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3-Manifold ® Normal spine & Ball covering
BEIX 2Z#% EZ

§0. boundary & %> compact 3-manifold W13 —#&IC
2% polyhedron P* 12 collaps 3, W2 P (&R 3.
oW & P) o B&RIZY 0 T133kB - LT 0 FE TR R B1T
BIHARG 20 LI G, T53A, B0 [ 88 ), -3,
Closed 3-manifold M M1 @ disjointJ 3-ball B, -, By 1=
WL (M-Qéi) NP* 2r%, PiaMo almost -
spine & 2¥13 M3 6% ( Fern- Rourke) » almost spine X spine
LHLTENEAT TEw (@, WHaB >N QT E L vk
Smzwrn (LEEEIRD) .

20 note ZIFIABIZI OIEREED THD, 2 LT,
closed 3-manifold & HBo =AWHBI .52 3757 (
W) L5y ~7 T represent SNB L, &
SV kS 0MR, S°0 representation ) BYEIX 21 T 0)

FRIZOVTEZIRIFE W,
o,
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81, 3-Manifold ®» Ball covering
compacl connected manifold M 2 LT MK 0
(closed) m-ball BY o set B=1B, ---Beb1&x, ®© L/BFM,
@ BinB;=9B:n2B; 1& 0-n-manifold (connected £ FXK Uz 1) T
Hd LI Mo ball covering 5. MWL TEho &
Mo covering number X Ev b(M) ¥32d. bMM<n+l,
BMM=27a513 M'=S". 3%E 2 1TROBAKDS T 3,
Proposition 1. M3 connected closed 3-manifold
bM)=3 & M k(S*SH#e(S%.S?)
33T k+ez1, €=0al, SxS7IT rnontrivial S:bundle
over S' (non orientable) .
Proposition2. M: comnected closed 3-manifold
D MEM#H(S%SD , MEM#(S'% )
(Z0L5% M % handle free &og3y)
- 2) B={B4,B.,B; B4l - bal/ covering of M.
N MxS® 0E31d BinBj#& (ir)) ¥GETD .
= BinB; = 2-disks %))
ball covering [Bi, - -, Bx § I& itf IZ®L T BinBit¢
NE= ﬂén-deyenerafe EofIEMD ., X ‘1/?, F L LT handle
-free “3 3-manifod 0 mondegenerate bal/ coverimd 312

INTELZZI LT3,
._.2._
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B={Bs Bz, B;,Bc} % handle free closed 3-manifold
M o non-degenerate ball covering £ .

@) BinB; g disjint G 2-disks (i)

b) BinBjn Br 1& a’is/'om'[ 3 1-disks (edgs ) (<j<R)

c) /j, B, I1& dis/‘oint T3 O-disks (vertices) .

SHESNBENS BIIM D cell EEE S 270 B,
ACEEBIMn, k32T EI 3, cell complex 5%EDT .

deg(B) = #B° = # (ﬁ B;) B o)degrée .

C(R)= —%%#(Bm B;) : B o complexily
r3% L= |
Proposition 3. C(B)=%#(B;n3j) =—2'—dey(f3)+2
for1§%§4-.

216" 1!

22‘—) 12 BBZ

B4

(@ 1) P’oEIB (BB, kB
...3._—
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$2. Almost spine

B={B1.B.,Bs. Ba} % handle free 3-manifold M »
non degenerate ball covering &35 .

PB)= B? : cell complex B o 2-skelton .

P®) = [P = UoB;

‘xeP ¢ neighbourhood & I+d & , .

1) XE(BinB;Y D) Xe(BiaBjaB) V) xe By

(<5< K) s
- B) i 7 Bz
B Ny
T i /@7 P
‘1 Bj ‘;K /W// ‘)Bj
©;(P) B4 S0

Tah5 P@) 12 M 0 almost spine 2" (closed ) fake-
surface (norma/spine) T H%. 3= (M- B> 0 Spine
P' % P o sub polyhedron (sub complex) & L TEM>
S TERS DN,

