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TOM TAT: Trong bai bdo ndy, heoc do sai phdn khdc thuong (nonstandard finite difference schemes - NSFD) bao toan cac tinh
chdt quan trong ciia mét mé hinh lan truyen virus mdy tinh duoc xdy dung. Cac tinh chdt quan trong ctia mé hinh nay gom co tinh
chdt dwong, tinh chdt bi chan, diém cdn bdng va tinh chdt 6n dinh ciia dzem cdn bang. O day tinh chdt 6n dinh ciia dlem cdn bang
ciia NSFD diege chiing 16i nghién cieu dya trén mgt mé réng ciia Pinh Iy 6n dinh Lyapunov cé dién. Ciac mé phong sé khing dinh
tinh diing dén ciia cdc két qua 1y thuyét ciing nhie wu thé ciia cae NSFD so véi cac lwpe do sai phdn binh thuong (standard finite
difference schemes - SFDS).

Tir khéa: M6 hinh lan truyén virus may tinh, Lugc do sai phén khdc thirong, Pinh 1y én dinh Lyapunov, M6 phéng sé.

I. GIOI THIEU

Trong khoa hoc méy tinh va cong nghé théng tin, virus may tinh (computer virus) dugc biét dén nhu mét 16p
céc chuong trinh doc hai co kha ning tu sao chép, nhan ban va ldy lan giita cac may tinh. Trong giai doan bung nd,
virus may tinh c6 thé thyc hién hang loat cic hanh dong pha hoai nghiém trong, thim chi pha huy hoan toan hé thong
may tinh, do d6 tao thanh mot mbi de doa 16n ddi v6i nhan loai [2, 16]. Hién nay, virus méay tinh gy ra cac thiét hai
kinh té 1én dén hang ty d6 la mdi nim do c&c nguyén nhan chinh nhu cic hé thdng va dit liéu bi pha huy, tai nguyén
méy tinh bi lang phi va chi phi bao tri h¢ thong ngay mot ting cao... CAC phan mém phong chdng virus hién nay dugc
xem nhu mot cong cu chinh dé ngan ngira va tiéu diét virus may tinh. Tuy nhién, sy phat trién cua nhitng phan mém
chéng virus méi ludn bi tut hau so v6i su phét trién cua cac virus may tinh. Do d6, khong thé dwa ra céc chinh séch lau
dai vé phong chéng virus.

Trong vai thap ky tro lai ddy, nhiéu tic gia da thuc hién mé hinh hoa toan hoc cac md hinh lan truyén virus may
tinh thong qua cac hé phuong trinh vi phan, ma tiéu biéu 14 cac két qua trong [14, 17-21]. Y tudng xay dung cac mod
hinh nay bat ngudn tir sy turong ddng giita virus may tinh vai virus trong cac hé dich té hoc va sinh hoc. Viéc xay dung
va nghién ctru cac tinh chit ctia cic md hinh nay gitp ching ta hiéu day du co ché Iy lan ciia cac virus may tinh. Trén
co s& d6 d& dang kiém soat, tiéu diét cung nhu hoach dinh nhirng chinh sach lau dai trong phong chéng sy lay lan cua
cac loai virus may tinh. Tuy nhién phan 16n nhig két qua trong chu dé nay chii yéu tap trung vao xay dung va nghién
ctru dinh tinh cic mé hinh lan truyén virus may tinh. Trong khi d6 cic m hinh loai nay thuong rat phtrc tap va khong
c6 hy vong tim dugc nghiém chinh xac. Chinh vi vay, viéc nghién ctru cac phuong phap so giai gan dang, dac biét 1a
cac phuong phap sé bao toan chinh xac cac tinh chét ctia mé hinh lién tuc cho cac m6 hinh lan truyén virus may tinh c6
¥ nghia dic biét quan trong. Trén thuc té co rat nhiéu nhitng mé hinh lan truyén virus may tinh da dugc mé hinh hoa va
nghién ctru hoan chinh vé mat dinh tinh nhung chua c¢é cic phuong phap sb tuong ng bao toan cac tinh chat quan
trong ctia mod hinh lién tuc.

