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LOI CAM DOAN

Tbi xin cam doan luin 4n: “Nghién citu mét s6 ms hinh truyén nhiém phan
thit m& va ing dung trong mang cam bién khong day” la cong trinh nghién citu
ctia chinh minh duséi sy huéng dan khoa hoc cfia tap thé huéng dan. Luan 4n st dung
thong tin trich dan tit nhiéu nguon tham khao khac nhau va cac thong tin trich din dugc
ghi r6 nguon gde. Cac két qua nghién citu clia toi duge cong bd chung véi céc tac gid khéc
da dugce sy nhat trf cia dong tac gia khi dua vao luan 4n. Céc s6 lieu, két qua dugce trinh
bay trong luan 4n 13 hoan toan trung thuc va chua timg duge cong bb trong bat ky mot
cong trinh nao khac ngoai cc cong trinh cong bé cia tac gid. Luan 4n duge hoan thanh
trong thoi gian t6i lam nghién ciu sinh tai Hoc vien Khoa hoc va Cong nghe, Vién Han

lam Khoa hoc va Cong nghé Viét Nam.

Ha Noi, ngay 19 thang 01 nam 2024
Tac gia luan an
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LOI CAM ON

Luén 4n tién si duge thyc hién tai Khoa Cong nghé thong tin va Vién thong, Hoc
vién Khoa hoc va Cong nghé, Vién Han lam Khoa hoc va Cong nghé Viet Nam (Vién HL
KH&CN Viét Nam), duéi sy huéng dan khoa hoc tan tinh cia PGS.TS. Hoang Viét Long
va PGS. TS. Nguyén Long Giang. Téc gia xin bay t6 long biét on chan thanh va sy kinh
trong sau sic déi véi cac thay trong Tap thé huéng dan khoa hoc, nhitng ngudi khong chi
truyén dat nhidu kién thite quy bau, kinh nghiém nghién citu khoa hoc ma con khuyén
khich, dong vién tac gid vugt qua nhitng khé khin trong chuyén mén va cudc song. Su
chuyén nghiép, nghiém ttc trong nghién citu va nhitng dinh huéng ding din cta cac thay
14 tién dé quan trong gitp tac gia c6 duge nhitmg két qua trinh bay trong luan 4n nay.

Tac gia xin tran trong cam on Ban lanh dao Vién Cong nghé Théng tin, Ban Giam
déc Hoc vien Khoa hoc va Céng nghe, Phong Dao tao, cic Phong Ban chifc ning clia
Hoc vién va dac biét cac nha gido, nha khoa hoc tai Vien HL KH&CN Viéet Nam da quan
tam gitp d6, tao moi didu kién thuan lgi vé cd sd vat chét, ngudn hoc lieu va cac thil tuc
hanh chinh cho tac gia trong qué trinh hoc tap, nghién cttu va hoan thanh ludn 4n nay.

Trong sudt thai gian hoc tap va nghién cttu tai Hoc vien Khoa hoc va Céng nghé,
Vien HL KH&CN Viét Nam, tac gid da nhan dugce sy hd trg vé tai chinh va tao nhiéu
diéu kién tham dy c4c bai gidng dai chiing ctia cac nha khoa hoc hang dau, tham gia trao
ddi hoc thuat tir Quy Ddi méi Sang tao VinGroup (VinIF), Vién Nghién ciu Dit lieu 16n
(VinBigData) thong qua Hoc bdng tién si trong nude cdc nam 2020, 2021 va 2022. Qua
day, tac gid xin bay té su biét on sau sic v6i syt hd trg kip thdi ciia Quy Ddi méi Sang
tao VinGroup dé tac gia c¢6 thé toan tam tap trung cho viéc hoc tap, nghién citu va dat.
duge cac két qud trong luan an.

T4c gia xin chan thanh cdm on sy quan tam, dong vién va nhitng ¥ kién gép § quy bau
cla cac gido su, cac nha khoa hoc, cac chuyén gia va cac ban dong nghiép trong nhing
lan trao doi chuy&n mén tai seminar “Giai tich-Toan ttng dung”, (Khoa Toan - Trudng Dai
hoc Su pham Ha Noi 2), seminar “Toan ing dung” (Trung tam Tin hoc va Tinh to4n -
Vién HLKH&CN Viet Nam) va seminar “Giai tich md va tng dung” do PGS. TS. Hoang
Viét Long va PGS. TS. Nguyén Thi Kim Son cht tri. Dic biét, tac gia xin gii su biét on
va kinh trong sau sic t6i PGS. TS. Hoang Viét Long va PGS. TS. Nguyén Thi Kim Son,
nhitng vi an su da tan tinh diu dit tac gid tir khi con 12 sinh vién vA da hét long chi day,
dong vién dé tac gid c6 thé toan tam trén con dudng nghién cttu khoa hoc.

TAc gia xin chan thanh cdm on Ban Gidm hiéu, Ban Chi nhiém khoa Toan, Bo mon
Giai tich va cic ban be dong nghiép tai Truong Dai hoc Sut pham Ha Noi 2 da luon dong
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vién, hd trg va tao moi diéu kién thuan lgi trong cong tac gidng day cho tic gid xuyéen
subt qué trinh hoc tap, nghién citu va thie hién luan 4n.

Sut quan tam, chia sé va dong vién clia moi thanh vién trong gia dinh 1a mot dong luc
quan trong dé téc gia nd lyc hoc tap, nghién citu va viudt qua nhitng khé khan. Tac gid
xin chan thanh cdm on tat ca va ludn 4n nay nhu mot mén qua tinh than xin dap lai sy

quan tam, ting hd chia gia dinh, c4c thay c6, dong nghiép v nhitng ngudi ban than hiu.

Ha Néi, ngay 19 thang 01 nam 2024
Tac gia luan an

—
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MG DAU

1. Tong quan van dé nghién ciu

Mang cam bién khong day (“Wireless Sensor Network - WSN”) bao gom mot tap hop
cac thiét bi cAm bién c6 nang lugng gidi han, goi 1a cac nait, st dung cac lién két khong
day nham cac muc dich dic thit nhu thu thap thong tin dit lieu phan tan véi quy mo 16n,
khao sat, thu thap, danh gia thong tin trong cac linh vie san xuét, sinh thai hoc, khi
tuong thiy van hay an ninh. Vai thap ky qua, su pho bién nhanh chéng ctia mang cam
bién khong day luon phai d6i mit véi thach thitc vé ddm bao an toan thong tin truée
st tan cong clia cac loai ma doc nhu virus hay sau mang. Dé phét trién cdc phan mém
xit 1§ mé doc, yéu cau tien quyét 1a ndm dude céc dic diém hoat dong ciing nhu du béo
duge sy lay nhiém ctia ma doc. Théem vao d6, thuong c6 mot do tré nhat dinh tu thoi
diém xuat hién ctia mot loai ma doc méi dén thoi diém phat hanh chuong trinh xit Iy ma
doc va trong thoi gian do, ching c6 thé lay nhiém tu do trong mang dan dén nhing ton
that rat 16n. Do d6, dé han ché t6i da anh hudng ctia méa doc trude khi nghien citu ra
giai phap xi 1y triet dé ching, ching ta can danh gia va du bao dude su lan truyen ciia
cac loai ma doc trén mang. V6i muc tiéu nay, cach tiép can dya trén mo hinh héa duge
stt dung pho bién véi cAc moé hinh hé vi phan [1-6], mé hinh mang [7,8] hay m6 hinh dit
licu [9,/10]. Mo hinh héa dau tién clia sy lan truyén cac doi tugng doc hai duge gisi thigu
nam 1927 bdi Kermack va McKendrick [1] v6i viec mo ta sy lay nhiém dich bénh trong
cong dong bang mo hinh toan hoc dang ngén SIR (Man cdm - Lay nhiém - Ho6i phuc)
va sau do, cac tac gid phan tich dac trung dich té va du bao chiéu huéng bung phét cia
dich bénh dua trong céc cong trinh [2,3]. Nghién cttu tién phong nay da mé ra mot hudng
tiép can méi va duge tng dung rong rai trong nhiéu nghien citu dé mo hinh héa su lan
truyen clia cac loai dich bénh trong cong dong nhu sy lay nhiém ctia virus corona [11,/12],
virus HIV [13], virus viem gan E [14], virus Ebola [15], virus ZIKA |16] hay virus vién
gan B [17]. LAy cam hing tit sy tuong dong gitta sy lay nhiém cac loai bénh dich trong
cac quan thé sinh hoc véi sut lan truyén céc loai ma doc trén céc hé théng thong tin khi
chiing ta xem xét mot nat mang khong nhiém ma doc véi ca thé khée manh, nit mang
mé doc v6i ca thé lay nhiém va nat da duge loai bé ma doc véi ca thé da khoéi beénh,
huéng nghién ctu sit dung mo hinh dich t& dé mo hinh héa va phan tich su lan truyén
clia cac loai ma doc trén cac hé thong thong tin hien dang nhan duge nhiéu sy quan tam
(tham khao [41/3][10l[18/[22)).

Trong thuec té, cac hé thong diéu tiét giao thong, giam sit moi trudng va sinh thai, cac

hé thong thong tin hodc mang ludi sinh hoc, v.v. ... thuong duge mo ta chinh x4ac hon béi
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cac mo hinh mang phiic hgp khong dong nhat (“heterogenous complex network”), trong
d6 cac mang quy mo ty do (“scale-free networks”) 1a mot 16p mang phiic hgp khong dong
nhat quan trong mo t& tot cho nhiéu heé théng thong tin nhu mang xa hoi [23], World
Wide Web [24], mang cam bién khong day [25], he thong an ninh [26] ho#c Internet [27].
Trong céac mo6 hinh c6 dién mo ta su lan truyen mé doc, cac tac giad thuong gia st céc
nat trong mang duge phan b déu va do do, ty 1é nhiém ma doc do tiép xuc 1a nhu nhau
v6i moi nut trong mang. Gia st nay giip cho viéc nghién citu tré nén don gian va dé xit
ly hon nhung trong thic té, dieu nay chua hop 1y khi ma cac loai mang phiic hop nhu
Internet, mang xa hoi hay mang cdm bién, v.v., ludn c6 s6 lugng nit rat 16n va vai tro clia
cac nit khac nhau trong mang hién nhién 14 khong giéng nhau. Vi vay, viéc thiét lap céc
mo6 hinh lan truyén ma doc trén mang doi héi can xét dén tinh khong dong nhat vé tiép
xic clia cac niat mang. Nghién cttu cia Pastor-Satorras va Vespignani [28] duge biét dén
nhu mot cong trinh tién phong cho nghién cttu cdc mo hinh toadn hoc mo ta sy lay nhiém
ctia déi tugng doc hai trén mang phtic hgp. Cu thé, cong trinh nay dé xuat mo hinh dich
SIS dya trén mang va trinh bay mot nghién citu chi tiét vé dac tinh dich té co ban va két
qué giai s6 cho mo hinh dich té dé xuat. Dugc tao dong lyc tir [28], nhiéu nghien ctu tiép
theo vé cac mo hinh dich té dya trén mang phitc hop duge tién hanh va thu duge nhieu
két qua dang cha . Trong bai bao [29], Huo va cong sy da dé xuat mot mo hinh dich ba
ngin véi cac trang thai man cam, lan truyén virus va phuc hoi dé moé ta qua trinh lan
truyen virus trén mang quy mo tu do. Trong nghién citu nay, cic tic giad xac dinh hé s6
lay nhiém tht phat g va thdo luan vai tro clia gia tri ngudng Ry ddi véi dang dieu tiem
can cia mo hinh. Trong nghién ctu [30], Li vd Yousef da gidi thiéu mo hinh dich SIRS
dua trén mang véi ham xit I¥ méa doc bao hoa dé mo ta ré hon kich ban thuc té khi s6
lugng ngudi nhiém benh c6 thé vugt qua kha nang didu tri. Bai bao [30] da chi ra hé sd
lay nhiém thit phat 9o va lien két gia tri nay véi syt on dinh tiém can ciia diém can bang
ciing hién tugng ré nhanh Iui tai Ry = 1. Mot diém méi ciia nghién ctiu nay 1a viéc st
dung ham x Iy ma doc béo hoa thay vi tuyén tinh dé phit hop hon véi kich ban bing
phat dich trong thuc té. Ngoai ra, cac mo hinh dya trén mang ciing duge tng dung dé
nghién citu sy lan truyén thong tin trén mang xa hoi nhu mé hinh lan truyén tin don
trén mang xa hoi duge nghién citu béi Zan va cong sy [22], trong dé cac tac gia xay dung
mo hinh lan truyén SICR dya trén mang gom 4 ngan: Man cam (Susceptible) - Tung tin
(Infective) - Phan bac (Counterattack) - Kién dinh (Refractory) va thao luan vé du béo
xu huéng lan truyén ciia tin don cling nhu diéu kien dé tin don duge dap tat. Diém méi
clia nghién citu nay la gidi thiéu ngan phan bac tin don (C) trong moé hinh dé danh gia
hiéu qud ciia viéc ngan chin lan truyén diya trén dinh chinh tin don. Trong mot nghién
cttu gan day, Hosseini va Zandvakili [8] da dé xuat mot mo hinh toan hoc SEIRS-C dé

mo ta quéd trinh tin don lan truyén trén mang xa hoi. Ké thita y tudng tir [22], nghién
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cttu nay ciing dé xuat sit dung mot ngan mdi (C) dé nghién ctiu tac dong cia yéu t6 phan
cong trong viec kiém soat tin don. Ngoai ra, viéc sit dung logic ms dé biéu dién toc do
truyen ciing la mot diém mdéi clia nghién citu. Sau khi thiét lap mo hinh dich SEIRS-C
dira trén mang, bai bao nay da tinh todn heé s lay nhiém thit phat R, tuong ting véi mo
hinh va dua ra mot sé thao luan vé tinh 6n dinh tiém can dia phuong ctia trang théi can
bang khong tin don ciing nhu hiéu qué clia cich tiép can duya trén logic mo déi véi ciia
mo6 hinh dé xuat. Mot s6 nghién ctiu lien quan khéc vé cdc mo hinh dich té dyta trén mang
c¢6 thé tham khio tai [31-35].

