(X,U) --> (Y,V), £ :(X,U) --> (Y,V)'&
A [f] » [£7 181, [1yl, o [E] = P2 101gl, oo

WREIALT AL ELT S,

coEE~EEEEE S, [CIOREEZ<TI>EEL
TR LAMIX,Y)> = {<[f]>:[fleM(X,V)}&BC.
wiz, BEEOAREROEIICEZRS.
[fleM(X,Y),[gleM(Y,Z)& L, g:(Y,V)’ --3
(Z,W)’Tr’:2 --> (Z,W)’€ARES(Z2)LT 5.
OB fI>e<gl>Da<lgl><[f]> =
<{g}[iy]q’q,[f}><‘:@"%’>. zhix, &%

OENHICEHTELEETES.

X7, Approximate ShapeXFIZ ! —Ash 2 EET S ¢
HRIFBTOMEZHE L, XIPET OHOREEZ <M(X,Y)>
YL, SRIELTERELADOL TS, AshighF TV -2 5.

EOUEB T 7y 74 — R:TOP --2 AshZROEIICER
3. fEUCOVTIE, R(X) = X, Bfh:X --> YiZ
SnTik, R(h) = <[hl, ,>, p € RES(X), q € RES(Y)

rg5. (3.5) kD, RET»> Y F-225%.
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(3.6)FH, Ash @FAFITY ~i242D, BLUERS
Ty 7%= R:TOP --> Ashiip 3.

inverse limit & approximate resolution

EDRRIZRO L S22 5.

(3.7T)EH, p:X --> (X,U), q:Y --> (Y, V)%
approximate resolution¥93, f:(X,U)

--2> (Y,V)%approximate map’ 3 3.

(1) X»topologically completeT‘%XAnf
TychonoffZHMDEF, p:X -- X |Finverse
1imitTH B,

(2) %Y,Yufﬁtopologically completeTilf,
EHREHL(T) X -=> YT, fueMjizAnWL T,

(q,L(f), fﬂpw(u)) s std, ZAETON
W —oBEETA.

(3) ZF(2)DdeT, [f] = [ 1261, LIf) =

LOE7 ). Bz, <[f1> = <[f'1>%56F, L(f) = L{f").

Ashgg 50 Ashp,pas Ashegy, Ashy o %#&2T,

&R ,ZTPDtpologically completerrZSHi,
WNZaAUN7 NEM, 2 VNT FER, BETHEMS % 5AshD
fullBEaH5F T -9 3, TOP~, 5, PARA%

tpologically completeRZER, NS /8» F2ER
PERBLTOPOfullohFaY~-23 3%,

(3.5)DLORENS, LIKI£]>) = L(£)LEHT 28
TED. TOLEKREBS.

(3.6)%H#, L:Asheg 5 -=> TOP., AT 77U 74—
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2720, R:TOPrg 5 -=> Ashny sDET 77T -2%3%.

-%YH, RL = 1, LR =1&7%D,

ZOBIZLT, Approximate Shape DA F I —Ash
rEQEA WEBESEOMCRo R, Zhpbarbs i3,
TOPL D) Appro-POLO AN, &N EPBAEEEZ
HEHOTWBDT, FHELDPTWEERS,

§ 4. AEIEADGHIZIONWT.

EEXOSERELEMER p = {py:Ae4}:X --> (X,U) =
{X,,U Py A} approximate movableTH B LiL, D&
DEE(LZBETLEETS.

(1) ZregcwL, BA 205D, A"z L, Fir:
Xy == X350, (pyyrs pyynT) = U EHET.

(4.1)FH, p,p’ 2ZHXOLHEHEAMUERL T 5. o
approximate movableTH I, p'Happroximate
movable TH5.

(4.1)l2kh, EEiXhiapproximate movable THo &L,
Z Qa7 3 2 E SR HUEM M approxinate movableTHS
Zkeds.

QEEHESEN6R 3L L, XOURKCechiE Ry —F2
H(X;Q)E9 5. XMERY A7 ThHLit, BHABEOKRTICAEL

T@%Hi(}(,@mihgd):f}, biJ’*%)%Hi(X,Q)?bfﬁ!gE’\i.’? 1%
EME2BEETHS.
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(4.2)FH#., a7 FERX%, approximate movableT
HEYAT7 295, h:X -—> XOQUEK CechhF I Y —EIzhA

FSLefschetz® L(h) = 0 2HlF, hiEAFHEL .

AR OB, FTHROICHBSEENELp:X -~
(X,Ulk& 3,
XDERYATTHAZ NS

(1)Eni22WnT, {H (X,5Q),py 114} stableTHh 3.
e, 7UNT MVOATITY) ~THIERAY FILERE
RETH 3.

£:(X,U) -—=>(X,U)2hODp, picEd 20 LERLT 2. piY
EHE(LZBETZENSG, IPROBEAES I LHIMS.

(L1)BAEACTDE, A 20 ()W HED, EA"2X2AWLT
BEffr:X,, -=> X»n T (f3Pyary Paant) = U dBAET.

BAEAZZWLT(L) &Y, +ZFI2KkEWA"ZAEWLT
I’pl}\n:XAu — XAH %%ié&, L{h) =L(TP/\)\")KB;§:%.

X W ERZEATE S0 6, LefschetzD REHEHE LD
rp P AEIREZSD. ChEDARFHEDinverse

limite UC, (i1)%BALT, hdpy U, -RES%ES.
APEBTHB05, %h@p,{lak—xéﬂ;ﬁm%, inverse

limitiz kD, hOAXREEEES.

(4.3)%. X4 approximate movableix 1 /N7 25/
ETHLE, XOBIIAHEEE2DD.

HLVLWABRSERLI14],[181-[2412BHAT W,
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CANONICAL FORMS

In-=1, r = 2. The ordinary differential egquations case.

1) B-equivalence
L glut(e)

l)l (u_+ t.uz)

2] (3u? « t,20%)

| (au® + ti2u + 1) .30t ¢ t?)
2) D-equivalence
| g l u |contact singular?

Dl (u,w) v | regular

2)‘ w?,v) | IV - (1/3)u® l regular

3)[ (u,v?) Iv - (1/2)u l singular

4)‘ w® + uv,v) l(3/4)u4 + (1/2)u?v + vl regular

5)1 (u,v3 + uv) lv I singular

6)[ (u,v> + uv?) ‘(1/2)v2 +u l singular

3) equivalence (Hayakawa, Ishikawa, Izumiya, Yamaguchi Lﬂ})

= i u
Dilu,v) v
2) [ (w?,v) lv - 3)u®
3) [(u,v?) lv - (1/2)u

0lw? s uww le/an® + (1/2)0%v + aeg, €(0)=0. (30/3y) (0)=0

5)luv® + uv) v + aeg, «(0)=0
3

6) ] (0, v® « w?) | (1/2)v2 + weg, «(0)=0, (3a/3x)(0)=0
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1) B-eqguivalence

gl o) type
1) (u+t,v,u2tv2) Al
2) (3u2+t,v,2u3iv2) Az
3) (4u3—4uv+t,V,-3u4+v(2u2+v)) A3
4) (5u4—4uv+t(3u2+1) .v,4u5+2u3t—v(2u2+v)) Aq-
5) (Su2+t(v+1) .3v2+tu,2u3+2v3+tuv) ‘I
8) (3u2-v2+t(2u+1) ,~2uv+2tv,—2u3+2uV2—t(u2+v2)) D:

2) D-equivalence

8 M contact sing?|type
itu,v,w) w , reg Ay
2) (uz,v,w} w—(l/3)u3+v reg Ax
3) (u,v,wz) ‘ w-{(1/2)u+v sing AK
4) (u3+vu,v,w) (3/4)u4+(l/2)u2v+w reg Ag
5) (u,v.w3+uw) W sing A\
8) (u,v,w3+wzv) (1/2)w2+v sing Az
7) (u4+u2w+uv.v,w) (4/5)u5+§1/2)u2(v+w)+w reg Aq-
8) (u2+vw,v2+uw,w) u3+vs+uvw+w reg D-Z
9) 1« (3/4)u2—v/2+uw,uv+vw,w) us—uv2+(u2+v2)w+w reg D;

10) (3u2+vw,v,iw2-2u3+vw) w sin Ai
1) | (u, v wt e vw?euw) W sing A
12) {u,v,w4+wsv+w2u) (4/3)w3+(2/3)W2v+u{2w+1} sing A3

3) equivalence
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7; M3, @ Iz K ]]fnon‘frfl/i&i /O’)Ot/ /\/L /]tfﬂ'/!&i
knatDIBH 2NEELBE.

Theorem 33. [K2] K, L, K S ENBY K % now
trivial knot, K S trivial knot £ 73, DB KD
minimal genus ,@i]‘rert 5urface, S th genus J-1
surface L Hopf band ) Plumb;ﬂ} Ch>TH3tDMN
k3. B '7(77urﬁ<n0‘(t£ng/f/FﬁlJ Ho})f band NIXL
N3 Fe<E 04 CT10)3,

-
1]
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Remark, §char’emanr\‘ﬂompsan [$-T2) i F)-8&
|- genus (kD < fenus OS5 [F Theorem 33 1 B¢ £ 380
KT 332570703,

Theorem33 S BIT PNMEERT N3,

Coro”or)l 3-4.(EKQ],E§'T2]) K ﬂ“'}enusf /A,
unlznottin} BRIDHBUBTH3 )( TIHREMIL K YA
doubled knst TH34TH3.

