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In this paper, a nonlocal delayed chemostat model of a single species feeding on a
periodically varying input nutrient is proposed. By the theory of semigroup, the existence
and uniqueness of solution of the system are obtained. Furthermore, we investigate a
threshold result on the global dynamics, and the uniform persistence of the system is
established.
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1. Introduction

A chemostat is an apparatus used to study the growth of microorganisms in a
continuous cultured environment in a laboratory. In ecology, the chemostat is a
model of a simple lake, but in chemical engineering, it also serves as a laboratory
model of a bio-reactor used to manufacture products with genetically altered organ-
isms. In more complicated situations, it is used as the starting point for models of
waste water treatment [22] or of the mammalian large intestine [5]. Hence, chemo-
stat models have attracted much attention of both biologists and mathematicians.
Analytic work on the chemostat models can be found in [4] [25] [29] and references
therein. At present, the research on the chemostat model has been generalized in
several directions, including spatial effects in a continuous way (see, e.g., [1, O] [10]),
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the effect of inhibitor or toxin (see e.g. [18, 19} B4]), crowding effects (see e.g. [11]),
periodically varying input nutrient concentration (see, e.g. [30]), delays (see,
e.g. [20) 211 1L B2 36, B7)), etc.

In order to study habitats, such as riverine reservoirs constructed by damming
a river, we first review the flowing-reactor model of the organism which consumes
the single nutrient in a riverine reservoir occupying a simple channel. Assume that
the channel has constant length L. A flow of medium in the channel with velocity
v in the direction of increasing z brings fresh nutrient at concentration R° into the
reactor at the upstream end (z = 0) and carries medium, unutilized nutrient and
organism out of the reactor at the downstream (z = L). Nutrient and organism are
assumed to diffuse throughout the vessel with the same diffusivity . The equations
describing the nutrient concentration R and organism concentration u are then

given below (see, e.g. [I3] or [23] Chap. 8])
OR 0’R OR

E:(Sﬁ—u%—qf(l%)m xz € (0,L), t>0, -
ou 0%u ou .
E—(Sﬁ—u%—uou—l—f(]%)m x€(07L)7 t>0,
with boundary conditions
vR(t,0) — 58—R(t,0) = vRO(t), a—R(z; L) =0,
ox ox
5 5 (1.2)
U U
Vu(t7 0) - (5%(157 0) = 07 %(L L) = 0,
and initial conditions
R(0,z) = Ro(z) >0, u(0,z)=1uo(x) >0, =€ (0,L), (1.3)

where ¢ is the constant nutrient quota for species, ug is the death rate of species.
The nonlinear function f(R) describes the nutrient uptake rate and the growth rate
of the organism u at nutrient concentration R. We assume f(R) satisfies

f(0)=0, f(R)>0, VYR>0, f(-)€C?%0,+o0). (1.4)

An usual example is the Monod function

LR
sy =L YR

where the constants ¢ > 0 and K > 0 are, respectively, the maximum growth rate
and half-saturation coefficient.

If we consider the periodic time dependence in the nutrient concentration to
account for seasonal or daily changes, then the model is more realistic. Based on
this reason, we assume that the nutrient concentration in the medium is maintained
at the periodically varying concentration R (t 4+ w) = R (t) at the up stream
end of the channel (z = 0), where w > 0 is the periodic.
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Furthermore, it is well known that time delays in ecological systems can have a
considerable influence on the qualitative behavior of these systems. It is the purpose
of this paper to propose and analyze a more realistic chemostat model. According
to Droop [3], only the internal nutrient is immediately available for cell growth,
and passage of nutrient from outside to inside the cells introduces inevitable time
delays. Thus, the assumption that the external nutrient supply is instantaneously
converted to biomass is a broad oversimplification and should (at least in part)
account for the inadequacies of the Monod model in a chemostat. Now, we derive
a nonlocal delayed reaction-diffusion-advection chemostat model.

In the organism equation, the delay is often caused by the conversion of con-
sumed nutrient into organism biomass. In order to incorporate the movements of
organism during the assimilation process, we consider an age-structured model.
Let w(t, a,z) be the generalized organism biomass (organism biomass plus nutrient
ingested by the organism that has not yet been assimilated) of class age a, with
a being the time since ingestion. If p(a) denotes the probability that the absorbed
nutrients are completely translated into their own biomass at age a > 0, and con-
version occurs after a fixed delay 7, then p(a) is a step function, i.e., p =0 on [0,7)
and p = 1 on (7,00). Then the microorganism biomass at time ¢ > 0 and location
x can be expressed as

o0

ult, z) = /0 " w(t, 0, 2)p(a)da = / w(t, a,z)da.

Moreover, the generalized biomass density w(t, a, z) satisfies the following partial
differential equation with nonlocal boundary condition:

(% + %) w(t,a,z) = 5(22715 — Vg—’l;) — pow, t>0,a€(0,7), z€(0,L),
w(t,0,z) = f(R(t,x))u(t,x), t>—7, x€(0,L).
(1.5)
The parameters in this system have the same meaning as in (I1I).
Similarly, as in [24] 28], we integrate along characteristics to reduce (L) to one

equation with nonlocal terms. Let ¢(r, a,x) = w(a +r, a, z), where r is regarded as
a parameter. It follows that

d9(r,a,x) 0%¢(r,a, ) oo(r,a, )
94 =4 8{1}2 - v Oz - ,UOQS(Ta a, 1’), (16)

o(r,0,2) = f(R(r,x))u(r, z).

Integrating this equation on (0, L), we have

L
o(r,a,z) = / T(a, z,9) [ (R(r,y))u(r, y)dy,
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where I is the appropriate Greens function or fundamental solution associated with
2
1) % — Va% — po and possibly boundary conditions. Returning to w, one has

L
w(t,a,z) = o(t —a,a,x) = /0 D(a,z,y)f(R(t — a,y))u(t — a,y)dy.

This yields the following integral equation for the microorganisms biomass wu:

00 00 L
u(t,x) = / w(t,a,z)da = / /0 T(a,z,y)f(R(t — a,y))u(t — a,y)dyda.

Set t —a = s. Then

t—1 L
u(t,z) = /_ /0 I(t—s,z,y)f(R(s,y))u(s,y)dyds.

Differentiating the above equation, we obtain

u(t,z)  0%ult,x) ou(t, x)
ot =9 a2 oz ~ Hoult, z)

L
+ / T(r,2, ) f (R( — 7, 9))ut — 7. 5)dy.
0

Therefore, we obtain the following time-delayed reaction-diffusion-advection chemo-
stat model with periodically varying input nutrient concentration:

2
e T t>0, ze(0,L),

A
ot O Ox Hot

L
+/ F(T,J),y)f(R(t - Tay))u(t - Tay)dyv t> Oa T e (O7L)7
0

OR OR
VvR(t,0) 68:5 (t,0) = vR"W(¢t), pe (t,L)=0, t>0,
ou ou
l/u(t,()) - 58—x(t, O) = O, a—x(t,L) = O, t> O,
R(s,z) = Ro(s,z) >0, u(s,z) =wug(s,z) >0, se[-7,0], € (0,L),

(1.7)

where R(t,x) and u(t, z) denote the concentrations of the nutrient and the microor-
ganism at time ¢ and position z; the constants § > 0 and v > 0 are the diffusion
coefficient and advection coefficient, respectively; 7 > 0 is the time delay. The inflow
nutrient concentration R(°)(¢) satisfies

(H) RO(.) € C?*((—1,),R), RO(t) > # 0 and RO (t + w) = RO () for some
w > 0.
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The purpose of this paper is to study the global dynamics of system (7) and
the rest of this paper is organized as follows. In Sec. 2] we first present some pre-
liminaries, then investigate the existence and uniqueness of the global solution of
system (7). In Sec. [3, we obtain a threshold-type result on the global dynamics
of system (). Finally, we give a brief discussion of this paper in Sec. Hl

2. Existence and Uniqueness of Solution

Let X = C([0,L],R?) be the Banach space with the usual supremum norm
| - [lx. Then X* = C([0,L],R%) is the positive cone of X. For 7 > 0, define
Cr = C([-,0],X) with the norm || ¢| = maxge[—r,0) [|¢(0)|lx, V¢ € Cr. Then C isa
Banach space and C; = C([—7, 0], XT) is the positive cone of C-. Denote the inclu-
sion X — C; by u — @, a(f) = u, € [—7,0]. Given a function u(t) : [-7,0) — X
(o > 0), define u; € C; by w,(6) =u(t+90), 6 € [—7,0].

The idea is to view system (7)) as the abstract ordinary differential equation
in XT and the so-called mild solutions can be obtained for any given initial data.
Let T'(t) be the positive, non-expansive, analytic semigroup on C([0, L], R) (see,
e.g. [23] Chap. 7]) such that z = T'(t)z satisfies the linear initial value problem

0z 0%z 0z
Ezaﬁ_ya_x’ t>0, 0<ax<L,
0z 0z _ (2.1)
Vz(t,O)—da—x(t,O)— %(t,L)—O, t >0,
z(0,2) = zo(x), 0<z<L.

Let V(¢,s)(t > s) be the evolution operator on C([0, L],R) (see, e.g. [7, Chap. II})
such that v = V/(¢, s)vg satisfies the linear system with nonhomogeneous, periodic
boundary conditions, with start time s, given by

ov 0 ov
o _5_8x2_y_8x’ t>s, O0<x<lL,
ov ov (2.2)
R = oR\© - =
vo(t,0) 58.’1,' (t,0) = vR™W(1), o (t,L)=0, t>s,
v(s,x) = vo(x), 0<z<L.

Due to the time periodicity of the inhomogeneity in the boundary condition,
RO(t +w) = RO(t), it follows from [2, Lemma 6.1] that

Vit +w,s+w)=V(ts), Vit>s.
Define F = (Fy, Fy) : CF — CF by
Fi(¢1,¢2)(x) = —qf(41(0,2))¢2(0, 2),

L
Fo(é1, o) () = / T(r,2,9) (61 (—7.1))bo(—7, y)dy,
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where z € [0, L], ¢ = (¢1,¢2) € Cf. Set u = (R,u), then
R(t) = V(t,0)Ry +/ T(t — s)Fi(u(s))ds,
0
u(t) = e MU (t)ug —l—/o e P =T (1 — 5)Fy(u(s))ds.

Therefore, system (7)) can be expressed as

u(t) = U(t,0)6(0) + /Ot T(t — s)F(u(s))ds, t>0, ¢ €CT,

V(t,s) 0
U(t,5)=< 0 e—m(t—s>T(t—s)>

T(t—s) 0
T(t—s)= ( 0 - S)).

where

and

To show the global existence of solutions of (7)), we first consider the following
differential equation:

OR(t, x) 5621% OR

— —

t>0, O<z<L,

2 )
ot an ox A (2.3)
. OR OR
_ — ,p0) i —
vR(t,0) — 0 D (t,0) = vR™(¢t), o (t,L)=0, t>0.

The following result is concerned with the dynamics of ([Z3]).

Lemma 2.1 ([26, Proposition 2.1]). System Z3) admits a unique positive w-
periodic solution R*(t,x), and for any Ro(x) € C([0,L],R), the unique solution
R(t,x) of @3) with R(0,xz) = Ro(x) satisfies

Jim (R(t,z) — R*(t,z)) = 0,
uniformly for x € [0, L].
The following result shows that solutions of system (7)) exist globally on [0, 00).

Theorem 2.2. For every initial data ¢ € C}, system ([[LZ) has a unique solution
u(t, @) on [0,00) with ug = ¢. Furthermore, system (7)) generates an w-periodic
semiflow ®; = w () : CF — CF, ice. ®(d)(s,2) = u(t + s,7;9),V9 € CF,
t>0,s€[—7,0],z€0,L], and ®; has a global compact attractor in C.

Proof. First, we show the local existence of the unique mild solution. Clearly, F
is locally Lipschitz continuous. In view of (L), there exists M > 0 such that

1950065-6
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0< f(R)< MR,VR > 0. For any ¢ € C and h > 0, we have

¢1 (O’ ‘r) + h[_Qf(¢1 (Oa x))¢2(07 J))]

¢(0,z) + hF(¢)(x) = "
(0, ) (¢)(x) ¢ﬂQ$W+hA L(r, 2, ) f(¢1(=7, ) b2 (—7,y)dy

><%@@U—MM@@@}
B (}52(0,1‘)

The above inequality implies that ¢(0,z) + hF(¢)(z) € XT if h is sufficiently
small. Therefore,

), t>0,2z€(0,L).

hlirg+ %dist(¢(0, )+ hF(¢),XT) =0, VeeC. (2.4)
By [17, Corollary 4], it then follows that for every ¢ € CF, system (7)) has a unique
noncontinuable mild solution u(t, z; ¢) with ug(-,;¢) = ¢ and u(t,-;¢) € Xt for
any t on its maximal interval of existence [0, 0y), where o4 < co. Moreover, by the
analyticity of U(t, s),s,t € R, s < t, u(t,x; ¢) is a classical solution of (ILZ) when
t>T.

Next, we use similar arguments to those in [27) Theorem 2.1] to prove the
ultimate boundedness of solutions. Note that the first equation in (I7) is dominated
by ([23), and it follows from Lemma [ZT] that 23] admits a unique positive w-
periodic solution R*(¢,z) which is globally asymptotically stable in C([0, L], R),
the parabolic comparison theorem implies that R(¢, x) is bounded on [0, o). Then
there is a constant By > 0 such that for any ¢ € C;, there exists a positive integer
Iy = l1(¢) > 0 satistying R(t,z;¢) < B; for all t > lyw and z € [0, L].

For any given ¢ € CF, let (R(t,z),u(t,x)) := (R(t, ¢)(x),u(t,¢)(z)),t > 0,

€ (0,L). Set

L L
R(t) = / R(t,x)dx, u(t) = / u(t,z)dx.
0 0
Integrating the first equation of (7)) on (0, L), by Greens formula, we obtain
drR (" ( R OR
0

L
P 6W - Va_x> dx — q/o F(R(t, x))u(t, z)dx

_ (52—]; _ VR) (t,L) — (5‘3—5 — VR) (t,0) — q/OL f(R(E, z))u(t, x)dx

L
=vRO(t) —vR(t,L) — q /0 F(R(t, 2))u(t, z)dx

L
<vRO(1) — ¢ / FR(t, 2)ult, 2)dr, 1> 0,
0
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i.e.

dR

’ dr < L [yR©
/0 F(R(t,x))u(t, z)dx < p [UR (t) — %} t>0.

By the property of the fundamental solutions, there exists ko > 0 such that

L L
A erJAﬂR@—rw»wt—nyMySkgé FR(E— 7, 9))ult — 7, y)dy

dR(t — )
dt ’

< %0 [VR<0> (t—7)—

Integrating the second equation of (7)) on (0, L) yields
du Ly 9% ou L
& §S 2 ) de — t,a)d
[ () [
L /L
[ [ D) R )t - r)dyda
o Jo

L L
= —vu(t, L) — pou(t) + /0 /0 D(r,z,y) f(R(t — 7,y))u(t — 7,y)dydz,

ko [F dR(t —
q Jo dt
L > J—
< —pou(t) + @/ |:VR(0)(t —7)— M} de
q Jo dt
= —pou(t) + %L [uR@) (t—7)— %}
< —poti(t) + ki —kzw7 t>lhw+T,

where ki = koLv - max,c(,, {R”(t — 7)}/q and ks = koL /q.
On the other hand, since

dz(tt) _ d[e#; ta(t)} _ et

e#ot

then

d[euOta(t)} < kleﬁ«ot _ kzeuot dR(t — T)

> . .
i 7 , t>lhw+T (2.5)

Integrating (28] by parts over [lw + 7,t], we can find a positive number k3, inde-
pendent of ¢, and a positive number k4 = k4(¢), dependent on ¢, such that

a(t) < ky(p)e Mot 4 k3, t>lhw+T

1950065-8
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Since I'(7, -, +) and R(-,-) are bounded, it follows from the second equation in (7))
that

ou(t,z) 0% ou L
ot " Ogm Vop ~Hoult) +/0 L(7,z,y)f(R(t — 7,y))u(t — 7, y)dy
u Ou L
< 5= _ 27 _ _
< 58332 Vo pou(t, x) +M1/0 u(t —7,y)dy
%u  Ou _
= 5@ —v pou(t,x) + Mya(t — 1),

with some constant M; > 0. By the standard parabolic comparison theorem, there
exists a positive number Bs, independent of the initial value ¢, and ly = l2(¢) >
11(¢) such that u(t,z;¢) < By for any t > low + 7 and z € [0, L]. Therefore, we
have o, = oo for each ¢ € C;.

Define the solution semiflow ®; = w(-) : CF — CF, t > 0. It is easy to
see that {®;}¢>¢ is an w-periodic semiflow on C. By the above arguments, we
conclude that @, : Cf — C; is point dissipative. Moreover, ®;, : Cf — CF
is compact for each ¢ > 7 by [33, Theorem 2.2.6]. Then, by [6, Theorem 3.4.8],
D, =u(-) : CF — CF,t >0 has a global compact attractor. O

3. Global Dynamics

In this section, we study the global dynamics of system (I.7). Note that system (7))
reduces to (23] for R = R when u = 0, it then follows from Lemma 1] that
(R*(t,x),0) is an w-periodic solution of system (L7). Linearizing system (7)) at
(R*(t,x),0), we obtain the following linear system:

05 b5 05
ot Ox? Ox Ho

L
+/ F(T,Ji,y)f(R*(t - Tay))S(t -7, y)dy7 t> Oa T e (O7L)7
0

S S
5= = vRO = =
vS(0) 652 (1,0) = vRO(W), (L) =0,  t>0,
S(S,Jf) = @(Sa‘r)a s € [_T7 0]7 US (O7L)
(3.1)

Let Y = C([0, L], R) and Y* = C([0, L], R"). For 7 > 0, define & = C([-7,0],Y)
with the norm [|¢|| = maxge(_rq) [|9(0) |y, Vo € €, and ET = C([—7,0],YT). Then
(E,ET) is a strongly ordered Banach space. By similar arguments as [12, Sec. B,
it follows that for any ¢ € £T, system (B]) has a unique mild solution S(t,z;¢)
with So(-, ;) = ¢ and S;(+, ;) € ET for all t > 0. Moreover, S(t, x; ) is a classic
solution when ¢ > 7 and the comparison theorem holds for (31I).

1950065-9
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Define the Poincaré map of 31) P : € — & by P(p) = S,(p) for all p € &,
where S, (9)(s,2) = S(w + s,z;¢) for all (s,x) € [-7,0] x [0, L], and S(t,x; ) is
the solution of BI) with S(s,z) = ¢(s, ). By similar arguments to [12] Sec. Bl,
we can show that S(¢,z;p) > 0 for t > 7,2 € [0, L], € ET with ¢ # 0, and hence
Si(+, ;) is strongly positive for ¢ > 27. Moreover, S(+,; ) is compact on ET for
all ¢ > 7. Thus there exists an integer ng > %T, such that P" = S, is compact
and strongly positive. Let rqg = r(P) be the spectral radius of P. It follows from
[14, Lemma 3.1] that ro > 0 is a simple eigenvalue of P having a strong positive
eigenvector ¢ € Int(£1), and the modulus of any other eigenvalue is less than 7.

Lemma 3.1. Let A\ = —%ln ro. Then there exists a positive w-periodic function
v(t, ) such that e uv(t, x) is a solution of ([BI).

Proof. By the definitions of rp and ¢, we have Pp = ro¢. Let S(t,z;¢) be the
solution of () with S(s,x) = ¢(s, =) for all (s,z) € [~7,0] x (0, L). Since ¢ > 0,
then S(-, ;) > 0. Let A\ = —%hl’l“o and v(t,z) = eMS(t,z;¢) for all t > —7,x €
(0,L). Then ro = e~ and v(t,z) > 0 for all t > —7, 2 € (0, L). Moreover,

ou(t,x) 4, 05(t, x; )
a ¢ at

o l(;a?sa,x;qb) 0S(t, 73 )

+ XeMS(t, 3 p)

L —
+ / T(r,2,9) f(R*(t — 7,9))S(t — 7.9 )y | + Mot z)

_0%u(t, @) ovu(t, x)
=0 e Rl G — pov(t, x)

L
L / T(ra,y) F(RY( — 7 y))olt — 7 y)dy + Mot ),
0

for all (¢,z) € (0,00) x (0, L). Thus, v(t, z) is a solution of the following w-periodic
equation:

du(t,z) 9% ov W [F
ot —5@—Va—x—ﬂov+e /0 D(r,z,y)
x f(R*(t — 1, y))v(t — 7,y)dy + v, t>0, ze(0,L),
ov ov
m}(t,O)—éa—x(t,O):8—x(t,L):O, t>0,
v(s,x) = eMo(s,z), s € [-7,0], z€(0,L).
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For any 6 € [-7,0], z € (0, L), we have
v(w+0,2) = AT P§) (0, 2) = AT L rop(0,2) = M50, x5 0) = v(h, x).

Therefore, v (6, ) = v, (0, -) for all € [—7, 0], and hence, the existence and unique-
ness of solutions of (2) imply that v(t,z) = v(t + w,z),¥t > —7,2 € (0,L),
i.e. v(t,x) is an w-periodic solution of (BZ). Clearly, e *uv(t,2) is a solution

of B&I). |

Before proving the main result on the threshold dynamics of system (7)), we
need the following lemma.

Lemma 3.2. Suppose (R(t,z;¢),u(t,z;¢)) is the solution of system (L) with
initial data ¢ = (Ro,uo) € C.

(i) If there exists some tog > 0 such that u(to,-;¢) £ 0, then u(t,z;¢) > 0 for all
t >ty and x € [0, L];
(i) For any ¢ € CF, we have R(t,;¢) > 0,Vt > 0 and

T

liminf R(¢, x; ¢) > n,
t—o0
uniformly for x € [0, L], where n is a positive constant.

Proof. From Theorem 22 and the second equation of (L), it is easy to see that
u(t, x; ¢) satisfies

ou(t, ) < 0%u ou

ot 75@—V%—/1,0u7 t>0, x€(07L)7
vult,0) — 5%@70) - %(t,L) —0, t>0.

If u(to,;¢) £ 0 for some ¢y > 0, it then follows from the parabolic maximum
principle that u(t, z; ¢) > 0 for all ¢ > ¢g,x € [0, L]. Thus, part (i) holds.

By Theorem P.2 there is a constant B > 0 such that u(t,x) < B for t > 0 and
z € [0, L]. In view of (I4), there exists M > 0 such that 0 < f(R) < MR, VR > 0.
Set d := gBM. Let v(t,z;¢) be the solution of

ou(t,z) 9% v

T—dw—ya—x—éhh t>0, xE(O,L),

w(t,0)— 622(t.0) = vROW), L) =0, t>0 (3:3)
) 8:I: ) ) 8:I: ) ) )

v(0,x) = ¢1(0, ), x € (0,L).

By similar arguments to [26] Proposition 2.1], we can show that system B3] admits
a unique positive w-periodic solution v*(¢, ) which is globally attractive in Y.
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In view of the comparison principle, it follows that
R(t,z;¢) > v(t,z;¢1), t>0, x €][0,L].
Furthermore, by the maximum principle, we have

liminf R(t, z;¢) > inf (¢, iformly f € [0, L],
im in (t,x; 9) te[o,u}]r,lme[o,L]v( x) uniformly for x € [0, L]

where v*(, ) is the unique positive w-periodic solution of ([B3). Thus, part (ii) is
proved. O

Theorem 3.3. Let (R(t,x;¢),u(t,x;¢)) be the solution of ([LA) with the initial
data ¢ = (Ro,ug) € C. Then the following statements hold:

(i) Ifro <1, then
lim (R(t,z;¢) — R*(t,x)) =0 and lim u(t,x) =0

t—o00 t—o00

uniformly for x € [0, L], where R*(t,x) is defined in Lemma 2.1}
(ii) If ro > 1, then system ([IZ0) admits at least one positive w-periodic solution

(R(t,z),u(t,x)), and there exists ( > 0 such that for any ¢ € C} with ug(0,-) #
0, we have

lim inf(R(t, z; ¢), u(t, z; 6)) > (¢, C)

uniformly for all x € [0, L].

