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ON THE TOPOLOG]CALLY CONJUGATE CLASSES®
OF ANOSOV ENDOMORPHISMS ON TORI

. \

" ZHA¥G MERONG (—“" %)*‘ '

B Abstract

This paper consxders the followmg qusstlon vaen an Anosov endomorphlsm f on T,
whether f is topologically conjugate to some hypelbohc tmal endommphlsm‘? It is well
known that the apswer for Anosov d1fEeom01phxsms and’ expandmg endommphlsms is
affirmative. Hwever for the remainder "Anosov endomorphisms; & quite" \different answer is
obtained in this paper, i. e., for generic Anosov endomorphisms, they are not topologically

+ conjugate to any hyperbolic toral endo"mbrphism.';) R

v

8 O Introductlon

Ma,ny authors have’ worked extenswely on the tOpologmally congugate classes of
10s0v diffeomorphisms and expanding maps on compact manifolds (see[1—4].
1eir results imply the followingaggertion;, ;. - - . ;

Theorem AB#4,  If £:7"—T™ js an Anoso'v d’l:ﬁ"eomorph@sm (ea;pand'mg map),
m f s topologically conjugate to some’ hypeaﬂ‘bolw toral automorphism (ecupaﬂd'mg toral
Jomorphism,. respectively).

o6

e I IR EEE A - ‘
Because Anosov d;ﬂ‘eomorph:sms and expa,ndmg Taapg a.re 1ncluded in Anosov

domorphlsms, we have a, sumlar problem is every Anosov endomorp!nsm on T"'

)ologloally conJuga,te 10 some hyperbohc toral endomorphlsm? e

“Leb A(T"‘) { f T"‘-—> T"‘ {f i 01 Anosov endomorphlsm} and A*(T"‘) =
CA(T™) : fis neither an Anosov dlﬁ'eomorphlsm nor an expandmo' ma.p} In
is paper, we will prove the following result. |

Main Theorem. Supposs m =>2. Then for gemeric fE&A*(T™), f és not
wlogically conjugate to any hyperbolic toral endomorphism.

In [5], Przybtyoki made some discnssions on the topologically OOnJuga,te clagses of
™.

§ 1 is some preliminaries. In § 2 we prove a topologioally conjugate theorem %o

po uged in § 3. The complebe proof of our main theorem is contained-in § 3.
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§ L. Preliminaries

In thls paper, we always suppose M is & compaot con.neeted smooth Rlemanman
manifold. Let o : M —> M be a universal covermg map. Let a=¢, > be a Riemannian
metrio tensor of M. « induces a metric don M. Let @ * (@) be. ’ohe pull back of . by
o. Then @ « (a) is aRiemannian metrle tensor of M and induces a metrio d on M.

Lemma 1.1, ™ Let f€O°(M, M) and let F M——)M be a lifting of f s0 M
e., wF=fm). Then F is umformly continuous (wrbth respect $0 @, I f figal
hOmeomoa'ph'bsm of M, then P is a homeom@ '‘phis mOf %‘W I{“ ~t &s also. ‘mpq,forr
continuous. : : .

To consider the perturbatlons of a dynamlcal system, -_we need a lemma to
used in this paper. g

Lemma 1.2 Let f, g be two local d@ﬁebnioa‘phfbsms and Zet F G be. the lift
off g to M If g is O1 near f, cmd a (F(wo) G(a;o)) s, smau foa‘ some a;OEM the

is O near F and G- is also OF near B2, T -

Proof It is tedlous, we W111 omlt 11: When M T”"one ca,n refer to§ 1, Oha
5 in |,

"Definition 1. 3. An orbq,t of f E O°(M M ) %s a b'b—am ﬁmte sequence (a;,.) B
such that f () = =1, for au anZ Let Ofrb ()= {(w,.) (a;,.) is.am; oq'b@t of, f} A

easy “to. prove that Ovrb( f) #s compact in H M,

The followmg i8 the deﬁmtlon of Andsov endomoi'phlsms

Definition 1. 4 © We call a local d%ﬁ'eomorph’bsm f 601 (M M ) cm Aq
endomo'r'pmsm if f possesses the follow%ng prapefrtfbes o

There ewist constants 00, 0<u<1 swch that forr evefry (w,.) E Ofrb ( f) thafre

splitting of‘ , U T.M=E @ BE*= CJ E:,.{E!-_) E; | gvlwch is, pa"esemed by tke defrfm

