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The metrization problem of the quasi-metrizable spaces
Seungwook Kim!

Abstract: A quasi-metric is a distance function which satisfies the defi-
nite and the triangle properties of the metric. It is well known that the
quasi-metric is properly weaker than a metric. In this paper the sufficient

condition when a quasi-metrizable space will be metrizable is given.

1. Introduction

Throughout this paper a quasi-metric is defined as a pair (X, d) where
X is a set and d is a distance function from X x X into the non negative real
numbers R satisfying for all z,y,2z € X (a) d(z,y) = 0 iff = y (definite
property), (b) d(z,z) < d(z,y) + d(y, 2) (A— inequality). If (X, d) is a
quasi-metric spéice, then we can construct a topological space on X in
following way. We first define an e—ball S(z,¢) = {yly € X,d(z,y) < €}
for each x € X and ¢ > 0. A subset T of X is said to be open if évery
x € T has an e— ball S(z, ¢) contained in 7. Then the set 74 = {TT C X,
T is open} is a topology on X and called the topology generated by a quasi-
metric d. A topological space (X, 7) is said to be quasi-metrizable if there
is a quasi-metric on X which generates the given topology 7. If d is a
quasi-metric on X, then a distance function d’'(z,y) = d(y,z) also is a
quasi-metric. We call a triple (X, 7,7') a bitopological space if X is a set
and 7, 7/ are topological spaces on X. If (X,d) is a quasi-metric space,

then (X, 74,7a4') is a bitopological space.
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2. Bitopological spaces and quasi-metric spaces

We introduce a quasi-metrization theorem due to Ribero ([4]).

Definition 2.1. A T topological space is quasi-metrizable iff every x € X
has a neighborhood basis B, = {B(z,n)|n € N} such that B(z,0) = X
and such that if y € B(x,n), then B(y,n) C B(z,n — 1).

A Dbitopological space (X, 7,7’) is said to be pairwise Hausdorff if for
each pair of point z,y € X there are disjoint open sets Q € 7/ and P € 7
containing z,y, respectively. 7 is said to be locally compact with respect
to 7' iff for each z € X there is a 7 neighborhood P of z such that the
7/ closure of P is compact relative to 7/. (X, 7,7’) is said to be pairwise
locally compact if T is locally compact with respect to 7/ and 7/ is locally

compact with respect to 7.

Theorem 2.2. Let (X, 7,7') be a bitopological space such that (X, 7,7’)
is pairwise Hausdorff, and 7' is a locally compact with respect to T. Then

rCT.

Proof. For every A C X, A is the rclosure of A. Let € X and P be
an 7 open set containing x. There is a 7’ neighborhood @ of z such that
Q is 7 compact. Let C = @\ P. Then C C Q, hence C is 7 compact.
Clearly x ¢ C. For each y € C there is Qy € 7" and P, € 7 such that
T €Qy,y€ P, and Q,N P, ={. Since C is compact, there is yy,...,¥n
such that {P,.|i = 1,...,n} covers C. Let Q; = ﬂ{Qyih =1,...,n}and
Qa=Q1NQ.Iye Qs theny e Qbutyé¢ Q\ P. Hence y € P. Hence
TEQRyCP.SorCT. #
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Corollary 2.3. If (X, r,7’) is a bitopological space such that (X, r,7’) is
pairwise Hausdorff, and (X, 7) is compact, then 7 C 7.

Corollary 2.4. If (X,d) is a quasi-metric space with T4 locally compact
with respect to 7y, then 74 D 74.

Proof. Kelly proved that if (X, d) is a quasi-metric space, (X, 7,7’) is
pairwise Hausdorff ([2]). By 23 7 C 7'. #

Definition 2.5. A quasi-metric space (X, d) is called strong quasi-metric

space if T4 D T4.

Theorem 2.6. Let (X,d) be a quasi-metric space. Then the function
ds : X — R,y — d(z,y) is continuous at each x € X.

Proof. Let x € X and € > 0 be given. Choose V' = S(z,¢). Let
y € V. Then |d.(z) — ds(y)| = |d(z,z) — d(z,y)| = d(z,y) < €. Hence d,
is continuous. #

Here we give an example of the quasi-metric space (X, d) which has the
property that the function d® : X — R,y — d(y,z) is not continuous at
each z € X.

Example 2.7. Let X = [0,1). The distance function d : X x X —
min {1,y —z} ifz <y .
R,(z,y) — is a quasi-metric but d* is not
_ 1 otherwise
continuous at each point x € X.
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Proof. Suppose there is z € [0,1) at which d*(x) is continuous. Then
the set V = {yly € [0,1),|d*(x) — d®(y)| < 1} is open. We shall show
[0,2] = V. Let y € [0,2]. Then y < z, so |d°(z) — d*(y)| = d(y,z) =
z—y < 1. Hence y € V. Other inclusion: Let y € V. Then |d*(z)—d*(y)| =
d(y,z) < 1. Hence y < z and so d(y,z) = x—y < 1. From this follows that
0 € y < z which means y € [0,z]. But this is a contradiction, because
there is not any € > 0 such that S(z,e) C V. #

Theorem 2.8. Let (X,d) be a quasi-metric space and + € X. Then

the function d; : X — R,y — d(z,y) is continuous iff S(x,¢) C {yly €
X,d(z,y) < €} for every € > 0.

Proof. Sufficiency: Suppose there is a point y € X at which d, is
not continuous. Then there is a sequence (y,) — y with (d;(yn)) =
dz(y). Hence there is § > 0 and a subsequence y,, of (y,) such that
|de(yn,) — dz(y)] > 6 for all natural number k. Since (yn) — v, there
is a natural number kg such that d(y,y,,) < % for all £ > ky. Now
d(z,yn,) < d(z,y) + d(y, Yn, ) < d(z,y) + % for k > ko. From |d(z,yn, ) —
d(z,y)| > 6 follows that d(z,y) —d(z, yn,) > 6 for k > ko. Hence d(z,y) >
d(x,yn, ) + 6 for k > ky. Thus klirgod(x,ynk) < d(z,y). Choose ¢ > 0 such
that lergo d(z,yn,) < € < d(z,y). This leads to a contradiction, because

y € S(z,e) C{z]z € X,d(z, z) <€}

Necessity: Let € > 0 and y € S(z,€). Then there is a sequence (y,) in
S(z,€) such that (y,) — y. So d(z,y,) < €. But d(z,y,) — d(x,y) Hence
d(z,y) <e #

In following we give an example of quasi—métric space (X,d) with d,

continuous for each z that is not metrizable.
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Example 2.9. Consider the distance function d : R x R — R, (z,y) —

min {1,y —z} ifz <y, ‘
Then it is a quasi-metric but d, is not con-
1 otherwise.

tinuous at each point r € X.

3. Metrizability of quasi-metric spaces

Ribero proved that every compact Hausdorff quasi-metric space is metriz
able ([4]). Balanzat also proved that a quasi-metric space is metrizable iff
the set of quasi-uniformly continuous real valued functions on X separates

points and closed sets ([1]).

Theorem 3.1. Let (X,d) be a Hausdorff quasi—metrjc space. Suppose
that d is bounded. Define f : X x X — R,(z,y) — 5= where n is the
largest integer with S(z, =) N S(y, 5=) # 0. Then f is a symmetric on
X with 7 C 1q. If 7y = 74, then (X,d) is metrizable. (Recall that
a symmetric f on a topological space X is a real-valued non-negative
function on X x X satisfying for each z,y,z € X (a) f(z,y) = 0 iff
z =1y, (b) f(z,y) = f(y,x), (c) A C X is closed iff f(z,A) > 0 for each
reX\A)

Proof. 1t is very easy to see that f is a symmetric on X. Let F(z, 5= L) =
{yly € X, f(z,y) < 5= }. Foreach z € X and each 77 open set O containing
x there is n such that F(z, 5=) C O. Suppose y € S(z, 5). Then S(z, 55)N
S(y, 51;) # 0, so that f(z,y) < 51; Hence S(z, 2n) C F(z, 2n) Therefore
g C 1y I Tf = 74, then {F( x, 5= )|n € N} is a 74 neighborhood basis of z.
If y ¢ F(z,5+), then S(z, 525r) N S(y, ) = 0. Also if y € S(z, 557),
then S(y, 2n+1) C S(z,5) C F(z, 5). It follows that {F(z, s=)[n € N}
and {S(z,5=)|n € N} satisfy the condition of Nagata’s theorem ([3]).
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Hence in this case (X, d) is metrizable. #

Theorem 3.2. Let (X,d) be a quasi-metric space. If the function d, :
X — R,y + d(y, ) is continuous, then the topological space (X,7y) is
metrizable.

Proof. We should find a metric which generates the given topological
space (X, 7). Define d*(z,y) = d(x,y) + d'(z,y). Then d* is obviously
a metric on X. From the fact d* > d follows immediately that 74« C 7.
Other inclusion: Let U € 74 and = € U. There is € > 0 such that S(z,¢) C
T. Choose V = {yly € X, |d*(z)—d*(y)| < §}n{z]|z € X, |do(z)—d.(y)| <
£}. By 2.5 and hypothesis V € 74 with z € V. Let w € V. Then d(z,w) =
d*(w) = |d*(z) — d*(w)| < § and d(w, ) = dp(w) = |dz(z) — do(w)| < §.
Hence d*(z,w) = d(x,w) + d(w,z) < §+ § = ¢. Thus w € S(z,¢).
Therefore x € V C S(x,e) CT. #
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On some characterizations of real hypersurfaces

in a non-flat complex space form

In-Bae Kim and Su-Mi Kim!

0. Introduction

A complex n-dimensional Kaehlerian manifold of constant holomorphic
sectional curvature 4c is called a complex space form, which is denoted by
M, (¢). The complete and simply connected complex space form M,(c)
is a complex projective space P,(C), a complex Euclidean space C, or a
complex hyperbolic space H,(C), according as ¢ > 0, ¢ =0 or ¢ < 0. Let
M be a real hypersurface in M, (c). The shape operator or the second
fundamental tensor field of M in M,(c) will be denoted by A. Let (¢, <
,>,&,m) be the almost contact metric structure on M induced from the
complex structure J and the Riemannian metric tensor <, > of M, (c). If
the structure vector field £ is principal, then M is said to be a Hopf real
hypersurface.

