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THE CONSTRUCTION OF ONE-DIMENSIONAL
DISCRETE CHAOS THEORY BASED ON
IMPROVED MAROTTO’S THEOREM

JIU LI* AND HONGYAN ZANG

In this talk, we consider one-dimensional map in the Chen-Lai alorithm [1] given
by the following discrete-time dynamical system

(1) Tr1 = f(z1) + (N + €°) 71 (mod1),

where f (z) € C'[0,1], and f (0) = 0, the control parameters N and c are restricted
to be in |f' ()] <1 < N and ¢ > 0. It is proved that system (1) exists chaos in
the sense of Li-Yorke [2] from the point of chaos anti-control idea. Actually, such
equation (1) is via the origin, namely, let z; = 0 one obtains that zp4q = 0.
Therefore, this talk intends to deal with the mathematical model with modulo
operation

(2) epy1 = [ (zx) (modl),

where f (z) € C1[0,1], and f (0) ¢ Z. Obviously, let z, = 0 one gets that x4 # 0.
We simply mark the derived map from the system (2) to g (z)

(3) g (z) := [ (x) (modl),
where f () € C'[0,1], and 0 < g (0) < 1.

In the map (3), given that f (x) is divided into two cases: strictly monotoni-
cally increasing and strictly monotonically decreasing, we analyze the existence of
their fixed points separately. And using the improved Marotto’s theorem [3], the
conditions for the existence of chaotic properties are given. To be specific, in or-
der to overcome the traditional structural limitations that a chaotic system can be
only through the origin, a one-dimensional discrete-time system with nonzero value
as x equaling 0 is firstly given. a systematic methodology can be developed here
for designing a one-dimensional discrete-time chaotic system which satisfies some
performances.
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EXISTENCE REGIONS OF POSITIVE PERIODIC SOLUTIONS
FOR A MIXED DISCRETE HEMATOPOIESIS MODEL

YAN YAN* AND JITSURO SUGIE

In 1977, using ordinary differential equations, Mackey and Glass [4] proposed
mathematical models to describe the production process of mature blood cells.
Their models are divided into two types according to the characteristics of the pro-
duction function. Since the regulatory mechanisms in hematopoiesis have not yet
been completely elucidated, they introduced a monotonically Decreasing function
and a Unimodal function in order to express its production process. We call the
hematopoiesis models with the former production function and with the latter pro-
duction function as D-type model (see [1]) and U-type model (see [5]), respectively.

On the other hand, discrete models have attracted attention in biomathematics.
Several researchers have pay attention to the study of discrete models of D-type
and/or U-type. For example, we refer to the works [2, 3, 6, 7].

In this talk, we combine D-type model and U-type model, and consider a mixed
hematopoiesis model

W) 2eth) = o) + 3 T

k)

c;(k)
Tt (k— 5;(k)

)
7t

q

Jj=1

with n > 1 and p, ¢ € N. We assume that
(i) a: Z — (0,1) is an w-periodic discrete function;
(ii) b;: Z — (0,00), r;: Z — Z* are w-periodic discrete functions for 1 < i < p;
(iii) ¢j: Z —(0,00), sj: Z — Z* are w-periodic discrete functions for 1 < j < q.
We give a sufficient condition for equation (1) to have positive w-periodic solutions.
We also clarify the existence region of the positive w-periodic solutions.
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THE METHOD RESEARCH OF LONG NON-CODING RNA
PREDICTION BASED ON DEEP LEARNING

LI BINGXIU

With the rapid development of high-throughput transcriptome sequencing tech-
nology, a large number of transcript sequences have been discovered, and how to
identify long non-coding RNAs and mRNAs from transcripts is a challenging task.
In this paper, we constructed a deep learning model to effectively distinguish long
non-coding RNAs from mRNAs. First, in order to extract the context information,
we use the unsupervised GloVe algorithm to introduce the feature representation
of the RNA sequence and use the k-mer embedding vector instead of the tradi-
tional one-hot encoding to get a better feature representation. Then we set up the
supervised deep learning framework, including the Bidirectional Long Short-Term
Memory model (BLSTM) layer and the convolutional neural network layer with
three hidden layers, it is used to extract deep features. Finally, in the supervised
training stage, we consider the binary classification as the SoftMax regression of
the feature representation, calculating the category probability without the prior
assumption of the data distribution, and complete the final classification purpose.
We hope that our model will provide effective help in distinguishing between ma-
ture RNAs and long non-coding RNAs and become a potential tool to help humans
understand the diseases related to detected IncRNAs.
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ASYMPTOTIC STABILITY FOR NONLINEAR DIFFERENTIAL
EQUATIONS WITH TIME-VARYING COEFFICIENTS

