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Abstract. In this paper, the dynamic behaviors of an impulsive periodic Lotka-Volterra commensal symbiosis
model is studied in this paper. Firstly, by constructing a suitable Lyapunov function and using the comparison
theorem of impulsive differential equation, some sufficient conditions which ensure the permanence and global
attractivity of the system are obtained; Secondly, conditions which guarantee that one species in the system are
permanent while the remaining species is driven to extinction is obtained. Thirdly, conditions which ensure the
extinction of the system are also obtained. Our results show that, for Lotka-Volterra commensal symbiosis model,

impulsive is one of the important reasons that can change the long time behaviors of species.
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During the past decade, the dynamic behaviors of the mutualism model has been extensively
investigated [1-12] and many excellent works concerned with the persistence, existence of pos-
itive periodic solution, and stability of the system were obtained. However, there are still few
study on the commensal symbiosis model.

To describe the intraspecific commensal relationship, Sun and Wei[13] proposed the follow-

ing model:
dx ki —x+ay
dr r”( ki )’
D - m%b_y)
dt ko
The authors investigated the local stability of all equilibrium points. They showed that there is

(1.1)

only one local stable equilibrium point in the system.

As was pointed out by He and Chen [14], the ecological system is often deeply perturbed by
human exploit activities such as planting and harvesting etc., which are not suitable to be con-
sidered continually. To accurate describe the system, one needs to use the impulsive differential
equations.

Stimulated by the works of Sun and Wei [13] and He and Chen [14], in this paper, we study
the dynamic behaviors of the following periodic Lotka-Volterra commensal symbiosis model

with impulsive.

(d
% = X (al(t)—bl(t)x1+c1(t)x2>,
dXQ
) — _ 1.2
” x2<a2(t) bz(l)xz), t# 7, (1.2)
L xi(TIj) = (1 —|—h,~k)xi(fk)7 =T, k= 1,2,---

where i = 1,2; x;(¢) denotes the density of the i-th species X; at time ¢; a;(¢), b;(¢t) and c(t)
are continuous strictly positive periodic functions defined on [0,+) with a common period
T>0,7 — 4ot > +0) and 0= <71 < H < B < < T < Tyl < ---. Assume that

hig, i=1,2,--- n,k=1,2,---  are constants and there exists an integer ¢ > 0 such that
hi(kvq) = hiks Thrg =T+ T.
It is natural for biological meanings:

1+hy > 0(i = 1,2).
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Definition 1.1. The system (1.2) is called permanent, if for any positive solution F () =
(x1(2),x2(t))T of (1.2), there exist positive constants A; and 6; such that

Ai <liminfx;(¢) < limsupx;(z) < 6;, (i=1,2).
I—too t—>oo

Definition 1.2. The system (1.2) is said to be globally attractive if any two positive solutions
F(t) = (x1(t),x2(¢))" and W(t) = (uy(t),uz(¢))7 of system (1.2) satisfy

lim [xi(r) —ui(1)| =0, i = 1,2.

o0

Definition 1.3. For any (¢, F(t)) € [t4_1,T) x R2, the right-hand derivative
DTV (t,F(t)) along the solution F(¢,Fp) of system (1.2) is defined by

DV (1, (1)) = liminf%[V(t—l—h,F(t—i—h)) V(L F@)].

h—0t

By the basic theories of impulsive differential equations in [15, 16], system (1.2) has a unique
solution F(t) = F(t,Fy) € PC([0,+),R?) and PC(]0,4),R?)
={¢ :[0,+00) — R?, ¢ is continuous for  # T, ¢ (7, ) and ¢(7;") existand (7, ) = ¢(%), k=
1,2,---} for each initial value F(0) = Fy € R%.

Throughout this paper, for a continuous 7'-periodic function f(¢), we set

— Lt d I i U _
mif) =7 | £, 1= min (7)), £= max (7).

1€[0,T]

The organization of this paper is as follows: In Section 2, necessary preliminaries are pre-
sented. The dynamic behaviors such as the permanence, extinction and the globally attractivity

of the system are investigated in Section 3, and we end this paper by a briefly discussion.
2. Preliminaries

Now let us state several lemmas which will be useful in the proving of the main theorems.
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Firstly, we introduce an important comparison theorem on impulsive differential equation

[16].