R. Takagi([9]) classified all homogeneous real hypersurfaces in P, (C)
into six model spaces Ay, Ao, B, C, D and F, and J. Berndt([1]) classified
all Hopf real hypersurfaces in H,(C) with constant principal curvatures
into the spaces Ag, 41, A2 and B. If the real hypersurface M is of type
Ay or A; in P,(C) or that of Ag, Ay or Az in H,(C), then M is said to
be of type A for simplicity. The rank of the shape operator A at a point p
of M, say t(p), is called the type number of M at p. It is known([9],[11])
that there does not exist a real hypersurface M in a non-flat complex

space form M, (c) such that ¢(p) = 0 or 1 at every point p of M. But it
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is also known([3], [7] and [8]) that there exists a real hypersurface M in
a non-flat complex space form M, (c), n > 3, such that the type number
t(p) is equal to 2 at every point p of M, called a ruled real hypersurface.
This ruled real hypersurface M in a complex projective space P,(C) is
not complete, but it is recently known that there are many homogeneous
ruled real hypersurfaces in a complex hyperbolic space H,(C) ([5]).

Many authors have occupied themselves with the study of characteri-
zations of ruled real hypersurfaces in M, (c), ¢ # 0 ([3], [4], [5], [7] and
[8]). The holomorphic distribution To on M is the set of all vector fields
on M orthogonal to the structure vector field £. Let R be the curvature
tensor field of M. Y. Maeda([6]) have investigated real hypersurfaces in
P,(C) under a certain action of ¢ R. Recently H. Kurihara([4]) studied
a characterization of real hypersurfaces in a non-flat complex space form
when ¢R = 0 on the holomorphic distribution Tj.

The purpose of this paper is to improve the results in [2] and give some
characterizations of real hypersurfaces in a non-flat complex space form.

Namely we shall prove

Theorem. Let M be a real hypersurface in a non-flat complex space

form My,(c), n > 3. If the mapping
(ZSRZT()XT()XT()I—){RE}

is alternating, then M is locally congruent to a real hypersurface of type
A or a ruled real hypersurface.

1. Preliminaries

Let M be a real hypersurface in a complex space form M,(c). In a
neighborhood of each point of M, we choose a unit normal vector field N
in M, (c). Then the Riemannian connections V in M, (c) and V in M are
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related by the following Gauss and Weingarten’s formulas for any vector
fields X and Y on M:

VxY =VxY+ < AX,Y > N, (1.1)

VxN = - AX, (1.2)

where <, > denotes the Riemannian metric on M induced from the Rie-
mannian metric <,> on M,(¢) and A is the shape operator of M. An
eigenvalue of A at a point p of M is called a principal curvature of M at
p and the eigenvector corresponding to the eigenvalue called the principal
curvature vector at p.

It is known that M has an almost contact metric structure induced from
the complex structure J of M,,(c), that is, we define a tensor field ¢ of type
(1,1), a vector field £ and a 1-form n on M by < ¢X,Y >=< JX,Y >
and < £, X >=n(X) =< JX, N > for any vector fields X and Y on M,
then we have

¢°X =X +n(X)¢, ¢£=0, n() =1,
< @X, Y >=< X,Y > —n(X)In(Y).

(1.3)

Since the complex structure J of M, (c) is parallel with respect to the
Riemannian connection V, it is easily seen from (1.1) and (1.2) that

(Vx)Y = n(Y)AX— < AX,Y > ¢, (1.4)
Vx€ = pAX. (1.5)

Let R be the Riemannian curvature tensor field of M. Then the equa-
tions of Gauss and Codazzi are expressed by
RIX,YNZ =A< Y, Z2>X-< X, Z>Y+ <Y, Z > ¢pX
- < ¢X,Z > Y —2< XY > ¢Z} (1.8)
+ < AY. Z > AX—- < AX,Z > AY,
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(VxA)Y — (Vy A)X = c{n(X)oY —n(Y)$X —2< $X,Y > £} (1.7)

for any vector fields X, Y and Z on M respectively.
By the curvature operator R(X,Y) and the tensor field ¢, the new
operator (¢R)(X,Y) is defined by

(8R)(X,Y)Z = ¢R(X,Y)Z — R(X,Y)$Z — R(X,¢Y)Z — R(¢X,Y)Z

for any vector fields X, Y and Z on M. Then it follows from (1.3) and
(1.6) that

(GR)(X,Y)Z =< AY,Z > (¢A — AD)X~ < AX,Z > (pA — AP)Y

+ < (pA— AP)Y,Z > AX— < (pA— AP)X,Z > AY.
(1.8)
The holomrphic distribution 7} is defined by

To(p) = {Xp, € T,(M) | Xp L &, pe M}, (1.9)

where T,(M) is the tangent space of M at p. Y. Maeda([6]) classified real
hypersurfaces in P,(C)(n > 3) which satisfy the condition R = 0 and
€ is a principal curvature vector field. Recently H. Kurihara proved the

following

Theorem A([4]). Let M be a real hypersurface in a non-flat complex
space form M, (c)(n > 3). Suppose that

¢RZTOXTOXTOH{O}.

Then M is locally congruent to a real hypersurface of type A or a ruled
real hypersurface.
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2. The action of ¢R on the holomorphic distribution

Let M be a real hypersurface in a non-flat complex space form M,(c),
n > 3. In this section we consider the case ¢R : Ty X Tp x Ty — {RE}
is alternating, where T is the holomorphic distribution defined by (1.9).
Then there is an alternating 3-form w on Ty such that

($R)(X,Y, Z) = w(X,Y, Z)¢ (2.1)

for any vector fields X, Y and Z on Tp. It follows from (1.8) and (2.1)

h
that <AY,Z>(¢A“A¢)X—<AX’Z>(¢A_A¢)Y

+ < (pA—-AQ)Y,Z > AX— < (pA— AP)X,Z > AY  (2.2)
=w(X,Y, Z)¢.

Since w is an alternating 3-form on M, we have
w(X,Y,Z)+w(X,Z,Y)=0. (2.3)

It is easily seen that ¢ A — A¢ is a symmetric tensor field on M. Therefore
if we compare (2.2) with (2.3), then we have

2<AY,Z > (A — AP)X— < AX,Z > (pA — AP)Y
< AX,Y > (pA - AP)Z +2 < (A — AP)Y, Z > AX

2.4
—<(pA- AP X,Z > AY— < (pA ~ Ap)X,Y > AZ (24)
=0.
If £ is a principal curvature vector field of M, then we have
At = af, (2.5)

where « is a constant. If £ is not principal, then there exist a unit vector
field W in Ty and scalar functions o and §( 0) on M such that

AL = af + BW. (2.6)
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Multiplying (2.4) by £ and using (1.3) and (2.6), we have

2<AY, Z >< d X, W > — < AX, Z >< oY, W >
— < AX)Y >< ¢Z,W > -2 < (pA—- AQ)Y, Z >< X, W >

2.7
+ < (dA - AP)X, Z ><Y, W > + < (pA - AP) X, Y >< Z, W > 27)
=0

for any vector fields X, Y and Z on the holomorphic distribution 7p.

3. Proof of Theorem

First of all we consider that M is a Hopf real hypersurface in a complex
space form M, (c), ¢ # 0. Then, multiplying (2.2) by £ and making use
of (2.5), we have w(X,Y, Z) = 0 for any vector fields X, ¥ and Z on Ty.
Thus we see that M is locally congruent to a real hypersurface of type A
by Theorem A.

Now we assume that M is not Hopf real hypersurface, that is, £ is not
principal. Then the structure vector field ¢ satisfies (2.6). Putting Y = W
and Z = ¢W in (2.7) and using (2.6), we have

< 2AW + AW = 2[< AW, W > — < AW, oW >|W
-2 < AW, oW > oW, X >=0

for any vector field X on Ty. Since we see that

< 2AW 4 pAW —2[< AW, W > — < AW, oW >|W
-2 < AW, oW > oW, € >= 203,

we .obtain
2AW + AW — 2 < AW, oW > oW

—2[< AW, W > — < ApW, oW >]W (3.1)
= 20¢.
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Multiplying (3.1) by W, we get
< AW, oW >= 0. (3.2)
Multiplying (3.1) again by ¢W énd using (3.2), we have
< AW, oW >=0. (3.3)

If we substitute (3.2) and (3.3) into (3.1), then we obtain
2AW + dASW — 29W = 28¢, (3.4)

where we have put v =< AW, W >,
If weput Y =2 =W in (2.7) and make use of (3.2) and (3.3), then
we have
< —voW + (A — Ap)W, X >= 0.

Since we can easily see that
< =W + (pA — A$)W, £ >= 0,

we also have
(pA — AP)W = yoW. (3.5)

Comparing (3.4) with (3.5), we obtain
AW =0 (3.6)

and @AW = voW. If we mut'iply the last equation by ¢ and make use of
(1.3) and (2.6), then we have

AW = B€ + W, (3.7)
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Putting X = ¢W in (2.4) and using (3.6) and (3.7), we have
2< AY,Z > (BE+ W) =v[< W, Z > AY+ <W,Y > AZ] (3.8)

for any vector fields Y and Z on Tp. If we multiply (3.8) by ¢ and take
account of (2.6), then we obtain

<AY, Z >=7< W)Y >< W, Z >,
which implies that
AY =0 for Ye€Ty and Y L W (3.9)

The relation (3.9) shows that the type number of M at every points in M
is not greater than 2. Therefore M is a ruled real hypersurface as we have
already seen in Introduction. This completes the proof.
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On CS Modules

EuicHAN LEg!

ABSTRACT. Let M be an R-module, S = End(M). We show that if M is
a regular module and S is a right CS ring, then M is a CS module.

A lattice L is said to be upper continuous if L is complete and satisfies
the following condition:

(\ @) Ab=\/(a; A b)

for every directed subset {a;} and every element b.

Utumi [10] defined a regular ring R to be left (right) continuous if
the lattice P(gR) (P(Rg)) of principal left (right) ideals of R is upper
continuous. If a regular ring R is both left and right continuous, then R
is called a continuous regular ring.

In [12], more generally, Utumi defined a ring R to be left continuous if
R satisfies the following two conditions:

(1) For any left ideal I, there is an idempotent e € R such that Re is
an essential extension of I.

(2)If Rf, f? = f, is isomorphic to a left ideal J, then J is also generated
by an idempotent of R.

Dually, a right continuous ring is defined. A ring which is both left and
right continuous is said to be continuous.

Utumi showed that a regular ring R satisfies the condition (1) if and
only if R is left continuous in the sense that P(gR) is upper continuous
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([11], Theorem 2). Since every regular ring satisfies the condition (2), the
above two definitions coincide in a regular ring.

Any left self-injective ring satisfies the conditions (1) and (2), so that it
is left continuous. Hence the concept of a continuous ring is a generaliza-
tion of a self-injective ring. Utumi [10], Jeremy [4], Oshiro [8], and Ming
[5] obtained various results for continuous rings.