=00

Tf and satfbsﬁes the fouowmg conddtions: / Pratt s :
NTf| <Op” ||fv||, forv€ B®, n=0,1, 2> TaeoLor s
1T fro|=0"*u"|v|, for vEE" n=0, ¥, e
‘Remarks. : (1) If f is also ‘a: dlﬁeomorphmm, -then f isi' called: an- An
diffeomorphism, - | . , S D R R R
(2) If B*={0}, then f is.called an expandmg map, b sl
In [6], Mafié & Pugh gave a definition of weakly Anosdv ‘endormorphisms’”
not difficult to prove that an Anosov endomorphlsm (as Def. 1. 4) isa Weakly An
endomorphism in [6]. (VLU R A -
The following are some mmple examples of Anosov endomorphlsms
" Beample 1. . Hyperbolio Toral Endomorphism: ‘Lit: A 'be a - hyperbolio
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ttomorphism of R™ which preserves the 1a1stloe Z"‘, i.e., A is an integral matrix
id for every eigenvalue A of 4, |Kf%0, 1 fLet T”'—R”‘/ Z™ be the m—dimensgional
rus. Then A induces an Anosov endomorphlsm a (We call 11; a Hyperboho Toral
ndomorph:sm), namely, w([m]) [Az], ‘where [:vj denotes pomts on T’" .

“Leb A(M y=1 f M ——>M fisan Anosov endomorphlsm} and A* (M ) A(M )\
Anosov dlﬂ'eomorphlsms} u {expa,ndmg ma.ps}) ) ‘

* For the pr opermes of Anosov endomorph1sms, see [5 6] 'I‘he followmg are
me ‘of these 0 be ‘uged in‘this’ paper s (M : _

Ploposﬂzlon 1. 6 s.o (1) Let f GA(M)amcl Tet F be the M:ft’bng of f to V
sen 45 af Anosov d@ﬁeomm’ph’bsm of Mo

(2) A(M) is an open subset n 01(M M) (endowed 'w'btk 01 tOpology)

3 Iff GA*(M ), then'f ws not str uctumlly stabls. T .

(4) A* (T"‘) és also open in 01(M M). B

The followmg ary ‘some elementa,ry faots m algebra.lo topology ‘Let's av R'"——> T”'

the covering map, ar:(a;) - [«]. Then tho 0‘1011p of the deck transforma’olons I‘ =
(R"‘ ar) conmsts of the followmg maps in R"' : ” o
’ S w;,(a;) o-+k, ‘for mER’” “where kEZ"‘

A group endomorphism H of I can be represented by an mtegral matnx B
Mo (Z) na,mely”, H(ak) (m) a;-l-Blo as. ;,(m) for meR"' & Tovenost

Proposn'.mn 7@ Tét FEOU(D D™y gind lot F be dts tzftmg to R™. Thm
we exists a unbque matris BCEMa(Z) ‘sudh that F(x+k)=F{z)+Bk for sCR",
tZ™, 4. 6., F—BGP(R’") {lp R"‘—>R"‘ i 45 ontfnuous and sat'bsﬁes x,b(m+ k) =4 (=)
r all s ER™ and k EZ’"} Oom;ers.,ly rz,f a map F €O° (R”‘ R”') sat'z,sﬁes F-B EP(P"‘)
r some BEM,,.(Z), then F' 28 @ I/bftmg of some fEG"(T”" T"‘)

2 Let F,(g -1, 2) be two lwftmgs of a map fEO"(T’" T”‘) cmd B,EM (Z) such.
u Fi— B,GP(R"‘) (j =1, 2) Then Bi—Bg

Pfroof For (1), see Shub ([9], p. 179)" or Spamer [10] "From [10], we have
(%) = F1(2) -+ ko for all € R™ and some ko & Z™, which concludes-(2). .

Now we introduce some fnnotional spaces, Suppose | .| i§ a norm in R™ Lat
3(R™y ={f: R®— B™: s ig -continuous and bounded}. For $E€OB(R™), |¢fo=
p{l¢ (@) | ::o&R"}. Then OB(R™).is a Banach space. Let UOB(R™) ={ €OB (R"‘)
is uniformly continuous}. It ig easy to prove the following lemma.. - ..

