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Abstract

In this paper, we study a stochastic model describing the sex-structured AIDS with effect of
screening of infectives, and the dynamic behavior of the system is discussed by using the formula
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of ITO. First, we consider the limiting behaviors of the solution. Further, the sufficient condition
guaranteeing the extinction of AIDS is obtained. Then, an appropriate V-function is selected to
prove that the solution of the model has a unique ergodic stationary distribution. Finally, the
theoretical results are verified by numerical simulations.

Keywords

Sex-Structured AIDS Model, Stochastic System, ITO’s Formula, Extinction, Ergodic Stationary
Distribution

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

BT, VR ALYRA R TR AR R, b, Sestan i AE Gum e — )8 300w . SO0 3L
PRIRFFIE J B BRBE ZR GAE (AIDS), 1ZWH HIV RS, HIV & —FhRe™ Bk AR R4 0.
ettt StFLAET I NER HIV R, ARSI 8 1 ARG a7 T AIDS 1%
B, IR AW SO RGOV E . R AT HIV R EE G AL RS i, 2 S A R IR A
BUr PR o BB BB V12247 8, e ECN AIDS A& 4L W7 J7 1712 —. B, Kirschner 4%
NAMESH KESCR G, (B E, BT HIV 5 AR GE RGZ MECH A, i e sl )
orii, REIGEIAIT IS Lutambi S8 N[2]0F 7T 1 BAT HIV ARSRH BOR I K LA R, 73 dr 74
BRI R R BU O IR SRR R Al SN fE[3], Cail SENEESL T A EAIRITIERIK AIDS
PRI, I XHZERGEATHI, 53] 7 SCRR LR 2 A AR R, RGE s E[4], Tripathi
FNR I T DARRYERC AR, R IR RE MR B, s 1A RIS QYR AT T A
] DA Rt > SRR AE R R AR (4R 5 7E[S]7P, Kaur S5 AR T — N5 18 7 M He b A 3 A% 4R 11
ARLNE HIV BEAR, i 7R R P07 e S AR e v, I T RE AR e TR B 18 DL BB RN, 4R
TIREBNBAEXS AIDS 1) 7, IR S ANBCT B X BB 70 I B 45 2R T LU A S RO il R
R BRI A n] SRR ER SCRF -

BB PIBSL F PR (R LR B A T MR ) E AR AN s AT BRI AR e 5 b tho 2 52 5]
W RN . AU, fE HIV RSB, SIARENLIN AR SIS0, HEEEILI HIV 3 R A S
(AR R SCRIN B, 9% T3 5 T (14 B SR BATAT 2 [ SCHR[6] [7] [8] - Rathinasamy 55 A[O]F2H 1 HATHL
T O B AN S5 4 KIBE ML AIDS A% GLippii A

5, =( - 45, -8, 1, )dt+ o, 5,88, (1),

ds, =(I, - uS, -a,S,1, )dt+ o S,dB, (t),

di, =[aS,l —(u+A+b)l, Jdt+o, 1,08, (1),
di, =[S, —(u+B,+b,)1; |dt+o, dB, (1).

(1)

Foops, (t) BEE TN, S, (1) RS Ll 1 (1) RIS, 1, (1) AR TS5
BRI, T, R S A BRI Ko, 0 REAIET % a=a(l-7,)r a,=a(l-y,), @t
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HIV BIESRE, R R M G 8 (X L8 oM @ iade SR HO) RO EL R,y A T B M i 5 (X 4t
TR HRAN KA, B RAE T VER AT TR IE BISE TS 3,  B, S AE L PR v e T/
BeriiG it seT 5 by :|:§1Wm +& (1_7)7m +& (1_7/m):| b, =|:§1T7/f +& (1_f)7f +§2x<1_7/f ):| » G
TEVRITHEAT AIDS REER, &, RAERIGITHHAT AIDS HIREREAR, & BN B RGY 5 1 i R B it
M. oy« 05+ 0« o, AHREB, (1), B (1), B, (1), B, (t) X LRURRIERGH (1A 3RE
B, (). By (1), B, (t). B, (1) ABUEMSLIGAIER. e P MU I EAIIA, 725 (9],

TR, FEXF[OMF 4RI R BT TR I, AEF AEUE WA A A7 AR ME— IR P P AR A i, B
FEAERA(35) 3, HI 3| T A4S

| Sil;
,%sm>alm>q|f>o,qu—gg——;—lgflLL—QISO.