HIROSHI SHIOZAKI* AND JITSURO SUGIE

We consider the nonlinear differential equation

(1) (6p(x) + F(t2,2") 8y (a”) + g(t,2) = 0,
where f is a continuous function on [0,00) x R? g is a continuous function on
[0, 00) X R satisfying zg(t,z) > 0 for (¢,z) € [0,00) x R\{0} and ¢,, is a continuous

function defined by
lulP=2u i u #0,
Pp(u) = .
0 if ©w=0,
with p > 1. Equation (1) has the only equilibrium (z,z’) = (0, 0).
In the special case that f(t,z,2') = h(t) and g(t,z) = ¢p(z), equation (1)
becomes the half-linear differential equation

(2) (6p(2")" + h(t)Bp(a') + Bp(w) = 0.
Sugie [2] proved that a necessary and sufficient condition for the equilibrium of (2)
to be (globally) asymptotically stable is

00 fot e ) ds
3) /0 ¢p*<€H(t) dt = oo
under the assumption

(4) htrggolf ) h(s)ds > 0,

where p* is a number satisfying (p — 1)(p* — 1) = 1 and H(t) = fg h(s)ds. Note

that ¢, is the inverse function of ¢,. Although the result in [2] is very sharp, for a

concretely given h, it is difficult to judge whether condition (3) is satisfied or not.
In this talk, by using the method of Artstein and Infante [1], we give a condition

which can easily guarantee that the equilibrium of (1) (or (2)) is asymptotically

stable.
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EPIDEMICS WITH WANING IMMUNITY

YUKIHIKO NAKATA

We first formulate an SIRS type epidemic model by delay differential equations,
to describe disease transmission dynamics in a population. It is assumed that
the duration of individuals immunity, obtained upon the infection, is finite, thus
individuals do not acquire lifelong immunity. We analyze stability of equilibria
and show that the endemic equilibrium becomes unstable via Hopf bifurcation, as
model parameters change. For a special case, following the idea by Kaplan and
Yorke (1974), we study the existence of a periodic solution of period 2.

YUKIHIKO NAKATA: DEPARTMENT OF MATHEMATICS, SHIMANE UNIVERSITY, MATSUE, SHIMANE
690-8504, JAPAN
E-mail address: ynakata@riko.shimane-u.ac.jp
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THE DIFFERENTIAL EQUATION MODEL OF PATHOGENESIS
OF KAWASAKI DISEASE WITH THEORETICAL ANALYSIS

RONG QIANG*, WANBIAO MA, AND KE GUO

Kawasaki disease, an autoimmune disease , is a systemic vasculitis mainly affect-
ing children younger than 5 years old [3]. Due to the delayed therapy and diagnosis,
coronary artery abnormalities develop in children with Kawasaki disease, and leads
to a high risk of acquired heart disease. Later, patients may cause myocardial
infarction or even sudden death. Unfortunately, at present, the pathogenesis of
Kawasaki disease remains unknown and this disease lacks of specific and sensitive
biomarkers, which bring difficulties to diagnose and cure [1]. Therefore it is a highly
focused topic to research on the pathogenesis of Kawasaki disease. Some scholars
believe that Kawasaki disease is caused by the cross reaction of external infection
and organ tissue composition, hereby triggering disorder of the immune system and
producing a variety of inflammatory factors [1, 2]. On the basis of considering the
factors such as inflammatory factors, adhesion factors, endothelial cell growth fac-
tors and so on, put forward a kind of dynamic model of pathogenesis of Kawasaki
disease by the theory of ordinary differential equation. It is found that the dynamic
model can show complex dynamic behavior [4, 5], such as the forward and back-
ward bifurcation of the equilibria. This article reveals the possible complexity of
infection of Kawasaki disease, and provides a theoretical references for the research
of pathogenisis and clinical treatment of Kawasaki disease.
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EPIDEMICS WITH BOOSTING OF IMMUNITY