Remark 1. EOERS R(S'*xS)# (S8 0
almost spine & LT motype p AEEZF TV 0E LD,

2.+ o PB) 13 SoMAo immersion (not in gene-
ral position ) o image L LT LA,

-4 -
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§3. Ball covering @ reduction
B={B1,B:,B:,B+} & handle free 3-manifold M & non-
degenerate ball covering &3 3.
( opeml‘io}z Al
" BinB; SD* amponent (i), #(Dn(1B))=2
= 3R’ Mo ball covering, cBHI<CB) 4

1=1,4=2 £ 9%.
Do Bz 2'0) Yeqular nejgh bour hood 0&

EN&33.
N~ Bx =2NaD Be : 2-disk (k+2)
Nn (B2-N) : 2-disk N
B/=B,,Bi=B,, Ry
Bi=B«VN, BS= BN ’\{
B'=1{B/,B,Bs,Bi} 1 BASMIZMD
ball covering T C(BI=c(B)-1.

&

——— &«
@6‘ _ \Ei‘ 1z 5 =
\/'Bw—— B( 83 83/
(B, X 7¢RVEE) (Bs+ X751 ¥E)

(@3) B= B % (operalionA)
—5_
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Remark 3. Opexation A % Almost spine P 0 P'AD
‘A x LTBBY, polyhedron 12 3-ball N % atlach LT
Collaps §HRNBA4 &) T S<BENEED T H%.

a
g; ‘84 P

( operation B ]

" {o] BinB;>D : componeit, 14§} 5D, D, , Di#Da .

#DinD2)22 = 3B: ball covering of/“./ ,CBI< c(B),
D, BinBs, D2CB2nBq 33,
DinD.D>A, B oacs

(DVD2) > simple Loop T

ArB LA 14 T b3,

By C2 proper 2-disk ac=L .

(F4) Almost spine o1k

N&E BaZ'9 Co ﬂ%u/ar‘
Meij/zbour/?ood £93.
34/_ VB4.2 = B4"N -'JiS'/'oinz 3*50//.5‘.

NaBi =aVadB: : 2—a/isk (i=12) 5@
Nn B@--—- o-disk, (5=1.2) \//‘,Q
NnBs=¢ Ba

-6—




B/=B,YN, Bs=B:, Bi=Bs,B{=(BuVB2) £33 &.

Bin Bf =2B/n28" : 2-manifold .

9B.=2B, 0 X 2 0 ARH L I < BinBanB) component,

K1 Bar & Baz 755 o

on BVB.VB, 70 —

reqular neiy/?bourhoad 84\/ >
EW EF3L '

WA BJ"W-z-a’;sk. (7=42.3) {l’ \/
B4z

Wa Bey: 2-disk (G=1.2)
(S ﬁ
Bj=B-W (-123) \BQ__
4 =Bs VW |
® ={8/,B., By, B} 13 Mo
ball covering., M=#* handle free ]%"o‘M
BinBj : o-disks. (izj) (B
#B/ A B)=#(B/aB)=# (B, nB2) -1
#(B/aB)=#(B/nBs)=# (BinBs)
# (Bl aBi)=# (B AnBOT 1
# (BsaB)=#(B7aBs)=#(B2nB3)
# (BinBa)=#(Ban Bt 1, #(B7nBL)=#(B3nBs)

#(BHnB)=#(BinB) -1 (§=123).
L =7 —

W
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1€ 2 . 3 5
éﬁ*(%n&")= > # (BB -3 = 2 #(BsnB) -1
C(BY=c(@)-1. |
Kemark 4. Operation A, B o #£ 12 bal/ covering B’ %\ non
degenerate 1& — 212 IT1ZBEI MU U\, M N handle free
T ST 2T non degenerate .
5. handle free T 7% 1) manifold 12 X3 LTH operalion A.B
:atﬁjﬁlz“%%, FE Bl1zou72 B BJ/ : 2-disks NFSES
MO TH2,
6. oOperalion A 13BR T'5 2 2 operalion B IXBET I 77 0
BIRHS (TF SPiIcrtato).
Proposition 4. B=1{B1,B2,Bs,Bs} % fandle free M »
mon degenerale ball wvering £93&X, VDC BinB;
i) 1T FTLT #{Dal(VB) eveny 24 £LT £ 0,
Proposition 5. B & X £ BIL, {DI|BinB,>D compenent,
#]} 2D, D = DnD'= { P L P
an arc
§4. =@ 757,
B ~{B1,B2,Bs,Bs) % fandle free M'p nondegenerate
ball covering T Proposilion 4.5 n 8 s Friotard3.