Giai tich phan tht xuat hién lan dau vao nam 1695 va c6 mot qua trinh dai hoan thién
va phat trién. Mac dut linh vite nghién cttu nay ra doi kha sém nhung trong khoang 30
nam tré lai day, giai tich phan thit n6éi chung va cac hé dong luc phan thit néi riéng maéi
c6 nhitng bude phét trien manh mé va dang 1a mot van dé nghién citu tinh thoi sy va ng
dung. Cu thé, gidi tich phan thit duge chiing minh trong cac cong trinh [36-38] 1a mot
cong cu hitu hiéu khi mo hinh héa cac hién tugng khong dia phuong, cac qua trinh co
nhd, qué trinh c6 tinh di truyen hay céc chuyén dong trong méi trusng dan hoi nhét. o)
day, tinh nhé duge thé hién trong ham nhan ciia dao ham phan thit, goi 1a ham nhé. Vi
du, dé theé hien cac thudc tinh cia vat lieu dan hdi nhét v6i bo nhé trong mo hinh Kevin,
mo hinh Voigt, mo hinh Maxwell, cac tac gid da dé xuat st dung ham nhan (¢t — s),
trong khi dé biéu dién cho cic qua trinh vat Iy phan ra, ham nhan dang exp(t — s)® hoac
E, 5((t—s)*) duge stt dung. Diéu nay dan t6i cac khai niem dao ham phan thi khéc nhau.
Mot s6 dao ham phan thi noi tiéng nhu dao ham phan thit Caputo, Riemann—Liouville
hodc dao ham phan thtt theo nghia ctia Griinwald, xem [39-41]. Song song véi syt phd
bién nhanh chéng ctia tinh todn phan thi, cac hé dong lyc phan thi cling dude quan tam
nghién citu va ¢6 nhiéu két qua dang cha ¥ trong cac linh vite nhu he thong mach [42,43],
nhiét dong hoc [44], sinh thai hoc [45], dong Iiic hoc chat 16ng [46], khoa hoc vat lieu [47],
ma hoa anh [48] hay dich té hoc [49]. Mot s6 nghién citu gan day (xem [11,21,50,/51]) da
chiing minh rang cadc mo hinh lan truyén méa doc v6i dao ham phan thit c6 nhicu lgi thé
so v6i mo hinh v6i dao ham nguyén do tinh hiéu qua cua dao ham phan thi trong viéc
biéu thi tinh nhé clia qua trinh phét tan thong tin. Thém vao dé, cac hé théng Internet
van vat dudi nude/trong long dat (IoUT-“Internet of Underwater/Underground Things”)
duge xay dung trong moi trudng day bién hosic dudi long dat va do d6, cac mo hinh lan
truyén ma doc trén cac hé théng nay can duge xem xét dén cac dic diém moi truong
nhu tinh nhét, tinh dan hoi hofic hiéu tng bo nhé. Mot trong nhitng van dé dinh tinh
quan trong khi nghién cttu cac hé dong lyc phan thi la khao sat dang diéu tiém can cia
cac hé dong lyc nay. Gan 15 nam qua, cac nghién citu vé 1y thuyét on dinh ciing nhu céc
phuong phap 6n dinh theo nghia Lyapunov cho céc hé dong hyc phan thit da va dang thu

hit nhiéu sy quan tam nghién citu clia cdc nha nghién citu trong va ngoai nudc va trd
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thanh tién dé cho nhiéu nghién citu Iy thuyét va iing dung, tham khéo Diethelm [52], Li
va cong sy [53[54], Duarte-Mermoud va cong su [55], Tuan va cong su [56,57]. T thuc té
rang co ché phat tdn ma doc duya trén qué trinh truyén dan tin hiéu trong mang va qua
trinh nay c6 sy phu thuoc dang ké vao dic tinh ctia moi truong va két ciu, tinh chat cta
vat lieu, nhiéu nghién cttu gan day da st dung cdc mo hinh phuong trinh vi phan phan
thit dé mo hinh héa sy lan truyén ctia mé doc trén cac hé thong mang nhu mang xa hoi
Instagram [50] hay mang may tinh [51]. Tuy nhién, can chi § ring mang mdy tinh hay
mang x& hoi Instagram c6 tinh phan bac 1o rang va do do, ching ta can tinh dén tinh
khong dong nhat ctia mang dé thiét lap duge mo hinh thuc té hon. Ké thita ¥ tudng tren,
mot s6 mo hinh dich nhu [11,/12,58,59] da cung cap nhitng nghién citu ban dau vé cdc mo
hinh dich trén mang phiic hgp khong dong nhat v6i dao ham phan thi. Noi dung nghién
citu cua cac cong trinh nay duge cho trong Bang :

Bang 1: Mot s6 nghién cttu vé cac mo hinh dich dita trén mang v6i dao ham phan thi

TT| Tailigu M6 hinh Két qua chinh
Chen va M5 hinh SIR phan | Tinh toan hé s lay nhiém thi phat SRg; Khao sat tinh
1 cong su tht dya trén mang 6n dinh tiém can cla céc diém can bang; Nghién cttu bai
(2014), 58] 6 diéu khién toan diéu khién t6i wu cach ly-diéu tri.
Huo va Mo hinh SIRS X4c dinh hé s6 lay nhiém th phat va didu kién cho sy
2 Zhao phan tht dya trén | ton tai diém can bing dic hitu; Dang diéu tiém can cla
(2016), [59] mang cac diém can biang lien két v6i gia tri Ro — 1.
El Saka va Mo hinh SIRS X4c dinh tap bat bién duong tuong ng v6i mo hinh;
3 cong sut phan thtt dya trén | Xéc dinh céc diém can bing va diéu kien cho sy 6n dinh
(2019), [16] mang tiem can clia cac diém nay.

Lu va cong

Mo hinh lay nhiém

St ton tai nghiem khong am ctia mo hinh; Tinh toan hé

7 va Akram

(2024), [61]

tht mo dua trén
mang véi dudi tinh

gH-kha vi Caputo

4 su COVID SEIHRD s6 lay nhiém thit phat va su 6n dinh tiém can ctia diém
(2020), [12] lien thanh phd can bing khong dich.
Ren va M5 hinh lan truyén | Xay dyng mo hinh lan truyén tin don dya trén qué trinh
5 cong sy tin don phan thi | ngiu nhién; Tinh toan hé s lay nhim tht phéat Ro;
(2021), [60] | trén mang di dong | Tinh &n dinh tiém can ciia cic diém can bing.
Fu va M5 hinh SEIQR Sy ton tai duy nhéat nghiem va tinh 6n dinh Ulam; Tinh
6 Wang phan thi dya trén | toan hé sb lay nhiém thit phat JRo; Bai toan diéu khién
(2022), [11] mang c6 cach ly t61 wu véi didu khién ngita chiing va cach ly.
Mo hinh SIS phan | M6 hinh dich phan thit md cho hoi ching viém duong ho
Muhammad

hap cip trén mang phitc hgp; Sy ton tai duy nhat
nghiém nhe md; Xay dyng nghiém giai tich dya trén bién

déi Laplace va xay dyng luge do giai so.
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Trong tif nhién, do cac qua trinh truyén dan thong tin luon bi dnh huéng béi nhiing
yéu t6 bat dinh nhu cac yéu t6 khi hau, tinh dong bo clia hé thong, do tré khi truyen
tai thong tin, ... nén khi mo hinh héa cidc qua trinh nay, ching ta can dua vao cac dai
lugng biéu thi sy bat dinh. Néu cac tham s6-dit kien dau vao la cac dai lugng bat dinh
v6i sai léch khong qué 16n, vi du nhu ching ta uée tinh duge mat do nat nhiém ma doc
trong mang khoang 0.56, thi cc gia tri nay c6 thé biéu dién & dang tip mo (fuzzy sets)
va kéo theo cac mo hinh thiét lap dude 1a cac mo hinh md. Cac mo6 hinh md mo ta béi cac
phuong trinh vi phan-dao ham riéng mo da va dang thu hut nhiéu sy quan tam nghién
citu ctia cac nha khoa hoc trong khip cac linh viyc khoa hoc-ky thuat, tham khao [62-69).
Trong nghién ctu [64], Agarwal cuing cac cong sy da dua ra khai niém phuong trinh vi
phan phan thit mo (“fuzzy fractional differential equations”), dai dién cho mot loai phuong
trinh vi phan két hgp gitta dao ham phan thi va ham nhan gia tri ms. Lép phuong trinh
nay 1a mot cong cu hiéu qua cho phép mo ta dang diéu khong chic chin ciia cic hé dong
luc theo ca khong gian va thai gian. Mot s6 nghién ctu tieu biéu vé phuong trinh vi phan
phan thit mo c6 thé ké dén nhu cong trinh [70] v6i nghién citu vé diéu kien t6i wu cho
bai toan dicu khién téi wu véi rang buoc hé phuong trinh vi phan phan thit ms véi dao
ham kiéu Caputo. Trong bai bdo [71], Hoa va cac cong su da nghién citu sy ton tai va
tinh duy nhat ctia nghiém md cho bai toan Cauchy ctia phuong trinh vi phan phan thi
Caputo-Katugampola md. Trong linh vye 1y thuyét diéu khién, Mani va cong su [48] da
giadi quyét bai toan dong bo hoa ciia cic mang no-ron té bao md phan thit hon loan thong
qua viéc thiét ké mot luge do dicu khién thich tng. Trong bai bao [72], Moezi va cong su
da stt dung phuong phéap diéu khién ché do trugt bude lui phan thit gia tri s6 mo khoang
loai 2 thich ting dé thiét ké bo diéu khién cho mot s6 16p co hé phi tuyén véi gia tri khong
chiic chdn. Tinh 6n dinh tiém can ctia cac hé dong lyc phan thi mo ciing duge quan tam
nghién citu trong bai béo 73], trong d6 cac tac gia da thiét lap mot sb tieu chuan cho
tinh 6n dinh thoi gian hitu han ctia mot 16p hé phuong trinh vi phan phan tht mo vé6i tré
ty 1é va iing dung dé nghien ctu tinh 6n dinh cho mang no-ron md. Ngoai ra, cac phuong
phép s6 cho hé phuong trinh vi phan phan thit mo ciing duge quan tam nghién citu (tham
khao [694[74]). Trong linh vitc dich té hoc, mot s6 mo hinh dich thiét 1ap bdi cac phuong
trinh vi phan md v6i bac nguyén duge thao luan trong [63,68,/75,76]. Diém méi clia cong
trinh nay 1a xem xét téc do lan truyen ma doc va ham xi Iy ma doc dudi dang s6 mo va
tit do, dua ra cac danh gia ban dau vé dac diém dich té& ctia mo hinh dé xuat. Tuy nhién,
cac két qua méi dimg lai & viec gisi thieu mo hinh dich tong quét véi tham s6 hodc diéu
kien dau mo, cac tinh chat gidi tich sau sac hon va dac trung dich té ciia cdc mo hinh
lan truyén ma doc chua duge thao luan mot cach chi tiét. Mot s6 nghién citu gan day ve
cac mo6 hinh lan truyén ma doc da két hop ly thuyét he dong lyc véi Iy thuyét mang va

Iy thuyét tap md. Cu thé, Zan va cac cong su [22] da nghién citu sy lan truyén ciia tin
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don trén mang xa hoi véi viec sit dung mo hinh toan hoc dya trén mang két hop véi dai

lugng bat dinh dang s6 md trong tham s6 phan bac tin don. Trong mot nghién citu gan

day, bang cach st dung logic md va co sé luat md, Hosseini va Zandvakili [8] da nghién

citu st lan truyeén tin gid trén mang va chiing minh y nghia ctia Iy thuyét mo trong ngan

chan tin gia.

T nhitng van dé tong quan trén, nghién cttu sinh nhan thay cac van dé md va trién

vong phét trién huéng nghién ctiu vé mo hinh hoa va dut bao lan truyén ma doc trén mang

cam bién khong day duya trén cdc mo hinh phuong trinh vi phan phan thid va ly thuyét

md. Cu thé, cac hudng tiép can kha thi ctia luan an bao gom:

(A1)

(A2)

Nghién cttu cac mo hinh lan truyén ma doc phan thit trén mang cadm bién khong
day véi dit lieu ban dau md. Véi huéng tiép can nay, do dit lieu ban dau duge gia
st nhan gia tri s6 md, luan an thiét lap mo hinh lan truyén ma doc trén mang cam
bién khong day véi ham tuong téc dua trén biéu thic gia tri mo va dao ham phan
thtt mo. Sau do6, luan an sé xay dung co sé 1y thuyét ve gidi tich phan thit mo theo
nghia Atangana-Baleanu va bai toan gia tri ban dau cho hé phuong trinh vi phan

phan thit mo mo t4 mo hinh lan truyén ma doc véi dit lieu ban dau mo.

Nghién citu cdc mo hinh lan truyén ma doc phan thit trén mang cam bién khong day
thiét 1ap bdi mo hinh phuong trinh vi phan phan thit dya trén mang (“network-based
systems”) va logic md. Khi mo hinh héa sy lan truyén ma doc trén mang, ching ta
luén ¢ ging dua vao mo hinh nhiéu thong tin, dic diém cla su lay lan trong thuc
té dé gitip cho moé hinh thiét lap dugce sat véi thuc té hon va cho nhitng danh gia
chinh xac va phit hgp hon. Véi muc tiéu nay, nham thé hien dong thsi cau tric phiic
hop khong dong nhat ctia mang cdm bién khong day va anh hudng ciia cac yéu to
bat dinh trong qua trinh lan truyen, luan an st dung céch tiép can nghién citu su
lan truyén ma doc trén mang dua trén két hop mo hinh phuong trinh vi phan dua
trén mang, giai tich phan thit va ly thuyét tap mo-logic ma.

2. Muc tiéu, déi tugng va pham vi nghién ciu

2.1.

Muc tiéu nghién cuu

Luan 4n nghién citu mot s6 mo hinh toan hoc mo t4 sy lan truyén cdc phan mém doc

hai trén mot 16p mang phiic hgp khong dong nhat (mang cdm bién khong day). Cu thé,

ba muc tiéu chinh ctia luan an gom:

e Thiét lap dugc mot s6 mo hinh toan hoc mo ta sy lan truyén ma doc trén mang

cam bién khong day.
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e X4ac dinh dugce chi s6 ngudng lan truyén Ry-gia tri ngudng dic trung clia cdc mo

hinh lan truyen ma doc.

e Khao sat cac tinh chat dinh tinh nhu: sy ton tai duy nhat va tinh duong ctia nghiem
doi v6i bai toan Cauchy cho cadc mo hinh lan truyén mé doc, su ton tai cac diém can

bing, tinh 6n dinh tiém can, sy ré nhanh va bai toan diéu khién 6n dinh hoa.

2.2. Déi tuong va pham vi nghién ciu

Luan 4n tap trung nghién citu cac mo hinh toan hoc mo ta sy lan truyén ma doc trén

mang cam bién khong day véi déi tuong va pham vi nghién citu nhu sau:

e Céac mo hinh toan hoc clia sy lan truyén ma doc trén mot 16p mang phitc hgp khong
dong nhat biéu dién béi cac 16p hé phuong trinh vi phan phan thi v6i tham sé mo
hodc thiét lap bdi logic ma;

e Tinh chat dinh tinh nhu tinh duong, chi s6 ngudng lan truyeén, sy 6n dinh tiem can

va bai toan diéu khién cho mo hinh lan truyén ma doc dé xuat.

3. Noi dung nghién ciu

Nghién cttu ctia luan an tap trung vao cac noi dung sau day:
No6i dung 1: M6 hinh lan truyén méa doc SIQR phan thit véi dit lieu mo:

Trong nghién citu [77], Gémez va cong su da chi ra ring mot s6 hién tuong c6 tinh
phan ra dugc mo ta t6t hon bang loai ham nhan khac thay vi nhan dang lity thita, chang
han nhu mé hinh sinh hoc mé ta co ché mét méi ciia van dong vién dién kinh, qué trinh
phan hily clia xac chét trong moi truong yém khi hodac qué trinh truyén dan séng trong
moi trudng cé stic nén. Gan day, Caputo va Fabrizio [78] da dé xuét khai niem dao ham
phan thit v6i nhan dang ham mii. Tiép d6, Atangana va Baleanu [44] nghién citu giai tich
phan thit v6i nhan dang ham Mittag-Leffler. Cac khai niém mdi vé tinh toan phan thi
Atangana-Baleanu dudce ky vong sé mo hinh héa tot hon hiéu ting ctia bo nhé trong céac
hé vat ly phic tap. Trong tai lieu [79], Saad va cong su da so sanh ba khai niéem dao ham
phan thi: Liouville-Caputo, Caputo Fabrizio, Mittag-Leffler va a4p dung dé nghién cttu
cac mo hinh phan thi cii tién cho phuong trinh Burgers. Mot sb ing dung khac c6 thé
tham khéo tai [14,142,80,[81]. Trong luan an nay, tac gia dé xuat két hop giai tich mo va
giai tich phan thi kieu Atangana-Baleanu dé mo ta va du bao lan truyén ma doc trén

mang cam bién khong day vdi dit lieu bat dinh thong qua mo hinh lan truyén méa doc
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SIQR phan thit dang (FDE1|) nhu sau:

(e gPS(1) = A— ASH)I(t) +wQ(t) + o R(t) — pS(t)
eIty = ASH)I(t) — (v +~+ p)I(t) (FDEY)
WePlQ(t) =) — (n+ p+w)Q(t)

(“PIR(E) = vI(t) +nQ(t) — (o + wR(D),

v6i diéu kien ban dau (S(0), I(0), Q(0), R(0)) = (So, Io, Qo, Ro) € &*, trong d6 “¢2?(.)
k¢ hiéu cho toan tit dao ham Caputo Atangana-Baleanu phan thi mas bac 8 € (0,1) va
cac ham nhan gia tri mo S(¢), I(t), Q(t), R(t) lan lugt ky hiéu cho céc trang thai man
cam, lan truyen virus, cach ly va hoi phuc. Cac tham s6 clia mo hinh duge gia thiét khong
am va duge giai thich trong Bang . D6i véi mo hinh (FDEI1), luan an tién hanh két
hop céc k¥ thuat ctia gidi tich mo, giai tich phan tht dé xay dung nén tang ly thuyét co
ban vé phép tinh phan tht kiéu Atangana-Baleanu cho ham nhan gia tri s6 ms va tng
dung dé thiét lap bai toan Cauchy cho mo6 hinh lan truyén ma doc SIQR phan tht ms
duéi tinh gH-kha vi v ching minh sy ton tai duy nhat nghiém cho bai toidn nay.