Lemma 2.1. Assume that m € PC[R., R] with points of discontinuity at t = t, and is left contin-

uous att =t k=1,2,---, and
Dm(t)gg(t,m(t)), t#tk, k:1727"'7 (2 1)
m(t]j_) S d)k(ﬂl(lk)), =1, k= 1727"’7

where g € C[Ry X R1,R], ¢ € C[R,R| and ¢(u) is nondecreasing in u for each k =1,2,---.

Let r(t) be the maximal solution of the scalar impulsive differential equation

u:g(t,u), l%tka kzlaza"'7
Lt(llj_):d)( (lk))zoa I =1, I >, k:1727"'7 (22)
u(tJ):uo,

existing on [ty,0), then m(ty ) < ug implies m(t) < r(t), t > 1.

Remark 2.1. In Lemma 2.1, assume the inequalities (2.1) reversed. Let p(t) be the minimal

solution of (2.2) existing on (fy,+0). Then, m(ty ) > ug implies m(t) > p(t), t > to.

Lemma 2.2. Let F(t) = (x1(t),x2(t))T be any solution of system (1.2) such that x;(0") > 0,
(i=1,2), then x;(t) > 0 forall t > 0.

Proof. From the i-th equation of (1.2), one has
xi(t) = P(t)xi(t), 1 # e, i= 1,2,
where
Pi(t) =ai(t) —bi(t)x1 +c1(t)xa; Po(t) = ax(t) — ba(t)xz.

Thus we have

6y = [T (1m0 exp ( /0 'B(s)ds) >0

0< <t

because of x;(0") > 0. Consider the periodic logistic equation with impulsive

X(t) =x(t) (b(t) —a(t)(x(1))), 1 # %

(2.3)
X(T:):(1+hk)x(fk), l:Tk,kzl,Z,-",
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where a(t), b(t) are continuous T-periodic function with a(t) >0, m[b] > 0 and by = hy, Trq=

Tk—i—T.
Lemma 2.3. [17] (1) If

qu In(1+hy) +Tm[b] >0, (2.4)
k=1

then system (2.3) has a unique T-periodic solution x*(t), and x*(t) is global asymptotically

stable in the sense that

lim |x(t) —x*(¢)| =0,

f—roo

where x(t) is any solution of system (2.3) with initial value x(07) > 0.

(2) If
i" (1+h)+Tm[b] <O, (2.5)
then
tli_{gx(t) =0,

where x(t) is any solution of system (2.3) with the initial value x(0") > 0.
From Theorem 3.1 in [18], we can get the following lemma.

Lemma 2.4. If x*(t) is the unique T-periodic positive solution of system (2.3), and x*(t) is the

unique T -periodic positive solution of the following system

X(t) =x(1t) (b(t) —a(t)(x(r))),  1# 1w,
x(77) = (1+h)x(w), t=T, k=12,

where b is the continuous T -periodic function with m[l;] > 0 and b is a function asymptotic to
b. Then

lim |x*(¢) —x*(¢)| = 0.

t—oo

(I) Consider the periodic logistic equation with impulsive

xi(t) = xi(1) (ai(t) = bi(t)xi(t)), 1 # T,

(2.6)
Xi(T:):(1+hik)Xi(Tk), I =T, k:1727
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where i = 1,2.
q
From Lemma 2.3, we notice that if Z In(1 + hy) + Tm[a;] > 0O, then system (2.6) has a

k=1
unique T -periodic solution X;*(¢), and X;*(¢) is global asymptotically stable in the sense that

lim () =X, (1) =0,

where x;(¢) is any solution of system (2.6) with initial value x;(07) > 0.

(IT) Consider the periodic logistic equation with impulsive

% = x (a1(t) —bi(t)x1 +c1(1)X5 (t)), t # 1, 27
xa(gh) = (1+hgx(w), =1, k=12,

From Lemma 2.3, we notice that if

I M&

n(1+hyg) +Tmlai (1) +c1() X5 (¢)] > 0,

then system (2.7) has a unique 7-periodic solution Xj, (), and X;,(¢) is global asymptotically
stable in the sense that

lim |x1(£) — X14(1)] = 0

t oo

where x| (¢) is any solution of system (2.7) with initial value x; (0") > 0.
3. Main results

In this section, we present out our main results for system (1.2).
Let

q
o =Y In(1+hy)+Tmlay, i=1,2,
k=1

q
= Y In(1 +hy) 4+ Tmlai (t) 4 c1 ()X (1))
k=1
Assume that

OC2>O, ﬁl > 0; (Hl)
o >0, B <0; (H2)
o) <0, o >0. (H3)

o <0, oy <0. (Ha)
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Under the condition (H}), we study the permanence and global attractivity of system (1.2).