LIU YANG* AND YUKIHIKO NAKATA

We formulate an epidemic model with waning and boosting of immunity by delay
differential equations, following the idea by Aron [1, 2]. In the model, recovered
individuals may be reinfected because the immune system does not confer long-
lasting immunity against a pathogen, thus the immunity wanes. On the other
hand, it is also reported that the natural immunity is enhanced by the continued
exposure to infection which is called boosting effect. Our main purpose is to explore
the effect of the boosting of immunity on the disease transmission dynamics using
an epidemic model. We also compare the transmission dynamic with and without
boosting effect by numerical simulations.
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GLOBAL DYNAMICS ANALYSIS OF A DIFFERENTIAL
EQUATION MODEL OF KAWASAKI
DISEASE PATHOGENESIS

KE GUO*, WANBIAO MA, AND RONG QIANG

Kawasaki disease, also known as mucocutaneous lymph node syndrome (MCLS),
was first discovered by Japanese Kawasaki physician in 1967. It is a systemic
vasculitis that common occurs in infants and young children [2], if not discovered
and treated in time, may induce acquired heart disease, cause coronary artery
disease [1]. In order to provide a theoretical basis for the research and clinical
treatment of the pathogenesis of Kawasaki disease, Qiang, Ma and Guo [3] proposed
model:

Lo kV(E(®)
B(t) =r + 61—|—7V(t) — ki B(t)P(t) — diE(t),
(1) V(t) =ks E(t) P(t) — daV (1),

C(t) =ksE(t)P(t) + kaV (t) — d3C(t),
P(t) =ksC(t) — dsP(t),

and gave a complete analysis on the local stability of the equilibria. Where FE(t),
V(t), C(t) and P(t) represent concentration of normal endothelial cells, vascular en-
dothelial growth factors, activated adhesion factors and chemokines, inflammatory
factors in the lesion area at time t in acute stage of Kawasaki disease, respectively.
All the parameters are positive constants.

In this talk, the main purpose is to study the global stability of model (1). Suf-
ficient conditions are obtained for the global asymptotic stability, by constructing
suitable Lyapunov functions and using Lyapunov-LaSalle invariance principle. In
addition, we give some numerical simulations to illustrate our analytical results.
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AN EXPANDED MIXED FINITE ELEMENT METHOD FOR
SOBOLEV EQUATIONS

NA LI*, PING LIN, AND FUZHENG GAO

Let © C R? be a bounded domain with piecewise smooth boundary 9. For
fixed 0 < T < 0o, we consider the following initial and boundary value problem:

ut—/J’Aut_’yAu:fa (l’,y,t)GQX(O,T],
(1) U(l’,y,t) =0, (l‘,y,t) € O x (O7T]7

u(x,y,O) :900(1‘73/)’ (x,y) €qQ,
where u; denotes the time derivative of the function u, p and « are two positive
constants, the source term f(x,y,t) and the initial value function ¢o(z,y) are suf-
ficiently smooth.

The purpose of this talk is to introduce the expanded mixed finite element
method for the two-dimensional Sobolev equations. We show the existence and
uniqueness of the solution of the mixed finite element method, describe the semi-
discrete formulation and the fully discrete formulation for Eq. (1), and provide the
error estimates of the solution. The optimal error estimates are obtained. Finally,
we provide two numerical examples to verify that numerical results are consistent
with theoretical conclusions.
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LONG RANGE SCATTERING AND MODIFIED WAVE
OPERATORS FOR THE MAXWELL-SCHRODINGER
EQUATION IN THREE SPACE DIMENSIONS

YANG LIU* AND TAKESHI WADA

We consider the scattering theory for the Maxwell-Schrodinger equations under
the Lorentz gauge conditions in three space dimensions.

0 = —(1/2)Asu+ Acu
(1) OAe = Jo
OA4A=J

where (4, A.) is an R3T! valued function defined in space time R3*! V4 =V —iA
and A4 = V? are the covariant gradient and covariant Laplacian respectively and
O = 02 — A is the d’Alembertian. Jy = |u|? and J = ImuV qu. By the current
conservation 0y Jo + V- J = 0.