N6i dung 2: M6 hinh lan truyén ma déc SE,E,IQR phan thit dua trén mang
véi ham lan truyén xac dinh bdéi logic mé:

Do cac khu vite muc tiéu ctia mang cam bién khong day trong thé gidi thuc luon c6
dia hinh phtc tap va khi hau bat thuong, téc do truyén thong tin trong mang bi dnh
hudng sau sic bdi cac yéu té dia Iy va khi hau. Thém vao d6, do cic nit cAm bién cé
nang luong gidi han v khong thé tu sac nén hoat dong clia mang cam bién khong day
sé dura trén co ché tiét kien nang luong va téc do truyen dit lieu sé thay déi phu thuoc
vao nang luong thang du ciia mang. Ngoai ra, trong mang cadm bién khong day, cac cum
mang khac nhau sé thuyc hién cac tac vu cdm bién, do luong va thu thap khac nhau nén
dé thay rang toc do truyen dit lieu sé khong dong déu. Mat khac, viec mot nit cdm bién
bi nhiém méa doc nhanh hay cham cing phu thudc vao mat do ctia cac nut nhiém ma
doc lan can. Cac yéu t6 nay thuong khong thé do luong chinh xac ma duge thé hién phi

A0

hop hon thong qua cac bién ngon ngit nhu “cao”, “trung binh”, “thap”. Sy xuat hién cia
céc yéu t6 bat dinh ggi ra ¥ tudng st dung ly thuyét tap md cho cac mo hinh lan truyén
ma doc trén mang cadm bién. V6i muc tieu thé hien dong thoi tinh khong dong nhat ciia
mang cam bién khong day va do bat dinh ctia qua trinh truyén dan déi véi mo hinh lan
truyen ma doc, luan an dé xuat nghién cttu mo hinh lan truyén ma doc SE;E,IQR phan

thtt dya trén mang véi ham lan truyén dya trén luat mo gom n hé phuong trinh vi phan
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phan tha, trong dé 16p hé thi k& cho bdéi:

(§D75:(t) = A(k) — (oa(k) + 02(k)) Sk()O(t) — uSi(t) + OR (1)

COIELLE) = o1 (K)Su(DO) — (n+wn + 1) Eva(t)

SO/ Esi(t) = oa(k)Sk(t)O(t) — (1 + wa + ws) Ea(t) + nEyk(t) (FDE2)
COPL(t) = wsBag(t) — (+ c+ 1) (1)

§D/Qu(t) = wiBik(t) +woBai(t) + clu(t) — (r2 + 1) Q(t)

(SDIR(t) = rilu(t) + raQu(t) — (1 + 0) Ri(t),

véi dieu kien ban dau Sy(0) = Sy, E1x(0) = EY ., E5(0) = E3,, I,(0) = I, Qx(0) = Q},
Ri(0) = RY, trong d6 cac diéu kién ban dau va cac tham sé duge gid st 1a cac s6 thuc
khong am. Ham ©O(t) cho bdi dai dién cho xac suat ma mot lien két cho trude két ndi voi
mot nit lan truyén ma doc. D6i véi mo hinh lan truyen ma doc dang 1} luan an
két hop giai tich phan thit, 1y thuyét mang phiic hgp khong dong nhat véi co sé luat mo
dé thiét lap mo hinh lan truyén mé doc dya trén mang gom 6 ngan, trong dé nhém céc
nit nhiém ma doc chiém 3 ngan bao gom: Mang ma doc loai 1, Mang ma doc loai 2 va
Lan truyen ma doc. O day, logic md duge 4p dung dé bidu thi tinh khong dong nhit ctia
mang, xac dinh sy chuyén trang thai gifta cdc ngan va uéc tinh hing s6 lan truyén mé
doc. Sau d6, luan an tién hanh khao sat cac tinh chat dinh tinh cia mo hinh dé xuat gom
sy ton tai va duy nhat ctia nghiém khong am, sy ton tai tap bat bién duong, tinh toan
chi s6 ngudng lan truyen M, va lien hé chi s6 ngudng nay dé khao sat tinh 6n dinh tiem
can dia phuong-toan cuc va tinh ré nhanh ctia mo hinh.

No6i dung 3: M6 hinh lan truyén ma doc SIRS phan thi dua trén mang cé
diéu khién v6i ham xi 1y bao hoa

Trong thuc té, kha nang ting pho véi sy lay lan ma doc ciia moi hé thong mang va
chuong trinh xtt Iy ma doc déu c6 mot mic t6i da nén chi khi s6 nit nhiédm ma doc chua
dat ngudng ciia gidi han x1t Iy méa doc, gia tri ham xi 1y méi ty lé thuan véi s6 luong nit
bi nhidm ma doc. Ngudc lai, khi ma s6 ntt bi nhiédm da dat cuc dai va vuot giéi han xit
Iy ctia hé théng thi hien tuong céc nit bi nhiém ma doc nhung bi cham tré xti 1y c6 thé
xay ra. Diéu nay ndy sinh nhu cau thiét lap cac mo hinh lan truyén ma doc c6 tinh dén
yéu t6 su lan truyén ma doc bing phat dé nghién ciu duge dic diém, dong luc ciia mo
hinh trong trudong hop nay. Hién tugng nay da dugc xem xét nghién citu trong cac cong
trinh [13,30,/82,83]. Gan day, nghién cttu vé bai toan dicu khién t6i wu cho cac mo hinh
lan truyén ma doc duya trén mang v6i dao ham nguyén da c6 mot s6 két qua 1y thuyét
nhu [11,31,/34},35,58]. Céc cong trinh nay tiép can nghién ciu tinh 6n dinh héa dya vao

nguyén ly cuc tri Pontryagin dé dua ra cac diéu kién di cho tinh t6i wu clia mot cap chap
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nhan duge (x*,u*). Tuy nhién, cac diéu kien thu duge cling dit ra mot thach thitc cho
viec kiém tra, danh gia ciing nhu giai s6. Trong noi dung nay, luan an xem xét mo hinh
hoéa hién tuong ma doc lan truyén rong rai trong mang cam bién khong day béi mo hinh
lan truyen ma doc SIRS phan tht dua trén mang c6 dieu khién v6i ham xt 1y ma doc

bdo hoa gom n hé phuong trinh vi phan phan thit c6 dang sau:

§D/Sk(t) = A—oxO(1)Sk(t) — (1 + uk(t)) Sk(t) + wRk(1)
FOIR() = OIS ~ uhlt) - T g (FDE3)
g@tﬁRk(t) = uy(t)Sk(t) + #(@t)(t) — (p+ w)Ri(t)

véi k= 1,2,...,n, diéu kién ban dau Si(0) = SP, I,(0) = I} va Ri(0) = RY, trong d6 uy,
dai dién cho ham diéu khién cach ly cac nat man cam khéi syt tan cong ctia ma doc. Déi
v6i mo hinh lan truyén ma doc dang (FDE3|), luan an tién hanh khdo sat cac tinh chat
dinh tinh dic trung nhu: sy ton tai duy nhat nghiém khong am va tap bat bién duong,
tinh toan chi s6 ngudng lan truyén Ry, nghién cttu dang diéu tiém can dia phuong va toan
cuc; xac dinh diéu kién cho sit ré nhanh 1ui ctia mo hinh. Cudi cling, luan 4n nghién ctu
bai toan diéu khién on dinh héa cho mo hinh lan truyén ma doc SIRS phan thi dua trén
mang nham khong ché sit lan truyén ctia ma doc trong mang dia trén cach tiép can hé mo
Takagi-Sugeno phan thi lién két (interconnected fractional Takagi-Sugeno fuzzy system).
Hé mo Takagi-Sugeno gan day da duge tng dung rong rai dé nghién ctu cac phuong trinh
vi phan phan tha [33]84-87] hodc phuong trinh vi phan dua trén mang [85],88,89]. Tuy
nhién, hién tai chua c6 nghién cttu ndo vé heé mo Takagi-Sugeno cho mo hinh lan truyén
mé doc phan thit dya trén mang dé gidi quyét dong thai tinh phiic hop khong dong nhat
clia mang phitc hop khong dong nhat va tinh khong dia phuong ciia moé hinh lan truyén
ma doc phan thi. Do d6, luan an da dé xuat khai niem hé mo Takagi-Sugeno phan thi
lien két dé nghién ctu bai toan diéu khién 6n dinh héa cho mo hinh lan truyén ma doc
SIRS phan thit dua trén mang c6 diéu khién. Cu thé, luan 4n dua mo hinh lan truyén ma

doc nay vé he ms Takagi-Sugeno phan thi lien két gom n hé con c6 dang:

Cole,(t) = § :wg’ (zs(t)) < APe;(t) + BPu,(t) + § :afjej(t) ,
p=1 g=1
J#i

trong d6 i = 1,2,...,n, A}, B} va o}, la cdc ma tran, z(t) la bién tien dé do dugc,

D
w;

(z;(t)) 1& ham trong chuan tic cho biét mic do kich hoat ctia luat md thit p trong he
con thit 4. Sau d6, luan an xay dung vecto diéu khién phan hdi trang thai u(t) va cac diéu

kien dii ¢ dang bat déng thiic ma tran tuyén tinh dua trén phuong phap ham Lyapunov.
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4. Phuong phap nghién cttu

Luan an da két hop cac phuong phap clia gidi tich phan thi, 1y thuyét tap mo, ly
thuyét on dinh cho céc hé dong luc phan thi, giai tich ma tran va céc ki thuat udc luong,
bién doi bat dang thic ma tran. Cu thé:

e D&i véi Noi dung 1, luan an da két hgp ly thuyét clia gidi tich mo va tinh toan
phan thi dé xay dung céc khéi niem dao ham va tich phan phan thit v6i nhan ham
Mittag-Leffler v sit dung nguyén 1y anh xa co tong quat dé ching minh su ton tai

duy nhat nghiém cho mo hinh lan truyén ma doc dé xuét.

e D6i v6i Noi dung 2, luan an st dung co sé luat mo dé thiét lap mo hinh lan truyén
ma doc va sau dé, ap dung 1y thuyét dinh tinh ctia hé dong luc phan thi dé ching
minh tinh ton tai duy nhat nghiém khong am ctia mo hinh. Tiép d6, phuong phap
ma tran thé heé méi (“next-generation matrix method”) duge sit dung dé xac dinh
chi s6 ngudng lan truyén SRy va cac phuong phap 6n dinh theo nghia Lyapunov cho
hé dong luc phan thi duge ap dung dé khao sat dang dieu tiém can ctia mo hinh.

e Déi v6i Noi dung 3, luan an sit dung ham xi 1y phi tuyén dé mo ta cho trudng hop
s6 luong nit nhidm ma doc vudt qua kha nang xit 1y clia phan mém diét ma doc. Ly
thuyét dinh tinh ctia hé dong lyc phan thit sau d6 duge ap dung dé chitng minh sy
ton tai duy nhat nghiém khong am ctia mo6 hinh. Biang cach ap dung phuong phap
ma tran thé hé mdi, chi s6 ngudng lan truyén R, duge xac dinh. Phuong phap on
dinh theo nghia Lyapunov cho hé dong luc phan thtt duge st dung dé khéo sat dang
diéu tiém can ctia mo hinh. Cudi cling, luan an sit dung hé mo Takagi-Sugeno phan
thit lien két va phuong phap ham Lyapunov dé nghién cttu bai toan én dinh héa cho

mo hinh lan truyén méa doc SIRS phan thit dya trén mang cé diéu khién.

5. Cac két qua da dat dudc

Luan an thiét 1lap va nghién ctu tinh chat dinh tinh clia cdc mo hinh toan hoc mo ta
cho sy lan truyén ma doc trén mang cam bién khong day. Cac két qua dat duge clia luan
an gép phan hoan thién 1y thuyét dinh tinh va ting dung ctia phuong trinh vi phan phan
thit va 1y thuyét mo trong mo hinh héa va nghién citu cac qua trinh trong thie té. Mot
s6 ¥ tudéng va phuong phap nghién ctu sit dung trong luan an nay cé thé diing dé nghien

cttu mé rong cho mot s6 16p mo hinh khac. Cac két qua dat duge ciia luan an bao gom:

e Thiét 1ap mo hinh lan truyén ma doc SIQR phan thit véi dit lieu mo st dung cac
khai niem dao ham Caputo-Atangana-Baneanu phan thit mo (Dinh nghia } va tich
phan Riemann-Liouville Atangana-Baleanu phan thi mo (Dinh nghia , ching
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minh sy ton tai duy nhat nghiem tich phan md ctia mo hinh (Dinh 1y va Dinh

Iy [2.4) va thyc hién mot s6 mo phong s6.

Thiét 1ap mo hinh lan truyen ma doc SE;E.IQR phan tht dira trén mang véi ham
lan truyen xac dinh bdi cac luat mo va ching minh mot s6 tinh chat dinh tinh cta
mo hinh nay nhu tinh duong ctia nghiém, chi s6 ngudng lan truyén 2R, (Cong thitc
, sit on dinh tiém can ctia trang thai can bing khong c6 ma doc P, (Dinh ly
va Dinh 1y [3.4) va tinh ré nhénh tién tai %, = 1 (Dinh Iy [3.5).

Thiét lap mo hinh lan truyén méa doc SIRS phan thit dira trén mang c6 diéu khién
v6i ham xit Iy ma doc bao hoa va bai toan én dinh héa cho mé hinh nay dua trén
heé mo Takagi-Sugeno phan thit lien két véi cac két qua dat duge gom tinh duong
ctia nghiém, chi s6 ngudng lan truyén 9, (Cong thitc (4.4)), tinh én dinh tiem can
(Dinh 1y [4.3] va Dinh 1y [4.4), tinh & nhanh i tai 9% = 1 (Dinh Iy 4.5 va mot s6
diéu kien di dang bat dang thitc ma tran cho tinh on dinh héa (Dinh ly cla

trang thai can bang khong c6 ma doc Py.

Cac két qua chinh ctia luan an dugce cong bo trong 03 bai bao & cic tap chi thuoc danh

muc ISI, 01 ban thao da duge tap chi cho phép chinh sita:

P1. N.P. Dong, H.V. Long, N.L. Giang, 2022, The fuzzy fractional SIQR model of com-

puter virus propagation in Wireless Sensor Network using Caputo Atangana—Baleanu
derivatives, Fuzzy Sets and Systems, 429, pp. 28-59. (SCIE-Q1)

P2. N.P. Dong, H.V. Long, N.T.K. Son, 2022, The dynamical behaviors of fractional-

order SE;EsIQR epidemic model for malware propagation on Wireless Sensor Net-
work, Communications in Nonlinear Science and Numerical Stmulation, 111, 106428.
(SCIE-Q1)

P3. N.P. Dong, H.V. Long, N.T.K. Son, 2023, The analysis of a fractional network-

based epidemic model with saturated treatment function and fuzzy transmission,
Iranian Journal of Fuzzy Systems, 20(1), pp. 1-18. (SCIE-Q2)

P4. N.P. Dong, N.L. Giang, H.V. Long, 2023, Interconnected Takagi-Sugeno intelli-

gent system and fractional SIRS epidemic model for stabilization of Wireless Sensor

Network, Information Sciences. (revised)

va da duge bao cao tai cac Hoi nghi, Hoi thao khoa hoc va Seminar:

e The 9™ Iranian Joint Congress of Fuzzy and Intelligent Systems (CFIS2022), March
2-4, Bam city, Iran 2022.
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e Hoi théo khoa hoc can bo tré trusng Dai hoc Su pham Ha Noi 2 - Vién Toéan hoc,
théng 11, 2021.

e Hoi thao khoa hoc cac nha nghién cttu tré: Truong Dai hoc Su pham Ha Noi 2 -
Vién Toan hoc - Truong Dai hoc Khoa hoc Ty nhién, thang 8, 2022.

e Seminar Gidi tich - Todn ung dung, Truong Dai hoc St pham Ha Noi 2.

e Dai hoi Toan hoc Viét Nam lan thit X, nam 2023, Tiéu ban Phuong trinh vi phan
va Hé dong lc.

e Hoi thio quoc té “Optimization and Control Theory with Applications”, Truong Dai
hoc Su pham Ha Noi 2 - Vién Toan hoc, thang 8/2023.

e Hoi thdo Qudc gia lan thit XX VI “Mot s6 van dé chon loc vé Cong nghé thong tin
va Truyén thong" (VNICT 2023).