Theorem 3.1. Assume that (Hy) holds, let F(t) = (x1(t),x2(t))T be any solution of system (1.2)

with x;(07) > 0 (i = 1,2), then there exist constants 6; > 0,A; > 0(i = 1,2) such that

A; <liminfx;(¢) < limsupx;(z) < 6;, i=1,2.
I—roo t—>too

Proof. From the second equation of system (1.2), we obtain

X (1) = x3(t) (a2 (t) = b2 ()2 (1)), 1 # T,

(3.1)
XZ(T]:_):(l—f—th)xz(Tk), t="7T, k=1,2,---

By o, > 0, from Lemma 2.3, system (3.1) has a unique T-periodic solution X5 () which is

global asymptotically stable. Let 6, = sup {Xz* (1) ‘t €0, T]} , A = inf {Xz* (1) ‘t € [0, T]} , let
q
€ > 0 small enough such that € < $1, and Z In(14hy) +Tmla(t) +c1(t)(X5(t) —€)] > 0,
k=1

there exists a 77 > 0 such that

A —€ SXZ*(Z‘) — & <x2(t) <X2*(l‘)+£ < 60,+¢€ forallt >T. (3.2)
Setting € — 0, we obtain

Ay < liminfx,(7) <limsupx;(7) < 6,.
I—reo t—+oo

From the first equation of system (1.2), forz > T} and t # 7 (k = 1,2,---), we obtain
xX1(1) <x1(1) (@i (6) + 1 (0) (X3 (£) + €) = bi(1)x1 (7)) - (3.3)

Consider the following system

wi(t) = wi()x1(t) (a1(1) + 1 (1) (X3 (1) + &) = b ()i (1)), 1 7

(3.4)
Wl(’f:):(l—i—h]k)wl(fk), t=17, k=1,2,---

By Lemma 2.1, we have x;(r) < wj(t), where w;(r) is any solution of (3.4) with w(T}") =
xl(T1+). By (H;) and Lemma 2.3, system (3.4) has a unique T-periodic solution X/, (#) which

is global asymptotically stable. Setting € — 0, from Lemma 2.4, we have

Xie(t) = X14(2).
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Let 6; = sup {Xl*(t)‘t €1[0,T] } and for any positive constant € > 0, there exists a 7> > T;
such that

x1(t) <wi(t) < X14(t) + €& < 01 + &, forall t>T5.

Setting &y — 0, we obtain

limsupx; (1) < 6.
t—>oo

From the first equation of system (1.2), forz > T} and t # 7 (k= 1,2,---), we also have
X (1) Z x1(t) (a1 (t) +e1 (1) (X5 (1) — &) = b1 (1)x1 (1)) - (3.5)
Consider the following system

wy (1) = wa(t) (ar(1) +c1 (1) (X3 (1) — &) = b1 (t)wa (1)), 1 #

(3.6)
Wz(T;):(l—l-hlk)Wz(Tk), =17, k=1,2,---

By Lemma 2.1, we have x;(f) > wa(t), where wy(r) is any solution of (3.6) with wy(T}") =
q
x2(T;"). Since Z In(14hyg) + Tmlai(t) +c1 (1) (X5 () — €)] > 0, by Lemma 2.3, system (3.6)
k=1
has a unique T -periodic solution X}, (), which is global asymptotically stable. Setting € — 0,

from Lemma 2.4, we have

Let A; = inf {Xl*(t) ’t €1[0,T] } and for any positive constant & > 0(gy < %ll), there exists a
T3 > T5 such that

xl(t) > Wl(l‘) >X1*<Z‘) —& > A — & forallt > T;.

Setting &y — 0, we obtain

liminfx; (t) > A;.
1—-+oo

The proof is completed.

Now let us consider the global attractivity of x;(¢)(i = 1,2) of system (1.2), we can obtain the

following result.

