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Class Groups of Certain Real Quadratic Fields

Zhang Xianke
(Department of MMW&)

Abstract

‘ Suppose a real quadratic field K = Q( «/;) ym=s? =+ r. If r|4s ,then K is said to be
of ERD-type. This paper studies the cases 7 |6s and 7 |8s, and gives some results of class
group H(m) and class number k(m) of K . For example; if m = (8z + 5)2 + 8 sthen (2,
(14 v'm)/2) is a principal ideal, it is more likely that h(m) = 1; It m = * + 8t,s/t €
© z — 2z ,then the order of A= (2,(1+ v'm)/2)in H(m) is 1,2 or 4; if class A°51 then
o 4 |h(m) ;If m= (3z"+4-¢t—3)2/4+3¢,¢|z°—1,then on a certain condition , & (m) contains a
cyclic subgt:oup of order n. The method of proof of these results. is similar to that of the.
ERD-type.

Key words: quadratic number field, class group, class number
AMS Classifications (1991): 11R21, 11R29

Let K=Q( v m) be a real quadratic field over the rationals Q, where m=.§z+r is a square-free '
positive integer, s>0,r€ z are integers. Ifr|4s, then m and K are said to be of ERD-type, which
have been studied in many literatures including [1],[2] and [3]. We here will study the cases r | 6s
and r|8s. In these cases, the results can’t be as neat as those for the ERD-type in [1-3]. We let
H(m) and k(m) denote the class group and class number of K. Let [(a,b)] denote the ideal class in
H(m) represented by the ideal’ (a,b),and let a€z—nz mean a€z but a0 (mod ).

Theorem 1 Let m= (81 +5)*+8 or m= (82 +7)24+8,7>3. Then the ideal (2, (1+

v'm )/2) is principal. .
Theorem 2 Let m=s*8¢,s/t€z— 22,0<C8t< 2s,5>>15. Then the order of the ideal class 4

Received January 29, 1992.
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=(2,(1+ vm)/2) is 1,2 or 4. In Particular, if A1 then élh(ut); lf A?5£1 then-4|h(m).
Theorem 3 Let m=s? 3¢, 25/t €2 — 3z, —s<3t<2s, s>>11. Then the order of the ideal
class A==[(3,s+ v m)]is 1 or 2. In particular, if A% 1, then 2|k(m).
Similarly to [l], we can also determme certain subgroups of H (m) But here we will usually
need the equatnons .

—my‘ + 4% zln,z<n) €D
have no proper solution (6=0 or 1). This condition is equ:valent to+ 42 #£c(0<j€E z) where
¢; = 2sA;B; — Bir + A%, A;and B;are polynomials in z[¢y ¢z, ,¢;] defined inductively by 4; = £;4;-,
— Aj—z,B; = t;Bj=y — Bj—z,A0 = 1, A1 = 41,Bo = 0,B, = 1, and m=s*+r for arbitrary s,r in z.

Theorem 4 For each m listed in the following, the ideal class group H(m) has a class 4 with
=1. In particular, H(m) contains a cychc subgroup of order » (and then n {h(m)) if equatlon ¢))
has no proper (integer) solution. (z denotes any odd integer in z, t€z).
(D)m= (3« 4% + (¢t —3))?*/4+ 3, tj4%2 F 1,0t <3 4%2/7, 22> 8.
(D) m= (3«42 —¢t+ 12)2/16 + 3t,¢]4% + 4, — 3« 4°22/11 — 1 <t <32 42/7 +
1’ . E . ) . . .
4‘z' > 21.

(3)m— (32" + 4t — 3)?/16 + 3t,t|z* — 1, 0<t<3z‘/2 -1, 2:>10.

(D) m= (322 + 4t + 3)%/16 — 3t ¢z 4+ 1,0 <t < 32/8, 2> 8.

Theorem § For each m listed in the following, the ideal class group .H(m) has a class A with
=1. In particular,. H (m) contains a cyclic subgroup of order z, and then n|k(m), if equation (1)
has no proper solution . (z denotes. any odd integer in z,tEzZ).

@m= 2z +tF 22+ 8, t|=F 1, 0<t<2/UF D — 1.

b)m= (22 —t+ 18)3/9 + 8¢, t|=2 + 9, 0 <t << 22/13 + 1.

() m = (22° + 9t — 2)2/9+ 8¢, t|z* — 1,0 <t << 22/3. .

The method used to prove the above theorems is similar to that in' [1-3]-involving continued-
fraction-theory and Diophantine equations with much computation.
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" Automatic 2D Heat Transfer AnalysisBased on
Liquid Crystal Thermography Technique

Wang Liusheng He Shipin'-g Wu Xiaoping

(University of. Science azd Tecknology of China)

Abstract
A 2D heat transfer automatic analysis software system based on liqﬁid crystal thermographs and
digital ixﬁage processing technique has been developed for both the transient state (TS) and steady state
(SS). Principles of liquid crystal thermography and analysis of the thermographs, together with the
structure and operation of the software are described. Typical test results for both transient and steady
states are presented. Advantages, limitations and feature development of the technique are discussed.

Key words; liquid crystal thermography ,heat transfer image processing, automatic analysis
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Generating 3D Realistic Images Scene With Ray—Tracing

Whu Jianhua Sun Zhenshou

(Department of Radio and Electronics)

Abstract

t A complex sky. dome light source and a global illumination mbdel_ 'af,e combiied together with the
ray-tracing to generate the realize scene of the objects whiéh defined b.y'thé‘ CSG tree. The experiment
including objects shadmg, transparency and reflcetion are super-realistic. A object surrounding box
method and it's algorihm for ray-tracmg to reduce CPU time are adopted. -

Key words; ~generating éD realize scene, ray-tracing, 3D display
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A Preliminary Research on the Model of Xizang(Tibet)
- Continental Crust and Its Chemical Composition

Li Tong Li Feng

(Department of Barth and Space Sciences)

Abstract

The )ﬁmng crust is one beloﬁging to the crogenic belts formed during Mesozoic-Cenozoic era in
anang region. Its fundamental data are; Area 2. 1X 10‘km’, average thickness 63. 5km, volume

1.32X 10‘km‘, average densnty of rocks 2. 775 g/em®, mass 3663 Gg (=3. 663x10‘7 metric tons).

Jnang fold crust,the Karakorum~Tanggula fold crust,the Gandnse-Nyamqentanggula fold crust and Hi-
malayan fold crust. Based on the data from the geologlcal, geophysxcal » geochemical and geographical

The Xizang crust is composed of five fold orusts, i.e. the Songpan-Ganze fold crust, the San-

surves in this region, the model of the Xizang crust and its chemical composition are roughly presented

in this paper.