In analogy to the definition of continuous rings, Mohamed and Bouhy
[6] defined a module M to be continuous if M satisfies the following two
conditions:

(1) Every submodule of M is essential in some direct summand of M.

(2) If a submodule N of M is isomorphic to a direct summand of M,
then IV is also a direct summand of M.

Let M be a module. A submodule N of M is said to be essential in M
if NN K # 0 for every nonzero submodule K of M. A submodule N of M
is called a closed submodule of M if it has no proper essential extension in
M. In any module M, both 0 and M are closed submodules of M. Also
every direct summand of M is a closed submodule of M.

If N is a submodule of M, then N has a maximal essential extension in
M by Zorn’s 1emma, and this maximal essential extension of NV is a closed
submodule of M.

Then M is a continuous module if and only if M satisfies the following
two conditions:

C1. Every closed submodule of M is a direct summand of M.

C2. If a submodule N of M is isomorphic to a closed submodule of M,
then N is also a closed submodule of M. |

A ring R is right (left) continuous if and only if Rr (g R) is a continuous
module. Every quasi-injective module is continuous Thus the concept of
a continuous module generalizes that of a (quasi-)injective module.

Throughout this paper, all rings are associative with identity, and all
modules are unitary right modules. For a module M, End(M) denotes
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the endomorphism ring of M.

DEFINITION. A module M is called a CS module if M satisfies the
condition C1. A ring R is called a right CS ring if Rp is a CS module.

PROPOSITION 1. ([3], Proposition 1.5) If K is a closed submodule of N
and N is a closed submodule of M, then K s closed in M.

PROPOSITION 2. Ewvery closed submodule of a CS module is a CS mod-

ule.

Proof. Let M be a CS module and let N be a closed submodule of
M. Let K be a closed submodule of N. Then K is closed in M by
Proposition 1. Put M = K & B where B is a submodule of M. Then
N=MnN=(K®B)NnN =K & (BNN), and hence N satisfies C1.
Thus N is a CS module.

Since every direct summand of a module M is closed in M, we have

the following:
COROLLARY 3. Every direct summand of a CS module is a CS module.

A module M is said to be finite dimensional if every direct sum of
submodules of M has only a finite number of nonzero direct summands.

All noetherian and artinian modules are finite dimensional.

PROPOSITION 4. ([3], Theorem 3.14) Let M be a module. Then the
following are equivalent:

(1) M is finite dimensional.

(2) M satisfies the ascending chain condition on closed submodules.

(3) M satisfies the descending chain condition on closed submodules.

PROPOSITION 5. If M is a finite dimensional CS module, then it is a

direct sum of a finite number of indecomposable CS modules.
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Proof. If M is indecomposable, we are done. Suppose that M is decom-
posable. By Proposition 4, M has a nonzero minimal closed submodule
K, and K, is indecomposable. Let M = K1 & N;. If N; is decomposable,
then it has a nonzero minimal closed submodule Ky which is indecompo-
sable. Since Nj is a CS module, N1 = Ko @ Ny, s0 M = K; & Ko & Ns.
Continuing this process, N,, is indecomposable for some m since M is
finite dimensional. Hence M = K1 @ -+ & K,,, & N,, is a direct sum of

indecomposable CS submodules.

For a subset X of an R-module M and m € M, let (X : m) = {r €
R|mr € X}. Then the singular submodule of M, denoted by Z(M), is
defined to be the set {m € M| (0: m) is essential in Rg}. A module M
is said to be nonsingular if Z(M) = 0. If K is an essential extension of a
submodule N of M, then (N : m) is essential in Ry for every m € K ([2],
Lemma 5.3).

!
PROPOSITION 6. If Z(Rg) =0 and M — H — 0 1s an ezact sequence
of R-modules with M is a CS module, then Z(H) is a direct summand of
H.

Proof. Let K = {m € M| (Ker f : m) is essential in Rg}. Then K =
fYZ(H)). Suppose that N is an essential extension of K in M and
m & K. Then (Ker f : m) is not essential in Rg, and hence there exists
0 # r € R such that (Kerf : m)NrR = 0. Let rs € (K : m)NrR.
Then (Ker f : mrs) is essential in Rg. For any 0 # ¢ € R, (Ker f :
mrs)NcR # 0, and there exists 0 # ¢t € (Ker f : mrs) with ¢ € R. Hence
rsct € (Ker f : m)NrR = 0, and thus ¢t € (0 : rs) NcR, So (0 : rs) is
essential in Rg. Since Z(Rp) = 0, rs = 0. Thus (K : m)NrR=0. It
follows that m ¢ N. Hence K = N, so K is closed in M. Since M is
continuous, M = K@ L = f~(Z(H))® L. Thus H = Z(H) @ f(L).
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PROPOSITION 7. Let M be a CS module. Then the following are equi-
valent:
- (1) M is finite dimensional.

(2) End(M) contains no infinite family of orthogonal idempotents.

Proof. (1)=-(2) is straightforward.

(2)=(1). Suppose that M contains ) ;. ®M; where each M; is a
nonzero submodule of M. Let K; be a maximal essential extension of M,
in M for each ¢ € I. Then each K; is a proper submodule of M. In fact, if
K; = M for some j € I, then M; is essential in M. Hence ). ®M; = 0,
which is a contradiction. Let M = K; ® N; and m;: M — K, the natural
projection for each i € I. Then {m;};c; is an infinite family of orthogonal
idempotents of End(M).

Zelmanowitz [13] defined an R-module M to be regular if for any
m € M, there exists f € Hompg(M, R) such that m(fm) = m. Every
regular ring R is a regular module as a right R-module. As an immediate
consequence of the definition, any submodule of a regular module is also

regular.

PROPOSITION 8. ([13], Theorem 2.2) For an R-module M, the following
are equivalent:

(1) M is regular.

(2) For every m € M, mR is projective and o direct summand of M.

(3) For every my,... ,my € M, Z:zl m;R is projective and a direct
summand of M.

THEOREM 9. Let M be a regular module and S = End(M) ¢s a right
CS ring. Then M is a CS module.

Proof. Let K # 0 be a closed submodule of an R-module M, and let
I = Homg(M, K). Then I is a right ideal of S, and I # 0 by Proposition
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8. Since S is right CS ring, I is essential in eS for some e? = e € S.
Let 0 # k € K. Then M = kR & N by Proposition 8 There exists
g% =g € S such that kR = gM. Since g € I C eS, g = es for some s € S.
Hence k € gM = esM C eM. Thus K C eM. Let 0 # em € eM with
m € M. Since M is regular, M = mR @ C by Proposition 8. There exists

f* =

f € S such that mR = fM. Then 0 # (em)R = efM = (efS)M,

so efS # 0. Since [ is essential in eS, efSNT # 0. Let 0 # efs € I
with s € S. Since 0 # efsM C K and efsM C (efS)M = (em)R,
K n(em)R # 0. Hence K is essential in eM. Since K is closed in M,
K =eM. Thus M satisfies C1.

10

11
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Radially Symmetric Positive Solutions

to a Semilinear Elliptic Problem

Jang, Jaeduck!

Abstract : We establish the existence of positive solution of €2 Au+ f(u) =
0 in an annulus which is given by the Mountain Pass Lemma in the function
space of radially symmetric functions.

1. Introduction

We consider a singularly perturbed semilinear elliptic boundary value

problem,

Au+ f(u)=0in A= {z € RV : 1 < |z| < b},
(P:) u > 0in A,
u = 0 on 0A,
where f € C1(R; R) is assumed to satisfy the following conditions:
(f1) f(0) =0 and f'(0) = —m <0,
(f2) f has two positive zeroes z; and zp such that 23 < z9, f(2)f'(22) < 0
and no other zeroes,

#3) [ f(s)ds > 0.
0

Setting F'(u) = / f(s)ds, we see that, by the above assumptions on
0

f, there exists a unique number ug in the interval (23, z2) such that

Flug) = /0 " f(s)ds = 0.

!Department of Mathematics, Hankuk University of Foreign Studies.
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It is well known ([4]) that, for each sufficiently small ¢ > 0, (P;) pos-
sesses a positive solution @, such that 4. — z3 in any compact subset of A
as e — 0. In [2], Jang showed that @, is the maximal solution and therefore
radially symmetric. It is also well known ([2],[5]) that there exits a solu-
tion u., given by the Mountain Pass Lemma, such that max 4 ue € (ug, 22)
and [, ucdr = O(e™). But this shows that u. is not radially symmetric
if N> 1.

In this note we show that there exists a solution v, which is radially
symmetric and [, vedz = O(e).

Since we are interested in the radially symmetric solutions we rewrite
the problem in the radial form.

e + M=) + f(v) =0, L<r<b
(Pr) v>0,1<r<b
v(1) = v(b) = 0.
Definition. For v € H = H}((1,b)), we define a functional
2 b |
1.(0) = Sl = [ e P,
1
where F(u) = [ f(s)ds and ||v|| = (fb N=1y/(r)2dr)z.

Remark. Since

b
- _/1 (21 (1) + 7N f(0)}odr, ¢ € H,

JI(v) = 0 if and only if v is a solution of (P;).

Theorem 1. For ¢ > 0 sufficiently small, (P.) possesses a positive solu-

tion v with the following properties:
fl ve(r)dr = O(e),
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(ii) ve has only one maximum point at p. € (1, %—é), such that p. — 1
and v.(ps) — uo € (21, 22) as e — 0. '

2. Proof of the Theorem

Lemma 2.1. Ifv is a solution of (P;), then for 1 <13 <7y < b,

2-N [ 2
g 5 / sN_lv’(s)st—l—N/ sV1F(v(s))ds
T1 71

2

3 €2
= 7"9’(5‘7/(7"2)2 + F(v(r2))) — 7‘fj(*‘(2“11'("”1)2 + F(v(r1)))
In particular,

g2 g2
e2|lvlf? = NJ.(v) + ——2—va'(1))2 - ?'vl(l)z.

Proof: It is a simple consequence of

d e? , _ N-1
%(*2—’0(7")2‘*"}7(”(?)))—“ .

’U’(’I")Z
and the integration by part.

Lemma 2.2. Ifv is a solution of (P.), then v has only one critical point
p € (1,b). Moreover, uy < v(p) = r[rlleaw <z andl<p< %’—b.
Proof: Since

L+ P = -ty <o,

if1<ry<ry<bthen

g2 e?
—2—1)’(7"1)2 + F(v(ry)) > ?v'(r2)2 + F(v(rg)).
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Hence if p € (1,b) is a critical point of v, then F(v(p)) > 522—1/(1))2 > 0 and
therefore ug < v(p) < z2. The strict inequality and the uniqueness of the

critical points are the consequences of the strong maximum principle.