Com”ur){ 350 LK2J non-trivial pretiel knot
KI2PH, 2841, 2rt1) (P. 2.V eZ) ﬁrunknoﬁin}ﬁ 1?
EO G ETHAME 2P, 284 ,20H ] v 11,13, 1-1,-1§,
31203 131355 02TH3,

K(IJ.,ZTH) fh‘Vl‘&‘ ’(no‘(, KB‘LH«H) '('YiViGi kﬂbt

EF T Theorem33 ¢ [K3] NBHLLENT 3 LETE
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G5 D) un!&noﬁin{ﬂ} BRMITHSIFCT I (K2,

4. Fibered links and unknaﬁiﬁg operutions

SDE7 Vs s TR fibered links ® unémm‘ng
operation CFT D [K4] DHERs HMT3. 0k
CET K] DEBBLGE-2DFE 8807 3.

HE K LK,5 b [heorem33 DB ) L33, ZNH

Fact 4100 L8 nsurgery LT K DS B5 U383 0
AS Kn L2, (E>T Kikiorka) ZDBHE2 -
B0 M TENT S [ Ka O minimal genus Seifert
surface £ B 3.

MBRLIT3. 2FY kn=trivial knot £ LI m
Hot~0 "BIAL " L 50FMTFS, Y THLEC
K v ][ilaereol knot DIBEL -0 "Hii " HAME
> TOIDFTHT TRAIELT D,

Definition 42. F:#%i18_4 O feifer( surface &
13. OB (NE-(NIFEL), NIIFIEEK)) I
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FBZ8C Proo{uct sutured mfd. DBEEMNAS. -0
(M,8) 5 F 03135 N3 sutured mfd. £ 05
FENSLED-N), 5 L E0-§) L0
(V5§D 12 RSO -RATD 63 s EANE sutured
mfd (M6 D% S F D complementary sutured
mfd. 2 of 3.,

Definitimﬂ 43, S MIGERL surface F
pre- fiber surfoce T hd L1} (NS89 N
Froduc,‘( sutured m](o(‘ D ¢ R- 12 1-handles 3 115
77 attach LIBYHITDLG, THGET 5,

Exomp le 44 2m SPOMKB trivial knot D
3enus m feifert sulr)‘o\ce r13 [Zt8), :@Z;,‘ nl
Pre‘fi})er 5urfa(c Thi.

03 KLk, S ke SEDBIL$3. FEBE
’K{;KL r LT S S BSNS K @Seifert surfate

L33, ZDBPMALTS,
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Thearem 4.5 Sy I 53 Xm IZ ambrent isotopic FE
EBD arc Go 0 b, -2 -5 TZH3., FIZ_NHE
St ZabDorc T Zn § BB L fiber
surfoce MB5SMN3,
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Coafing, Roav i 15 %
X .
R, o —W—Lﬁl‘R,a

e WS

~A
R0

e

e V\/t /?;/ W$ 11[9"/ t,gém_'§o/1}

7L/(l:, H 4 C4 (;UH@mnPaL»}gm/ v LT W%,
- -
- (,WJ(|(07) = W, (¢)
. A
iH, . TR-R — T.R=R"

v \j‘
W3 () ——— W, ()

1-2 Lewmma  H: R*— R & 411744,

Vo= (e, Uia) €RT 144 €4 1249 0, 33
soek ¢ (U, va, vy, V)

_ v/ - Vil iz | Var/Vaa = Usi/Vsa

Uu//Um\ = Vi /Vlrl Vi / Vax = Ve /(U‘Pz

A SN

)

¢ (v, 1V, 15 Vo) = 6 (Hw, Hva, Hus, Hvw)

-126-



I}
t
S
<-+.
i
<
e

1, §(w, )
G (Ws' ) 11, Rawv §an:
S/s=1, 1-§, S it ity ok,

-1, Rel§%:0<t,s<7 avy,

i
wh

glt) = g(5) &t
N CRE S
I
1-3 Tl’lto/um. c< t, s <7 ot

Wt’zqv\/s & t=

(&

’

Do R We it SEREAA & (BT ST -
MERAEAE 3 IPZN
T, '
FrRle = Ro amelgic b
m: M — R” a,nafyv%&, modils cadion
14 Definidian
W f 4R, 0 — R, cmwfyh‘c Fs
| 4 ) medifid analytec equivalint 1o T
&
=0 ansbytcc domophisin | T fumeomnphion
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with ¥ 1EIF]

M, .y R o i> R, 0

M) Ty )RM; 0

(“Q)A”amﬁz,m fawjj (. analyfae fi) Floyt)e
R x IKM, oxl — [R,o0 admids o Waﬁ‘f&éi
wmiyo‘{c v"m‘wiaf/:}m‘r‘m a[mj I a Lomp ek
M- cube  pia TC
S

3ﬁ anaf/ym‘c emerjhlon ! LLMOW«,VAZM
with T -
MxR” Tox 1 T B R ex T s Rx0, 0x0

R" 1

MR Taxl —> RxR" ox1 — R, o

|C A

H H F

~

£

(zar:, Ve, Vsel ruue, Ry F,)
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1-5 Theonem (T -=¢. Kuo )

Flas6) = Hu b ) v Hygr (25 8)+ -+ £ 2129
VT oA RGN LT A,

Fle (25 0) icshoded s/c'nja.u{;vu7$7 od ¢ Wbyw
%m«v tel
2 F adwits o MAT along T vin dhe Llning-
wpoof R™ oy i M’J/t:w :

1-4¢ Cc,fz,rffcw,j
@ We MaAT ci';wj I € R-fu.1}
() '\/\/It telR 13, 2 90 medificd mlyﬂ‘c

clases  » g F\%

2 tlew mfijq&cc cade gpry
2-1 Examples |
) flz,q)= 1y [ (1 4*) (1,9) % (o,c)
¢ (2,4)= (c,0)
condinuens , ok (' chass ad He sison

NN S Y45 I R N2
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2
R (1,,4.) x IP‘(\‘,,:E,) ~ 3

U/ § e 5;‘C[1
M {wwz}—ﬁfﬂ —}—MR

J"Cu./’[g‘ = ]L i‘/(’(,:t | & ﬁ,hﬂf%vl/t‘(, 7[1[ T & 7)-0 i%{[l
$0, fix Llew analytic f4¢ b o
(2) Dgf 1-¢10 B % /ﬂpwo;vm/ohism £ i+
cnalydic tagmophion & 45K Lo B
2’2 D&jfhiéim
P "
g(y’VWL/ ~’14Ac'v]<h j[ B }R ,C — /R i v ,&lgw (.A?-MC/NLL\C

o 2w,
P

o —

j"

Ao
—

(¢)

R

’ﬁlll, no=m, ‘7? a.naifh‘c Mm—ﬁil/m R B AN
fJZ Ll o é‘uhdﬂ'«tb W}OLL{M AR I

@ 3£ = (3[;)“'1 j(m) N /M@w é‘tifta«éf&‘c maia, l}, 7
lf} % j-‘o (s /6164/%/ &\V\Q«éyyqzw;g 7[-} T J‘i 7} °©
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1-3 mﬁyv‘«‘c map $ 0 RNPT — M7
?(x,%) =(m32 5) TR,
J&&ﬁ F:8%0 —Ro RS
amﬁj&u J4 7 - J[w;ﬁ 2" oxB'—5 g0
A Flu = for NINE O 95]/% A
T(r,5) = % cptya®
&,
Fw = T awr® o ae o
{ v J T=0

4,

PIFL. T, foa 4ot HEER T <
-4 Thewe CEZHETL) Loamap §: K0S
2 1R aBadt e H(H) €T3 L1, RisFEE:

() F 4.4, Aseomorjphigm

2) H, () xzia./&swhm

) [HHI: B S analybec Lommophism

2-5  Defivicion. Adifd 41 %0 — R, 0 2,

/1 5 1 '7/1 /LSOZM‘M( gw\?u,@mp/ ‘c}«r 5
é’)iiélk— l ?‘I ).— :—?‘x_’u(x_'o} ¢
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2-6  Thaoaum, &nﬁéJﬂ;J;mA% Fa:+) e?vﬁ\@,
jHS. , te 1 (= « eompact code )

Flrst) = Hulxie) + Hiw (8 + -~

Hi (154) o025 % 7 Lsofated gm?w@vu‘%/ 159
=

Foadmids o MAT a,ZW? T tea d M‘Waj - up
c/,f IR* ws He B4
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£11d

£21

£31

£al

£33

Lé3

L7731

£83l

£23
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Hopf ZRENZEHEL 225 2 BOBR IcHWT

B 2
1 Generalized Whitehead product

Eg 1l B Ff. 27 - » X, 9:%Z — X O generalized White-
head product [f,g] Rk OB icTE s h 2
[f,9]:Y*Z=CY xZUY xCZ
ﬁ—»Xx*U*xX:X\/XEX
L, f(CYY) = (X,%), §: (CZ,Z2) — (X,%) & f, g »» >

bh% HALE®R, V i3 folding map ¢ 3. (BY, 7 BEHRE O
i, &% O Whitehead product T & 3. )

ER o A—=C, 9. B —C sl T, ua *) = o(a), p(*,b) =
() 2B/ u: AxB—C % (0, %) % axes &4 3 pairing
CHNE, ko f g sl T,

[fig]=* = (f,9) % axes L% 32 pairing BEE T 3.
E#® 1.2. (1) X » Whitehead space (W-space) = X Fog
T D Whitehead product #SEBf & 72 2

(2) X #% generalized Whitehead space (GW-space) = X ko
£ T O generalized Whitehead product AEHIF &5 2.

ROBERHASHTH 3.

& 1.3, (i) X # W-space <« EED f:5" 5 X, g:5m
X LT, (f,9) % axes &4 3 pairing BEET 5.
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(il) X 8 GW-space <= FEOD f:3Y = X,9:3Z - X i
LT, (f,g) % axes &3 3 pairing BEET 3.

(i) X % H-space <= FE8D [V = X,9:Z— X WL
T, (f,9) % axes &9 5 pairing BFHET 3.