Key words ;

3
Xizang (Tibet) crust, chemical composition, crustal model, abundance of chemical ele-

ments
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Predicting Theory of Effective Thermal Conductivity
of Complex Material '

Chen Zeshao Qian'Jun Ye Yihuo
(Department of Bngincering Thermophsio)
Abstract

Based c;n both of the minium heat resistance rule and the effective thermal conductivity rate rule,
a general method of calculation the effective thermal conductivity of complex material is proposed, and
a general and several specific formulas are established.” Some effective thermal conductivities of the
complex material, of which the such data as the inﬂuential'paramaters, the conductiVity of the compo-
nents, their rate of volumes, the shapes and the dnrectlon of their interface are given. The calculative
and experxmental data of some ball accumulatlon beds are comparated, are found to be in good agree-

ment. The calculatxon accuracy by the method presented in this paper is better than by Eucken s equa-
tion.

key words; thermal conductivity, predication, complex material
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X-ray Diffraction Study for Morphology of Ultra-high Molecular
Weight Polyethylene Produced by Gelation/Crystallization

Zhou Guien, Zhu Qingren Gao Jianfeng Qi Rongrong Hong kunlun

( Structure Research Laboratory, University of Science and Teclmology of Clhian)

Ye Zhaohui

(Wuhan Iastute of Physics, Academin Stnica, Wuhan)

bstract

Ultra-high molecular weight polyethylene (UHMWPE) gel films are prepared by gelation /crystal-

lization from a semidilute solution. The obtained samples are investigated with wide and small angle

X-ray diffraction. The results confirm that the gel films are composed of alternating mat textures of

large crystal lamellae whose flat faces parallel the film surface and the random folded-chains that in-

tervene between the two lamellae, that the chain c-axes in the lamellae are oriented perpendicular to

the film surface, while the random folded-chains are directed parallel to the film surface. The long

spacing is approximated as 110A, the interchain distance along the direction normal to the chains in

random folded-chain layer average 4. 6A. Therefore, between the two lamellae there are 4 or 5 for

the random folded-chains. The feature is thought to be favorable to transformation of the lamellae into

completed microfibrillar structure, to assure ultradrawing up to high draw ratios.

Key word; ultra-high molecular weight polyethylene, gelation/crystallezation, X-ray diffraction,

crystal lamellae/random folded-chain structure
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: A Gene'ral‘i»zat‘i(‘)‘n‘ of Roth
‘Inequality on Distribution

Sun Heng  Xu Yanzhi
(Department of Mathematics)

" Abstract

The present paper develops an mequahty of Roth to the general case. . - : cL
~ Let QCRB*,f€ C~(Q),and P,,---,Py be N points contained in Q. Let.S(a!,s0e,2™). .
denote the number of points contained in (—o0,z') XX (—o0 22). A(#):1={xE Q|

a"f(x)

Eron |>t} p(x,aA(t)) denote the distance between x and the edge of _\(t) Then

co

j (S(x) — fz(x))’dv}c(m)(logN)”‘"N” J J (x,ak\(t) )" dvdt, where c(m)>0isa
o

. 0 AW . . - Lo
constant and depends on m only.

Key word.v; ;disributi'oh; irrégulariti&e, inequality
AMS Classifications (1991) : 11K

1 Introduction

" Roth!!J proved the following theorem ) )
Let N be a large integer, and P,,P,,++, Py be points, not necessarily distinct, in the square 0<
21, 0<y<1,for any point (u,») in this square, let §(u,») denote the number of points in the
rectangle 0<Cz<<u, 0<Cy<<v. Then

R . )
) I:J.G(S(z,y) — Nzy)idzdy > clogN - 1)

Received May 23, 1991.
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where ¢ is a posi‘tivevabsélute constant. :

Suppose domain QCR™,fE C*(Q). x=(a!, e ,‘z';) € R*. Let dv=dz'dz?+++dz", p(x,9Q) be the
distance from x to the boundary of Q. Suppose P, ,+:-,PyE R*, and S8(x)=8(z! s+ ,2") is the num-
ber of points in [0 ,zi) X=X [0,27). In this paper we will generalize (1) to the following theorem ;'

Theorem Let QCR",f€C"(Q),Py,Pyye Py be N points in Q. MO ={x€ Q|| P f(x)/az*

-;°az'“l>t} for t220. Then :

J [8(x) ~ F(x) Jodv=>c(m) (logN)“"N"I ” (zj pGe, M) Yrdodde  (2)
o . [1] A()

where ¢(m) is a positive constant related to m only.
2 The Case in [0,1]"

Firstly, we introduce some notations. ,
Let Pi=X;= (X!, X?,++,X") be points in [0,1]", not necessarily ‘distinct, i=1,2,0,N
where N is a large integer. Any z€ [0,1) has the unique representation with the base 2 as the form
' z=2,/2 + 22/2 + 23/2 + o,z = 0 or 1
Let z;(z) denote the value of z; in the representation of z. Let #,(z)=(—1)%*! for r=1,2,-
Let n>>2 be an integer to be chosen later and R,= {r=(ryye,ra) EN" Ir1+fz+"'+ru=n}-
We define a function F,(x) related to {P:,i<CN} as follows.
Firstly ,if there is at least one i for which
(X)) = zi(2') s oo sz - (XE) = 2 =y (2) .
' § 3
, B(XD) = (@) yoey 2y (XF) = 2,y (2)
take F,(x).= 0. ) .
"Secondly ,if there is no such i,we take F ()= (z' ) (%) ooo9,_ ().
We now show that

JF,.(x)dz‘ = 0,for k= 1,2, ,m )

provided the limits of integration are integral multiples of 2="+1,
This is because that the distinction into two cases in the definition of F,(x) for fixed (zt,22, 000,
=1,z eee ,2*) dependsonly on z,(z*) , <+~ »Z,—1(2*) , and the integral over z* gives equal and oppo-

site contributions with z, (') =0 and z, (z')=1.
~ Denote F(x)= Z F.(x).
: rER_ . .
In the following of ‘the section, we prove six lemmas.

Lermma 1 If f(x) €C*(B*) and &"f/dx'32%+++ 32" >0, then I poug T GV (x)dv = 0.

- Proof By induction on dimension m.
When m=1, for any fixed k, if there is an X;€ [k/2~1, (k4+1)/2"~') ,then F,(z)=0. Other-
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wise, P,(z)=—1 or + 1 corresponding to z€ [k/2"~", (2k+1)/27) .or:[(2k+1)/2" (k+1)/

r—1 r—1
2r-1). Hence, since 3f/3z=>0, j R ()P (2)da= U“”m _J‘z'+"'2) f(a:)dx>0

@+1/2" 74

1
Therefore, the summation over k={0,1,+,2"!—1} yields j of (2)F, (a:)dz>0
. Now suppose that the proposition' is true with m replaced by m— 1.
Denote d! =dz'dz?e--dz™"!. x = (z',+-+,2""!). It suffices to prove that, for each k€ {0,1,

ey 271}, I T g f ; f(x)F (x)dv' 0.

There is no loss generahty in assuming that among Pi(i=1,2,+,N),the pomts satisfying =i €
(k21" , (k1) 2!7"] are Py, Py, =+, Pu(M<N). Let Pi= (X}, XE, o, XP71), (i=1,2,%, M)
and let P, be the corresponding function related to {Pi,i=1,2,>-,M}. Tt is obvious that .

F(x) = #_(z")F.,(x)

w2
Hence j dz" J.[ _J@eF, (x)dv

1=,

(2t+1) z"'- . '
= j ' I o 1]""'[f(x 2T + 27"%) — f(x ,z")]I" (x')dv' -

Since & f/dz 32" =0, f(x' ,2™) /Iatesedz™ Vis 2 nondecreasing-function of z”, then

gL 27 = 5] >

By the inductive hypothesis on m—1 , we have L
I[O 13--l[f(x‘ »2™ 4 27) — (¥ 937“)]""' (x)dv' =0
Therefore, lemma 1 follows. o

Lemma2 I - zigteeez”F, (x)dv = 272#(2*" — N), where r& R...