Proof of (i) of Theorem 1: It is easily verified that 0 is a local min-
imum of the functional J.. Thus to apply Mountain Pass Lemma [1], it
suffices to find a function ¢ with J.(¢) < 0. To do this, for v > 0 and
¢ > 0 sufficiently small, let us define

Z(r—1), 1<r<l+e
z9, l+e<<r<l4+v+e¢

Pye(r) =
i ~Z(r—1-v-¢), l4+v+es<r<l+vy+2e

0, 1+v+2e<r<b.

Set v = 2eF(29) 1 (22% — 2F(21)), then
Je(pye) = —(227 = 2F(z1))e + O(e?) < 0.

Thus, by Mountain Pass Lemma, there exists a solution v, to (P.) char-

terized by J.(ve) = inf Je here I' = {g € C([0,1}; H
acterized by Je(ve) ;rell“uer;l(?o},cl]) (u) where {g ([0,1]; H)

g(0) = 0,9(1) = ¥.}. From F(z) = 0éni<n F(u), one can easily varify
u<lzy
that

Je(ve) = inf J,
e (ve) 9€T weg (o) =(u)

< J-A(t
< trenlaaﬁ] c(tdys.e)

< {22 - (12 + 2)F(21)}e + O(?).

Remark. Choosing y1 = b — 1 — 2¢, then J.(¢,, .) = =220V — 1) 4
O(e), one can show that the maximal solution 4. is the global minimizer

of the functional J. with energy

F(Zg) _
———]\T—(bN - 1) < JE(UE) < —

F(z)

N (Y —1) + O(e).
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To prove (i), we define w,(r) = r*~Nv.(2), which is a Kelvin Transform
of ve. Then w, > 0 satisfies

{ eX(wl! + H=yl) + r~ 2N f(rN-20, ) =0, $<r<1

we(3) = we(1) = 0.

And choose a C*! function g : [0, z2] — R such that g(0) = 0, f'(0) < ¢'(0),
f(v) < g(v) in [0, 2] and [;* g(s)ds < 0. Now choose § > 0 so small that
r 2" Nf(rN=20) < g(v) for all + < 1-6 < r < 1. Now let W, be the

nonnegative solution of

W’ +g(W)=0,1—jr<1
W(l1—-)=W(1)=0,

such that z; < W(1 —) and |W’(1)| < Ce™<. Since

N -1
e*(wf + —r—w) + g(we) > 0,

we may apply the sweeping principle (Corollary 2.2 [3]) to conclude that
if we(l—) <z <We(1-), then

oA

W(1) = [l ()] < WD) < Ce%.

On the other hand,

®N -1 /2 b d RV -2 PN (2
2 - dr = — J{va(r) + 26T F(ve(r)) dr = v (1) —vl(b)".
1 1
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But this implies that

b
o < Ve (pe) < / ! () dr

(b1} (/
s<"§$:i [ N: )

< (ry—ty) 1)

[

< Ce™<.

This contradiction shows that p. — 1 as ¢ — 0.
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Interferometric Confocal

Microscopy

Namic Kwon

Department of Electronic Physics, Hankuk University of Foreign Studies, Yongin
449-791, Korea '

We have constructed an interferometric confocal microscope using a
Michelson interferometer and a He-Ne laser. Three dimensional image
was obtained by the interference from the reflected light by a sample
surface and from the reflected light by a mirror. The axial resolution
obtained by interferometric confocal microscope was as good as that of
the white-light interferometer, but the same fringe was repeated when
optical path difference was half-wavelength. Due to the confocal effect,

lateral resolution was as good as that of scanning confocal microscope.
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1970d ol = AWaE AFH oz zAYATH Cowan? Holtzman™, Mckee}
Crossland™, Onzawa 9} Ishii®™, @ Belzaev 9 Yadevich™ ol oste} Awz
7} BEHUG FAEPS AUt gl A4y, AERE, A 2 vgAY, &
L EO|E FA4F] BE2HIJY IF Eold FTHE 19 24 EAuh

1 - charge, 2 - flyer preparation, 3 - packages of foil,

4 - spreader wedges, S - basic preparation.
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ZEE B Ziol‘:}’ I3 49 REo] Ada: Hile ZIYe3 AL ol =
7z wet @I WAl A EAEe AW A2 YAR &5
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AA Tt 4 £E 500 m/s ~ 700 m/s FANA R g7t gadl m
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& a9 ohd APl mAS RAS FYskA 4LE Y 1
o YW Fuge AP, ol ool E& De HASE V, oY) wEol
Ve—y ARARTE V,—y B8P f880h 123 wxe 3% 33 g%
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Vi=—2cos 0, (3)
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ExWHel x&FH7 W& F& Ay vt 9o 38 BAs S Vp E B
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Electric, magnetic, and thermal properties of
La;-xCexMnQOs (x=0.2, 0.3, 0.4)

K. Y. Seo and B. W. Lee
Department of Physics, Hankuk University of Foreign Studies

ABSTRACT : Electric, magnetic, and thermal properties for Lai-«CexMnOs3
(x=02, 03, 04) were investigated by means of X-ray diffraction, electrical
resistivity, magnetization, specific heat, and photoacoustic signal measurements. The
substitution of La by Ce in LaMnQs; induces a metal-insulator transition
accompanied by the occurrence of ferromagnetic ordering. The ferromagnetic
transition temperatures are 249K, 259K, 249K for x=0.2, 0.3, 0.4, respectively. For
x=0.3, there is no observable thermal hysteresis in resistivity measurement, and the
change of photoacoustic signal amplitude arises at the same temperature in both
cases with decreasing and increasing temperatures. This implies that the phase
transition can be regarded as a second-order phase transition with no latent heat at
transition temperature. Using Rosencwaig and Gersho’s theory, the relative value of

thermal conductivity can be obtained from the photoacoustic signal.
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Threonine operon® leader sequence® mRNA 2%}
%7} threonine operon? W&o vlx:= 43k

o] § 1

ol

£ % L-threonine W olvlllt & drjoln] B3k 119.120]m F3 e WAy 7
A EYE dgtg Xd £3 E coli?) threonine operond thra, thrB, thrC 3719
structural gene® thrA el regulatory regionol &A% th z+Ze) structural gene
aspartokinase I ~homoserine dehydrogenase I, homoserine kinase, threonine synthase
€ coding¥t). E. coli Well Al threonine A #4-2 cell U9 threonined isoleucine?] %
of 93 =d& woul threonine ¥l #AsE ALo WEL transcriptional
attenuation®l 913 =4 vl Threonine §Aol Tojsle FAEZY 2L 2HsE
attenuator regiong Y AA3} I, o]Z Q18 HAEE attenuator region® mRNAQ 2
AtZ7 WEg o2 A threonine A4 Fol ojw Jde viXErtE Golrsitt 2 A
attenuator®] secondary structure B¢} 33 o] threonine A4 Fo] Z7tE AV A
g mutntEE A} o)& leader sequence?l attenuatord] SQUE terminator®) 2x T2
7} WY EWA threonine operon©| constitutive expression® Ay, @& oz 2y

7] W& Aoz WA}

I. A8

L-threoninee I ofr[ it F 3hvtolw] ExpaE 1191201 FHe| WA Z
A EYR d5g AJdd(10)(Figure 1a). Threonine®] ZA A& 255-257°C oA 23
Ho Ede & Sy (S8% 100g/0 A2) €F, dHE, FEEXEdqE B
|49 A4dE& AYR vt Threonine> 7159 AlRE /1% ®o] ol &EE YF
otr| At} U Z threonined] A4S Z7MAFE AGH A WHE ®Wol Aws
ek a2 F vAEE o8 A threonine?] HAFE F7HA 7171 HF A =S}
ol BiEo] X1 Qlth(l, 4).

Threonine  homoserine2 71%  aspartate2 %8 &A%, threonine?)
biosynthetic enzyme<- threonine operonel 23} =& WA ot E coli A
threonine®] ¥4 -& aspartateZ A2t 5719 aA7F #odes FAHS AIY(Q,
4).

‘g 5o ol A B8
| =82 19999 =) Fojtigta mufst&d el Xgle) % AT,

o
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i\ thrdl \ thrd2 | thrB
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Aspartate Aspartyl v Aspartyl smmp  Homoserine mwmp  O-phospho
phosphate semialdehyde ——> . % homoserine

>1
L
1 I

[ e ]
: Repression by Thr + lle

i !
@=Hp  : Repression by Met
=) Repression by Lys ---

----3» : Repression by Feedback inhibition

(b) thr0 thral thrA2 1hrB thrC
In 1 ! 1 L |
I 13 T T ¥ 1
ll ‘\ J/ . .
/ \ Aspartate Homoserine Homoserine  Threonine
— Kinase dehydrogenase kinase synthetase

' attenuator ,

Leader sequence

Figure 1. Biosynthetic pathway of L-thrronine in E. coli(a) and the

structure of threonine operon(b).

Threonine ¥74¢e F8 RJAAT aspartokinase I ~homoserine dehydrogenase I,
aspartokinase I ~homoserine dehydrogenasell, aspartokinaselll, aspartic
semialdehyde dehydrogenase, homoserine kinase % threonine synthase”} v,
3, 4, 15). Aspartokinase I & threonine®] 2}&lA] inhibition ¥2m™ threonined}
isoleucine®l ¢34 repression® T}  Aspartokinasell = methionined] 2} &l
repression® ™, aspartokinaselll:= lysineo} ¢l&]A inhibition ¥ repression¥ .
Aspartic semialdehyde dehydrogenase: lysine®] €3]A  repression® T,
Homoserine dehydrogenase I = threonine, isoleucined] 93] repression®™
threonine®] 2]8]A] inhibition ¥+=t}. Homoserine dehydrogenasell & methionine
of 93 repression® ™, homoserine kinase®} threonine synthaseT threonine}
isoleucine®)] 218} repression®™ threonineo] 2|3]A1 inhibition %+t (Figure



Threonine operon?] leader sequence®] mRNA 2ia} 7&7} ~ 91

1a)(3, 12). 719] threonine deaminase threonine®. 2% isoleucine & A A|H
F A 9A E4£2AH isoleucined 13§A feedback inhibition ¥ repression ¥
}.