6. Cau tric cua luan an

YN

Ngoai cac phan “Md dau”, “Két luan chung”, “Danh muc cong trinh ctia nghién citu
sinh” va “Tai lieu tham khao”, luan an dugc két cau gom 4 chuong, trong dé cac két qua
chinh duge trinh bay tai Chuong 2, Chuong 3 va Chuong 4.

Chuong 1: Day la chuong kién thitc chuan bi gom 5 muc. Muc 1.1 giéi thiéu tong quan
ve gidi tich phan thid. Muc 1.2 trinh bay vé Iy thuyét tap mo, logic md va gidi tich clia
cac ham nhan gia tri mo. Muc 1.3 va 1.4 gidi thiéu so luge vé hé mo Takagi-Sugeno
va hé mo Takagi-Sugeno phan thi lien két. Muc cudi cling ctia chuong nay gi6i thiéu
vé mang quy mo ty do Barabasi-Albert.

Chuong 2: Chuong nay nghién ciiu tng dung ctia giai tich phan thtt mo trong biéu dién
dang diéu ctia mo6 hinh lan truyén ma doc SIQR phan thit véi dit liéu mo trén mang
cam bién khong day. Trudc tién, luan 4n thiét 1ap mo hinh lan truyén ma doc SIQR
mo dya trén hé phuong trinh vi phan phan thit V6i muc tiéu nay, luan an trinh
bay trong Muc 2.1 vi Muc 2.2 cac két qua vé dao ham va tich phan phan tht kiéu
Atangana-Baleanu va bai toan gia tri ban dau cho phuong trinh vi phan phan thi
md dudi tinh gH-kha vi va dao ham Caputo Atangana-Baleanu. Cac muc sau do gii
thiéu mo hinh lan truyén ma doc SIQR phan thi mdo va mo phong dang diéu cta

mo hinh dé xuét.

Chuong 3: Chuong nay nghién citu mo hinh lan truyén ma doc SE;E,IQR phan thit dya
trén mang v6i ham lan truyen dya trén luat mo. Trong Muc 3.1, luan an thiét lap

mo hinh lan truyén ma doc gom 6n phuong trinh vi phan phan thi. Muc tiép theo
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trinh bay vé cac tinh chat dinh tinh clia mo hinh dé xuat nhu tinh khong am ctia
nghiém, tinh toidn chi s ngudng lan truyeén Ry va cac trang thai can bang, tinh ré
nhanh tién va dang diéu tiem can ctia mo6 hinh. Cudi ctiing, Muc 3.3 trinh bay mot

s6 danh gia va tinh toan mo phéng cho mo hinh dé xuat.

Chuong 4: Chuong nay nghién cttu moé hinh lan truyén ma doc SIRS phan thit dya trén
mang c6 diéu khién véi ham x 1y bao hoa va bai toan diéu khién 6n dinh hoa.
Sau khi thiét 1ap mo hinh trong Muc 4.1, cic tinh chat dinh tinh ctia mo hinh nay
dugde thao luan trong Muc 4.2 bao gom tinh khong am ctia nghiém, tinh toan chi s6
ngudng lan truyén va cac trang thai can bang, sy 6n dinh tiém can ciia trang théi
can bang Py va tinh ré nhanh Iui. Muc 4.3 trinh bay bai toan diéu khién on dinh
héa diya trén he mo Takagi-Sugeno phan thit lien két va cac diéu kien du dudi dang
bat déng thiic ma tran tuyén tinh.



Chuong 1

KIEN THUC CHUAN BI

Trong chuong nay, luan an trinh bay mot sd khai niém co ban lién quan dén giai
tich phan thi va phuong trinh vi phan phan tha [44}52,/54}55,190,91], tap ma va logic
md [67,92], Iy thuyét mang phtic hgp khong dong nhat [93,94], hé mo Takagi-Sugeno va
hé mo Takagi-Sugeno lien két [89,/102]. Dong thoi, luan an ciing trinh bay mot s6 kién
thitc bd trg duge sit dung trong chimg minh cac két qua chinh ctia luan an.

1.1. Mot s6 van dé ve giai tich phan tha

Gan day, gidi tich phan thit va cac hé dong lic phan thit dan 1a mot cht dé thu hat
véi nhiéu tng dung trong céc linh vie khac nhau ctia khoa hoc va ky thuat [12,15,39,43~
45,48.49,77,95]. Sau day, luan 4n sé trinh bay mot s6 khai niém co ban vé dao ham, tich
phan phan thit va tinh 6n dinh clia cac hé dong luc phan thi:

Dinh nghia 1.1 ( [52], Dinh nghia 1.2). Him Gamma I'(z) dugce dinh nghia duéi dang

tich phan Euler loai hai nhu sau:
'(z) = / e "dr, z eR.
0

Dinh nghia 1.2 ( [52|, Dinh nghia D.2, Phu luc). Cho ham s6 f : [0,00) — R sao cho
ham s6 f(t)e ' kha tich tren doan [0, 00) v6i mdi s > 0. Khi d6, ham s6 F(s) cho béi

9= [t

dugc goi 1a bién doi Laplace ctia ham s6 f(¢). Ky hicu bién déi Laplace ctia ham s f(¢)
béi ZL{f(t)}(s).

Dinh nghia 1.3 ( [52], Dinh nghia 4.2). V6i méi cip tham s6 «, 3 > 0, ham Mittag-Leffler
E, s(t) v6i hai tham s6 «, § theo bién ¢ duge dinh nghia béi

[e.e]

tk
Ea75<t) = Z m, t e R.

k=0
Dic biet, néu 8 =1 thi ching ta c6 ham Mittag-Leffler E, 1 (¢) := E,(¢) cho béi

)=y —— teR
kZ:O ['(ak+1)

Trong truong hop o = 1, ching ta ¢6 Ei(¢) = €' 1a ham s6 mit quen thude.
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Ménh dé 1.1 ( [52], Dinh ly 4.5). Cho 8 >0 va A € R. Khi dé, vdi moit > 0, bién doi
Laplace ciia ham Mittag-Leffler E,(—At*) cho bdi

ZA{Ea(=M)} (s) =

Dinh nghia 1.4 ( [52], Dinh nghia 2.1). V6i méi 8 > 0 va [0,b] C R, cho f:[0,0] = R
1a ham s6 thoa man f € L'([0,],R). Khi d6, tich phan Riemann-Liouville phan thit véi
bac § > 0 ctia ham f(t) duge cho béi

oI F(t) = ﬁ/{) (t —7)°7Vf(r)dr, t>0.

Vi du 1.1. Vi méi 8 € (0,1), xét ham s6 f(t) = t°~! trén khoang [0, 00). Khi d6, theo
két qua ctia |41, Bang 9.1, trang 173] v6i a = 3, tich phan Riemann-Liouville phan thi

v6i bac > 0 ctia ham f(t) duge cho béi

10 = i [ (= 7P = S,

Dinh nghia 1.5 ( [52], Dinh nghia 3.1). Cho m := [#]. Khi d6, dao ham Caputo phan
thit v6i bac 8 ctia ham s6 f € C™ ((0,b), R) dugc cho béi

B — 1 ' _ \m—pB—1 g(m)
(?@tf(t)—r(m_ﬁ)/o(t )AL (nydr, > 0,

Dic biet, néu 8 € (0,1] thi dao ham Caputo phan thi véi bac § € (0,1] ctia ham s6
feC((0,b),R) dugc cho boi

1 t

—I‘(l ey /0 (t — 1) Pf'(r)dr.

-
Tong quat, dao ham Caputo bac phan thit clia mot ham vecto f = (f1 fa ... fn)

SO f(t) =

duge dinh nghia nhu sau:

Cry\B ’
COUW) = (§D7A(0) §DIRW) .. §DIf1) -

Meénh dé 1.2 ( [52], Dinh Iy 7.1). Cho ham s6 f : [0,00) — R sao cho bién doi Laplace
L{f#)}(s) ton tai véi moi s > 0. Khi dé, bién doi Laplace ciia dao ham Caputo phan
thit bac B € (0,1) ciia ham so f(t) dugc cho bdi

2{§07 1)} (5) = L L {F(B)} (5) = 5" 1 0).
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-
Vi du 1.2. Véi méi § € (0,1), xét ham vecto £(t) = (tﬁ e?t) xéc dinh va lién tyc trén
khoang [0, c0). Khi d6, dao ham Caputo bac phan thi 5 cta f(t) cho béi

1

¢
CyB4B —/ t— ) P dr 1 650
cost - (207 _ [FTa=m T (o
0 e | 2 ¢ B ~1-8 2
0 9re —P(l_ﬁ)/o(t—T)ﬁeZTdT 203, "e

Theo két qué ctia |41, Bang 9.1, trang 173] v6i a = 1 — 3, chtng ta nhan duge
r
CDIE(t) (% Qtl—ﬁELw(gt)) |

Xét bai toan Cauchy cho phuong trinh vi phan phan tha duéi day:
§O)x(t) = f(t,x(t), t>0 (1.1)
v6i dieu kién ban dau
x(0) = xo, (1.2)

trong d6 8 € (0,1] va f : R x R® — R™ la ham kha vi lién tuc, théa man diéu kién
f(t,0) = 0 va Lipschitz theo bién thi hai. Tiép theo, luan an trinh bay dinh 1y ton tai
duy nhat nghiém cho bai toan Cauchy (1.1)-(1.2)):

Dinh 1y 1.1 ( [52], He qu& 6.9). Cho G =[0,00) x R* C R"™ wa f: G — R" la dnh za
lien tuc va théa man dieu kién Lipschitz theo bién thi hai vdi hang so6 Lipschitz L > 0.

Khi do, bai toan Cauchy — c6 duy nhat nghiem x € C ([0, 00), R™).

Nhan xét 1.1. Dac biét, néu anh xa f(¢,x(¢)) c6 thé biéu dién dudi dang

f(t,x(t)) = Ax(t) + g(x(1)),
trong d6 A € Mat,«,(R) va g : R® — R" 13 anh xa kha vi lién tuc thi hing s6 Lipschitz
cho boéi L = ||A|| + L, v6i L, > 0 1a héng s6 Lipschitz clia anh xa g.

Cho ¢ : [0,00) — R" la nghiém ctia bai toan Cauchy (1.1)—(1.2). Tiép theo, luan an
trinh bay khéi niem on dinh va 6n dinh tiém can ctia nghiém tam thuong ctia 1}
Dinh nghia 1.6 ( [52], Dinh nghia 7.2). Nghiém tam thuong x* = 0 clia phuong trinh
vi phan phan tht (1.1)) duge goi la

e on dinh néu véi moi € > 0, ton tai § = §(¢) > 0 sao cho v6i moi nghiem (¢, x,) clia

bai toan Cauchy (1.1)—(1.2) théa man ||xo|| < & sé& kéo theo ||p(t,%¢)|| < & v6i moi
t>0.
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e on dinh tiem can dia phuong néu nghiem nay on dinh va hit, ttc la, ton tai hing
s6 v > 0 sao cho véi moi nghiem ¢(t, o) ctia bai toan Cauchy (1.1)—(1.2) théa man

Ixo]| < 7 sé& kéo theo tlg;r)lo llo(t, x0)|| = 0.

Cac khai niém trén dugc minh hoa trong Hinh .

|V W —

Hinh 1.1: Minh hoa cho céc khéi niém 6n dinh [Hinh [1.1{(a)] v& én dinh tiém can [Hinh [1.1] (b)]

2

Nhan xét 1.2. Nghiem x* = 0 ctia phuong trinh vi phan phan thit (1.1) duge goi la on
dinh tiém can toan cuc néu nghiem nay la 6n dinh va hit v6i moi x, € R™.

Tiép theo, luan an trinh bay céc diéu kién cho su 6n dinh ciia 16p phuong trinh vi

phan tuyén tinh phan thi:

Dinh ly 1.2 ( [52], Dinh 1y 7.20). Cho A € Mat,x,(R) va xzét hé phuong trinh vi phan
tuyén tinh phan thi §DYx(t) = Ax(t). Khi do, nghiém tam thuong x* =0 la

? . N o % N % ,B’N . .- A
e on dinh tiém can néu va chi néu |arg (A\;)| > 5 ding vdi moi gid tri Tiéng \; cua
ma tran A.

2

- X N 2 AL ﬂ- . /- . ., . PN ? A~
o on dinh néu va chi néu |arg (\;)| > % ding vdi moi gid tri riéng \; cia ma tran A

s PN

, N . 7T .
va cac gia tri riéng tdi han, tic la ching thoa man dieu kién |arg (X\;)| = %, co bou

hinh hoc bang 1.

Hinh minh hoa cho su 6n dinh cho nghiém tam thuong x* = 0 ctia hé phuong trinh
vi phan tuyén tinh phan thit §DPx(t) = Ax(t):
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Im(A) 4

x . in ~ O " z .
On dinh ti¢m ciin \ 3 Khéng 6n dinh Re(A)

| B
T

Hinh 1.2: Mién én dinh ctia phuong trinh vi phan phan thi

Dinh nghia 1.7 ( [54], Dinh nghia 6.1). Ham lién tuc v : [0,¢) — [0,00) dugc goi 1a
thuoc vao J#-16p néu ham nay tang ngit va thoa man v(0) = 0.

Tiép theo, luan an trinh bay mot md rong ctia phuong phap ham Lyapunov cho hé
dong luc phan thit khong 6-t6-nom :
Dinh 1y 1.3 ( [54], Dinh ly 6.2). Cho x* = 0 la mot diém can bing ciia phuong trinh
vi phan phan thit (1.1). Gid sit ring ton tai ham Lyapunov V (t,x(t)) va cdc ham ~i(-)
thuoc vao H —I1dp (i = 1,2,3) sao cho

N(x@) <V (£ x(2)) < 2(lIx@)]])

§OLV (t,x(t)) < —s([x(1)]).
Khi dé, diem can bang x* = 0 ciia phuong trinh vi phan phan thi la on dinh tiém
can toan cuc.

B6 dé 1.1 ( [52], Dinh Iy 4.2). Vdi moi 31,32 > 0, ta co

1
Es, g, () = xEg, 8,48, () + =——~.
61,62 () B1,B14+82 () T3

Dé khao sat két qua vé tinh 6n dinh tiém can toan cuc, luan an xét mot danh gia quan
trong lien quan dén dao ham phan thit duge tham khéo tit [90, Bo dé 3.1]:
B6 dé 1.2 ( [90], BS dé 3.1). Cho x : [0,00) — RT la ham lién tuc tuyét doi trén [0, 00)

and 3 € (0,1]. Khi dé, véi moi x* € RT vat > 0, bat dang thitc sau théa man

707 (xt) - x - xwC)) < (1- 25 ) oot

x x(t)
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Nhan xét 1.3. Cho Uy« : [0,00) — R la ham xac dinh béi

U (x) =x —x" —x"In (i) .
X*

Dé thay rang V.- (x) 1a mot ham s6 khong am va dat cyc tiéu toan cuc tai diém x = x*.

Do d6, ham Lyapunov cho bdi dang

dugc goi 1a ham Lyapunov kiéu Volterra.

B6 dé 1.3 ( [91), Dinh Iy 1). Cho 8 € (0,1] va gid st ring cic ham x(-), SDPx(-) thugc
lop C([a,b],R). Khi dé, ta co

x(t) = x(a) + L= oy

trong do a < & <twvatée (ab].

