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Let M be a smooth connected oriented (n+2)-manifold. We call an

oriented n-Sphere smoothly imbedded in rnt(M) a G-knot in M, and a

knot in M if it is null-homotopic in M･ AG一主主吐(辿生, resp.) in M

is a disjoint union of finitely many G-knots (knots, resp.) in M. A G-

link L in M is calledaB-linkin M if L isnull-homologous in A.

伽o G-links Ll,L2 in A are equivalent if there is an orientation-

preserving diffeomorphism of A sending Ll tO L2 0rientation-

preservingly･ The equivalence classes of G-links are called the types of

G-links･ The些三4--三･ Which we denote by sR. is any smooth　4-4

manifold diffeomorphic to themiversal covering space of T4#S2xs2,

which is obtained from the 4-space, R4, by stabilizationl that isr by a

connected sum with countably inflnlte copies of s2Xs2 (cf.5 1). The

4stable 4-space sR is so huge that we can ilrbed all 3-manifolds

smoothly and properly in it･ The purpose of this paper is to give an

overview of the author■s recent results on several properties of l土nks in

4
sR ･ No proof is given here･ Details will be published elsewhere in

separated forms ([121)･ Zn ら i we discuss the stable 4-space sR4 itself.

we characterize open 4-manifolds which become sR4　after stab山zat土on.

工t follows that any exotic 4-space (cf･ Gompf[5】) becomes sR4　a托er

stabilization･ Zn 5 2 We characterize the group of a link in sR and4

discuss related topics･ Zn 5 3 the torsion pairing invariant of a a-link

4
in sR is introduced･ =n 5 4 We observe that there are many knots in



r-.)

thu.Eこれ

4
SR with no minimal Seifert manifolds and discuss the supporting degree.

zn 5 5 We observe that there are many links in sR4 which are not z-

equivalent･ Zn 5 6 the Triviality Theorem for a G-link in sR4 is stated

and the prime decomposition and the unknotting number of a knot in sR4

are discussed.

51塑壁土4-盟主

Let w be a空-望聖泣connected oriented smooth n-manifold (n>1).

Let tBili-i be a family ofdisjointn-balls B･ in Znt(W). This

1

family is said tobe堕望-, if for each compact set c in w c〔B.-

β excepta finite number of i･ Then note that w-ui=lZnt(B･) is a iCO

1

smooth manifold with boundary Ui≡l∂BiUaw･ w is望型旦生坐坐.

ifforeachcompactset c in w thereisacompactset cI in w

such that c'コC and w-C･ is connected･ w is I---堕旦生主塾生吐′

if w is connected at infinityand for each compact set c in w with

w一c connectedthereisacompactset cl土n w such that cl ⊃c and

w-Cris connected and the natural homomorphism Tl(W-Cリ→ ¶l(W-C) is

trlv土al.

Lerrma l･1･ rf w is connected at infinity, then for any two

discrete families tBili:l･ { Bi,i=l there is an orientati.n-preserving

diffeomorphismof w sending B. to B: forall i.

1       1

Let n - 4 and ass-e that w is connected at infinity･ Taking a

connected s- of w and countably -nlte copleS of s2ⅩS2 along a

discrete family of 4-balls土n w･ we obtaln a smooth 4-manifold whose

diffeomorphism type土S土ndependent of a choICe of a discrete family of 4-

balls in w by LerEma i.1.
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Definition. This 41manifold is the stabilization of W and denoted

by SW･

Theorem i.2. SW is diffeomorphic to the stable 4-space SR4 if

and only if W is a i-connected spin open 41manifold which is i-connected

at infinity.

For examPlel the stabilization of a punctured K3-surface is diffeomorphic

4

to  SR .

corollary 112･l. Any W stated in Theorem l･2 is smoothly imbedded

in SR with c.mplement diffe.m.rphic to SRi of the upper half 4-space
4

4
R .
+

4

Corollary i.2･2･ For any compact Smooth 4-submanifold W of SR

4　　　　　　　　　　　　　　　　　　　　4

wlth　∂w a 3-sphereJ SR -Int(W) is diffeomorphic to SR with an open

4-ball removed.