Threonine®] A @A FAs= EAALEL DNA leveldlA Figure 13 &
threonine operong #WAdm Ao thr4, thrB, thrC 37FA §AAE 2zt
aspartokinase I ~homoserine dehydrogenase I, homoserine kinase, threonine
synthaseE code®th olF thrA F3XE thrAlT thrA2 FARE FAEHY,
thrAl2 aspartokinase I €, thrA2% homoserine dehydrogenase]l & 3438l
bifunctional enzyme2 coding3le FAAojTh(6). HZe Ko ostH
threonine operon(b).threonine operon< threonine, isoleucine® 3EXo] 23|
translationg Zd3}l& attenuation mechanismol 93l &5 Ao ZHH
e Aoz 4384 Ak Figure 1b)(5, 7, 11). Cell Wl threonine®] %ol Z7}3H
leader sequence¢l threonine® 4% 22 codingdls FEoA leader peptide?)
translation®] 21487 Qojubw EAlS] transcription terminator’t A4 = o
threonine operon® structural gene®] transcription®] B3 A =t} w3A cell Yo
threonine®] <%o] 71438 leader peptided translationd £xE7F ZAsi
transcription  terminator”’} ¥ AE X  ¢ol  threonine structural gene?)
transcription®} A& FhET

E =%+  threonine operon® regulatory region® A3 E  leader
sequence’} Y% AAFoEZA PFAEHE mRNAQ 2x3+F2 W37t threonine A
Aol v g 2ASIA .

o 23 As 2 44

#5 9 Plasmid

B AddM AEE TF¢9 plasmide Table 13 Zt, E.‘COZi CGSC 5074+
threonine auxotroph{thrA )°o]™ threonine operon2] complementation £ JH &
screening®t”7] $13% host2 AF&H ¢t HB101E plasmid DNAS A X EE $
3 «F=2 oL¥rt. plasmid pEYE leader sequence’} £A38tE  threonine
operong Ztil 9l¥ plasmidZ leader sequence® A A s+t AM&E o
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Table 1. Strains and plasmids

Strains/ plasmids Genotype/characteristics References
Strains
E. coli
CGSC 5074 thrAl1101 supE44 A - rpsL9 malT1 xyl-7 personal
mtl-2 ilvA296 metL.1000 arg-1000 thi-1 [ysC1001 communication
HB101 supE44 AhsdS20(rB-mB-) recAl3 ara-14
proAZ2 lacYl galK2 rpsL20 xyl-5 mtl-1 8
Plasmids
pEY thr operon Ap' this lab

A 2 wgzea

E. coli CGSC 5074= T medium(10.6g KoHPQO4 6.1g NaHPO4 - 2H20, 2.0g
(NH4)2S04, 0.2 MgSO4 - 7H20 /£, 0.1g Ca(NOs),, 0.5mg FeSO, - TH0 /£, 1%
dextrose, 0.35mM Thr, 0.80mM Arg, 0.32mM Ile, 0.50mM Lys, 0.17mM Met,
0.0005mM thiamine - HCDel| A ¥} &3 it} TransformantE A1*d37] $fsirE )
Ao A threonine2 A A 3+3 ampicilin(Ap:S0pg/ml)-& H7}31 9 o).
Host® AH&3F Ecoli HB101:= LB( 1% tryptone, 0.5% yeast extract, 0.5%
sodium chloride) A olA wWiet A transformant® A W37 $3te ApgE #H
7}8t4th. Paper chromatographyE < 383l7] 1314+ minimal medium? M9
medium(11.8g NaHPO; - 7H20, 3g KH:PQ4 0.5g NaCl, 1.0g NH,Cl 50g/¢, 2%
glucose)& AL-&3IATh AMSE EE #5% 37ColA wldad

E. coli CGSC 50749 HB101=9 #A4 A%

CGSC 5074¢} transformation< electroporation® A}&3gch 242 02cm
cuvetted] 1500V, 20002, 50uFelA 383Ut Pulse® 713 H 1mb9 fresh
mediume FH7Fg & threonine®l ¥ T medium-Ap wWixlo] =2 34
HB1019] transformation< CaCly ¥ & W#sto] AL&33th LB brotholl A &%
o owjgd FOolE Al A HFSY ODeeooll A 0.67hA culturedt (ot Cells
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harvest(4°C, 3000rpm, 5min)& & FAF volume?) 100mM CaCl® H7}ste 0C
ol A 1583 WA F TAl dAESA cellE T8 A Celld w4 1/10
volume?] 100mM CaCleo) Al 582F %3 & ligation mixtureE ¥ 0ToA 1
Al Zb wbx)8kar 42°C ol A 90%3F heat shock® 7FéF & fresh LB medium 1md-& %
o] 37CAA 3 AIZE &<t wigs T LB-Ap WA =% ATt E coil B3H A
#AZ RE plasmide] #&l& alkaline lysis H(2)& A& oy, AT 48
ARgste] ElE AT

Leader sequence #}7#

E coli 2%H ¥g" pEYE A &AQ Mulg AHgdte ddd &
exonuclease Bal3l ¥ Bal31 buffer (50mM Tris-HCI, pH7.5, 10mM CaClz, 10mM
MgCly, 600mM NaCl, 50ug/mé BSA) & #7189 attenuator® serially deletion?]
Atk &, DNA©) Bal3lZ #H7bsled 37ColAM 2 @92 ofF 1683 vbgA0 ¥
0.lmM EDTA® w82 HAAA phenol/chloroforme Al&3te] purifydtch L
% Klenow enzymeZ Alg35te] DNAS UEE blunt endZ2 WEJUT. Klenow
enzyme< Klenow buffer (50mM Tris-HCl, pH7.6, 10mM MgCls, 33z mol
dNTP)E A &3te] 37CelA 30&3F ©&3t3Ath ] DNAE T4 DNA ligaseE ©]
£38}9] ligationg T3t

Sequencing

Threonine operon®] leader sequence?] deletion A%

rir
o

[

[0

o

N

L

)

sequencing®l AH&-E £ primer® A28t T} primer sequence
EY : 5" AGGCATAGCGCACAGAC 3’

o] primer?] threonine operon®l ©™ 3% binding sitet= Figure 2.9} #t}.

Primer binding Site

N
{ thr O [ thra  [tnrB]thrc |
]

i ).———-——-41
Hind I} sg%tde%rce Miu ! BamH |

Figure 2. Primer-annealing site for sequencing by PCR on the threonine

operon
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Sequencing< PromegaAl2] Silver sequence DNA Sequencing Reagent kitZ
o] 831, Sanger et al(9)e] WHES WHYI AL Table 2. o 23] w¥g
A7) sample® 30% Urea, 6~8% polyacrylamide gelol loading3dl$o.m™
sequencing system< Pharmacia(fit)2] Macropohor sequencing apparatusE A&
84tk Gel9] staining Promega(itt)e] silver staining kitE A&3Flew, Wi
2 FAHEIL) 9] manual$ Wkt

Table 2. Thermal cycling for sequencing by PCR cycler

Temperature(’C) First cycle(sec) Second cycle(sec) Third cycle(sec)

Pre-heating 9% 120

Denaturation 95 60 60
Annealing 45 120 120

~ Extension 72 180 300
Number of cycle 1 45 1

Plasmid®] stability test

Intact forme thr operon® 717 plasmid pEY$} attenuator’}t A7 ¥ plasmid
pE2, pA4, pAllS ZyE YA TFE LB-Ap liquid mediumol A 359 wjkdk &
LB liquid mediumc’i transfersto] Wl Fal Aot 2z} cell& v AER A3
5 serial dilution® ¥ LB-Ap$ LB agar platec] =238le] wjeksiact 2% 5
R A YElUE colonyd M4E BlEsle] 2 M & EZAM plasmidel stability S
ol K ottt

Paper chromatographyol 3t threonine 4

Attenuator’t A E plasmid& 7} & UlFTS LB LB-Ap ¥lx]o] 3
ZH o gEct o]& thA] 22 viA|e) A 1‘1—’13}04 AN ZE FRE ke 3 M9
M9Y-Ap mininal mediume] ©A HE3s 2 30 A7F B¢ wgsle] cells AR
2 ( 12000rpm, Smins)3te] A5 K& #H3sdrh ol & chromatography paper(3MM)
o} 50u0? spottingd}il spottingd paperE butanol, H:O%} acetic acid® 4 : 20 1
o Hl&R 4L AMIAANAM 16412 FF ARG, ANG papers 147 F<k
aEoA 2™ H 02% ninhydrin solutiong 1% F# T3 60T incubatordi] A
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1087 B3 A A, 2 3 LR NE 29 ninhydrin solution®. & tha] FHA H
60C incubatorel Al 10% &<t ¥HEAZH T Al paper& 7ZAulo] HARAE IM
phosphate buffer(pH7.0)2 A4 H 60T incubatordlA 40¥ F<¢F W& %
paper?] AR AZ &} 10mie] % 9( 0.1M phosphate buffer: Methanol = 1 :
1)o] @Az F2 27} threonineE &% F 2 FE29E AsomlM S SA

o},

m 23 %2 ng

Removal of attenuator from the threonine operon

pEYZY-Y thr operon® leader sequence® A A7) Y3 AFEAN Mul &
2 2123 Bal3dlg HE x7]3 DNAE Klenow enzymel & A3 & ligations}
o (Figure 3) E. coli CGSCH0749) transformationdt@tt. YEl transformant 2%
B plasmidE E8&o olE A ATZA Miulg HFdd Miulsited =
FH 2 base?t AAHUASTE FUdAT. Leader sequenced dR7F AAH
transformant® < pEY series®A4 pEl, pE2, pE16, pA4, pAllgl W= st}

Hind (1l

pEY
(9.61kb)

Ap'

Thr operon
{6.06kb)

BamH | .