Proof J zlgeses™F, (x)dv
fo.13"

= Z J‘ 4 - 1-7, eoe j. t-zl-'- zlA"'qur (x)dv

1<-,<z'r' @¢-nz” -2
im0

‘ e - ;

= Z 'I_z—'.°"j-z"-(§l 4 z1)eee (& + 27). Fo(& + 2t yeee & + 2*)do

1<, 1<x<r -1 o . L

. o TOTLE S

—2;-.—1—4' !

‘(where &= (2 — D27 = I

2N m it
Z J. e J. . («f’ 4 2t (8" + z”')sgnz*---sgnz”’dv
-2
where the summation is over all those sets of values of z; (') =0,1 (1<]<m, 1<i<r;— 1) for
which (3) does not hold for any k€ {1,2,++,N}. ‘

Nowj (& + z)sgnzdz = j‘u zsgnzdz=a?. - Hence, the above expression is 2 2-%,

The total number of possibilities for z (&) (1< j<m, 1<i<r;— 1) is 27", and there can be at
most N of those for which (3) holds for some k€ {1,2,+-,N}. Hence the total number of terms in
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Z ) is at least 2*~"— N, whence the result I o lT_z‘-w,—~"l",(x) dv = (2" — N)2-%, (We shall
" eventually choose » so that 2*"">N. ) ‘ :
Lemma 3 Let c(n)=A|Ru| be the number of solutions of rtreteetra=n (r21,i=1,,

n) and A= min |&f/dx'+++32" |, then | J _f(x)F(x)dvl = 272(2™ — N)c(n)A.
0.13"

Proof: It if easy to understand that we may suppose 3’f/3z‘---3z">0 in [0,1]". The proofs in
other cases are simijliar or trivial.
Let R(x) = f(x) — Ax!+« 2", then ?R/az‘ see 92" = Ff/Ia' -+ 3™ — AZ=0. By lemma 1,

J'[ j_R(x)F,(x)dv} 0. By lemma 2, f[o - z!eee2™F, (x)dv 2> 27 (2" — N)A. Therefore
0.1 .

I o, J(x)F(x)do

-5

ren, Co. ]

zteee2”F, (x)do + I _R(x)F,(x)dvj

> D) 2B (2 N) A= 272 (2"— NYe(a) A

rER

Lemma 4 J(o 117 F2(x)do<e(n).
2
Proof J.[o - F{x*)dv = 2 -[ Fe(z)dv + 2 J‘[M]_F,(x)l’,(x)dv.

rER s#£t
S.ER,

Since |F,(x)|<1, the first expression on the right is at most ¢(z). We shall prove the sceond
expression is 0 by proving if s#t, then

I Fo (%) F(x)do =0 (5
[0.1] B

Without loss of generality, suppose s,<t.. Hence F.»(x)r is constant when z" € [(k—1)2'"%,
k2'~%]. Then by (4).

2" ) 1 ‘
I Fo(x)F,.(x)dz” = 0, Io Fo(t) Fe(x)dz = 0 -

t=12'""a

Immediately (5) holds, and lemma 4 follows.

Lemma 5 For i=l,2,~~-N,J x}.[ fo 0F (x)do=0.

Proof Tt suffices to prove that I xieee J’ 0 F(x)do=0.
Let X* be the least multiple of 2'~" which is no less than Xt(k=1,2,+,m).

1 1 X! x' X" 1
[ L] pceran = L+ [ + [ oFedaw
X; x; x; X X; X .
Thus, we split the integral into 2" terms. .
By the def:mtxon of F.(x), Jx'-~~_[,xrﬁ,(x)dv=0, since F,(x) =0 and the other 2" — | terms

are also 0 by (4). Then lemma 5 follows.
Lemma 6 For f(x)€C"(R"),
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. ’ ‘ ] _ - - a”f 2.
= 2 2 s—1 A7 —
j P56 = $GTao > eV Hog™™ N min | =7a;

(in this paper, c;,c;°*+ are used to denote the constants depending only on m)
Proof By lemma 5, R '
[ 5GP =f PGS Dav
[o.13" S o foay” 1SR

X
I<J<m‘

E I I lv'<,)dv— 0

=]

.[[o.l]‘[f(x)_s(x)]p(x)dv

By Schwartz Inequality and lemma 4, we have
.[[o [F(x) — S Jtdo = c(@)[27(2 — N)AT L ®

Choose n so that 2°+2N>2">2"*!N. For c(r)~n""!/(m—1)1, when N is large enough, we
have c(n)>=(logN)*~!/m!. Thus lemma 6 follows after a short calculation of (6).

By lemma 3,

=2"%(2*"—N)c(n)A

3 General Case

Lemma 7 Let a+[0,7]"CQ. Then

=)

I [8(x) — f(x)Jdo = cz(logN)"" N~%% min
a+[0.r1° . a+[0.r]"

Proof Let a—(a 6%, -",a“),
Pt = (Y, ',Y'”)=—(X‘—a Bt Xr—a"), IGKN
¥+ = (max (0, Y‘),---,max(() Y, 1SN |
Pv+n-——sz+z"'"= f=0,M= N+[:e"':|+l
8 (zye00,2™) and S* * (a0 ,27) denote the number of points {P;" yi==1,+", A} and {P*
=1,¢,M) in (—00,z') X e X (—o00 ,z") respectively. Then 8* (x)=S8(x+r+a) and for xe
[0,1]",8** (x)=8"*(x)+M—N. :

By lemma 6, we have

I [8Ge) — f(x)Jdv -
a+{0.r]
— I 5O = £6y @ Ty

= J w57 — FGy + ) + M — Ny dy

’ r N1 AT=2[ s i
= r"c; (logN; )™ N1 %[ min (ry + a) P
= TC 1 1 [[o‘l]. a'[ aymf y a ]

rf z
= c,(logN WINT® min ————
i e[0T drdese gt

where N, is the number of points P * (1<CiKM) in [0,1]
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Then NiKM=N-+[e~]+1. It is easy _to see that N, >=>e", (logN)""'N T2 > (logM)""‘M"’)% .
(10gN)™N~*(N is large). We obtain lemma 7 from (7).
Lemma 8 For any A 0<A<sup

3,1...33,- |

J L[Sy — f(;t)j’dv>33(iog}\’)"“N"A’J' wop(%, A
Proof Consider the close set \.(A4) in A(A4), where A, (A)=(x6 A(A) lp(x,a\(A))>e} All
_the cubes mentioned in the following are m-dimensional and with the;edg&c parallel to coordinate axes
respectively. . . *
' For any x.G A(A), construct an wd;mé:riéibhaiﬁ;ﬁen cube U(x) with center x satisfying
U(x) CAA),U(x) N 3A(A) = .
Then :.\;(A‘)C »U_ U(x) , tli'us there exist finite cubes Uy Uy, U, covering A,(A).