Theorem 3.2. Suppose that (Hy) holds. Assume further that

by >t (Hs)
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then the species x; (i = 1,2) are globally attractive, i.e., for any positive solutions F(t) =

(x1(2),x2(t))T and W (t) = (u1(t),u2(t))T of (1.2), one has

lim |xi(t) —u;(£)| = 0, i = 1,2.

t—oo

Proof. Let F(t) = (x1(t),x2(t))T and W(z) = (u;(¢),u2(¢))” be any solutions of system (1.2).
For any positive constant € < min{A;, ‘ i = 1,2}, from Theorem 3.1, it immediately follows that

there exists an enough large 7p > 0 such that for all # > T, one has
Ai—e <xit),ui(r) < O+e, i=1.2. (37)

Set
Z|lnu, —Inx;(z)].

Fort > 0,andt # 1, k= 1,2, , calculating the upper right derivative of V (¢), we have
2 ! /
ui(t)  xi(r)
D'V (t) = i (1) —xi(t
0 = ¥ (220 st —x0)
< bl () = ()] — (Bh = lea(t) — (1) .
By using the Mean Value Theorem and (3.7), for any closed interval contained in ¢ € (T, Tpy 1], k=

p,p+1,--- and 1, > Ty, it follows that

Qiig i (t) — wi(0)] < [Inxi(2) —Inui(7)] < ;Lil_g i(t) — (1)), i =1,2. (3.8)

Therefore, for t € (T, Tkt1], k= p,p+1,--- and 7, > Ty, it follows from conditions (Hs) and
(3.8) that

D'V(t) < —min{b}, b, —cl}z lx; (¢)

—min{b}, b} —c]}z €)|Inx;(t) — Inu;(t)| (39)

IN

IN

—(ng(t),

where

¢e = min{b},b c’f}~min{)h—8,kz—8}.
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Fort=1, k=1,2,---, we have
+ 2 + +
V(t") = '21 |Inu;(7") —Inx;(7")|

= ~§1 |1n[(1 +h,~k)ui(‘ck)] — ln[(l —{-/’l,'k)xi(fk)ﬂ = V(‘L’k>.

Above analysis show that, for all t > 7, > Ty,
DYV(t) < — ¢V (1) (3.10)

Applying the differential inequality theorem and the variation of constants formula of solutions

of first-order linear differential equation, we have

V() <V (15) exp(~Ge(t - 1,)). (3.11)

It obvious that V() — 0 as t — oo, that is

2
Y [nu;(r) —Inx;(t)] = 0 as t — oo, (3.12)
i=1

From (3.12) and (3.8), one could easily see that
2]

i:ZI 9i+£|ui(t)_xi<f)’ 0 as t — +oo.

And so

lim |x;(t) — ui(r)| =0, i = 1,2,

t—r+oo

The proof is completed.

From Theorem 3.1 and 3.2, we consider the permanence and stability of system (1.2) with
o >0, B; > 0. But with the impulsive perturbations in system (1.2), the property of the system

(1.2) will be changed with o < 0 or 8; < 0, then we have the following results.

Theorem 3.3. Assume that (Hy) holds, let F(t) = (x1(t),x2(t))T be any solution of system (1.2)

with x;(07) > 0 (i = 1,2), then there exist constants 6; > 0,A; > 0(i = 1,2) such that

Ay <liminfx,(z) <limsupx,(r) < 6,.
I—too t—+o0

IEmel (t) =0.
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Proof. From f3; < 0, for positive constant € > 0 small enough,

Bie = zq: In(1+hy)+Tmla; (t) +c1(t)(X5(t) +€)] <O. (3.13)
k=1

By o > 0, similarly to the analysis of (3.1)-(3.2), we have

Ay < liminfx,(z) <limsupx, (1) < 65. (3.14)
[—too f—+oo

From the first equation of system (1.2), forz > T} and r # 7 (k = 1,2,---), we obtain
Xy (1) < x1(t) (ar(2) +c1 (1) (X5 (2) + €) — b1 (t)x1(2)) . (3.15)
Consider the following system

wa(1) = w3 (1) (ar(1) +c1(0) (X5 (1) + &) = b1 (t)ws (1)), 1 #

(3.16)
W3<T]j_>:(l+h1k)W3(Tk), I = T, k:1727

By Lemma 2.1, we have x; () < w3(t), where ws(t) is any solution of (3.16) with w3(T}") =
x1(T;"). By (3.13) and Lemma 2.3, we find that [lirf w3 (t) = 0. This combine with the posi-
— o0

tivity of x; (7), implies that tlil;lrl x1(t) = 0. The proof is completed.
— o0

Theorem 3.4. Assume that (H3) holds and let F(t) = (x1(t),x2(t))T be any solution of system

(1.2) with x;(07) > 0 (i = 1,2), then there exist constants 611 > 0,111 > 0 such that

)LH < liminfx; (l‘) < limsupxl(t) < 0.
I—reo t—+oo

;ETooxz (l‘) =0.