～4へノ4

Corollary l･2･3･ For any exotic 4-space R , SR is diffeomorphic

～4　　　　　　　　　　　　　　　　　　　4

to sR4　and R is smoothly iTnbedded in SR with complement

4

diffeomorphic to SR+･

Remark i.2.4. The existence of an ex.tic 41SPaCe ～R4 with ～R4#i:i

s2xs? diffe.m.r,hic to R4#i:lS2xsi for some finite m is equivalent to
1

the existence of an exotic 4-sphere whose punctured manifold ls an exotic

4lSPaCe･ The author is grateful to R･ Gompf for correcting an error of the

flrst draft as above and lnformlng him that the existence of an exotic

4

41SPhere whose punctured manifold is diffeomorphic to R is eq-uivalent

to the failure of the 4-dimensional smooth Sch･dnflies conjecture, which is
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still conceivable, for as J･ Tao observed, any punctured homotopy n-sphere

with n > 4 1s d土ffeomorphic to Rn.

Recall that a map is proper if the preimage of any compact set is compact.

Theorem l･3･ Any (possibly'non-compact or disconnected) smooth

4oriented 3-manifold is smoothly and properly lmbeddable in sR.

The idea of the proof is to construct a 41manifold which contains a given

43-manifold and has the conditions oHheorem l･2･ Slnce sR is a proper

smooth stibmanifold of R5･ we have the following corollaryl generalizing

a result of H土rsch [71 to the non-compact case‥

coro11ary l･3･1･ Any smooth oriented 3-manifold is smoothly and

5
properly imbeddable in R with a trivial normal bundle.

Remark l･3･2･ For each compact connected oriented topologlCa1 41

manifold there are infinitely many compact connected oriented 3-manifolds

which are not topologically imbeddable in it (cf. [10]).

52　The groups of links

Let L be a Gllink in a smooth connected oriented (n+2)-manifold M.

A smooth compact oriented (n+1)-sl止manifold V of M is called a Seifert

manifold for L if av - L and V has no components of closedmanifolds.

Let　くt>　be the infinite cyclic group generated by a letter t.

Lernma 2･1･ The following conditions on a G-link L in M are

equivalent:
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(i) L is a B-link,

(2) L has a seifert manifold,

(3) There is an epimorphism Y-i(M-L) + <t>　sending each meridian of

i to t.

we call y in (3) a B-epimorphism･ A link in M is trivial if it has a

seifert manifold consisting of disjoint (n+i)-balls. We consider a G-link

4           4
L in sR･Let E(L) =SR-L･Wecall G(L) = nl(E(L)) the旦聖堂Of L･

4Definition･ we say that a B-link L in sR is G-ribbon if it has

a seifert manifold diffeomorphic to s3#i:lSixs; with open 3-balls

removed.

The normal closure of elements xl,X2････,X in a group G is denoted by

S

(Ⅹ1･Ⅹ2･･-,Ⅹ )G･

S

Theorem 2･2･ The group G(L) of anr-component link L in sR4

is a finitely presented group with Hl(G(L))- Z and (ml･m2･････m )G(L)
ど                         ど

- G(L) for meridians ml･m2･････m Of L･ Further･ for any finitely

ど

presentedgroup G and elements ml,m2,････m With Hl(G)- Z and
I      ll L I I

(ml･m2,.I.･m )G = G, there is an r-Component G-ribbon link in sR whose4
∫group is G and whose meridians are ml′m2′--m ･

r

Theorem 2･2r･ The group G(L) of an r-comporTent a-link L in sR4

土s a fln土tely presented group with unlque B-epimorphlsm and (ml･m2,-′

m )G(L)- G(L) formeridians ml,m2･････m Of L･ Further･ for any
r ∫

finitely presented group G and an eplmOrPhism Y: G + <t> and elements

ml･m2･･-,m Such that (ml･m2･-,m )G=G and y(mi) =t′ i=1,2,-･,r･

r　　　　　　　　　､ i-　2'日日L-､r
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there is an r-Component G-ribbon B-link in sR4　whose group is G and

whose B-eplmOrphlsm is Y and whose merld土ans are ml′m2′-′m ･

∫Theoreln　2.2Tl. The group G(i)　of an r-Component G-link L in

4
sR is a finitely presented group with (ml･m2･･･.･m )G(L)= G(L) for

r

meridians ml,m2,･･.,m Of L･ Further, for any finitely presented group
∫G and elements ml･m2仰,m W土th (ml･m2′-･,m )G- G, there is an r-

r                       r

Component G-link in sR4 whose group ls G and whose meridians are ml′

m2,････m (cf･ Gonzalez-Acu～nal6])･
r

4　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　4

A G-ribbon link ln sR is obtained from a G-link IJ★　土n sR with a

trivial normal bundle by the following operation (F) :

(F) Perform a surgery on the boundary of a collar L*xl0,1] of L*

4
in sR along disjointly imbedded i-handles, not meeting L'Ⅹ(0,i).