Bo dé 1.4 ( [55], B6 dé 4). Cho x(t) € R™ la ham vecto khd vi lien tuc va P € S™ . Khi
dé, véi mai B € (0,1] va t >0, bat ding thiic sau day ding

5607 (<7 (0Px(1) < X (1P §D(1).

Duéi day, luan an gidi thieu hai khai niém vé dao ham va tich phan phan thi v6i nhan
chinh quy dugc dé xuat bdi Atangana va cac cong su (xem [44}45)):

Dinh nghia 1.8 ( [44], Dinh nghia 2). Cho f : [0, 0] — R 1a ham s6 thuoc 16p C* ([0, 0], R).
Khi d6, dao ham Caputo Atangana—Baleanu phan thi bac g € (0,1) ctia ham f(t) duge

D f( 1_ﬁ/ { t_;)q f'(r)dr,

trong d6 ®(3) 1a ham chuan héa théa man ®(0) = ®(1) = 1. Bién ddi Laplace ctia dao

cho bdi

ham Caputo Atangana—Baleanu phan thi “bCDﬁ f(t) dugce xéc dinh béi

abc CI)(B) -1
{ Dﬁf( )}( )= -8 +5 [Sﬁg{f(t)}(s) — 5" F0)] -

Dinh nghia 1.9 ( [44], Dinh nghia 4). Cho f : [0,b] C R — R la ham s6 thuoc 16p
L*(]0,b],R). Khi d6, tich phan Riemann—Liouville Atangana—Baleanu phéan thit bac 8 €
(0,1) ctia ham f(t) dugce cho béi

abiB iy . LD t AV dr
10 = 50+ 5 | =7 0
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1.2. Tap ma va giai tich mo

Trong muc nay, luan 4n nhic lai mot s6 khai niém co ban vé tap md, suy luan mo,

giai tich mo va giai tich phan thi md duge tham khao tit [67,092,/96H99).

Dinh nghia 1.10 ( [98], trang 339). Mot tap md A trén khong gian nén X duge dinh
nghia béi 4nh xa A : X — [0, 1], trong d6 gia tri A(x) biéu thi do lien thuoc clia mot
phan tt x € X ddi véi tap md A. Tap hop tat ca cac tap md cia khong gian nén X dude
kg hieu b&i F(X).

Nhan xét 1.4. Tap md c6 thé xem la md rong ciia tap hop co dién véi ham thuoc cho

bdi ham dac trung x4 : X — {0, 1}.

Dinh nghia 1.11 ( [92], Dinh nghia 1.7). Cho A: X — [0,1] la mot tap mo. Khi do,
(i) Tap mic ciia A la [A]" ={z € X : A(z) > a}, a € [0,1].
(ii) Gia cia A lasupp A ={z € X : A(x) > 0}.

Trong trusng hgp X = R, tap mS A con dude goi 13 mot “s6 ma”. Cu thé, ching ta

xét dinh nghia sau:

Dinh nghia 1.12 ( [92], Dinh nghia 4.1). Xét mot tap md u trén dudsng thang thyc béi
dnh xa u : R — [0, 1] cho béi z +— u(z). Khi d6, tap mo u duge goi la s6 mo néu cac tinh

chat sau thda man:
(i) u chuan tic, tic 1a ton tai 2o € R sao cho u(zg) = 1,
(i) w 16i mo, tic 1a u (pz + (1 — p)y) > min {u(x), u(y)} véi moi z,y € R va pu € [0,1],

(iii) w nita lién tuc trén trén R, ttc 1A véi moi € > 0, ton tai § > 0 sao cho véi moi z € R

thoa man |z — zo| < 0, ta ¢ u(x) — u(zy) < e,

(iv) Tap cl(supp u) = {z € R: u(x) # 0} 1a tap compact.

Ki hiéu bdi & tap tat ca cac sd mo tren R. Dé truc quan hon, Hinh gi6i thieu bicu

dién hinh hoc cia mot s6 loai s6 md thong dung:
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membership function

2 3 4 5 3 7 8 9
Triangular fuzzy number

membership function

Exponential fuzzy number

Hinh 1.3: Mot sb loai

Nhan xét 1.5. S6 md hinh thang va s6 md tam giac & hai 16p s6 md thuong duge sit

dung trong nhiéu tinh toan va vi du minh hoa ctia luan an nay. Duéi day, luan an giGi

membership function

3 4 5 3 7 8 9
Trapezoidal fuzzy number

membership function

1 2 3 4 5 6 7 8 9 10
Gaussian fuzzy number

s6 mo thong dung

thiéu khéi niem ctia hai loai s6 md nay (tham khao [92, trang 60 ]).

(i) Mot s6 mo hinh thang u duge ky hieu bdi bo bon u = (a, by, ba, ¢), trong d6 a < by <

by < c. Ham thuoc ciia s6 mo hinh thang u duge cho béi

(t—a 2
neua <t<b
b1 —a
1 néu bl S t S bg
u(t) = c—t .
neu b, <t<ce
C — b2
0 trong cac truong hgp con lai.

\

V6i moi « € [0, 1], tap miic ctia 86 md u cho béi [u]® = [a + (by — a)a, ¢ — (¢ — by)al.

(ii) Mot s6 mo tam giac v duge ky higu béi bo ba v = (a, b, ), trong d6 a < b < c. Ham

thuoc ciia s6 mo tam giac v duge cho béi

(t — ,
¢ ntua<t<b
b—a
1 néut==ao
U(t): c—t .
ntub<t<c
c—b
\O trong cac truong hgp con lai.

V6i mdi a € [0, 1], tap miic ctia $6 md v cho bdi [v]* = [a + (b — a)a,c — (¢ — b)a].

Mbi s6 mo tam gidc c¢o thé coi 1a mot sé6 mad hinh thang véi by = by.
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Sau day, luan an trinh bay @ng dung ciia tap md trong biéu dién va moé hinh héa do

bat dinh ctia trong ngon ngit thyc té:

Vi du 1.3. Céc tap md c6 thé dugce sit dung dé bicu dién céc nhan thitc chii quan dudi
dang toan hoc. Cho X = [0,1] dai dién cho mat do nit nhiém ma doc trén mot mang.
Cac tap mo Ay, As, As c6 thé duge sit dung dé mo hinh héa cac mic do vé mat do phan
mém doc hai: Thap, Trung binh, Cao (xem Hinh .

Degree of Membership

Hinh 1.4: Céc tap md dé mo td mat do phan mém doc hai: “Thap”, “Trung binh”, “Cao”

Dinh nghia 1.13 ( [92], trang 6). Cho A, B € F(X). Khi do, ta c6
(i) Giao cua hai tap A va B, ky hiéu béi A A B, 1a mot tap md C sao cho

C(z) = min{A(z), B(z)} = A(z) A B(z) v6imoizx € X.

(ii) Hop ctia hai tap A va B, ky hiéu béi A V B, 1a mot tap mo C' sao cho
C(z) = max{A(z), B(z)} = A(z) V B(z) v6i moi x € X.
Dinh nghia 1.14 ( [99], trang 199). Mot bién ngon ngit 1a mot bo nam (X, T, U, G, M),
& d6 X la ten bién, T 1a tap hop cac biéu thic ngon ngit ¢6 thé 1a gia tri ctia bién, U la

khong gian nén, G 1a tap hgp céc luat ca phap tao ra cac biéu thiic c6 nghia trong 7' va

M 1a tap hop cac luat ngit nghia lien két T vao cac tap mo trong U.

Vi du 1.4. Sau day, luan an nhac lai bai toan vé mo hinh héa mat do phan mém doc hai

trén mang béi tap mo trong Vi du Xét mot bién ngon ngtt (X, T, U, G, M), trong d6
e X = Mat do.

e T = {rat thap, thap, kha thap, ..., trung binh, ..., kha cao, cao, rat cao, ...}.
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e U =0,1] la tap hop dién ngdn cho mat do.

e G : Cac quy téc ct phap c6 thé duge dién dat nhu sau: Néu bién ngon ngit “thap”
thuoc G thi “rat thap”, “kha thap” thuoc G.

e M : T — F(X) sao cho M(thap) = (0,0,0.3,0.4), M(trung binh) = (0.3,0.5,0.7),
M (cao) = (0.6,0.7,1,1).

Dinh nghia 1.15 ( [92], Dinh nghia 6.5). Mot luat mo duge tao thanh tit mot bo ba
(A, B, R) va dugc biéu dién dusi dang ménh dé

“Néu z thuoc A thi y thuoc B”

trong d6 A € F(X) la tien dé, B € F(Y) la két luan va R € F(X x Y) la mot quan
hé mo. Cac quan hé mo thuong duge sit dung nhu luat Mamdani, luat Larsen va luat

t-chuan (tham khao [92, Dinh nghia 6.5]).

Vi du 1.5. Xét bai toan biéu thi mat do phan mém doc hai trén mang cho trong Vi du

Al 1 do luan an xét mot luat mao trong bal toan nay nhu sau:
Khi d6 1 p ; ] N o bai toé hy nh
“Néu mat do ma doc CAO thi nit mang thanh nit LAN TRUYEN MA DOC.”

Nhan xét 1.6. Thong thuong, mot luat md don 1é khong thé thé hien day da thong tin
clia bai toan ciing nhu khong thé hd tr¢ dua ra quyét dinh chinh xac cho moi tinh huéng.
Do do, chung ta thuong phai xét cac bai todn véi mot co s6 luat mao, tic la mot tap hop

cac luat mo. Vi du nhu

“Néu mat do ma doc THAP thi nit mang thanh nit MANG MA DOC LOAT 1.”
“Néu mat do ma doc TRUNG BINH thi nut mang thanh nat MANG MA DOC LOAI 2.
“Néu mat do ma doc CAO thi nit mang thanh nit LAN TRUYEN MA DOC.”

Tiép theo, luan an sé trinh bay so ludgc cac két qua vé giai tich mo lam dong luc cho

cac nghién ctiu trinh bay trong Chuong 2. V6i méi u,v € &, luan 4n tong hgp tit cac tai
ligu [92,96,97] mot s6 két qua quan trong ddi véi khong gian s6 mo & nhu sau:
(i) Tap mitc hodc a—cét ctia s6 md u, ky hieu bdi [u]®, duge dinh nghia bdi

| {r eR:u(z) >a} néu a € [0, 1]

Uu =

cl(supp u) néu a = 0,

va ¢ thé viét lai dudi dang tham sb [u]® = [ug, u}], @ € [0,1] (xem Hinh [L.3)).

o) o
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Hinh 1.5: Minh hoa cho khéi niém tap mtc clia s6 m& u trong mit phing va trong khong gian

(ii) V6i mdi « € [0, 1], do dai a—cat ctia 86 mo u duge ky hieu béi
len([u]*) = ul —u.

(iii) V6i mdi u,v € &, tong u + v clia hai s6 md nay duge biéu thi thong qua tong theo

nghia Minskovski ctiia cac tap miec, tic la

[u+o]" = [u]* + [v]* ={z+y:zeu,yec ]} = [ug +v5,ul +vi], aecl0,1].
(iv) V6i mdi u,v € &, hieu Hukuhara ctia s6 md u cho s6 md v, ky higu béi u & v, 1a s6

md w thdéa méan

YOV =W U=V +W.

Hieu Hukuhara u © v khong phai luon ton tai va néu hiéu nay ton tai thi ching ta

c6 thé xac dinh hieu nay thong qua tap mic nhu sau:

W] =uwo ] = [u, —v,,ul —vf], a€l0,1].

« o) o «

(v) Hiéu Hukuhara suy rong (hay ky hieu don gian 1a gH-hiéu) ctia clia s6 mo u ddi vé6i

s6 md v, ky hieu bdi u Oy v, 1a mot phan ti w € & sao cho

(i) u=v+w

UO,g V=W <
ot (ii) u = v & (1w

(vi) Khong gian metric & 1a day dt véi metric

«

doo(u,v) = sup dy ([u]*,[v]") = sup max {|u; —v;]|,|ul —vl|}.

a€[0,1] a€[0,1] “

Thém vao d6, chuan ||.||, trén khong gian & duge cho béi

lulle = do (1, 0) = sup dir ([ug,ug],[0,0])

a€0,1]
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trong d6 0 € & 1a s6 md khong va [(ﬂa = [0,0] v6i moi « € [0, 1]. Tuy nhién, khong
gian metric (&, dy,) khong phai khong gian tuyén tinh (xem [92]).

(vii) Ky hieu " := & x & x --- x &. Khi d6, metric tong quat tréen &" xéc dinh béi
anh xa D, : & x & — R", trong do
.
]Dn(u7 V) = <doo<ulavl> doo(u27U2) e doo(“ny“n)) )
T T
v6i moi vecto u = (u1 un> , V= <vl vn> e &,

Vi du 1.6. Xét mot s6 md A dang L—R cho bdéi

x? nfu<z<l1
A= % nful <z<3
0 néu x ¢ [0, 3],

mo ta cho nhan dinh “Céc s6 gan 1. Khi do, a-cit clia s6 md A duge cho béi [A]* =
[Va,3 —2y/a], a € [0,1]. Them vao d6, chuan ctia A cho béi

|3 =2val} =3.

JAIL = dwe (4,0) = sup max{|va
]

a€l0,1

Tiép theo, luan an trinh bay dinh 1y dic trung Negoita-Ralescu, mot két qui quan

trong dé xac dinh mot s6 md u tit ho cac tap mic [u]®, a € [0, 1]:

Dinh 1y 1.4 ( |92, Dinh 1y 4.8). Xét mot ho cac tap hop {M, : « € [0,1]} thda man cdc

dieu kién sau:
(i) Vdi moi « € [0,1], M, la mot doan dong khac rong.
(ii) Néu 0 < ay < ag <1 thh M,, C M,,.

(iii) Vd&i moi day {a, tn>1 hoi tu vé o € (0,1], ta c6 m M,, = M,,.

n=1

(iv) Vdi moi day {a, tn>1 hoi tu ve 0, ta c6 cl <U Man> = M,.

n=1

Khi dé, ton tai duy nhat s6 mo u sao cho My, = [u]® vdi moi o € [0, 1].

Nhan xét 1.7. Trong luan an nay, khi dé cap t6i khai niém ham nhan gia tri mo, ching

ta sé xét ham nhan gia tri mo f thudéc mot trong hai dang sau:

f:DCR—>& hoic f:&CE— 8.
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Cac khai niem vé giéi han ham mo, tinh lién tuc, tinh kha tich va tinh gH-kha vi c¢6
thé tham khao trong cac tai lidu [67,92,96]. Dudi day, luan &an sé nhic lai mot s6 tinh
chat cot yéu nhat lien quan dén giai tich ciia cac ham nhan gia tri mo dude st dung trong
luan an nay:

Dinh nghia 1.16 ( [96], Dinh nghia 20). Ham nhan gia tri mo f : (0,b) C R — & dugc
goi 1a kha vi Hukuhara suy rong hay gH-kha vi trén khodng (0,b) néu va chi néu ham
nay gH-kha vi tai moi diém o € (0,b), tiic 1a ton tai f/,(to) € & sao cho véi moi h > 0

da nho, ta co

f(to +h) Sgn f(to) = fyu(to)h +£(h),

1 n .
trong d6 e, : Rt — & thoa man }lbin%] Edoo(sh(h),O) = 0. Khi dé, s6 md f;(to) dugc
%
goi 1a dao ham Hukuhara suy rong hodc gH-dao ham ctia ham f(¢) tai diém t,. Ky hiéu

C'((0,0), &) 1a khong gian cAc ham mo gH-kha vi lién tuc trén khoang (0, b).

Dinh nghia 1.17 ( [96], Dinh nghia 26). Gid st rdng ham nhan gia tri mo f €
C1((0,0),&) va a—cat clia n6 duge viét dusi dang tham s6 [f(¢)]* = [f (¢), f(t)] véi
moi ¢t € (0,0) va a € [0, 1]. Khi d6

(i) Ham f dugc goi la gH-kha vi loai 1 tai to néu [f)4(t0)]” = [(f2) (to), (fa)(f0)] . Ky

higu gH-dao ham loai 1 ctia f(t) tai t = to bdi fi_,y(to).
(i) Ham  duge goi Ta gFLKh vi loai 2 tai fo néu [f{yp(to)]® = [ (to), (i V(to)].
Ky hiéu gH-dao ham loai 2 ctia f(t) tai t =ty béi f;_,p5(to).

