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Abstract

In this paper, a food chain system with ratio-dependent functional response, impulses,feedback
controls and delays is studied. By using the theorem of coincidence degree, homotopy invariance
property and Lyapunov’s approach, a set of sufficient conditions for ensuring the existence and
stability of positive periodic solutions of the system are derived. The results extend some recent
works.
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1 Introduction

Predator-prey system is the classic model in ecology, has been studied extensively (Cheng and Li,
2007; Li et al., 2003). At present, two species predator-prey system with feedback control models
have become hot, also systems which based on rate-dependent functional response have also
been received much attention. The ratio-dependent functional response is the density ratio function
on predator and prey two groups. Generally, predator-prey system with ratio-dependent functional
response is

;sz =f(1‘)w— yp(5), )

@ = kya(3) —dy.

The literature [Chen et al.(2003); Gopalsamy and Wang (1993)] proposed the following feedback
system

dt

20 = —qu(t) + bn(t),

{ ) = n(t)[1 - =T — ), (2)
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Here n(t) and v(¢) stand for population density of the specie and the feedback controls variable,
respectively. The paper studied the stability of positive equilibrium point, and also gave the global
asymptotic stability conditions.

The literature (Li and Wang, 2009) studied a food chain system with ratio-dependent functional
response, delays and feedback controls to advanced predator. The model as follows

Ll — g (D)]ar (t) — bi(B)an () — 22T,
“a = wesOles(t) + i) — es(Wu(B)as (),
Bt — —a(t)o(t) + b(t)zs(t).

The author investigated the existence of periodic solutions.

The literatures (Li and Wang, 2009; Si and Chen, 2007) introduces feedback control variables to
the three groups, respectively; literature (Yang and Xu, 2009), proposes a food chain system, in order
to close to the actual situation introduces pulse effects. In this paper, basing on model (1), (2) and
(3), introduces feedback control variables for the three groups respectively and pulse interference.

2 Model formulation

This paper, basing on model (1), (2) and (3), introduces feedback control variables for the three
groups respectively and pulse interference, thus the following food chain system was established.

d:L'1 (t)

a — “Olmd) b 1(1) = et — M vi ()2 (0)

dza(t) 1)z (t—71) ea(t)zs ()

At (t)[ a2 (t) m1(t)z;(t—i1)+11(t—f1) B m2(t§13(t§+12(t)]

dza(t) —ha(t)v2(t)z2(t) i .
x3(t s
;E = x3(t)[—as(t) + mg(t)a{iii)—é(;Jr:c;)(t—m)] — ha(t)vs(t)zs(t)

dvcitt) = —a(t)vi(t) + Bi(t)zs(t) i=1,2,3.

Al'z = xz(tt) - xz(t ) = dzkmz(tk) i= 1’2’3. k € N.

Here z;(t) denote the population density of the ¢ specie in this food chain at time ¢, v;(¢) stand for
the feedback control variables for the i specie, (i = 1,2, 3) , Az; is incremental of the corresponding
population at the pulse time ¢t = ¢, .

The ecological significance for system (4): because of birth, acquisition, stocking and other
transient factors, the three groups is in the case of high growth rates, through the introduction the
feedback control variables to the three groups, we come to control the growth rates of three species,
achieve to the overall controls for the system, and keep the ecosystem balance. We noted that the
feedback controls variables represent the interference which people have done, so the system (4) has
much practical value. This paper studies existence and global asymptotic stability of Positive Periodic
Solutions of system (4).

Note: This article discusses the generally model. When Az; = 0, the system(4) corresponds
to feedback controls predator-prey systems without pulse, such as (Si and Chen, 2007) studied the
persistence of the system, and obtained sufficient conditions for existence of periodic solutions.

When «;(t) = 0, the system(4)corresponds to the pulse type predator-prey system without
feedback controls, such as (Zhang et al., 2005) studied local stability of the predator eradication
periodic solution of the the system.

When Az; =0, a;(t) = 0, the system(4) corresponds to predator-prey system with no pulse and
no feedback controls, such as (Xu and Chen, 2001) studied the persistence of the system and global
asymptotic stability.
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For the sake of generality and convenience, we make the following fundamental assumptions for
system (4):

(H1) {t&} satisfies: tx < tx+1 and kh_fﬂlotk =00, k€ N;

(H2) There exists an integer w > 0 and positive integer p, such that tx, = tx + w,di kyp =
dix >0. keN, i=1,2,3;

(H3) ai(t), hi(t), as, Biy i =1,2,3; fi(t),ci(t), mi(t),7 = 1,2 and b1(t) is a nonnegative continuous
w—Periodic function, 71,2 is a nonnegative constants.