4
Definition･ A link in sR is Q-ribbon if it is obtained by the

operation (F) froIh a G-link L･, equivalent to the union of a trivial link

4
in R and some PIXS?.s under an identification sR4 - R4･i:lS2xsi･

ココ

Theorem 2･3･ The class of the groups of Q-ribbon links in sR4

4
equals that of closed oriented surfaces smoothly imbedded in R .

Corollary 213･1･ For each r >　O there are infinitely many r-

4
Component G-ribbon links in sR whose groups are not isomorphic to the

4

groups of Q-ribbon links in sR .

A compact smooth 4-sl-anlfold W of SR4 is called a support of a C-

link L in sR4if aw isa31SPhereand L⊂ Znt(W). Theclosed　4-
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manifold W+, obtained from w by attaching a 4-ball is called a closed

4
support Of a G-link i in sR ･ By Lenma l･l and Corollary i.2.2, the

4
G-link i in sR is obtained from L in Znt(W) by stabilization

along a discrete family of 4-balls disjoint from L. Then we call that

4
the G-link i in sR is obtained froma G-link L in w. =nt(W) or

~　~　　　　　　　　　　　　　　　　　　　　　　　　　　　　　･-　　　　　　　　　　　　　　　　　　　　　~　　　　　-~一

十　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　4

w by stabilization･ Zf L is alink (B-link,resp･) in sR , then L is

also a link (B-link･resp･) in any support w of L. For a link Ll in

3
s with components k･, 1 ≡ 1,2,･･-r･ we consider the product sュx(S3,

1

Ll)･ choosedisjoint31ba11s B･･ i = i,2,-.r, in s sothat B.〔k.3

1　　　　　　　　　　　　　　　　　　　　　　　　　1　1

1  3is an unknotted arc in B.･ Perform surgeries on s xs replacing slxB.

by D2Ⅹ∂B.. Then we ｡btai三fr｡m six(S3,Ll, an r_C.mponent link, S(L1,, i
1

in s4#;:is2xslf･

4
Definition･ A link L in sR is the至竺9三笠一望盟主主埜of a link

1     3
L in s I if it is obtained from the link s(Ll) statedaboveby

stab土1izatlon.

4
The type of L in sR is unlquelydeterminedby the typeof Ll in

s3･ The group G(L) is meridian-preservingly isomorphic to the group

Tl(S3lLl)･ Further, L is Q-ribbon and each component of L is contained

4
in a 4-ball in sR as the spun 21knot of the corresponding component of

I,i.

4Lemma 214･ For a G-link L in sR the following are equivalent:

(i) Anymap f:S2 + sR ishomotopictoamap f.:S2+ sR with
4　　　　　　　　　　　　　　　　　　　　　　　4

frS2〔L二月,

(2) L isalinkin sR4 with H2(G(L))=0･

4
Definition･ A link L in sR r given by Lemma 2.4 is called a
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flexible link.

4Corollary 2･4･1･ For the surgery-spun link L in sR of a link

1
L in s3　the following are equivalent:

(i) L is flexible,

4
(2) L is contained in a 4-ball in sR ,

(3) The link Ll is completely splittable.

By Theorem 2･3 and･ for example･ Litherland.s resultl17] , we have the

following :

corollary 214･2･ For each r > 0 there are infinitely many r-

Component Q-ribbon links in sR4　that are not flexible links.

By Theorem 2･2･ Kervaire.s resultl131 and Yajima.s resultsl22],[23], we

have the following:

corollary 2･4･3･ The class of the groups of flexible links in sR4

equals that of llnks土n sn+2　for n > 2　and ls contained ⊥n that of

4
9-ribbon links in sR .