Let U, be the blgg&ct in them. U;(t>2) be the ‘biggest in those thhout intersection with U;(j<<
i). Suppose we finally get [<(n nomntersectmg cubes U; (i=1 P 0. . Let 7; be the length of the edge
of U. ,V be the cube with the same center as U;and the length 3r; of edgw (z<l) Then it is easy to see
for any U;(J—l,---,n) there is some z<l U; CV, So ‘

| A4 cUV.,V Naneay &g, " e
Thus for any xGV.,p(x,aAc(A))<3 ' mr. Then o o o
_ »J‘a,mn p(x,aA.(A))"'dv Cwa i

Cmie (3 J_r.)" Iainnu b < 9"MERE ,
Since ;\}(A)=;g’(l.\.'(A)ﬁV.~), We have " D st et

J. p"'dv g I oin )n p(x,aA,(A))"dv 9“m7§m nee it (8)

By lemma 7,since-Uqu\(A)g g R e
J,, (S(x) — fx)¥do " 2 v st e
= ¢ (logN )=~ N=2pp= rnm( ax'az") > (logN)"‘"‘IV.‘:%*?"’A2 -

{
Since JU:CCQ and U.-ﬂU,-=¢ for i5%j, i,;<{,by (8)
|

I(S f)zd”_g_[ (s — f)2dv o o

T (logN)""N"A’ 21‘

im=]

2 )
= %(108)"_1]\7—2‘429_"”'_7 JA(A)P"(-"’a"Xf(A))d"
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= cz<1osN)~-fN-=A=j L pEan e

Lemma 8 follows by e—>0. ) R - P S AT

Proof of the throrem Suppose M= —sup |3"_f/az--~3z' | is fmlte, and let .Q be a munded domain.

Let e-—-M/n,(n—l 2,'") ‘ _ W ’
B ._1 .o . . SIPE] :
2dp=. — )2
J 5 - ‘f)’ dp== g I A(k)-A((k+l)c) = Y
- -2 2
L ot g\,(,ke). jm, PN
. . a=] =1 ‘ .
. . = m—1AT—2 2 —_— 2 X
IR S Fa c;(logN) A’ [.z-;) (LG) J g) (ke) J. At De )J dv ot
‘—4c3(logN)""N"2 (Zk - l)e’j ,d"dv
e -it bem)
ot S s
> ci(logN)™'N-% 5 (ke I o )
X3 B

Let z—>c0 and e—0, we obtain the theorem by tl}e defxn;txon of .mtegration.
For the general case. Let ' _
T . 1 ; o e ewid
Q. ={x€ QIIIxIIQn,p(x,&Q)}-;—} :
Thus 9, is a bounded close set, so f is bounded in Q.. By the above proof,
J (8 — f)ide = c3(logN)*N~? I; (s'tj . pCx,3A(8))dw)de
o, ] amng,

The two sides of the above inequality are nondecreasing of z.- The theorem follows by a—>09. .

In the theorem, let 9=[051T",f(x) =N.'n s By (2)

J o [8 (! o0 ,2°) — Nytogn Jodzt eedz™ 20(m) (logN)~!
The above inequality is the direct generaization of.(1).

Thanks are due to Professor Lu.Minggao for mstruclwnand help.

s : . ' Y . . [EEEXY ’
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%F Roth HHASRM— A~
B o# BEs
BER)
}#5 E

" EXHETT Roth RIS T4 R DR — D RSB R — AR 5.
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HahaRK, & %é‘%i"?‘ﬁ‘lﬂ%&%%éﬂ'(u)mﬁi n=a+b E‘J&?ﬂ‘{a,
by B, e, b€ 2&11&“)‘1']’ .

T(n) = cnp(n) + 0(n*logn)
igg.c=l_[(1—%},p(n) H(1+ T )mﬁ%&
’

*ﬁﬁ: i*i‘lﬁl‘f‘&,ﬁﬁi&/&-ioﬁﬁ?ﬁﬁ
pEZESES: 0156.1
AMS Classfication(1991); 11D85

1 SIEREFIEHIENA

B n W E RS HETFEFROREE TORTR n=a-t+d B (0,0 9B HF
a,bE . 19314E ,EstermannUHERRT

T(a) = enp(n) + 0@+
KB e HEBEY, c= H(l __} o) = H(1+,,,__ 2)

19634F ,Cohent™ 2 iR 48 BN

_ . T(n) = cap(n) + O(nznlog 1)
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EE W2 HRE.T() o, p(HIFE X LR, W NH
T(n) = enp(n) + O(n* logn)
7E BE HIE AR R0 S5 1, XA BT T T A AT 3.
HAZ|E T Q. ()= :41 1,

a=r(mod m)

09 ﬂ[](m,?‘) & -4
( ]]’[(1 - = +o{n1 W (my,r) ) + O(n°m?) +
GG =< " e

+ 0!~ *m=1"0*(m)) + ()[ U[ ”Z;::z ’:))J ] W (m,r) € o
Wm0 (m) TESE;:T : 9
LA (my ) ERTR mor BB AL, 00m) K m § T B T 0 A B o Gn) Sl m B
HAWZH LR >0, <0, m=mim, ,m 3l o7 B F 5.
B (m,r) & & B, BARA Qu (1) =0. Tﬁ%fﬁ(m,r)eﬂ I, & «>0,5<0,
(k]

Qur(my = DUTTET S Sa@ = D% ul®

a€ a<n 2 2 )
a=r(m:d m) a=r(mod m) £ile 9 fagss
a<ln d=r(mod m)
= D w®O+ D) w) =8 + 5G) ¢}
i’s "’ 130"1-"
Ca<a Fecin
Pamr(mod m) Fa=r(mod m)

A S, FEE m=mim, ym € ).

Si=a3 A LD =ty p(t)[HT'(‘tfz—‘f%JrO(l)]

<"’ =/l 1="m’
Pdm=s(med m) @, m)|r
i imice ,u(t)(t’,m) (& .m) -
= — § i E + O(n*m”)
{}A -
(‘2 m|r o ) |r
= 2 #(t)(i s 7) 4 O( i(ml,r) E %2) + O(n*m*)
i ‘;.3“3
o J-}I

2
== 1ﬂ Z f‘(t)(f: ,’A‘TI) +0( Ttl_ﬂTﬂ_l_ﬂ(m:l,T)}+O(n°‘m."’)
fm ]

i @ my|r
AR B ¢ BREF A KPR ERES n X B HKHHERN w
B T M Z KA E— R 8+ (E T, H pllm, BT

2 ﬂ(t)(t” 1::)_1—[(1_?_)1—[(1__}_]

=] pim L P
(lz.er 2lr
N
8, = — H[ J H (1 - —l—J + O m™ Y (my ) = O(um?) (2)
U P plm r

Hr
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ds? é%(qu -'lﬁ]
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) H(l— Z)+o[2)

Ty = Z ,u(h)O(n‘/’h"‘!') & En“’h‘”’ < nuzzl/z :

Az EEP T«
e
AR
mas 3 a0 b0 Gies| € S0
A2 (h ) A<z
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SOBD1=Tle= el
Az lll o<z o<z <z/e T
Ze = << z%logz
o<z

B {ONGNONCNEDN (11)15@1 o .
() —nH(1+ s ]1’[(1 —'—]+0(n'/=zm> + O(a*logs)
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£ % X B
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On the Reresentations of a Number as the Sum
. of Two Square-free Numbers
Yu Hongbing Wang Qiaoling
(Universiey of swmrmbgg of chén) k (Nmumg Nmm'z’iww;siz;)
Abstract . -

p—

For a positive mtege: n, let .,a( be the. set of: square-free integers and T(n) be the number of or-

dered pairs {a,b} of elements in & such that a=a-}b," we prove the followmg theorem ;

e, TR = cnp(n) + 0(n”’losn) T
wherec—H(l——],p(n)—H[l-l- T 2) ’Plsapnme e

This is an improvement to a result of -Cohen.