For continuous w— periodic function ¢(¢t) and w— periodic sequence {d;}, set

. u [y g(t)dt
g' = inf g(t),  g“= sup g(t), ngoT

t€[0,w] teo,w] ’

&1 gty | de 2 In(l+ du)

[IEEIREICAL S =
w

Considering the initial conditions
zi(8) = ¢i(s),s € [-7,0],z:(0) > 0,

U(t) = %(t):t € [07 UJ],Ui(O) > Ozl = 17273§

and 7 = max{71, 72 }.

2.1 Important lemma

In order to study the existence of periodic solutions of the system (4), we use the following definition
and Lemma!'®,

Let X, Z be real Banach spaces, L : DomL c X — Z is the linear mapping, ker L = L™*(0) is
the nucleus of L, ImL = L(DomL) is the range of L,I is the identity mapping.

The mapping L is said to be a Fredholm mapping of index zero, if dim ker L = codimImL < 40,
and ImL is closed in Z .

If L is a Fredholm mapping of index zero, then there exist continuous projectors P : X —
X and Q : Z — Z , such that Imp = ker L,ImL = ker@Q = Im(I — Q) , It follows that the
restriction L, of L to DomL (\ker P: (I — P)X — ImL is invertible. Denote the inverse of Ly by
KP, Kp :ImL = DomL , then PKP = O,LKP ‘ImL: I, KPL |DomL: I—P.

The mapping N : X — Z is said to be L— compacton Q, if Q is an open bounded subset of X,
QN(Q) is bounded and Kp(I — Q)N : Q — X is compact.

Since ImQ is isomorphic to ker L , there exists an isomorphism J : ImQ — ker L .

Lemma 1 (YangandXu,2009) Let C X be an open bounded set, L be a Fredholm mapping
of index zeroand N : Q — Z be L— compact on Q . Assume

(1) foreach A € (0,1) , z € 9Q(DomL , Lx # ANz ;

(2) foreachz € 9QNker L , QNz # 0 ;

(3) deg{JQN, Q2 ker L,0} # 0.
Then Lz = Nz has at least one solution in DomZ Q2.

Lemma 2 (Gopalsamy, 1992) A non-negative function f(t) € PCI[0,00), R], and [;" f(s)ds <
+oo. if for each ¢ > 0 and n € N, there exists § > 0, when s1,s2 € (tn—1,tn], |51 — s2| < §, there
is |f(s1) — f(s2)] <e, then tii+moof(t) =0.

Lemma 3 R?,_ = {(ml(t),x2(t),]J3(t),’U1(t),Ug(t),vg(t))T S R6 : ZL‘Z(t) > O,Ui(t) > 0,7 =
1,2, 3} is the positive invariant set of system (4).
Proof. Fort € (tx—1, tx], by the first and fifth equations of system (4), we have

21(t) = 1(0)(1 + duk)* " exp{ [ [a1(s) — bi(s)w1(s) — 722220 — py (t)s (1)]ds},

miza(s)+zi(s)
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because of the initial conditions z;(0) > 0, z1(¢) > 0 is clear.
Similarly, by the second, third and fifth equations of system (4), we have
22(t) > 22(0)(1 + dar)" " exp{ [ [~az(s) — 2030, (s)ua(s)]ds},

maowzg(s)t+z2(s)

z3(t) > 23(0)(1 + dar)* " exp{ [ [—as(s) — ha(s)vs(s)]ds},

because of the initial conditions z2(0) > 0, z3(0) > 0,z2(t) > 0 and z3(t) > 0 is clear.
In addition, from the forth equations of the system (4), we have

vi(t) = e~ I3 21O [0, (0) 4 [ Bi(s)zi(s)eld @1 ],

Therefore,because of the initial conditions v;(0) > 0, 8;(¢) > 0 and z;(¢t) > 0(i = 1,2,3) , we
obtain v;(t) > 0(¢ = 1,2, 3). This completes the proof.