Proof. Since a; < 0, by Lemma 2.3 (2),
lim x(¢) =0. (3.17)

t—oo

Also, a; > 0 implies that for positive constant € small enough,
q
Ol = Zln(l+h1k)+Tm[a1(t)+cl(t)£] > 0. (3.18)
k=1
It follows from (3.17) that there exists a 77 > 0 such that

xp(t) < € for all t > Ty. (3.19)
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From the first equation of system (1.2), forz > T} and r # 7 (k = 1,2,---), we obtain
Xy (1) < x1(t) (ay(t) +c1(t)e — by (t)x1(t)). (3.20)
Consider the following system

wy (1) = wa(t) (a1 (t) +c1(t)e = bi(t)wat)), 1 # T,

(3.21)
W4(T:):(1—|—]’l1k)W4(Tk), t="7, k=1,2,---

By Lemma 2.1, we have x;(¢) < wa(t), where wy(z) is any solution of (3.21) with wy(T}") =
x1(T;"). By (3.18) and Lemma 2.3, system (3.21) has a unique T-periodic solution X, (7),

which is global asymptotically stable. Setting € — 0, from Lemma 2.4, we have
Xig(1) = X{ (1),

Let 6;; = sup {Xl* (1) ‘t €10,7] }, and for any positive constant & > 0, there exists a T» > T}

such that

x1(t) <wi(t) <X (t)+& <011 +& forall t > 1.

Setting &y — 0, we obtain

limsupx; (1) < 6. (3.22)

f—>+oo

From the first equation of system (1.2) and the positivity of x(¢), for t > T} and 1 # 7 (k =

1,2,---), we also have
Xy (1) > x1(r) (a1 (1) = br(1)x1 (7)) - (3.23)

Consider the following system

ws(t) =ws(t) (a1 (t) —b1()ws (1)), t# 7,

(3.24)
ws(T) = (14 hy)ws (), t=7, k=12,

By Lemma 2.1, we have x;(¢) > ws(t), where ws(t) is any solution of (3.24) with ws(T}") =
x2(T;"). By (H3) and Lemma 2.3, system (3.24) has a unique 7-periodic solution X; (¢), which
is global asymptotically stable. Let A;; = inf {Xl* (1) ’t €1[0,T] }, and for any positive constant

& > 0(gy < %2,11), there exists a 73 > T» such that

x1(t) >ws(t) > X[ (t) — & > A11 — & forall t > Tx.
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Setting &y — 0, we obtain

. —
l,lgli?ofxl(t) > A1

The proof is completed.

Theorem 3.5. Assume that (Hy) holds, let F(t) = (x1(t),x2(¢))" be any solution of system (1.2)
with x;(07) > 0 (i = 1,2), then

lim x;(f) =0, i=1,2.

t—oo
Proof. Since a; < 0, by Lemma 2.3 (2),

lim x;(1) = 0. (3.25)

f—roo

Also, o < 0 implies that for positive constant € small enough,

Qe = iln(l+h1k)+Tm[a1(t)+cl(t)£] < 0. (3.26)
k=1

It follows from (3.25) that there exists a 77 > 0 such that
xa(t) < € for all t > Ty. (3.27)
From the first equation of system (1.2), forz > Ty and t # 1 (k= 1,2,---), we obtain
Xy (1) <x1(t) (ar(t) +c1(t)e — by (t)x1 (1)) (3.28)
Consider the following system

we (1) = we(t) (a1 (t) +c1(t)e = b1()we(t)), 1 7# T, (3.29)
WG(T;):<1+h1k)W6(Tk)7 I = T, k:1727
By Lemma 2.1, we have x;(¢) < we(t), where we(2) is any solution of (3.29) with we(T}") =

x3(T;"). By (3.26) and Lemma 2.3,

tgrfwwdt) =0.