We prove the existence of modified wave operators for the Maxwell-Schrodinger
system, without any restriction on the size of those data. To this end, we solve
this system with prescribed asymptotic behaviour as ¢ — oo, defined in terms of
Schrédinger and Maxwell asymptotic data. This system belongs to the borderline
between the short range case and the long range one, so that the prescribed asymp-
totic behaviour for the Schrodinger function includes a suitable phase correction.
The method consists in partially solving the Maxwell equations for the potentials,
substituting the result into the Schrodinger equation, which then becomes both
nonlinear and nonlocal in time. The Schrédinger function is then parametrized in
terms of an amplitude and a phase satisfying a suitable auxiliary system. Then we
solve the Cauchy problem for this auxiliary system by an energy method.
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FINITE TIME BLOW-UP AND GLOBAL EXISTENCE FOR THE
NONLOCAL HYPERBOLIC EQUATION

KAIQIANG ZHANG* AND BAIYU LIU

In this talk, we consider the initial boundary value problem of a hyperbolic
equation with nonlocal nonlinear source on a bounded smooth domain condition:

up = Au + (W%  [ulP)ulP~2u, =€ Q,t>0;
u(z,t) =0, x € N, t>0;
u(z,0) = up(x), ue(z,0) =ui(x) x€Q;

where  is a bounded domain in R*,n >3 ,1 <p < (n+2)/(n —2). The vacuum
isolation of solutions are obtained by introducing a family of potential well.

Sattinger [8] firstly studied hyperbolic equation with nonlinear source |u[P~2u by
introducing potential well method.The potential well method help us understand
under what conditions will the solution exist for all time and under what conditions
will the solution become unstable to collapse. Then,by using potential well method,
we obtain a threshold of global weak solution and blow up for weak solutions with
low initial energy.

When blow-up occurs, the blow-up time T},,,x can’t usually be computed exactly.
It is therefore of great importance in practice to determine lower bounds for T}, .
In this talk, if u(x,t) blow up at time Ty, we give a lower bound for Ty, ..
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QUANTUM INFORMATION PROCESSING BASED ON
ARTIFICIAL ATOMS

HAIRUI WEI* AND FUGUO DENG

Quantum logic gates play an important role in quantum computation [1]. The
precise control and manipulation of quantum states can be accomplished with quan-
tum gates [5]. We present compact quantum circuits to deterministically implement
universal quantum logic gates on different kinds of qubits via artificial atoms in op-
tical microcavities [3, 7, 8]; Our schemes have some features. (1) The control qubits
of the hybrid universal gates are encoded on the flying photons and they are ex-
cellent candidates for quantum communication, and target qubits are encoded on
the solid-state electron spins in artificial atoms and they are suitable for quantum
information storage and processing. (2) Compared with cross-Kerr-based or the
parity-check proposals [2, 4], our schemes for optical gates do not require addi-
tional photonic qubits, which reduces quantum resources needed and decreases the
errors taking place on the photonic qubits. (3) Compared with the conventional
synthesis-based programs [6], our schemes for solid-state quantum gates are more
compact and simpler. Our schemes could be performed with high fidelities and high
efficiencies with current achievable experimental techniques.
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ANALYSIS OF TIMELINESS OF OIL PRICE NEWS
INFORMATION BASED ON SVM

LUTAO ZHAO AND GUANRONG ZENG*

International oil price forecasting has always been an important and difficult
issue. With the renovation of big data technology, it is a new idea to correct and
improve the oil price forecasting model by collecting and extracting network news
information. However, due to timeliness and other complex factors of the network
news, the ability of online news to predict oil prices is unstable. In this paper, a
novel method based on SVM (support vector machines) is proposed to explore the
timeliness of news towards oil price. The timeliness of news can be explained by the
accuracy of SVM. A multi-scale trend discovery method is proposed to more flexibly
extract oil price trends at different scales and in different directions. The news texts
are marked in 82 different ways. With the help of SVM, the text information is
directed and extracted, and the ability of the news to describe fluctuations in oil
price trends is reflected by the quality indicators of classification. The empirical
results show that the new multi-scale trend discovery method has high reliability.
The ability of news to describe the short-term oil price trend only lasts for about
one week, and the relatively long-term trend can be maintained for two or even
three weeks. News is more able to express information on relatively long-term
trends. In addition, information described in the news is more likely to have an
impact on the future rather than on the volatility of past oil prices. This study of
the interactive relationship between news texts and oil price trends is a powerful
support for the application of news texts to forecast oil prices. At the same time, it
is also a powerful complement to the study of discrete correlations and interactions.
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INTEGRAL AVERAING TECHNIQUE FOR OSCILLATION OF
SECOND-ORDER LINEAR SELF-ADJOINT DIFFERENTIAL
EQUATIONS WITH IMPULSIVE EFFECT