3 Existence of positive periodic solutions

Theorem 1 In addition to(H1)-(H3),assume further that
(1) a > & C1 + h1ﬁ1a1 W(A1+2a1)( +2w) :

2) f1 > ds + ¢72 + MSW(A1+A2+201+2h)( _|_ 2w) ;

byazmy
h333a1f1f2 W(A1+A2+A3+2a1+2fl+2f2)
() f2 > as + e (3+2w).

b1a2a3ml m2
Then system (4) has at least one positive w periodic solution.
Proof. Letz;(t) =¥, i=1,2,...,n. Itfollows that

dyi (¢ . e (H)ev2 ()
W (1)~ ba(gen® - @GO (o)
dyz(t) f1(t)ev1(t—=71)
Tar = _a2(t) + m1(1)6912((")_Tl>+e7/1(t_"1)
o (t)e¥3 (1)
RO — ha(va(), tEL, (g
dy3(t) fo(t)e¥2(t—72)
T —as(t) + m2(z)e;B(('?*Tz).Feyz(f*Tz’) — hs(t)vs(t),
d”égt) = —a;i(t)vi(t) + Bi(t)ei® i=1,2,3.
Sety() (y1(t), y2(t ),Tys(t))TT,;f( ) = (v (), va(1), vs(t))" .Let
={U(t) = (y(®)",0(t)") C(R,RDIU(t +w) =U(t)},
Z Y xR = {z = (((y(t)) ,(v(t))T)T {(n(1 + dar), In(1+da2x), In(1 +dsx))", 0,0,0} [f |k =
L2,...,p},
IUlly = sup lly (@)1l + sup lo@Il,  WVliz = IUlly +lzll, here U €Y,V = (U,2) € Z,z €
te[0,w te[0,w
R%.|| || is the corresponding norm in R°? then Y, Z is a Banach spaces. Let L : DomL — Z and
N:Y — Z,
LU = (U'(t),AU(t1), ..., AU(tp)),
+y
where U € DomlL, AU(t) :( y(ty) . y(te) )

and DomL = {U@®)|U(t) = (y(t),v(t))T € Y PC'(R, R%)}.

where  ®(t) = (¢1(t), d2(t), ¢3(t), ¢1(t), 2(t), 3(t) ",
Z = (In (1+d11,ln(1+d21),1n(1+d31)000)6 R®, 1=1,2,...,p.
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ev2(t)
and ¢1() = ax(t) = bi (e — B EET S — ha (o (1),
B f1(t)ev1(E=71) o5 (t)e¥3(®)
P2(t) = —az(t) + ml(t)ele(tf"'l)Jreyl(t*Tl) - mz(tc)zey3fi>+ey2(t) — ha(t)va(t),
ev2(t—72)
ps(t) = —as(t) + mz(t>553(fg et — hs(t)us(t),
out) = —as(toi(t) + FilH)en® i=1,2,3

Then
w p
kerL = R°, ImL={V = (U, z1,...,2,) € Z\/ U(s)ds—O—ZzP =0}.
0 =

s0 dimker, = CodimImL < +oo and ImL is closed in Z. Therefore L is a Fredholm mapping
of index zero.Asto U € Y,V = (U, z,...,2,) € Z, define two projectors P : Y — Y and
V:Z—7Z as

1 [ L[ S
PU_;/O U(t)dt, QV_(E(/O U(t)dt+;zp)70,

then P and @ are continuous projectors such that ImP = ker L, and ImL = ker@Q = Im(I —
Q). Furthermore, through an easy computation we find that the inverse K, of L|pomrkerp :
(I — P)X — ImL, has the form

Kp :ImL — DomLﬂker P.

Foreach V = (U, 21,.. zp) € Z, there exists x € X such that X)) =U@®),t#ts, k€ NU®E) —
U(tx) = zx,then x(¢ fO s)ds+ > zr +U(0). And [ x(t)dt = 0,for x € ker P, such that

t>1p
/ / Uls dsdt+/ > zkdt +wU(0)
t>t)
Then .
/U ds—l—z,zk——/ / dsdt——Z(w—tk)zk
t>ty j=1

Clearly, QN and K,(I — Q)N are continuous.By using Arzela-Ascoli Theorem, it is not difficult
to prove that QN(Q) and K,(I — Q)N(Q) are relatively compact for any open bounded set 2 €
Y. Therefore N:Y — Z is L—compact on Q.