Lemma 1. 8. UOB (R”') ¢s:closed 4n OB(R™), -ther efo're @ Banach spcwe Also
R™) is olosed in.UOB(R™), ; TR :

R TR

§2 A Topologlcally Congugate Theorem

. et fEA(M ) and lot .F be its llftmg to M. Then F is an Anosov dlﬁ'eomorphwm
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of M. Recall that f is-not structurally stable unless f is a diffeomorphism or an
expandmg map. However, the universality"of M' and the faot that F is a lifting
system can conolude the following theorem, SRR :

- Theorem 2. 1... If g SO (M, M) is sufficiently O* necm‘f and G is a lifting of g
such that G is O near F, then there exists a unique homeomorphism H : M—>M such
that H is near idg and sat'bsﬁss HI" GH I'n fact H a/md H “t are uwiformly

' condinuous, . oo

Proof In [6 p. 180])° Mané & Pugh asserted the ﬁrst half of this theorem.,
idea of the proof coinoides the proof of the struotural stablhty of an An
diffeomorphism on a compao} mamfpld For the detaﬂs Wwe oan gee Ohapters 13
in [8] Snmlarly, we need, only solve the followmg equatmn JR TR

L @) e (@ e PE @) 2EM. .y
In order to prove tha,t 7 is unlformly coptinuous, we solve (2, 1) in the Bg.naob,s
USB (TM) {o- M—>TH | o is a uniformly oontinuous, bounded seotlon}
existence of solution ¥E€USB(TH) of (2.1),follows from the looallstabmt
hyperboho fixed point. For the verification of hyperbohty, one needs. the folloy
generalized Palais Lemma Jin nonlinear apalysis. e
The followiing is the statement of the Lemma.
Let (B, @, X, R™) be a veotor bundle endowed wrth a Fingler strucfure. Ass
u: X—>Xisa homeomorprLJém bl ikt e and 4t aregnmformly continu
Assnme U:E->Eis a fibre preservmg nmp whioh covers u‘ i, e, :n:U =um, Ass
T is also umformly Sortinuous and’ maps 8 bOunded sectlon to a bounded se01
Thett U inddoes a ‘map U: US’B (E)—)USB(E) m the followmg way L
U= Uou™, aEUSB(E) at e B ¢
Here USB (E) is the spa.oe of the um_formlxr oontmuous, _bounded seotlons of (&
X, &™), ) ) PR PRSI _
Generalized - Palals Lemma2 2 Lstu U, ﬂ be as abow Assume the
'dem'vatwe DU E—)L(E w gE)) of U s umformvy cont'muous len i
difforentiabls, Yot for o GUS’B CH, the dew/vat'we Dma) of ﬂ ato m éa frepfre&
as follows: ‘ e ,
(D0 (0)7) (o) = ﬁU(G(u'l(W)))v(u‘l(w)) for € X, 'vEUSB(E') (
P/roof The proof of the Pala.ls Lemma. [8 p 212] is also va.hd u.nder 1
HSSUmp—tlons o .
" Asan apphoatlon of Theorem ﬂ 1 weprove a property of Anosov ondomorph
which is called the Entropy Stablhty Property In [11] Yang proved this ‘prog
for strongly Anosov endomorp}usms For the definition of the topologloa.l entrop
& uniformly ¢continuous map, we can see’ Oh&pter 7 ia [12]. :
Theorem 2.3. Lot f: M—>M bs an Anosov endomorphism. Then there is a
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e%ghboa hood %CO‘(M M) off such that: fo'r évery.: g € U, we have ent(g) = ent(f)

Ters ent( f) =enty(f). deniotes the topologwal entfropy of f (frelat%'ve to the metric. d)
Proof Here we only skeboh the proof. :

(D Let w: M —> M be the universal oovermg ma.p. Thei: there is groonstant 8>0
ioh that i:

ST Lieh

. o Wln(a,a) B(m, 8)"3(7‘(5)’ 6)
‘an 1sometr10 homeomorphlsm for all 3€ M Here
Bz, ) ={yc M|, d(?/, @) <5} %
(2) Let fe 0°(M M) Suppose F M—)M Ba hftmg off By Theorem 8 12in
L‘Q], We ha.ve ’

PR
v

U ent(f) Rent(f) <enta(F).