This combine with the positivity of x(¢), implies that

tETooxl (l‘) =0.

The proof is completed.
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4. Discussion

Sun and Wei [13] proposed the commensal symbiosis model (1.1). They showed that the
positive equilibrium of the system is locally stable. In this paper, we further incorporate the
impulsive to the system (1.1) and propose the system (1.2). We found that depending on the
choice of impulsive, the system could still be permanence and globally attractivity, or some of
the species be extinct while the other one still permanent, or all the species will be driven to
extinction. That is, impulsive is one of the important reasons that can change the long time

behaviors of species.

Conflict of Interests

The author declares that there is no conflict of interests.

Acknowledgements
This work was supported by the Natural Science Foundation of Fujian Province (2013J01011,
2013J01010) and the Foundation of Fujian Edication Bureau (JA13361).

REFERENCES

[1] K. Yang, X. D. Xie, F. D. Chen, Global stability of a discrete mutualism model, Abstract and Applied Anal-
ysis, 2014 (2014), Article ID 709124.

[2] F. D. Chen, M. S. You, Permanence for an integrodifferential model of mutualism, Appl. Math. Comput. 186
(2007), 30-34.

[3] L.J. Chen, X. D. Xie, Feedback control variables have no influence on the permanence of a discrete N-species
cooperation system, Discrete Dyn. Nature Soc. 2009 (2009), Article ID 306425.

[4] F. D. Chen, Permanence for the discrete mutualism model with time delays, Math. Comput. Modelling 47
(2008), 431-435.

[5] F. D. Chen, J. H. Yang, L. J. Chen, X. D. Xie, On a mutualism model with feedback controls, Appl. Math.
Comput. 214 (2009), 581-587.

[6] L. J. Chen, L. J. Chen, Z. Li, Permanence of a delayed discrete mutualism model with feedback controls,
Math. Comput. Modelling 50 (2009), 1083-1089.

[7] L. J. Chen, X. D. Xie, Permanence of an n-species cooperation system with continuous time delays and

feedback controls, Nonlinear Anal. 12 (2001), 34-38.



PERIODIC LOTKA-VOLTERRA COMMENSAL SYMBIOSIS MODEL WITH IMPULSIVE 15

[8] Y. K. Li, T. Zhang, Permanence of a discrete N-species cooperation system with time-varying delays and
feedback controls, Math. Comput. Modelling 53 (2011), 1320-1330.
[9] X. D. Xie, F. D. Chen, Y. L. Xue, Note on the stability property of a cooperative system incorporating

harvesting, Discrete Dyn. Nature Soc. 2014 (2014), Article ID 327823.

[10] X.D. Xie, F. D. Chen, K. Yang and Y. L. Xue, Global attractivity of an integrodifferential model of mutualism,
Abst. Appl. Anal. 2014 (2014), Article ID 928726.

[11] K. Gopalsamy, X. Z. He, Persistence, attractivity, and delay in facultative mutualism, J. Math. Anal. Appl.
215 (1997), 154-173.

[12] X.P.Li, W. S. Yang, Permanence of a discrete model of mutualism with infinite deviating arguments, Discrete
Dyn. Nature Soc. 2010 (2010), Article ID 931798.

[13] G. C. Sun, W. L. Wei, The qualitative analysis of commensal symbiosis model of two populations, Math.
Theory Appl. 23 (2003), 64-68.

[14] M. X. He, FE. D. Chen, Dynamic behaviors of the impulsive periodic multi-species predator-prey system,
Comput. Math. Appl. 57 (2009), 248-265.

[15] D. D. Bainov and P. S. Simeonov, Impulsive differential equations: Periodic solutions and applications,
Longman Scientific and Technical, (1993).

[16] V. Lakshmikantham, D. D. Bainov and P. S. Simeonov, Theory of impulsive differential equations, World
Scientific, (1989).

[17] X.N. Liu and L. S. Chen, Global dynamics of the periodic logistic system with periodic impulsive perturba-
tions, J. Math. Anal. Appl. 289 (2004), 279-291.

[18] S.Y. Tang and L. S. Chen, The periodic predator-prey Lotka-Volterra model with impulsive effect, J. Mach.
Med. Biol. 2 (2002), 267-296.