In order to apply Lemma 2.2, we need to find an appropriate open, bounded subsets € in
Y. Assume Q = {U|||U|| < H}, here H is a constant to be determined. Corresponding to the
operator equation LU = ANU,U € Y ,\ € (0,1), we have

W ar(t) = b (e — O (1o (0),
dyjt(t) = Are®+ mtl(t)ef'.ylz(ft)illgt;;f(t—n)
A e — b (1), g
dyjt(t) = Al-as(t) + mz(t)efjs(ft)ﬁi:;;;t—m> — ha(t)vs(t)],
dvéit) = A—au(t)vi(t) + Bi(t)e? D],
Ay; = yi(t) — yi(tr) = An(1 + dix) i=1,2,3. ke N.
Integrating (6) over the interval [0,w] leads to
/0 (e ® + —r t‘;g?(f: f)em(t) + by (8o ()]t = @y, (7)
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g(t)eyf‘(t) _ fl(t)eyl(t*Tl) _
/ [a2(2) 2(t)evs® 4 ev2 (D) +ha(t)ua(t)]dt = o 'ma(t)ev2(t—m1) +ey1(t—n>}dt < fiw, (8)
w B fz(t)eyz(tffz) _
A[%@+M@%@W7%Hmmkmﬁm+wwﬂﬂﬁ§hM ©)
/ ai(t)vs(t)dt = [ [Bi(t)evidt. (10)
0 0
By (7)-(10), we have
w c eY ®)
[ @)ldt < [y laa(@)|dt + [ |ba(t)e? ™ + m1<tf£3<t>2+ey1(‘> + ha(t)v1 (t)|dt (11)
= 2(110.}.
co(t)e¥3(t) Fi(t)ev1(t—71)
2(t) +h2 ) |dt+f() ‘mlu)eyl;(f)*fl)jLeyl(t Tl)ldt
(12)

ma(t)e¥3(t) 4 ev2(t)

Iy l2()]dt < [ |a2(t) +
S 2f1w.

y2(t—T2) _

fa(t)e it < 2o,

[ tintolat < [ laste) + matos(olar+ [ 1 OC

[0,w],i =1,2,3, such that

For (y7,vT)T e Y, there exists &, i, &, €
yi(§; ) = inf (1), yi(s) = sup wi(t),

t€[0,w] te[0,w]
vi(ff) = inf w(), vi(ff) = sup v;(t).

te[0,w] te[o,w]

I,

Sk

Then from (7) and (11) we have
a1w > / (b1 (£)eV 1) )dt = brwe 1) 4y (&7) < 1Inf
0

] [Zl + 2&1](.«} é Ll.

»9" Ql

Then,
ymgxw+w@n+é|mmw<m[

F1(t)ev1(t=71) wW—T1 1 f1(s471)e¥1($)
. ]dt —T1 [ 1m1(t)leyz(5) ]dS

asw < fo [ml(t)eyz(f )
Ve y1(&y )] el fw .
1ev2(&y)

By (8)(12), we have

< j‘w T1 f1(S+T1
71 ma(t)e¥2(é2)
f1a1 ew(261+K1)].

_L_I w(2a A
N wtm By (6) < In[—10L
m1 2b1

1
ch— et < -7
miaz miasby

2(63) <

4

Therefore
fiaa w(251+zl)] +w(As +2f1)

mu)sﬁwwwxgy+Aﬂm(Wﬁ<m[ -

Similarly, it follows from (9) and (13) that
&) < Iz ns
- m2a3

7]01]02&; ; 6(261+2f1+Z1+Z2)w} + w(ZJ + 2f2) £ L.

yUS£w+%@D+/\%@W§mL__
0 biazazmims
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By (10), we have

w 6yl(c) eyl(<) _

/vl( )dt < /Bl t)dt < wPBi,

0

/)m@w@ﬁgeh/lﬂﬁﬁﬁéwﬁy (14)
0 0

It follows from (14) that
w@ <2 [T <2 [ aud < 2o,
7 0

Then,
w(®) Sw@)+ [ @l < (2 20 £ L
0

On the other hand,
al) | ha(8)La)dt = brwe” ) 4+ 22 R fw.
my

« +
dlwg/ b tei’!l(ﬁ)
0 [ 1() ml()