Nhu da phan tich & trén, cac mé hinh lan truyén vius may tinh thuong duge mé hinh hoa toan hoc bang cac hé
phuong trinh vi phéan phirc tap. C6 nhiéu cach dé giai gan ding cac hé phuong trinh vi phan nay, trong d6 mot trong
nhiing phuong phap sO phd bién 1a phuong phap sai phan binh thuong (standard finite difference methods-SFDM),
chang han phuong phép Euler, phuong phdp Runge-Kutta, phuong phap Taylor [1]. Tuy nhién, trong nhiéu bai toan
phi tuyén cac SFDM boc 16 mot nhuge diém nghiém trong la hién tugng khong 6n dinh s6 (numerical instabilities) [10-
13]. N6i mot cach don gian thi hién trong khong 6n dinh sé 1a hién tugng khi cac phuong phap s6 khong bao toan
duoc cac tinh chat cua cac phuong trinh vi phén twong tmg. Trong khi d6 mét yéu céu quan trong hang dau véi cac
phuong phap s 1a phai bao toan duge cac tinh chit quan trong cua phuong trinh vi phan. N6i cach khac, cac md hinh
lién tuc phai duoc chuyén ddi thanh cdc mé hinh rdi rac bao toan chinh xac cac tinh chit cia mé hinh lién tuc. Nhin
chung, cac SFDM chi bao toan dugc cac tinh chit ctia mé hinh lién tuc khi tham s6 roi rac (budc ludi) duge chon du
nho. Vi thé khi nghién cru m6 hinh dong lyc trén khoang thoi gian rat 16n thi viéc chon budce ludi nho dan dén sd
lugng tinh toan rat 16n, hay noi cach khac thi cac SFDM la khong hiéu qua. Ngoal ra, trong nhiéu truong hop cac
SFDM ciing khong thé bao toan tinh chit ciia mo hinh lién tuc véi moi bude ludi. Pé khic phuc hién twong khong on
dinh sd, vao nhitng nam 80 cua thé ky trudc Mickens da dé xuét khai niém luoc db sai phan khac thuong khac vai cac
lugc do sai phan binh thuong. Pay 1a 16p phuong phéap s6 c6 thé bao toan chinh xéc cac tinh chét ciia phwong trinh vi
phan tuong ung [10-13].

Cho t6i nay cac NSFD di trg thanh mot cong cu quan trong va hiéu qué trong giai sé phwong trinh vi phan va mo

phong s6 cac hé dong lyc phirc tap [10-13, 15]. Cén nhin manh ré“mg NSFD c¢6 thé bao toan cac tinh chit cua phuong trinh
vi phan v&i moi budce ludi h > 0, tic 1a tinh chat cia NSFD khong phu thudce vao budce ludi. Ngay nay cac NSFD dugc ap
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dung cho rat nhiéu cac mo hinh quan trong trong cac linh vyc ung dung nhu vat 1y, hoa hoc, sinh hoc, y hoc... Gan day
chung t6i da dat duoc mot s6 két qua budc dau trong xay dung NSFD cho mdt s mé hinh quan trong trong sinh hoc [3, 5-
7]. Ngoai ra mot truong hop 1y tuong ctia NSFD 1a lugc do sai phan chinh xac (exact finite difference schemes) ciing
duoc ching t6i xay dung cho cac hé phuong trinh vi phan tuyén tinh v6i hé sb hang [4]. Tuy nhién, theo hiéu biét cua
chung t61 thi NSFD chwa duoc ap dung cho cac md hinh lan truyén virus may tinh, mdc du day la cac mo hinh c6 y nghia
dic biét quan trong va da co rat nhicu cac mo hinh nghién ciru hoan chinh vé mit dinh tinh.

Chinh vi nhiing 1y do trén, véi muc tiéu tiép tuc xay dung cic NSFD cho cic md hinh lan truyén virus may tinh
dd dugc nghién ctru hoan chinh vé mat dinh tinh, trong bai bao nay ching t6i xét mot md hinh lan truyén virus may
tinh dugc dé xuét boi Yang nam 2014 [17]. Pay 1a mot mo hinh ing dung quan trong v&i cac tinh chét phic tap. Cac
NSFD dugc chung t6i xdy dung bao toan chinh xéac cac tinh chit ciia mé hinh lién tuc. Mot két qua quan trong trong
xdy dyng cac NSFD la chung t6i st dung mot m¢ rong cua Dinh 1y Lyapunov dé nghién ciru tinh chat 6n dinh ciia mo
hinh roi rac. Cach lam nay don g1an va hi€u qua hon rat nhiéu so véi cach st dung Dlnh ly Lyapunov cb dién vi tranh
dugc tinh toan phirc tap trong bdi canh mé hinh c6 sé chiéu 16n va chira nhiéu tham sb.