Proof. (i) In the case where ro < 1, we have A = —11Inrg > 0 by Lemma B
Consider the following system with parameter € > 0:

e u.  Oue B
82& _681’2 _Vax _/J’Oue"'/o F(Tvxay)

Xf(R*(t_Tay>+E)u6(t_7ay)dy7 t>0a T e (O7L)7

Oue _ Oue B
VUe(tO)—(Sa—x(t’O)—a—x(t’L)—O, t>0,
ue(s, ) = ¢(s, x), s € [-71,0], z€(0,L).

(3.4)

Define the Poincaré map of (34) P. : £ — & by Pe(¢) = uew(p) for ¢ € €, where
Ue,w(9)(8,2) = uc(w+s,x;9),Y(s,z) € [-7,0]x [0, L], and u.(t, x; ¢) is the solution
of B4) with uc(s,x) = p(s,x) for (s,z) € [-7,0] x (0,L). Let 7. = r(P:) be the
spectral radius of P,. Thus, we can conclude from ry < 1 that there exists a sufficient
small positive number €; such that r. < 1 for all € € [0,¢€1). Fix € € (0, €1), we have
Ae = —% Inr. > 0.In view of Lemmal31] there exists an w-periodic function v} (¢, x)
such that u.(t,z) = e *<*v?(t,x) is a solution of ([Bd). In particular, v*(¢,z) > 0

for any ¢t € R and z € [0, L].
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Note that R(t, ) satisfies

2
OR(t,x) < 68 R(t,x) _1/8]%(15736)7 150, ze(0,L),
ot 0x? ox (3.5)
OR OR '
_ _ (0) il =
vR(t,0) — 0 e (t,0) = vR"Y(¢), 5 (t,L) =0, t>0.

By the parabolic comparison principle and Lemma [ZT] it follows that there exists
an integer k > 0 such that R(t,x;¢) < R*(t,x) + €, Vt > kw, x € [0,L], € > 0.
Therefore, for t > kw, we have

2 L
8—u<5a—u—ya—u—uou+/ I(r,z,y)
xr xr 0

ot —  0Ox? 0
X f(R*(t - Tay) + E)U(t - Tay)dyv t Z kw7 T € (O’ L)a (36)
ou ou
_ 5= [E—— = > .
vu(t,0) 58.’1,' (t,0) o (t,L) =0, t > kw

Given ¢ € CF, since u(t,z; ¢) is globally bounded, then there exists some o > 0
such that u(t,x;¢) < ae ' (t,x), Vt € [kw,kw + 7],7 € [0, L]. Therefore, the
comparison theorem for abstract functional differential equation [17, Proposition
3] can be applied to (3.6) and [@4) to obtain u(t,z;¢) < ae ! (t,x), Vt >
kw + 7, which implies lim; .. u(t,z;¢) = 0 uniformly for z € [0,L] due to
Ae > 0. Therefore, the equation for R in system (.7) is asymptotic to the fol-
lowing equation:

on_ PR oR
ot Ox? oz’

OR
_ 5 — (0)
VR(t,0) = §5(t,0) = vRO)(¢),

OR
(L) =0, t>0.
Lemma 2] implies that R*(¢,z) is a global attractive solution of ([3.7). Next, we
show that limy_..c R(t,2z;¢) = R*(¢,z) uniformly for x € [0, L] by the theory of
internally chain transitive sets (see, e.g. [8| 33] B8]).

Let P = @, : C}f — CI be the Poincaré map of (L), and J = @(¢) be the
omega limit set of ¢ € CF for P, i.e.

J= {((b’{,(;ﬁ;) € O : 3{ni} — oo such that kli_}rgO P (g1, p2) = ((b’{,gzﬁ;)} .

By [Bl Lemma 2.1] (or see [38 Lemma 1.2.1]), it follows that J is a compact,
invariant and internally chain transitive set for P. Since tlim u(t, z; ¢) = 0 uniformly

for x € [0, L], then there exists a set .J; C £ such that J = J; x {0}. By Lemma
B2 we have 0 & J;.
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For any ¢ € &7, let R(t,x;(0,-)) be the solution of (B7) with initial value
R(0,2) = ¢(0, x). Define

R(t+0,2z;0(0), t+60>0,t>0,0¢c[—7,0],

Rt(97x; %0) =
p(t+6,x), t+60<0,t>0,0c[-7,0]

Then R; defines a solution semiflow of (377) on €. Let P = R,,(¢). It then follows
from Lemma 2.1] that &(p) = {R§}, where @(p) denotes the omega limit set for
P, and R} € £ is defined by R%(6,-) = R*(6,-) for § € [—7,0]. Since P(J) = J
and u(t, z; (Ro,0)) = 0, we have P(J) = P(J;) x {0} = J; x {0}, and hence,
]5(J1) = J;. Consequently, J; is an internally chain transitive set for P. According
to Lemma 211 and above discussion, we know that {R{} is globally attractive in

E*. Tt then follows from [§, Theorem 3.1] that J; = {R;}. Thus, J = {(Rg,0)}. By
the definition of J, we have

lim [|(R(t, 5 ¢), u(t, ; ¢)) — (R*(,-),0) = 0.

t—00
(i) In the case where 79 > 1, we have A = — 2 Inrg < 0. Let
Wy = {(Ro,u) € CF :ug #0} and
OW = CH\Wy = {(Ro,uo) € C : ug = 0}.
By LemmaBZ] we have u(t, z; ¢) > 0 for any ¢ € Wy, ¢t > 0 and = € [0, L]. It follows
that ®F(Wo) C Wo, ¥k € N. Let My = {¢ € OW, : ®k(g) € W, Vk € N}

and J(¢) be the omega limit set of the orbit v (¢) = {®k(4) : Vk € N}. Set

M = (Ry,0). For any given ¢ € My, we have ®F(¢) € OW,,VEk € N. Thus
u(t,;¢) = 0,Vt > 0. Therefore, it follows from Lemma 2l that lim; o || R(t, -;
¢) — R*(t,)|| = 0. Thus, we have J(¢) = {M} for any ¢ € M.

Consider the following system:

our(t,z)  0*ul(t,x) ouP(t, x) o /L
5 =0 52 v D wou? (t, z) + ; (1, 2,y)
X f(R*(t - T7y) - p)up(t - T7y)dy7 t> 07 HAIS (OvL)a (3 8)
uu”—éw(tO)—%(tL)—O t>0 |
8‘1: b - 8‘1: b - b )
up(57x) = @(Sa‘r)a ERS [_Tv O]a T € [OvL]

Define the Poincaré map of B8) P, : € — & by P,(¢) = ul(p), where
uf (¢)(s,x) = uP(w + s,x;¢) for (s,z) € [—7,0] x [0,L], and uP(t,x;p) is the
solution of (BR) with u”(s,z) = (s, z) for all s € [—7,0],z € [0, L]. Since ro > 1,
there exists a sufficiently small positive number p; such that r, = r(P,) > 1 for all
p € [0, p1), where r(P,) is the spectral radius of P,. Fix a p € (0, p1). By the con-
tinuous dependence of solutions on the initial value, there exists py € (0, p1) such
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that
|(R(t,7;0),u(t,z;9)) — (R*(t»x)70)| <p, Vte [O»WL T < [07L] (3.9)

if |p(s,x) — (R*(s,x),0)| < po,¥s € [-7,0],z € [0, L]. We now prove the following
claim.

Claim. M is a uniform weak repeller for Wq in the sense that

limsup |05(¢) — M| > po, V6 € Wo.
k—o0
Suppose by contradiction, there exists ¢g € Wy such that
lim sup || @ (¢0) — M| < po.

k—oo

Then there exists kg € N such that |R(kw + s, x;¢0) — R*(kw + s,2)| < po and
|u(kw + s, 25 ¢0)| < po for all k > ko, s € [-7,0] and x € [0, L]. It follows from (B1)
that R(t,x;¢o) > R*(t,x) — p and

0 < u(t, x; ¢0) < p, (3.10)

for any ¢t > kow and x € [0, L]. Then u(t, x; ¢o) satisfies

ou(t, ) O?u(t,z) ou(t, ) L
at Z ) (9332 -V 833 - Mou(tv Jf) + /0 F(Ta &€, y)

X f(R*(t = 1,y) — p)u(t — T,y)dy, t> (ko+ 1w, =€ (0,L),

vu(t,0) — 9

(3.11)

Let ¢ € & be the positive eigenfunction of P, associated with r; and \; =
—LInr; < 0. Since u(t,z;¢9) > 0 for all t > 7, z € [0, L], then there exists a
& > 0 such that

u((ko + 1w + s,2;¢0) > £@(s,x), Vse[-7,0], z€]0,L].
It follows from (FIIl) and the comparison principle that
u(t,z;¢0) > Eul (t — (ko + Dw,x;¢) YVt > (ko + 1w, x € [0, L].
Therefore, we have
u(ke, 536) = EuP((k — ko — 1w, 23 9)
= &(rp) PR D5(0,2) — +oo  as k — +oo,

which is a contradiction to (BI0).

By the above claim, M is an isolated invariant set for ®,, in Wy, and W* (M) N
W = (), where W9 (M) is the stable set of M. By the acyclicity theorem on uniform
persistence for maps (see, e.g. [B8) Theorem 1.3.1 and Remark 1.3.1]), we have that
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®,, : CF — CF is uniformly persistent with respect to (Wo, W), i.e. there exists
a ¢ > 0 such that

hkminfd(cb’;;(qs),awo) >, Vo e Wy

It then follows from [38, Theorem 3.1.1] that the periodic semiflow ®, : C;t — C}F
is also uniformly persistent with respect to (Wg,dW)). Since P™ is compact,
where ng = min{n € N,nw > 27}, it follows from Theorem 4.5] with p(z) =
d(x,0Wy) that P : Wy — W has a global attractor Ay and system ([[7]) has an
w-periodic solution (R(t,-),a(t,-)) with (Rs(-)(-),@:(-)(-)) € W.

In order to prove the practice uniform persistence, we use the arguments similar
to [15} Theorem 4.1] or [35, Theorem 4.3]. Define a continuous function p : Cf —
[0, 00) by

p(¢) == min ¢2(0,x), Vo= (d1,¢2) € Cj

z€[0,L]

Since A9 = P(Ag) = &, (Ag), we have that ¢2(0,-) > 0 for all ¢ € Ag. Let
Bo := Uye(o,) Pt(Ao). It then follows that By € Wo and limy oo d(®¢(¢), Bo) = 0
for all ¢ € Wy. Since By is a compact subset of Wy, we have mingep, p(¢) > 0.
Thus, there exists a ¢* > 0 such that liminf; o u(t,-;¢) > ¢*. Furthermore, in
view of Lemma[32], there exists a 0 < ¢ < ¢* such that

lltl'E)})l;lf(R(t, B ¢)7 u(t7 ) (b)) Z (C7 C)v V(b € W07

that is, the persistence statement in (ii) is proved. This completes the proof. O

4. Discussion

In this paper, we study an unstirred chemostat model of a single species consuming
single resource, where the input concentration of nutrient is time-dependent func-
tion reflecting the seasonal or daily changes, and time delay in the growth response
accounts for time which laps between uptake of nutrient and the assimilation of
nutrient into viable biomass. For system (7)) modeling the dynamics of single
population, we first investigate the existence and uniqueness of solution by appeal-
ing to the theory of semigroup, then establish a threshold type result on the global
dynamics in terms of the principal eigenvalue of the Poincaré map. The results have
enriched the theoretical study of chemostat model to some extent.

The chemostat plays an important role in bioprocessing, such as ecology, micro-
biology, chemical engineering, and so forth. The model that we propose and analyze
here may be quite naturally exposed in many real-world phenomena, for instance, in
chemostats simplest form, the system approximates conditions for plankton growth
in lakes with limiting nutrient. The influence of seasonal change and time delay
on plankton growth is obvious, so it is necessary to consider these factors. Note
that mixed microbial cultures are very common, then it is natural to model and
study the microbial competition for limiting nutrients. We will consider two-species
competition chemostat model with time delay as our further work.
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Abstract: In recent years, the common solution of pell equations is a hot field in indefinite equations. For
example, the equations 1) mentioned in the paper. However, due to the diverse forms of such equations,
many scholars have done more studies on the smaller values of k and m, and the main conclusions are
focused on the estimation of solutions under some special forms of D1 and the specific values of D. So there
is a lot of room for studying these kinds of equations. In this paper, we studied the common solution of the
system of indefinite equations 2) mentioned in this paper by using the elementary method and the
recursive property of solution sequence. If D is the case in this paper, the common solution of the equations
is given.

Key words: The system of indefinite equations, pell equation, integer solution, common solution, odd
prime.

1. Introduction

The Diophantine equation is the oldest branch in number theory, whose content is extremely abundant,
and it has close connections with the algebraic number theory, the algebraic geometry, the combinatorics
and so on. In the recent 30 years, this field also has developed too much. In such fields as the information
encoding theory, the algebraic number theory and the diophantine analysis theory, many types of the
results of higher diophantine equation are used, which make it necessary for us to study some basic types
of the solutions of higher diophantine equation. We are familiar to study some basic types of the simple
diophantine equation and quadratic diophantine equation, while with the solution of higher diophantine
equation, there is no general conclusion, so it needs further discussing.

The Diophantine equation not only developed actively itself, but also was apply to else fields of
Discerete Mathematics. It plays an important role in people’s study and research to solve the actual
problems. So many researchers study the Diophantine equation extensively and highly in the domestic and
abroad. Along with the development of the Diophantine equation, Algebraic Number Theory obtained the
first formation and developments. Currently, Algebracic Number Theory has become a branch of
mathematics with abundant contents, is also an important tool of studying of the Diophantine equation.

In recent years, the common solution of pell equations

2_D 2:k
{X Y »

y>*—Dz’=m
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is a hot field in indefinite equations. The main conclusions are as follows:
1) When k=1 and m=1,
the research results of the system focus on the scope and estimation of the solution, and the main
conclusions are shown in [1], [2].
2) When k=1 and m=4,
a) If D, =2, for the solution of the system, the main conclusion is shown in [3]-[10];
b) If D, =6,itisshownin [11]-[15];
c) If D,=10,itis shown in the main conclusion [16].
d) If D,=12,itis shown in the main conclusion [17]-[19].
e) If D,=30,itis shown in the main conclusion [20].
3) When k=1 and m=25,
a) If D,=23, the situation of the system is discussed in [21].
However, the pell equations
2 2
{xz - k(k2+1)y =k (ke N)
y°—Dz° =4

is one of the kind of the equations (1). When k=2, it is shown in [11]-[15], when k=3, it is shown in the main
conclusion [17]-[19]. In this paper, we deal with the case of k=4, namely

x2—-20y% =1
{ y @

y?—Dz’ =4
And the following conclusions are obtained:
4 )

Theorem If D=2'p%p,“p/p,“, where ;=0 or 1,p,(1<s<4) are distinct odd primes, t is a

positive integer, and the solution of the indefinite system (1) is as follows:
a) D=2X7X23,the system (2) has non-trivial solutions (x, y, z)=(+2889, +646,136);
b) D=23X7X23, the system (2) has non-trivial solutions (x, y, z)=(+2889, +646,118);
c) D=25X7X23, the system (2) has non-trivial solutions (x, y, z)=(+2889, +646,%9).
d) When t#13,5, the system (2) only has trivial solutions (x, y, z) =(+9, +2,0).

2. Preliminaries

Lemma 1 [18] If p is an odd prime number, then the diophantine equation x*-py?=1 has no other positive
integer solution except p=5, x=3, y=4 and p=29, x=99, y=1820.

Lemma 2 [18] If g is a square number and a >1, the equation ax* —by2 =1 has only one positive
integer solution.

Lemma 3 [18] If D is a non-square positive integer, then x* — Dy“ =1 has at most two positive integer

solutions. And the sufficient and necessary condition for the equation to have two groups of solutions is that
D=1785 or D=28560, or that 2xo and 2y, are squares, where (xo, yo) is the fundamental solution of the
equation.

Lemma 4 If x,, y, is any integer solution of Pell equation x2-104y2=1, then x,, y» has the following
properties:
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(I) yn2 -4= yn—lyn+1
(“) y2n :anyn'XZnZZan _1’
(my x,,, =9x, +40y,,y,, =2x,+9y,,

Xpi2 = 18X = Xo0 Yoo =18Y0s = Vi
X% =1Lx=5 Yy, =0y,=2%
(IV)(XnIyn):]"(xnlxnﬂ):l’(yniyn+1):2;
(V) X,, =%1(mod9), y,, =0(mod9);
Yo =0(mod9), y,,,, =+2(mod9);
Yon EO(mod4), Yonua = 2(m0d4)'

Lemma 5 If ( x1, y1) is the fundamental solution of Pell equation x2-20y2=1, and all integer solutions are
(xn, ¥n),n €Z. For any (xy, yn),it has the following properties:
a) xpissquare if and only if n=0;

b) X issquareifandonlyifn=%1;

B
c) Yo issquare ifand only if n=0, 1.
2

3. Proof of Theorem

Proof: Since the fundamental solution of Pell equation x2-20y2=1 is (%, ¥,)=(9,2), all integer solutions of

pell equation are X, + yn\/ﬁ = (9+ 2@)n .neZ Thus:

If (x, Y, Z):(an Vi, z) is the integer solution to (2), thenwn ez,
yi-4=y? —4(xn2 —20yn2) =81y,” —4x.* =(9y, +2x,)(9Y, = 2%, ) = Ynu1¥ns (3)

By(2) Dz°=y?*—4
Then

DZZ = yn+l yn—l (4)

casel Let n be odd, might as welln=2m —1,(m € Z), At this point, equation (4) becomes:

Dzz = yn—lyn+l = y2m—2 y2m = 4Xm—1ym—lxm ym (5)

casel.1Let m be odd, mightaswell m= ZF,(I‘ € N*), At this point, equation (5) becomes:

2
Dz° = 4%, 1Yar 1% Yor = 8% 1Yar 1 Xer X Ve (6)

case 1.1.1 Let r be odd, mightas well r=2u-1(ueZ), Atthispoint, equation (5) becomes:
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DZ=8 %5 % 3% o 3 (7)

X X . .
From lemma 5, 241 45,3’)/22“,1,)/4;,3,)(4”_2 are two relatively prime, and Yas Yas are odd,
2 2
x, X1 Xws are odd, namely Xew1 X¥ws Yaus Yas o are two relatively odd prime.
4u-2" 9 ! 9 9 ’ 9 ' 2 ’ 2 y Nqu—2

X X
From lemma 5, that, if and only if u=0, 1, %is a square, and if and only if u=1, —2=2

is a square; For

y2u—1 y4u—3
)

any 1 €7, x4u-2, Yaua it's not a square number. If and only if u=1, all are a square number. So if

2

X X -
u+0,1, ~2ud T4u-3 Yous Yaus , X,,_, does not equal 0,1, it's not a square number.

9 9 2 2
When u=0, equation (7) is

D =25.9%.x, .. Y3 8
29 2 ®)

However, X, =161=7x 23,% = ¥=3x107,% = 6i26 =17x19

Therefore, the right hand side of (8) contains six different odd prime Numbers, so formula (8) does not
hold, and the system (2) has no solution.
Whenu =1,

Dz’ = 8% Y, %,%,Y,; =23><92><22><161=25><34><7><23=2><7x23><(22><32)2 :23><7><23x(2><32)2 =2°xTx23x3"

So when D=2x7x23, the system (2) has a nontrivial solutions (x, y, z) = (£2889,£646,£36); D=23x7x23,
(2) has a nontrivial solution (x, y, z) = (22889, 646,1-18), when D=23x7x23, (2) has a nontrivial solution
(x,y,2) = (+2889,+646,+9).

case 1.1.2 Ifris even, let r=2v,(veZ), then equation (5) can be written into

Dz’ = X1 Yav1Xa Koy Yoy =16Xe, 1 Va1 Xa o, X, Yy (9)

X
From lemma 5, when v is even, —%, y42"’1 aX4szvaail_é are two relatively prime, when v is odd

X X
—t Yo Ky s Xoyr =5,
9

9 2

N <

are two relatively prime. And when v is odd, M, a1 ,ﬁ, X4 %, X all are odd;
279 979

x

when v is even, M'
2 9

1 Ny

w1 X oo allare odd;
' 2 2v

X,

X
From lemma 5, if and only if v=0, 45"’1 s Xgy1 Xouy X, X2u1 are squares, and if and only if v=11, g isa
5

y4v—l

square; For any VEZ, X4y-2, is not square. If and only if v=0, 1, % is a square. So if v #0 and v is even
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X
Xays Xy s Xy —F, Yovs re not squares. At this point, they have at least five different odd prime Numbers,
2

9

so formula (9) is not true, so when u#0,1, the system (2) has no solution.

When v#+1 and v is odd, XWXZV,ﬁ,M'M are not squares. At this point, they have at least five
9 9 2

different odd prime Numbers, so formula (9) is not true, so when u#0,1, the system (2) has no solution. So
when v£0, v#+1 and v is even, the system (2) has no solution.

When v=0, (9) can be written into Dz’ =16- XO3 Yo XY, =0, thus z=0, At this point, the system (2), only
has ordinary solutions (x, y, z)= (+=9,£2, 0).
When v=1, (9) can be written into
Dz% =16-X; - Ys+ X, X, - X - ¥; =16% 3 x107x2x17 x19x 47 x1103x 7x 23x 9x 2
=2°x 3 xTx17x19x 23x 47 %107 x1103 ’

The right hand side of the above equation contains eight odd prime Numbers, so the above formula is
impossible. Therefor when v=1, the system (2) has no common solution.

When v=-1,
2 2 2 X5 y5
Dz =16X .y X ,X,X,Y,=16-97-2 'Xz'X4'3'?
—16x9% x 22 x161x 51841x 930249 N 208010

2
=25 %3 x7x23x47x1103x41x 2521x5x11x 31x 61

=2°%x3*x5x 7x11x23x31x 41x 47 x61x1103x 2521

Therefore, the right hand side of the above equation contains ten odd prime Numbers, so the above
formula is impossible. Therefor when v=-1, the system (2) has no common solution.

case 1.2 If m is odd, modelled on the case 1.1, it can be proved that the equation (2) is only the common
solution (x,y, z)= (£9,%=2,0).

case2 If n is even, by lemma 4, Yoi=VYou El(mod 2), the right-hand side of equation (4) is odd, while the

left-hand side is even in the form of D, so the system (2) has no common solution.

4. Summary and Prospect

In this paper, we have gotten the solutions of the following equations

{x —k(k+1)y? = k(k N

y?—Dz?’ =4

)’

When k=4 and D=2'p“p,"p,“p,”  where ¢ =0or 1 (1 <s< 4) . And we can go on and talk about the

solutions to this system when k > 4, and D is some other form. So there is a lot of room for studying these
kinds of equations.

Due to the diverse forms of such equations, many scholars have done more studies on the smaller values
of k and m, and the main conclusions are focused on the estimation of solutions under some special forms of
D1 and the specific values of D. We need more powerful ways of finding common solutions to more forms of
equations.
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Abstract: Let p is a prime, we studied the the generalized Lebesgue-Ramanujan-Nagell equation. By using
the elementary method and algebraic number theory, we obtain one necessary condition which the
equation has integer solutions and some sufficient conditions which the equation has no integer solution. 1).
Let X be an odd number, one necessary condition which the equation has integer solutions is that 2n(p'1)-1/p
contains some square factors. 2). Let X be an even number, when n=pk(k=1), all integer solutions for the
equation are (xy)=(0,4“); when n=pk+(p-1)/2(k=0), all integer solutions are (x2P(1/2 %!
n=1,2,3,...,(p-3)/2, (p+1)/2,...,p-1(modp), the equation has no integer solution.