(3) The topologloé,l entropy 1s an mva.na.nt of umformly topologlcal con;uga.oy.
ore preomely, leb f, -g be Hwo umformly “sontintous maps Suppose there is a
»meomorphlsm # such that h and hYare umforml‘y conhnuous and h sa.hsﬁes hf =

. Then ent( f)Xerf(g). R R o S

From Theorem 2.1, there ]S a nelghborhood %Cdl(M M ) of f suoh that for

vefy yE%, wehavey L s e

ent(g) - enty(@) ente(F) enmitf). s

R L R

Lb A (T"') isa remdua.l subset 1n A’ (T"')
Let H’[‘E (T'") ={a: T"‘—->T"' d is a. hyperboho tora.l endomorplsm} and
o HOM(T"‘) {h .’P"'—-)T’" % i3 a homeomorphism}.

~Proposition 8. _»1‘ If m=>2, then A*" (T"'),,q,s dense i A* (T"')

Pfroof Aussme' he conolusmn 1s not true Then there emts a nonempty open
set %CA*(T"') such $hat 2. N4 @™ =¢. We w:ll prove that.every fEX. is
1ctura11y sta.ble, Wh.lch contradiots Proposﬂuon 1 6 (3)

F1x foe ”1/ then there exlst a;OE HTE (T’") and hoEHOM (T”’) such that

‘ howo"'foho g, T (3 1) .
m ho([O]) [a;o] 1s a ﬁxed pom{'. of fo, and therefore a hyperboho ﬁxed point.
any f €% near fo,a there is a ﬁxed pomt [cvo] of f. near [2o] .- Let h’ be the

eomorphlsmofT’" h’([a:]) [a;j—m{, mo] and e e an e
| ‘ S EE TR - o (h')‘lfk' . o (3 2)
‘ fl is also 01 near fo We may assume fy€ %. Thus there exlsta1€HTE(T’") and: h1€
HOM(T™) such that’ s vk

vy
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hwm=f1by. . o T B (3-3)
Thus [1;1] hl([O]) is a fixed point of f3.

Let F; Ayand H; be liftigns of f,,a; and &, such that F,(a;,) =g, A;(0)=0 and
H;(0) =;(§=0, 1), By Proposition 1. 7 (1); there exist inbegral matrixes U;C
 SL(m, 2)={AEMn(Z):det(4) = +1} and D,EM.(Z) such that H;~0,, F,—D,c
P(R™) (4=0, 1) From (3 1) and (3.8), we have

L H A FiHy §=0,1, .. L (8.9
This together with Proposﬂuon 1.7(2) implies :
0;4;=D,0,;, §=0, 1. (¢

.Let F} be another liffing of f;, such that F}(z.).=, (because fy ([wo]) [a
Then F}—0;€P(R™), by Proposition 1.7(2). As f; is homotopio to fs, .
I L ostea® W1(T"' (0] ) >mi (T, [wo])
St De=De B¢

4=0-40, ¢

Thus
(3.5) and"(8.6) imply

where O = 03101€SL(m, Z). ' .
From (3.4) and (3.7); we- obta,m Y

o H"Fo F1H" R (;

where H"=H10‘1H;1 R"‘—>R’" Tt'is easy to oheok ‘that H" satlsﬁes H"(m+

H'(2)+0,07C5%=H" (&) +k for s€R", kEZ. Moreover, (H")~i(a+

(H")‘l(w) +70 From Proposﬂuon 1 7 (1) H” mduoes a homeomorph]sm
€HOM(T™. I

Prqeetmg (3 8) toT"‘ 'we ha.ve RS . B ’

(WE*) fo=f (WA Yo 0

This means A’ A" is a topologicdl conjugacy between fy-and.f,

In the same way,we can prove the following result. - i

Propos1t1on 3.2 4 (T"‘) contains : mﬁmteby many topologq,cauy congl
‘classes. 1o A

Proof Let %EHTE (T’") whioh is neither a hyperboho toral automorp
nor an expanding toral endomorphlsm Suppdse % is -any neighborhood of ¢
O*(T™, T™).-We can prove that there exists fe% suoh that j‘ is not- t0polog1|
conjugate to any a CHTE(T™). . s v s T SIS

To prove A**(T™) is & remdual subset; wé need 4 deoomposﬂnon A (T™) =
where every @, is opén, dense in 4*(T™).: Now we begin working out Q;.