Dinh nghia 1.18 ( [67], Dinh nghia 2.4.1). Gi& st ring a—cit ctia ham nhan gia tri mo
f(t) c6 the viét dusi dang tham s6 [f(¢)]* = [f5 (t), £ (¢)] v6i mdi t € [0,b], a € [0,1] va
(), fI(t) 1a cac ham do duge, kha tich Lebesgue trén doan [0, b]. Khi d6, tich phan
Lebesgue ctia ham f(t) duge ky hieu hinh thic béi fob f(t)dt v6i a—cat duge cho béi

[/Obf(t)dtr _ Vob fo (t)dt, /Ob f;(t)dt] v6i méi a € [0,1].

Khong gian cdc ham nhan gia tri mo kha tich Lebesgue trén doan [0, b] duge ky hiéu béi
L*(]0,b],&). Céc tinh chat sau sidc hon vé dao ham, tich phan ctia cAc ham nhan gia tri
md c6 thé tham khao tai [67,92].

Tiép theo, luan an nhic lai ti tai lieu [100] mot trong cac khai niém quan trong ctia
giai tich phan tht mg, do la tich phan Riemann—Liouville phan thit ctia ham nhan gia

tri ma. Khai niém nay 1a co sé cho nghién cttu trinh bay ¢ Chuong 2.
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Dinh nghia 1.19 ( [100], Dinh nghia 3.1). Tich phan Riemann—Liouville phan thi g > 0

ctia mot ham nhan gia tri mo f € L'([0, ], &) duge cho béi

i ‘—L t — ) () dr
ZU0) = 7 | 0=

Dic bigt, gid st rang ham nhan gia tri mo f(t) c6 a—cat cho béi [f(t)]* = [f5 (), f(t)]
voi moi t € [0,b], o € [0,1] va f (t), fI(t) 1a cac ham do duge, kha tich Lebesgue trén
doan [0, b]. Khi do, ta co
L R A
I'(8) Jo ()
Cubi cling, luan an nhéc lai khai niem vé bién ddi Laplace cho ham nhan gia tri mo
dé xuat bai Allahviranloo va Ahmadi trong [101].

/0 (-7 ()|

Dinh nghia 1.20 ( [101], Dinh nghia 3.1). Cho f : [0,00) — & la ham nhan gia tri ms
lien tuc va thoa man f(t)e™* kha tich trén nita khoang [0, c0). Khi d6, bién ddi Laplace

mo cia ham f(t) duge xéc dinh béi
F(s) = P} (s) = / f(t)etdt.

Them vao d6, a—cit ciia bién déi Laplace ms Z{f(t)}(s) duge cho béi [j{f(t)}(s)} .

[Z4f5 ()} (s), L4 (D)} (s)], trong d6 o € [0,1] va L{f5 (t)}(s), L{fa (t)}(s) tuong
ting 1a cac bién doi Laplace clia cac ham thuc f5 (t), fF(¢).

Nhan xét 1.8. Tong quat, néu f : [0,00) — &™ la ham nhan gia tri vectd md xac dinh
T
béi t — f(t) = (fl(t) fat) -~ fm(t)> thi bién ddi Laplace m& ctia ham vecto f(t)

1a vecto clia céc bién doi Laplace md clia cac ham thanh phan, tic 13,
3 3 3 ~ T
2O = (LAY PLRWMY) - LUaDNS)

1.3. Hé mdg Takagi-Sugeno

Hé mo Takagi-Sugeno (TS) dé xuat bdi Takagi va Sugeno (tham khéo [102]) 1a mot
hée xay duyng trén nén tang cac luat mo dang IF-THEN. Cac hé mo Takagi-Sugeno da
duge chiing minh 1a mot biéu dién xap xi t6t cho nhiéu qué trinh trong vat 1y, sinh thai
va k¥ thuat v6i do phi tuyén cao. Trong muc nay, luan an sé trinh bay mot s6 van dé
c6 ban vé heé ms Takagi-Sugeno va hé md Takagi-Sugeno cho cac hé dong lic phi tuyén
tit tai lieu [103]. Dau tién, mot hé mo Takagi-Sugeno duge xay dung dua trén to hop ¢

trong cia mot ho cac luat mo, trong doé luat mo thit ¢ duge cho béi
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Luat thi é: Néu z; thude Zi, z, thuoe Z3, ... va z, thuoc ZZ) thiy = Fy(z),

trong d6 z = (z1,22,...,2p) 1& vecto bién tién dé va z;, j = 1,p. Cac bién z; con duge
goi 1a cac bién lap biéu (scheduling variables) vi gia tri cua ching xéc dinh mtc do hoat
dong cua cac luat mo. Gia st hé mo Takagi-Sugeno duge dung véi m luat. Khi do, cac
tap Z; dugc goi la cac tap mo tien dé véi i = 1,2,...,m va j = 1,2,...,p. Gid tri clia
bién lap biéu z; thuoc vao tap mo Z; v6i do chdc chdn cho bdi ham thude wy; : R — [0, 1.
Do ding dan cho mat luat cho trude duge xac dinh dua vao céc bién tién dé doc lap nho
viée st dung ham minimum ¢;(z) = mjin w;j(z;) hodc ham tich ¢;(z) = ﬁ w;j(z;). Trong
=1
cac hé mg Takagi-Sugeno, ching ta thuong xét ham danh gia do ding ]dén cua luat thi
i & dang chuan tic

wi(z) = pi(2)

21 Pr(2)
v6i gid sit rang luon c6 it nhat mot trong cac luat cé gia tri ding dan 16n hon khong, tic

la Z ¢r(z) > 0. Do dau ra clia luat thit ¢ duge xac dinh qua ham vecto he qua F; va
k=1

phu thuoc vao cac bién lap biéu Zj nén dau ra y ctia hé mo TS duge xac dinh duéi dang

t6 hop c6 trong ctia dau ra céc luat thanh phan
y = wiz)Fi(z).
i=1
Vi du 1.7. Dat A;, Ay va Az lan luot ki hiéu cho cac tap mo diac ta cho cac trang thai
“Lén”, “Trung binh” va “Nhd”. Xét hé mo Takagi-Sugeno véi hé luat mo sau:
Luat 1: Néu z; thuoc A; va 2o thuoc Az thiy = Fi(z1,22) = 21 + 29
Luat 2: Néu 2; thugc Ay va 2 thuoe Ay thiy = Fo(1, 22) = 221 — 29
Cho céc gia tri dau vao 2§ = 3 va 29 = 2. Gid st réng wa, (3) = 0.8, wa,(2) = 0.2,
wa,(3) = 0.6, wa, (2) = 0.9. Khi d6, do dung dan ctia cac luat cho bdi
w; =08AN0.2=0.2 we = 0.6 A0.9 =0.6.

Gia tri dau ra cta cac luat dugce cho bdi

Fi(z}, 23) = 2} + a3 =5,

Fo(2, 29) = 229 — 2§ = 4.

Do d6, dau ra ciia hé md Takagi-Sugeno cho bdi

_0.2><5+O.6><4

=4.25.
0.2+0.6

y
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Tiép theo, luan 4n nhic lai vé he mo Takagi-Sugeno cho cac hé dong lyc phi tuyén.

Cu thé, xét he dong lic phi tuyén dudi day:

X/(t) = f(x(t),u(t),0(t))

(1.3)
y(t) = h(x(t), (1)),

trong d6 f 1a ham trang thai dac trung cho sy thay doéi clia cac trang théi theo thai gian,
h 13 mot ham do, x 1a vecto trang thai, u la vecto dau vao hoidc bién diéu khién, 6, ¢ 1
cac tham s6 va y ky hiéu cho vecto do. Khi d6, hé md Takagi-Sugeno bic¢u dién hé dong
litc phi tuyén duge cho bdéi hé m luat mao, trong do

Luat thit i: Néu 21 thuoc Z¢, 2o thuoc Z4, ... va 2zp thudc Z;, thi

x(t) = F(x(t),u(t),o(t))

. (1.4)
y(t) = hi(x(t),((t)),

trong d6 z;, j = 1,2,...,p, 1a cac bién lap biéu va duge chon 1a ham ciia bién trang thai,
bién diu vio hoiic bién diu ra. Cac ham f, h 1a cdc ham hé qui ciia luat md thit i va
thuong duge chon bang cach xap xi hé dong lyc phi tuyén ¢ dang tuyén tinh hoac
affine. Thém vao d6, do cac ham thuoc w;;(z;) duge chon sao cho w;;(z;) € [0,1] va véi
mdi gia tri cho phép clia z, it nhat mot trong m luat mo duge kich hoat. Do d6, hé dong
litc phi tuyén c6 thé biéu dién lai nhu sau:

= Z wi(z)/f;(X(t), u(t),0(t))

S i) hy(x(t), C(1))
ZZ1 vi(z)

_ Zwi(z)ﬂi(x(t),C(t>>-

y(t) =

\

Nhan xét 1.9. Chu y ring trong mdi luat md, cdc ham phi tuyén f, h duge xap xi béi
cac ham hé qua don gian hon f, h thuong 1a ham tuyén tinh hodc ham affine. Tuy nhién,
cdc ham he qua nay chi c¢6 tinh chinh xac trong mién ma ham thudc chuan tic w;;(z)
duong, tic 1a ching c6 tinh chat dia phuong. Do dé, céc hé dang con duge goi la
cac mo hinh dia phuong.

Tiép theo, luan an gidi thieu so luge vé hai phuong phap giai tich: phuong phap phi

tuyén doan (xem Béng va phuong phép tuyén tinh héa (xem Bang dé xap xi cac
hé dong lyc phi tuyén dang (1.3) thanh hé m& Takagi-Sugeno (tham khéo [103]).
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e Chon bién tién dé z;(-) € [.1{], 5 = 1,2,...,p, trong d6 I} va I tuong img 12 gid tri nho nhit

v gid tr] 1dn nhét chia bién tién dé z;(-).

o Vi mbi z,, xiy ding cie ham trong chuan tic

nH = ZJ('}_
=1

’30(2'1)2 Yﬂ(z_u)=1—“7:11{'), F=12,...,p

Khi d6, bién tién dé ¢6 thé bidu difn lai nhit sau: z; = L (z;) + Ll (z).

Xay dimg cac tap md tién dé Z; va Z] twong ving vdi cac ham trong chudn tac i (z;) va ni(z;),
Jj=12,....p.

o Xay dyng ham thuge cho luit mo thit i duge cho bai

P
wi(z) = H wig(z )

Fo1.

trong d6 wy;(z;) bing 15(z;) hoac 11 (z;).

e Xay ding cac luat cho hé md Takagi-Sugeno
“Lugt thif 4: Néu z; thude Z7, z» thuie Z5, ... vA z, thuae Z) thi

€ ag ag

x' = Ajx+ Bju+a;

n

y=0Cix+¢,’

trong d6 Z; € {Z3,Z1} véimoii = 1,2....,m, k = 1,2,....p. cdc ma tran A;, B; C; va ha 6
affine a;, ¢; dige xdc dinh bing cich thé gid tri I] vi I] tudng tng vio hs dong lye phi tuvén vi

tir d6 thiét lap he md Takagi-Sugeno.

Bang 1.1: Lugc do clia phuong phap phi tuyén doan

Nhan xét 1.10. Mot diém han ché ctia phuong phap phi tuyén doan 1 s6 lugng cac mo
hinh dia phuong trong hé md Takagi-Sugeno 14 ham s6 mi theo sé thanh phan phi tuyén
ctia hé dong Iiiec ban dau. Trong thitc té, néu sd lugng cac mo hinh dia phuong 16n sé dan
dén nhitng khé khian trong cac bai toan thiét ké quan sat, diéu khién do chi phi tinh toan

hosc han ché ctia thuat toan.

e Chon bién lap bitu z.

o Chon céc diém tuyén tinh héa 2o, ¢ = 1.2,...,m va phan hoach mién trang théai cing véi dimg

cac ham thuge wij(z;)

e Xdc dinh cdc ma tran hé qua vh cic s6 hang affine:

[ OF o
ix z\n.l]r b i

@ = f(x, u, g)la\_u.ﬂ_ (A,'X‘,l |z..0‘0_ (B,'ll} Ixf.lr.ﬂ

_ oh

4 = - ]
2 01,1 0% Iz 5,0

Ag

Ci = h(X,C)iz;.n.u— (Cix) |2.'.n‘0

Bang 1.2: Ludc do ctia phuong phap tuyén tinh hoa
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Nhan xét 1.11. Phuong phép tuyén tinh héa cho hé dong luc phi tuyén (1.3)) vé ban chat
chinh 1a phép khai trién Taylor cho ham vectd phi tuyén f(x(t), u(t),0(¢)) va h(x(t), {(t))

tai cac diém dai dien khac nhau, trong dé cac diém dai dién nay c6 thé la diém can bang
ctia hé hoic mot diém tiy ¥ nao d6. Trong phuong phép tuyén tinh héa, s6 luong céc
diém dai dién cang nhiéu thi do chinh xac ctia phép xap xi cang tang len. Tuy nhién, viéc
tang s6 lugng diém dai dién ciing sé tang do phic tap cho tinh toan va cac bai toan diéu

khién, quan sat kéo theo.

1.4. Hé md Takagi-Sugeno phan thit lién két

Trong muc nay, luan an xét mot hé dong Iyc phi tuyén lién tuc dya trén mang bao

gom N hé con phi tuyén lién két v6i quan sat:

N
§2ixi(t) = H(xi(t), wi(t) + Y Hij (xi(t), (1))
=1
yi(t) =H (x(t)) ,
v6i moi i = 1,2,..., N, trong d6 H, H va H;; 1a cac ham phi tuyén tron. Gid st ring

bang cach 4p dung phuong phap tuyén tinh hoa (linearization method) hodc phuong phap
phi tuyén doan (sector nonlinearity method), luan an thu duge mot he mo Takagi-Sugeno
phan tht lien két E bao gom N hé con lien két E;, va mdi hé con E; dudc biéu dién béi
hé mo Takagi-Sugeno phan thit sau:

Luat mo E} : Néu z;(t) thudc F}}, zip(t) thuoc Ff) va ... va z,(t) thuoc F}, thi

N
§20xi(t) = APxi(t) + Blui(t) + Y ofix;(t)
j=1

yi(t) = Dix(t),

v6i moi p=1,2,...,r;, trong d6 EY ky hieu cho luat mo thit p ctia hé con lien két E; va

cac s6 hang khac duge giai thich nhu sau:

AP BP va DP 1a cdc ma tran hang véi sd chiéu phit hop.

Cac vectd x;(t) € R™ va u,(t) € R™ tuong ting 14 bién trang thai va bién didu khién

cua hé con E;.

.
Vecto z;(t) = (,zﬂ(t) Zio(t) - ziq(t)) 14 bién tien dé cho hé con E;.

Chi s6 7; 1a s6 luat md cho hé con E;.
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e V6iméi j = 1,2,...,q, F/; la tap mo tien de cho luat thit p va F}; (z45(t)) biéu thi

mitc do lien thudc ciia bién z;;(t) trong F;.
e Ma tran ozfj 13 ma tran lién két gitta hé con E; va hé con E; trong luat mo thi p.

Khi d6, bang cach ap dung phuong phap suy luan md, hé con E; trd thanh

CPIxi(t) Zw z;(t {Apxl( )+ BPu,(t) + Zozfjxj(t)}
yi(t) = Zw (zi(t)) DYx;(t),

(1.5)

trong do

w? (1)) = 2] @) = [[FL (). (16)
>l (it =

Chu y rang ham sb ¥ (zl( )) > 0v6iméip=1,2,...,7, vai i = 1,2,..., N. Hon nia,

ham w? (z;(t)) thoa man Z w? (z;(t)) = 1 ¢6 thé xem nhu ham trong chuan tic cla céc
p=1

luat mo [F-THEN v6i moi 2 =1,2,..., V.