); when

Key words: Exponential Diophantine equation, integer solutions, integer ring, algebraic number theory.

1. Introduction
Let N, Z be the set of all positive integers and all integers respectively. In this paper, we deal with the

solutions (X, y) of diophantine equation

A +B=y", m=1(mod2), m>1, x,y,meN (1)

where A4 ,B are positive integers and A is nonsquare. Some special cases of (1) have been settled. When A=1,
B=1 lebsgue [1] has proved that (1) has no integer solution, when A=2,B =1n=5, Nagell [2] has

proved that (1) has only integer solutions (X, y) = (ill, 3) ; When A=1B=4""m=7,and n=1, 2, 3, 4 (see
[3]-[6]), it has been proved that (1) has no integer solution.
However, when B = c¥, it is more difficult to solve it. In particular, when B = pk , It is a hot research field

recently. And, at present these research results were achieved as follow:
1) When p=2, Cohn[1,2], Arif and Abu Muriefah[3], Le[4] have gotten all solutions of the equation

x*+2"=y", gcd(x,y)=1n>2:
e When m is odd, the equation has only two solutions (X, y,m, n) = (5, 3,1 3) and (7, 3,5, 4) .
e When m is even, the equation has only one solution (X, y, m, n) = (11, 5,2, 3) :

2) When p=3, Cohn[1,2], Arif and Abu Muriefah[5,6],luca[7],Tao[8] have gotten all solutions of the
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equation X°+3" =y"(X,y)=1,n>2.

3) When p=5, Arif and Abu Muriefah [9], [10] and Tao [11] have gotten all solutions of the equation
X2 +5" = y",(X,y) =1,n > 2,and 2| m. Unfortunately, it failed to give the solutions of 2|M.

4) When p=7, Silksek and Cremona [12], Bugeaud, Mignotte and Silksek [13], Luca [14], Huilin-Zhu and
Maohua-Le [15] have gotten all solutions of the equation X’ +5 =y", (X,y)=1,n>2, and2|m.
And, when 2|m, they only got the solutions of p=11,19,43,67,163.

Here, we study the solution of X2 +4" = y*, where p is a prime, and give the following conclusions:

Theorem When A=1, B =4",m = p, the following conclusions will be established:

1) Let X be an odd number, one necessary condition which the equation (1) has integer solutions is

2n(pfl) _ .
that D contains some square factors.

2) Let X be an even number, if nEO(mod p), that is n=pk(k>1), all integer solutions for the
-1 -1
equation are (X, y):(0,4k); if nspT(mod p), that is n= pk+T(k20), all integer

solutions are (insz_l,szj ; if N El,2,3,-~,pT_3,pT+1,m p—l(mod p) , the equation has no
integer solution.
2. Preliminaries
Lemma 1 [7] Let M is a unique factorization domain, k is a positive integer, K >2,and «,f M,
(a,8)=1, and if aff=y*,y €M, then azgl,uk,ﬁ:gzvk,,u,ve M, and &, =& where
&1, &5, € are units in M.

Lemma 2 For the diophantine equation x> +1=2" yP?, there are following conclusions:

1) 1fk =0, then the equation only has integer solution (X, y) = (0,1) ;
2) If k=1, thenthe equation only has integer solutions (X, y) = (il, 1) ;

3) If k=2,3,---, p—1, then all equations have no integer solutions.
proof: 1), 2) By lemma 1, it is easy to prove;
Obviously, X is an odd number, then x* sl(mod 4) and X* +1= 2(mod 4), But if k=2,3,--,p-1,

then X +1=2"y" = O(mod 4) , This is a contradiction. So X°+1=2"y", (k =23, p—l) has no
integer solutions.

Lemma 3 When P sl(mod 4), if k= O,l(mod 4) , then C:;(k >0,k € Z) is odd numbers, and if
k= 2,3(m0d 4) , then Cg(k >0,keZ) is even numbers; when pz3(mod 4) , if k 51,3(m0d8) , then
CE (k>0,k €Z) is odd numbers, and if k=5, 7(m0d 8) ,then C'; (k>0,k €Z) is even numbers.

Lemma 4 If p is a prime, and (a, p)=1, thena® " =1(mod p).

3. Proof of Theorem
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1) First, suppose xEl(mod 2),inZ[i], X% +4" = y® can be decomposed into as follows
(x+2")(x=2"1)=y",x,yeZ.

Let 5=(X+2ni,x—2ni), because of 5|(2X,2”+1i)=2, O can only be 1,1+i,2. But
X sl(mod 2), so X+2" sl(mod 2) , then o0#2 . If o=1+1 , then
2=N (1+i)| N (X+ 2" i) =x%+2°", However X El(mod 2), So the integer X does not exist. As a result,
0 =1.Thus by lemma 1, x+2"i:(a+bi)p,x,a,bez,

If p=1(mod4),then

x=a"-Cla"*h’+Cja""h*~Cra"*b°+...—C}"a’b*’ +C/"a’h"* -C a’h"” + C)"ab"™;
2" =b(Cia"*~Cia" b’ +Cra b’ —~Cla’ b +---+CP“a'h?° ~CPa®h°* +b" ).
If p=3(mod4),then
x=a-Cia"*b’+Cja"*h* ~Cla" b’ +---+C}"a'h" ~C *a’h"* +C}*a’h?* —C}"ab?™;
2" =b(Cla’* ~Cla”*b? +C%a” b* ~ClaP b +---~CPa'h? ® +CP2alh? —bP ).

So b=+1,+2'(1<t<n-1),£2".

If b=+1, When p=1(mod4),
then Cia*'—Cla’*+Cla"*—Cla’” +..--+Cl) ™ a* ~Cl?a’ =+2" 1,50 a mustbe odd.

Let p=4k+1, by lemmas3, Cl,CFS),C'?,---CF':*g,CF‘;*4 , these k integer numbers are odd, and
Ci,C;,Cf,---C;’*G,CF‘;*2 , these k integer numbers are even. Thus, if k is even, the equation
C;a”’l—cza’” +C2ap’5 —C;&lp*7 +---+C§’4a“ —C:”fza2 =42"-1 doesn't set up; and if k is odd,
x=a"-Cla"?’+C a""b*~Cla"*h° +---—C)"a’h?’ +C/"a’h"° ~CP?a®h?® +C "ab*™ is even,
this contradict with X zl(mod 2), in fact, Cg,C:,Cﬁ,---Cg_S,C;’_l, these k+1 integer numbers are odd,
Cﬁ , CS , C;O,'--ng , C§_3 , these k integer numbers are even, so x is even.

When p=3(mod4), then Cia’*-Cla"*+C’a’>—-ClaP”" +...—Cl™a* +Cl?a’ =+2" -1, so
a mustbe odd.

Let p=8k+3, by lemma3, C;,Cﬁ,Cﬁ,Ctl,Cf,Ctg,-",Cg’_lz,C’f—m,Cﬁ_",Cg_z are odd integer

5 7 13 15 -8 —6 .
numbers,and C;,C/,C~°,C Cg ,CS are even integer numbers. Thus,

C;ap‘l —Cﬁa” +C§ap‘5 —C;a‘” +---—C§‘4a4 +C§‘2a2 is even, however, +2" —1 is odd.
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Let p=8k+7, by lemma3, C;,Cg,Cz,Ctl,Cllj,C'l]g,---,C;’_lz,Cr'f_lO,Cg_“,Cg_z are odd integer
numbers, and C?),C;,Cf,crl)s---,Cﬁ_g,Cﬁ_S,CF‘f—z are even integer numbers. Thus,

C;a’” —Cﬁa“ +Cf;a"*5 —C;a’” +---—C§*“a“ +C,’j*2a2 is even, however, 2" —1 is odd.

If b=+2'(1<t<n-1) , then
C;ap‘l —Cgap‘3b2 —I—C;ap_s’b4 —C;a‘”b6 +---iC§_4a4b p-s ?C;’_zazb P34+phPL=42"" 50 a is even.
Thus
x=a’-Cla"’b*+Cja""b*-Ca""b° +.--FC "a'b?" FC *a’h" ¥C/ a®h"* +C"ab""
is even, this contradict with X = 1( mod 2);

If b=-2",When p sl(mod 4),

C,lja.p_l —CZap_sb2 +Cﬁap‘5b4 —C;aqu6 +~~~+C§‘4a4b p-5 —C;’_zazb PP pP =1 that is
Cla’'-Cla b’ +C3a" b* ~Cla’ "b° +---+C’*a*h"* —CP?a®hP?* = —1- 2P " , s0
2P0 — —1(mod p) , but ,indeed, by lemma 4, 2P0 _ 1(m0d p);

When p=3(mod4),

Cla’'—C%a 3%’ +C%aP"b* ~Cla’ b +.--—C“a’b?® +CP2a’h"° —b** = -1,

thatis CtaP*-ClaP b’ +C3a" " ~Cla’ 'b® +---—~CP*a*h"® +C 2a’hP* = 2P " 1,

c? (o C’ cr cr (p-Dn-1
so a’ [a’” — 2 aP %+ 2 aP bt -2 aP ... - L@ Pt 4 B _ghP P =2

p p p p P’

2(p—l)n—1
p

If b=2",When p sl(mod4),

thus only when contains some square factors, the equation may have integer solutions.

Cla®*-Cla"*b? +Cia"*b' ~Cla* "b° +--+C a'b"* ~C%a®™* +b** =1,

p

that is Ctap‘1 —Céa‘""’b2 +C§ap‘5b4 —C;a'”b6 +---+C,’j‘“a“bp‘5 —CFE"ZaZb"‘3 =1 2(p A

c? cs C’ cr cr? (p-Dn-1
so —a’ {ap‘B — PPt 4 TPt m TR gP Ot . B 2P S TP gpPd (=2 o

P P Y P p

(p-n-1 . . . .
thus only when 2 A contains some square factors, the equation may have integer solutions.

When p=3(mod4),

Cla’ —C%aP3? +C%a"*b* —Cla* 'b® +.-.—CP“a*h?® +C?%a’h”* —bP* =1,
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thatis ChaP?—C3aP*b?+CaP®* ~Cla’ b’ +---—~CP*a’b"* + CP%a% " = 20" 41
P p p P p P ’
so 20PN = —1(mod p),but, indeed, by lemma 4, 2(P=n zl(mod p);
So, whenXEl(mOd 2), one necessary condition which the equation has integer solutions is that

2(p—1)n—1 .
p contains some square factors.

2) Second, suppose XEO(mOd 2), thus yzO(modZ). Now make X=2X,Y=2Y,, then the equation can
be turned into X12+4r'_1 =202 y," , obviously x150(mod 2) , then make X=2% , it can be

X22 472 =00 y,’, also make X, =2X, again, it can be X32 +473 =P8 y,", .., make Xp3

= 2Xp;1 again,
2

p-1 p+l
n-— -2
it can be Xp;l2 +4 7 =2y, now make X, =2X,,),=2), it canbe ijz +4 2 =2""y,”, then make
2 2 2 2
nPr3
— ; ; 2 2 _op3,p _ . .
Xpu = 2XL+3 again, it can be X3 +4 =2""y,", .. make Xp1= 2Xp again, it can be
2 2 2

X,'+4"" = y,” where X, X,, -+, X, y.Y,€Z.

According to such substituted method, it can be concluded:

When n sl(mod p), the original equation is equivalent to solving Xt +4= y*, and according to the
above-mentioned regularity, it is finally equivalent to solving X? +1=2p‘2y“ ; When n52<m0d p), it is
equivalent to solving o4 4 = y®, and according to the same regularity, it is finally equivalent to solving
X’ +1=2""y"; When nES(mod p), it is equivalent to solving X’ +4°=Y", and according to the same

. o X . . 2 _np-6,,p _ p_l s .
regularity, it is finally equivalent to solving X" +1=2""y"; .., When n=7(mod p), it is equivalent to

L_l
solving X' +42 = y?, and according to the same regularity, it is finally equivalent to solving X2 +1= 2y°;

p+l

+1 =
When nspT(mod p), it is equivalent to solving X442 = y", and according to the same regularity, it is

equivalent to solving X' +1=2"'y";.., When nsp—l(mod p), it is equivalent to solving X'+4"'=}", and
according to the same regularity, it is finally equivalent to solving X’ +1=2°y"; When nEO(mod p), the

original equation is equivalent to solving X +4° = yp, and according to the same regularity, it is finally

-1

=]

-3
equivalent to solving X’ +1=Y". Therefore, by lemma2, when Nn=1, 2,3,~-,pT, ,~--,p—1(mod p), the

'\) ‘

equation has no integer solutions;

p-1 : . . .
When nEO,T(mod p), the equation has integer solutions, and when nEO(mod p) that is

n= pk(kZl), solutions of the equation will must be (X, y):(0,4k); if nEpT_l(mod p), that is
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— b
n=pk+ pTl(k 2 0), all integer solutions are (J_rgpk 2 ’22k+lj .

References

[1] Lebsgue, V. A. (1850). Surlimpossibiliteen numbers entiers de equation X" = y2 +1. Nouv. Amn. Math.

[2] Nagell, T. (1921). Sur limpossibilite de quelques equations deux indeterminess. Norsk Marem Forenings
Skrifter Sene L.

[3] Na, L. (2011). Science Technology and Engineering.

[4] Li, G, &Ma,Y.G. (2008). Journal of Southwest University for Nationalities.

[5] Ran,Y.X.(2012).Journal of southwest university for nationalities, 38.

[6] Ran,Y.X.(2012).Journal of Yan An University, 31.

[7]1 Pan, C.D., & Pan, C. P. (2003). Algebraic Number Theory. Shandong: Shandong University Press.

[8] Cohn,]. H. E. (1992). The Diophantine equation x2 +2k = yn. Arch. Math. (Basel), 59(4), 341-344.

[9] Cohn,]. H. E. (1999). The Diophantine equation x2 +2k = yn 1. Int. . Math. Math. Sci., 22(3), 459-462.

[10] Arif, S. A, Muriefah, F. S. (1997). On the Diophantine equation x2 +2k = yn, Int. . Math. Math. Sci., 20(2),
299-304.

[11] Le, M. (2002). On Cohn’s conjecture concerning the Diophantine equation x2 +2m = yn. Arch. Math.
(Basel), 78(1), 26-35.

[12] Arif, S. A., & Muriefah, F. S. A. (2002). On the Diophantine equation x2 +q2k*1= yn. | Number Theory,
9595-100.

[13] Bennett, M. A,, & Skinner, C. M. (2004). Ternary Diophantine equation via Galois representations and
modular forms. Canad. J. Math., 56, 23-54.

[14] Berczes, A., & Pink, 1. (2008). On the Diophantine equation x2 + p2k = yn. Arch. Math., 91, 505-517.

[15] Le, M., & Hu, Y. (2011). New advancea on the generalized Lebesgue-Ramanujan-Nagell equation[]].
Advances in Mathematics, 41(4), 385-396.

[16] Bennett, M. A, Ellenberg, J. S., & Ng, N. C. (2010). The Diophantine equation A*+2 & B2=C. Int. ]. Number
Theory, 6(2),311-338.

[17] Zhu, H. L. (2011). A note on the diophantine equation x2 +g™ = y3. Acta Arith., 146(2), 195-202.

[18] Zhu, H. L., & Le, M. (2011). On some generalized Ramanujan-Nagell equations. J. Number Theory, 131(3),
458-469.

Ran Yinxia was born in April 1983. She comes from Gansu province, China. She
graduated from Northwestern University with a master of science degree in 2009, and
studied on number theory research. After graduation, she has been taught in Longnan
Teachers College.

117 Volume 7, Number 2, April 2017



Chin. Quart. J. of Math.
2019, 34 (2): 196—203

n-tilting Torsion Classes and n-cotilting

Torsion-free Classes
HE Dong-lin, LI Yu-yan

(Department of Mathematics, Longnan Teachers College, Longnan, 742500, China)

Abstract: In this paper, we consider some generalizations of tilting torsion classes and
cotilting torsion-free classes, give the definition and characterizations of n-tilting torsion
classes and n-cotilting torsion-free classes, and study n-tilting preenvelopes and n-cotilting
precovers.

Key words: n-tilting torsion classes; n-cotilting torsion-free classes; preenvelopes; precovers
2000 MR Subject Classification: 20K15

CLC number: 0154.2 Document code: A

Article ID: 1002-0462 (2019) 02-0196-08

DOI:10.13371/j.cnki.chin.q.j.m.2019.02.007

§1. Introduction

Tilting theory plays an important role in the representation of Artin algebra. The classical
tilting modules were first considered in the early eighties by Brenner-Bulter [1] , Bongartz [2] and
Happle and Ringel [3] etc. Beginning with Miyashita [4], the defining conditions for a classical
tilting module were extented to arbitary rings or Abel categories by many authors, Wakamatsu
[5], Colby and Fuller [6], Colpi and Trifaj [7], and recently, Angeleri Hgel and coelho [8], Bazzoni
[9], Wei [10], Colpi and Fuller [11], and Di et al [12]. Among them, Miyashita [ considered
finitely generated tilting modules of finite projective dimension, while generalizations of tilting
modules of projective dimension one over arbitary rings. In [7] an (not necessarily finitely
generated) module T is said to be tilting (simplely, 1-tilting module) if GenT = T+1, where
GenT is the class of modules which are epimorphic images of direct sums of copies of T" and
Tt is the class of modules M such that Extg (T, M) = 0. And it is proved that t C R-Mod is a
tilting class if and only if ¢ = GenP for a faithful, finendo, and ¢-projective module P. Angeleri
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and Trlifajl'®! discussed tilting preenvelopes and cotilting precovers. Meanwhile, tilting torsion
classes (resp, cotilting torsion-free classes) were characterized as those pretorsion classes (resp,
pretorsion-free classes) which provided special preenvelopes (resp, special precovers) for all
modules. Bazzoin [¥) considered (not necessarily finitely generated) tilting modules of projective
dimension < n (simply n-tilting modules), and proved that T is n-tilting module if and only if
Pres"T = TLiz1. Dually, U is n-cotilting module if and only if Copres™T =%zt T. It is nutural
to consider n-tilting torsion classes and n-cotilting torsion-free classes, and to investigate n-
tilting preenvelopes and n-cotilting precovers which are generalizations of tilting preenvelopes

and cotilting precovers in [7].

The contents of this paper are summarized as follows. In section 2, we collect some known
notions and results. In section 3, we introduce n-tilting torsion classes and discuss n-tilting
preenvelopes. Furthermore, we give some characterizations of n-tilting torsion classes, and
prove that: if ¢ is n-tilting torsion classes, then ¢t is envelope class. Section 4 is devoted to

n-cotilting torsion-free classes and n-cotilting precovers.

§2. Preliminaries

Throughout this paper, R will be an associative ring with nonzero identity and all modules
are unitary. Let R-Mod be the category of left R-modules and T' € R-Mod. We denote by
Thi<isn .= {M € R-Mod |[Extk(T,M) = 0 for all 1 < i < n}, T+ := {M € R-Mod
|Extk (T,M) = 0 for all i > 1}, and T+ := {M € R-Mod |Extg (T, M) = 0}. Dually, ~1<i<n T
+ix1T and 11T are defined similarly. Denote by AddT the class of modules isomorphic to
direct summands of direct sums of copies of T' and by Pres"T := {M € R-Mod [there exists
an exact sequence T,, — -+ — Ty - T1 — M — 0 with T; € AddT for all 1 <i < n}. It is
clear that Pres"t!'T C Pres"T and Pres'T = GenT, where GenT denotes the class of all left
R-modules generated by T'. Dually, denote by ProdT the class of modules isomorphic to direct
summands of direct products of copies of T, and by Copres"T := {M € R-Mod |there exists an
exact sequence 0 - M — C; — Cy — -+ — C,, with C; € ProdT for all 1 <i < n}. It is clear
that Copres™™' T C Copres™T and Copres' T = CogenT, where CogenT denotes the class of all
left R-modules cogenerated by T. T is a tilting modulel” provided that GenT = T+1. T is a
cotilting module!™ provided that CogenT =117 Let  C R-Mod, then z is a pretorsion class
provided that x is closed under direct sums and factors. Moreover, z is a tilting torsion class
provided that x = GenT for a tilting module T'. Dually, z is pretorsion-free class provided that
x is closed under direct products and submodules. x is a cotilting torsion-free class provided

that x = CogenU for a cotilting module U.

Precovers and preenvelopes were first defined in [15] in the following manner: if y is a class
of modules (closed under isomorphisms), a y-precover of R-module M is a morphism ¢ from
Y (Y € y) to M, such that Homg(Y', p) is surjective for every Y € y. If in addition, any
morphism « : Y — Y verifying ¢ o @ = ¢ is automorphism, then ¢ is said to be an y-cover. y
is a precover (resp, cover) class provided that each R-module has a y-precover (resp, y-cover).

y-preenvelope and y-envelope, preenvelope class and envelope class can be defined dually. An
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R-module M is y-projective (resp, y-injective) provided that the functor Homg (M, —) (resp,
Hompg (—, M))is exact on short exact sequence of the form 0 — U — V — W — 0, where
U, V,W € 3. Denote by y= = {M € R-Mod |Ext}(Y,M) = 0 for any Y € y. *y is defined
dually.

Definition 2.1°)  An R-module 7 is said to be n-tilting module if the following conditions
are satisfied:
(1) pdg T < n (here pdg T denotes the projective dimension of T').
(2) Exth (T, T™) =0 for all i > 1 and all cardinal \.
(3) There is a long exact sequence 0 - R — Ty — 13 — -+ — T, — 0 with 7; € AddT for
every 0 <1 <.

Dually, an R-module U is said to be n-cotilting module if it satisfy the following conditions:
(1) idgrU < n (here idgr U denotes the injective dimension of U).
(2) Ext: (U, U) =0 for all s > 1 and all cardinal \.
(3) There is a long exact sequence 0 — U, — -+ — Uy — Uy — E — 0 with U; € ProdT for
every 0 <1t < r.

Lemma 2.1°!  An R-module T is said to be n-tilting module if and only if Pres®T =
T+i>1, Dually, an R-module Uis said to be n-cotilting module if and only if CopresU =41

Remark 2.11°)  Tilting modules in [7] are exactly 1-tilting modules, cotilting modules in

[7] are exactly 1-cotilting modules.

Proposition 2.1 The following conditions are hold:
(1) If T is n-tilting module, then T is m-tilting module for any non-negative integer m > n.
(2) If T is n-tilting module, then Pres"T = Pres"™'T = Pres"™T = - - ..

Proof (1) Asumme that 7T is n-tilting module, then Pres"T = T+i>1 by lemma 2.1. It is
sufficient to prove that Pres"T = Pres™T for any non-negative integer m > n. If m = n, then
it is clear that Pres"T = Pres™T. If m > n, then Pres™T C Pres"T and Pres"T = Pres"™!'T
by [16, theorem 4.3]. For any M € Pres"T = Pres" ™' T, there exists an exact sequence

Thyr—Tp— =T —-T1 —-M—0

with T; € AddT for all 1 < i < n + 1. Note that K; = Kerf; € Pres"T, we can get M €
Pres®™T. Repeat the process, and so on, it is easy to get Pres"T = Pres™T. Therefore, if T

is n-tilting module, then T is m-tilting module for any non-negative integer m > n.
(2)It is obvious following (1).
We can obtain the following proposition dually.

Proposition 2.2  For any R-module U and any non-negative integer n, the following
conditions are hold:
(1) If U is n-cotilting module, then U is m-~cotilting module for any non-negative integer m > n.
(2) If U is n-cotilting module, then Copres”U = Copres™™ U = Copres"™?U = ....
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83. n-tilting Torsion Classes and n-tilting Preenvelopes

We start with the following definition.