T chirc ciia bai bao nay nhu sau. Trong Muc 11 ching toi nhéc lai mé hinh toan hoc va céc tinh chét cia mod
hinh. Cac NSFD bao toan cac tinh chat quan trong cua mo hinh duoc xay dung trong Muc I1l. Cac m6 phong s6 dua
trén cac NSFD duoc trinh bay trong Muc IV. Muc V 1a mot s0 két ludn.

I1. MO HINH TOAN HQC VA CAC TiNH CHAT [17]

Pé don gian, cic may tinh dugc goi la cac nut (nodes). Mot nut dwoc goi la nut trong hay niit ngoai phu thudc
vao viée nd co duge két ndi internet hay khong. Mot nut duge goi 1a bi nhiém bénh (infected) hodc khong bi nhiém
bénh (uninfected) tuy thudc vao viéc n6 c6 chira virus hay khong Mot nut bi nhlém bénh duoc xem 1a tiém 4n (latent)
hay dang bi pha hoai (breaking-out) tuy thudc vao tat ca cac virus trong no 14 tiém 4an hay c6 it nhit mét virus dang phé
hoai. T4t ca cdc nut trong mang toan ciu duoc phan chia thanh 3 16p: Cac nut trong khong bi nhiém bénh (uninfected
internal nodes, S-nodes), cac nut trong tiém an (latent internal nodes, L-nodes) va cac nit trong dang bi pha hoai
(breaking-out internal nodes, B-nodes). Mot cach tuong ty, tat ca cac nlit ngoai trén toan cau ciing dugc chia lam 3 16p
tuong tng: S*,L*, B*. Ky hiéu S(t) L(t) B(t) 1a s nat 16p S,L,B tai thoi gian t twong tmg. Dua trén céc gia thiét
(Hy) — (Hg) trong [17] Yang da dé xuat mot mo hinh lan truyén virus may tinh dugc mé ta boi hé ba phuong trinh vi
phan phi tuyén sau:

as
Pl (BLL + B2B)S + y1L + y,B — (6 + 6)S,
dL

dB
T = alL — (y, + §)B,

trong d6 céc gia tri ban dau S(0), L(0), B(0) thudc R3 Va py, Wy, B4, B2, ¥1,¥2, @, 6,6 la cic tham s6 dwong dic trung
cho mé hinh. Dya trén cac phan tich toan hoc trong [17] ching tdi phat biéu lai cac tinh chat quan trong ciia mé hinh
(1) trong Dinh ly dudi day.

Pinh Iy 1. M6 hinh (1) c6 cdc tinh chit quan trong sau ddy:

(P,) Tinh chat dwong ciia nghi¢m: Tap R3 1a mét tdp bat bién dwong cuia (1). N6i cach khac, tdt cd cdc nghiém
cua mé hinh (1) véi cdc gia tri ban dau khéng am ciing khong am.

(P,) Tinh chat don diéu héi tu: Véi cac gid tri ban dau thude R3, téng cdc nghiém N(t) := S(t) + L(t) + B(t) héi
tu don diéu vée gia tri N* == /6, trongdo u = 1y + Wy.

(P3) Su ton tai diém can bcing: M6 hinh (1) ¢ duy nhat mét diém can bc%ng E, = (L,,B,,S.) dwoc xac dinh boi

—a, —+a? — 4aya a
L*= 1 1 o2 B = (2)

) * —L*;
2a, y+ 6

S*= N*_ L*_ B*:
trong do
O
ag=(a+vy,+ O[Pi(y2+ 8) + Bal, a = — (Hz + ?) (y2 + 6)% 3)
2+ OG[-Bi(2+ &) = Bal+ (@+y1+ 2+ 6) + 0(a+y, + &)}

(P,) Tinh chdt 6n dinh tiém can dia phuwong: DPiém can bcing E, la diém cdn bcing on dinh tiém can dia phuwong
cua mo hinh (1).