1.5. Mang quy mo tu do

Vi vai tro clia cic nit trong cac mang cam bién khong day ciing nhu cac hé thoéng
mang thyc té 1a khong dong nhat nén dé thiy réng téc do lan truyén clia ma doc qua
tuong tac gitta cac nit mang ciing khong dong nhat. Nhiéu nghién citu trong hon hai thap
ky tré lai day tap trung vao viec xac dinh co ché, dic diém phét tan cac loai ma doc trong
cidc mang phiic hdp c6 tinh dén céc yéu t6 bac ctia ntt va khong dong nhat trong két noi.
Dé ¢6 nhitng nghién ctiu chi tiét hon, ngudi ta tién hanh phan loai cac loai mang phtic hop
khong dong nhat duya trén cac dic trung vé cau tric mang va bac clia mot nit. Mot trong
nhitng mo6 hinh mang phiic hop khong dong nhat quan trong thudng dude st dung dé mo
ta cAu tric cac mang cam bién khong day 1a mang quy mo tu do Barabasi-Albert [93].
Biang cach nhiing cau tric mang phitc hop ndy vao cac nghién cttu vé mo hinh lan truyén
d6i tugng doc hai, nhicu két qua quan trong [8,[15,29,30,33,/59,(104] da dat duge trong
hai thap ky qua. That vay, ngudi ta tong két dugce ring nhiéu hé théng mang trong thuc
té nhu mang Internet, World Wide Web, mang thong tin, mang cam bién ho#ic cic mang

x4 hoi déu c6 hai thuoc tinh sau:

e Cic mang quy mo tir do ¢6 miic tang trudng mang xac dinh, trong dé toc do tang

truéng mang cho biét cac nit méi tham gia mang véi toc do xac dinh.
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e Cac mang dugc thiét lap theo quy tac két noi wu tien. Thude tinh nay c6 nghia la

mot nat c6 do két noéi cao luon c6 xu huéng thu hut nhiéu két néi méi hon.

Trong phan nay, luan 4n gidi thitu mot mo hinh mang quy mo ty do chinh tic c6 tén
14 mang quy mo tu do Barabési-Albert (Barabdsi-Albert scale-free network). Day 1a 16p
mang phitc hgp phd bién nhéat c¢6 tinh dén yéu t6 ting truéng mang va uu tien két ndi
clla mang. Sau day, luan an gi6i thieu so luge vé hoat dong ctia mo hinh mang quy mo
tu do Barabasi-Albert:

Khéi tao: Tai thoi diém ban dau, mang c6 tap co lap gom N, nit va gia st réing cac
két ndi gifta cdc nit duge thiét lap tiy ¥ mién 1a mdi ntut két ndi véi it nhat mot
nit khac.

Tang trudng mang: Tai moi bude thoi gian, mot nat méi bac m duge thém vao mang.
Khi d6, sau t budc thoi gian, mo hinh dang xét sé sinh ra mot mang gom N = t + Ny
nat va Ny + mt két ndi.

Gan uu tién: Xéac sudt dé mot nat méi két ndi véi mot nat cit bac p; dude tinh béi

cong thic sau:

P(i) =

Yz ‘
> v
J

Thém vao do, cht ¥ ring xac suat mot niat ¢6 k két ndi cho béi P(k) = ck™7, trong d6 sb

mii v = 3 va ¢ 1a hdng s6 sao cho Y ck™ = 1. Tiép theo, luan an dua ra mot mo ta cho
k
mang quy mo ty do Barabasi-Albert c¢6 kich thuéc mang mong mudn 1a 100 (xem Hinh

. O day, luan 4n gid st ring s6 nit ban dau la Ny = 5 va mot nit mdi gia nhap mang

duge lién két ngdu nhién véi hai nit khac trong mang, tic 1a m = 2.

Hinh 1.6: Mang quy mo ty do Barabasi-Albert v6i Ng =5 va m = 2
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Trong mot mang cam bién khong day, ching ta biét rang cac nit cam bién thuong
khong dugce sac hofic tu nap ning lugng va do d6, nang lugng du clia cac ntut cam bién 1a
mot van dé kha quan trong va can dugc xem xét can than trong qué trinh gan uu tien.
Thuyc té 1a khi mot nit mdi tham gia vho mang, ntt nay c6 xu hudng sé két ndi véi cac
nit c6 bac cao hon. Hon nita, cac ntit méi cling sé c6 xu hudng két ndi véi nhitng nit co
nang luong du 16n hon. Do d6, yéu t6 vé nang lugng du clia ntit cdm bién ciing 1a mot
van dé can tinh dén trong xay dung cau tric topo ciia mang. Trong phan sau, luan an
trinh bay tong quan vé cac dic trung clia mang quy mo tir do Barabési-Albert so sanh véi

mang quy md tu do Barabasi-Albert giéi han nang lugng ( Energy-Aware Barabdsi-Albert
scale-free network) (xem Béang .

Béang 1.3: So sanh mang quy mo tu do Barabasi-Albert v mang quy mo tu do Barabési-Albert

giéi han néng lugng

Mang Barabasi-Albert giéi han
Mang Barabasi-Albert
nang lugng

Mang c6 tap co lap gom Ny nit va gid st | Mang c6 tap o6 lap gdom Ny nit va gia st

Khéi rang cac két noi gitta cac nit caAm bién rang cac két ndi gitta cac nit cam bién
tao dudc thiét lap tiy ¥ mién 1a méi nit két | dude thiét 1ap tity ¥ mién 1a mdi ntt két
ndéi véi it nhat mot nat khéc nbi v6i it nhat mot nat khac.

~ Tai mdi bude thoi gian, ching ta thém
Tai modi bude thoi gian, ching ta thém L
L mot nat mdéi véi m lién ket de ket noi
mot nit mdi véi m lién ket de két noi mot

Tang ~ mot nit méi v6i m nat sdn ¢6 cliia mang.
nat mdéi v6i m nat sdn cé cliia mang. Sau

truéng Sau t buéc thoi gian, mé hinh mang quy
t bude thoi gian, md hinh mang quy mo

mang mo tu do Barabasi-Albert gidi han ning

tu do Barabasi-Albert sinh ra mot mang
o lugng sinh ra mét mang véi N =t + Ny
v6i N =t + Ny nat va Ny + mt ket noi o
nat va Ng + mt két noi

Mot nit méi két nbi véi m nat ci dé tao
o o thanh cdc canh mdi v6i xac suat P(q) ty
Xac suat dé mot nat mdi két noi véi mot
lé thuan v6i ca bac va nang lugng con lai

3 nit cii ty & véi bac p; cta nat do va cho A \E
Gan IR U T | cha it thit i P(i) = 2P 4 Zet
wa béi P(i) = S Thém vao dé, xac suat ij ZEj

— 7 J J
tién J trong d6 Ag+ e =1 va Ag, A € [0,1] 12

dé mot niat ¢é k canh tuan theo phan

. céc tham s6 hiéu chinh dugc, p; va E; 1an
phoi lay thua P(k).

lugt 14 bac va nang lugng thang du cta

nut tha 4.
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AdPi AeEi

= +
ij Z E;
J J

mdéi két ndi véi mot nit cii bac p;, ching ta thay ring c¢6 hai tham s6 hiéu chinh duge 1a

Nhan xét 1.12. Trong biéu thitc P() cho biét x4c suat dé mot nit

Ad Va A, lan luot dai dién cho do két ndi va nang lugng con lai ciia nit thit 7. Gia tri clia
chiing déng mot vai tro quan trong trong cau tric ctia mang. Néu \g > A, thi do két noi
gitta cac nit chi phéi cau tric mang, ngude lai, nang luong du sé chi phéi cau tric mang.
Dac biet, néu \y = 1 va A\, = 0 thi mo6 hinh mang quy moé tu do Barabéasi-Albert gidi
han ning lugng tré thanh mo hinh mang Barabasi-Albert quen thudc. Ngugce lai, trong
truong hop Ay = 0 va A\, = 1, chi con lai nang luong quyét dinh cau tric mang va tat ca
cac nit cdm bién déu & trang théi tieu thu nang lugng can bang, diéu nay lam cho tudi

tho clia mang cam bién dugc cai thien dang ké.

Nhan xét 1.13. Trong mo6 hinh mang quy mo tu do Barabasi-Albert giéi han nang lugng,
cau tric lien két ctia mang bi chi phéi khong chi bdi bac p; ma con ci nang lugng du cia

nit cdm bién. O day, nang luong du clia nit cdm bién thi i dude xac dinh béi
E; = Ey — piAE,

trong d6 E 1a nang lugng ban dau clia nut va AFE 1a nang lugng tiéu hao khi thiét lap
mot két nbéi cho moi nit. Do do, tong nang luong du cia cac nit tai mot bude thoi gian
t ¢6 thé viét lai nhu sau:

trong d6 Ny + t 14 s6 nit cam bién tai budc thoi gian ¢ va 2mt 1a tong bac.



Chuong 2

MO HINH LAN TRUYEN MA DOC SIQR PHAN THU VOI
DU LIEU MO

Chuong nay tap trung mo ta dang diéu clia qua trinh lan truyén ma doc trén mang
cam bién khong day dya trén mo hinh héa toin hoc. Khic véi cac mo hinh lan truyén ma
doc nghién ctu trudée dé bsi Mishra va Keshri [5,6], Hassouna va cong su [105], mo hinh
lan truyén ma doc dé xuat trong chuong nay xem xét dén yéu t6 khong chic chan trong
dit lieu dau vao va do d6, né duge xem xét dusi dang mot hé phuong trinh vi phan gia tri
md. Mot sé nghién citu noéi bat vé ting dung 1y thuyét tap ms vao cac mo hinh lan truyén
ma doc c6 thé ké dén nhu Massad va cong su [68], Mondal va cong sut [75], Nandi va cong
sy [76]. Tuy nhién, chua c¢6 nhiéu nghien citu trinh bay chi tiét vé giai tich clia cdc mo hinh
lan truyen ma doc mo ta bdi hé dong lyc md cling nhu mo hinh lan truyén ma doc phan
thit mo. V6i muc tieu nay, luan 4n xay dung mo hinh lan truyén ma doc SIQR phan thi
v6i dit lieu mo. Tiép do6, luan 4n dé xuat khai niém dao ham Caputo Atangana-Baleanu
phan thit va tich phan Riemann-Liouville Atangana-Baleanu phan thit cho ham nhan gia
tri mo véi mot s6 tinh chat dinh tinh quan trong dé khéo sat dang diéu ctia mo6 hinh lan
truyen méa doc SIQR phan thit véi dit lieu ma. Tiép dé, bién doi Laplace md cho dao ham
phan thit dé xuat duge gidi thieu dé xac dinh cong thiic nghiém tich phan ctia bai toan
Cauchy cho phuong trinh vi phan phan thi mo dudi tinh gH-kha vi. Khi d6, si ton tai
va tinh duy nhat ctia nghiém tich phan dugc chiing minh bang nguyén ly 4nh xa co suy
rong. Cudi ciing, mot s6 biéu dién hinh hoc duge dua ra dé mo ta dang dieu khong chéc
chin ctia mo hinh lan truyén ma doc SIQR phan thit mo. Noi dung chuong nay duge dya

tren két qué clia cong bd [P1] trong Danh muc cong bé clia nghién cttu sinh.

2.1. Thiét lap mo hinh

Trong muc nay, luan an nghién cttu sit dung mo hinh hé phuong trinh vi phan phan
thit mo gom 4 an ham (S-I-Q-R) tuong ting véi 4 ngan clia mo hinh lan truyén méa doc
dé dac ta sy lan truyén ciia ma doc trén mang cam bién khong day véi dit lieu mo. Dau

tien, cac ngan trong mo hinh lan truyén ma doc SIQR duge mo ta nhu sau:

(S) Ngian (S) bao gom cac nit cadm bién chua bi nhiém bat ky loai ma doc nao. Tuy
nhién, cac nit trong ngan nay rat nhay cam véi cac loai ma doc va la doi tugng tan

cong cua cac loai ma doc. Do do, chung dugde goi 1a cac nit man cdam.
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(I) Céac nit trong ngan (1) da nhiém cac loai ma doc va hon nita, chiing c¢6 thé lan truyén
ma doc sang cac nat thuoe ngan (S). Do d6, cac nut thudc ngan nay duge goi la niit

lan truyen ma doc.

(Q) Ngan (Q) bao gom cac niat cdm bién lan truyén ma doc duge cach ly khéi mang va

ching dugce goi la cac nut cdach ly.

(R) Céac nat cam bién trong ngan (R) da duge loai sach ma doc va duge cai phan mém
diet ma doc. Cac nat thuoc ngan nay dude goi 1a nit hoi phuc. Tuy nhién, do hicu
qué ctia cac phan meém diét ma doc chi ¢6 tinh tam thoi nén céc nat nay cé thé tré

lai trang thai man cam.

Ky hieu S(t), I(t), Q(t) va R(t) lan lugt b6i mat do cac nit man cadm, lan truyén ma
doc, céch ly va hoi phuc theo thoi gian théa man 0 < S(¢) 4+ I(¢) + Q(t) + R(t) < 1. Khi
d6, mo hinh lan truyén ma doc SIQR duge mo ta bdi so do sau (xem Hinh . Cac tham

a

Hinh 2.1: Lugc do ctia mo hinh lan truyén ma doc SIQR phan thi

s6 cfia mo hinh nay duge gidi thich trong Bang [2.1]

Bang 2.1: Cac tham s ctia mo6 hinh lan truyén ma doc SIQR

Tham sb Y nghia

v Téc do dieu tri

Téc do tré thanh nit man cam ctia nat hoéi phuc
Téc dd bi nhidm méa doc clia nit man cadm

T6c do nit rdi mang vi hét nang lugng

Téc do mot nit cach ly tré thanh nat hodi phuc

€ I ™ > Q9

Téc do tré thanh nit man cadm clia nit cach ly

Téc do dé nit lan truyén méa doc thanh nuat cach ly

2
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Dé bao vé mang cam bién trude su tan cong ctia ma doc, ching ta can ndm 16 cac dic
diém vé dich té ctia su lan truyén. Trong chuong nay, luan an tiép can nghién citu co ché
lan truyen phan mém doc hai dya trén mo hinh héa toan hoc. Day dudce coi 1a mot cong
cu hieu qua dé khong chi mo ta nhitng dic diém ctia quéa trinh lan truyén ma doc trén
céc hée thong mang ma con du bao dude chiéu huéng clia sir lan truyén. Mot s6 mo hinh
phuong trinh vi phan thuong mo ta sy lan truyén ma doc c6 dé xuat st dung ngin cach
ly da dugc dua ra gan day bdi Mishra va Keshri [5] v6i mo hinh lan truyén sau méy tinh
SIQR hay mo hinh lan truyén sau may tinh SIQR véi yéu t6 tai nhiém duge gidi thieu
bdi Khanh [19]. Trong muc nay, luan an sé mé rong cdc mo hinh nay véi viée sit dung
dao ham phan thi dé mo ta tinh khong dia phuong ctia moi truong truyén dan nhu trong
moi truong dam lay hay trong cac dong chay phi Newton va st dung thiét lap dudi dang
mo hinh phuong trinh vi phan gia tri mo dé mo ta tinh khong chéc chin trong dit lieu va
tham s6. Luan an gid st ring moi nut cam bién & cac ngan (S), (I), (Q) hodc (R) roi
khéi mang véi toc do p do can nang lugng. Khi d6, co ché tuong tac giita cac ngan trong

mo hinh lan truyén ma doc SIQR dudec mo ta nhu sau:

Ngan (S): Mat do cac nit man cam giam véi toc do tuong ting 1a M (¢) va p do cac nit
méan cam bi nhiém ma doc chuyén sang va cac ntat hét nang luong roi khéi mang.
Bén canh d6, ngan (S) cling sé ¢6 su ting vé s6 luong do nhan nt tir cic trang théi
hoi phuc va cach ly véi toc do lan lugt 1a o v w. Ngoai ra, dé mo ta tinh nhé va tinh
chat khong dia phuong clia sy lan truyén méa doc cting qua trinh truyén thong tin
trong mang, luan an dé xuat sit dung khai niém dao ham Caputo Atangana-Baleanu
phan thit dé biéu thi téc do thay doi trang thai clia qua trinh lan truyén gitta cac
ngan. Thém vao do6, véi ky vong mo hinh héa tét hon qua trinh lan truyén trong thé
gidi thiye luon chita dung cac yéu té bat dinh, luan an ciing lya chon cach tiép can
xay dyng mo hinh lan truyén ma doc bdi cac hé dong lyc phan thit mo. Téom lai, su
lan truyén ma doc trén ngan (S) c6 thé mo ta bsi phuong trinh vi phan phan thit
md dudi day:

el S(t) = wQ(t) + o R(t) — uS(t) — AS(t)I(t).
Lap luan tuong tu, ching ta c6 thé thiét lap cidc phuong trinh vi phan phan tht dé
mo ta toc do thay doi trang thai trong cac ngan (I), (Q) va (R) nhu sau:

Ngan (I): Tu thuc té 1a cic loai ma doc lan truyén t6i cac nat cdm bién ¢ ngan (S)
va chuyén chiing sang trang thai lan truyén ma doc véi toc do AI(t). Cac nit lan

truyen méa doc trong mo hinh dé xuat sé bién doi nhu sau:

(i) Nat lan truyén ma doc can nang lugng va rdi mang véi toc do pu.
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(i) Du6i hoat dong ciia cdc phan mém phét hien ma doc, cdc nit lan truyén ma
doc bi cach ly khoi mang véi toc do .