YOSHIKI ISHIHARA* AND JITSURO SUGIE

In this talk, we consider the second-order linear self-adjoint differential equation

{(T(t)xl)/ +e()r =0,  t# 0,
A(r(0r)2" (0r)) + brz(0x) = 0.

Here, the coefficient r is a left piecewise continuously differentiable function on
[to, 00) and 7(¢t) > 0 for ¢ > tp; the coefficient c is a left piecewise continuous function
on [tg, 00); the sequence {6} is strictly increasing and satisfies that 6 > ¢y and 6,
tends to oo as k — oo; difference operator A is defined by Ay(0y) = y(0;) —y(6; );
the sequence {d } is a sequence of real numbers. The second part in the equation (1)
is the so-called impulsive effect. Equation (1) is considered to be a model describ-
ing a motion that the movement speed of a mass point changes suddenly due to
some influence.

Many researchers have studied the oscillation problem for self-adjoint differential
equations without impulsive effect,
(2) (r(t)z") + c(t)x = 0.
For example, we can refer to Li [1]. The purpose of this talk is to report on how
the influence is exerted on the oscillation of solutions when adding impulsive effect
to equation (2). Very recently, Sugie and Ishihara [2] gave an oscilation criterion
for equation (1) in the special case that r(t) = 1 for ¢t > .

Our results can be obtained using the ideas of Li [1] in addition to Integral
averaging method and Riccati’s technique. We give an example to show that the
obtained result includes the oscillation criterion in [2].

(1)
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FLOW AND HEAT TRANSFER OF BINGHAM PLASTIC FLUID
OVER A ROTATING DISK WITH VARIABLE THICKNESS

CHUNYAN LIU*, LIANCUN ZHENG, AND PING LIN

In this talk, we consider the steady flow and heat transfer of Bingham plastic
fluid over a rotating disk of finite radius with variable thickness radially in bound-
ary layer. The boundary layer flow is caused by the rotating disk when the extra
stress is greater than the yield stress of the Bingham fluid. The analyses of the
velocity and temperature field related to the variable thickness disk have not been
investigated in current literatures. The governing equations are first simplified
into ordinary differential equations owing to the generalized Von Karman transfor-
mation for seeking solutions easily. Then semi-similarity approximate analytical
solutions are obtained by using the homotopy analysis method (HAM) for different
physical parameters. It is found that the Bingham number clearly influences the
velocity field distribution and the skin friction coefficient C'¢, are nonlinear growth
with respect to the shape parameter m. Additionally, the effects of the involved
parameters (i.e. shape parameter m, variable thickness parameter (3, Reynolds
number Re, and Prandtl number Pr) on velocity and temperature distribution are
investigated and analyzed in detail.
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ARCWISE CONNECTED QUASICONVEX FUNCTIONS AND ITS
APPLICATIONS

KAZUKI SETO* AND DAISHI KUROIWA

The minimax theorem guarantee that the max-min inequality is also an equality.
Minimax theorems apply to the game theory in order for us to find solutions. The
first and the most famous one was given by von Neumann [1] and Sion [2] gave a
generalization of von Neumann’s minimax theorem.