B 5 d»ic H-space = GW-space = W-space.
e: 20X — X % evaluation map &9 5 L IRMWKD I D.

BE 14 (1) X ¥ GW-space <= (ii) (e,e) % axes £33
pairing p: ZQX x ZQX — X BEHET 5. < (i) QX O loop
multiplication 2% homotopy commutative.

(REBH) (i) = (1) : f:Y - QX,¢:Z2-QX % f:2Y = X,
g:3%Z — X @ adjoint &9 3 &, u(Bf' x Bg') &k (f,g9) % axes &
4 % pairing.

(ii) <= (iii) : by Stasheff [10]. (GEBH#%)

rtoEE LD, GW-space & H-space DEWVWEFHA NS0T
homotopy commutative loop space & H-space @ loop space D&
WEFRNIFT LIV, THhIcBL TR, Sugawara DERNH 2. 7
72 B homotopy commutative loop space QX 7 H-space @ loop
space IC78 5 72 O NHE T 43 &M 13 strongly homotopy commutative
2752 ETH 3B ([11]). < @ strongly homotopy commutative &
W) &Mk H 5D higher homotopy commutativity T& », F&if
McGibbon % Sugawara OEREZHL L REFT 2 ik h %
—#%{k L 7= Sugawara C,-space (SC,-space) &% L /2. McGibbon
iZ & % SC,-space DES L combinatorial L&D TH 585, IRD &L 9
BEERXTEVEADBAETDH %5,

a8 1.5([9]). QX &% SC,-space < REHKTEZ u, BF
4 5.

e 2 Ui (RX)P(3) x (RX)P(n — 1) — (QX)P(n)
Pa(Z,%) = pa(*,2) =z (z € (QX)P(n))

fet2 L, (QX)P(1) & QX @ projective i-space TH 5.
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SCy-space & homotopy commutative loop space LEETH 1,
SC-space i3 H-space @ loop space EEMETH 5. QX 28 SC,-
space {125 & & X % S,-space &L &L 3.

WEEBOZER X X LE & homotopy [EE 72 ZE i (QX ) P(co)
LxE—-R]T 5 Likcd b, X o filtration {s =X C X; C--- C
X, C } X, =(QX)P(n) TEE 5. &5ic X xX o filtration
EFXxX),=U;X;ix X,;, TEHB &, X 28 S,-space TH 5 &3
“(idx,1dx) % axes & ¥ % pairing 28 filtration <n TEHEET 5”7 &
WOIVWWERTES.

 Willams [12] & Sugawara @ strong commutative & iR 3 %
5 — 2 @D higher homotopy commutativity O &% 5 % 7. Willams
DEREBRVRTICELTOLHEETZ I Licd 3.

QX 13# 2 homotopy commutative T& % & & Williams C,-space
(WCs-space) ThH B LI,

QX 5 WCs-space TH 3 & i3 Wly-space TH D, & 5ITIRD IR
B OANE % > ® % higher homotopy MEET 2HE:2 5. 727 L
c(z,y) ¥ z,y € QX ©xt ¢ 3% commuting homotopy z -y ~y -z T
b 5.

n>4 X LT dE#ED higher homotopy it & ¥ WC, BEH &
5. ‘

ZH Y © n-th James reduced product space % J,(Y) &< <
Licg % & WC,-space KBL THROBIEREVWEANTRETH 3.
72720 €:XQX — X i evaluation map T3 3.

i 1.6([12]). QX 28 WC,-space <= ¢ OLETH LEH
J(EQX) — X BEET 3.
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QX » WC,-space ic183 &L & X % Wy-space L& 32 &t
50 BELD S & W, BEETHS. £/ 5, =W, THB &
MoNTWBH, — MBI COFEFED LW (cf #l 1.11). ZoF&
BRT “S”, “W” k& h Zh “strong”, “weak” DB & b5 1 5.

ET Jo(Y) & QLY © homotopy HZE >0 T, b %[H
—f9 5T LiL QLY o filtration {* = (QLY), C (ATY); C
e CARY), C---} 2 (OZY), =L (Y) TEDB. IDEE S,
space LEIBRIC X 2% W-space TH B &t “c: ZQX — X O¥LE
OY20X — X Hfiltration < n THEETZ” LLS3VLERTE 3.

EBOEMY,(i=1,...,n) KL, 27 &b —>D coordinate
% base point THB2BURANPSKX B Vi x---xY, OWHES (fat
wedge) = Ty(Y1,...,Y,) &4 3. COBEHEE:YVi*x---xY, —
Tv(Y1,...,Y,) BELEL T £ © mapping cone i& TY; x--- x BV, ©
homotopy & % F . .

EE LT f; LY, — X({=1,...,n) ® n-th order generalized
Whitehead product [ fi,..., fo] RIRCEHRE L 3.

[fl)7fn]:{f€|fT1(E§/1,,ZYn)-—>X
st f(*, - % 0%, %) = fi(w) (i € 2Y)) }

HoPIZOE [fi,...,fn] THELDOLEFTIEBHREG 4 -
Y1 X xZY, = X Tpulx... % u,*...,%) = fi(y;) (v; €TY;) 2
5bDPFETHILTHB. T/ p,: T1(ZY,...,ZY) — J,(TY)

(S

n+1
EFHARBHE LT 5 L p,& © mapping cone it J,1(ZY) © homo-

topy B2 E2#Fo.

fiid 1.8. X 25 Wy-space <= X @4 ~T®D n-th order gener-
alized Whitehead product BE& & h, #0153 0 28T,

£ 1.9(F.Cohen). B f:Y — Z 2% partial H-space = f
DR f: QLY (= Jo(Y)) — Z BEET 3.

A 1.10. (1) (i) X & Se-space < (i) idy : X — X
partial H-space <= (iii) £&® f:Y — X 7% partial H-space
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(2) () X & We-space <= (i) ¢ : ZQX — X 7% partial
= (iii) {

H-space <= TE D f : 8Y — X 2% partial H-space

(W) (1) (i) <= (i) : by James [6].
(2) (i) = (iii) : £: Q520X — X % ¢ OHE, f:V — QX %
[:ZY — X O adjoint &9 3 &, 5(Q%2f) ik f ©HE. (FEFH#%)

P 1.11. (1)(McGibbon) f : K(Z/p,2n) — K(Z/p,2n(p + 1))
% frlonpeny = 5 THEAONBEHETE. 7L p REE,
v € HY(K(Z/p,t); Z[p) & fundamental class &4 3. D&, f
@ homotopy fiber it W,-space i2 7% % 78 S -space i iZ 72 5 78 W

(2) p-localized sphere Sa:‘)"l 5 loop space K72 3 LB+ 454 H
dn|p—1(p:o0dd),n|2(p=2) THZIEBHSATW S,
BSph 2 QBSI) = STV mBEMET . S0 & ERAKD
SLo.

EHE 1.12. (i) BS(Z;)"1 8 Sp-space <= (i) W,,-space <=
(i) m < (p—1)/n

(W) X = BTt & 5¢.

(i) = (iil) : J.(ZQX) = J,, (ST3)- Tm (ST = T (29 Y)
R, ue H™( S( '\ Z[p), v € H(X; Z/p) % generators & ¢
Pro =P 55

Plu=cv’ (c#0,s=1+(p— 1)/n).

€1 Jn(30QX) — X % evaluation map DIEE L 3 3. & (v) =
UR1l® - ®1+19 - @1Qu. L>Tm>s BoR 158 (v*) #0
— 75 T (Plo) =P me & (v)) =0 & B D F/EREL 3.

(i) = (i) : i < (p—1)/n = (QX)P(3) ~ SV S‘é:‘)’ X
T p:UQX)P(1) x (QX)P(m—1) — (QX)P(m) %2 A = S(Qp")t St
tT

t+s>m = pld==x

trs<m = A2 52 0 gt - (g x) pim)

EEETHIT LW, (FFHE#5)
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2 Cohomology of GW-spaces

LT p 2%%eL, H() = H(-;Z/p) £+ 5. T[]( =
p*,dimz : even) % Hopf algebra Z/p[Z]/(3') ® dual Hopf alge-
bra &35 ((£,8) =1). 2% L =00 D& %1% [fa] & &£ Z/p[7]
O dual £95%. CCTZEMX TR LKRZERES 5:

HQX)~AQ®  -®A,®B;® ---® B, as coalgebras,

(2.1) A; =T[a], B;=TI?[]

ot AE “X 3 BEE H-space T HY(X) #HEE” £/1
“H*(X) REREOFHRRTOT TER XN % exterior algebra” 72 &
DEEEZHELEERVILS. C0&E H*(QX) @ primitive module
PH*(QX) 3& A, B, DERT2EE LT 52 Z/p-module TH 5:

CPH*(QX)=Z/v{ay,...,an,b1,..., b }

i ((QX)P(k—1) C (QX)P(k) (QX)P(1) = ZQX) % inclusion &
L a,b; € H((QX)P(2)) %

wa ) *7 }
1y8; = 0a;, Lyb; = ob;

TEDB. 1272 L o: H*(-) — H*(Z-) i suspension isomorphism.
o pA£2OEERE € H((OX)P(2) 2IRCTED 5:

& = PP b (dimb; = 2n(j) + 1).

Z [p-algebras N1, 8 & U Ny (p # 2) % abstract ICIRTE® 3:

— A(aly"'aan;z’l"";Em) (p#2)
Nl B { A(alm ;&n) 02y Z/2[El’ 75173] (p = )
Ny = Z /2%

IDEERDEERES. 7272 L D* i3 k-fold decomposable module:
in i 2.2.