F b, AT DU S — HBUEFZAE RN FTEL, FEARSCH, SEHTIEN T AR R 38 7 Fa
oA, I BRIAS R RT3 B T 00 B K 4

AU ITE, AEE(QF (R, P) R EATIET (R, A BN, BT (R) W

t>0 t>0

BRI, AESH R A I P ). 2R, = (0,4+00) « MR £ (t) R5 LLE[0, +o0) FUTTHY
B ia(f>t=%j;f(s)dso WIS F () 7E [0, 400) LA R 02 F =infp ) (), T =SUpg.y (1)

2. HIRHRYE

SCLOTHG i, 78 BT (1) M LI B BB R L R 40 1 18 TR T A Eo[i,ﬁ,o,oj, H#

Hoou
R, = LCARE <1, WE, A R#HERE. IS, RATDEERH R, <1, ik

P (uA Bl (Bt
N UEBIR R TSR, BENL AIDS ARG (1) A Jo T s, BRI, AT 3RATE Je xS BEAL
ARG TR RAT AT IR, D BN AR SR SR K AR . A4S LA 51

51 1 [9]4 (S, (0),S(0),1,(0), 1, (0)) (e R!) —ARZ(IIFME, Wxfvt>0,
(Sn(t).S; (1),1, (1), 1, (1)) eR},as.
FIE 2 (S, (1), S (1), 1, (1), 1, (1)) —RGEQ)LA(S, (1), S (1), 1, (1), 1 (1))(e RE) FbIMEIfE, N
i Sa(0+5, (041, (01, (1)

=0, as.
t—>wo t
2,
Iimsm—(t):o, Iimsf—(t):o, Iimlm—(t):o, IimI'—(t):O, a.s.
t—o0 t t—om t t—m t t—m t
WA 4

u(t)=S, (t)+S; (t)+1,(t)+1(t).
FIE B HOW (u(t) =(1+u (1)) s HHA 0" =max{of 02 07 07, | . b 0> 0 RHH HTEMRHE.
0 ITO A, &ATH
dW (u(t)) = LW (u(t))dt+0(1+u(t)) " o S, (t)dBg (t)+O(1+u(t))” oy S, (t)dBg, (¢)
+0(1+u(t)) o, 1, ()dB, (t)+0(L+u(t)) o, 1, (t)dB,, (),
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Ak

wHEO>1, HAEG 4-

il

LW (u(t))=0(1+u(t) [T+ T, = S, ()= S, ()= (pe+ B +) 1y (V) (e + By +b,) 1, (1)]

L0001

(1+u(t))972(o-S Se+0s Si+op 1] +aff|f)

<0(1+u(t))” [F +T,—uu(t) ]+ M(Hu(t))g_zazuz(t)

2
0(0-1)

< 49(1+u(t)) ) [Fl +T, +,u—y(1+u(t))]+T(1+u(t))g_2 o’ (1+u(t))2
= —0{y—¢}(1+ u (t))g +(T,+T, +u)0(1+u (t))H.

2
0D 0. M

6-1

LW (u(t))<-26(1+u (t))g +(T+T,+u)0(1+u(t))

W (u(0) <[ ~20(1+0(0)) + (T T, + )02+ ) o
+9(1+u(t))‘9 153 S, (t)dBg_ (t)+6’(1+u(t)) -1 S, (1)dB, (1)

+0(1+u(t)) "o, 1, (t)dB, (t)+0(1+u(t)) o, f()dB (t).

So<k<O1, FATEH

d[ek‘W (u (t))] = L[e"‘W (u (t))] dt

+e"0(1+u(t)) " oy S, (t)dBg, (t)+e"0(1+u(t)) oy, S, (t)dBs, (1)
+e"0(1+u(t)) o, 1, (t)dB, (t)+e“a(1+u(t)) o, 1, (t)dB, (t),
LA
E[eW (u(t) ]=W (u(0)+E[ L "W (u(s))]ds,
4t

Hr

L[ "W (u(t))]=ke"W (u(t))+e“LW (u(t))
<ge" (1+u (t))gl{—(ﬂ—gj(uu (t))+(r,+T, +y)}
<0e"H,
i s (1+u(t))€1{—(/1—%)(1+u(t))+(1“1 T ﬂ)} . e (8) T
OH
e

E[e" (L+u (1)) < (+u(0)) +E[ [} 6 Hds |<(L+u(0))’ +

6H

{0 limsupE | (L+u (1))’ ]<T_ Ho as. . Hu(t) MEELEPERI S, 24— HEM >0, i3

t—o0

O]

®)

(4)