Su oy, L
Key words; square-free integer ; asymptotic formula
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The Applications of Combined Region Elimination Method
to Optimization of Preparation Conditions of BaBr,:Eu |

Lu Xiaopu Wu Géngfeng*‘ Zhou Peiling*  Shi Chaosu

(Rhysics Department) (+ Rlectronic Tecknology Department)
- Ablst'n'ac't _

. “The aim of this- paper is to introduce ‘the apphcauons of the method of Combined Region Ehmma-
tion (CRE) ‘to optimization of preparatlon conditions via prepanng lummescent material BaBr,:Eu .’
Whwith the adoption of the method of the reduction of dimensions and CRE in preparattons mfluenced
by multiple facters, the number of expenments is greatly reduced Particularly for those new materxals
whoSe preparatnon conditions cover a wide region ; the method introduced-in the paper can offer a good
way’ to: fmdmg optnmum preparatnon conditions by domg thie Thinimum number ‘of expenments
Key words . preparation condition, optimization, method of search, method of combined region elimi-

nation, method of golden section
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Structure Characteristic of Porous Silicon Films
With Visible Photoluminescence

"\, Zhao Texiu Lii Zhihui Sun Guoxi Ye Jian
¢ ... Wang Xiaoping Liu Cihui ’

e (Department of Physics)
Wu Zigin woo L TR

(Center of Fundamental Physics)
Abstract o R

The Porous silicon filin§'producing Visible photoluminescénce are ‘prepared by anodization of p-
type single-crystal Si wafers in hydrofluoric acid solution. The $tructufal characteristic of these porous
silicon films are studied by X-ray diffraction technoligy and Laser Raman scattering measurement. Tt is
shown that the quantum dimension with nanometer order size is an important structural charaéteristic
of porous silicon films. '

Key words: porous silicon ,quantum -wire; XRD,Raman spectropcopy
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Calculatlon of Co]]isidnal Quenchmg Cross Sectlons of CH (AZA) "j
| by Some Molecules Usmg Colhsmnal Complex Model -

Yu Zhonghua Chen Oongxiang Chen Rongrong

: (Dcmrtmeu! o,f Madem Ghemwry)

Abstract

According to the collisional complex model, the calculations of quenching cross secti;r\s df
CH(A’A) radxcal by 23 molecules are preeented by using most favorable onentatlon and onentatlonal
average methods In addmon ,the range of apphcatnon of the colhsnonal complex model for calculatmg
quenchmg cros sectrons of electronically excnted specres lS drscussed In low temperature reglon ,rf there
1s no barrxer other than the centrifugal the calculated result is favorabale;otherwrse N the dependence of
cross sectmn on temperature cannot be correctly predrcted In the wide temperature range,partlcularly
in the hxgh temperature reglon ,the calculation is somewhat more apphcable

Key words; CH(AZ\) ,quenching cross section;couisfonal complex model
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N umencal AnalyS1s of Transomc Flow Around
Oscﬂlatmg Bodles of Revolut1on With Small Amphtudes

Lu Xiyun Xia Nan ‘Z-huang Lixian

(Department of Modern Mechanics)
- Abstract .

The unsteady transomc flow around an oscnllatmg body” of revolution with a small amplitude is
numerically snmulated by usmg the Euler equauons and TVD scheme In the present study, suppose
the variations mduced by the oscxllating body are the l'ugher order small’ terms than the steady flow
ones, then the dominating equations and boundary conditions are given from the pertured expansion of

the Euler equations. The present method is examined here for the firstq timg.,

Key words; oscillating body of revolution with a small amplitude, numerical method, ‘transbnii:»flow,

unsteady flow
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3 1 |1.0]0.6]| 150 | 50 |1300] 40 [2500[ 20 | 10 | 3 | 3 | 3 | 0.211 | 0.160 | 0.076
4 1 |1.5]0.2]100]| 60 |1400] 20 [2600] 10 | i5.] 3 [ 3 | 3 |0.199 | 0.147 | 0.074
5 1 | 1.5]0.2] 100 | 40 [1500] 30 {2500] 20 | 10 1 [ 1 | ¥ | 0175 | 0.130 | 0.074
6 1 |1.5]|0.2]| 100 50 [1300] 40 [2650{ 30 { 20 | 2 | 2 | 2 | 0.263 | 0.189 | 0.072
7 1 | 2001|200 60 [1400 20 [2500] 20 | 10 [ 2 | 2 | 2 | 0.150 | 0.114 | 0.076
8 1 |20]01]200] 40 |1500] 30 [2650{ 30 | 20 | 3 ] 3 | 3 | 0.286 | 0.215 | 0.075
9 1 |20]01]|200]| 50 [1300] 40 [2600| 10 | 15 [ & | 1 [ 1 | 0.231 | 0.188 | 0.08!
10 3 | 1.0|0.2]|200]| 60 |1500| 40 -[2650] 10 [ 10 | 1 [ 2 | 3 | 0.307-f 0.253 | 0.082
11 3 |1.0]0.2]200]| 40 {1300 20 [2600] 20 | 20 | 2 | 3 | 1 | 0.225 | 0.195 | 0.087
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15 3 |1.5|0.1)|150] 50 [1400] 30 [2650] 10 | 10 | 2 | 3 | L | 0.247 | 0.183 | 0.079
16 3 | 2006|100 60 {1500{ 40 [2500| 30 | 15 [ 2 | 3 [ 1 | 0.169 | 0.137 | 0.08l
17 3 | 2006|100 40 [1300] 20 [2650] 10 | 10 | 3 [ 1 | 2 | 0.285 | 0.234 | 0.082
18 3 |2.0[0.6|100] 50 [1400{ 30 |2600| 20 | 20 | 1 | 2z | 3 | 0.241 | 0.188 | 0.078
19 2 |1.0|0.1]100] 60 [1300] 30 [2650] 20 | 15 | 1 | 3 | 2 | 0.256. 0.225 | 0.088
20 2 | 1.0]0.1] 100 40 |1400| 40 [2600] 30 [ 10 | 2 |.1 | 3 |0.204 | 0.171 | 0.08L
21 2 |1.0]01]100] 50 [1500{ 20 [2s00] 10 | 20 [ 8 [ 2 | 1 | 0.133 | 0.097 | 0.073
22 2 | 1.5 0.6|200] 60 [1300] 30 [2600] 30 | 10 | 3 | 2 | 1 | 0.255 | 0.201 | 0.079
23 2 | 1.5 0.6 200 40 [1400] 40 {2500| 10 | 20 [ 1 | 3 | 2 | 0.248f 0.173 | 0.07)
21 | 2 |1.5|0.6|200| 50 [1500] 20 [2650{ 20 | 15 | 2 | L | 3 | 0.338 | 0.254 | 0.075
25 2 | 2002|150 60 [1300] 30 [2500{ 10 | 20 [ 2 | 1 | 8 | 0.195 | 0.156 | 0.080
26 2 |20]|02]|150] 40 [1400] 40 [2650] 20" | 15 | 3 [ 2 | 1 |0.287 | 0.241 | 0.084
27 2 | 2002|150 50 [1500] 20 {2600] 30 | 10 | 1 | 3 | 2 | 0.256 | 0.182 | 0.071
" & |2. 068[2. 076[2. 2962 147[2. 0852 068]2. 051]2. 317[2. 084[2. 140 2. 1742 168p. 033
2 % |2.057|2. 117[2. 093|L. 925[2. 102]2. 150[2. 0842. 360[2. 083[2. 063 2. 034p. 0332. 125
ks |2. 167 2. 100|L. 904]2. 221[2. 106[2. 075]2. 158]1. 616[2. 126]2. 090 . 0852. 0922. 135
& |1.580|1.696{1. 784[1.665(1. 644|1. 605]1. 5781. 835|1. 608| 1. 624 |1 694'1. 7021. 602
’; b2 |1.654|1. 583|1. 6511. 518[1. 6911 656[1. 663(1. 849]1. 638]1. 6821. 606)L. 6151. 663
% |1.700]1. 655|1. 499]1. 751]1. 599]L. 673]1. 693[1. 250]1. 688[1. 628 . 634]1. 6171 669
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Apphcatlon of Orthogonal Design in Graphlte
‘Furnace Atomlc Absorbtion