(Ps) Tinh chdt én dinh toan cuc: Piém cin bang E, \a diém cdn bang on dinh toan cuc ciia mé hinh (1).
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Muc tiéu ctia ching t6i 1a xdy dung cic mé hinh rdi rac bao toan céc tinh chit (P;)-(Ps) ciia mé hinh (1), tirc 1a
md hinh roi rac tuong thich dong hoc véi mo hinh lién tyc. Mo hinh loai nay da dugc ching toi xay dung cho mot s6
mo hinh quan trong trong sinh hoc méi day [3, 5-7] bang cac NSFD.

III. XAY DUNG LUQC PO SAI PHAN KHAC THUONG

Bay gio muyc tiéu chinh cua chung t6i 1a xdy dung cac NSFD bao toan chinh xéac céc tinh chét cua (1) voi moi
buge lu6i h > 0. Voi myc tidu do, dau tién chung toi dé xuat NSFD cho (1) dua trén roi rac héa khong dia phuong
ham vé phai két hop vdi lya chon ham mau so khac thuong & dang:

Sk+1 - Sk
W = ul - (ﬁlLk + ﬁsz) Sk+1 + ylLk + )/ZBk - (5 + Q)Sk
Liyq — Ly _
oy 2 + (Bili + B2Bi) Sev1 — (11 + a+ )Ly + 65, 4
B4y — By
——~—= aly—(r2+ 6By,
o(h) , z k

trong d6 (k) = h + 0(h?). P& don gian chiing t6i s& bo qua ddi s6 h trong ham ¢ (k). Chlng tdi s& xéc dinh cac diéu
kién dat 1én ham mau so6 dé luge do (4) bao toan cac tinh chat (P;)-(Ps) ctia mo hinh (1).

Pinh Iy 2. Doi véi NSFD (4) néu ta gid thiét thém rang ham ¢ thod man diéu kién (5) dudi ddy thi cdc tinh chdt (Py),
(P,) va (P3) ciia mé hinh (1) dwoc bdo toan:

. 1 1 1 2
@ < min {—,—,—,—}. )
5+0 yi+a+d y,+6° 8

Chirng minh. Piu tién ta st dung quy nap dé chimg minh rang tinh chit (P,) duoc bao toan. Dé y riang dang hién
tuong tmg cua (4) la
Spns = [1 =@ +6)]ISk + @valy + @By + PH1
1+ @(BiLk + B2By)
Lis1 = @l + 9(Bili + B2Bi) Sian + [1 = 01 + @+ Ol + 90, ©)
Byyr = ali +[1— ¢y, + 8ISk,

do d6, néu S, Ly, B, = 0va ¢ thoa man (5) thi Si,1, Li+1, Brsqr = 0. Nhu vy, tinh chat (P;)ciia md hinh duoc bao
toan.

Tiép theo, néu ky hiéu Ny == Sj + L + By va cong vé voi vé clia (4) ta nhan dugc phuong trinh sai phan tuyén
tinh Nip1 = (1 — @8)N, + @u. Do ¢ thoa mén (5) nén dé dang suy ra tinh chat hoi tu don diéu ctua day {N,}. No6i
cach khac, tinh chat (P,) dugc bao toan.

Tuong ty nhu d6i véi md hinh lién tyc, d& dang kiém tra dugc ring (4) ciing c6 duy nhat mot diém can bang la
E, dugc xac dinh bai (2). Nhu vay viée chirng minh Dinh 1y dugc hoan tat.

Tiép theo chung t6i phan tich tinh chat 6n dinh cua luge dd (4). Trong bdi canh mé hinh dang xét co chira nhiéu
tham sb va so chiéu bang ba thi viéc phan tich tinh chat on dinh thong qua Dinh 1y Lyapunov khong tryc tiép (Tiéu
chuén Jury) 1a rat phuc tap. Chinh vi vay, tuong ty nhu trong [3, 5, 7] chiing tdi sir dung mdt mo rong ciia Dinh 1y
Lyapunov ¢ dién nham chuyén viéc nghién ctru tinh chat 6n dinh cua (4) vé nghién ciru mot mé hinh ¢6 s6 chiéu nho
hon. Nho d6 dé dang thiét 1ap tinh chat 6n dinh ctia mé hinh.