®)
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E[(1+u(1) =M t=o0. (6)
HEB)A, NSRS >0k=12,---, B

E[ sup (1+u(t))g}§E[(1+u(k6))q+ll+lzSM+I1+I2,

ks<t<(k+1)5
Ak
I, = ELMSSL:RM j§9(1+u ()" [~Au(r (1"1+1"2+,u—/1)}drH
t 4
: ClE |:k§<tS<L(le)+1)<)‘ Jk5(1+U(r)) dr‘:|

_clEU(kﬂ)b(Hu(r))gdr]
soﬁE{ sup (1+u(t))9}.
ko<t<(k+1)&
#34 Burkholder-Davis-Gundy A~253([10], #&
I2=EL§<?3E)H)§ o, 0@ru(r) (o, Sa(r)dBy, (r)+oq, S, (r)dBg, (1)

+o, 1,(r)dB,_ (r)+o-|f|f(r)dB|f(r):|

1

<32E[ [ 6% (Leu(r) " (02 83 (r) + o, S (r)+ o 12(r)+ o 1 () o [
11 20 %
S«/STH( voe vor vo,f 2 = inlﬂkpw (1+u(t }
1
Sx/?H( voe vor \/O',f 2 = Lmsgfl)a (1+uf(t }
[l it
R
E| sup (1+u(t)) [<E|[(1+u(ks)) |+|co+320(c2 vl vol val 262 [E| sup (1+u(t)) |.
m f m f
ko<t<(k+1)s ko<t<(k+1)s

FEIE 2 J5 FOAIE I 5 SRR [8] e BE 2.1 fREMI S, FRATAR TR
FIHE 3 fE5IH 2 MR, THIZREAL
limsup(S,, ), I Iimsup<Sf >t <L

to0 H t—w 7
T RGO E—ARTTE
S, (t)=-S, (0
55O sy —a(s,l,)

t

(oF t
== [ Sn (r)dBg, (r),

NI
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ﬁi*qﬁl(t)ﬁ{%ﬁsm(r)d&m(r)—M}o s, o g
limg, (t)=0, as
JiT A
r
(), =~ = {81}, =2
Hp
I'T_,S,;Up@m ) <L
[ B AT 45

. r
Ilrtrlswup<sf>t sf.

g1 FAFIE.
SEBL L (S, (1),S, (1), 1, (), 1 (1) RRRZ(QL)LA(S, (0),5(0),1,(0),1,(0)) (e RY) AHIMEHIE, WA

In(1,(t)+1, (1))

. .. I, 11
o, o
LIES
r r 1 1
a1—1+a2—2—(,u+/31+b1)A(,u+ﬂ2+b2)—5ﬁ<0,
H H —+—
Glm Glf

Wim 1, (1)=0. liml, (t)=0, as HLHEBRAEZRR AR 1 KA.
UEW: FIFITO A, &
d,n(,m(t)Hf(t)):{aism(t)lf(t)+azsf(t)|m(t) (u+ BB, (1) (u+B+b)1 (1)

O+ @O+ 1) LO+© L O+1()
1 Gkl 1 ahli(y }dt
)

2 (1,0+1,1) 2 (1,@0)+1, 1)

o, (1) o, 1 (1)

o, 0% O e, o O

{aism(t)lf(t)+azsf(t)lm(t)
OO L0+,

2 (1,01, O (@ +1 @)
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B EXRAM T, 15

N (1, ()1, () <| @Sy (6) 8,8, ()~ (1+ A+ b)) A+, +5,) 24— |t

o, 1. (t) o, 1 (1)

oo O,
RIS PR RN Rt

dB,, (t).

In(1, () +1¢(t)) < In(1,, (0)+1, (0))jL%J:(alsm(s)JraZSf (s))ds—(+ B +b)A(u+ B, +by)

t t
11 1o 0y 1n(s) 1 0, 1¢(s) ®)
2, b e ke e
O-lm o-lf
HH R A SR R HOE i ltL’“(S)dB (s)=0, lim® ‘Lf(s)ds (s)=0. FrLl,
Dot (s)+ 1 (s) " et 0l (s)+1,(s)
HATH
‘(as S, (s))d
e s
ot ot
r, T 11
Saizl+a272_(ﬂ+ﬁ1+bl)/\(ﬂ+ﬁz+b2)_57 1
Ulzm O-sz
iﬁua15+az%—(u+ﬂ1+bl)A(u+ﬂz+bz)—%1—11<oaﬁ, Rk
iz 11
2 2
0,

liml, (t)=0, !Lrlwolf (t)=0, as.