Zhang "Xun Gao Weimin Tao Xlangang Wang Zhenne

Ik}mtnu-nl o,f Rarlla and Spaa- Smm)

Abstract U

Tﬁe op_t;@m‘umparameters are seleted by means of orthogonal design for determination of St con-
centration in rock samples by flame-free. AAS. _

44 measuremenm in"3 sets of orthogonally dwngned experlments were performed with good re-
sults. In addmon, :vanatlon trends caused by different factors and uncertamues can be evaluated by
direct analys;s and Qanance analysxs, data can be processed by mathematical statistics in orthogonal de-
sign. Therefore, the results are more reliable. This paper is a good begmnmg of . the apphcatmn of or-

t

thogonal desngn in different fnelds."

J T

P . o “ B H \
e 4 v ".j, e R :

Key words; graphite furnace atomic absorbtion, orthogonal design, optfmum measurement conditions
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Experimental Study of Transplanted Region
 of Testicular Prosthesis in vivo

Liu Ruizhi* Li Ximing Lei Shaogiong Chen Wenmingt

Shan Chunhua Dong Yongzhx*’ Han ng
. Zhao Gang Zheng Lx

(Department of Biology)
(4 Deparement of Applied Chemistry)

Abstract - S

The testicular prosthesis with slowly released testosterone propionte is implanted subcutanegpsly in
the back of male rabbits whose testes are excised. Then,at regular intervals, blood is taken énd“ the
level of male. sex. hormone is measured by radmxmmunoassery. ‘The, measurement r&sults show that the
t&stxcular prosthesls has a stable release of male sex hormone i ina long penod n mvo. In addmon sthese
result.s are compared wnth those obta;ned by transplantmg tut.lcular prosthwcls mto the scrotum of cas-
trated rabbxts Thns will provnde ,the sclentxflc basns for chmcal apphcatxon of testxcular prosthws on,
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Computation of Unsteady Temperature Field of Smoke Ceiling Jet

Yuan Liming  Huo Ran - Chen -Li
(Department of Bagincering Thermophysics)
Abstract

Based on the analysis the behavior the behavior of smoke ceiling jet, computation of unsteady
temperature field of smoke: ceiling jet is perfomed accordmg to: the*experimental results ‘that velocny
distribution- does not - vary with tnme Compared .with other experimental’ results, the - computatzo‘n
metbod is simple, and the results are reasonable. Tt is of 1mportance to fire detector desngn and sprm-
kler installation. R

Key words; compartment fire, fire detector, ceiling jet, tempéi‘athfe distribution
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An Intelligent Automatic Logic Synt‘hesis System KDLS
He Zhongli Zhuang Zhengquan

(Doparement of Electronic Tecknology Furdnmental)

: , L _ Abstract . , .

Thls paper mtroduces an automanc loglc synthesxzmg system KDLS. The mput of the system is
RTL (Regnster Transfer Language) s and. the knowledgebased method is used to unplement the structure
desngn, umodule synthcms and logic optxmlzanon - Timing optnmlzanon is also- dnscussed. KDLS is writ-
ten. w1th C language and aruﬂcxal mtelhgent language ops5+ and now. xt has about 150 rules. The re-
sults obuamed from KDLS are satnsfactory

Key words Vstruc‘t'nr‘ede§i'§n - logic synthes’is', logic dptimizetion
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Plot Fit Software for Angular Correlation
~ Positron Annihilation Radiation
‘Huo Jianging Wang Xiaopu
(Centre for lfundamental Physics) 7(
Jiang Huilin
(Dt‘,rmtnwat of Mm Physics)
Zhang Zhicheng

(Departmient of Application Chomistry)
Abstract

. This paper introduces the plot fit methods and the software used on an IBM-PC/XT mictrocom-
puter, in which the sums of Gaussians mathematical inodel are used for nonmetallic systems. The soft-
ware not only ‘avoid the difficulty of having to input the initial parameters when fltnng, but also sim-
plefies the procees for solving angular correlation spectrum. i ‘

TR S o

Key words: angular correlation positron annihilation radiation, sums of Gaussians, plot fit, software
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Empirical Bayes Test in a Multiple
Linear‘Régression Model

Zhang Shunpu

(Hasngzhou Normal College)

1

Abstract

.. The purpose of this paper is to. investigate, the asymptotical opfimality and the conver-
gence rates of a sequence. of empirical Bayes decision- rules for two-action decision problems -
where the observations belong to the. following model Y = X8 + ¢ ,where s ~ N (0,0%1) ,0*
is unknown. Using X,Y and the information contajned in the observation vectors obtained
from n independent past samples of the problem, the empirical Bayes testing procedures for 0

.= (pB',0%) are exihibited.- The testing procedur_&é are,compa:e'd with the optimal Bayes test- .
ing procedure and are shown to be asymptotically optimal with rate near O(n";' .

Key words; empirical Bayes, multiple linear regression’ model, asymptotical optimality ,
convergence rate
AMS Classification (1991): 62Cl12

1 Introduction

Consider the following linear regression model

=XB+e¢ 1)
where Y is an [ X 1 vector of random observation, X isan! X p matrix of known constants with { =
» + 2 so that X’ X is invertible. B is a p X 1 vector of unknown regression coefficients. ¢ ~ N.(0,0?

« 1), where o?is unknown. Let@®= (g',0?)' . Suppose 8 has an unknown and unspecified prior distri-

Received March 25, 1991.
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bution G(8) on (0 By) s Be bemg the Borel fxeld of subsects of @, the p+ 1 dimensional Euchdean
space. The hypothesls to be tested is
Hotl'0 <C.de - Hy:b'0>d

with loss function _ . .
0, for '8 < d ,
Lo(Bydo) = {a(b’O — )/ for 08> d @

a(d — ¥0) /ot for HO < d
5 { for b'0.>d
where d is a constant b = (b l,b,+1)' isa (p+l) X l vector of known constants, b, is a ? X 1 vector,

Ln(ﬂ d.) 3

ais a posxtlve constant. D = {do,d,) is the decision- space. d, indicates acceptmg Hy,d; indicates
. rejecting H,

b From the knowledge of linear models, we know the le,ast square estimator of B is.