Vi muc tiéu do, ching t6i xét ham

V(S,L,B) = (S+L+B —%)2, (S,L,B) € R:.

D@ thay rang do tinh chat (P,) ctia mo hinh (1) dugc bao toan nén tit ca cic nghiém ctia (4) 14 bi chan. Do d6,
tuong tu nhu trong [3, 5, 7] dé dang chimg minh dugc rang ham V thoa man tat ca cac diéu kién cua [9, Theorem 3.3]
trén R3. Trong truong hop niy, tip bat bién duong 16n nhéat chira tap G={(S, L, B) € R3: AV(S, L, B) = 0} 1a tap
G* ={S,L,B)€ R3:S+L+B=p/5}. Chinh vi vay tinh chit on dinh ctia (4) trén R3 14 twong duong vdi tinh chit on
dinh cua hé hai phuong trinh sau day trén R2:

Liys — Ly [ [
HT = Hp + (BiLly + B2By) (g — Lyy1— Bk+1) —(hta+ dL, +0 (g — L - Bk):

7)
By — B (
% = aLk - (yz + S)Bk
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Chu ¥ rang (7) chi gdm hai phwong trinh trong khi (4) c¢6 ba phuong trinh. Vi thé, viéc phén tich tinh chit 6n
dinh cta (7) don gian hon rat nhicu so véi (4). Lic nay tiéu chuan Jury dé dang dugc st dung. Ta chu y rang (7) chinh
1a han ché cua (4) trén tap G, do d6 (7) cling c6 duy nhat mét diém cén bang la E,, = (L,, B,), trong d6 L,, B, dugc xac
dinh bai (2).

Bé6 dé 1. Xét mé hinh (1) véi cdc tham s6 Wy, Wy, By, B2 Y1, V2 @ 8, 8 > 0. Néu ta ky hiéu
Tl = ﬁlL*+ﬁZB*l Tz = y1+ y2+ a+26+ 9_ 315*,

=na+ (+ BS.—yvi—a—86—0)+ a(BS.— 1, — 6), (8)

T,=VY1+ v+ a+26+9—ﬂ15*—’[1, T5 = T1(V2+61’+5),
thi 7,4+ 7, > 0 va ts— 13 > 0. Ngodi ra luén t6n tai mét sé @o>0sa0cho4 — (1,4 17, — T1)@ — (Ts+ 13)@? > 0
vai moi @ € (0, ¢y).
Chitng minh. D¢ y rang (S., L,, B,) a diém can bang cua (1), tir phuong trinh thir hai va thr ba cua (1) ta ¢6

L, y,+ 8
H‘Z + (ﬁlL* + ﬁZB*) S* - (V1 + a+ 6)L* + 95* = 01 B_ = a . (9)

Tir day dé dang suy rarang ;5. <y, + a+ 8. Dodd 1, >0.Viz, >0nént, + 7,>0.

Tiép theo ta co
T5—T3= (12 + @+ rn+ta+d+0)+ alry + 0) — af,S. — Pi(y2 + 6)S..

Ciing xudt phat tir (9) ta c6 danh gia sau:

L, L, i+ a+ 8y, + 96) Yo+ 6
B2S. <(y1+ a+ 6)3__ B1S*B_= = z = BiS. Za )

a

do d6 ta nhan dugc aB,S, + (v, + 6)S. < (y1 + a + 8)(¥, + &). Tir bat ding thirc nay suy ra rang T5— 73 > 0.
Két luan cudi cung cua Ménh dé duoge suy ra truc tiép tor DPinh nghia gidi han cia ham $6.