[ thr O | thra [enrp [ thrc |
BamH |

I r—
Hind HI _leader M.I,.

sequance \

f f l } t ;’
primer teader transcription
binding site seq:ence Mt terminator
-
iy
—— e Y
e e Yy
...... PR
Bal31

Figure 3. Strategies for serial deletion of attenuator region
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Sequencing-& %% leader sequence® deletion¥-¥ 22l
Bal3le A3l BEEHog AAH leader sequenced F7)1MEE 3}
#3 sequencingS At 2 A Z22] recombinant plasmidE ¢
o2 Al A dleader sequence? H7IAME& full leader sequence?} &&=
Hlw e 4= 10t} pE13} pEl6+% attenuator? transcription terminators-H
o pE2, pA4, pAlle Miulsitet 89 2k 10 base pair A=7F AA

L
2

)
Py
tlo

g & ARt (Figure 4).

pEY fa t gfa @« a ¢ g ¢c at t a g c accaccattacocacecaccatcacec{1-3

pE2 |a t gla a a ¢ g ¢c at t a gc accaccattaccacecaccadtocacc(1-3

pAd |a t gla a a ¢ g c a t t a gc accaccatdltacecacecaccatocacece(1-39

pAll |[a v gja a a ¢ g ¢ a t L a gc ac ¢ accattacocecaccacecalocecace (1-3

pEl [a ¢t gla a a ¢ g ¢ a t t a ge¢ acec e acocecattaceaccaccatceace (1-39

pEl6 |a t ga a a ¢ g ¢ a t t a g ¢ a cc accattltaccacocaccaleacec (1-39

PEY a t t a4 ¢ ¢c a ¢ aggt aacgegt gcgegaegcitgalcgocecegt acagaegaaacacag (40-84
plE2 1t L acc aca g gt aacggt gcygegegceltgalegecec ~ - = - = g g a a ac ac ag (4-7
pPAd a4 t t a c v a ¢ a g gt aacggltgcecggegell~-----~- -~ a g g aaac ac ag (40-7
PAIl 4 t ¢t a ¢c ¢ a ¢c a g gt aacgegtlt geegeegaeEge - - - - = = =~ = = = = - = = =~ - - - + - (40-63)
pEl a t t a ¢ c a c a g gt aacgeg!'l gcggegciltgalcgecgt — -~ -~ - - - - - - - -- (40-71)
pEI6 a t 1 a ¢ ¢ a c a g gt a ac g gl gcggegefl gale g c - - = = = = & = o 4 4 o o .- (40-69)
PEY a 2 a a 4 a g ¢ ¢c ¢ g ¢c ac ¢t gacagtgecegegegeltottttetcgacocaaa (85129
PE2 a a2 a a a a g ¢c ¢ c gc ac et gacagtgegagegctttttttttcgacocaaa (80124
pPAd a a a a a a gcccgecaccecl gacagt geegegegcecdttt ottt ttcgacocecaaa (7120
PAll a a a a a a g ¢ ¢cc gcacct gacagt gecgegegecttt ittt tttcgacocaaa (64-108
1208 T T e T R R

I T T R T T T S

PEY g gt a a ¢ g agg 1l aacaacc a g a (130-154)

PE2 g gt a a ¢c g agagt aacauaacc a g a (125-149

PAd g gt a a ¢ g a g gt aacaacc a g a (121-145)

PAIl § g v a a ¢ g a g g t a a ¢ a ac ¢ a g a (108-133)

pEl - - - - - - - - - - - a ac aac ¢ a g a (72-85)

pEI6 - - - -~ a ¢ g agegt aacaacc a g a {70-90)

Figure 4. Comparison of DNA Sequence of the threonine attenuator region.

The start and stop codon of leader sequence are indicated (open
rectangular) and the start codon of thrA is indicated as black
rectangular. The dotted line represents the deleted sequence by Bal31.
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Plasmids®} stability test$t Threonines] B4%F njm @ 9

Attenuator®] 457} AAH plasmidE ¢ threonine AAke] )3l g3 Q135
2 SAE attenuatorg 7FK2 UE pEYSS AAFEHES vlweEr] 989 paper
chromatography & 33t 53 plasmid’} hostel A vl kA 7S <
3l7) &) stability testE 3338ttt 2 A attenuator regiond] YHEIF AAE
pE2, pA4, pAllE& threonine AJ4FFFo]l FIletA &€ A AT 28y
terminator’t A A€ pEl1# pE16Y] A$E & $71¢& JYehAE &yt ®
8 2}7e] plasmidE € hostdl Al early stationary phaseo A 5-E late stationary
phaseZ7} 2] 80%°]4F2] stability S £+ 8} tH(Figure 5).

(a)
8 100
7 ]
g I ] 80
6 8
é St | 60 i
G 2
£ g
> {40 &
g’ :
) 3
|0 #
1
0 : . [
" 10 20 30
Time ¢hr)
(b)

Threonine conc.(g//)
~

HB101 EYin HB B2 A4 All El El6

Strains

Figure 5. Stability of plasmids which contain threonine operon in E. coli
HBI01(a) and production of threonine by the cells containing the
plasmid which have the deleted attenuator (b). Filled marks in (a)
represent the growth of the cells and open marks show the
stabilities of plasmids.
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Attenuator region® secondary structure®| Hjal

Intact form®] thr operon® 7% plasmid pEY$} attenuator’} A7 ¥ plasmid
pE2, pA4, pAll, pEl, pE162 paper chromatography 43723} pE2, pA4, pAlle
AAreko] 7138 Fesl} X9 pEl, pE169 A$-E 8% £t o] A
9] W3E DNA leveldl A #3|7] 3] attenuator’t AABLZA ribosome©]
bind&t= ¥-Ho] WM3aletod attenuator region® mRNAS 23 F%7} W3ges =
213} &4t 2 B3I pE2, pA4, pAlle]l AL+ base HUFIF AAFLEA
attenuator region®] mRNA 2x FZ7} A& & F Aok WA AP F7)
¥ attenuator®] terminator’} M A H LS ZH constitutive expression®] ¥olwtr]
o2 AzdEcg, &3 pE1F pElse] ZA$olE base’t A A=l secondary
structure?t FAAH A oyt I AA FEo] thrA9] SD(Shine-Dalgano) sequence
& X33t 319 translation@ A o] WalE Wol threonine A4 HFo] #AT Ao

2 A}s " oh(Figure 6b).

(a)

Aftenustor

Thi A

The Thy fte Thy Thr Thr He Thr He TheThr
USE MU 882 CEC AUL ARCACE ACC ALY ACE DCC nccanT acc nuy ncc!ncn [nu R4C gRU §CQ ZECUEA CRC GUA CAZ B4R BCA Cilg DDA UM FCC CRACT UGN l:]g UGS GEE CU NN UL UCHICE 28D ZEU AOCFOF BUD BSHUCE dug

1A 1B 2 3 4

()

<8
B oau 2
uoa

O
O

cmmosscwm

C)

c
€3

O

ES
“

u

4 u e 3¢ ¢ 2
a ]
c

Bhoncew
=omm o
wemomm

© ¥
¥ c
¢ g a
8 u © g
UC gCg EC UEA CEC UA Cag S04 SCH CAZ HOD WP CUU LUK YUV UCE  BGA YgU uuCg CUgH Cig uge

UGC AU 388 CRE HUU BECACC ey GRS UM CEC GUN CAg §HA 0CO CAY AGA SN CUL MU UUM UCY  OUU 4CC BCE ACC Ot
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(b)
pEY (-Thr)

Ribosome

1
c
c
4 Thr A
c
a
c
c

moe Ew oK o

uga cag UgC ggg cuu uuB uuu ... aug

pEY (+Thr)

Ribosome

u
8
c
g
g
4

cuu uuy nuu

ROOCOROPO

E2 (-Thr Sbase
p ( ) Deletion gaaa
Ribosome ‘éc a
a

ga
c
¢ 3
8 Thr A
<
a
[
€ uga cag ugc ggg cuu uuu uuy .. aug

pE2 (+Thr)

Ribosome

cc cgé acc uga caT uge ggg cuu uuu uuy

Thr A

atg

Thr A
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100 ol d

pEl

Ribosome

SD
sequence
deletion™

pEl6

Ribosome

sequence Thr A

doag gua aca acc au,

Figure 6. The postulated secondary structure of mRNA of attenuator region of
threonine operon{a) and possible contact region by ribosome to
mRNA of the deleted attenuator(b). Dotted circle represents the

maximal contact region.
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Effect of secondary structure of mRNA in the leader sequence von the

expression of threonine operon
Hyune H. Lee

Department of Bioscience and Biotechnology,
Hankuk University of Foreign Studies

Abstract: L-threonine is an essential amino acid which has the MW of 119.12,
E. coli thr operon consists of thrA, thrB and thrC and a regulatory region.
Each structural gene codes for the aspartokinase I ~homoserine dehydrogenase
I, homoserine kinase, and threonine synthase, respectively. The biosynthesis of
threonine is regulated by the repression with threonine and isoleucine and the
the expression of the gene is also regulated by attenuation. The effect of
secondry structure of mRNA in the leader sequence on the expression of
threonine operon was studied by deletion of the attenuator with Bal31l. The
plasmids which caused the increase or decrease in the productivity of threonine
in E. coli were obtained. The changes in the productivity were due to the
destruction of secondary structure of mRNA around the attenuator in the leader
sequence. Among them, plasmid pE2, pA4 and pAll showed constitutive
expression of thr operon by the disruption of transcription terminator. Another
plasmid pEl and pEl6 showed decrease in the productivity by the too much
deletion of the leader sequence. These results indicated that the change in the
secondary structure of mRNA in the leader sequence in thr operon affected the

productivity of threonine in E. coll.
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Adaptive response of Saccharomyces cerevisiae
to hydrogen peroxide

o]

% " 8t

AN

£ ¢F Oxidative stressell 2§ Saccharomyces cerevisiae?) ¥Fgo) thated 2olrgiry,
S. cerevisiae®l early exponentially phase cellol superoxide generating agent?) 4 mM
H:008 60 & 3 AyalE 23 312 %9 survival ratio® R 02 mMe H.0.&
0 2 B Abd A #lE F lethal dose?) oxidant & @ B A3 540 %9
survival ratio® X.¢, oxidative stressoll ¥ adaptive response’t #E¥ A& g
& 99tk 28y respiratory chain mutantE(cog3% cox6)L adaptation®] A
A2 B¥ respiration-related process?t adaptationo] BAHel#m FAE Pl
respiratory-chain component®] inhibitore] 9% respiration®] blocking €A cog3%
coxf mutant®} ¥l @ AHE B{C,

1. Introduction

Ao e AgAe Ata glo] Aolrkes Ao Eibsdit. A& 4
H 29 microorganisms 5°] energy9 &&3F A4S {8 ATPS 22 HHES
FAstA drt. o2k YBA UM ATP B4 2 of ‘ oj&sA o).
19543 Gershmane(2) 292 free oxygen radical®] @4 o2& 3% oxygen?
toxic effect& ©]oF718 3L, McCord$} Fricloviche=(6) 19643 o228 AWl
cell mechanismo) A} free oxygen radical®?] A& <ol

Electron transport chain®] #F Az FE&AZ ol &3 O ) 4719 AR
£ Wo} F #7219 H.08 FAsjof st FEHoz #4= 149 HAgks
"o}l superoxide radical anion (02} A3AY, 27he] AAIRES ol hydrogen
peroxide (H:O2)E #Al, 3& hydroxyl radical (OH - ) 5& 2EA IA(3).

°] & radical ‘product® 2 reactive oxygen species (ROS)8taL F-21 o]gld 4t
2o BEGAG 90 93 8P ROSSE whgAgol v ol AmA o)A
nucleic acid®l damage® 7, protein®| oxidation ¥ lipid®] peroxidation& €&
71, A4, FWAEsE, =43t @4, o FY FHE dodie dde] HYE &
oH5).