B= (BishiysBy = ZXIY
the only minimum vanance unblased estlmator (MVUE) of a 1s
=y — XBli/¢— »
‘where = (X' X)~*, B and ¢* are independent of each other. Let Z = (f,45%)’, where 7N = ul”
+ e 4 5 ¥ = (g1,++,3,) , then Z is complete and sufficient for = ¢ o).
In the EB context, suppose we have incurred n independent experiences of the above testing prob-
lem in the past. That is we have n independent random variable pairs, ’
(YisBisaid s eeeene (Yiri Buyol) |
from the past experiments, and (Y.41sBut; ,a’+ .) Y, B, a’) from the present experiment with
Y—-Xﬂ.+e., a—l?,m,n-}-l
The vectors Y, B;,¢& behave like Y, 8, e-described above. 0 (Biya?)si=1,2,%,n+ 1are i. i d.
accordmg to the same unknown pnor dnstnbuuon G(8). Let Bi be the least square estxmator of Biin the
i-th expenment that ‘we have in the past,and let 03 be the MVUE of rr’ Then
- ﬁ._vx:y Ci=1,2,0m
=Y — XBl/a—p»

B.,O’. are mdependent Let Z;, = (ﬁ $908) i = 1,2, 000,15 “then Z1+Z2y+ s Zeand Z=(§' ,q°)' are i. i.
d. , having the same marginal probability density function (p.d. f. ) Also since Zl ,7« vee 7 and 7
are seperately complete and sufficient for 6, = (8’ .,03)' z—l 2, vee ,n+1 we may ‘substitute Z; for

.,z—l 2,---,n 7 for Y. We call ZonsZig s ove o Zu the past samples 7 the present sample Let f(z |9)
denote the’ condmonal p. d. function of Z given 6, then

o — ) A
f(z|9)=00"o‘j"2exp{—(—ﬁi}ex{ i B)'“"‘(B B)} )

)

where € = [({ — p)/2]4-"72/ (2z)? IEI"F( : ; ) The margmal p. d functxon of 7 is given by

£2) =J'f(z|o)d(;<o) (5)
Let o . |
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| Il—p)o?) " - Lo sa aisa YL
o:10) = comteny |~ LB exp{— 556 — By Z-iB— B ®
'g(z)’='j g(210)dG(8) | %)

We adopt 6(z) =P (accepting H |given 7Z=z) as the randomized decision rule, then the Bayes
risk incurred is ‘ '

R(5,3)=

’—s

{Lof(.lom(,.) + Llf( Io)(l — 6(~))d0(0)d-

=a.a(z)6(z)dz+6’0 v e AR ‘ (8)

where

a‘(zv)'=_[eb"°0§' ¢£(210)d6(8) o
= f s l0eG®) — [ oisc 100w W
Co =LLI<0,dl)dG(é>~ : BT . (10)
Direct calculation shows ' - - ‘
a2 = 31w, | ooz 10346 (0) — dj 01046 + b119()]
Now we give out two classes of prior-distribution family

'1;.'ri={G:Ia‘-<'+4ida(ej<oo}' C ' " an

Lkt = {G+ I - EgEay < oo}, k2~ . (12)
Lemma 1 Suppose G G P, then g( ) has contmuous r-th order mlxed partxal derivatives

oo Te o
g (Z)—W (Tc 0 1—12,'“,p+10 r= >, n<

i=0

which satisfies ¢ (2) = I g (216)dG(6) and [¢g”(2) | < a, where a is a constant independent of G

and Z.
Proof “The proof of this lemma is analogous to that of [7] _
Form this lemma, we know that for ¥ defmed by (11) ’ g( ) always has the r-th mlxed partial
derivatives (r=0,1,2), and |g"’( e, (1- = 0,1, 2), where c 1s 1ndependent of 7,2,G. Also
"’(z) —J. " (z ]O)GG(B),',: r= 0,1,2.

For F?, g(z) has the r-th (0<r<k) order mixed parual denvatnves and |g"’(z) |<C , Cis mdepen-
dent of r,..,(' :

g(r) (Z) = I g(') (:IO)dG(O)
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thus o |
2P == [z =m0
[ —
2 = 32 mcelnac
Namely ‘ .
J 0~?Bg(210)dG(0) = £ a-";;) - ?p )
i I 09(2[0)dG(8) = — 2 R 9-:17‘(’;)
From (9) and the above two expressions =~ .. “t: . ‘
o) = iy 4 SRR By g T aw

A—=p
where o

99 ig_;..:. 2& W ee D)1 A (1),;3,9_ — "
%= (aﬁ.’ ’ap,) & (g gl) 2y V301 = Y2
A Bayes rule is clearly given by '
: ‘ 1 a0
6a(z) { N . (14)
. 0 s if a(:’) > 0 Dot B - N

The resultmg (mmxmal) Bayes nsk is o
R(G) £ R(8:,3) = infR(4,Q) = aj a(2)6,(2)dz 4+ C; (1%
¢ .l P .-

2 Proposed Empirical Bayes Test ‘

In order to obtain the EB estnmator of 6a(z) » it's necessary to estimate 9(2) ,g; aag, . We adopt

the kernal &sttmators

»+1 ’ v ' o ' : l+l
Suppose K,(u) = HP (%;) , where u = (U1,"',u,+1) € R"“,r = 2"-’ where r. = Q,O
=1 poort SRARSt

r<Ck—land Pi(w) ,u € RYyi= 0,1, 00,k — 1, (kisan. integer larger than 1), are Borel-measurable
functions, having the following properties

1D Pi(u) =0, whenuy; & (0,1),i =0, 1,"- k—l

2) Pi(u;) is bounded in (0,1)

1 Ay =i
3)—J/Ps(y)dj—{o L foreachz(0<z<k—1)

L X T
where 0L <Ck—1

It is obvious that

1
Ll ety

1 . l;=1‘,-,i=.l,2,"',p+.l

K, (uupeoon,, beidu = .
J ! - ' - 10 otherwise
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1l

where [ => 0,6 = 1,2, ,p+ L. 0 D <<k — 1.