By arguments in 5 3 we can show that坐竺旦infinitely聖聖旦flexible

lirlks that are not G-ribbon (and hence Q-ribbon).
~　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　l　　　~~　~~　　~ー-I-~一　一　　X　　-　-■･.′一■l,､■′▲▲

§ 3　塑tors10n palrlng lnVarlant

For a module 刀 over'the integral group ring　^　of　くt>′ let TH

be the A-torsionpart of fl and BH-H/TH･ When H is finitely

generated over A , let DH be the maximal finite　^-submodule of H(cf.

lll])･ Let EIH-Ext^l(H･^)･ ForaB-link L in sR, let ≡(L) be4　　　　　･ヽ
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the covering space of E(L) associated with the B-epimorphism･ H (E(L))
q

is a finitely generated　^-module when q i 2　and a direct sumof a

finitely generated A-module and a free A-module of infinite rank when

q = 2･ The following is essentially a conseq-uence Of the Second Duality

Theorem of [11]:

Theorem 3.i. For any B-link L in SR4　there is a t-isometric

symetric non-singular pairing

見L:DLXDL　+　Q/Z

such that

(i) (DL･見L) is an invariant of the type of L, and

(2) There is a t-anti eplmOrPhism e : DHl(E(L)) + El(BH2(E(L))) which

へノへJ

is an土nvarlant of the type of 1 and whose kemel ls D ･L

工f a knot K in SR Isobtalned from a knot ln S4　by stabil土zatlon′

4

then the pairing　且K: DK X DK + Q/Z coincides with the Farber/Levine

pairing of the original knot in S4(cf･ [3]･[16])･ We call our pairing　見L

the主竺旦主竺聖地of a B-link L in SR4･ the terms borrowed from [16]･

4

proposition3･2･ Zf a B-link L in SR is G-ribbon, then DL= 0･

corollary 3.211･ For each r>　O there are infinitely many r-

component flexible links that are not G-ribbon･

4                        rtJ
Foraknot K in SR wehave t-l : Hl(3(K))等Hl(E(K))I sothat

t-l : DK芋DK･ The following characterizes the torsion pairings of knots

4
1n SR ;
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Theorem 3.3.　For any finite　^-InOdule D with t-i: D gD and any

t-isometric symetric non-singular pairing A,: D x Dう･ Q/Z, there is a

4
knot K in SR suchthat (DK･見K) is　^-isomorphic to (D･且) and

DK - Hl(～E(K))･

Zt is unknown whether all pairs (D.見) are realizable by knots in s4(cf.

[16日.

§　4　Knots with no minimal Seifert manifoldsand the supporting degree

Let V be a Seifert manifold for a B-link L in a smooth connected

oriented (n+2)-manifold M.

Definition･工f the natural homomorphism Tl(工nt(V･))十Tl(M-L) is

コ

in〕ective for each component v. of V. then we say that the Selfe工･t

コ

manifold V　土s mlnlmal.

For n - i any B-link in M has a minimal Seifert surface. This is well-

known by the loop theorem.

Proposition4.i.　Zn case n>2, any B-link in M with a B-

eplmOrphlsm whose kernel ls finitely presented has a minimal Seifert

manifold.

This is proved by a surgery argument(cf. Farrelll4,p. 325]). Note that

a B-link L in sR4　has a minimal Seifert manifold if and only if L

+
has a minimal Seifert manifold in some closed support W of L.

4
Proposltlon 4.2.　Any surgery-spun link in sR has a minimal

Selfert manifold.
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Deflnit10n. The supporting degree, sd(L), of a G-link L in sR

is the least number m such that L has a closed support dlffeomorph⊥c

to s4#i:lS2xsi･

Theorem 4･3･ For each m > 0, there are infinitely many (up to

4
equivalences) systems of knots K., 1 -　0.1.‥.′m. in sR such that

1

4
(o) Ko is obtained from a flbered knot in s by stabilizat10n･

(i) Any two of G(K,), i = 0,i,...,m, are meridian-preservingly
1

lsomorphlc.