A AEL o}l d ROSO) 2l3l oxidative stresso]l ™3 defense system& 7}X]

s
,CL/\
—

EEDEREL TR EELES
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A dEd, 2A F /HAE 2y 8 & vk AR 2 enzymatic defense system©]
ZA sy, /2 non-enzymatic defense systemo] F}j38tth Enzymatic defense
system©l 3= superoxide dismutase (SOD), catalase, glutathione peroxidase, % ©I
ZA%t FHAE non-enzymatic defense systemo] < glutathione, glutaredoxin,
metallothionein, ascorbate %°] &8l glutathione<* glutamate, cysteine,
glycinee.®2 A2 tripeptide Fejol™ cysteine?] SH group®l electron
scavenger® 283 A€t} glutaredoxine cysteine active site’} F70 EA)8l =
protein®] i ascorbate®= & oA jondtd R AW A toxicd radical
compound®] electron scavenger 9 &S sHAIETH4).

B 288 S cerevisiae®] superoxide generating agent$! Ho0.8 A&l 3] Fo
ZH cell WA HAIEE= oxidative stresso] 3 adaptation ¥AMS FHEEL
cellWl ¢ mitochondria?} adaptationo] 19 A #oisti of AR/t E 4w u ot

oo AMEE FFE Scerevisiae® wild type CY4a (MAT e ura3-52
leu 2-3 leu2-112 trp 1-1 ade 2-1 his 3-11 can 1-100)°]® isogenic mutant
strain®-& ubiguinone°] Z ol cog3 (cog3: his3), cytochrome oxidase subunito]
AAH coxt (coxb: his3)oltt, #F2 W& YEPD medium (1% yeast extract,
2% bacto peptone, 2% glucose)ol Al A8 3, I £)o] minimal mediumgl SD
media (2% glucose, 0.17% yeast nitrogen base, 0.5% ammonium sulfate, 0.3 mM
His, 2 mM Leu, 0.5 mM Ile, 0.5 mM Val, 0.4 mM Trp, 0.15 mM Ade, 0.2 mM
Ura)® non-fermentable media$l SGE media (0.17% yeast nitrogen base ,0.5%
ammonium sulfate, 3% glycerol , 1% ethanol , 0.3 mM His , 2 mM Leu, 05
mM lle, 05 mM Val, 0.4 mM Trp, 015 mM Ade, 0.2 mM Ura) §& AM4314
i, 30°C, 200rpmell A X1 B-ui ek sl

H202 #2] 2 adaptation
YEPD mediacl A J&ujoksted OD 600nmelA 1.00] & w9 exponential

phase celldl 4 mM2] H:0.8& AHEdtodF F 208 HFo2Z AREE AHEA cell
9] viabilitys ##3 vt £33 exponentially growth celle] 0.2 mM& H0.& 3
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A B AFA AEF F ocell® 94 BT Fo @& supernatantE: A E S
YEPD mediadl transferd & 4 mM¢ H,0.& A=siFi 208 7HHOZ celld)
viability 2 ##3lo] adaptation S4& FAMSEA o).

Electron transport inhibitor *}&]

Respiratory electron transport chain® 2} compelx®] inhibitorg& AH&3}$3ich
Complex I90 NADH dehydrogenase?| inhibitor¢l flavone, Complex %]
cytochrome reductase®] inhibitor?l antimycin, complex IV¢l cytochrome oxidase
¢] inhibitorq] sodium azideE AH83tSATh Adaptation A7IA && A fele
0.2mM9] HyO; thAldl inhibitorE = &3 o),

3. 4% 9 &9
Adaptation

YEPD media WellA lethal concentration?l 4mM<e] H:0:Z A gla] 9, early
exponential cell®] 74%- wild type?l CYdat 3+ A7k Feo) 312 %o HAEEE B
doem, cog3 & coxb L mutant straine 46 %9} 3.1 %2 AEEES B
(Fig. 1A). o1& AE£E o] wild typeEt}t vl @& Ao g Bol HA AEGA7)
oxidative stress®| defensed] "LsttteE Ao Uewt £ YEPD mediumyiol
A} exponentially growth %ol fermentation®] YojU = Z mitochondriadl Al A
2 WA FAAsA &ALstx] &g oxidative stressel] thaslr] 3 AEH
%! mitochondria®] Zt&e¢] s Aoz FAHHAr)

79| adaptation %3S dolR 7] $13 nonlethal dose?! 0.2mMe Hy0.E 3
AZE B A3 o AZE mediaZ &7 lethal dose?! 4mMe] H:0:& A
28 FAd(Fig. 1B). Exponentially growth cell&& wild type$l 2% 54.0 %,
cog3% coxb= 10 % vl o] MELL HYgsd wild typee 7 -$-olwt AR A o
ol&t 79 adaptationdiFo] VEMSEIL mutant strain® 7 $-ol= adaptation©]
H A @skty & adaptation?] 7 -$-°| %= mitochondria®] A4 2FFo] HHY
< % F UM
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Electron transport inhibitor®] <3}

2t AAALA 2] complex? inhibitor¢! flavone(Fig. 2), antimycin(Fig. 3)3}
sodium azide(Fig. 4)& Z7 CY4adl A3 vt Z inhibitore] A ¥T+e
CY4a7} respiration .2 zt&+A == SGE mediadl A growth7} dojux] &=
358 2ASYHAR AP, 2 FEE EE inhibitork 2 03mM o] oBmE
o] 52 inhibitor& AH2ldted H000 218 98-8 ZFASFITE.  Respiratory
electron transport chain® complex1 98 NADH dehydrogenase® inhibitor$)
flavoned 0.3mM A& s & A3 4.3%<] *gx_a‘a Bk 02mMe] H0.& 60
5 AMHAE #FH 12%9 AEESE HA complex M2 cytochrome
reductase® inhibitor?]l antimycing 0.3mM Z%ﬂﬁﬂ A 2% o AEELESE Ro
d Ao) 0.2mMe Hx0:E 6083 AbAAE & FAoY 67%2 HEES B
Complex V¢ cytochrome oxidase®] inhibitor$] sodium azideZ 0.3mM 2] 3
ﬁiﬂq 52%9 AEEE Hold o] AAAMHE ;| FUUY 135%e] A& &
RBth Adaptation® A71A] &L ZA$d= CY4a7lb 4mM HoOx0) &) & A
0 Fo) 312%9 AEES BRI oY Zb inhibitor7t 98 AN E cog39 coxb
BEAE AEEC HF R AL HE HO0 AFAPES Y] ddAAMe
mitochondria®)] B2 #AFo] ezttt FAoltk, Ed 2t inhibitor7t A&
o = adaptationo] vl w|eFslA dojwtrt.  o]9} 7o) inhibitorE A3 W
coq3 & cox62] 73$-9 M58}l A adaptation©] A9 Aot e RO JERY
inhibitorell ]38} oxidative stressoll ™ resistance’t #F4E Roz FA L) o
s} o] adaptation® 9814 E mitochondria®l A2 ¢ ZAFo] R AT T&3
electron transport®] 9J& ATPS Aol JA|Ho] UEeld AFEE Holx ¥e
o} kst ATPE YEPD media Yo} A fermentation®. 2 AJAE 7] o Folo},
wekA ATP &4 ©]919] mitochondria®] ©& 7% A4 wEe dojd Rez
FREY uwepr] ko2 olfFof it AFUt AlS X oo & Ao A
Eig=y

to

\1
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Fig. 1 Survival rates and adaptation of S. cerevisiae after treatment of HzOa.
Exponentially growing cells were treated with 4mM H20: (A) and were
pretreated with 0.2mM H20. for 60min and then challenged with 4mM

Ho02(B). At 20min intervals, aliquots were taken and plated on YEPD
medium to monitor cell viability.

CY4a(® ), cog3 (M ), cox6 (A )

(A) (B)
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Fig. 2 Survival rates and adaptation of S. cerevisiae CY4a after treatment of
H202 with flavone.
Exponentially growing cells were treated with 4mM H:O: (A) and were
pretreated with 0.2mM H20: with flavone and then challenged with 4mM

H20: (B). At 20min intervals, aliquots were taken and plated on YEPD
medium to monitor cell viability.

The concentration of flavone : 0 (4 ), 0.3mM (W )
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Fig. 3 Survival rates and adaptation of S. cerevisiae CY4a after treatment of
H20, with antimycine.
Exponentially growing cells were treated with 4mM HxO, (A) and were
pretreated 0.2mM H:Q: with antimycine and then challenged with 4mM
H:O: (B) At 20min intervals, aliquots were taken and plated on YEPD
medium to monitor cell viability. _
The concentration of antimycine : 0 (@ ), 0.3mM (IR )

(A) (8)
100 100
80 1 80
X R
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2 2z
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Fig. 4 Survival rates and adaptation of S. cerevisiae CY4a after treatment of
H:0; with sodium azide.
Exponentially growing cells were treated with 4mM H:02 (A) and were
pretreated with 0.2mM H:02 with sodium azide and then challenenged
with 4mM Hz0: (B). At 20min intervals, aliquots were taken and plated
on YEPD medium to monitor cell viability.
The concentration of sodium azide : 0 (4 ), 0.3mM (IR )
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Abstract

The response of Saccharomyces cerevisice to oxidative stress has been
examined. On challenging S. cerevisiae for 60 min at early exponential phase
with 4 mM hydrogen peroxide, a superoxide generating agent, less than 31.2 %
of the cells survived. Pre—treated S. cerevisiae cells with 0.2 mM H:20: for 60
min significantly increased survival of this lethal dose of oxidant, indicating the
existence of an adaptive response to oxidative stress. By using isogenic mutant
strains, the possible roles of respiratory competence ([rho’] petite) was
examined. The respiration-related processes were essential for adaptation, as by
the fact that mutant strains cog3 and cox6 could not adapt. Furthermore, when
respiration was blocked by respiratory-chain component inhibitors, cells could

not adapt. These results were similar to those of cog3 and cox6.+
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A E Pairwise Coupling "l 2] 3 Waveform
g %

H 9

2 ok R2ER PEZYH pairwise couplingd) R EL AFE NES EF <1
FE& A, o5 AYBUEN G HEIATH &4 AEe EHFRAYE vy v
ZAnz 48] AMSEE waveform AEE AMESHI, I ARE Aety JE BF W
W3 vwstd M2 duFd g ERPGHEE AE gEaach

SN

o

1. A&

Az W@ FAAE yHsm, o Add dPEE 34AES
t=(t1, by, ... 1) AL AL S2E £3) yE FHUF, T weAFTHD 3
3, te dERg, 49 H s9ase Fen 283y 74 (price)ol

%] 238 EAl(regression problem)Z,
y7t REAR ALY o & T Zo] £A19 Mol U= FEe HEY A £
F & Al (classification problem)g} % gt}

k=]