' Let 0<<h=h(n) be a function of = such that h—0 as n—>00, Smce f(z) = o2 g(z), we esti-
mate ¢’ (z) by

- %= 7
L e A,{ - | o
g = gr|+r.+ +r’+|(7“.-.,z.,Z) h,_“_'_lgl) T l(5f>o) ) - (16)
Now we may estimate a,(z ) by ' C
a(e) = ¢=2v,2g, + -ST—;,-@g: .+ an

where g'. is the estimator of g(."A defined by (16), g', . is the-estimator of:g(;';-; defined by (16).
Ttis natural to defme the EB decision rule as follows
o) = {1 @< (18)
0 a(z)>0
Here, let E; stand for the expectation with respect to the joint distribution of (Z1s %2y 2 7).
Then the overall Bayes risk of 6,(z) is N

R, & R.(4,,@) = aﬁ’,ja(z)d (2)dz + Co. a9

V.If R ~ R(G) asn—>o00 , then the rule (18) is called asymptotically optxmal(a. o.). If for a 6>0 R

st

— Ry = O(n—*) as n—00, we will say that the rule is a. o. with'rate 0(n=2%). = "

3 Some Lemmas

In this paper C',C,;,C;, - can stand for different constants in different cases, even in the same
expwesxon

Lemma.2 For R((’) R, defined by (15),(19),we Have
0<B— RO < Ia(z)P( la(z) — a()| > la(d) dz

‘Proof. See Lemma 1 of [2].
Lemma 3 For.g; defined by (16),r=0,1, 2 "Suppose k is an integer larger- than 7, GG =

U AT

{G,I 0~ @*+4G < oo} and 0<<A2. Then

F;'lg' — g(r) IA C{ (n,‘zy+,+1)—a/z ~—A(l—'—")/2 + h‘“-')} 5 (20)

Proof LSS 2[<Varfg.>*’* + 1B — ¢ "] 2 [1™ + " @b
First we notice that Z.,mZ. are i.i.d. , and f( y=0, when > = 0 o

), T Z
) A,[7‘ - '
ll% Var,g: = nhz<r+,+nvarf[ G2 I<;=>°’]

- w272
. . 1 . r Il-
< "hz('+,+n""![- G- I(;“>m]
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1 % — 7 -
= nh""""‘“J.Ks( - T )9(21)/0'1 =24z,

% Iz_ % = u (Obviously 2 = % 4+ u,.Hk) Since 0<<u;<{1,i=1,2,+,p+1, u—(u,,-~,§,.,.,)

and £>0, we have

Let

Tl g

l= ot | KGO + )OIz o+ )

‘0“,—((—;—2)

< ll2'+'+l Jl\ (U)y(~ + ,‘u)du

Again since GE F, from Lemma 1, we know that |g(z) |<Ca,where a is a constant independent ofis,
G. Thus ‘

a—(l-'—z)

. I,' QC Y . ‘ ] (22)
Secondly since
 Bapn= B | h
g T =l e
G 7y —7 . : R Teet]
= ll'+’+le{ J 3 )g(l-l)d~1 T
Let 24 - Z —u,then ‘ '

' : ‘ B O T ) BTt

By, = %J K, (u)g(z 4+ hu)du o
By the condition G € #2, the g(z) has k-th order mixed continuous partial derivatives and [¢® (2) | <
a,a is independent of k,z,G. Substituting g(z-+hu) by its k-th order Taylor expansion about z with
Lagrange form of reminder at the k-th term and makmg use of the orthogonahty properties of X, (u)

and the fact that K, (u) vanishes outside (0,1), we get

L= | — ¢ | = | —,J.K.(u)g(z + hu)du — ¢ (z) |

(l)
= 2 ' f%x <u>u.----u,zr:au - (23)
Pyt . '
<Chi—r

proof of (20) is now complete from (21),(22) and (23).
Lemma 4 For ¢ defined by (16),7r=0, 1. Suppose GE F‘,0<IA—>0 as n——»oo, and np¥ tetl
oo, then for fixed =, we have
L g —g?P>0 | r=0,L
Proof This is a dxrect résult of Lemma 3.

4 The a. 0. of the Decision Rule §,

Theorem 1 Suppose GE F',0<nk’*3—o00as a—>co. If the prior distribution @ satisfies ! -
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f Il B11107%66(0) < oo
Then

lim(R. — R(G)) =0 o 1))

Proof From Lemma 2,we get
0 <R — R < nj la(z)P(|a(z) — a(2)| = la(2) |)dz

Let B.(2) = |a(2) |P(la(2) — a(2) | = |a(2) )
,Then LS AN ) :

1B.(3) |< |a(=) |j la(z) |dz < J]' 1010725 (210)d6(0)dz + |a| Hab"f(zlo)dG(O)dz
<J ol 1I L8 |« + 0?)a~2f(2]0)dG(0)dz + |d] H“a"f(zIO)dG(O)dz

= Nolaf, 18006 + N5 [ 400> + 14l [ o72a6(0) < oo
where the interchangeability of the -above integral is guaranteed by GE F! and the assumption of this
theoremI Il Bl 1672dG(0) << oo. Using the dominated convergence theorem, we have
L4 B

lim(R, — R(@®)) = a| limB,(z)dz

m—eco a=eco

Therefore it is sufficient to prove limB,(z) = 0,a.e. for z.

By Markov inequality
CBu(2)= |a(z)|P(|a(z) — az)| = Ia(z)l)
< Byla(2) — a(2)|

T

_,__G.t_;w(g gz)+by+1(9- -1l

g’ . tL—1p

01—1—2[2”' + I;’lplp Ig “’ ‘
+ 1641 | Bslg. — g + ﬁ',«lbum,, — g5 1]

<01—,— [ﬂ‘“'i‘)lﬁl}')ll"ﬁul(p (g g(" )2)1/2

E:|01—'_2[b'12(9

+ I | B = D 4 3By 2= I ]

e o == LY LR PP TN

Letr = 7,4y = Oor 1 in Lemma 4, then under the assumption of this theorem, we have’

o —0 as n — o0
Q—0 as n —» o0

Since Qs = By | 29, — g5 ) |2 < a7 ZF,(gF L= ¢3)%) V" ,where A = max(root .

=]

By Lemma 4, we know:that {;—0 as n—oc0, thus
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. lim B,(z) =0, a.e.
'I‘l_le proof is complete. '

5 The Convergencé rate of the EB Decision Rule §,

Theorem 2 Suppose 0<KA<1,L,k are integers, [>>p+2,G€ 7, a(z) is defined by (13) such
that ' o

I) . J- Ia(z) '1-—15.}\(1’-,—2)(6.-1(l-p—z>/2 + 1)dz < oo

1)) I Ia(~) l! AGAU—p—2) " B “ GmMi=r—-22/2 + l)d- < oo

If b, = n‘m, then

R, — R(G) = 0(n—352)

Proof By Lemma 2 and Markov mequallty

'

0< BoR(&) < Ila(")lP(la.( 2).— a(2)| > |a(z) | )dz
< C’f [az) ['*Bs |au(2) — a(z) |*dz

< cj |laCz) [~ @~ B, |6 2Cg; | — g5 Y |* + |byes|*Bylg. — g|*
+oddl + ol il BIDEg . — ¢tr [*]}dz
acf a1 PO O+ e+ L B DN
Q= F,Iblz(g s O b 38, Il 26y, — o8 113

M

< o || Z(Ef || 2(9, .9 ll Hv

< (2.' )" Il & ) ( ZE,(g - g."._)z] Y2 where A* = max (root Z)

im}
Take h = p~1/@+r+D jn Lemma 3, then-

o < On- %—( 5= Ai—p—2)/2 + 1D
Analogously we have

O (g-xemr-0 |

<
< O ;A(%(q—w—wz)/z_f_ )

@

- Qs
Let A = g=3=r=2/2 . | | then.
— R Cn jasp la(z) |!=26*4=r-D A (C, + Cpn—moT
+CClal + o 1l B Hdz
Therefore under the assumption T,1T; we have

Ae—1)

R. — R(B) = O(n~%+F7+1)
We now complete the proof of this theorem.
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