+ a1 — ﬁ — i_llizl
y1(§1 ) > ln[ 1 ]
b1
By (11),we have
- N ar — % — Ly .
wmzmkn—/lmmmzm[ : | omw i,
0 1
From (8) we have
f1wey1(<2 ) fw 1 fi(sHry)e¥i(®) ds
my y2(%2 )+eyl(52) - m (s)ey2(s) yevi(s)
= (v f (t)eyl(f 1) ~ o
=Jo ml(t>ey12<“*1>+ey1<t7n> dt < Gow + rrZzl2
i s fi-a - %~ ol
ey2(<2+) > f1 2 2L y1(<§') - fi > 2Ly |
- omi(az + o1 + haLs) - omi(az + & Jr haLo)

51

f1—52—Q—B2L2

+
y2(sz) = Inf
? mi(az + & Tt haLo)

1—a2—m—2—h2L2

ya(t) > y2(§+) */ |g2(t)|dt > In[ 11] —2fiw 2 1.
’ 0 ml (a2+ +h2L2)

Similarly, it follows from (9) that
fz — a3 — hsLs ol2

y3(€ =
’ m2 (as + h3L3)
w o 7 — sl
w®) > 10(s) — [ lin(0lds > 2% = hsks g g8,
0 m¥(as + hsLs)

By (10), we have
v;($wa; > / i ()vi(t)dt > e'iwp;.
0
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~ “ eliﬁi = A D
Ui(t) 2 'Ui(Ci) — |1),'(t)|dt 2 5[7 — 2(,0/31' = lz
0

Then, for A € (0,1),
l; < yz(t) < L;,l; < ’Ui(t) < L,. (15)
Clearly , l;, Li, I, Li,i = 1,2, 3 are independent of \ .
We take Q = {U € Y||U|| < H}, here H is taken sufficiently large such that H > 1r£1_a<xg{\l¢| +

|Li| + |ls] + |Ls|}. Now we check the conditions of Lemma 1. By (15),0ne can conclude that for each
Ae (0,1),y € 09, LU # ANU.
considering to U = (y1,y2,y3,v1,v2,v3)” € R® of the system of algebraic equations

a1 — bie” — p( st + havi) =0,

_ mie¥2+te )
—az + mlggy_:em - N(M;Zygfeyz + hava) = 0, (16)
—as + #ﬁw — phsvs = 0,
a;v; — Bie¥i =0, 1 =1,2,3.

here 1 € [0,1]. Forany p € [0,1], the solution (y”,v™)T of algebraic equations (16) satisfies
l; <yi < Liyli <w; < L. (17)

Forany U € 9Q(ker L, U is a constant vector in R® with ||U|| = H, we have

_ Iy cqeY2 T
al_bliei_ﬁzlelTJ»eyi_hlvl 8 8
= f1e¥1 _ cae¥3 _ B
QNU = a2 + R have d 0 ] By(17), for any
—03 + Focisterm — hsvs, : :
(@iv; — Bie¥4)3x1 0 0

U € 02 ker L, we have QNU # 0.
In order to calculate Brouwer Degree, we need make a homotopy mapping.

G(MvU) ::U/QNU—"_(I_N‘)H(U)? IS [071}7

a; — bie¥t
_ Frevi
—G2 + Frvaer T  T\T
H(U) = | U= (")

a3+ Foevatevs
(@v; — Bie¥)3x1

From (17), for any U € 9Q(\ker Landu € [0, 1], we know G(u,U) # 0. Because of ImQ =
ker L, we take J = I, So, due to homotopy invariance theorem we obtain

deg(JQN,QN KerL,0) = deg( QN,QnNkerL,0)
deg( H,QnNkerL,0) . )
= deg( @ —bie"t, —az + iy, —as + ol
a1v1 — Br1e¥t, dpvs — B2e¥?, aisus — B3e¥3, QN KerL, 0),

and because the following algebraic equations has a unique solution,

a; — b121 = 07
—a fizn
az + mizatz1 0,
—a foza
as + mazztza 0,
oui — Bizi = 0,1 =1,2,3.
= r — \= r P r - \= %
s . (hi—a)a o (fe—as)(fh—aar . iz
1 = 7, R2 = ——— >, R3 — [ — y Uy = ——.
m1a261 m1m2a2a3b1 Q;
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Then there is not difficult to know that H(U) = 0 has also a unique solution, we obtain