Step 1: As HTE(T™) is countable, we assume HTE(T™) ={a;' da, «--}. Lot
{f€.4*(T™): f is not topologically conjugate to a;}. Then A**(T™) =, R,.

Step 2: Let B, = A*(T™) \R,={f € 4*(T™): there exists h € HOM(T™) such that

From (38.2) and (3 9), we ha.ve
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hf=a, h}. We construct a Procedure. () about the liftings of maps in the following
vy: NS B O a Clab LT DA
- (%) Let f €A*(T™). Supposs thers existe & HTE(T™): and - A CHOM(T™) s. t.
#=ah. Then [z,] =#7*([0]) is a fixed point of foLet F, H, A be the hftmgs of f;
@ -sabisfying F(zy) =y .A(0) =0, H(ay) =0. Then we have . A SRR
HFE=AH.:" j RIS (3 10)
+hEHOM(T™), g0 there is a matrix € ESL(m, Z) ‘such that H-O EP (R"')
Let SL(m, Z)={Bj, Bs, -}. R”—{ f ER, :$hé matrix.: O‘ iin 'Procedure (x)!is
ual to B;}. Then we have b
AT =y (A* Tm)\R,,) ,,,(3.11) |
Pr°P051t10113 3 E've'ry Rijiis closéd tm AYT™) . S TS DAY
Proof Fixing ¢ CHTE(T™). and BESL (m,. Z), let R= {f EA’(T"‘) there
ists 7 €HOM(T™) such that the matrix in (%) is just B}.

Letf €R(n=1, 2, +-) andf,,—-»foEA*(T”') for some fy as n—> oo, *We:need 1o
OVefoeR

O B e Lt
By the deﬁmtlon of R, there exist h, € HOM (T’") suoh thatr e !3.\. -
hufn"\"a'hm'n‘ 1 2 (3.12)

Forn =1, 2, -, lot [a:,.] ]c. ([0]) Then thq hfhmgs H, F, m(*)satlsfy F ()
a;,,, H BEP(P’") a.nd o R Sy
R HJ’ AH,., n= 1 2 e . . 18)
7 the oompaci;ness of T”' We may assume that {[w,.]} converges to some . [a;o] er.
© also may assume {z,} converges to zo. It is easy to cheek that fo([a;o]) = [a:o;] As

(*) let Fy be the lifting of fo to R"' satlsfymg Fo(mo) =az0. By Lemma 1. 2, F.—>

.a.sn-—>oo cogeb e 0y ey G

RECIR I

Consider the following funetional eguations
(B F=A(B+h); m=0,1; 2,-éew,e5 oo 5 ian - (3.14)
om (8.13), for n=1, 2, --+; y=¢;=H,— BE&P(R™) is a solution of'(3:14). +.
;- Beoause ‘4 is a hyperbelie aylemorphism’of R™, thére is a notm | in: B and a
perboho splitting R™= E*DHE* and a constant 7€ (0 1) s, t. AE*=FE*, AE*=E"
deo e e St G w

g s

PR ]]Avl]<v;||v||, for 'DEE' ]|A0I|>fr‘1l|'vﬂ for @EE“

Let P,,P.. ‘be the projéssions of:B™to &, K* resp., and 4d,=4 [E’ A, IE"

By Lemma 1.8, UCB(R™) with |. ], is a Banach space. 'We have' a splitting of
JB(R™) =UO*®UO, here-UC" ™ ={ € UCB(R™): i(z) € E** for « € B"}, For Y€
JB(R™), we have the decompogition. 4: xp’+¢" sgb +.P,,1[1 ‘Define. an equivalent
rm |. | on UOB (R"‘) as follows . '

llllfll-—lll!"+ll’"d*max(ﬂ¢“|‘m lllll Ho) -
Let ¢.(z) =4~ BF, (w) - By From (3.13), ib.is easy to prove ¢,EP(B™) for n=1,

x
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. So ¢y € P(R™) because F,—> Fy;
Now (3. 14) is equivalent to ¢r=A""YF .+ .. Pro;ectmg this equation fo E°, E“
resp., we have
(Y= AT F P,
\{ Y= AJWF i,

i, e,
z<~{¢f=sA,¢*F;1 ,¢>s P,
Yt=A Y F .+ == JUACOR 3.
Beoause F,., F;‘, t, ¢u are umformly eontmuous, we can deﬁne maps

UCB(R”’)—> UOB(R"‘) as follows .