Im o Ni/D*Ny @ No/D*Ny (p # 2)
ST N/ DN, (p =2)
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T X % GW-space &7 5. QX i homotopy commutative H-
space IZ1X 2 5 (L2,12) % axes &F % pairing u: QX x TOX —
(QX)P(2) BEET 3. n: QX *LOX — Z((QX)P(2)) %2 u o
Hopf construction & L, XQ(2) % % @ mapping cone &4 3. IO
& EFER LV IRD exact sequence BEET 3.

(2.3) :
o~ ‘L P
H*(QX)® H*(QX)
5
- H(QX) @ H*(QX) < H((QX)P(2)) = H*(XQ(2)) -
vl
H*(0X)
l

fefZ L, dega = =2, degp = degy = —1, degd = 2, Sa(y; @ yo) =
N Qyy+ (—1)dmudmuy, @y CoLE (23) EVROEEEESL,

EE 2.4. H*(XQ(2)) @ subring R, 8L U R @ ideal ] TK %%
T bDOBEET 3.

(i) R, I i3 mod p Steenrod algebra A(p) OIEF TH LTV 3.
(il) 1- H*(XQ(2) =0, y¢(I) = 0, Imvyp = PH*(QX).

(iii) J % i}’l Q Yo — (_1)dimy1'dimygy2 Qur | 1,y € ﬁ*(ﬂ}f)}
TERESN3H*(QX)® H*(QX) © submodule &3 3 &

ImACR, KerA = J.

(iv) (i) £ v A: H*(QX)@H*(QX) — R/I BEHZn 325, <
DEZRIZE L TRD sequence i3 exact 1273 3.

0 — H*(QX) @ B*(QX)/J 2> R/I 2% PH*(QX) — 0
(v) z,y € RJT o L THRMBHEK D L -.

z-y= (=11 (ypz @ ypy)
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(iF¥H) p=2 L LCHEHAT 3.

4 Imy=PH*(QX) Ts b, > H(QX)@ H(QX) 0 &FH
KL 0 722 5 Imyp = PH*QX) &73 5.

2 E1T (Tiz)n : ZOX QX — B((QX)P(3)) © mapping cone
Z XQ(3) L hiE, BRUER £ XQ(2) — XQ(3) FEHEs 1, X
O exact sequence PO EH % X 5:

— T((QX)P(3)) ~ H*XQ3)) — H(QX)® H'(QX) «
L Le I
— T((QX)P(2) & H*(XQ(2) & H(QX)® H(QX) «

CIC R, IZRTED 5:
R=TIm[¢: H*(XQ(3)) — H*(XQ(2))], I'= R

HEohic Riz Alp) offATHLTVS. 4 2.2 &0 o(R) =
Ni/D*Ny. —% ImA C R #h 5 [ = AP "R™ £ EW 5. Lo
TR =0¢&,70 I b Alp) ofEATHLTWS. o(I) CImé T
B32Ex0 o) H((QX)P(2) =0 &ip [-H(XQ(2)) =0
2EBD. il yp(l)=0 &2 3.
(ii1),(iv),(v) bBEHITRE 3. (ZEFH )
LoEEZ p=2 OBAEREATAIILLIVROEEEZR 3.

EE25 QX MBp=2kdLT(2]) 2@k eds JDEE
FZEOFOBH n=2m(m: odd) BLUEZED z € PH™(QX; Z/2)
LTy, € PHNQX; Z/2)(0<i<t+1) TRZEWMILT b DOBE
T 5. _

z= 3, (S¢u)”
0<i<t+1

Lo#ERE®S X © cohomology it 2 IRDOEREHES. o7
L ¢ i% integral classes ® ETE&E S 1 ngSqf2 = 0 I associate &
117z secondary operation T&H 5.

FHE26. X, nt,m E2EHE25 LELETE. COLEEED
z € H**(X; Z/2) icx} L TR % modulo decomposable elements T
RDEoX3% g€ HQX; Z/2)(0<i<t+1) BEET 3.

2 = P(yo) + S mP(y) + -+ S¢S ™ L SEPTY(Yer)

-142-



% 2.7 X ZBEE finite H-space ez AYX;Z) EEHA
DEHEBRTOTTHERKE 115 exterior algebra T& 5 & 5 M BEE
GW-space £9 5. C0&& X OHHT W homotopy BE OB {ER
ik —1mod4 TH 3.

Lin [7] R LORE 2.6, % 2.7 L EROZRE X 14 H-space
H.(X;Z/2) 7% associative L WHEED S ETRLTWV 3B,

3 Higher homotopy commutative A4,-spaces
TR SC,, WO, OER*%: A,-space o LILFRT 3. 727 L
S(k) 13 k-th symmetric group.
% 3.1. X % A,-space (n > 2) &9 5.
(1) X 2% quasi SC,-space T& % = REWIod BB

{ Usgicr XP) x XP(k —i) — XP(k) }

BEET 5:
(1) pe(z, %) = m(*,z) =z (2 € XP(k))
(i) s | Ui XP(3) x XP(k — 1 —14) = pp_y

k<n

(ili) &R @ diagram it homotopy commutative:

Ui XP(3) x XP(k—4)  —%—  XP(k)

| {
U‘%;-})f(};)(’l }Ii((i(f ;3_) 5 XP(k)/XP(k — 1)
~] ~]
EX)P® - (ZX)MW

r

rES(E)

(2) X #% quasi WC,-space T 3 = RERITERE
{pe: (ZX) — XP(k) }kgn
BEET 5:
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(i) 1 =1idsx
(i) pr | Jo-1(BX) = p—s

(iii) &R @ diagram (& homotopy commutative:

R(EX) —2 . XP(k)

! !
WEX)/Ha(BX)  XPR)/XP(k = 1)
=3 . ~]|
EXM®  —— (BX)®
r€S(k)

quasi SC,,, quasi WC, i loop spaces icxi9 % SC,, WC, D
RICIE > T3, EERBEDILD. ’

FEH 3.2. loopspace icxt LT SC, (WC,) < quasi SC, (quasi
WC,).

SC,, WC,, ok LE#F I, quasi SC,, => quasi WC, 85D iL>.

p-localized sphere S(Z;)_l et LTt “Ay-space TH 5 <= (1)
n:F&, p=21t=12 2 p=21t=4n<2(3) pt: EE
n<p—1, X3 @) n: FF t|p-1" TH3LBAoNTWAS.
ROEEREE 1.12 ORI T > TV 3,

EFE 3.3. S(zlf)—l it quasi SC,, <= quasi WC,, Th b, 5T
RISEL D AL

(i) Sty REBD p it L quasi SCo-space £X 3.

(ii) 5(2;;1 BEE D p o} L quasi SC,_;-space iZ75 3.

(iii) 5(32), 5(72) ¥ quasi SCs-space IZ 7 573\,

(iv) t|p—1,t>1 &% 5. s=(p—1)/t LB, ST i quasi
SCyspace & 723 & 570 A, -structure % 5> »%, quasi SCy4q-space
L7253 & 578 Ap-structure 2R 72V,

& T Hubbuck i* homotopy commutative H-space <3 %R D
% B (Torus Theorem) % iF8H L 7z,
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EHE ([4]). E&2ER CW #&E X 2 homotopy commutative 73
BEETE X i3 torus ® homotopy 22 #F>.

FOREERAENICRERMO mod 2 BEKET 60T 5.
EB Lin 8] REOFEIEBWTHBEOREZ mod 2 cohomology
HX;Z]2) ZBR LV EEFONIE, X i torus & 2-equivalent
iwiZ s & &R L. % fo Iriye-Kono [5] & p #% odd prime TH
i€ p-localized H-space it & 2 homotopy commutative S = F> <
EERLTWS, ROEEIZ Torus Theorem D mod p version T&
5.

EHE 34 X WHERE CW kT H(X;Z/p) BERELT 3.
b L X ¥ quasi WC,-space TH 1 id

o~

HY(X;Z[p)=0
LB,

Lo FEE I Lin [8], Aguadé-Smith [1], McGibbon [9] % —#%1tL L
TW3.

EE 34 EBOWTRE WC, 2 WC,_ DB LIRTERL.
=g S5 BRACE - TV B (EE 3.3).
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MOHDT AN F—HER Dk

R oET o - o I =

g O . FF

LL—=7Uy FEBR® N0 enbedding
EHRDEGEDHELRZ . 20 L EE LA NEE 2 L
THRNB I LE2E25., 22T curve HES %2 L.
FIET L0l RET 2L NEE ( energy
functional LW BRI LiZFT2) 2BopEaL . 20
HEEZB OB T AL W,

8§ 1 Tld. energy functional NEBEHBODPDE
ERIZOVWT  §2TH2DERMMEE - knot type
DEBRECOVWT, §3TIZEEM L knot o
canonical position ([T DWTHN 2, & . SR |L 4%
RIedDTBWR, X, #BETEH (O] UBOIER X
TREOVWTHEREFETH 5.

g 1 . :::z"\;L/ﬂF“-—fﬂBEI%t
€=1{f:5*'=R/z = R? ; embedding of class
C? st IFw)l=1 Vte St k<
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Defi.l :mm% e:&£—-R energy functiona]

& Yr.yestixaw, YMeR kLT, 2€>0
ot ) -flge (Fe€) = e(f) zM

L.yes =R 13T, S'ToIRE S(x, Y) &
S(r.Y)=min{1x-%1, 1= 1x-911 &<,

Def 1.2 fe&, x.9esSt, 3=0.1,2 =3LT

& (£52,%) = feo-ful” - s
(j=1,2 ; x%4)

3o 155,49 = §(X,4)- foo-Fl™ e

$;(f5x. 00 =141

j=0
0 j=1
7001 /12 =2
cEHK 3.

ProP 1.3 &¢F; )5« S'=>RiIFEE
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BR. 02 S'xg'- diagonal TilEk, (§mwctsp
35 s'xS' vdR.)