t—>o

EAIPZRERADN i S i
1 EREHERY], MRFEEE o, 5 o, AN, BENLRZQ)F KB IEREH |, ML VERH 1,
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HAE TR L, BV 3 G (LASERO T 5 P 3 B ERARE I M7V A, (S5, 57, 10,17 ) (BRGS0, 3%
ANGEBTT S SC[O]), IR MRS 0 RGO AT . SXANGARHAEN] 1 Pl AT $ (i

3. RERNE—RHERIH
A S B AN AT BTV L5 T TP, BB Aok SEAT . ST i At
ELERTTT— M b3t AR TR RAT I A P . BT 3 AT PR — 2 S, B
[11].
X (t) e B (E' 0 | - 4EmIk LB A ) R0 o A TR, AR BB
dX (t)=h(X )dt+3 g, (X )dB, (1),

m=1

Hy HGEME

k
A)=(a,(x)). a(X)=2e’ (X)a (X)}.

B 1 FAEHAMNLART WA FHRU cE', &f FAIER:

(B1) 7EIXIRU AR b, FHUERE A(X) KB NI A L 2 0 [

(B2) # X eE'\U, MM X tHRFIEES U (IEEFTH KRR DR G RK, 5 B —ANET4E
K(g E'), i supy E,, <+

G128 4 BB 1RO, W SR AT RIS X () A0 A0 () B f () R T-IE 1 B W AR AL
)

o i (x5 = £ () (050 =1

Heg b, HEIEBL KL, FATHFIEW F A U E=—FWE M, ENaM >0, XX eU,éeRY, H
k

3 (X)&¢ > Mgl

i,j=1

FEAEW(B2) WAL, FATH T UEMIAFAE— A 4EI U M— AR5 C2 - BV L 4 X e E'\U L LV 2.
FEHL 2 B (S, (1), S, (1), 1, (1), 1, (1)) R RZGEQLL(S, (0),S,(0),1,(0). 1, (0))(eR!) W¥IMEHIfE. %

FAF(HL) SR (H2) B

r1r2a1a'2

1 al 1 1 1
[T P ) V) Pee)
l—‘lIﬂZaiaz

r 1 1 1 1
“wf}gibz+z“§mj(“+zf’5fJ(’“ﬂl*bl*z“fm)(“ﬂz*bz*z“ﬁ)

DU AR (L) A7 AE ME— IE 1) P AR 0 A

UEBH : BT (H2) 5 (HL) FIE Bl AT R 25 H (HL) FOE B - FRA TR 51 3 4 R 52 pli ke BE AR BH
ks FATARIAEBR 1 o, BAERA ML T A FHRU cE', A BB, N Tk
H(B2), &N —AC*HAEfik%, .

(H1) Ry =

>1,

(H2) R? :[ >1,
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C,a
(S Sely ) M(—Cllnsm—czlnsf—Inlm—C3|n|f+m(lm+sm)j
1
+—9+1(s #S,+1, 41, ) =S, ~InS, ~In1, ~InT, + M,
LA M, >0 K, URIERELV (S, S, 1,1, ) BAEGME. C, C,n Cyuif ATF:
C = rr,aa,
1 ( +102j2 7 SR P ( bt 0)
H 2 Sm H /1+ﬁ1 b1 2 Sf H 2 It
C,= I'la,8,
2 y
1 a,l, 1 1
(ﬂ+20§mj(ﬂ+ﬂ+;l+bl+2 Szf] [,u+,82+b += Ulf)
rlr2a1a2

3 21
1 al 1 1
(ﬂ+20§m)[ﬂ+y+zﬂl+bl+2 sfj[,u+ﬂ2+b +>of )

1

M>0, 6e(0,1) AFEL Homle TR,

fv3+MO—M(,u+ﬂl+bl+%o-,2mj(Ré—l)§—2, )
L _9 2 2 2 2 0 10
P=H E( smvasfvo_lmvalf)> ' (10)

SLARE M T SRR . R, T

V,=-C,InS, ~C,InS, —Inl_~C,Inl, +&(

U+ p+b

(S +S, +1 +I)1,

+S,),

1
0+1

Vy=—InS, —InS; =Inl_ —Inl; +M,.