, o T =T, (¢‘+¢“) T’(¢)+T.“.(¢') for thUGB (R"‘)
Now (3 15) becomes LR e e
- T,.(4,),n 0, 1 2, eee. (3.
Lemma 3.4. For n=0,1, 2, ---, T, is contraotive. More precissly, we have
To(ps) — Tu(iha) ll<fll4'1 Pal. for thas 5€UOB(R"') .
Proof For gy, zbgeUOB(R’"), we haye . . ..
L Ime=mele
o el AWTT —MET) | 0ERY
—sup{| 4, (i (@) — @D 0 ER"Y -,
3 <zl - dilos el — ..
In the samy way, we bave .. ..
IT2(pe) T"(¢s)ﬂo<vl|llu ll'sll
These two inepualities conclude the lemma. . ., ... .. ...
‘We continue o prove Proposmon 3 3. , 4 -
., From Lemma 3.4, for every n=0, 1, 2, there ex1sts a nmque t,b,.EUOB(
8. t. = =T, (u,(;n), i. e, 4:,. is $hg solution of (3 14) By the uniqueness, Y =¢, € P(
for n=1, 2, Now we prove a—> g as n—>co. Thus llJoE_P (R™).
= ol == 1 Ta(thn) — To(l[‘o) I -
<"Tn(¢n) —T.(o) ||+ “T (4'0) To(‘bo)l
: . Sl ol 1T )~ Tl .
This implies

ol <1/ (L= ) 1T, (o) ~ To() . e
As, € UOB(R™), for arbitrary s>0 there exists a §=38(8)>0s. t.
lpd (@) — ll"o(y)ll<8/27 for 2, yER”‘ and Jo—yl<3. = (8

By Lemma 1.2, F,—> Foand F;* —>F;" as n—>co. Thus therels o
Ny=Ni(e, 8)=Na(e)»1,
such that :
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1 #o(z) — No(w)lli<sl and | F7(a) ~F;1(a;)'a<31 (3.19)

r all x€ R™ and N>Ny: Here. si—mm(s/(%rllB‘ﬂ), &) O L
(8.18) and (3.19) imply :
I3 @) ~Ts @k

= A (F7H (@) ~yi(F5 () )) —AB(F' (2) — F5' (@) |
<sg for n<Nyand s €R™.

‘We can prove a similar mequa.hty for T';. Then we have proved |, — o} <5 for
1. ‘

Now we prove, the followmg lemma. s : 3

Lemma 3. 5. Ho-—B+v,l:o R’"—>R’" isa homeomorph«.sm and the pq‘oysctwn ho
*Hodsalsoa komeomorplnsm of I, ‘

Proof Beoausé' foE A*(T"') and a> fo From Théorem 2. 1 for some N >>1
16Te exists H y=idgn-+fry € HOM(R™) such that
o FNFO—FNEN; A - _ (§'20)
here thGUOB(R"‘) : R AR

(3.14) for n=N and (3 20) 1mp1y et i

((B‘*“I'N) (idpn+y) ) Fo= A((B+‘!'N) ('MZR»-'F‘!'N))

s (B+yx) (idgm+Piy) —B= ¢N(@dg...+|]:,¢) +B4:N€UCB(R"'), the uniqueness of the
labion of (3.14) for n'=0 lmphes tha.t B+t,bo— (B+¢fN) (Q'dgm+lll1v) E€HOM(R™),
soause By and %dm+4:NEHOM(R'") v A

Because i1 € P(B™), it is easy o prove that’H, B‘1+-,bo for some -,boeP(R ).
s B, B-*€8L(m, Z), from Proposmon 1 7 (1), the pro]eotlon hy of Hy to T ig a
omeomorphism, :

Now projecting (3. 14) for n=0 o T, we have ho f.,—asho Bv the deﬁminon 6t
3 foER This completes the proof of Proposwlon 3.3, o

Pfroof of our Main Theo'refm Proposmon N mphes A* (T"')\Ru is dense in
*(T™) and Proposutmn ‘8.3, asserts it is open in A*(T”‘) The formula (3 11)
ympletes the proof of the- "Main Theorem. ‘

Here I wish to express my many thanks to my ‘advisor Prof. Liao Shantao for
is encouragement and guldanee :

Finally, the present atthor expressed his thanks to the referee for hlS useful
>inion. B

Loy
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