√し

(2) No two of H2(E(Ki))･ i - 0･1,･･.･m･ are　^-isomorphic,

(3)　sd(K.) - i. 1 =　0,1,.‥.m. and
1

(4)　For each i f　0, K,　has no minimal Seifert manifold.
1

Remark 413･1･ Leel15] gave, in our terminology, examples of non-

4
flexible knots K in sR with sd(K) ≠0 (in fact, sd(K) -i) by using

4
thefactthatanyknot K- 1n sR with sd(K-) -0 has H2(G(K-)) -〇･

4
Theorem 4･3　tells us that there are many flexible knots K ln sR with

sd(K) ≠ 0･ Tamural21] also considered a similar problem on higher

dimensional simple knots, such as genus one knots in snxsn+i(n > 2).

The following proposition is useful to construct certain knots in sR4

with no minimal Seifert manifolds (though it is not applicable to the

proof of Theorem　4.3) ;

proposition4.4. =fa knot K in sR4　has aminimal Seifert

manifold and the commutator subgroup lG(K),G(K)] of G(K) is finitely

generated, then lG(K),G(K)] isうーsomorphic to the fundamental group of a

closed or土ented　3-manifold.

The proof is similar to that of Neuw土rth【20,Theorem 4.5.1】.



lrl

Example　4.4.i. I,et G be the fundamental group of the OISurgery

manifold of a non-trivial fibered knot in s3. G is the group of a knot

4                4
⊥n s2Xs2　andhencein sR. Anyknotin SR wlthgroup G has no

minimal Seifert manifold by Proposlt土on 4.4. for　[G,G】　土S　土somorphlc to

the fundamental group of a closed orientable surface of genus　>　0, not to

the fundamental gToup of a closed orlentable　3-manifold.

4
Theorem 4.3　tells us that there are many knots K in SR such that

lG(K),G(K)] is isomorphic to the fundamental group of a closed oriented

31manifold but K has no minimal Seifert manifold. Zt is unknown whether

all knots ln s4　have minimal Selfert manifolds. Theorem 4.3 is obtained

as an application of the torsion pairing invariant.

§　5　Cobordism

3
For any　2-colnPOnent link in R with linking nurrber　≠　0.　the

4
Components never bound disjoint compact oriented surfaces in R .　Such

+

4
a phenomenon does not happen for llnks　⊥n sR .

proposition 5.1･ For each link in sR4, the components bound

disjoint compact oriented smoothly imbedded 3-manifolds in SR4Ⅹ[0,+心).

Definition･ Two G-links Lr Ll in SR4　are Lequivalentr if

there is a 3-manifold W, topologically iTnbedded in sR4xlo,l], such that

w芸Lx【0,1], (aW)〔sR4Ⅹo ≡ (-L)Ⅹ0, (aW)〔sR4Ⅹ1 ≡ L-Xl and (∂W) 〔sR4Ⅹ(o′

i) - @. Moreover, if W is smoothly iTrbedded in sR4Ⅹ[0,1], then G-

links L, L'　are cobordant.

4
A link in SR Is called a boundary llnk　土f the components have d⊥S〕oint

Seifert manifolds. and a weakly split link if the link has a disconnected

Seifert manifold. The following is essentially due to Kervairel14] :
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4
Proposlt土on 5･2. Every boundary link in sR is cobordant to a

trivial link･ Zn particularT every knot in sR4 is cobordant to a

trlvlal knot.

二七is unknown whether all links ln s4 (more generally. all flexible links

土n sR4) are cobordant to trlvlal links (cf. Cochran[1])′ but there are

4
many non-flexible links ln sR which are notトequlvalent.

Theorem 5･3･ For each r > i there are infinitely many (up to　=-

equlvalences) ∫-component links L　土n sR4　wh⊥ch areトequlvalent to

none of flexible llnks･ weakly split links and links with supportlng･

degree　<　r-i.

Theorem 5･4･ For each r > l there are infinitely many (up to Z-

equivalences) pairs of r-component non-flexible links L, L. in sR4

such that the groups G(L) , G(L.) are meridian-preservingly isomorphic

but the links Lr Lr are not I-equivalent.

We use the torsion pairing invariant to show Theorem 5.4.

5　6　Arithematic

4
Let p be a point of a G-link L in sR･ We call a half10Pen

4
interval･ α ･ smoothly and properly imbedded ln sR a string relative

壁. (L,p) if aα-p and　(cc-p)〔L=β.