Dinh Iy 3. Xét lugc do (7) dudi cdc gia thiét cia Pinh Iy 2. Néu ta gia thiét thém rang ham ¢ thod man diéu kién

@ < min{g,, 9.}, (10)
trong do ¢4, @, dwoc xdc dinh boi
0, néut; =0,
¢1 =1t ,néuT; <0, (1D

3

@2 = sup{p >0: 4 — (1,4 74, — 1)@ — (T5+ T3)9* > 0},
thi E,, = (L,,B,) la diém cdn bang on dinh dia phirong ciia (7). Néi cach khac E, = (S,, L,,B,) la diém cin bang on
dinh dia phwong cia (4). Piéu @6 cé nghia la tinh chat (Py) ciia mé hinh (1) dwege bao toan.
Chirng minh. D& dang tinh duoc ma tran Jacobian cua (7) tai diém can bang E,, 1a
1+ @(BiS. —vi—a—86—0)— ¢’ra @(B,S. — 11— 0) + 9*11(y, + 6)
J= 1+ 1,0 1+ 1,0 ,
pa 1= o2+ 9)

tr day ta nhan duoc
1—1,0 — 1302 2— T4 — T59?
det()) = M, Trace(]) = 2T TP T TP
1 + Tl(p 1 + Tl(p
trong 6 7; (i = 1, ...,5) dugc xac dinh bai (8). Tiéu chuan Jury [8] cho tinh chét 6n dinh ctia diém can bang la

det(J) < 1, 1+det(J) — Trace(J) > 0, 1+ det(J)+ Trace(J) > 0. (12)

Hé¢ diéu kién trong (12) twong duong voi

T+ 7, > —130, T5— 13 > 0, 4 — (1,4 1, — 1)@ — (T5+ 13)0?% > 0. (13)
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Theo B6 dé 1 thi hai diéu kién cudi cua (13) dugc thoa man. Mat khac d& dang kiém tra rang néu ¢ thoa man
(10) thi di€u kién cudi cung cua (13) cling dugc thod man. Do do tinh chét 6n dinh dia phuong cua E, duge chimg
minh. Viéc chung minh dugc hoan tat.

Tong hop céc két qua trong muc nay chung t6i thu dugc Dinh 1y sau ddy vé NSFD bao toan céac tinh cht quan
trong cua mo hinh (1).
Dinh Iy 4. Poi véi NSFD (4) néu ta gid thiét thém rang ham ¢ thod man
1 1 1 2 } 14
6+9!yl+a+6;y2+5)6!(p1!(p2! ( )
trong do ¢y, @, dioc xdc dinh nhw trong (11) thi NSFD (4) béo toan cdc tinh chdt (Py)-(Py) ciia mé hinh (1),

Q< Q= min{

Chay 1. (i) C6 rat nhiéu cdch dé lwa chon ham ¢ thod man diéu kién cia Pinh 1y 4 chdng han ta cé thé chon ho ham

1—e” ™" 1
(p(h) - T ’ T> E
(i) Dinh Iy 4 chi dam bdo cac tinh chdt (P,)-(P,) ciia mé hinh (1) dwoc bdo toan. Tuy nhién cdc mé phong sé
trong Muc IV déu dong y rang néu NSFD (4) thoa man Pinh Iy 4 thi tinh chat (Ps) cia mo hinh (1) ciing duwoc
bao toan. Piéu nay hoan toan twong tw voi cdc két qua ciia ching téi trong [3, 5] vé NSFD cho mé hinh
metapopulation.

IV. CAC THU NGHIEM SO

Trong phan nay, chung t6i trinh bay mot sO thir nghiém sé nham khing dinh cac két qua 1y thuyét da duoc
chung minh cling nhu uvu the cua cac NSFD so véi cac SFDS.

Xét mo hinh (1) véi cac tham sb [17]
(By, B2, V1, ¥2 Mot @, 8, 8)=(0.01,0.05,0.3,0.1,4,2,0.2,0.1,0.2).

Trong truc‘)’r}g hop nay mé hinh co diém can b?mg la (S., L., B,)= (77374, 26.1313, 26.1313). Ngoai ra cac
tham s6 ; trong B6 dé 1 1a
(T1,T2, T3, T4, Ts) = (1.5679,0.9226,—0.1072, —0.4453,0.6272).

Tir d6 ta c6 thé chon tham sb ¢* trong Dinh 1y 4 1a ¢*= 1.6667. Do d6 chiing toi chon ham méu sé cho NSFD
4)1a
1— e—1.6h
h)y= ——
@(h) Te

Bay gi¢ ching t6i so sanh nghiém s6 thu dugc tir NSFD (4) voi hai SFDS tiéu biéu 1a luge d6 Euler hién va
lugc @0 Runge-Kutta bon nac kinh dién (RK4).