2=

i ITO AR, BATE

LV, =Cl(,u+ailf —%+%a§mJ+C2(,u+azlm —%+%0§f ]

m f

S, | a,S; |
+(,u+ﬁ1+bl+%0'|2m—a1 i f]+C{,u+,82+b2+%cr,2f - mJ

| I,

+i(
u+p+b

1, al 1 1,
SCl(y+Eo-smj+C2(y m+2ast+(y+ﬂl+bl+Eo-,m]
+C, (,u+ B, +b, +%0',2f j+Cla1I . —43CcC,CIl,aa,

1
:—(,u+ﬁ1+bl+zalzm)(Ré —1)+Clailf,

L= uSy = (u+ B +0)1;)
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LVZZ(Sm+Sf +Im+|f)€|:rl+r2_,u(sm+sf +Im+If)_(ﬂ1+b1)|m_(ﬁ2+b2)|f:|

0 1) 2 a2 2 o2 22 2 12
—(Sm+Sf+Im+If) (aSmSm+asfo+o,ml +oy, If)

(F1+ )(S +S; +1, If)g_ﬂ(sm+sf+|m+|f)9+l
g( vaszfvalzmvo—,zf>(8m+sf+|m+|f)a+1
<A %(s #S 1, +1,)" .
<A E(So+1+so+1+ |0+1+ |0+1)
2

AL A= sup [(F +F2)(Sm+Sf+Im+lf)6—§(sm+sf+|m+|f)6+1}

(Sm St Im I )eR?

= L 1 L, 1. 1, &Sl
LV3_('”+a1|f_§+Easmj+['“+azlm_§+iasfJ+[ﬂ+ﬁ1+bl+§0lm_ I

m

a,5¢1
+(,u+ﬁ2+b2+%aff— Zlf mJ.
f

(Al it
LV = L(MV, )+ L(V,)+L(V;)
os +0;5 +0, +0},
SA+4u+b +b,+ 6+ 6, + 5
1 + +
+M{—(#+ﬂl+bl+zo-fmJ( )+C1all } > 17" +al, +a2m—§lri1 (12)
_L_&_psﬁﬂ ,0849+1 afI.SmIf _aZS I
S, S, 2 2 I, I,

_ Iy T, peoa Peoa aismlf azS|

_M0+f2(lf)+f3(lm)—§—§— Spt =S T,
AL

o-szm +o-52f +cr,2m +o-,2f
My=A+4u+b +b,+ 8+ 6, + 5 ,

1 +
f,(1;)=M |:—(,u+ﬁ1+b1+56|2m)(Ré—1)+Cla,llf}_grfg ial,,

BNk, AMME—MARHESEU ={ <S, s%,kssf s%,k3 <l < % k<l s%} k R34
IR, BTSN IR RAL:
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M0+fvz+ ﬂ—% -1, (13)
2
M0+f3—M[,u+ﬂl+bl+62|m J(Ré—l)+(MClal+a1)ks—l, (14)
M, + f+ f—12<1 (15)
0 2 3 k - d
M, + f,+ Fa—%g—l, (16)
M+ f+ f-—P <1 (A7)
0 2 3 2k6+1 d
P
Mo +B- b <1 (18)
P
Mo+C— L <1 (19)

ANGER 1) T Q) AT, HE B MC KAEMESH. 2R
R*\U =USUJUSUUS UUS UUE UUE UUS UUE,
IHeAb

J

us = {( Siilyls)eR |0<| <k,

Us ={(SmSis 1) <R f

Us ={(SmSi 1 1) €R![S, 2 ,Ifzk,0<lm<k3},

i

us {(s Siiln 1) eR!

T, FRATRGEIR V(S,,, S, 1,0 1 )eRIU L LV(S,,, S, 1, 1, ) AT
HUL L 45 (S,, S0, 1)Uy, MHI(13)A 13

LVSMo+f2(If)+f3(|) 5. —L <M, +f+f % -1.

WEUL2: 45 (S, S0, 1, 1, )€Uy MIE(14)2nT 75
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2

LV <M, + f,(1,)-M [y+ﬁ1+b1+02'm j(R;—1)+(|\/|(:la\1+a1)|f

2

GZ'NJ(Rg—l)+(Mc1a1+al)k

<M, +f- M [,u+,31
<-1.

HUL3: 4 (S, Sl 1y )eUs » M52

LV <Mg+f, (1 )+ £, (1,)-

0L 4: 45 (S, S0, 1, )eUs MIH(16):nT 73
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Figure 1. The figure on the right is the solution of Model (1) subject to sufficient noise, and the figure on the left isthe solu-
tion of its corresponding deterministic model
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Figure 2. The figure on the right is the solution of Model (1), the figure on the left is the solution of its corresponding deter-
ministic model
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