Definition 3.1  Let y C R-Mod. y is said to be an n-tilting torsion class, if there exists
an n- tilting module T' € R-Mod, such that y = Pres"T.

y is a 1-tilting torsion class, if and only if there exists a 1-tilting module T such that y =
Pres!T = GenT. It is clear that 1-tilting torsion classes are exactly tilting torsion classes in [7],
1-tilting torsion classes are n-tilting torsion classes. n-tilting torsion classes are generalizations
of tilting torsion classes. According to [13,theorem2.1], tilting torsion classes are characterized
as follows.

Lemma 3.1 Let R be a ring and y C R-Mod be a pretorsion class. Then the followings
are equivalent:
(1) y is tilting torsion class;
(2) every module has a special y-preenvelope;
(3) there is a special y-preenvelope of R;
(4) there is a y-preenvelope of R, b: R — B, such that b is injective and B is y-projective.

We now can state one of our main results by lemma 3.1 as follows.

Theorem 3.1 Let y C R-Mod be a pretorsion class. Then the followings are equivalent:
(1) y is n-tilting torsion class;
(2) for any R-module M, there is an exact sequence

0-M-—-T r %2 .7 1

with T3 € y and Imd; € *y (i = 1,2,...,n);
(3)there exists an exact sequence

(N - I PRI Ay Y

with T3 € y and Imd; € ty (i = 1,2,...,n);

(4)there exists an exact sequence

0-R—-T 1% . 7, 10

with T; € y and Imd; € 1y and T} is y-projective (i = 1,2,...,n).

Proof (1) = (2) Suppose y is n-tilting torsion class, then there exists an n-tilting module
T € R-Mod, such that y = Pres"T = T, For any cardinal k, we have Exth (T, T®) =0 by
T* € Pres"T. According to [17, lemma6.8], for any module M, there is a y-torsion resolution of
M of the form 0 — M — Ty — T — 0, where Ty € , A; is a cardinal, ExtiR(T(/\l),N) =0

for all N € 3. Repeat the process of M for T*1), and so on, we can get an exact sequence

0-M—T 12 1, 0
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in which T; € y and Imd; € 1y (i = 1,2,...,n).
(2) = (3) It is obvious.

(3) = (4) Assume that there exists an exact sequence
dq ds dn
O—-R-—-1T\ —1Ty—---—=1T,—>1—>0

with 7; € y and Imd; € Yy (i = 1,2,...,n). It is only to prove T} is y-projective (i = 1,2,...,n).
Consider the short exact sequence 0 — Imd,_; — T, — I — 0, since I = Imd, € ly
and Imd,_; € J‘y, We can get T;, € ly, which shows that Hompg(T,,—) is exact on any
epimorphism with kernal in y. In particular, T}, is y-projective. Repeat the process to the short
exact sequence 0 — Imd,_o — T,_1 — Imd,_1 — 0, and so on, it is not difficult to obtain

that T; is y-projective (i = 1,2,...,n).

(4) = (1) Assume that there exists an exact sequence
dl d2 d’VL
O—-R-—-Ty —Ty = ---—>T, 10

with T} € y and Imd; € *y (i = 1,2,...,n). Consider the short exact sequence 0 — R — T} —
Imd; — 0, since Imd; € *y, so R — T is a y-preenvelope of R. Note that T} is y-projective
and R — T is injective, we can obtain that y is 1-tilting torsion class by lemma 3.1. Therefore,

y is n-tilting torsion class.

Theorem 3.2  Suppose y is an n-tilting torsion class in R-Mod. If there exists z C R-Mod
which is closed under extensions, such that AddP, C x C *y and P;}** = y for some P, € y.
Then is an envelope class.

Proof Assume that there exists x C R-Mod which is closed under extensions, such that
Pt =y and AddP, C x C 1y for some P, € y. For any M € R-Mod, since y is an n-tilting
torsion class, we have y = Pres"T for some n-tilting module T'. Note that Pres"T is closed under
direct sums and P;-! =y, so P € y and Ext%{(PX, P,({\)) = 0 for all cardinals A. Therefore, we
obtain an exact sequencec: 0 —- M — Y — P,Sa) — 0 by [17,lemma 6.8], where Y € y, o is a
cardinal. Then ¢ is a generator for Exty (Y, M) in the sense of [18, proposition2.2.1]. According
to our assumption and [18, theorem2.2.6], we know that M has an z+

(ty)*+ C ot C (AddPy)* C P}t =y, Then the conclusion is proved.

-envelope. Since y =

84. n-cotilting Torsion-free Classes and n-cotilting
Precovers

We start with the following definition.

Definition 4.1 Let w C R-Mod. w is said to be an n-cotilting torsion-free class, if there

exists an n- cotilting module U € R-Mod, such that w = Copres"U.

w is a 1-cotilting torsion-free class, if and only if there exists a 1-cotilting module U such that

w = Copres' U = CogenU. It is clear that 1-cotilting torsion-free classes are exactly cotilting
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torsion-free classes in [7], 1-cotilting torsion-free classes are n-cotilting torsion-free classes. n-
cotilting torsion-free classes are generalizations of cotilting torsion-free classes. According to

[13,theorem?.5], cotilting torsion-free classes are characterized as follows.

Lemma 4.1 Let R be a ring and w C R-Mod be a pretorsion-free class. Then the
followings are equivalent:
(1) w is cotilting torsion-free class;
(2) every module has a special w-precover;
(3) there is a special w-precover of an injective cogenerator of R-Mod;
(4) there is a w-precover, w : P — E, of an injective cogenerator F of R-Mod such that 7 is

surjective and P is faithful and w-injective.
We now can state one of our main results by lemma 4.1 as follows.

Theorem 4.1 Let w C R-Mod be a pretorsion-free class. Then the followings are
equivalent:
(1) w is n-cotilting torsion-free class;

(2) for any R-module M, there is an exact sequence

0K —>W, sy Zowy S o

with W; € w and Kerf; € wt (i =1,2,...,n);

(3) there exists an exact sequence
0=K—-W, I sw 2w N E—o

with W; € w and Kerf; € w' (i = 1,2,...,n), where E is an injective cogenerator of R-Mod;
(4) there exists an exact sequence

0K —W, 2 . mw 2w, I E o
with W; € w and Kerf; € wt, W is faithful and W; is w-injective (i = 1,2,...,n), where E is
an injective cogenerator of R-Mod;

Proof (1) = (2) Suppose w is n-cotilting torsion-free class, then there exists an n-
cotilting module U € R-Mod, such that w = Copres"U = +i>1U. By [19, lemma 2.14], for any
module M, there is a w-torsion-free resolution of M of the form 0 — UM — W; — M — 0,
where W, € w, A is a cardinal, Extg (N, UM) = 0 for all N € w.

Repeat the process of M for UM, and so on, we can get an exact sequence
0K —-W, s oy S o
with W; € w and Kerf; = UM € wt (i =1,2,...,n).
(2) = (3) It is clear.

(3) = (4) Assume that there exists an exact sequence

0=K—-W, ! sw 2w N E—o
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with W; € w and Kerf; € wt (i = 1,2,...,n), where E is an injective cogenerator of R-Mod.
Consider the short exact sequence 0 — K — W, — Kerf,_; — 0, since K = Kerf, € w
and Kerf,_; € wt, We can get W, € w?, which shows that Hompg (—, W,) is exact on any
monomorphism with cokernal in w. In particular, W,, is w-injective. Repeat the process to the
short exact sequence 0 — Kerf,_; — W,_1 — Kerf,_5 — 0, and so on, it is not difficult to
obtain that W; is w-injective (i = 1,2,...,n). Meanwhile. According to our assumption and

lemma 4.1, we can get W; is faithful.
(4) = (1) Assume that there exists an exact sequence
0K —W, 2 o mw Zw, I E o

with W; € w and Kerf; € w*, Wy is faithful and W; is w-injective (i = 1,2,...,n), where F is an
injective cogenerator of R-Mod. Consider the short exact sequence 0 — Kerf; — W; — E — 0,
since Kerf; € w*, so Wy — E is a w-precover of R. Note that W is w-injective and faithful,
and W7, — FE is surjective, we can obtain that w is 1-cotilting torsion-free class by lemma 4.1.

Therefore, w is n-cotilting torsion-free class.

Theorem 4.2  Suppose w is an n-cotilting torsion-free class in R-Mod. If w is closed
under direct limits. Then w is an cover class.

Proof It is easy to prove by theorem 2.5 and [18, theorem 2.2.8].
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ETHERBER LMK ERHERRLIHAR

IHE ThE

(1. bERERHELTHER Rk, & B 742500)
(2. RATEA%K FEBEAKTLR, HF KA 741000)

# B ETHhww4ER 2003-2016 £ty 3 AW R K, FIELFITERAM A7
%1 Eviews8.0 EY AR K FEHEEE, RELMNBEFTLAEXENHKFTEES L
B EHEZFR REAREPLEREFRRATFIENHEXR. FHRERKNA:
EREEESTHEZTR, RETHEK. YH A% GDP A%t L HEKHHHEX
. ERFEEMTERTWHEAT, TEHTRGFH N 1%, £ 8 FEHFHHE
0.093348%; K4 TR EKEH v 1%, £ H % 4 F-FH ¥ v 0.158417%; A¥ GDP &
B 1%, AR ¥ EHTHHY v 0.604851%. AE T L F A EHHRERE, TfE
HAEXAEEBERL. PR E¥ A TARAENTERERHURZFRR
AF, ERHKECTRTUREERH S HERLENE BREEAHNTHEZTT
PREFHTARTHRERE.

S EAKE: HEAR EUHY REAT

LR, MEREZFN CEERMAREBKFHANRE, EXSFBEFEELER
ZhE, FMBECRANEREN. RAXOCHERHEREZ —. 2010 4 11 B, hERRA
X4 ANEME. AFR FE, ESBRAA T (ST LUMER BB THETERLY W TH
FEHAR), FIISEHLHT WRENBEZETHTH, BAEISIFHHTRR FER
i, ME 2016 FF)R, REZWHEEFBAEREES 77.4%, EEESLE S K AT 60%4£5,
“NEME. AER FERIIANER BARTS, S NBURFE RN R B —FR
FIZFRER, Wy S FTRAKBEE K, BRILREZHNHTRESRS T &
T K, HEAZHHTHAL=F IR X2 RE, IREBFKIAR “BFES. #
2257, “WhHHE, PREWN WRAEHBOE, KEWE T EE. fEER. FRENE
HEEAREEE. Ft, AEM LREHEENEE R BAKTRHEWER RIS
RE, MBNHTFHHERELE. REFHHEFHTLRAFT TSEENEHINE.

HAl, REZHBEETHRCES B A ZRENBE TR TR, Brofi B RBmeE, o
RABRPBEE, FRRRNN AR ST BHE XTENEFTRBATHEWER,
FHEERING: — MK ERHE R RK T2 B XX 258 F R A F RT3 H
BB WBLE A BERE, — M XML T & R K T2 2w Hh X BURF I W B 1 B8 & 7T
WP B #: 2018-09-07

BEMME: HREHENE =R AR 2016 FEFRE: REENETRBATHRE — ETHRER
IR LIELSHT (GS[2016)GHBO185)
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FEEFORERE, #MEWZRBEFR AR BKT, Rtk KB TEE T
W BRI EHHETHRAKTLESEHEE R ENHEORR; B, —MREHA
NFEELSEWENBTHES, ADRHHRAHRE, LiHE MBI R &8, ft4
BB AT, SEREABEBHENRS. NFERABERE, ~MERYEFRBKEEA
NEMERSRAMNEHHETFNERE 2 AR TRERNBE, HRRE SEZFESH
HWEHRE, TEMEFNRRELLSRL; XA D PER LENEERS, X THH
FHRRESFSEMET, Z—ENEMHATERAEKTET, FHBEINSSHNREL. HLIEFR
FHH, KE ., BEE. BEE (2012) I 1996-2009 EHEREREE, i THIRZMHT
RERAKFHZWMHEAR. HREHA, 5LFRBATMADEHEZH L, YaBUREME T
BHRAKEM X ZHEERBYERAXNEDS, HESFEX LHABE EdkeE
R RARE, PEAEWHTATRA, BOFNEHETF OV BEBAERTT. B, @
BELEREBREXXEZMBELROIEALR. EREITENBEEVBST, BUF#
AWRFEATAHERBIER, WET KEMBETINSHERSS M M. FHk, £
ERF (2014) PSLEBCYEERF BT T4 2000-2012 XA H BIERLIISER
REAMTTEMEELRSHETMEERA . MBEAK LU R XS R BKTEHEKEER.
FHANMERRA: HEXBEFVEBRAMNZHHAETHRBHEERITBERN, MAKERE
KF. WK EMNBENRREEWBE. BUNFTEREREALK R BA R T 25
HEKTHES 2. 0bPE. WEZ (2015) ZETFEF 2010—2012 FAH A LEEE, M
MREHXEMEETERHEREREITE T REILE. EREHR, Bk K ERTH
FRBHEWEETHNUAFE: REEF. SISMBARTF. WREAGET. RAEH
BF RPREEFEREK; ZEBXEMATHRABRBSHATABRFARLAS, bE,
LEEEHHEENRBSHEFREBERILE, ™K. LN —SERAKT2ETEKE;
RARMRZHBERS KRN EHE, L&, ARBEERBRN TRABSEREE FEXR
MAELWHY., BUFERMBFRSIE,; £ X4 )LEBUTRERRE WAEE, ERED
50%. BUUEIRESKA RAME, WNFRALEMBEERA, BUSILEBETREKEA RS, £
WIS EMHETHELRE B, R, REWE (2017) EHARE 2003-2014 4EEFEFHSEE, 5
HZxZES EHAE, Fit TERREENETFAROEEZWEER. RRA, BiimhrRE
BESS, BN XRIE. ADSH. RENBEFENRE. HERBKTUREHEKRKT
¥ REZMBERBEA BENREEH, LI RERDMENBEETFRELRANREXHE
ZARBEBRMAT —FEANSENFER 4. E]RF (2018) HHEEE T 2002-2016 FH40
TR, EHEMTHER LRy 2T R BAEEWE YRR E HEEA (VAR), R
JEHABRAMENR (Granger) HERR ., KoM REH T ESBETRT L, NEFER
- K, HLEBESER. FEBTRSER R EMEMEE X BB HT ZES . BF
RERRHE: NRIE, BEHENETRBIESSKZBKTE. S LERESHER, FE
BUTHZ M E RPN ENTEXER B,

EF ERFRAR, ACUREILKSFEF A XREH AL~ K HEHHEE,
BB EASENY, TEFRERSILE. SEBRE. BREEBEM LRSI REK
FHMEREMHELR, MTENBTRBAFHERER, UAEBUFRMEERA . KE
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BATHBEF R RELBTRRE. AR BB AH L2, WERMBEIARHR
TR RS TR L EBUTEOR R B, FKERASHNEARIER Y ST RBKTF (A
) GDP) M3 X F— MR —Frsh)LE, HEELSLE. REmR. $E8mE5. A
¥ GDP FEin SR — M RIS E R BRI RE, (A — DR B RS R TR 3%,
R B BHERFREMNRE.

1 HRFEREREN

2SO R R B R AR SR B, 12 Fth BB HAT AT, R S5 BRI 7
{4 Eviews8.0 #47LHL. AR BIBEAIN 2 30 (6,

REGBETE Y, 5k x1 BRBERBEE X = (@104, 2200, Zrie) , WHEETE

Yit = Qig + Xiy By + it ,4=1,2,--- ,N;t=1,2,---,T (1)

Hé N BRBRERRNET RASRE R DN S S8 0 RREEKNEH
W0 BARMNNTRBERAE X, 9k x 1 BERER, k FREETEN BEILRET
wis FHEMIL, B RFHE., FHEN of, BWERE, WX (1) FERPGEHEA.

TS “OhEIE MR, EARIRIEREAT IV Z RIS T B TR R, A
MO EEEREMVRER. £RE, EXRFFHTR, TERETRIBMMT; EATR,
BN EARE TR MRFEAENEFAARTR el —NEs iR, FERF7Re
—PrEig, By 1(1) 2R, YEFEHRTR, e —HE0ER TR, THTHhEes
fhReEE 1.

FIRBIPEATRBENFRTE, CEEWBEET 8 & 1 X 20032016 FL¥MHFE
FERE %4 A (XS), BEHIFE (JS). BEHEM (MJ). A¥ GDP(GDP) S AR HE.
EEE, NN GDP W, RARETAEEERERMEHITEERAY
GDP BT TR, WHABINAY GDP HEHE N LENRTME. HEREETE
R EME, ¥R XS, JS. MJ. GDP 2B E KXY, HERTHRETE, FiLHh
LNXS, LNJS, LNMJ, LNGDP, /' LNXS AH@BTE, HANBRELER. BB EES
B S ERR N 1

2 TEAHH

2.1 EREMRER

FRERRBRN HFARRMTH — EENE, X TS PRFH, R ARG S
ESAFEDEXR, I ERBHNLRTRRENES. Bk, b T 8% 00EHE, B
[ P ST B AR R e DA BT P R . R R A B AR % B LLC, Breitung, IPS,
ADF-Fisher, PP-Fisher 5§ 5 7k, RIBIFOT & A TR RER AARKE, 5 =RnsE
HATRREREACRRE. BIEY . B (2010) HEGREMNF T HRLARQRITEER
REt: Bl AT RIERRARAI TR, FaHEA LR 5 HEREES AR A XA
FRRN T RERTRR, 258 LNXS, LNJS, LNMJ, LNGDP &M B 15 F # #5035
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RK 4R A MR 2-5.

% 1 STRMERMST

LNXS LNJS LNMJ LNGDP
¥iE 7.984092 4.144750 8.514025 8.579547
LRIE ¢ 7.999337 4.110874 8.403906 8.608223
BoiclE 10.25048 5.986452 11.14610 10.00797
B/ME 6.169611 2.833213 4.969813 6.914581
PiER 0.910975 0.727691 1.101849 0.764414
RE 0.077129 -0.021502 0.160994 -0.109709
33 2.701366 2.207962 2.959499 2.206958
JB GiitR 0:593133 3.303159 0.552910 3.554561
P& 0.743366 0.191747 0.758468 0.169097
O 126 126 126 126
REH 9 9 9 9

¥ 2 LNXS Ri—maEs)ERLaiisl
LNXS D(LNXS)
Method Statistic Prob.** Statistic Prob.**

Null:Unit root(assumes common unit root process)

Levin,lin & chut -1.67451 0.0470 -5.81483 | 0.0000

Breitung t-stat 1.73815 0.9589 —-3.83484 0.0001
Null:Unit root(assumes individual unit root process)

Im,Pesaran & shin w-stat 1.07901 0.8597 —4.80037 0.0000

ADF-Fisher chi-square 13.0227 0.7902 53.5662 0.0000

PP-Fisher chi-square 11.5946 0.8674 86.6565 0.0000

% 3 LNJS RIi—PresEdasfiiel

LNJS D(LNJS)

Method Statistic Prob.** Statistic Prob.**
Null:Unit root(assumes common unit root process)

Levin,lin & chut -1.44817 0.0738 —7.36587 0.0000

Breitung t-stat 3.65420 0.9999 —4.36518 0.0000
Null:Unit root(assumes individual unit root process)

Im,Pesaran & shin w-stat 1.61538 0.9469 . —4.36919 0.0000

ADF-Fisher chi-square 13.9870 0.7299 49.7019 0.0001

PP-Fisher chi-square 16.8277 0.5350 90.0618 0.0000
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% 4 LNMJ RE—HES ERECIRERE

LNMJ D(LNMJ)
Method Statistic Prob.** Statistic Prob.**
Null:Unit root(assumes common unit root process)

Levin,lin & chut 0.03481 0.5139 -10.5111 0.0000

Breitung t-stat 4.13884 1.0000 -6.42896 0.0000
Null:Unit root(assumes individual unit root process)

Im,Pesaran & shin w-stat 3.70120 0.9999 —6.15578 0.0000

ADF-Fisher chi-square 4.60417 0.9994 64.7513 0.0000

PP-Fisher chi-square 4.01839 0.9998 99.3019 0.0000

# 5 LNGDP RHE—-MrELSTHREMIRIEE

LNGDP D(LNGDP)
Method Statistic Prob.™" Statistic Prob.™
Null:Unit root(assumes common unit root process)

Levin,lin & chut —-0.52588 0.2995 . —7.21046 0.0000

Breitung t-stat 1.58624 0.9437 ~4.84635 0.0000
Null:Unit root(assumes individual unit root process)

Im,Pesaran & shin w-stat 0.91631 0.8202 -3.72649 0.0001

ADF-Fisher chi-square 15.5596 0.6233 43.5799 0.0007

PP-Fisher chi-square 11.8469 0.8550 63.8393 0.0001

M 2-5 W[4, XM FENBRAK T ERTREN, HARIES “FaERMR WERIE,
& BRI TRERE MNEERN—N2HEETREN, RRERYE 1 %8B E KT
AT B, AT RN — SRR RS R R FH, AR RS N —
Mriask 1(1) oA, NER EUFET DISEAT Eh R 10 A i 1B,

2.2 ERiPELR '

R F AR M5y, BT RENEAR PR 5 IR Kao(1999) ® 4 Pedroni
(1999) K10

1) Kao 15

Kao(1999) Rr% B4t T [/l AR A th A 5, Fi Eviews8.0 BB E RA —Frib 4t
ADF, 3 H R &M HEH —FB R (Individual intercept), ADF RIG4E R K. t = —3.203779,
p=0.0007. KBS ADF & p /N THER 0.05 BEMKT, NTiTHLSERA L
RWERE, WHIN A METT S, 228 Loxs, Injs, Inmj, Ingdp 2 FIFEEHBEXE.

2) Pedroni fri _

Pedroni (1999) 241X RIREAR K HERL, F 7 FhESH &, 43514 : panel v-statistic,
panel rho-statistic, panel pp-statistic, panel ADF-statistic, Group rho-statistic, Group pp-
statistic, ‘Group ADF-statistic, HH 4 MEH AL B (Within-dimension), J§ 3 R4
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%3t (Between-dimension)l®. WEFHBET AR THTRE, KRERNE 6.
% 6 Pedroni PMERE

~ Statistic Prob.

Panel v-Statistic -1.889534 0.9706
Panel rho-Statistic - 1.455362 0.9272
Panel PP-Statistic -3.061034 0.0011
Panel ADF-Statistic —2.951997 0.0016
Group rho-Statistic 2.885537 0.9980
Group PP-Statistic —-4.862054 0.0000
Group ADF-Statistic ~2.642061 0.0041

N 6 A1, ARG H B Panel PP-statistic. Panel ADF-statistic A E %’ Group PP-
statistic, Group ADF-statistic B P {H/MF&EH 0.05 BEHKF, BIH=AR BE Mx£
BET BT, RBRHELT ThXRAWFRREK, BRRERPERREHUIE, AN —E85
AMETE X BT MAFEEHEXLR. FE RARETNR NO Wk RE L, HitE
Lnxs, Injs, Inmj, Ingdp 2Z [RIFFFEMEXR.

2.3 WELGERR

BEVERPESEEN, £ EXTAERRHERRMN KA. HEHT chow REH
EFLERE, AT A R A R
Hy : ™MEPooltiA, Bt & FE Fiz.

Hy : MK, Bf & FE AL

Hy : Mk FE #A, 8} K Pool #i%l.

H; : MK, B & FE AL

Hy : PooltiA

H; : /M&, Bf & FE #LEL

VIS E Inxs HEHREER, AR Injs, Lomj, Lngdp R BT MEM SONE 2
S RLTE AR 350 [V, %o B R G5 R AT TR B B A BUR LA I, I R LA 1.