Pi= P(BIB.) " 0B; o cell 581 P,=PB|B):E b
_.9_.
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4. 977h5 P.={cndB; | cE B ccomplexriz) | .
20 &3 Boposilim4, 5 005
kProposiﬁm 6. M :handle free
VB’ won-deyenerafe ball cwvering
=> 3@ :ball covering of M suck That
) #6<4 or
2) Qis non deyeneraZ"e, with  C(R< CcBD ,
G, & P D dual cell 9B o 1-skelton &F3&
@ G o Verlex o degree (3 even T' 24- |
@ Gi@d 2B o ZAWMHBI 735 Tn . (Simle)
Kemark 7T, propesilion 6 0 &; 1& .S*nor embedding »\
unigue T P %,
8. Proposition 6 Remark 7 15 S> T 7%q 1 handle free
nanifold 1& 4> 757 & LEN5 o a0 (LB EEHD
WREIZE > TRBIND (75718 22517 T M p\3223 M
%) .
$5. 3-spher @ ball covering
b(3»=2 7330, BALEALT S D ball covermng =
>uB1HID,
1) S3-BVBS = B,nB.=2B,=2B.

2> $=B,YB.YB; = BinBj=2-disk L]
—9—



(3 SB=B|UBzU B_:,U B4 (de(jenerate %%'g)

= (Say) ByaBg 2 ST, BinBy= ¢

BanBi & BgnBs o 2-disk
’.—:—'_8408}. A 84(\83

@) S3= BVB.YB;YBs mon-degenerate

BinB; = 2-disk Operalion A 3T BE
(5) S°= BYB."B:VB=+

BinBj= 2>0 2-dsk  openalion A, B AL

BB a W~ & &t
( 2)

(3 \M- B1 E%9 )

(B 8) »2AELTT S0 ball CaVennj

_IO_
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Conjecture. B={B1,B2,Bs,Ba} #" S0 non-degene-
rale ball covering 7x5 1" Operation B (andfer A) #Y
BRI 5.

20 FRMN Yes 3 5, M IF 3-sphere ) EIZAH) P
WETRUERA T 127 ) Tua )L L &7 3,

"SUH 0 handle free manifold 123 LT 250 ball cover-
ing B&LB', CR<CUB), BHZES BIzH LT opera-
Tion B(axA) tEATEETH35 ) L1 4) FHE OV A
WNBATBKAH.

[F18R . Propesition 6 o T¥E7'57 (KB =FBHHBI&S
2%3)Gi0AFBRIAZBIIADTIZ. L0X D/THE
757 kR0, IEXNLDI T V57 (R ) RBRK
TATLIY T AaRkRE. G~ Ge OBORRIBED LD
T 0D,

$6. Elementaly collaps & ball covering

polyhedron P.Q I1S>u7 P=QVB™ BAQ=8""
CoB” )&= P13t Q I elemenlaly i< collaps 3 £ vy

PX @ ¢527. P»'Q 1= BRE 0 elementaly collapsingT’
AETHL 250 BATHEE Pr3 Qg e- Co//aps,n7 7N
E3run gcpa) £#7.

boundary €%t compact Con;7ec?fed m-manifold W I
—1] —
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LT W* 55 (-D)-polyhedron (E473€NTER V) Aoy € —
collapsing nE 3% fe(w) EE L, closed connected
n-manifold MR IZ ¥ LT (& oM™= Lecr-Bo+1 &
Z$H%. BALHNT leW)=1<> W2 B”
Proposition 7. Le(W") = b(w").
Le(W< bW 1 BE5 6 ( Binb; =3B:ndB, =tt-)-mfd)
lewm=h ks W - NP LF3e
W= B/VB,V -~ VBg VP™ . Wiz n-mamifsld 8%
Pric UB: . BinBj=0Bia0B; (itj) HHTLA.
t L BinB; Ik mamifold g b ¥ B3EE (F Bz - Br B
M I I‘é’(jﬂ/ar /ﬂeifﬁbour/woz/ R THRIBE L TEHIL,
Bin Bj =260 0B; : (n-y —maxn/f»/a/ £ T35,

—-12-