Def. 1.4 fe€; j=0.1.2; n21 5oz 3 1w5tLe,

i
Vi of5x) = {85 (650, 9)" dy

E;m(8) = {{vimips0 | ax

S:{ 51 éjw;x.‘a)"du}“ax

0

it
g = [ | o &(f5x, ) dxay

eh<e

Prop. 1.5 Ef™*($) 20, E;*P(f) 21 Yieg,

Remark 1.6 [Ol zn notation £ o Fi&13,

Vi, x) = lim re dt .
€=0 | Je [ fx)- fre+t)|? €

= VM (f;x) -4
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E() = 5§ vis, max

ey

__?_‘ ig i 3 TEZ
2 o o [fo-fw? {emmy-x)}2
—— E,

I

dxdy

i

(i, “('F) _2

TR17 ) E'™* (j=0,1,2 5 n21 ;

Eummbe—

1
A2 ) v energy functional

n-1 or

{j=0,i a M>1 & o
)

f=2 (mz1 |, 4o

= %

N
=Y

(2) E]-wP (j=0.4,2) 1& energy -Fun(:‘bionc\i@

Rem. L8 @ @2(f5x,9) 2 & (§;x,9°
@ E;'"™(f) £ EjY (f) (ot z1)
Ej " (F) z B (£)  (d< 1)

@ E'™Y (£) = 1& () lncse, s

8 2 . Knot type o ZFH BE #E

ZITE. HBHED energy functional @ "EA®
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HE" COo2WTRX, 2hicE-7T. 2B energy
functional DE%X EH» S8 27 5 . knot @ ambient

isotopy class OB EHERICH 2 > & i’ﬁi'ﬁ’o

Def.2.1 (Kuiper ?) $£e&, xeSt iz34L.
e, Fi% S'sY = [f)-fWleR o 0
Thuiel@ »n k1B 13, £ self - distance
& ad (F) = inf Xe(x) i<,

T$.2.2 [O] C >0 given
=> Ad(f) 2C ctan > embedding f 0
ambient isotopy class 13 AR

Th.2.3 [0] (Ewontodkeyis®) oleR given

@[3K>O At E(‘F)'-'"ZLEZU’”('F)"z <X
= Jfoo -l 2z K Six, ¥  Yr.yeS!

T4.2.4 10} A0, oleR : given
= Fr >0 Lt

-151-



i
E(f) + goa-F"(-t)}Zd‘t soA=ad(f)zr

47

CE: 15" i fot vo #idk)
nRLE Enp(f) v <. Enslf)zn-2 (Yf)

Cor 25.101 deR given > Epg(f)<d 53

f o amb. isotopy classes 13 /AME1E.

21T AE M main theorem L A3,
TR.2.6  deR given Fy>0 o,
E2¥ P (f)sot = sd(f)zr

Cor2® oeR gven S Ex*2(f)sd w2
f o amb. isotopy classes 13 AR

AA LR E (E 1 1) EEPoWZTL . self-
distanceZ T LM 2 52 EdHRLVEB b %5
EZ Lol 2756 . anb. isotopy classes of enb. |t

FRMBEICZ2 e THEIN S,
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Th.2.6 3XNDTh.2.8 ¥ Th.2.9 X bHHz,

TA.2.8 (Ex" " mntnZreist) K20 given
[3A50 , FKo >0 ot. E2“P¢) 2

Ifoo- fo)l = (1-AS(x.9)%)S(xy)
=>:__>® |
o -fl 2 Ko §(x.9)
\ | for Y1,y e St

Th.2.9 A>0, Ko>0 given = IR5p 4t
fizowt, toks® WIREINTVWDTT 5T
SR = o, ) zv3/2

Th.2.9 2&X» Lemna 2 HWTHEHSA 2 .
Lemma 2.10 AC>0  ot.
A:(0-€.b+€)—R3 (€>0,a<b,

[Aa) - A(b)=1) TEbsND curve T #* Ko

et (R A, Y2
21 @ tareid (Iﬁ'(a)l ’ lﬁ’(b)l)“ 2 -

® Vx.‘:;e[a,b] cHLT, Ro-a)l=d =3
L. To R e R OB ads 4 (Lx.4])
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R
(e AR ev<) 3. R RIY)Efssr B
(he RUORM@ erd) el v Lk 22 Cd% 0
HE ¥ TNy, cd%

UeVYUnTTTHLT/4

=2 . 3E He ME X i e gy T =

|

E2f NET B amb.iso.class of emb. 2 [f] + &< |

Pﬁ-i@i felor energy functional € 1AL

T cononical position &1
3¢elf] = e(8)zelf) ci3dll,

Th 1.7 {CH T H %energy functional & canonical
position DEHEZRLALWVOLEN . Z I —FBiICiz 2
R T W v, #F 2T second derivative (2 H| R %
Mz T Ascoli-Arzeladd EB 23 - L 2 & 2 2, #0

% functional # .58 4 2 .
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Def.3.2 Ry =RV{+olrns. {+oolnfaif
% & [{(M,0) Vitool ; MeQl ta<zeiz
4. Roo & topologize T2,

Def. 3.3 (1)

J=1{:5=RZ >R immersion of class C2
ot 1F )= 1 Ytest |

E"=11";3fc€ ot. flo)=(1,0,0)}

7= {§";3Fed " o

(2) A : an omb. iso. class of emb.
K>0, L>0 1i=#LT

EMK K, L ={f"e€":3fcnk »t
HUl<K & [0 - £l g LSy x4 71

CHh <,

Prop.3.4 e:€—>R #vC™ - topology (23mz0)
ITHILTERT energy functional G513, e ¢m
topology (< Rl LT Bilr €:d = R (T (uni%ue
1I2) LIRS ND, (E =€ ev<)
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__P_j_"_op.3.5 (1) E;™ EjexP 1 € >R 3 -
top. AlLTEEE. &, T Y, B e R
e ' f"— Ko 13 CoO-tp liLT &SR,

(2) J" 13 C(S',R®) (3'0s RBAo EAZHANK

0 §&) nFn LA,

>

Cor.2.6 T84T am energy functional € 12,

K, K>0,L50 < FILT. E(AK.L) TenmhiBE
FLBbD et €I BRI Incs,

fexwr €En K, 3T EYK kL) 3. CSHRD)
NEHREE Lo closure . Tehb, L0 E0RBE) L

1o closyre.

(é LE R (A= Re) 13 €:E—R&b induce)
2ND map

€] “Ro B. fecd~Enecz E€Ff)=+ro
R TIEEN. € S>> Reo TR,
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E 4 . giF 8H

Propd3  max H']= K ea<r.  Soo4)sThss
(X 2 f) - f1D) 2 K™'sin K S(X.Y) ~ (1.31)
CWHBHBEA S, Cfanildd de l'Hﬁpit‘al E(ES,

TA.LT @3 () o5 hs,
(1) =) AErIsnsHuL self - intersection

™H. Th. Ejm'd) WHRR IR &,

§ i 3
)= (t, 0,0 It A {' ,_l,’?,\ 3(s')

9(£+t) = (0.£.0) v T

X j=0,1 0 2A.

N=1 %3. &< 77 o0rs
L3 o
(95,9 d¥ | dX <o eu3,

T pvod ifﬁﬁ’ﬁ‘ ﬁg SJ_ + gs n Eek,
-3 }

€

S) S =5 Fo-fl=ds 8/ i3,
d(x+t)= (-

j (x+t)=(-1tl, 0, 0) ltls—g—
24+t)= (ad+It],0,0) | o e
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i S F
curve NI, — e 3" 3%

Ejm.an ) 2 Sxﬂ‘/&{ d+ /8

x g

BL=P(Ss,d) &<,
5%n o gg«g PIS. d)= +0 EFRed &n.

% S E¥ (desdnn) 4 2R uT
j=0,1mes P(S,d)=i&3d (n>1& o= 7t

di= -0 thevwise)

=2 nes P(S.d)=2ﬂp3d (m=ag=1)

d=- Y otherwise )

Rem.18 @ Hslder n#5Fs\

TR.2.2 o Lemma ¥°5FIND,
Lemma[Ol C>0 given 3‘1\1 e N »t.
Al (f)z¢ =2fShd N-TEE o PL- &not

ambient isotopic,
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© 2d@)2¢ £33, FISN=ToX e ¥ el kB S0
3-ball & Bg(X) e, Be)nToEFERA 157
Beyo ¥ T 3. XenFEREov £ (T Ll Ze b5 Be(x)ny¥
@& unknotted curve segment 1<B3. I%h 5. boundary
sphere & fix 33 Bg(X) o isotopy UARAH cHHYA,
N=[%T+l ek ra*¥ % obal N@THE>:¢
rhkavs. MR isotopy T PL-knot 1T k%3,

Lemma ? TR22 N TRE& 0 PL-knot » omb. isotopy

classa '3 combinatorial 1= BIE® T H3 e s 3,

2.3  EMf)=35 VI, 0de  <h.
(H) For some X,4¢S' with S(x.9)=8, |f—-f\=G
Z4M)FTTnddvn V£, x) o lower bound & 4. 4
NEFMT. 24E)FTT0 E 0 lower bound & — > Fi 3,

X=0,4=§ , T=1-§ eH 2z S'olf:=fFlz
TEn&>BHme K 0TI RT3,

)y o ;(3)‘

et o

e (§+0)/2 —

t+(T+0)/2 —3
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g C o won s
i) 0sts —5— oz (%71 %)

1 2 2 )
— k - _ -
Ve, ves t>m2("t+ﬁ' S+0 '3"+0"+2t}//,‘
i) 0st s ?;’ NEs <(2.3.1)
i 2 2
-t), V - —
e (S?t};‘2<f+<}“ T+q §+G‘+§t)

thwgtn 2713 V 2-4
CE(f)2 -6 -81log2 +40og § —42030-

LHFo-fW=02 _s_ . —-———i-—«-—’*gix.é)