Cross — section FE test : {
Period FE test : {

Cross - section and Period test : {

Effects Test Statistic df Prob.
Cross-sedlion F 27.318587 {8,101 0.0000
Cross-section Chi-square 145 125435 8 0.0000
Period F 4386406 {13,101) 0.0000
Period Chi-square ' : 56.400347 13 0.0000
Cross-SectionfPeriod F 12665815 {21,101) 0.0000

Cross-SectionfPeriod Chi-square 162.564270 21 0.0000

A1 A%EE&&TE%H{WMB@%

ME 1R, MERIE R F MROTRER P EX/NT 0.05 1 BEHRKT, %B*E%T
JEAREL, R 2 AR Pool AL

HET MR SR BEYLBY HEAT B 15, 3 E 4R AT Hausman(ﬁ%ﬁﬁ) B, &
BRRSHREFFGEHESY o, WHRKE 7 2R BH, WIS R M.
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RIE, BT MRE K. b RREAUREAT I, X E 4R #ET Hausman (e E)
B, XIOREREAT FEYE, R ARRREV, FiE, EFMERETEN, B
B REANHEAT B8, 2ot B 45 RHEAT Hausman(BEHT8) K, ZARBERELT RRER, K
ARV, BEERAHRE 7.

% 7 NMERHREN NN Hausman 2%
Test Summary ‘Chi-Sq. Statistic Chi-Sq. d.f. Prob.
Period random 27.461229 3 0.0000
Cross-section random 61.025686 3 0.0000

2.4 HEEIESRERE

B LR, MR FIEHRT Pool MUZL, B T /MEKELAT Sy BESLBUBLEL
B, AR R T B S B R B, DRMLL A R RO B Sy
FGLS fhit, 3 FIBEA M S 2 XA AP R R, SATHRNEE S, hEE S
FRA:

A A A A
Inzs = 1.059074 + 0.093348 * In jis +0.158417 x In mj +0.604851 * In gdp @)

M 2 T3, BES C RAR Injs, lamj, Ingdp 7£45 5 BEHKT 0.05 THBE, HIE
ANUA GBI ENATLE X

Variable Coefficient Std Esvor -Statistic Prob.
| 5] 1.059074 0:203408 52086844 0.0000
LNIS? 0.093248 0.034747 - 2686479 0.0083
LINM.I2? 0.158417 0.018503 8.561469 0.0000
LNGDP? 0.804851 0.0235668 2566588 0.0000
Fixed Effects (Cross)
WD-C 0.493425
Lx-c -0.156808
_WX-C -0.048447
_pc-cC 0.118086
Jo—C -0.083962
_XH--C 0.689900
_IX-C 0.788429
_HX-C -0.396073
_AD-c -1.375480

2 AMRE R A P

IR TR AR S T BT, BEmHRY. LAY GDP EL5T EHFERY
BFRR, T EFRERSERBERRNMKER ST -3 TRAYCH 09715, BIEFH
ATBRRPCN 0.9688. &K (2) W, ERFFHMERABWNELT, SEBUTHEHM 1%, £H
FEFOTHIN 0.093348%; BEEREGHM 1%, FEEFEEFOTHHM 0.158417%; AH
GDP f§im 1%, ZEEZ =T I 0.604851%. T ENEELHFMpEHITERE, X
KA EXRRTEBBEREN. 0. BRENEFTFAR KU EERREM XL RRBAT,
FR R T R RAE ST B

EAEEBNER, ARAMEEHBETHRBRIFEER, ﬁﬁtﬁfﬁﬁﬁn, BHX. 58
E— FAE, ALES MR AT E R E B TR RREFEREMN, MRE S ﬁ/f‘ﬁi

R AR (R 8).
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2.5 REETHE
MHE 2 A, EEEFEHEEEBITH. KEERE. Ay GDP FERPHEXER, H
RGN REX MR ISERR, EMXEMAEE L ? W BEERREGERE

% 8 HEEEHEM RN

HE BRBKX & XE& HE RE
BV 0493435  —0.156908  —0.048447 0.119086 -0.093962
W & e {220 CER:

BNV 0.669900 0.788429 ~0.396073 -1.375460

BREBRREFT ec, RBEWE—BFH ec(-1), REEREZBH—NELFF d-
nxs, dinjs, dinmj, dingdp, FE#H AR BN, B HFEEH FGLS M1, ARRAMER T2
XA FHBEAREENE, £ T REGIERA.

Varabie Coefficient Std. Error tStatistic Prob.
| o 0.171210 0.013469 1271183 0.0000
DLNJS? 0.138371 0.024595 5.626101 0.0000
DLNMWMI? 0.045902 0.011141 4119977 0.0001

DILNGDP? -0.367084 00688822 5257170 0.0000
ECX-1) -0.276509 0.070969 -3.896222 0.0002

Fixed Effects (Cross)

wo-c 0.083220

_Cx-C -0.042445

wWx-C 0.040457

_pbc-C 0.071143

_Kx-C 0.015670

- 0.001053

_1x-c -0.042702

_HX-C -0.037015

AD-C -0.065380

3 REBIERA

ME 3 T4, #E 1 BN AERSES T BEHEKTR 0.05 1 P ERE, REBEEHRR
E)=yz:yR
dInzs =0.171210+ 0.138371 « d In js +0.045902 # d In mj —0.367064 * d1n gdp —
0.276509ec(—1) ©)
2 (3) # EC (-1) WRH -0.276509, ZAANINRME KB EXRNHBEIE. &
A [ B A 3% 9.

%9 RESTHENGRENE

WA BAEX BB X& B8 RE
OV 0063220  -0.042445 0.040457 0.071143 0.015670
wE - ERE HE wE ZEE

BRAE 0.001053 —0.042702 -0.037015 -0.069380

3 ZitREY
XEETRETEEX 2003-2016 G EARFEER AR, TESTRE T LM TE
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E4ILE. HEBUTH. BEEREAYRBFRBKTZAGHELR. NEFIIHES
R, &R REEEESY. SEHTLH. KRSERHE 2003-2010 FFHHTH B LFH#E
%, {5 2011-2016 41 6 £E[AH BEH LTS Ui U SLHEPIH =4F4T St RI B BORBE SRS
EHHTRBHBEHYM. £EX 2003-2016 45 A3y GDP BIZLE L Fhitadh, 7681 &
2008 SEZ EH W BH LIS, X5 REERMBIREDIEX, MEPRRHENET=F
GrippilFma

MR SRR T4, B A S SRR . REEBE. M A GDP E4H
LEFERPERR. ERFHMGEETEGHET, TEBUTHEEM 1%, EEFEHT
BN 0.003348%; A& E BRI N 1%, FEFE FAEPOTH I 0.158417%; ¥ GDP &
DN 1%, FEEFASOTHM 0.604851%. NBFLFMPERGERE, IMRAKERR
AHBREX: BRRELNSFTFRRATHEERNRRME ST ZRAT, BHANBRA
BE, 2FKRATERHHR, LEROIAEIHRRE, MEMATHTRESRXK;
HRRBEERY, REMHEEERTLURE H SYMSHERLBESHAHE, TUREANE
RiyiRm; FRESEHTY, REERTRRLRTRRARMK, EAEHETRER
B, A BB ERTT MRER R T W R R AR,

& EATR, MBONSER T 2B EHREFTEHRAZE, BT A& SR LEREE
PBE T REE K, ¥REHTRE—BHH R, FRNEFTFBABRTAHRIT 92.12%,
FHBFIREFBTRE, SWHERXEWMHTRBARS ZEBUTH. JLEREER
. #rRFERKTFZEAAREERSRE-HRSEXR BETRERRELURA
FEAFAEK, REAEREADRSHHRZ — LFEE. WK, SHRPBES
#. NESLEERNERA¥MHT RN EERER. FEENN, XFYERRESBITH,
R () B TEHNMARERIHEXRNWBENE. 45, SRUTBEHERENK
B ITEFINE, B REEHB T RANE RTINS A THRR, 7%
M ERE. R, 48 BRI S S ATERK, EHEERRALEN FE, B
JERLAIIT RSB S BT R RN, BRIRER S HEREIRE. —rlE, BIRMRAE.
ABEHRRNE, RO RELFNBFTMF I8, AHMBERARN R SRALNET
it ERRELRH . MAHRBES B, A RRN ARG EWNH TR REELIL: 5
— 7, FE R ERE L, N T EMFRHT, W25 TA RBEE T A BRI
B, ERENTERLE AR AFHBTRER WEMIILEMABRR. ERILE
B LECA B LRI, JREEE b b 4 i [ .
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Empirical Study on the Development of Preschool

Education in Area Based on Panel Co-Integration Test

WANG Sheng-qing!, WANG Yi-qiong?

(1. College of Mathematics and Information Technology, Longnan Teachers College, Longnan 742500, China)

(2. Information Technology Education Department, Tianshui Health School, Tianshui 741000, China)

Abstract: Based on dynamic panel data from 2003 to 2016, this paper applies panel co-
integration model by Eviews 8.0 to analyze the co-integration relationship among numbers of
children, full-time teachers, building area and local economic development level of preschool
education of every districts of Longnan city. The results show that there is long-term equi-
librium relation among the numbers of children in kindergarten, full-time teachers, building
area and local per capita GDP. When other variables remain unchanged, each increment of
one percent in the numbers of full-time teachers results in an increase of 0.093348% for the
numbers of children; the numbers of building area ascend one percent and the numbers of chil-
dren increases 0.158417%; per capita GDP increases one percent and the numbers of children
is raise 0.604851%. According to the education economy and schooling index, this long-term
equilibrium relation exhibits explain meaning. These results indicate that the main factors
influence the development scale of Longnan preschool education is local economic development
level, ample bﬁilding area can meet the demands of increasing school children, and amount of

full-time teachers can ensure the development quality of preschool education.

Keywords: panel data; co-integration test; preschool education; development level
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Dynamical analysis of a fractional-order generalist

predator -prey model

PU Wujun, DU Zheng-guang

(Department of Mathematics, Longnan Teachers Colleges Longnan 742500, Gansu, China)

Abstract: A fractional-order generalist predator-prey model is investigated. By using qualitative analysis,
the existence, uniqueness, non-negativity and boundedness of all solutions are studied. Then, applying
the stability theory of fractional-order system, some sufficient conditions for the locally asymptotical
stability and globally asymptotic stability of the equilibriums are obtained. Moreover, some numerical
simulations are presented to demonstrate that the parameter and order of the system not only affect the
convergence rate of the equilibriums, but also have an important influence on the stability of the system.

Key words: fractional-order differential equation; generalist predator-prey model; boundedness; stability
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T VAR RENFAIHETRRARZNERHR
— R BB TR LS

IHF

(REFERELHER REER, 7 KH 742500)

i T HBEE T 2002-2016 £ Y A iHFRKE, EHELN HER DR EA
BEXRAMYMER G E HEAKEE (VAR), KB & EH #2745 (Granger)
HERR. RAMBEEAN T ETRESBRERET % ALFLRAT. 4 LE
RETR, TEHFHREERBWENKT KRS W 3) SR BAT SGER . 5
RERRW: AKHE RETENHTREAKLEZFRRAT. 4 LEKEE
R, EHBFRRZEFERKAAENDEXR, EFREAT. REDRAF WK
FAMAAE RN, TERATHEAFAHTARE R IR, #HRFALRL
Z 3 R BT B Granger R &, Fl W 2K ETRE KB Granger B H; £ 5 2
BN, AFREATHREERANENRT AL G B AT L F W HE,
ZREBBEHETAERFRT O MEHEHTENFAHATAEEKEEEFY W,
EXZRENHETRARAEE HTREN, RETAAFHETLENARERK,
HAREFARAT, MEAHFENFNETRARALTRETANE. KER
o 4 R BRI

WA ¥UHE, BWER VAR EE; RAw A K £ #

ZHBTRASEINH N, RERBFRRNEZHANTS, REENHSAGF.
INFEHET, RRCTILVENRBERK, XE2TRTFPHNSHE, XEERMREENR
R REFRFINRFHLLR, RE¥MEETNERERE YABEZSER. Bk
E, PHBENMRERSRBETIHEBIFAY, TERANBEREER. RARE, IR
EREL, AR AZE, R XBEBATE, —ir “ABE@E FZRY. stik, «E
FREATYUMEABEMEFTHETERLY (B 201041 5) BHE R BEHNBTELEE
MEBEMME”, BREE (K. M) UE VAL R LHFEET=ZFThi 0. @A, 3%
R AL E ST R, ERBITHT —RIIEXIH, BEEIXRHRETRH
RERBRBHENHE. Bk 2016 £, HRLAELH T _RRH=FT3iTR. 2011 £F
2016 4, R LEL RV BIE A T4 LERZIME 383 4, BiFH¥E 48042 i, &
HERITB TS 42838 JioT, TR KX HERE 5104 7T, TRERER 22.1 TEHXK,
WEPER 1822 4, ¥4 LARIENL 5.5 774, ERIZER D AT 108774 A, £ 2010 4£7EHE

I B 38: 2017-06-20
BYMB: HAEHERE =1 MR 2016 EFIFRE: BEETHTERBATEHT— ETHEEHRE
B LIEDHT (GS[2016|GHBO185)
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A3 23099 AR 4.7 £, ZEBARERI T 92.12%. FE_HEMHEET =Firshit w8
2 BEEHEELHE. LB %, FE8HEAHNE, AR MEEEERE 4
EEHHEFTMMHEEL R, RAXFHREEERS

HAl, ER¥EXMNENHTRBEAM. SFZRKF. BKEER, TEBEZ HAH
26 R AT ISERF R M SO B A E A, 2 A B S AR R T X B/K 760 3k
WAL, SEFMHTHTRE R ERIEES AR ORIV FREBENE. REHEN
ZEBINREFERFHAABE, FREEZMEETRRARNEHNERERSEXRET 8
TRE L. Hi, AXERMENHE LRI, 2 ZRKE. SLERSER., BEHITF
B2 FH B EX RET I BT, R — S-S BOREL

1 BE5HE

mE BB (VAR) BETFHENSIHERRIRE, ERIERETE—PNETRE
KRG TR WA B R S E R R BORM AR, TR B | [ SR B R £ T
BPE PR RARN “HR B B IAEE, 8% AR T ER R AT RE U R
REHLIEBIXT A B R MBS R R, A RERAMT B EMAREM.

HPeRERN:

yr=A1ye1+--+ Apyps—p+Bri+ep . t=1,2,---,T 1)

AF, v Bk BRAETERNE, o B d BSMETRER, p RERFNE #E2MCY T,
Yio1, > Yi—p T/ Y BTG k x kb 4ERERE Ay, Ap A k x d B B BRFEMHRY
M e 2 k BREVLIESIME, EMEZE TR, EA5 8 CMFEEMERAR
SEXAHERMRE. VAR BANEMEER S

Y1t Yi,t—1 hNn,t-2 €1t
Yat Y2,t—1 Y2,t-2 €2t

= A ) + Az _ +--+BXi+ | . (2)
Ykt Yk,t—1 Yk,t—2 Ekt

BI&F k MetRFEFIZRE VARp) BEE k MHEREAR XF, v, -,y EIREER,
T AR BRI, T y1e—1, ¢ Ykt—p TEABE BRI ESSHN, BHASH IR EMEAEM
i, OLS R 2By M.

GHREARRXLTBREDREETSEE R E SEHEAREMNREEKT, REE VAR
REREER L, A B8R A Bk A5 2 5@ R Br RV X A B R4 ny sh & wh s

2 TREMSKEIHEA

R I BE RS T 2002—2016 SEGETHERBEE (WK 1. R 2), FATHELF M Eviewss.0,
BRI 2K KRBT, SLEREER, 2EBUTECHENBTARARNERER, &2
S7. VAR HERY, 52 FI B mi B s 05 07 25 R TR AT T IR, R RW SRR T BT BE R R
B S E R ERRZHTIIEST, TIPERZ MBI EER.

R BBEOTHREBENTERE, FCERFMHFTERZEE AL (STU). Ay GDP
(GDP), H& MM (HOU), HEHITH (TEA) fENBTRAR. HHERYNZZR GDP #
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oM, KM S FEMBIEHXT GDP BHR#IT W, HHEARIN GDP MEIEAE N L4

REEP 4.

#=1
FE AR (N REEW (A BEER (FK) A¥ GDP(E)
2002 19403 458 28730 1778.022474
2003 20353 500 31736 1936.899456
2004 18344 482 30614 2298.158667
2005 22070 461 31922 2737.328377
2006 20189 461 34648 3334.71344
2007 16060 479 32806 3829.283026
2008 22559 530 28798 4112.986088
2009 20659 553 30258 4928.743054
2010 23099 584 39127 5809.637799
2011 34702 580 41643 6644.707913
2012 46237 674 58956 7863.429906
2013 59528 989 161440 8684.640894
2014 67857 1038 145916 10108.31913
2015 78263 12908 247439 10929.76759
2016 108774 1658 326263 11696.38523
%2
#E BAD (7)) GDP(H) WRAMEEE  #Mi§ GDP(R)
2002 266.09 473114 100 473114
2003 267.61 523517 101 518333.6634
2004 268.81 633830 102.6 617768.0312
2005 268.59 741836 100.9 735219.0287
2006 270.75 929057 102.9 902873.6638
2007 275.19 1118061 106.1 1053780.396
2008 279.18 1216011 105.9 1148263.456
2009 282.3 1423386 102.3 1391384.164
2010 281.77 1694276 103.5 1636981.643
2011 281.46 1976822 105.7 1870219.489
2012 280.64 2259756 102.4 2206792.969
2013 282.77 2495048 101.6 2455755.906
2014 283.23 2894472 101.1 2862979.228
2015 285.76 3151400 100.9 3123290.387
2016 287.81 3400000 101 3366336.634

FIE, AEBREIEPFENRTE, 23X &8 (STU,GDP,HOU,TEA) B B 334K,
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4+ Alicy LNSTU, LNGDP, LNHOU, LNTEA. X, AL AREHERET A F5 H# R T 20 K,
i HL 3 A Oy S

3 SCUES#R
3.1 TEMNTFIEMRE

FERESL VAR BB 2 1, |FEXZA B FIIOFRER . 4302 R ADF 8338
H LNSTU, LNGDP. LNHOU, LNTEA #4780 %, RELERIE 3.

% 3 ADF HfiRSRER
BE ADF RBE WHRE (%) WHE %)  wFRE (10%) it

LNSTU -1.117266 —4.800080 -3.791172 -3.342253 RF&
dLNSTU -4.322646 —4.886426 -3.828975 -3.362984 T -
LNGDP ~0.642875 —-4.800080 -3.791172 -3.342253 ER
dLNGDP -3.981087 —4.886426 —-3.828975 -3.362984 Fha
LNHOU ~2.367384 —5.124875 —-3.933364 -3.420030 R
dLNHOU —-4.687783 —4.886426 —-3.828975 -3.362984 i
LNTEA -0.113088 —4.800080 -3.791172 -3.342253 R
dLNTEA -4.385428 —4.886426 -3.828975 -3.362984 T

H: & 3 FH d RR—BES > FRIE SHKF T BE.

H15% 3 BI41: LNSTU, LNGDP, LNHOU, LNTEA % 4 N B RFFI N FEE B AR,
B HEFRFT; MEL—MENE, 4 MESFFIHELT 5% BEEKFHFRRERR,
X A B 24 PR TR B, R T — RS, B 1(1) R
3.2 BiE VAR #RENEEH&

AT HREEAE SN E b EMBCGRM RS, VAR MERERE B ENEH, —&
AT DAARYE AR 5 BN (AIC) AL TRMEN (SC) BUE S/ MR NIRHRE VAR HBIHIRE
Brage. 2R BR, AIC ¥ERIF SC HENIBSEFERF /S HI0 2 IRt & /), # VAR MR R AER
EREP 2 2, BBIELG VAR(2) MR REH/E IS ERBER S RIELE 10 * %
A HEIU A € fY B A WS ).

Lag LogL LR FPE AIC sC HQ
0 6.740053 NA 7.72¢-06 -0.421547 -0.247716 -0.457277
1 73.28437 81.90069 3.82e-09 -8.197595 -7.328442 -8.376245
2 132.4864 36.43205* 151e-11* -14.84407* -13.27959* -15.16564"

* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
| AIC: Akaike information criterion
SC: Schwarz information criterion
HQ: Hannan-Quinn information criterion

B 1 ARREHSENRER RS R

3.3 VAR REHHFRIERE
H Eviews8.0 THEITH R VAR(2) A FTH R ESME, R VAR HEpTaE 4.
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XTTHEHA 2 BR 4 MAEZER VAR BEBER, H AR FELHAILA 2x4 B 8 MR
SRWER, BARMTRARS, BX SR EBEBEDT 1, XREPETH VAR(2)
HAERTER, TUHITEEN T, FEFEMTERESEN. KRR LA 2.

Hypothesized Trace 0.05
No. of CE{s) Eigenvalue Statistic Critical Value Prob.™
None * (.986539 137.7112 4785613 0.0000
Atmost1* 0.812841 37.84054 29.79707 0.0048
AImost2* 0.558449 16.05521 15.49471 0.0412
Atmost3* 0.341344 5428204 3.841466 0.0198

A 2 AR fFEZTARBILE R

3.4 HhERE

AT # %A E LNSTU, LNGDP, LNHOU, LNTEA 2 MR EFEKIRENHEXR,
& F Johansen HhEE T, HEATHMERRIERMEEE BN ZE T TARN VAR SRS RN
HENEOR 1, B ERRMEEHENECY 16, hERBER LA 3.

Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
Nong * 0.999539 137.71112 47.85613 0.0000
Atmost1* 0.812841 37.84054 2379707 0.0048
Almost2* 0.558449 16.05521 15.49471 0.0412
Atmost3* 0.341344 5428204 3.841466 0.0198

B 3 Johansen PhERRRLEER -

WIBLG T ( Trace Statistic) 4558, ARK/KT- 0.05 K&, HHEET REE. Bk, &
5%y B E /K- FA # LNSTU, LNGDP, LNHOU, LNTEA 2 HIZEWMELE, 3F6 4 M
BB —RERE—- M ERREIRREREZ FEENEXRNHBERNE BREEREN
& 4.

1 Cointegrating Equation(s}). Log likelihood 103.8973

Normalized cointegrating coefficients (standard error in parentheses)
ILNSTU LNGDP LNHOU LNTEA [o3
1.000000 -.825629 -1.669778 2.956906 -5.027376
(0.00818) 0.01385) {0.03464) {0.06003)

4 AL RY
ﬂﬁﬁﬁﬁé’gﬁﬁﬁ{tﬁ}% rﬁ]%jb (1.0000, —0.825629, —1.669778, 2.956906, —5.027376), pSIn
Byth RN
LNSTU = 0.825629« LNGDP + 1.669778 x LNHQOU — 2.956906 «x LNTEA + 5.027376. (3)

REEU LB R, TS HAE5RREAKYE (LNGDP), BE&HA (LNHOU), LEHITH
(LNTEA) 5¥RIBFHMK (LNSTV) FERYIBEXRR. FENENZEGHESBITLE
Hi: BFFRBAKTHIEER 0.825629, KETRARPIHMAER 1.669778, TAEHIMEH K
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WM R 2.956906. LR, NKEINEXFRE, S2FKBKTPEREK 1%, 2i0H
HFHMERK 0.825629%; BETREHK 1%, LATHEHMEIEK 1.669778%, & HEHITE
K 1%, SHTHE BT TR 2.956906% 1. RI|BEHATHRIEETUHE, EHER
KBTI EREGRAER, AT 2B F ARG HIER.

3.5 Granger FRIE%

#5227 (Granger) HERBE A TREA R HHWRELEIRE, FARTEEFER
RER, REFCEARLATEREEL. 2RMERITESHIN. F B Granger K
REAQBE:E BT REFFR Granger T 1969 F£F A M E SR H K. Granger FH#
(ERRHEABER. EREFN XM Z ERTREZE, MRS X M2 6E
—@R Z FEAFEON, KA Z i R ETN AR E TS, B XM 2 2 AREEE
%R, NFR X & Z #Y Granger JHE, itH X — 2B, B FLFLRBEKT (LNGDP), HR4&H
M (LNHOU), E#UT% (LNTEA) 5238 &M (LNSTU) BN EER, HIT
PLi#4T Granger BRGR. EEHEENECH 2, BE/KT 0.05, 4 R ILE 5.