Nghiém s6 thu duoc tir luge dd Euler hién duoc biéu dién trong cac Hinh 1, 2 va 3. Tt cac hinh ve ta théy tinh
chat duong va tinh chat bi chan ctia nghi€ém bi pha vd. Nghiém so thu dugc tur lugce d6 Euler hién dao dong xung quanh
vi tri can bang. Cac tinh chat quan trong cia mé hinh khong dugc bao toan.

Tuong tu nhu viy Hinh 4, 5, 6, biéu dién nghiém sb thu dugc tir luge dd RK4. Tir cac hinh vé dé& thay tinh chat
dwong ctia nghiém ciing bi pha v&. Ngoai ra luge dd RK4 sinh ra thém diém bat dong gia phu thudc vao budc ludi. Cu
thé, cc nghiém thu duoc tir lwge d6 RK4 hoi tu toi vi tri (S°, L°, B®) = (32.5206, 0.6028, 26.8766) trong khi diém cén
bang duy nhét cuia mé hinh (1) lai 1a (L., B., S.)= (7.7374, 26.1313, 26.1313). Pay la mét trong nhitng nhugce diém
chung cia cac luge do sai phan binh thuong, d6 1a sinh ra thém cac diém bat dong gia phy thudc vao budc ludi [10-13].

Cudi cung, nghiém s6 thu dugc tir NSFD (4) duge biéu dién trong Hinh 7. Tir hinh v&, 16 rang cac tinh chét

quan trong ctia md hinh (1) dugc bao toan. Vi du nay ciing cho théy tinh chit 6n dinh toan cuc (Ps) ctia m6 hinh ciing
dugc bao toan. Dieu d6 cho thay cac két qua ly thuyet duge xay dung 1a hoan toan dung dan.
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Hinh 1. Nghiém s S, thu dugc béi luge dd Euler véi (S(0), L(0), B(0)) = (10, 20,50) vah =1
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Hinh 2. Nghiém s6 L, thu dugc bai luoe dd Euler vé6i (S(0), L(0), B(0)) = (10, 20, 50) vah =1
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Hinh 4. Nghiém sb S, thu dugc boi luge dd RK4 véi (S(0), L(0), B(0)) = (20, 30, 50) va h = 4/3
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L' =0.6028

5 =

IS =

B"=26.8766

Hinh 6. Nghiém s6 By, thu duogc béi luge dd RK4 véi (S(0), L(0), B(0)) = (20, 30, 50) va h = 4/3
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Hinh 7. Nghiém s thu duge boi luge @b NSFD (4) véi h =5 va t € [0,1000]

V.KET LUAN

Trong bai bao nay, lugc dd sai phan khac thudng bao toan cac tinh chat quan trong ctia mot mé hinh lan truyén
virus may tinh dugc xay dung. Pang chu y 1a tinh chit 6n dinh cia cac md hinh roi rac duge nghién ctru dya trén mot
mo rong ctia Pinh 1y Lyapunov cb dién. Cach lam nay khic phuc dwoc nhiing nhuge diém ciia Dinh 1y Lyapunov cb
dién trong bbi canh md hinh duoc xét chira nhidu tham s6 va c6 s6 chiéu 16n. Cac mé phong sé khang dinh tinh dung
dén ctia cac két qua Iy thuyét dugc xay dung ciing nhu wu thé ciia cac lwoc do sai phan khac thuong so véi cac luge do
sai phan binh thuong. Trong twong lai ching toi s& phat trién két qua nay cho cac md hinh bai toan ¢ CAc tinh chét
tuong tu, nhung phirc tap, chira nhiéu tham sé va c6 sb chidu 16n.
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NONSTANDARD FINITE DIFFERENCE SCHEMES FOR NUMERICAL SIMULATION
OF A COMPUTER VIRUS PROPAGATION MODEL

Hoang Manh Tuan, Dang Quang A

ABSTRACT: In this paper, nonstandard finite difference (NSFD) schemes which preserve the essential properties of a computer
virus propagation model are constructed. The essential properties of this model are: positivity and boundedness of the solution,
equilibria and their stability properties. Here, the stability properties of the discrete models are investigated by the use of a
generalization of the Lyapunov stability theorem. Some performed numerical simulations confirmed the validity of the obtained
theoretical results and the advantages of the NSFD schemes over the standard ones.