18 exp 2 18 2p & y

18.24 Enxs(f)sd ® E(flsd-7 &

f@ §; £ @2t ¢ A (a+2) (@ fo 18" z2n Vﬁéé)
Total S%uowed curvature P EPSIPLENTVINT
It,50 at. st D Foo e fWasiBeF
Lt ines Vo~ fol @ sooy o B mmfas. =
E=owin#Es) TR2.3a K>0 1xfLT. S zte
35, fu-$@) z Kto

Y= min % Kto . "%i;‘to 1{ CHRFEEn,
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fz Kto

TR.2.8 % TA.2.9 = TR2.4 3 kBl

i
TR 2.8 EYey<o E)g V£, x)%dx <o + 16
g =d ehdc. d'50) E(f)s z &7 TR2.3 4.
Ko >0 ot f-fdlz ke S(xY) Yx,ded' |

) £=0,%=8,T=1-8, Hoo-fPl=0 i<,
ie

o 2 ‘
<y So (£ vemr+2) at

=89 (0<KoskS1) vace. (2.3.1) ERn3y
| RoitmeiEs,

4 1 [2(1-#) 1—% i*@}
) 1“"5{11102 ’ " ey

d QKO ‘ a i
P N = : .
S 4203 K BE=d LRk d">0

=

. 1 R3
1- =R &< d 3-3»--—22-

- fl z (1-¥29d" - Sww)®)-S(x9) 4
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Lemma .10 & T4. 2.9 curve ‘? @ EFRry
s, S(.Y=§ ., 1fo-fpl=d er<¢e,
S$2dz (1-AS3)5 = dz2 Ko

d=§
/ \\\\\\ l( KoSs= 51— A 814/3
=5-A5% 1— Ko)3
o NEGE | v tebe R
- 7 TN Oi=f<og
-1~ Lo &‘Agfh=do(&<&)

0%, 5. §

do, So (50) 2 LA &STEHS, K= S/ 1)ck

153" [0.do] ¢ dsS<kd. 4,7 B=Ak%
R IE S d+ Bd¥3, Co=v/E (1+ EBdo)
Ch IR, del0,dol ncz EEEE O o = £ £33 curve

3 18 Cod nHAB A F =N, (C /Dﬂ (
N Jed” S

‘\
\
.
i
.
1
N

d ;
di = TrBge’ ch11E. JERE ¢ oh 3= & & f2a0
curve k n BAF 3 2 S0 o FERE 2 0o

R = min fdi, {%)éﬁ CRIVTIR TR Y 0k,

© §(Xx3)¢R c332, MHoo-fn=d sR¢ds. &7

~

fofs) Eoths s 2 8B 0B ERE S do . £.7. 4028
")

Blo cwwe 13. 18 Cod’ % n Ao Fic A3,
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d™*Y = Co d% (ddN%

, < % (A7 ")\
/fu0 d fyh = (oK 6_,((? 70(/6) )
. < C (dd) |
foottd) & 4808 A7 B LEEH 3 Lemmn N EEE 7,

& (P, $19) 2 B/e V4

g

7T
tom 33
ST77E £ 0.0027-
1- (1/2)Ye
ERTEINICERY, EM8c13. snrs Rl b Rl o

B3 H £ T/16 p qoen,

Lemma 2.10

C =

2+

A(A)=1(0,0,0), R(b)=(1,0,0) , Xn=(Xm,0,0)
Tn = /27 (n=1,9,-) €57,
= (B, B2, R3) Lk, M=1,2, - = ML
i4,= infl4; R4 (0)= 10}

In= | A (0n) = Xnl £h <

‘ - ‘R(O!)
Hta) At : ;
0 //132/——{73‘ R
S X X1 ~Na
£(b)

83 Zn (50) N=1.2, = E Ko <3,
0] Zx = C
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@

ABl. On =4 Xn2+ Zn?

n
-
A" 5,
Znet
O Xt Ln
C\Oim @ lgﬂ é 211

Zn < T

Q = £ tam 35 &7

induction

zn+1 = 2 + %«n ®

dn

Xn

%'n = Cdn 7%
Ym

In t Jc

n T am 32

a7, Ry e xsEonif z s

0< 4 = Aup

¢ B2 3%,
A5 R0, D)0 (x8eh & «
22888z 4> cone) =9

Rk, melN st. Tn < B1(3) =P

“hd R = X
Im

LN

T
Tom 35

<36

> L

~_

V4



Prop.3.5 (1) E;™P: €~ R av - Top. REALTE
RUPBCERT, UL FIIR) fe¢&, €50 =MLz
980.82 >0 at. -3l s s M o-9wls S,
(xes') D IE"P@)- E,% ()] < € zaeddn,
82= max [£[= K <X fm-90lg$s (YxeS')
B5E 1971 2K, $,7 (4308, t-S)s B

(2|<)’- _ 1
$,(95x.9)¢ (aim 2Kt)2 t2 . &7 Twyo at.

i pXtW € ,
S S P, (9:5X.9)dYdx < z 0,
0 ‘X-W :

m= min Hoo-fl >0 cxe, 0<8, 2
Six.9zw
M- 280) Z-m'2<—*/"’/7‘P( ®, (f;5x, ‘4)*—-)

3L ENDE. Fo- IS8 (YxeS) BT,

Sx. 93w

1 o ivX-w
fo Xm, 1”"P§z(+’3 x,4) - MPQZ(Q;X.‘Q)Ider

< —% @ ) 0, @ &). IE,""P(F)-E;"?(Q)RGA

References -
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Waz[m S;omm s»f
§W fO/ZW/( %oﬂdﬁ/ﬂ/ %fﬁw
R 2 By R f?

50 K
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On 3-orbifolds. links, and tangles.
by
Yoshihiro Takeuchi

(Department of Mathematics, Aichi University of Education)

1. Orbi-maps, orbi-coverings and orbifold fundamental groups.

Throuhout this note, we assume that orbifolds are good,
connected ahd have no codimension 1 strata. »

Let Oy be én n-orbifold equipped with a base point x
€ Oy-2 0y p:§—>0x be the universal covering and X be any
lift of x. Put Q (X,x) = {a | a is a continuous map from
0,11 to X with p(a (0)) = p(a (1)) = x}. Suppose &, § &

~

Q (X,x). Note that there is one and only one element 7t €
Aut(X,p) such that = (o (0)) = ﬁ'(O). @ and E' are called
equivalent, denoted by 3’«-%', if @ (1) =7 (E'(l)). Clearly
this is an equivalence relation in Q (X.x). We use the symbol
(a3 to denote the equivalence class represented by @ in

Q (X.x)/~. Suppose [a 1, [B 1€ Q (X.x)/~. We can define the
product of [a ] and [ﬁ'l, denoted by [5'1[3'], by

(a1 (E')], where -+ implies the composition of paths, is
the element of Aut(X,p) taking £ (0) to & (1), and 7 (B)

~

is the path derived from transforming g8 by 1. 1t is easy to
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check that & (ﬁ,x)/~ becomes a group with this product. So we

define xn 1 (0x,x), the fundamental group of Oy based on x, by
Q (i,x)/~. Moreover it is easy to show that we can define an
isomorphism W :Q (i,x)/~ —>Aut(§,p) by 4’([5']) =7 , where 7

is the element of Aut(i,p) taking E'(O) to E'(I). So our

definition of = 1(0yx,x) respects the ordinary one.

Let Oy, Oy be orbifolds, and p:i—*Ox, q:?—>0y be the
universal orbi-coverings. A continuous map f:¥X=Y 1is called an

orbi-map, denoted by {f:0x—>0y, if there exist a continuous map

f:X>Y and a point xe Ox-2 Oy, such that f°p = q°f,

Ea

- f-lqg-l(z Oy)) "is pathwise connected, and f(x) € 0Oy-3 Oy.

We call ? a universal map of f. By denoting f:(OX,x)-*

{0y,f(x)), we shall mean that f is an orbi-map from Oy to Oy

and X is a point of Oyx-X Oy such that f(x)€ 0y-2 Oy. Note

that if both f and f are homeomorphisms, then 0Oy and Oy
are orbi-isomorphic. (i.e. there exists a homeomorphism h:X - X'
and for each point X€ X, there exist an isomorphism fy from the

local group Gy of x to the local group G'h(x) of h(x) and
a homeomorphism gxiﬁx"ﬁ'h(x) such that, g€ Gy, z€&€ ﬁx, ﬂx(gz) =

fx(g)gx(z), where 9 :Uy Qﬁx/Gx and Zb—h(x):ﬁh(x) 2 Uh(x)/Gh(x)
are local charts.) Then we call f an orbi-iscmorphism and
denote f:0y& Qy.
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An orbi-covering of an orbifold Oy 1is an orbifold Oi,

with a projection p:i - ¥ between the underlying spaces. such
that each point x&€ X has a neighborhood Uxésﬁx/Gx for which

each component Vg | oOf p~l(Uy) is homeomorphic to ﬁx/Gx,i’
where Gy,j 1is some subgroup of Gy and the following diagram

commutes.

ﬁX/GX,i o Vx’i

~

Uy Uy/ Gy -~ Uy
Let Oy be an orbifold and p:X —> Oy the universal
(orbi-)covering of it. If the action of Aut(X,p) on X is

extendable to an action of G on ix 1 and it preserves product

structure, (ix 1)/G is called an I-bundle over OX' Moreover,

if G preserves OyX 0 and OxX 1, it is called an product I-

bundle over OX’ denoted by QXX 1. From the uniqueness of the

universal orbi-covering, we may assume that the universal orbi-
covering XX 1 — OyxX 1 is (pX id}) and Aut (XX I,(pX id)) =

Aut(i,é)x id. Let Oyx and Oy be good orbifolds equipped with
base points XgE€ 0x-% 0y and yg€ Oy-Z Oy. Two orbi-maps £, g:

(0x.xg) = (Oy,yg) are said to be orbi-homotopic relative o Xg»

denoted by f~g (rel xg), if there exists an orbi-map F:0xX I —

Oy such that F(x,0) = f(x) and F(x,1) = g(x} for X& Oy and
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Flxg,t) = yg for tel.