Null Hypothesis: Obs F-Statistic Prob.

LINGDP does not Granger Cause LNSTU 13 222079 0.1709
LINSTU does not Granger Cause LNGDP 464388 0.0459
LNHOU does not Granger Cause LNSTU 13 0.02815 0.9723
LNSTU does not Granger Cause LNHOU 28.9480 0.0002
LINTEA does not Granger Cause LNSTU 13 0.48686 0.6316
LNSTU does not Granger Cause LNTEA 249295 0.1440
LNHOU does not Granger Cause LNGDP 13 1.04634 0.3948
LNGDP does not Granger Cause LNHOU 2.14467 0.1796
LNTEA does not Granger Cause LNGDP 13 0.27682 0.7652
LNGDP does not Granger Cause LNTEA 2.02401 0.1944
LLNTEA does not Granger Cause LNHOU 13 0.84655 0.4640
LNHOU does not Granger Cause LNTEA 0.09549 0.9099

& 5 Granger HRXRRBLER

mE 5 &, RN 2 o, 7 S%H BEHOKT T, 2RHFHMR (LNSTU) 5428k
J&/KF (LNGDP) B B[] Granger FHRR R, HIFHIHFHMM (LNSTU) BEFF ZRAKTF
(LNGDP) Yy Granger [R[H; 2RI FHHE (LNSTU) 5&&HEF (LNHOU) KA B[ Granger
EEXR, EAHENR (LNSTU) BEEHEM (LNHOU) iy Granger JHH; #HEEM
M (LNSTU) 5&E# %k (LNTEA) BF Granger HRXH. 5H5h KEFEH (LNHOU)
525k R RAKT (LNGDP), LEHUTH (LNTEA) 5% ZR/AKT (LNGDP), {EHITH
(LNTEA) 5% &R (LNHOU) Z [H#L%H Granger HRXR. XUHEEHN, 2FLR
K, BEER., TEBTERTIIEAES T EAEF BN FHHTRERAR FEE
TRERSZ PR K LRI SRR P RS BUEE REOH 29, #1IX 25 KT R i R
N AZ R E M R P EEXT 2 RH T RN L WA B
3.6 Rk i B4R

kv ] 57 B 5043 125 T LA R SR A — 1 P R AR B o (R 2RI BT R 6 e 9 SR, BP
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FERENLIR Z TN LRI — AR HEE /N s an)E, XY P A2 2R B 4 BRI R SR (B AT 7= A M B
RE.

M LRTT 4, A5 & LNSTU, LNGDP, LNHOU, LNTEA 237 #5 VAR #A R EH XN,
BrAZE s EEA b, BATAT AR Eviews8.0 81, Bad it B bk vhb 20 . 18 SR BHS0U B
FRFFEE, AR ERE—MREZH S (Innovation) By X 2 BT E MALEY Bk vk g
o7 B P

Response to Cholesky One S.D. Innovations ?2 S.E.
Response of LNSTU to LNSTU Response of LNSTU to LNGDP

-— B e

-3 . o b

< T T T T
1 2 3 4 5 [ 7 8 9 10 1 2 3 4 5 ] 7 8 9 10

B 6 2ERTHFE AR &2 B el e BY

B 6 o, 2 A BRF AT F I B 5 XA GDP, BAER . BEBITHESA B HEy
N 7, A 3 s Bk b e 8 A4 38 B R, Ml %R LNSTU F LNSTU, LNGDP, LNHOU, LNTEA
B RN B, SRR BRI Y B £, BARR R E R RATHERE R ( £2S.E). WEHT
VAE H, H¥RIEEHE (LNSTU) X B H %3 — MR S IE WS, 28 EHHE
BRI MK, FHBE EMBKE (0.20), Z/EEHMZMIRE TR, HERIERNE
W, FESE 5 HARE A A, KB RALE (-0.02), BE/S R W LB N EFFA/MERS), LAE
55 8 3 (0.06) 2 /5 X AE M 0 MiEE. BT S, FRIHE RN g FHhEEm I ERA,
EWE 10 FIZHEBERRNY, YRARBE F 5 PZEBTRE; USFEBAZIH
FRE—MPEER R IE R )R, 2T IEN R RES 1 8 0, £ 2 BN K
6 R BL (~0.03), 5% 3 HAMGKBIEM{E (0.03), 5 4 YIREZE FAIB/ME (-0.04), Z /5 2/MIEE
B LTEBIES, F5F 6 MZEEEMRMFBTRE XiiH, £F KB ZHH TR
BB AR, 2 AR KTRERSFHNBETFARARBSHROEERE, UREH
B RGFMEFRRE—MREZH B IER WG, FRTE T RN KL 1§
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0, RIEH BEMFFREL, 5 2 WA A R/AME (-0.09), 25 3 M2 )5 B M TR B SH
MR 0 M RErTa e, O AN RS IR Y FEX A E AR R AR R
R, ERREETRE, TERE T2 A nE & RN K% £ BTE RS F iR
KSR, YEEBTESFMBE TR M RERH SR ER )G, Bk w7 28
JLFMBEES, AW EREESRFAEH (0.01), 3L EBUTBAER S S H A 25
BEABE KT BELW, HEMN RS, BT EBEAT KEEAEERETRHR
Fric il &.
3.7 HESE

Lk vk ma B BB AR, TR R T ARk RS S A MR, Bk B2 ek 3K
RBEREN - NEERIHEER, FENMBULBHTIRETZ G0 KRB
TRZENZEERRE ENEFREERIERATE—TNER BN SNEHLRE A
H5&TRENRET (F L) MREGEHARTL, UTHEH R NEZRANE
B AXHRATES BT T ENEWEEX LR E RN TRE, TR HER
BT

"
2
a

SE LNSTU LNGDP LNHOU LNTEA

(.204785  100.0000 0000000  0.000000  0.000000
0.249598  84.38414 1512407  14.00501 0.098449
0262042 8487444 2376444 1265627 0.092844
0.268131 8341763 4411841 12.08191 0.088812
0268802  83.45355 4393182 1206018  0.093088
0271908 8336794 4515848 1202411 0.092307
0273140 82893288 4853822 1212018  0.083119
0282631 8254862 5950663 1141346  0.087260
0285624 8239009 6235410  11.28876  0.085749
10 0.286866  81.69264 6916930  11.30014  0.090287

WEoNDO R WN 2

Cholesky Ordering: LNSTU LNGDP LNHOU LNTEA

B 7 FHBERRABITESRER

FEMBEREY, MENEETIARRKBELTREZANTEE FEEHTL, BR
SEHHEREN H FHRREESHEHERBEY, KTV HBNRE_NFRELE
—HATRET 15.62 MES K, EE TR TEREIRIET 81.69%, KIHEE FEIEM, XMR
ELMENHETRL 2T NEAZEETEORA X I RELHETAENT kEER
BURTBCh B RS, HR, MEMEETAEE KA BHEMEZRRYILERESER, &
2 BIRR B T Bk 14%, Z 57 12% E TRk s), FTEHTEREIREAS T 11.3%, X
SrerE LA S BRI B E S LERIRT E A X, SR & ER, B\ EE b,
MNP T EHHTWHE HREAY GDP, HENAMHEBE L TRMBEEE EI R,
FHHRTT 6.92%, XL KRIERE LT KNMAREWENHET X RIEM KT
FHE. W EABEF IR R TRESROR LB, NFEEIXE, HTTMESEAARE
0.1%, T B BATRE7E 0.09% L 4.

4 e
ARSI R T 2002-2016 4F B 5E HHAERBUE, TEM AT R L BT SMHE LR
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B E RGBSR (VAR), RIFFEIERAEZEA (Granger) BRME . ki
IR HORI 7 B TR E BT TS, MEFARKT. YLERFER,. TEBITHFH
ERWENBE X R S THHITERIEMMT. FEERRA: AKEE, B2
BERBRIARESEHERBKT. YILEREER, SEBITHRZ RFERPESEHHEX
R; BHFERKT. BEETMNENBTARET ERREY, TEBITETEMEEAEE
R ; NERE, FAHTHERRLY R RKTH Granger KH, AN HEKEEHN
HKH Granger [RH, HAKERKT. KEER, TEBUTHH IR ES T EAER
BT RIEE KR, RS 2 BN, KUK RK A& R 25T F AR
fkoh R BE R RIBUY, ZJE A ET/AMERSIET 0, R EBUTEHEHHT
PEE KT BEEW. XL, REFENZHWHFTARASARKIER, YEFLF L
AT, B hE: & E AR R AR BT B X BT B T IR A B B, EEEE R RS, &
SHRRFRPERR; NTREBRERE, EALBEMNHET LRI E 5 TRER, &
EWBMEMBAT R RO TREREK, HRELFZBKT, MEEHTECHENHET LR
PR TR B AR B XA BE R e R B R LB NG 68 L, SEmBUR AR
B, T —#Ee, ERNYJLE AT RTYILEREER, WE T ElLESR
# L, MEMHFT RO TRBERT S XEAR

LR, TR A RARG 2 BT, LEREER, TEHTH
EFERPYENIIERR. YBUFSER T 2B FRR =TI E, REmREs
THEER, SEBABET EBHE FAHTZFBAEREET 92.12%, ZHTHTH
BEABTRE HTHFEETRELURETERAEX, E2E4REANRSHHEXZ —,
W %HE. WRBR, SHRPBESR HRLEERERNAYMHTRBRIEERR.
A5, M BN B SER R RI BT M BAKT, IFRIE B T BORMAT, m b e L&
ARSI, BLY ARFER, ERRENRYLES B 8 L, 458 e I A& inkE
WREEBITE RS, MIIRE, EREXNERMITEN, SRR RN
MR EFHOTR, TREMHEEFAE. HNRSERKTERK, FMHETRRAHE
TR, T BUN R TR B S B KRR, ZEREER S B ERENEE. —m, B
A RAE ., EFHEGRRENE, RO RELT ABF RS W, AHLWBE R RN
R SEEMHFMS EARELKE., MUK RERE ARREERGTNENHTRS
BEL; B—mE, BEREAARR R, X T EEZHEE, m#ERs TARETT
T ABUEIHA S, ERENEERLE, BURY KEFMHERER, BERTLEMAEE
K. 55, ERIEEL)LEA E LA R, S2E gk kb i 3
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Study on the Influencing Factors of Preschool Education

Development Scale Based on the Var Model — An

empirical analysis of Longnan city’s data

WANG Sheng-ging

(College of Mathematics and Information Technology, Longnan Teachers College, Longnan 742500, China)

Abstract: This paper, based on cointegration analysis, selects Longnan city’s annual report
data from 2002 to 2016 to establish VAR model of influencing factors of preschool education
development scale, and analyzes effect of economic development level, kindergarten school

area and number of full-time teachers on the dynamic effect of influencing preschool educa-

tion development scale with the comprehensive use of Granger causality test, impulse response

function and variance contribution decomposition. The results show that in the long run, there

is a long-term cointegration relationship among preschool education development scale, eco-

nomic development level, kindergarten school area and number of full-time teachers. Preschool

education development scale is Granger cause of not only economic development level, but also

school area growth. Economic development level and school area play a role in impulsive ef-
fects of preschool education development scale and have a significant negative effect, then
change slightly at the transverse axis and tend to zero, but number of full-time teachers no

significant effect in the lag two phase. Without considering the contribution rate of preschool

education development scale, school area has largest contribution ratio on preschool education

development, and follows by economic development level, while number of full-time teachers
no obvious effect. Based on the result of the above analysis, we put forward some suggestions.

Keywords: preschool education; influencing factor; VAR model; impulse response; variance

decomposition )
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W - Gorenstein
( s 742500)
: W R- W-Gorenstein R- X W-Gorenstein
:G—=X, f ,  Holm Gorenstein
: W-Gorenstein ; A
: O154.2 : A

W-Gorenstein precover of complexes

CUI Jun-feng

(Department of Mathematics, Longnan Teachers College, Cheng County 742500, China)

Abstract: Let Wbe a self-orthogonal class of R-modules. It is proved that for any R-complex X with finite
W-Gorenstein resolution dimension, there exists a WGorenstein precover f:G—>X, where f is an epic qua-
st-isomorphism. As an application, we generalize the Holm’s result on Gorenstein projective precover of

modules onto the complexes.

Key words: WGorenstein complex; self-orthogonal class; precover

X A .B A 1 X  W-Gorenstein
Be& B. f:B—~X X n. W-Gorenstein f:G—>X, f
B- , B € B, Hom(B',B)— ,  Ker(f) W n—1.
Hom(B',X)—>0 , B e Enochs Garcia Rozas™
B, g:B'—X. h.:B'—B 1 Gorenstein Gorenstein «C
, W ., W-Gorenstein
g Gorenstein . . W
o Gorenstein Gorenstein ,
h & “Gpd”. 0
, R Holm [4]
g f_> X Gorenstein
1 “Gpd” “pd” Gorenstein
Fig. 1 Precover diagram (Gorenstein)
B ) B , (Gorenstein)
A , B ,
A. O (Gorenstein) e
[1-2] .
W-Gorenstein ) 1 R .X R-
W R Gpd(X)=mn, Gorenstein f:G—>X,
 f ,  pd(Ker(fH))=n—1.
P 20160322 , M Gorenstein ,
(2015A-181)

(19789, . Gorenstein f:H—>M, :f



W-Gorenstein o 171 -

pd(Ker( /) =Gpd(M)—1.

R Noether ,C R-
C , i=1,Ext; (C,
C)=o0, R—Hom; (C,C)

R~ M C ; p M=C
®rP. P C- . [7]

P . [8] P~

Gorentein C-Gorenstein , f’(—
Gorentein C-Gorenstein . ,

R- X Istfﬂorentein
, C-Gpd(X).

C-Gorenstein

Cpd (X) X

Pe- , X C
2 R C
Noether ,X R- C-Gpd(X) =n,
C-Gorenstein f:G—=X, f
,  C-pd(Ker(fH)=n—1.

1 [7] 2.3
. 1’
V-Gorenstein , Q-Gorenstein
. V-Gorenstein O-Gorenstein
, [8].
1
17 W R- . W
Exthy (W,W')H =0 YW.WEW,Yi=>1
\%% s
R . W WG
\%% W-Gorenstein .
d;
R- X R- e X, —
dx d~,
XO —>X71—>X72—>... . n,
X d¥=0.
2 R- X W s X

’ ngZyKGf(d?j)GW
Homer (—5—) R-
s Extery (—5 —)

C(R)

Hom(‘(R> (—,—)

C(R)
30 R- X \XLGorenstein .
W

W= o>V, >V, >V | >V >

X=Ker(V,>V ), W Homex, (Ws —)

Home, (— W) .
A Abel X A
Me A. e X, > X, >M—>0 M
X , : X, €X,Vi=0. M X
( Xresdim(M)), M X
X-resdim (M) = inf{n € Z | M X
0—=X,—>X, > —>X,—~>M—>0)

D) A R7 9X W
WG, M W  W-Gorenstein
, \;V-rcsdim(M) WG-resdim (M).

[10] 1 W -Gorenstein
W-Gorenstein

2 1

1 X, Y R-

stein Y w ,
1217 EXTE'(R)<X9Y>:O.

W-Gorenstein ,

X W-Goren-

WEGV i=1, Extig (W,X)=Extig (X,

wry=0. K W ",
04)W?14>W7171 »".*)Wl *)WO *)Y4>O

W, EW, k=0.1,,n. 0>
K,—>W,—>Y—>0.
0=Extip (X, W,)—>Exthpg (X, Y)—
Extiig (X, K —>Extip (X, W,) =0
Extige (X2 Y) = Extiih (X, K.
s Extig (X, Y) =Exti, (X,
W,)=0.

1 \%% oW, —
W,—X—0. K, =Ker(W,—>X),K,;;, =Ker(K,—
K, )(Vi=1). w W-Gorenstein .

WG-resdim(X) =n K, eWG.
W-Gorenstein s
Vi EW. Wew,
Hom(?(R) W,—)

0>K, >V >V,
Homeg, (— W)

L'=Coker(G—=>V"), L"'"=Coker(V"'=>V")
(Viz=D
, Homew, (V°, W, ) —
Homeay (K, » W, ) —=0 fi V0
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W, go:Ll”Kn—lv 2 3
0 K po I 0 0—» L' —> y'——» [’——»(
” ﬁ)l gnl g“l f‘ l gll
0—> K, —>» W, , —>g, , —>0 0 > K> W, > Kos >0
2 3
Fig.2 Commutative diagram Fig. 3 Commutative diagram
’ Vi V=W, o, g1 L*—~K, ., ’ 4
0 —» K, —— j° » ! > i —p ey > 0
fol /i S l S
0 > K > W, > W, > > W, > X > ()
4
Fig. 4 Commutative diagram
4 , . [2] GARCIA ROZAS J R. Covers and envelope in the category of
C=0—>K —K @V(>_>W @V] e W @ complexes of modules [ M]. Boca Raton: Chapman &. Hall/
n n n—1 1
. CRC Press,1999.
VW, AL —X—0. . . L
[3] ENOCHS E E,GARCIA ROZAS ] R. Gorenstein injective and
’ K=0—>K,—>K,—>0—>- projective complexes [J]. Comm Algebar,1998,26:1657-1674.
[4] HOLM H. Gorenstein homological dimensions [J]. ] Pure Ap-
C/K=0—>V'—>W,_, @Vl — W, @V”*l — pl Algebra,2004,189:167-193.
w ®L7'—>X—>O [5] CHRISTEN L W. Gorenstein dimensions [ M ]. Berlin: Spring-
0
er-Verlag,2000.
G:W0®14”9K:Ker(W0®14114>X). ) . L . L .
[6] LIU Zhongkui,ZHANG Chunxia. Gorenstein projective dimen-
Wresdim(K)=n—1. G’ EWG, sions of complexes [ J]. Acta Math Sinica,2011,27:1395-1404.
1 EXt(ly<R> (G/ JK)=0, [:6—>X W [7] GENG Yuxian, DING Nanging. W-Gorenstein modules [J]. ]
. , , Algebra.2011,325:132-146.
Gorenstein . K s f ) i
; [8] ENOCHSE E,JENDA O M G. Relative Homological Algebra
[M]. Berlin: Walter de Gruyter,2000.
[9] #- F [D]. ,2011.
[10] s s W-Gorenstein LIl

[1] ENOCHS E E,OYONARTE L. Covers, envelopes and cotor-
sion theories [M]. New York: Hauppauge,2002.

,2014,40(4) :163-165.
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THEF
(BFTSE RS LR 2R SEER, HA WH 742500)

B OE N TERNESRLES, BAIRTRERGF Y%, KERTHE
19402015 4 & WA B SO, RAAME - AL RGO, H AL MAN 84 %
RSN, AT AR TR TN, A B F I 4 MR AR A AT T
P BT bR R AAE I 4 B 0 B0 3%, R4 MACE B LBUE T DL,
RETRABENGE

KEIE: AT R KGR A FRAKE; TN

KRR SEMRAKSAEF P EE N T, BT TGRSR, ZERAERIE 20, B
KA RRAFAER BB REALYE, A ot A K B BT, B0R 2 1 S 7 B R 2 ) D SRt Y k= K
W, SOEBTH . YUK BOKBE RS T JEFR, BEE SR P REE R AR e 2, M H/R AR
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AR By 7R A SR GETTIN 7 325 ) TUOONAS BE e e . B I /R ] REEBM 7L M Bk Bk 2 . 2T
LN ST T /R T e B T 325 ) TG BE B AR 4598 s SRR, 55 1) 38 AR 2 R W et
RUT7EE TN AR K BB B AKCIRZS R, R AT 1 1 Bk SR B 47 K Ry BRI, AR
BEFEZK SO 1940 -2015 47 Bl e 4R FK BN B, R A¥E - InHEZE 9k, B0 T EH
T B r L XA FEK B o AR, FEAMTEAC R & B H A RBONAL, LA S /R m] R
PUAEAY, Xof Bz re X 2016 47§47 K B BT AR RS EAT BT, 7E M FEAE 1R AR FHAEE S
B RN J7IE, X 2016 4R 4R K L B AR B E 2T T

Wr#E H #B: 2016-06-21
BEIH: HRESEFEETE (2015A-181)
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1 SROIREEFIHUNRE A

1.1 SREIREHEX P

W{ X, n > 0 HRENLERE, T HHIRZES 0], EXHEERER n > 0 AUEEW 0,41, -,
ing1 € I, ZMMERWERE P{Xnp1 = in|Xo = do, X1 = i1, , X = in}=P{Xp1 =
i1 Xn = in}, MFR{Xn, n > 0} /R A] R,
1.2 #BEERER O

Vi,j €I, K pij (n) = P{Xp1 = j|Xn =i} AEIRAIREE {X,, n > 0}E n BZIH—2
MR MEERMERE piy(n) SITZ] n JEREE, FRILE R AT KA R FFIKA.

M P RR—HEHEBMR piy Fra s g, B

b1t P12 D1y

D21 D22 p2j
P=1 ... ... ...

DPi1 Di2 Dij -

P — R

Vig €, k> 1,pl) = P{Xpik = 5|1 X = i} HIIRATREE X, n > OH b BHHE
%, IERR PO = (1)) K IR REEN k SRR

R HERTIE FL 7 2 DA 7P R

1) pgf) > 05

k
2) sz(‘j) =1
jeI

M k=10, pl) = piy, PO B — BB RE 4 P.
1.3 IR SRARFMERERBS B
) HEFFE 7 A FE s, BESLAMRATHE (R T30 T R A e IR 45 28 ).
2) i “1)7 BREESLI 5 SbTE, T 74 o 45 A B BT AL IR 7S
3) XHAEME KRR T HEAT T R
4) FEIREAKF R B EATEREL i,

n—Fk

re =Y (i = T) @itk — T)/Z (@ —7)°

=1

Kt r— 5 kY (IFEER k) FARDCREG o 0 BRI, T ZETHE; n
B ] 44 B

mwﬁmaw%§ﬁmﬁwum=mu§ymﬁW=mfﬁmw%¥ﬁﬁﬂm%ﬁ
BB m BUE Y 5.

6) Xt 2) FFERILE RHAFEI, BEIRF LK i D BRI, Yo T ERK RS
oo P o (g A e .

7) 43 BICARGTE 4 1 AR MK B IR, 256 HOAF L R 7 5 6 4 B T 5000 o et
Bk RS R plF), b i RS, & RBR (k=1,2,---,m).
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8) i Al — R A A 25 BT BEA AR AR K AL T IR S R U, Bl pi = i wip”,

M max {p;,i € T}(I AFHARZSZEN0]) FrXs ey @ B Rzt B oK B BpRE. BEE U P
TR, WREAT T Iy B RS R T

9) BTN b (B A BARKUE, PR DR S FHEME S & AR (E A 775 T AT B, Bk
HEWT T SERARESREE 1 = ]%jﬁpp Her 6 >0 HEBEF EFEHELT i <p<
i+ 1 X HPRES ¢« ;XA TR o, LFRA b, WZEFM I HERE « 7T TRZ%ETES
r=a+ (—=1)*(u—14)(b—a).

WA ERREH AR = b — (1) (@ + 1 — p)(b—a), HH

k_{qﬁﬁ@%msﬁﬁ@ﬁm—ﬁ_
1, A
10) A #E—P X Z E R AT REEMFHE (R ITPE . PR 5%) BT

2 H0AN SR O] R ETERE Bt X P K E T S Y iz

2.1 BBRRXEKEDRIRENTHE
X TR 2%, B T R R M - pRvEZE A G U, KBTS X, Xo,

o X, BEAEN T, HEATRHERDY s = \/ e é (v — T)2, AR TE—A 75 (H

RABWLIE/NTHET 0.2), MAEUEVERMSLF AR FFS. T, AR KRS
FRMEREETE (—o00,T—1.15), (T—1.15,T—0.5s), (T—0.5s,7+0.55), (T+0.5s,T+1.1s), (T+
L1s,+o00) W, ¥e5 R FEK B HRKAR . iAGAE . T/KAE . R EAF FKE 5 DIRES (Y4
T8 Dy /R T RGERPIR S 2 1)

MRAEBEFE K SCRGETHEEE (R 2), Hl Eviews 8T 24 i P&, - T-Fa it )
FF5 (] 1).