Lerrma 6･1･ For any two strings　α , αr relative to (L,p), there is

an orientation-preserving diffeomorphism of SR4　sending　α　to　α-　and

flxing　工‥

4
For°-knots K. in sR and strings　αi relative to (Kl･Pi)I i-l･2･

1

we choose tubular neighborhoods　で(α.) so that (T(α.),T(α.) 〔K.) are

l 1 1 1
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2  3

d⊥ffeom∝phlc to (D3Ⅹ[o･+∞)･D2Ⅹ1), where D ⊂D Is a standard disk

pair･ We attach (SR4-Znt(T(αi))･Ki-Znt(T(α･川K.))I i - 1･2･ by an1    1

orientation-reversing diffeomorphism between the boundary pairs･ The

resultisapair (SR4.K･) with K･ aG-knotin SR41 The typeOf K･

does not depend on any choice of strings by Lemma 6･l and is determined

only by the types of K･･
1

Definition. The G-knot Kl is the sumof K･′ i-1･2, and1

denoted by Kl♯K2･

4

Defln土tion. AG-knot K in SR Isprime土f K-Kl♯K2　meanS

that KI Or K2 is trlvlal･

4

Theorem 6.2. Any knot in SR is the sumof finitely many prime

4

knots土n SR .

This result is a combination of Maeda･s Theoreml18] and the following

Triviality Theorem for G-links･ essentially due to MatumotOl19] :

4

Theorem 613 (TrlViality些391m)･ A G-link L in SR is a trivial

link if and only if G(L) is a free group with a meridian basis･ =n

4

particular'a G-knot K in SR is a trivial knot if andonly if G(K)

= Z.

To state Maeda･s Theorem'we consider a pair (G･m) with the following

conditions=(i) G is a finitely presented group･(2) Hl(G) Z,(3)(m)G - G･

we call this pair apalr of type K (cf･ Theorem 2･2)･ Forpalrs (G･,1

mJ). 1-1.2, 0ftype K thepa土r (G了G2/m1-m2･ml) isalsoof type K
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and called the聖些Of (G.,m･)･ i = 1･2･ and denoted by (Gl･ml)*(G2･m2)･

1  1

Apair (G･m) isprimeif (G･m) - (Gl･ml)*(G2･m2) means GI Or G2;

4
Z･ A knot 氏 ln sR Is prime when (G(K).m) is prime for an meridian

m of K, by the Triviality Theorem. Two pairs (G,m), (Gl,ml) are

equivalent if there is an isomorphism from G to GI sending m to m..

Maedars The.rem:) Anypair (G,m) .f type K is the sum.f

finitely many prime pairs･ Moreover, the sum is unique (up to equivalences

and the orders of sums).

=t is still unknown whether the sumin Theorem 6･2 is unique. Next, to

4
discuss the unknott土ng number of a knot土n sR ∫ we note that the boundary

4
surface of a solid torus smoothly imbedded in sR is unique uP tO

ambient isotopies of SR4 (cf. [8]). We call this surface a trivial

4
surface in sR I Using that a knot has a seifert manifold, we can

transform any knot in sR4 into a trivial surface by surgeries along

a finite number of 上mbedded 1-handles (cf. 【8】).

Definition([9日.　The least number of these imbedded 1-handles is

the unknotting nmber of a knot K in sR4　and denotedby u(K).

4
Let c be a null-homologous, smooth simple closed curve in sR -K.

perform a spin surgery sR4-T(C) UD2ⅩaD3　along a tubular neighborhood

T(C) - SIxD3　of c･ since the result is also diffeomorphic to sR , we
4

obtainanewknot KT in sR4･ wecanshowthatanyknotin sR is
4

transformed into a trivial knot by spin Surgeries along tubular

neighborhoods of a finite number of such curves c.

★)The fln土teness part was independently proved by Dunwoody/Fenn【2】.
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Definition･ The least number of these curves c is the weak

4unknotting里些竺Of a knot K in sR anddenotedby u (K).

W

Let b(K) be the least number of meridian generators of G(K) and w(K),

the least number of elements

⊥∠-･･Ⅹ )G(K)≡ lG(K)･G(K)] and e(K)･ the least nuI血er of　^-generators of

S

へノ

Hl(E(K))･ Then we have the following:

Theorem6･4･ e(K) ≦W(K) -u (K) ≦u(K)≦b(K)-i.

W

Ⅹ1,Ⅹ2,-･,Ⅹ　of G(K) suchthat (Ⅹ1,Ⅹ2･

S
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