—by 0 0 0 0 0
flmlzs 7}‘7‘1771121( O O 0 0
(m1z5+27)%  (m1z3+27)2 ;
famazy —famays
deg(H,QNker L,0) = sign 07 (rn2z§+zz*)2 (m223 +z;2)2 0 0 0
—p1 07 0 a0 0
0 — B2 0_ 0 a O
0 0 —fBs 0 0 a3
_ . ajagagby fifamimazizs |
= sign| — (7’n1z§+z1‘)2(ﬁl2z§+z;*)§ =-1+#0.

By now we have proved that ) satisfies all the requirements in Lemma 1. Hence, (5) has at
least one w—periodic solution ((y*(£))", (v*(t))")".  Accordingly, system (4) has at least one
w—periodic solution ((z*(t))”, (v*(t)")T = ((e¥" )T, (v*(t))T)T with strictly positive components.

This completes the proof.

3.1 Global asymptotic stability of periodic solutions

Theorem 2 In addition to the condition of Theorem 1, assume further that

1
C:
> 8%, hit+al>0

m l m
i f1 i C1 12 u
> mhls + 1 A m{ Lo + L1 > mbls + 2 Az, my L3l
Then system (4) has a unique positive w—periodic solution which is globally asymptotically stable.
Proof. Based on the conclusion of Theorem 1, we need only to verify the globally asymptotically
stability of positive periodic solutions of (4). Let ((z*(t))”, (v*(t))")T be a positive w—periodic
solution of system (4). and ((z(¢))7, (v(t))")T be any positive solution of system (4). We define a

Lyapunov function

3
V() = Lllna(t) —Inaf (0) + foi(t) - i (2)]
oy il () = el (w)ldu + [ O s (u) — a5 (w)]du.

mbla+ly

When t =tp,k € N,

V(ts) = V(tr) = Y [In(1+ bi)a(ti) — In(L + ba) ()] — | Inai(ty) — Inai ()] = 0,

=1

then V (¢) is a a continuous function.
When t # tx,k € N, calculating the upper right derivative of V(¢) along solutions of system

(4),we derive

m ol m w «
DV < [8+ Al B () — 21 )] + [ i + o + B3]lea(u) — 23 ()

mbila+iy
Cl u * 3 *
Hlomrrarr; +A58]les(u) — 25 (u)| + ;[(—hi — ay)vi(t) — v ()],

By assumption conditions of theorem 2, there exists a constant
l

m 1 m
_ . bl_ fl _ pu C1 _ f2 _ pu Co _ u’hi i 0
7 = min{ A R Loy ey n mbls + Iy B2 e, +ai} >0,
such that .
DYV(t) < =y [lwi(t) — @i (8)] + [vi(t) — vf (B)]]. (18)
i=1

134



British Journal of Mathematics & Computer Science 2(3), 126—136, 2012

Then s
’YZ/O [J2i(t) — @i ()] + |vi(t) —vi (t)|}dt <V (0) =V (1), t>0,

/Ooo[\xi(t) — i ()ldt < oo, /Om[\vi(t) i)t < oo, i=1,2,3.

Therefore, |z;(t) — x; (t)] and |v;(t) —v; (¢)| are bounded on [0, ), and it is easy to see that their
derivative are also bounded. By Barbalat’'s lemma(lemma 2), we conclude that

lim |z;(t) — i (t)] = 0, lim |v;(t) —vi (t)] =0, i=1,2,3. (19)
t— oo t—oo

Further, there exists a positive number M such that |Inz;(¢) — Inzj (¢)| > w Thus,

3
V(t) > % ;Hm(t) —z; ()] + [vi(t) — vi (B)]].

Combining (18) and (19), we have completed that system (4) has a unique positive w—periodic
solution which is globally asymptotically stable. This completes the proof.

Note: The results in this paper can be extended to a n species food chain model with ratio-
dependent functional response and feedback controls.

4 CONCLUSIONS

This paper has considered a food chain system with ratio-dependent functional response, pulse,
delays and feedback controls. The sufficient conditions of the existence and global asymptotic stability
of positive periodic solution are derived. The article provides a good theoretical basis for the further
study for the food chain system with ratio-dependent functional response and feedback controls.
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