FA&5E A 28 Ce A A8 x=(x,,..., 245 F o839 3=

L

¥ 28 TAAE(training data)d 3, 2 x5 AWEFE 'Y BREFEE

fu

o] 01]
8

xi=( t,y)Z o744 k. FAAE zol o3 4L BF
& rete AR ARSI QEEE 2REH C(x, HE FYsE

;Y

= 2

=3

B2 Idy 243 EARA wyozyE A% 3w ¥4 (linear discriminant
=2 o

analysis) 3}

29

A=Y 3 AEA (logistic regression)5 S € & Utk 283 ¥ 24
A HHoRE UF E¥Y(tree modeDT A7 ™, projection pursuit regressions ¥l
2 3 A EA (nonparametric regression)oll &g thgd EHWHO Ao HZ
EojM e AA A2 2339 (objected-oriented programming) 7] LER

‘g Folga FREA G
o] ¥E& 19999 E BTN E WNTE AT Ao 98 AT AT,
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g EREHE A4y 1 A9E ZAYdsld HF ERE A8 gE) 4
#(combining learners)ell thd A7z} & AP zm o GFE 7
(ensemble technique)©lgt 1 E EElojx e 57 2FWHOLEZE  Breiman(1996)
o] A A3t Bagging(Bootstrap Aggregation)® Al%d o2 Freund®?t Shapire(1995)
9] Boosting, Breiman(1996)2] Arcing(Adaptive Resampling and Combining) ¢ iz
gF Fol Ak o duYFEY AL Y 52L& gF7)(learner) EF0 AEH
© 9 FHAH(training data)ol A BE2EF AAEH(bootstrap sampling)oll <] &)
MEg FEAEE A4 F &7 45 23 & 73t AA S wEdvs Aot
a5, BEg i ez o8 9EFEFHAM dojz EFRAnE HHs Agst
o HF ERFE 23 '5‘P“ 740] E e 54

Friedman(1996)2 E2EJ] A FE o) 9] &3k2

™ FI

>

&2 A9 pairwise coupling©]

I HEe s g}'§‘1 Ade o8 &FFe FEo] 3 o] ek #
(polychotomous classification)i Al o} Ao} 71E YR &4d daugFS AlgH
3T, I F Hastie®} Tibshirani(1996)2 Friedman®] Wl 3AIE x]3 &
Bradley-Terry A& o] &3 dngFE st
B w=fdiae E2EQR AEHA 72 g7 dEhys]
pairwise coupling®l o] 71x3% dauelES& dEstd AMzE g BEF
—% Agratck A dmelFo] AFIHe EFATG] FHFHL 35Fo EF
TAAEE Y93 waveform AR S B B4 EF AFZA Y vjn =
0}34 3.
Al 28| A& pairwise coupling EFHHel thale] AslHn 3HANME A2
UnFL ALSFAT Al 48 BAAYQ] waveform AEo| thdte] 7k
3] 2718l waveform A& E4ZAIRE 2 EHFUH Azl dustyh
5HEAAME & ATZEAGY o9 A A, aujn oz A7 e
b e=g

L

0{

2 oo

2. Pairwise Coupling ¥4

Friedman(1996)°] A ¢tgt pairwise coupling?] & && o] & 4= Q& 753 2
FF 2 dstd ERAE5E & F A vy ARE AL FFEoZ HF R
Fote Wyolth d& £, & A & (FF AL, A4 A0 i EFAS £
A7b Avk A Pairwise couplingol@, % A3 A,, % A% A, F
T A% A9 d¥ F FF(dichotomous) BEFdE& 2y Ay} Zzt 3
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AL AL A IS dEFYE MR BE Q38 & £F A28 3F AL Y
gl W Relth
Hastie®} Tibshirani(1996)& Friedman(1996)¢] #|<t& pairwise coupling ' 2]
AE theH 2ol AHsArh
% 309 % A, Ay Az U BEFEEAS AL A BE ;S
ri=P(A;|A;or A;)
Zi ™, r300.5, r3>0.5, 2R 7r5>0.5¢0 Z$ Friedman®] pairwise

O

& 4 ¢t} ob&# Friedman® pairwise coupling® =&

1

couplingS ®F/d&
o] F&3¢ BXE %3 £7 3<(the number of winning)d] &J&s =g 7
Fd &8 & @S A ZRdde g3e] Ao

ol A7 dHE By 98 Hastie®t Tibshirani(1996) Bradely-Terry
2o 7]E olor]oj & o] &3t NEZE EFUHE LA

% F39 8 K, TEAE x = (x,... 20 A4 &, x; = (),

i=1,2,...,Nolx, t'& FdA8 F A 22X AYWSE, yE
NA B=x9 vl E Yebdolh Baggingd pairwise couplings Z2&3 A2
o]
e

STEP 1
KAY $2¢ /M) FARR xo Wisted, RE /M58 7 A9 7 2go=
o)2olq TARE 2z = (zy,..,2,)8 ¥, BRI

A7NM, n = K(K—1)/2 o]t

STEP 2
Ztzke] FHAE zo W b3 RAEY REFE 59
B _(le’BtZ,---;B*zb ,i: 1,2,...,n

il

A4 8,
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STEP 3

2zte] R2EY ARE By, j = 1,..,b o W3el, ERAZRY CT A
gtk 2o e BREA, CB), HE 9 tol U 2F dz8 =z 9
Aol AFHE HEE 1, U K— 1709 022 olFoix K-4Eg 44k

STEP 4
9 to) @ BRAZe T 2o

A71M, Cep( )€ BEFR 2 & £ F& FAANY, /M 58 &

P
e $7oz BRET

e

o
rir

4. Waveform A5 2 #4233

Waveform A&+ 7 g9 A= ¥uE A% 7oz Ay AMEHI
e diolgoltlt, Waveform #Eo| g At 22L& Breiman et al (1984,
p49)el A T-F3 gl

Waveform AH&2E A 719 &8 7FA32 dod, 24 £&F(Cass 1, 2, 3)& &
I} 2L 21709 AYHASE e

2, = ulh(i)+(1—why(i)+e; :Class1
x; = uhi(i)+(1—whs(i)+e; :Class?2
x; = uhy()+ (1 —why(i)+e; :Class3

A7 i=1,2,...,21 olth. 283 wx [0,1] AtoldlA Aw FEEZEE
nEE WPl g %‘;FO] , BAke] 19 EFEAT BEXE w2y ek,

waveform 82 AA ) ALLE hy, by, by O 2ol HoHd,

(i) = max(®—1:—11},0)
(i) = h(i—4)

hy(i) = h(i+4)
A7 i=1,2,..., 2101t} o8 ey aERY <aY 4-1>3 2}
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h1

« 5 e
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A
|
i

h2

h3

L/ N

<a¥g 4-1>
AHRAFTELS by, by, el A2 g8 Fi9 2oz AyAH.
W o<y 4-2>9 zZoh &, & 2 ETE noisedE A9
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Ciass2
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ki3
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Classd
<28 3-3>2 waveform AEdA TE FEH 300709 Agg Aoz F4
224 F 3 298 209 Beel FL9E Aold. Wy Aol £AE AR ¥
3 57 Uedoh BUoE EAY RES HY, NE g F 52 Avs)
qusle 48 ¢ & At
¢-—.
1 1 19
- PRI ! 111 # 111 .
8 ~d Sk D1 T P 1111'1}131 3,
c 25 q P41 Y LY
8 ’ 1% 21,248 19 1 111 1138 1%
PaM e gy EEE:S !
£ ho2 3 1}21 EIRE TR B SN
i‘; ° 21, 222’5 §3%\53§ 33':
B A P4 g~_3-'
§ TR a2 222:2§2 . 33 4 533
. 22 . ~ 33 3
5 2 223?2 22 w33 3
2
'g o 2222 %2’%22& 33\‘33333
g 2,2 % 3
b ;22‘_2222 3
\%222 233’
¥ e
©
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first principal component
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<E 4-1>& waveform A& % 3007}& FHAE(training data)2, S0074E
AMZLE (test data)ZE FE39 2k E¥gnit 203 ¥HE A@E Ziold AMEH A
go 23d 4 FEY HEE AY FYsith EO LEF FEL LEF HEY
B 235 Ay TX}‘“ SEF vEHTY EELLAE YE Aol A4 370
o] 2o ¥ A= Hastied} Tibshirani (1996)A E# 3 Aok 2o A
Aol vine A}E®E 23 3 LDA(Linear Discriminant Analysis)e A% #dR
A& Friedman® H&TE ZtzZt A 22-A 2708 Friedman(1996)¥ Hastie$}
Tibshirani(1996)¢] #¥H& 9 md} LDA/baggingS Brieman(1996)2] Bagging
71¥H-& LDAY A £3% Aolx LDA/coupled with bagginge 2 =F2] A 444
A AgslE ¢nEEE 9ndith LDA/bagging® LDA/coupled with bagging =
T 5039 R2ed HEHS HAEAT.

. LEF H&
LA
Training Test

Linear Discriminant Analysis (LDA) 0.148 (0.011) 0.214 (0.006)
Friedman 0.121 (0.010) 0.176 (0.006)
H&T 0.120 (0.010) 0.173 (0.005)
LDA/bagging 0.121 (0.004) 0.200 (0.006)
LDA/coupled with bagging 0.110 (0.004) 0.171 (0.003)

< ¥ 4-1>

e og] kA 283 vund o, B AFAM At§ coupled with bagging
welo] 712 LDAY EFAIEE /MY A FEAHASE ¢ & Ah

5. 48 & ¥ A7 A

Waveform A&o] thate] B AFA A A duase 71EL £F
Bl g3 EFAHRE wolm Ik Al WEY S-S ABRHoE 4FI
7] QM E waveform AE 0] Qo) thekd Ao diate) L8 2
agn B =E9AME LDAMY Ak dxnIEFEs A DA(Quadratic
Discriminant Analysis), Tree models the3dh W] 2 gslojof & Rort,

T ol9jo} AA AF dmEFo] AL Y ke 2L EAFY dHx
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e A7 Fad
(1) Pairwise couplingel Z3 Sl FFH EAZHN, F&Fo] gdod w2 Ais
stjof o} Q& Eo], 5] K=10 o9, 718302 K(K-—1)/2=4529 H|
wrk dasteh Adsk Z dlaeich 5089 baggingg  AASE F
45Xx50 = 2,250 /He] EHA o] HRg Aol

(i) & KK-1)/2319 #&& o]& & va F, K-1/ME AYs Y
qF I Fd gle EFolth o8 o] HAl £EI 4 Qe R
AEEE d9E AARAY vFE E < 5
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