In this talk, we give a generalization of Sion’s minimax theorem in terms of
arcwise connected quasiconvex functions.
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HUMAN AGE PREDICTION BASED ON DNA METHYLATION
USING A GRADIENT BOOSTING REGRESSOR

XINGYAN LI* AND YAN XU

All tissues of organisms will become old as time goes on. Recent studies have
shown that human aging is related to the alteration of DNA methylation in genome
specific locations, and these epigenetic modifications can be used to estimate the
individual age. We analyzed 16 sets of healthy samples and 9 sets of diseased
samples. Six age-related CpG sites were selected through calculating Pearson cor-
relation coefficients between age and DNA methylation values. We built a gradient
boosting regressor model for these age-related CpG sites. 70% of the data was
randomly selected as training data and the other 30% as independent data in each
dataset for 25 runs in total. In the training dataset, the healthy samples showed
that the correlation between predicted age and DNA methylation was 0.97, and the
mean absolute deviation (MAD) was 2.72 years. In the independent dataset, the
MAD was 4.06 years. The proposed model was further tested using the diseased
samples. The MAD was 5.44 years for the training dataset and 7.08 years for the
independent dataset. Furthermore, our model worked well when it was applied to
saliva samples. These results illustrated that the age prediction based on six DNA
methylation markers is very effective using the gradient boosting regressor.
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CONSTRAINT QUALIFICATIONS FOR THE
LAGRANGE-DUALITY OF EXTENDED REAL-VALUED
CONVEX OPTIMIZATION PROBLEMS

HIROYUKI OHTANI*, KOJI OKANO*, AND DAISHI KUROIWA

In this talk, we study the following convex optimization problem:
(P) minimize f(x)
subject to  g;(z) <0,i=1,2,...,m,

and observe the Lagrange duality of the convex optimization problem. The Slater
condition is the most famous constraint qualification for the Lagrange duality and
it works when the contraint functions are extended real-valued in the setting O -
(+00) = 400. Also it is shown that Farkas Minkowski property (FM in short) is a
necessary and sufficient constraint qualification for Lagrange duality in the setting
0 - (+00) = 0 by Goberna, Jeyakumar and Lépez in 2008, however FM does not
contain the Slater condition. The purpose of this talk is to provide a necessary
and sufficient constraint qualification for the Lagrange duality which contains the
Slater condition in the setting 0 - (+00) = 400.
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IGLU-LYS: A PREDICTOR FOR LYSINE GLUTARYLATION
THROUGH AMINO ACID PAIR ORDER FEATURES

YINGXI YANG* AND YAN XU

As one of the new posttranslational modification(PTM), lysine glutarylation has
been identified in both prokaryotic and eukaryotic cells. These glutarylated pro-
teins are involved in various cellular functions such as translation, metabolism and
exhibited diverse subcellular localizations. Experimental identification of lysine
glutarylation sites was in 2014 and also found its deglutarylase sirturn 5(SIRT 5).
Computational prediction of lysine glutarylation could be a complementary way to
the experimental technique. In this work the lysine glutarylation predictor iGlu-Lys
has been developed based on machine learning scheme. We have selected the best
feature scheme which took the amino acid pair order and special-position infor-
mation into account from four constructions. Machine learning algorithm support
vector machine (SVM) has been adopted and its performance has been measured
for different window length of peptides. In the 10-fold cross-validation with window
length 19 the AUC and MCC were 0.8944 and 0.5098, respectively. Different ROC
curves in 6-, 8-, and 10-fold cross-validations were very close which illustrated the
robustness of our predictor. The results of iGLu-Lys were better than the exist-
ing method GlutPred. Meanwhile, a free webserver for iGlu-Lys is accessible at
http://app.aporc.org/iGlu-Lys/.
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CONSTRAINT QUALIFICATIONS FOR A LAGRANGE-TYPE
DUALITY OF EXTENDED REAL-VALUED
DC OPTIMIZATION PROBLEMS

TAKUMI MURAKAMTI*, YUYA SUMIDA*, AND DAISHI KUROIWA

We study the following optimization problem:

(P) minimize  fo(z) — go(x)
subject to  fi(z) — gi(z) <0,i=1,2,...,m,
where fo,g0 : R" = R, f;,g; : R® — RU {400} are convex functions for all i =
1,2,...,m. In the previous result in [?], a constraint qualification for a Lagrange-
type duality of the optimization problem (P) was given when all constraint functions
are real-valued, and the constraint qualification does not work when these functions
are extended real-valued. The purpose of the talk is to give another constraint
qualification for the Lagrange-type duality of the optimization problem (P) whose
constraint functions are extended real-valued in the case 0 - (+00) = +o0.
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