Bl 1 FoKERFE
BEFE T 1940-2015 4K P WP {E S 4 77 Z e A T HE f 0545 -

1 n 1 n
T — — P — fr— . 2 —
T=— Z x; = 473.1lmm, s J — Z (x; — T)? = 80.4mm

i=1 i=1
AR, BEAERGLIE 7 RHER, BUMNF 7 MR, BURT 7 8. ICHKE. Wi, 7
KA AR FEAKAR 5 AVIREY 1={1, 2, 3, 4, 5}, SRR K REIX ] 3R 1.
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R IS NI A

46 4

KIER 1 AFE o RARHEXT BE I #L X. 19402015 4FREK BEIEAT 2K, SR INE% 2 B,
2.2 #HITDKREE

DB Ut RS R

PR AT G IR Al RAEFE Y ] 5 /R ] FALRL Y 0k

R 1 FRAKENER

RIS &l S AniE FEZK B IX ] /mm
1 MK r<7T—1.1s T < 384.7
2 e T—11ls<a<T—0.5s 3847 <z <4329
3 FAKE  T-05s<z<T+0.5s 4329 <z < 513.3
4 REFE TH+05s<zx<T+11s 513.3 <z < 561.5
5 F/KAE z>7T+ 1.1s x> 561.5

x® 2 BeEmETHRKE

0 FEKE (mm) CREFFR AFO FOKE (mm) REFEHK AF0 BKE (nm) R

1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965

668.5
473.6
441.6
588.4
517.6
519.1
560.9
620.7
432.4
574.2
458.5
487.4
511.9
423.5
528.7
433.7
492.3
452.4
549.5
441.3
508.5
484.1
487.2
459.6
565.2
456.4

W Ot W W W W W ke W W Wk N W W WO O R ROt W Ot

1966 379.7 1
1967 547.0 4
1968 532.9 4
1969 462.0 3
1970 411.9 2
1971 373.9 1
1972 428.8 2
1973 482.1 3
1974 415.1 2
1975 536.7 4
1976 385.2 2
1977 412.2 2
1978 566.3 5
1979 375.4 1
1980 540.0 4
1981 448.7 3
1982 463.6 3
1983 457.8 3
1984 684.5 5
1985 523.8 4
1986 357.3 1
1987 429.7 2
1988 609.8 5
1989 474.1 3
1990 593.0 5
1991 387.9 2

1992 570.7
1993 587.8
1994 369.1
1995 433.3
1996 351.8
1997 270.1
1998 464.4
1999 392.6
2000 445.8
2001 370.3
2002 410.6
2003 493.3
2004 394.7
2005 402.3
2006 372.0
2007 443.9
2008 474.9
2009 470.7
2010 331.9
2011 529.0
2012 399.1
2013 588.1
2014 446.0
2015 526.5

W Ot NN R W W W NN WY E WD W E W e oL

BRI AL St =250 3 i [

pLJ

MR E BEER (m —

ZERTHR. W ERUTSI

1)% B x? 4341,
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HAr fi; R K FEH N i Jki‘—iﬁﬂf*"@ J H("‘E’J’f%?‘fﬁi pij AFEIKEFFFIHN i R
S—LHBE jORSHEBEME, p.; = Z fil > E fig B 3R 2 RAREIERT

1=1 7=
Hig:

1 3 3 30 1/10 3/10 3/10 3/10 0
2 2 3 25 2/14 2/14 3/14 2/14 5/14
(fijdsxs = | 4 5 13 2 4 |, (pij)sxs=| 4/28 5/28 13/28 2/28 4/28
12 4 31 1/11 2/11 4/11 3/11 1/11
2 2 5 21 2/12 2/12 5/12 2/12 1/12
& 3 NFrHiER
RES 1 2 3 4 5
Dej 10/75 14/75 28/75 11/75 12/75
T giHE 0 =2 Y f [ 2] K
RE  fa fiz |In P21 fig {In P21 fiy fis |In 2 it
1 0.2877 1.4234 0.6561 2.1469 0 4.5141
2 0.1380 0.5350 1.6655 0.0526 4.0148 6.4059
3 0.2760 0.2217 2.8344 1.4389 0.4533 5.2243
4 0.3830 0.0526 0.1053 1.8609 0.5653 2.9671
5 0.4463 0.2267 0.5491 0.2557 0.6523 2.1301
21.2415

WM 2 =2 x 21.2415 = 42.483. 45E BEHAT a=0.05, ZHEE: y2(16) = 26.296,
BT X > X2 ((m —1)?), BAEREK R F 5 2 5 IR
2.3 HHEEKFIIEH HEXRE

AR = S (= )(eins — 7))

=1 7

PR AR S B AR RO (B 2).

(v; —7)% k= 1,2,3,4,5 80f| [ Eviews g5

M:

1

B 2 £k B RERR B AR



292 BEMEES AR 46 &
= —0.014, 75 = 0.142, 75 = 0.147, 74 = 0.164, 75 = 0.171.
FAAR: wr = |rel/ Z |, &R A M REIEAGRIRF MR (&) MAE

wy = 0.022, we = 0.223, w3—0230 wy = 0.257, ws = 0.268.

2.4 HEAESKHSKEBER
RIEAFFEK L FTAL AR, FIF MATLAB BT < 1 B R AT R B AR SR

L2y > 23
0.1000 0.3000 0.3000 0.3000 0 0.1230 0.1810 0.3427 0.1761 0.1773
0.1429 0.1429 0.2143 0.1429 0.3571 0.1378 0.1870 0.3737 0.1771 0.1244
PY =] 0.1429 0.1786 0.4643 0.0714 0.1429 P® = | 0.1364 0.1881 0.3822 0.1448 0.1485
0.0909 0.1818 0.3636 0.2727 0.0909 0.1270 0.1829 0.3721 0.1688 0.1493
0.1667 0.1667 0.4167 0.1667 0.0833 0.1200 0.1924 0.3745 0.1629 0.1411
0.1327 0.1855 0.3727 0.1648 0.1444 0.1320 0.1869 0.3727 0.1619 0.1465
0.1307 0.1877 0.3711 0.1638 0.1466 0.1322 0.1865 0.3724 0.1616 0.1472
P® =1 01330 0.1871 0.3732 0.1593 0.1473 | P = | 0.1324 0.1868 0.3726 0.1613 0.1469
0.1322 0.1862 0.3736 0.1617 0.1463 0.1323 0.1868 0.3728 0.1614 0.1468
0.1322 0.1862 0.3719 0.1609 0.1488 0.1324 0.1867 0.3727 0.1615 0.1467
0.1323 0.1867 0.3726 0.1615 0.1469
0.1323 0.1867 0.3727 0.1615 0.1468
P® = 01323 0.188 0.3726 0.1615 0.1469
0.1323 0.1867 0.3726 0.1615 0.1469
0.1323 0.1868 0.3726 0.1615 0.1468
2.5 SLEKHEMNRE GIERLIE

B 2014 KBRS RBUE. MRAFBERE 7 2009-2013 45 T4 49 WL K T 200 (E S AR
SRS R AR, 456 LI PTAR6 /R A REERIHT 5 BHAE(E we(k = 1,2,3,4,5),

Xf 2014 4FFEK L EAT BTN G0 IIE, FLA5 R AR 5.
* 5 2014 FRARSHNER

Wi WE W R 20U PRSI
1 2 3 4 5
2013 5 1 0.022 0.1667 0.1667 0.4167 0.1667 0.0833
2012 2 2 0223 0.1378 0.1870 0.3737 0.1771 0.1244
2011 4 3 0230 0.1322 0.1862 0.3736 0.1617 0.1463
2010 1 4 0257 0.1320 01869 0.3727 0.1619 0.1465
2000 3 5 0268 0.1323 01868 0.3726 0.1615 0.1469
pz:fjlwzpi’” 0.1342 0.1863 0.3741 0.1652 0.1402

i R A max(p;) = 0.3741, Uit ¢ = 3. BJl 2014 SRR EFHMPARZS A 3, T 2014 EFEK
REFRIRS WA 3, MATARESAHY .

BE—2 R AR SHHEE

4
%e

MR E R IR T AT XTI T 8 = 1.03, A
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p= 3 %p; KIPRSFHAEMER 3.0991( < p <i+1). ATFRIEHFARKE

jel
z=a+ (=1)*(u—1i)(b—a) = 432.9 4 0.0991(80.4) = 440.87mm(k = 0)
IAE 5 SERRE 446mm BFHXHRZECN 1.15%, 5 EFREEARY 4.
ISIE 2015 AEREKEARS KEE. RAEPERE T 2010-2014 45 F4F H LM % /K B 500l &
AR BRI FE R MR A [, 12 A A TS B TR T REERIRT 5 MANEE wi(k = 1,2,3,4,5),
XF 2015 4FEREAK AT TSR AIE, HAE R L3 6.

® 6 2015 FRERKKRETAER

W RE W E 2015 fF A AR
1 2 3 4 5
2014 3 1 0.022 0.1429 0.1786 0.4643 0.0714 0.1429
2013 5 2 0223 01290 0.1924 0.3745 0.1629 0.1411
2012 2 30230 0.1307 0.1877 0.3711 0.1638 0.1466
2011 4 4 0257 0.1323 0.1868 0.3728 0.1614 0.1468
2010 1 5 0268 0.1323 0.1867 0.3726 0.1615 0.1469
pi =3 wip® 0.1314 0.1880 0.3747 0.1603 0.1454

i=1

H13 6 41 max(p;) = 0.3747, Wit i = 3. BJ 2015 4EMK B BIMPRA H 3, 77 2015 4EHEAK
HALPRRES R 4.

#H—L R RS RIEES G R EHEN L M TRERF 6 = 1.03, AKX 1 =
%j"pj RAFRBFHEME N 3.1085(i < p < i+ 1). AFREHHARRE 2 =a+ (—1)* (-
;)(b — a) = 432.9 + 0.1085(80.4) = 441.62mm.

HIG AT O, BARBEACIRS AR, EBINE 441.62mm 5 5CFR{E 526 5mm FHIXHEZE N
16.12%, 53R EEWIE (—RIAHRXHRZE < 20% 22 AT R R T 45 5, VBT iy %k
TET A B K B P2 AT AT Y.

2.6 FNIBERHX KR EREKE

i 20112015 4F FLAF B Pk BERUE K AR Y PR S B MR A M, 4546 LHEH S TG
H/RATREERHT 5 BIMANEAE wi(k = 1,2,3,4,5), X Pt X 2016 4K BT, H25R
W T

R 7 2016 FRAKKRETAER

Wi ORE W RE 2016 FF-# R
1 2 3 4 5

2015 4 1 0.022 0.0909 0.1818 0.3636 0.2727 0.0909
2014 3 2 0.223 0.1364 0.1881 0.3822 0.1448 0.1485
2013 5 3 0.230 0.1322 0.1862 0.3719 0.1609 0.1488
2012 2 4 0.257 0.1322 0.1865 0.3724 0.1616 0.1472
2011 4 5 0.268 0.1323 0.1867 0.3726 0.1615 0.1469

pi= Y wip® 0.1323 0.1867 0.3743 0.1601 0.1465

i=1

B 350 max(p;) = 0.3743, Bt i = 3. Bl 2016 4ERE KR TMARES K 3.
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MFEERET =103, HAR =Y %, REFREHEAEE R 3.1108. F FRZEHH
jerI
NRARB z=2+ (—1)*(p—4)(T —z) = 432.9 4+ 0.1108(80.4) = 441.8mm.

BB rd L IX 2016 4FFE /K S BUMME N 441.8mm, 3J& T T-7K4F.

3 &g

A5z FI B H X 19402015 4FRE7K B BERL, SRAYIE - TrEE ki oK B 508 7
FHEFT A%, FFARLTEAC I & I H AE O REOUAL, B2 T MIALE, /R W] RAEETIMAS AL, il 503k
ZALALTE R B BT AL IR ZS A T e R . ARG b — 20 R RS E(E 45 & 2tk
WA IR, XHAE MK B ARBUE AT, AR R 278 A A3 368 D\ AT A 0 P9l B,
Bl R L DX R 7K B TR AR SR AR PR T K AR, BR/KIE R, WK B 5 4R T 5 50 A 24, 7T LUK T
FURERAIED, AL FURREREK.

SE3

(1] e, BCF. AU /R REAETTIR FEADRGL TN 8y A [J]. REETREMR 5 LR, 1999(10): 90-93.

(2] PNA RS, BRI, AR, AL, IR ] RAR LA K EARROL BT g LA (). R TRRHIR 5328, 2003,
33(4): 101-105.

(3] BARR. SR A REETM I M HAK ST F F 8 S (D] B IR, 2005.

[4] ZEERNE, LEH). KRB AR REAEERKE DTN A [J]. B350, 2013,
43(4): 89-94.

[5] Xycte. VLSRRIV A [M]. 03t &%HE i, 2004.

Prediction of Precipitation Based on the Weighted
Markov Chain in Longnan Area

WANG Sheng-qing

(College of Mathematics and Information Technology, Longnan Teachers College, Longnan 742500, China)

Abstract: In order to guide agricultural production better, this paper applies the theory
and methods of the Markov chain, according to the Longnan area annual rainfall datas from
1940 to 2015, the mean standard deviation method is used to standardize the slf correlation
coefficients as weighs, a weighted Markov chain prediction model is established to forecast the
annual rainfall of Longnan area. On this basis, it uses the eigenvalue and linear interpolation

to analyze the concrete value of annual rainfall, a satisfactory result has been got.

Keywords: weighted Markov chain; transfer matrix; annual precipitation; prediction
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On the formulas of general terms of real sequences

DONG Hong-ping

(Department of Mathematicss Longnan Teachers Colleges Chengxian 742500, Gansus China)

Abstract: This paper is concerned with the formulas of general terms of sequences of real numbers. It is
proved that for any sequence of real numbers, the formula of general terms of the sequence can be given
via continuously differentiable functions on [0, +c0), and for any bounded monotone sequence of real
numbers, its general term formula can be obtained by using analytic functions on (—oo,+co),

Key words: sequence of real numbers; monotonically bounded sequence; formulas of general terms
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F, fEF (1) .= J T dr n R
2 F o
1.1 ’
oo
, F J p(x)de =1, 77(1)50(\1\ =e).
_C[O,—O—TJ), . £ (2) 9 20,
| =t (NS e, F@)=0.  f(a) (—oo,Foo)
fekr, a,=f(n).
N:+OO’ l +co
, a, =0, g(x) = J;H’/(Iiy)f(y)dy’

a,, x € <n*%an+%>»

F(2) = Ja, +2Ca, —a,,{f— <n+%”,

x € [n—l—%,n-ﬁ—i]

4
2)
n:(),192,"', f(x)
, n, f (71—%771+%
[nJr%,nJr%} . x=
7’1_’_% ’ f
f(nJr%):a,, = lim f(x);
.r~>(71}%>7
I:n+% ’
fn+i=a+2(a *a)°l=
o) o a0
Api1 = lim f(x).
1-»(%%)‘
foC2) s
feF. fG)=a,(1<n<+o0), ) |
’ H Z:
{a, ) (N +Ho0),
f (1) . s
(2) f ,
2 [={a,}) ) (N<+oo),
[0, +oo) g a,
=g(n).
1
€ €<R'

g(x)
7 , 7](1‘)10(\1\26),
k=0, 77(“(I):0(‘I‘>€)7 ly—x|
>€9
79 (x—y) =0, k=0,1,2,. 3)
I:[aabjy el ’
e gt )
J7 Wﬁ(x*y)f(y)dy:
bte dk
L L= )
4) x x €]l
, g
. I s & (—OO,
+o0)
1'6[71_%9ﬂ+%}(7’121929"')9
(4)

g = [ = rndy =

g te
J . =) f(ydy.

15

1 1 1 1
[n T e,n+T6+e}C[n §9n+§]

f(I) ’

1

u+ﬁ+e
g(x) = J . n(x —ya,dy =

16

u+ﬁ+e
a,,J . q(.r—y)dy = a,.

ﬂiﬁie

, g =a,, g . ]

1 2 . 1=
{a, ) (NsSteo), [0, +2)
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f(x), a,= fGo. sinwx
f(I) ’ , ) - - (TEI)Mfl
SINTTX — ;(_1> m (6)
, Euler to-r1
’ ’ simrxrrxﬁ(l— I; ),
’ ) k=1 k
s (
) TRV C=0 S § O R .
§< oD H( o ).( )
N<+oo, 1 : [0, o) ’
L 1
, — = - . 8)
N \ (2k+ 1D K?f];“i/k Jte i
f(x) = a( £ )
2 (5= |
Ny — _ nsinmx —
S ,\ . () e—m " 1,2, (9)
. N n—*k\ _
fo0 = e 15 =) = |
£ . . (0) = EEI;QD”(X) =—1,
N=+oco , , o.(n) = limgo,,(x) = (—D".
. o.(m) =0, ¥Ym+#n.
2 [={a,}," (NS + o) (6) (9)
. n: 1<7l<Na an>au}l- X — 1‘2
() =— (1 +— 1—-—), 1o
. el == (1) L ()
I={a,} -1 (N<Ho0)( D, (10) .
O A o) == (1+75) 20 (= Diena®s (D)
Ay s . k=0
Z ’ I:O’+OO> Cop — 19 Cin — 2 .2.]:. R /321. (12)
[ S =a,, l‘gjl,;;Qk s
S =fn+D., IT<n<N. (5) (7)) 1o (8) (12) ,
. FAED) (5), (10) (1D [0,+0c0)
[0, +o2) fo(x) = (—Dra,g, (),
g(x) g)=f() (1<a<N), l
fCo) = D) f(a). (13)
° n=1
3 A ,
[0, +co) g(x), f(x) =
g(n)=a, (1<n<N). .
: _ n _ 1 ~~ . k. 2k —
3 = (g )Y (N +o0) ;< l)a,,[ ( +n”§< Dfepa
’ (—oo,+0c0) f(l), o oo
_ 1 Nkfa 2%
S =a,(n=1,2,+). 2;0( D™ ascn
(i) l }Lr{}a,, 2 i(f Ly @
=0 n M

n=1 k=0
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, g(x)=f(x)ta. g(x) (—oco,+o0)
, g)=a,(n=1,2,-).
f(x) =— (— 1" (— D "a,cpm |2 — o
; 21 ' [ . B.=a—a,,
{Butnzi 0.
a, 2%
ZFW{Z(—D” Tew |2 = (—oo0,+o0) g, gl
k=0 n=1
_ =a,(n=1,2,+). )|
21— D*
— > (=D duat, 2: 3 g(a) [0.+00)
o (—o0,+eo0)
f(x) f=gn) . n=1,2,---.
dy = 2 (—D'a,cp s 3: ’
n=1 F 2 ’
dy = D5 (= D" “rey,. a4
=1
(13)  (14) , s
@, (0)=—1, x=0 (13) ,
b a?l b
£C0) x>0, n BN ED) ,
. D (=D, =— f(O) :
=1
Dirichlet (13) ’ [1] DWARD G E. Introduction to Analysis[ M]. New
S York: American Mathematical Society, 2009.
14> k=0,1 (13) [2] JAMES R M. Topology: A First Course [ M].
x=0 Upper Saddle River, New Jesey: Prentice-Hall,
P>1, Con n R Englewood Cliffs, 1975.
= a [ 3 ] ’ ’ ’ [M]
— 17y ’ n -
;( )" a - . 1983.
0, Dirichlet (14) 4] [M]. : ’
2010.
o [ 51 EVANSL C. Partial Dif ferential Equations M ].
e ’ New York: American Mathematical Society, 1998.
S = (= Drap.(n) = a,, [6] EBERLEIN W F. On Euler’s infinite product for the
ACY) sine[J]. J Math Anal Appl. 1977, 58(1): 147.
(i) [ 7] KANOVEIV G. The correctness of Euler’s method
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The Asyniptotic Prdperty of “Midpoint” for Generalized
Cauchy Mean Value Theorem

DU Zheng-guang

(Department .of Mathematics, Longnan Teachers College, Chengxian 742500, China) i

Abstract: By .discussihg the generalized Cauchy mean value theorem, obtained the asymp-
totic property of “midpoint” for the generalized Cauchy mean value theorem, and popularized
some conclusions.

Keywor&s: cauchy mean value theorem; midpoint; asy:ﬁptotic property
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Abstract. In order to realize the personalized rccommendatli.‘:n of mt:metﬂ:lssafﬂgi;fﬁgf (:;:sg to the
characteristics of internet mining data set and combined .vnth matheli'ﬂﬂ_’ t'ongcnn o rai;lt = dﬁ:ﬁg
proposes a new forecasting and computing model of adding the regularizati g the il
square method based on the traditional matrix decomposition model (SVD), improving : Pl

accuracy of the proposed algorithm. Matrix decomposition before and‘aﬁcr improvemen ca;nea c;ut
experiments and results analysis with filtering recommendation algorithm, the experimenta results
show that the speed and accuracy of two prediction score calculation me’tf}ﬂds have some promotion
after adding the regularization constraint and the least squares. After joining the regular constraints,

the RMSE values obtained by MATLAB will monotonic decrease, avoiding the over fitting
phenomenon and improving the calculation quality.

Introduction

In today's Internet Era, the amount of information is growing at a constant geometry. Internet users

have begun to not worry about the lack of information, but rather to worry about how to get the
effective information [1,2]. Search engine is an impo

. + the main activity of the ; .
can query their own needs in the varioug calcgnrfes 4;:+tl!‘1 :;Hlimemat 's the portal site traffio, and people
primarily by the portal's profess| portal, ;

onals, it is similar 1o the trndi!lThu ey Drmation s provided

people has also changed,
information, so the search e
eup;lvoi:;;hand thir. rsuauuﬂl;umitiv: Is Ve way to dea| With the information
A era. In the Web2.0 eI, everyong | I
changes to read and write by read on| i ooome the Infermet | I
an . s the supply of info Mormation provider. Internet
Wiki and other typical interne applicationy, Web2.0 nunuurzrtﬂ[:h‘m ;.u:rm:.. lncluding blog, SNS,
tofinformation explosion,
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and the question of search answer reached a million, so that we cannot respond for the diversity of

search results.
In the vast amount of search data, we need to use personalized recommendation system. According

to the cnrresponding algﬂrifhm, we carry out data mining and machine learning, the use of internet
users' ratings and feedback information fully tap the data features, and users can really get the data in

the mass data.