For orbi-maps, orbi-coverings and orbifold fundamental groups

we can derive the same results as those of ordinary covering

SPacCes.

1.1. Proposition. If £~g (rel Xg), then fyx=gx:im {(0y,xg) =

n 1{0y.ypg), where vyg = fi{xgl.

1.2. Proposition. Any orbi-covering p':0Oy+r = Oy is an orbi-

map.

Hence, an orbi-covering p':(0y+,x') = (Oy,x) induces a

homomorphism P'x:m 1(0y+,Xx") = @ 1(0y,xJ).

1.3. Proposition. p's 1is monic.

1.4. Proposition. For any subgroup G of = 1(0y,.,x), there

exists an orbi-covering p’':(0y-,x') = (0y,X) such that

P'em ((Oy,x") = G.

1.5. Proposition. If p':(Oy+,x") = (Oy,%x) 1s an orbi-covering,
then for any xg&€ Oy-Z Oy, #p'~l(xg) = | m {(Ox,x); P'xm 1(Ox-,

X" 1
Let f:(0yx,x) = (Oy,¥) be an orbi-map and p:(Oy-,y') —>

(Oy,¥) an orbi-covering. A lift of f is an orbi-map f':(0yx,x)

= (Oy:.y¥") such that pef' = f.
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1.6. Proposition. Let f:€0x,x) = (Oy,y) be an orbi-map and

p:(0y',¥') = (Oy,y) an orbi-covering. There exists a lift of

f, if and only if fyn 1¢0x.x) is a subgroup of pxn 1(Cyryvy").

1.7. Proposition. Let P:(0y',x"') = (Ox,x) be an orbi-covering.

If Pxm 1(0x'.x') 1is a normal subgroup of 1 1(0g.%x3}, then

P:(0x+,x") = (Oy,x) is a regular orbi-covering.

1.8. Proposition, If P:(0x+,x"') = (Oy,x) 1is a regular orbi-
covering, then

(1) pxm 1(Ox*,x') is a normal subgroup of 7 1(0x%,x3 .
and

(2) m 1 (0g,X)/pPxm 1(Oyr.x') & Aut(Oy-,pJ.
2. A construction and modifications of orbi-maps.

We use the symbol [a@ 1y to denote the element of Aut(X,p)
corresponding to [a 1€ x 1(0x,x) under the isomorphism

T 10y, X)& Aut(X,p).

a~

2.1. Proposition. Feld 1y = fu(la 1ipef, [Q1€ 7 (0y.x0.

We use this equation to get the following results by

equivariant arguments.

2.2. Theorem. Let Oy be a compact 2- or 3-orbifold and Oy an

orientable 3-orbifold such that the total space of the universal
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orbi-covering of Int(Oy) is homeomorphic to R 3. sSuppose ¢ :
w0y = =m1ON) 15 a homomorphism such that for any local
group Gy of Oy, fx(Gy) ZAs. Then, there exists an orbi-map

f:0 - Oy sSuch that fx = ¢ .

An orbi-map f:0y — Oy is called an orbi-embedding, if f:Y
— ¥ is embedding and {(0y) 1is a suborbifold of Oy. Note that

if fy and fg are two universal maps of an orbi-embedding f:0y
— Oy, then there is an element 7T € Aut(X,p) such that 7 °fy

= fo.

Let Oy be an orbifold and p:X — Ox the universal

~

orbi-covering. We shall define 1z 2(0x) by nm 2(X). Let f:0g

—~ Oy be an orbi-embedding and 7:52 - M a universal map of f.

We use the symbol [f1l to denote the element of 7w 2(0y) defined

by [f1€ 7 o(X).

2.3, Theorem (Transversal modification of dimension 3). Suppose

Oy and Oy are compact 3-orbifolds such that Oy 1is containing
a properly embedded, 2-sided, o-suborbifold Op such that

Ker(m 1(Op) = m (ON)) =1, = 5(0p) = 0, and the total space of
the universal orbi-covering of Int(ON-Op) is homeomorphic to

R 3. Suppose f:0y — Oy 1is any orbi-map such

that for any local group G, fx(G)2As. Then there exists an
orbi-map g:0y —> Oy such that

(1) g 1is C-equivalent to i,

(2) each component of g-1(0p) is a properly embedded, 2-

-192-



sided, incompressible 2-suborbifold in OyM» and

(3) for properly choosen product neighborhoods OpX [-1,113
0f Op = OFX0 in Oy and 9~ 1(0p)X [-1,11 of g~ 1o
= 97l(0F)X 0 in Oy, 9 maps each fiber xX [-1,11

homeomorphically to the fiber g(x)X [-1,11 for each xe g-lopy.

The similar result stands for dimension 2.

Let (Bstj) be a tangle. The associated orbifold with

~—

weight nj, denoted by O0(tj,njld, is an orbifold with the

underlying space B, T g = {ti}, and the orders of every local

group of tj 1is n. We define the hj-weighted orbi-invariant of

(Bitj), denoted by Orb(tj.nj), by the fundamental group of the

associated orbifold with weight njy of (B3tj)., As an

application of 2.3, we can show:

2.4. Theorem (Untangling theorem). Let (Bitj) be a k-strings

tangle. (Bjtj) is the trivial tangle if and only if Orb(ti,nj)

& Ap= *Ap, where Aj & Z for each 1.
nj

3. The classification theorem.

An orbifold Oy 1is said to be finitely uniformizable, if

there exists a uniformization p:X' — Ox such that Aut(X',p)
Is finite. For finitely uniformizable orientable 3-orbifo£ds, by
using the results of Equivarient theorems of [M-51 and [M-Y 11~
[M-Y 41, we can derive the orbifold versions of Dehn's lemma, Loop

theorem, Sphere theorem, and I-bundle theoremn.
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3.1. Theorem (Dehn's Lemma of Orbifold). Let Oy be a finitely

uniformizable, compact, and orientable 3-orbifold and C a simple
closed curve in 3 0y-ZQ4. If [C1 has order n in = (Oy)
then there exists a discal orbifold D2(n) properly embedded in

Oy such that 38D2(n) = C. -

3.2. Theorem (Loop Theorem of Orbifold). Let Oy be a finitely

uniformizable, compact and orientable 3-orbifold and O a
compact and connected 2-suborbifold in 8 0y. If Ker(ix:im |(Op)
- 7 1(Oy)) # 1 then there exists a diacal 2-suborbifold Op2
such that Int(Op2)C Int(Oy), 20p2C Op and 230p2 does not

bound any discal orbifolds in Op.

3.3. Theorem (Sphere Theorem of Orbifold). Let Oy be a finitely

uniformizable, compact and orientable 3-orbifold. If m 2(O)# 0,
then there exists an orbi-embedding {:0g —> Oy such that [f]

# 0 in m 2(0y).

3.4. Theorem. (I-bundle theorem of Orbifcold). Let Oy be a

compact, orientable, irreducible 3-orbifold with boundaries.
Suppose that = {(0Qy) contains a subgroup G of finite index
which is isomorphic to the orbifold fundamental group of some
closed and orientable 2-orbifold (# Og). Then Oy is an I-

bundle over some closed 2-orbifold.

A 2-orbifold Op 1is called a turnover if F 1is a 2-sphere

and X Op consists of three points.
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Let W be the class of all compact and orientable 3-
orbifolds which are
(i) finitely uniformizable,
(ii) irreducible,
(iti) sufficiently large, -
(iv} the local group of any point is not isomorphic to As, and
(v} in which every turnover with non-positive Euler number is
boundary-parallel.

Note that if G 1is either one of Zy, Dy, Ag, Oor S4, then
the homomorphic image of G must not be isomorphic to As.

By the results of Dunbar [Dl1, we can see that the orbifolds
belong to W possess hierarchies. Under these preparatiéns, we
can show the following theorem. The proof is modeled on the proof

of 13.6 of [HI.

3.5. Theorem. Let Oy, Oy € W and supposé f:(0py, 3 0) — (On»
3 0ON) is an orbi-map such that fx:im ((Oy) — = | (ON) iS monic
and such that for each component Op of 30y, (f1 Oglx:m 1(0B)
— 7 1{0¢) 1is monic, where O¢ 1is the component of 3 Oy
containing {£(0g). Then there exists an orbi-map g:(0y, 3 Oy) —
(ONs 2 ON)  such that gx=fx:m {(Oy) = = (0N} and either

(1) g:0y = Oy 1is an orbi-covering,

(2) Oy 1is an I-bundle over a closed 2-orbifold, there is a orbi-
homotopy £f¢:(0y, 3 0y) = (Oy, @ Oy) such that fg = £, f; = g,
and g(0Oy)< 9 Oy,

or

(3) Each of Oy and Oy is a) or b) in Figure 3.1, and gl 30Oy
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is an orbi-covering.
If (£10g):0g = O¢ is already an orbi-covering, we may

assume (f£1 0g) = (g1 0}, in particular, in case (2), f¢!| Op

b)

= g¢l Og for all t.

()

I

R il Lo I

nelV

Figure 3.1.

o

Let Oy and Oy be 3-orbifolds. Let ¥ :m {(Dy,x) =

n 1(0pN,Y) Dbe a homomorphism. We say that ¥ respects the

perivheral structure, if the following holds. For each boundary

component Op of Oy, there exists a boundary component Og of
On. such that W (ix(m ((Op,x')))C A, and A 1is conjugate in

n 1{0N,y) to Jxel(m 1(0g,¥'J)), where i and J are inclusions.