Collaborative Filtering Recommendation Algorithm based on Improved Matrix Factorization

In order to improve the matrix decomposition and filtering algorithm, the traditional algorithm is
analyzed in the recommendation system [7]. Suppose that the matrix of m users and » rating objects is
R. the recommended object feature matrix and user feature matrix are respectively V and U, After
collaborative filtering algorithm based on SVD is simplified, the input is the user's score matrix K and
the characteristic number d, output is the approximation matrix X of the matrix R, in which the
specific steps of the algorithm can be summarized as follows [8-10]:

(1) Data initialization, the user can obtain R, after rating matrix R carries out standardization;

(2) Determining the matrix dimension &, S is simplified as k£ dimension matrix, so as to get Si:

(3) After using the SVD algorithm decomposes R.m, we can get U, S and V;

(4) In accordance with the steps (3), Uy and V; are simplified;

(5) Calculating the square root Sj, it will be recorded as Si'*;

(6) According to S;'“, the calculation of the relevant matrix Si’ ¥ and us,'

(7) For the j prediction score, the use i can be written P(i, j) = R, + U, A 15l (1) 2

By using the above algorithm, the user can get the prediction score for any project, in which R, is
the average value in all evaluation item users. In order to improve the algorithm, we can find a low
rank matrix X to carry on the maximum extent approximation on R. The minimize Frobenius loss
function is

Lx)=Y, (R, —X,,) (1)

Among them, L(x) shows the objective function, (R,J-,--X,Jf shows the square error term of low rank
approximation, and the improved algorithm can be solved quickly on L(x). In the recommendation

system, in order to realize the algorithm, the formula (1) is rewritten
y
LUV)=Y (R,~UY,") @)

In order to prevent the fitting problem in the calculation process, the formula (2) is a regularization
constraint, and the formula (2) can be rewritten as

L) =Y, R, ~Uy,) +AU | F+ .| ) @)

V is fixed, we can solve U; formula on U; derivation, it is
U, =RV, W, V,+Ain,d)" i€l m] (4)

Among them, R, shows the film composition vector after users / are rated, ¥ shows the user
evaluation of film feature vector matrix, ny indicates the number of film comment. Similarly, ¥, will

be fixed and derivate, it can get

V)= R U (U, Uy + A 1) f €1 i

(3)

Among them, R, represents the film composition vector after user j rating, Uy represents the user /
film review feature vector matrix, ny represents the number of film reviews, In formula @4} and
formula (5), 7 shows d*d unit matrix, the regularization cross can use the least square algorithm to
continue to optimize. First of all, we use the Gauss random number initinlization matrix of mean

106




pdates U, the use of formula (5) updates

(4) u : . :
he number of iterations is enough, the

rmlllﬂ
the use of fo ort

value 0 and deviation 0.01, and : cnnVETgﬂ“cei
V. until the calculation value of RMSE 18

calculation can stop. | |
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| Fig. 1 The running time comparison of different al gorithms
Figure 1 si_m*_ws the comparison results of the three experimental group running time, in which the
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E, the higher the quality of the recommendati
- | ki t.
hypothesis that the prediction score vector of N project is {p,,ps, **,py}, and the actual user's :c::}ur:’

vector is{r,,r, **5ry}, the RMSE calculation of the algorithm is
-
(p, 1)
RMSE - JZ:H i )
(6)

Using MATLAB software calculates the traditional algorithm and the RMSE value of improved
SVD algorithm, and we can get the calculation of the final results as shown in Figure 2.

0--Traditional SVD algorithm
115} *+--Join the regularization constraint and the least square algorithm
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‘ e
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x--Charactenstic number

Fig. 2 The performance comparison of improved algorithm

Figure 2 shows the algorithm performance comparison before and after the improvement, the
algorithm can be seen that the improved algorithm amplitude is better than the original algorithm
amplitude under each characteristic. With the increase of the number of features, the RMSE value of
the improved algorithm monotonic decreases, the feature matrix U/ and ¥ are constrained after the
reason of the decrease is mainly due to the addition of the regularization constraint, so as to avoid the
occurrence of over fitting phenomenon, However, the traditional algorithm is not added constraint,
and RMSE will be increased with the increase of the number of features, so the fitting phenomenon
has been affected the quality of the calculation.

Summary

According to the characteristics of internet search engine data mining, this paper joins o
regularization constraint and the least square algorithm based on the traditional matrix decomposition
model (SVD) and designs a new internet data personalized recommendation system. In ‘"df‘“' to verily
the reliability of the system, before and after the improved algorithm is carried out experiments and
results analysis, the experiment uses MATLAB software on Movielens data processing. glnder the
calculation of different characteristic numbers, the time and precision of different Minesuh
calculated by MATLAB iterative calculation, The experimental results show .ths‘u before and after the
improved algorithm can effectively improve the speed and accuracy of prediction score calculation,

which can get a better RMSE value.
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' d on Generalized Inverse
_Singular Value Solution Base _
ot NT-Inennit?an Triangulation and Split Iteration

LiJuan

Longnan Teachers College Longnan 742500,China

Keywords: Saddle point system, Split iteration, Generalized anti Hermitian, Convergence,
Non-singular.

Abstract. In order to achieve the nonsingular solution of saddle point If'near s'ystem, this paper
proposes an improved nonlinear Uzawa splitting iteration method, and combined with the generalized
anti Hermitian triangle method, the algorithm is further modified, to improves the convergence of the
algorithm. Finally, using the GMRES method and block diagonal Hermitian constraints carry out
solve for the saddle point linear system, and then this paper can obtain the comparison results of
saddle point coefficient matrix spectrum and calculation speed and accuracy. It can be seen from the
calculation results that combined with the generalized inverse Hermitian triangulation method, the

modified nonlinear Uzawa splitting iteration method has faster calculation speed and better
convergence,

Introduction

In many complex scientific and engineering fields, the use of large sparse linear systems will
generate a saddle point linear structure, which has great significance for the study of saddle point
linear systems singular solutions [1]. For solving the saddle point linear system, many iterative
algorithms and preconditioning algorithm are used in the saddle point solution method, they also
made a certain effect, but these methods are often aimed at saddle point nonsingular solution [2]. How
to deal with the non singular saddle point problem, there are better algorithm efficiency and accuracy,

and combined with the stoke equations of computational fluid dynamics, this paper will do further
research.

Saddle Point Structure Computational Fluid Linear System

calculate Stoke equations as an example in the circulation this
system. The hypothesisQis R* or R? to solve a range and the ran

n 0Q boundary, given f

Study introduces the saddle point
8¢ Is connected region. The use of

_ ‘ eld ' '
function p and velocity field function u by the ﬂerulﬁU:‘Jﬂﬂitnn 18/, we can solve force field

i, =vAu+(uViyu+Vp = f. im0 '

= v |
S =0, InQ) (N
ereinvrepresents the viscosity coefficient
steady-state Stokes equation. N Whena =0, the formula (1) o i
-V.u= 0' ny '
(2)
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If only considering the formula (2), assuming an arbitrary initial vector ¥ in the case of
m = 0,1,2,..., carries out the iterative calculation for the formula (2). The iterative method selects the

Picard form, we can get
—vAu™" + @™ V"™ . Vp™D = £ im0

-Vu"™ =0, inQ )

In formula (3), the vectorw is known field, and the field is Picard iteration and divergence free
velocity field. If meeting w = 0 conditions, using finite element or finite difference carry out discrete
for the formula (3), then we can get the saddle point linear system.

(M EYu) (fi)
Au=[_E. N _f2]=f' (4)

Wherein M € C”*" represents the Hermitian positive definite matrix; £ € C”” represents that
matrix satisfiesg < p; f € C”"? represents matrix coefficient and shows the known vector in the

computational fluid space numerical region, it satisfies the condition 4 € C”*?*** and there
areAeC’and f, € CY.

The Saddle Point Singular Value Solution Based on the Generalized Inverse Hermitian
Triangulation and Split Iteration

This research mainly adopts split iteration method and generalized anti Hermitian triangle method,
to calculate the singular solutions of saddle point [5]. In order to study the generalized saddle point
problem, we establish the mathematical model of saddle point problems. The formula is as follows:

:
Auz(A 8 )[x]{f]:b. (5)
B -c)\y) \g

Wherein A€ R™ has positive definite, and Ce R™" has positive semi definite.
For Be R™" ,m< n, in which B' is the transpose matrix of B. For f € R",g € R”, the system is
very important for a class of numerical calculation linear system, we can use the Uzawa algorithm of
iterative splitting to solve the problem. The assumption of any given X, € R"and y, € R™ , the

sequence of iterations {(x,, y,)}(i = 0.,1....,) is defined as
{x,+[=x,+A"(f—A.r,-BTy‘) i
y;di e J'".l +TQ;I(BI'“_1 _Cy.i -g)

Wherein r represents real parameters, O, represents positive definite matrix, and its satisfaction is
7(Q,w,w) < ((B(A) B" +C)w,w) <(Q;w,w),Vwe R" . (7)

The error of the iterative calculation is
é‘f =I—II,€IF=y—yj. {8}
For the non symmetric saddle point problems, combined with the generalized anti Hgmtiuan
triangle method, we consider the different constraint conditions, such as block diagonal or triangular
block, we can expand the calculation conditions and constraint conditions. Finally, lhmugh_‘he
pre-processing matrix spectrum, this paper is to characterize the saddle point of the singular solution.
To consider the following diagonal block constraints, there is

gnl® 0 )
0 cg’'p' )

37



lit matrix, which is a block diagonal pretregqy,
ar sphi '

itten
WhereinG - E = 4 represents Iso be writte

matrix eigenvalue analysis. [ts €O (In]
[G 0
: e | ' r presents a -
e | t the exact block constraints. This paper p Very similg,
y = an ge
In the case of G = 4, we‘c .
constraint with the previous introduction. .

G aB'
Pf‘ — =] rJl
. 0 BCG™'B

The constraint is based on general the
processing matrix characteristic value, but also can handle P

. d.
conditions, and its calculation results is better than above metho

:ved anti Hermitian triangle method, it not only can Precise
o erturbations of non exact constrai

Saddle Point Generalized Anti Hermitian Triangle Method and Iterative Splitting Solution

For solving the saddle point system, it can be combined wit_h Befleml'z‘*”d HIVEESE HF““““’“
triangulation method and iterative split Uzawa algorithm. Considering d:ffﬁrrent constraints, itcan go
through the pretreatment matrix spectrum to characterize the singular solutions of saddle point [6-8].
Combined with the constraint conditions GMRES method, the examples can solve the saddle point
system, in which the saddle point system is

Ax=b- (12

Among them, assuming that the values of b can make the values of x is 1, we can use zero vectors

as the initial vector, the iteration termination condition is set to calculate the number of more than 50,
and the convergence precision is set to

"b . Axk"z
o]
Considering the example has ap
."—v&u+w-$’u+'i?p=f,inﬂ

T divu = 0,inQ ; (14)

<10°°, (13)

=
-

propriate boundary conditions, we can convert it to Oseen problem.

PPer speed, and meets V- w = (0. Using

Fi B! » WE Can obtain matrix 4
A= F2 p
Bu By (1 3)

Among them, rF’

v )= A has POsitive definite.

structure matriy 4 through

. I'his Caleulation USOS the 18 x 18 grid, we can
as shown in Figure | €A. The saddle Poing ¢
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: Fig. 1 Saddle point coefficient matrix spectra
Figure | shows the matrix spectra of the saddle point coefficients obtained by calculating. In Figure
|, we can calculate the spectral distribution of the original matrix spectrum Ai for a matrix 4 with
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AR T T A AR R AR IR AR AT R SN B R AL

;

w — (2%4)z = [y v"(z,t)em™ @D dx, (z,t) € (0,a) x (0,T),
vg — (2Pvg), = fo up(x,t)eq”(z’t)dx, (z,t) € (0,a) x (0,7,

u(0,t) = u(a,t) =v(0,t) = v(a,t) =0, t € (0,T),

u(z,0) = up(x), v(z,0)=vo(z), x €[0,al.

Hr ug(z), vo(x) € C*H(D)( v € (0,1)) ZIEFAIEF LKL m, n,p, ¢ & IETHL,
u0(0) = ug(a) = vp(0) = vo(a) =0,

up K v Wi RAAEMELAF, T > 0,a > 0,0, 8 € [0,2).

WD =(0,a), % =Dx(0,4, DK% HHLEIAE. 4 28T 0 g, uge H vy, Vps
FIRZBATREA T 0 3 oo, MU FEZIBMLZT M.

US#S HER: 2016-06-22.

HEWH: 4 “+=2” LFEAFARAE (GS[2016]GHBO1SS).
EEBN: THF (1965-), ML, &134%, T m: BECSHLHIT, My F4L.
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Z I — IR A SRR AR, BTSSR (1) M a=8=0H, (1.1) £
—ANEEEEMENEEE RO, B REE f(u) MATREOEZARL T, REENT
{ER&H Friedman FSCHR [2-4]) FI1EF Bril. SHER IR E A Fujita- 245552 1 Galaktionov
H Levine 7E3CHR [5] HAF I, SCRR [2-3] 73 ZIRFERAL I — M550, IE B T RA A 2 X 3 — A
B4, N ARR TR ETT N, k. AER SRR R SR TR 2 E. R
T (1.1), 5 a =B =0 K, CHk [6-9] #FEAT 7HFIT. ESCER [10] o, FEEWIIT T Rk ]

Up — (xauw)z = f()a f(u(l'at))d$v (xat) € (0,(1) X (OaT)7
w(0,t) = u(a,t) =0, t € (0,7), (1.2)
u(z,0) = up(z), = € [0,al,
132N T IR0 R AR AEME— 1. 7 ST, BN TT T IE A R R AR A AL MR R AE A PRI 20 (1) 42
T, AT 2] 1 i AR AR 2 S X, ARSCHE 1SR ([7,10] BOZE SR H B TR I

Bl BATH TSR [7] ASRIBT5ik. AR5 8, S0 T B EE R R A A — 1. T
AL PRI 2 AR JR RS £ 55 =3B 70 T 1.

2 EFEEM
W, BANAH (1.1) B E@EsE € (0,1), up(x),vo(x) € C?>tV(D) NAEHIEF
N m,n,p,q RIESEEL ue(0) = ( ) = v9(0) = wvo(a) = O,up Fl vy il & AHZF 1 &

T >0,a>0,a,3€][0,2).
EX 2.1 —XFAERERE (a(x,t), o(z,t)) FRONTFEA (1.1) AR, i

(@, 1), 0(x,1)) € (C(10,a] x [0,T)) N C*1((0,a) x (0,T)))?

T Ho 2
(G~ (@T)e > [0 (@, )@ Dda, (2,8) € (0,a) x (0,T),
U — (2P0,), > [y uP x,t)eqv(l‘vt)dm, (z,t) € (0,a) x (0,T),
u(0,t) > 0,1(a,t) >0, t € (0,T) (2.1)
v(0,t) > 0,9(a,t) >0, t € (0,T),
u(z,0) > up(x), v(x,0) > vo(z), x € [0,al.
VSN

(w(w, 1), v(z,1)) € (C([0,a] x [0,7)) NC*1((0,a) x (0,T)))*

MO AR, IR (2.1) PRIPTA R A5 AL
N TUEB R (1.1) B IEARIAFAEME— P, AR N Id Pl S 2
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5138 2.1 W€ (0,7), ci(x,t),di(x,t)(i = 1,2) NEXLE [0,a] x [0,7] EHBESAETHE,
2 (u(z,t),v(z,1) € (C(Q) NC>HQ,))? WAL
up — (x%uy)y > foa[cl(:v,t)u(:v,t) + co(z, t)v(z, t)|dz, (z,t) € (0,a) x (0,7],
v — (2Pvg), > foa[dl(a:,t)u(a:,t) + do(z, t)v(x, t)|dz, (z,t) € (0,a) x (0,7],

u(0,t) >0, u(a,t) >0, v(0,t) >0, v(a,t)>0,te(0,r],

u(z,0) >0, v(z,0) >0, z € [0,al.

WA [0,a] x [0,T) E, u(z,t) > 0,v(z,t) > 0.
HERR U BASRALTSCHR [11], 12 2.1.
SIE 2.2 W (u(z,t),v(z,t)) 2R (1.1) BFAEFAE. B —X 3

(w(zx,t), z(x, 1) € (C(Q) NC*HQ,))?

i
wy — (2%Wz)e > (s)fo“ 2(a, t)em™ " da, (z,t) € (0,a) x (0,7],
2 — (2P2)0 > (<) [ wP(z,0)eP* @D da, (z,t) € (0,a) x (0,7],
w(0,t) > (=)0, wla,t) > (=)0, t € (0,r], (2.2)

2(0,t) > (=)0, z(a,t) > (=)0, t € (0,7],

w(z,0) = (Suo(x), 2(x,0) = (Svo(x), z € [0, a].
MTE [0,a] x [0,T) L, (w(z,t), 2(z, 1)) > (<) (u(x, t),v(z,t)).
WERR A& « > WIHE (B9 EE « <7 iEPIZREL). 2

v1(x,t) = w(z,t) — u(x,t), p2(x,t) = z(x,t) — v(z,t).

H(2.2) W2 (1.1) HFHHAEEE, o

[ = @%n)e = [, 1 (0.8) + fole, e, D]de, (2,) € (0,a) x (0,7],

pot — (7 p2a)s 2 fo“ 912, )1 (@) + gala, Dips(, ))da, (2,1) € (0,a) x (0,71,
(0,7]
e (0,7]

)

0,r

)

fos g1, 92, RETE AL [0,a] x [0,7] RSk %L #5121 fRIE
> (0,0), &, £ [0,a] x [0,T) Lk,

(w(x,t), z(x,t)) > (u(z,t),v(x,t)).
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AR, (0,0) AR (1.1) N, FRATIET ZEMIE — FAg.
513 2.3 WARTEIETH to(to < T) AR (1.1) A LR (f(t),9(t)) € (C[0,t0])%
HEBA 4 (f(t),9(t)) & Cauchy [

() = ag™(t)e™ O g(t) = afP(t)e?rd® t>0
f(0) =ao >0, g(0)=0by>0,

- . by = .
%0 = Jgar vo(@), b= mex, vo(a)

MIAELEIEHEL to 15 (F(1),9(t) € (C[0,t0])%. HBIEE 2.1, FAVHIE (f(2), g(t)) ~FE (1.1)
i) LA

NTRBIROALEME—M, FE-AIENERE, iz e rsdkn), FrolRATE RS 1
iR PRI A PEE— 12 7 3

EIB 2.1 fHAE to(< T) A (1.1) A ME—RHE 57 g

(u(x,t),v(x,t)) € (C(ﬁto) N 02’1(9150))2’

H a,B8€10,2).

MERR UERAZRALT STk [12], sE B 2.5.

EIE 2.2 W T AR (1.1) FAEME—E (u(z,t),v(z,1) € (C(Qy) NCHL(Q4))? 1 to
() e, A (1.1) MR fUE

(u(z,t),v(z,t)) € (C([0,a] x [0,T)) N C*((0,a) x (0,T)))%.

# T < +oo, NI

limsup max (|u(zx,t)| + |v(z,t)|) = 4o0.
t—>T =€[0,a]

SERR AEMIEALT SOk [13) HOREEE 2.5,

3 BUEGFEMRRH

N RE R (1.1) ff I RARATENE AT PR 2 e, R Z 0T

EIE 3.1 a) %5 np > 1 MG (1.1) EAEREXIR (0,a) LX/NME (uo, vo) fF1ETEASE.
b) & np <1 H a @&/, WEB (1.1) SYHE (uo,vo) F71EREARARE.

HERR % o1 (z) H1 by () 23 2 I SR A (53] i) R

—(@¢1(2)) =1, x € (0, a),
2(0) = pa(a) =0,



452 AR N %32 %
—(zPY () =1, z € (0,a),
(z"y1(2)) (0,a) (3.2)
¥2(0) = th2(a) = 0,
PIME—fR. EESHHE 1S
r'7%a — 1) 1B (a — 1)
901(1.)7 2 _ o ’ 1?1(37)* 2—,8
1 HAFE R4 Cy 1 Cy {515
0 < pa(r) <Cp, 0<h(r) < Co.
IS
K = max{ swp (54 p1(a)), sup 6+ a(e) )
z€(0,a) z€(0,a)
Hip § >0 22—
X a) EER np > 1, HEFLENIEFE by, be {15
by > ab(5 + ¢1(x))nemb1(6+<p1($))’ by > ab?(5 + gpl(x))qepb2(5+¢1($)). (3.3)
Har B AR
by > aby K"e™ K by > abl KPet?2 K (3.4)

ii*% b? = aK"ZW’ EIU\@EEU%Z?%E bl >0 'Tf?%l‘

1 np—1
P ba K _
aRrembi K = 070 KR = h(a).

HREERY np > 1 B

al—i>%l+ Ma) =0,
i (3.4) BROT.
w
Uz, t) = b1(6 + p1(x)), vz, t) = ba(8 + ¢ (2)),
ES)

a a
uy > (2%Uy) —l—/ e™dx, T > (335@;)95 +/ uleP’dz.
0 0

51 2.2, BREIWER u(z) < b1(6+@1(x)) H vo(z) < bo(6+ 41 (x)) M (u,v) < (u,).

I, (u,v) BEARAEAE.

X b) EEBSHMEREM n >0, >0, & K 7853 /MI (3.4) XT3 by > 0,60 > 0 WOL. FH

kb,
max{ K"K KPetfl <1
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)”JJTE’—E 0< bl,bQ <1 ’Ti?%"‘
by > K™K by > KPell
e (3.4) BT
HEREF K 75/ BACY

sup ¢1(x), sup ¥1(x)
z€(0,a) z€(0,a)

Lo 6 seor/. {HRZ

121(101;) p1(z) = 2= a)p ; x:](»g?a) Y1 (z) = 2—pp
W, 1R o A6 FRAN, M K 785370,
w
u(z,t) = b1(6 + ¢1(2)), v(w, 1) = b2 (6 + Y1()),
JIUES]

a a
Ty > (2%, +/ Te™idx, T > (2PT,). +/ wleP’dx.
0 0

51 2.2, BEUTER uo(z) < b1(0 + ¢1(x)) H vo(z) < bo(d + 1(x)), W (u,v) < (u,v). Kk,
(u,v) BARLFLE.

EIR 3.2 BUE AR AL

(i) m>0; (ii) ¢ >0; (ili) m=qg=0 H np > 1.

W 7853 KIHMA (uo,vo), IR (1.1) HIREAEAT BRI 212t

TR T () m > 0. & uo(x),vo(x) > 0, WFTEH = € [0,a], T > 0N (u,v) KK
TERFTE], W B AE R EEXT BT A 1 (2, t) € (0,a) x (0,T] A u(z,t),v(x,t) > 0, FI, SMEEL T
T IXTE (0,a") C (0,a), FFAEWE k>0, 8152 (0,d') x [0,T) B, u(x,t),v(x, t) >k . I,

/7

up — (x%uy)y > /Oa v"e™dx > k" /Oa e dx, (z,t) € (0,d) x (0,7)
N TR H A0 B )
wp — (2%wy)p = p [ €@z, (z,1) € (0,a') x (0,T),
w(0,t) = wla,t) =0, t € (0,T), (3.5)
w(z,0) = wo(z), z € [0,d'].
Hrb >0 AL I (3.5) MIERE 21 wo(z) (ZWICHR [14]) AR 2 T, BB
FEI R (3.5) FEL = k™, wo(x) = uo(x), HIMRMEJEHE T LS EXHMERR (2,t) € (0,d") x (0,T),

u(z,t) > w(w,t), WA (1.1) KIE (u,v) PEIRE u H9HME uo(z) 7855 RISFER PRI 2R,
T T)E (1.1) PIRR (u, v) LA PR Z R



454 S E S VIR e 32 %

T (ii) p > 0. AU, AT AEB R (1.1) PIAE (u,v) APHE vo(x) 78 K HAE
ﬁl‘ﬁlﬁ?ﬂﬁ%ﬁﬁ
TBIE (iil) H G, BT IR FFIEE ) &

_(xa(p/(x))/ = A(p(&f), (S (O,CL), (36)
©(0) = p(a) =0,
—(@P!(2)) = pp(x), = € (0,a), (3.7)
¥(0) = ¢(a) = 0.
FIHA p(x) = xl_Tay( ), W R (3.6) N
2 " (1 — O‘)Q 2—«
y'(@) +ay'(z) = ——y(@) + A y(z) = 0, x € (0,a).
FHE y(r) = ¢(2),r = 27 , (3.6) &2H
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Abstract: A new degenerate and singular parabolic system with power functions and exponential functions is
investigated in this paper. The existence and uniqueness of local solution are proved by using regularization
method,moreover the sufficient conditions for the solution that exists globally or blows up in finite time are
obtained by method of subsolutions and supersolutions.
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