3.6. Theorem. Let Oy, ON€ W . Suppose all the components of
@ 0y are incompressible in Oy. Let W¥:im j(Oy) = = {(ON) be

an isomorphism which respects the peripheral structure. Then

either

(1) tlhere exists an orbi-isomorphism f:0y — Oy which induces

‘II’ , Qr

(2) Oy 1is a twisted I-bundle over a closed non-orientable 2-

orbifold Op and Oy 1is an I-bundle over a 2-orbifold Og such

that =m 1(0p) 2@ n 1(0g).
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3.7. Corollary.let Oy, Oy € W . Suppose OM 1s closed and

m 1(O) & m (ON). Then Oy and Oy are orbi-isomorphic.
4. An application of 3.7

Let Og be an orbifold—such that 2 0g = KjU - UKy, where
Ki's are disjoint simple closed curves. Let ni be the order of
the local group of any point in Ki» 1 =1, 2, , r. Let p:M -
S3 be the branched covering associated with the kernel of the
composition of epimorphisms

n1(88-T0g) > Hj(s3-Z 0ge) - Z/n@ - &2 /np.
Hurewicz Projection

Clearly p:M - S3 is a finite uniformization of Og and Ogg
is compact, connected, orientable, and contains no turnoversf
Recall that a link L of disjoint simple closed curves in 83 is
prime if there is no S2 in S3 that separates the component of
L, and any S2 that meets L in two points, transversely, bounds
in S3 one and only one ball intersecting L in a single
unknotted spanning arc. Hence, if K1, ,Kpr 1is a prime link in

$3, Ogp is irreducible. We call the link {(Kj,- ;Kp} in 83

sufficiently large if Og3 is sufficiently large. This
definition depends only on the link type of {Ki{, ,Ky} not on
the integers njp,- ,np.

Let (S3,L) be a link and O3  be the orbifold with
2 0g3 = L. Suppose the orders of every local group of X Ogg are

n. We call such an orbifold Ogs the associated orbifold with

weight n of (S3,L), denoted by O(L,n)- We define the n-




weighted orbi-invariant of (S°,L), denoted by O0Orbn(L), by the

fundamental group of the associated orbifold with weight n of
(g3,L). Clearly, if two links (S3,L) and (S3,L') are the same
link type, then Orbp(L)2O0rby(L') for any ne N . If (53,L)
and (S3,L') are prime and sufficiently large, then the converse

holds.
4,1. Theorem. Suppose (s3,L) and (S3,L') are prime and
sufficiently large links. (S3,L) and (S3,L') are the same link

type, if and only if Orby(L)2&Orbp(L') for some ne N, nz 2.

Proof. One direction is obvious. We come to the other. Let
O¢L,ny and O¢r',n) be the associated orbifolds with weight n
of (53,L) and (S3,L'), respectively. Since =m {(O(L, n))&
% (0L .m)» bY 7.7, O(L,n) and O¢L,p) are orbi-isomorphic.
The orbi-isomorphism is a homeomorphism from S3 to S3 and

carries L to L'. g.e.d.

We give a sufficient condition so that a link (S3,L) is

sufficiently large.

4.2. Proposition. Let (S3,L) be a prime link. If there is a 2-

strings prime tangle (B,t) such that O¢p,n)-Int(O¢g,pn)) does
not contain any properly embedded separating disc., then (s3,L)

is*sufficiently large.

Proof. 1t is clear that 30(¢,n) 1is an incompressible 2-

suborbifold in O¢(pL,n). d.e.d.
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Boidy 7RIz RS0 (BH 2 WBRELTWTS) 2hdt Lie
BoErE S THABAINES,

HM] B nwTff&hTnE Ap FIATEDBUE 2 D Brwnw T,
Retsdo

5 2 (Hubbuck-Mimura,Iwase [I1:Proposition 0.71) . h=:1
EHSRHOEEY . FH p KBMRLLT Ap ZEHEE ZhiE . ks
BRI D,

(1-) W-F & sKmEO®TIE. 3 Lk (2p-1) U FOHHE,
(2) Wrend 3 kAKHOBEIZ. (2p-1) KTREO WEL L.

IhizED [HM] BwTREhtnE Ay Bt oRE%:
HOBWT. W%EBS, AFEL. Thid Hemmi ok - T %k {EH
REAWTHILEZHEOR WS

%3 (Hemmi,Hubbuck~Mimura,Iwase [I1:Corollary 0.8]) .

KREDEELZFRY 3 CRAELELESRE FE—EA0FTy 775H
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B0, Lie  U(1l), sU(2), SU(3) oL sEEL 20D
PR I RBWTHUARE P - E B IInE 2,

[H2] izBwTffanTni Ay REBEOEZRDBRL T, &
b

3% 4 (Hubbuck,Iwase [Il:Corollary 0.101) . Z@hEos
—ff12 2 torsion #BALHVWEME S roOEBIE. (EX 2 1o

BFELTH) FE E—OHRERy TEME R S5 L,

§ 4. RELADHRE C—BEHE (F54)
BT LMAERI, Ty, (Gm-1) = Z/mi THN.
Z/mZ O A ZHisd 3 principal bundle @4/ X piheE
bR EE ) TERE 2 3 AOBE FARIHL. Fy THBC T
BRELERB S, ETTOUMEMNE. A B~ BILLT
5ET 5.

Qo) == G@m-D

a N

X — G

¢ . N Pull- \mcL
Sl -t /Széd\—l

—

Figure 4,
£ 3 ([IM:Theorem 6.5]) . m UTOBTOEY p =%
LT (A ,p)=1¢a2a4a6lf. X 1 A ZETHN . F0 A

BEILT7 74— G(n-1) DX ~DEHOEEE LTHARS,
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EHE. CEEORRCEALL AEBICSPRE, n MTO
FH D IHLTIE. X 12 60) ERENC—FETHEMG . 22
T, @HIEHRILTWw3, T, m =2 OBSICHWSILERE
M- HEETEERY . TOEETIIRE FE—DRE FE—2 2
BEARKANORBIEEATELBEH. (M T A_ RO
BREVWOFHEEAVS, ABEMICIE. m kD ASWER p 125
FRbLT£%. Lie 8 6(n) o B = g2907!

ERO A Fst

NOFEENZITH S

R(K) : K(k) — Map, (G 'xB , B), k £ m

%gﬂz%snsmrm%ﬁ%a}c@@i@@@umaAjwma

CHRTL, 1S3 Sk, Thiclk, 9328 OA-THEER
WB. XGLIONKE B CEHETABICE. Wi Lie BOfE
F% Gn-1) MEIZE > TAZEBAELE L TH I, KoLoBEn»
B. FATHIZEDNAD B, EEL. TABZICESELRIA
3o E512. B O A BEFRREETRICHDS A, (FHEHONE
E (LLERLGERBICELB) . 2hes35%85LT. X & B A
ORBEFLAKL. X O AL BRE. B ~ORMO &_ B
%5, ZO6l Gn-1) WETHN. X © A_ Fakid Gin-1)
A BAOHELR S,

§ 5. IREHADRE NC—EAH (HEi)
m A3 HUEDBAIE. m =2 PEERERLANES )
R E D,

FE¥ 4 ([I2:Theorem Al) . 3 LIt m icfHL. KIFEET
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HBo
(1) X & G(n-1) @ A BEOWIRE 25 Ay 7EH o
(2) X & A FEla® AL EM
(3) BTOHEF p THLT. ROLHHPPIRIIT S,

(a) (A ., p} =1,

(p) dn £ p.

P 5 ([I2:Theorem B]j L EE p iz L. RIEEETH S,
(1) X & p TRAFRLTRIE Ap JREEE) Ap i,
(2) X 12 p TRARLTRIE A M.
(3) (A, p) =1 & dn £ P

4 I3HHE 3 LE® DS LORTHB. FH 5 id. Adams
feflE e Chern fsimintegrality 65 Hubbuck |2
k2 K theory {gfi# (Hubbuck {FE#) %. P(p) LTEHET
ot iabh3, @ Key point g, XX |.T® Hubbuck
fEFS% o p divisibility ORETH B8, ik Gln) ~d bundle
mapping #@L T 2G(n) C BG(n) & H#THZ LT BGn) LT
¢ Hubbuck fEFI% o p divisibility OREICHESE I LAF
x5, (121 THIRE. 55BOREHD OMEL LTHRT 5
([12:Lemmad.1]) .

B, LidEM 4, 5 2BiFs EHBEOEMFE. ERIELE

BnWZ EWEEHD Tz,

§ 6. ZLoroEELANE
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fEl, p E9 A EHMORT .
g 2, BE{E L OFE bundle ON—TFERHBVWORE FE
L D -5

FIBES ., B3HEEHBCWERE M-8Ry 7 2REIE A&
m e
3 . SEEHBCWE Ry 7EREITRE U Y —8FIC
torsion ZFEGn»?
FHEHS *, 'hfus‘/‘—?#a: torsion %A% 724 W3 EHEHEREC
Wik 7RIS | DR
LoMEE 3, 3%, 3" WHWIHETIHANZ RBREEATH
Bo FAMHM L BREKOWMRIZEET 2. ZRIZDW TR
MSTH- TWADIRFEBRSTOKE Iz L T
(3,5)
(3, 4n+3)
(7 , 4n+3)
METEER type DHMABDETHELEWSIZ L THE, BELICH
WORSRABEK (M- 8) 2H8dT. HEITicp £ 5 2k
FL.P =7 TRRELLTHE->TWS type i& type (7, 11) %
BELDBOOATH B,
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