(iii) Nho tac dung ctia cAc phan mém diét ma doc, moi nat lan truyén ma doc hoi
phuc véi téc do v.

Do d6, phuong trinh mo ta sy lan truyén trén ngan (I) duge cho nhu sau:

bePBI(t)y = AS(H)I(t) — (v + 7 + p)I ().

Ngian (Q): Chi y ring mot nit lan truyén ma doc c6 thé duge co lap dé trd thanh nit
cach ly véi xac suat . Sau do, cac niit cam bién & trang thai (Q) c6 thé duge chuyén

sang mot trong cac trang thai sau:

(i) M&i niit cach ly c6 thé r6i mang véi téc do p do can nang lugng hodc duge giai
phéng vé trang thai hoi phuc véi toc do 7.
(i) Nt cach ly c6 thé duge gidi phong vé trang thai man cam véi tdc do w nhd cai

dat lai he thong.

Do d6, phuong trinh mo ta sy lan truyén trén ngan (Q) duge cho nhu sau:
D) = I(t) — (n+ p+ w)Q(D).

Ngan (R): Sy thay doi trang thai trong ngan hoi phuc (R) duge mo ta nhu sau:
(i) Mdi ntat hoi phuc nhung can nang lugng roi mang véi toc do p va moi nit cach
ly dugc dua vé vé trang thai hoi phuc véi toc do 7.

(i) Nho st dung chuong trinh chéng ma doc, méi nit lan truyén ma doc duge phuc
hoi véi toc do v. Sau do, cac nit nay hoat dong trd lai trong mang va trd thanh

cadc nit man cam véi toc do o.
Do d6, phuong trinh mo ta sy lan truyén trén ngan (R) duge cho nhu sau:

“CPLR(t) = vI(t) +1Q(t) — (o + p)R(1).

Cubi cling, dang diéu dong liic khong chic chian ciia sy lan truyén ma doc trén mang

cam bién dudc mo ta béi hé phuong trinh vi phan phan tht dudi day:

(@ g85(t) = wQ(t) + o R(E) — uS(t) — AS@)I(2)
eIty = ASH)I(t) — (v+~+ )t 1)
WD) =1(t) — (n+ p+w)Q()

(2 FPR() = Vi) +nQ(t) — (0 + )R



46

v6i dieu kien ban dau 1a cac dai lugng bat dinh cho bdi cac s6 mo
S0)=S & 10)=Leé& QUO0)=Q¢cé& RO=Reé& (22

Thém vao d6, gia st rang toc do tham gia mang clia ntit mdéi va toc do nat roi mang vi
hét nang luong 1a bing nhau dé dam bao sy can bang clia mang. Ngoai ra, do s6 luong
ntt cia mang 1a hitu han nén ching ta gid st rang N (t) = S(t) + I(t) + Q(t) + R(t) <1
v6i moi t > 0. Cac trang thai can bang 1a chti dé nhan duge nhiéu syt quan tam khi nghién
cttu cac mo hinh lan truyén ma doc trén mang. Bang mot s6 tinh toan, ching ta nhan
duge mo hinh lan truyén ma doc SIQR c6 hai trang théi can bang la trang théi can bang
khong c¢6 ma doc Py = (1,0,0,0) va trang thai can bang ma ¢ d6 ma doc phat tan tran
lan trong mang goi la diac hitu P, = (S, L, Q., R.).

Chi s6 ngudng lan truyen Ry 1a mot gia tri duge sit dung dé mo ta kha nang gay nhiém
méa doc cho cac nit mang ciia cac loai ma doc nhu virus, sau mang hay phan mém gian
diép. Trong mo hinh lan truyén ma doc SIQR phan thtt md, chi s6 ngudng lan truyen Ry
dugce cho béi Ry = m Trong 1y thuyét cac mo hinh dich té& co dién, dang dieu
tiem can ctia mo hinh sé phu thudc chit ché vao gia tri Ry. Tuy nhién, déi véi cac mo
hinh lan truyén ma doc v6i tham sé md, do han ché clia cac cong cu giai tich trong danh

gia dang diéu tiém can ctia mo hinh nén cac nghién citu nay van la van dé mé.

2.2. PDao ham Caputo Atangana-Baleanu phan th@ va tich phan Riemann-

Liouville Atangana-Baleanu phan thi& cho ham nhan gia tri mao

Trong muc nay, luan an dé xuat khai niem dao ham va tich phan phan thi véi nhan
khong suy bién cho cdc ham nhan gia tri mo. Tiép d6, mot s6 tinh chat dac trung lien
quan dén cac khai niem nay nhu bién déi Laplace, cong thitc kieu Newton-Leibniz ciing

dugc thao luan.

Dinh nghia 2.1. Gia stt ring ham f(¢) thuoc 16p C* ([0, 8], £). Khi d6, dao ham Caputo
Atangana—Baleanu phan tha 5 € (0 1) ctia ham gia tri mo f(t) duge xéc dinh béi

Y.
abcgff 6/ |: t B):|

Nhan xét 2.1. Theo céc tinh chat trong Proposition 8.23 ctia [92], chiing ta nhan dugc

oo B(t T)‘*
“”C@ff(t):—m ) S fr(T)dr

B Jo kﬁ—l—l

f;H<T>dT.

B

_ ﬁ ir</7> /Ot(t_f)kﬁf;,,mm

k:0
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k=

Meénh dé 2.1. Gid st rang ham f € C*([0,b],&) va cic a—cit ciia né duge biéu dién

dudi dang tham so [f(t)]* = [f5 (t), f.7(¢)] vdi mdi t € [0,b] va o € [0,1]. Khi d6

(i) Néu f la ham gH-khd vi logi 1 thi [abcgf f(t)]a - [abCDi fo(t), D’ f;(t)] .

(ii) Néu f la ham gH-khd vi logi 2 thi [abcgf f(t)} — [abCDﬁ £H(t), D’ fg(t)} .
Dé minh hoa cho két qua 1y thuyét, luan an xét vi du sau:

Vidu 2.1. Cho A; = (0, 1,2) 14 86 m& tam giac biéu dién cho nhan dinh “S6 gan 1”. Tiép
theo, xét ham nhan gia tri md f : [0,7] C R — & cho béi f(t) = (t,t +sint, t + 2sint).
Chti y réng ham f(t) c6 thé viét lai dusi dang sau:

f(t) = Al sint +t.

Hon nita, f(¢) 1a ham nhan gid tri mo gH-khé vi theo cé loai 1 va loai 2 trén doan [0, 7).

That vay, ta ¢

(i) f(t) 1a ham gH-kha vi loai 1 trén doan [0,%] va gH-dao ham ctia né cho béi

fi_gu(t) = (1,cost +1,2cost + 1) véi tap miic

[f{_gH(t)]a =[1+ acost,2cost +1— acost].

(i) f(¢) & ham gH-kh& vi loai 2 trén doan [Z,7| vA gH-dao ham ctia n6 cho bdi

f3_gm(t) = (2cost +1,cost +1,1) v6i tap miic

[fé_gH(t)]a = [2cost+ 1 — acost, 1+ acost].

D06 thi clia ham f(¢) va cac dao ham ctia n6 duge cho trong Hinh
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Hinh 2.2: Ham nhan gia tri ms f(¢) va cac gH-dao ham trén doan [0, 7]

Tiép theo, luan an sé tinh dao ham Caputo Atangana—Baleanu phan thit ciia ham
nhan gid tri mo f(¢) trén doan [0, 7]. V6i muc tiéu nay, trén doan [0 ”], dua trén tinh

)
toan trong , Béang 9.1], ta c6

wgigt - 29 ['s, [ gputmar = 2 | B LAY Pa

1a ham nhan gia tri s6 mo tam gidc (ay, by, ¢1) := (a1(t),b1(t), c1(t)) v6i cac thanh phan

cho béi
—Bt8
E
3,2 |:1 —_ ﬁ )

1

®

)

a; =

—_
|
=

_Btﬁ k . .
(m) [Py (L kB + 150t) 4 1 Fy (1 kB 4 15 —it)]

S
o
=

|
@
©
M8

1-8 e [1-4 +k=0 20 (kB +2) ’
_ 08 | [P N (%t;)k[lFl(l;kﬁJrl;it)ﬂFl (1; kB + 1; —it)]
01_1_5 5,2 _—1_ﬁ_+kzzg F(lg5+2) ,

trong d6 7 1a s6 4o vi ham Kummer siéu hinh hoc suy bién (xem [52, trang 189]) duwoc

xac dinh bdi

1Fy(a; b; 2) = IO — o) E(clz)))F(a) /0 e s (1 — 5)" 7 ds.

Tiép d6, véi mdi t € [Z, 7|, ta c6
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Bing lap luan va tinh toan tuong ti, ta ciing ching minh duge abc.@fif(t) la mot ham

nhan gid tri s6 mo tam giac c6 dang (ag, ba, c2) := (as(t), ba(t), co(t)), trong do

ot [obafss] | [

S 1-8 2 2
+Z< SV Py (kB L) 41 By (1RG4 1 i) |
T(kB +2)
Brh . - . .3
by — (I)(ﬁ) W]Eﬁ,Q |:2[3 1-8) i| <2/3(1 ﬁ)) [1F1 (17 kﬁ + 172t) + 1F1 (17 kﬁ + 17 _Zt)]
15 +Z oL (k5 + 2)
(2t — m)Es, [M] o0 (fﬁ@%)ﬁ)k LFy (1 kB + 1;it) + 1 Fy (13 kB + 1; —it))]
* > +k§ NCEET) !
B o(5) g [QB(? 5)} (2t — m)Eg 2 [—265_(2;:83]
2=1-5 2 * 2
T(kB +2)

k=0

Tiép do, luan 4n trinh bay khai niem tich phan Riemann—Liouville Atangana—Baleanu
phan thi cho ham nhan gia tri mo f : [0,b] C R — & lién két v6i khéi niem dao ham
Caputo Atangana—Baleanu phan thii:

Dinh nghia 2.2. Cho f : [0,b] C R — & la ham nhan gia tri ms. Khi d6, tich phan
Riemann—Liouville Atangana—Baleanu phan thi véi bac 5 € (0,1) ctia ham f(t) duge

dinh nghia nhu sau:

abrB i L= P B ' B T P
7210 = G O+ s, O = G 0+ 5T 0

Thém vao d6, véi moi a € [0, 1], a—cit cla tich phan phan thi abef(t) dugc cho bdi
O FROR WAL

Nhan xét 2.2. Trong mot s6 truong hop dic biét ctia bac phan thi 3, tich phan

£(t) + 0 v

Riemann—Liouville Atangana—Baleanu phan thit dong nhat véi cac khai niem da biét:

(i) Néu 8 = 0 thi tich phan Riemann—Liouville Atangana—Baleanu phan thit tré thanh

1-0 0

T = 50 0+ g [, ¢~ ) = 1)
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(ii) Néu B = 1 thi tich phan Riemann—Liouville Atangana—Baleanu phan thit tré thanh

T = 5 O+ g [, e = [ oy

Vidu 2.2. Gia st f:[0,7] C R — & la ham nhan gia tri md cho béi
f(t) = (0, e 2eM 4+ t2) ,

trong d6 A va T 1a cac hang s6 duong. Khi dé, tich phan Riemann—Liouville Atangana—Baleanu

phan tht bac 8 € (0,1) ciia ham nhan gia tri md f(¢) cho bdi

D9 f (1) = Tff () + % 9 £ (1)

Déu tien, luan an xac dinh tich phan phan tht Z7 f(t) = (If(O),Zf(e’\t),If(%’\t + t2)>,
trong do

t
77(0) = / (t —7)%710 dr =0,
0
t
70 (M) = / (t— 7)P=1eNdr = tPBy 41 (M),
0

' (3
77 (2eM + 1) = / (t— 7)1 (2eM + 7%) dr = 2t°Eq 541 (M) + Ltﬁﬁfl,
0

(5 +3)
Do do,
bTIf(t) = 1=5 (0,e,2eM +7) + b <o PRy gy (M), 269 54 (NE) + Ltﬁﬁ)
¥ ®(p) " o(p) \ 7 T r@+3) )

) 1 )
Dic biéet, néu 8 = 0 thi “°Z9 f(¢) = W (O, e, 2eM + tz) = f(t) trong khi néu g =1 thi
ta co

b F(t) = ! 0,tE; 5 (M), 2tE; 5 (M) + 2
* (1) ’ ['(4)

- t(eM —-1) 1,
0 ~t
/ N3

( (eM—1) 1
- (0 5 S )

—/ (O As 26’\s+5)d5

0

Céc tinh todn nay minh hoa cho ménh dé (i) va (ii) trong Nhan xét .
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Nhan xét 2.3. Biéu thiic dao ham Caputo Atangana—Baleanu phan thit gia tri khoéng
va tich phan Riemann—Liouville Atangana—Baleanu phan thi gia tri khoang cho ham
nhan gia tri mo f : [0, 7] — & dugc gidi thiéu lan dau trong cong trinh ctia Allahviranloo
va Ghanbari [106]. Tuy nhién, cach biéu dién nay chi dinh nghia dao ham Caputo hay tich
phan Riemann—Liouville theo kiéu Atangana—Baleanu thong qua dao ham va tich phan
phan thi tuong tng cta cac ham thyc f;(¢) va fI(t) thudoc tap mic [f(¢)]" ma chua
dinh nghia céc toan tit dao ham va tich phan phan thit mo theo kiéu Atangana—Baleanu.
Ngoai ra, do ham s6 g(t) = Eg(\?) luon duong va don digu v6i moi ¢t > 0 va A € R
nén dinh nghia dao ham Caputo Atangana—Baleanu phan thit cho ham gia tri mo f(t)
trong [106, Dinh nghia 6] khong can thiét xét dau ctia ham g(t).

Tiép theo, luan an giéi thicu mot cong thiic kiéu NewtonLeibniz cho dao ham Caputo
Atangana—Baleanu phan thit md. Cong thitc nay hd trg truc tiép cho viec xay dung céc
két qui quan trong trong giai tich phan thit vd phuong trinh vi phan phan thi véi dao

ham kiéu Atangana—Baleanu.

Dinh 1y 2.1. Cho 8 € (0,1) va f : [0,T] C R — & la ham nhan gia tri mo gH-
khd wvi, khong cé dieém chuyén tréen doan [0,T). Khi dé, tich phan Riemann— Liouvile
Atangana— Baleanu phan thi va dao ham Caputo Atangana— Baleanu phan thi cia ham

nhan gid tri mo f(t) thda man cong thitc Newton— Leibniz:

I (CDLWD) = 10 S 0), te[0.T]

Chitng minh. Vi f(t) 1a ham gH-kha vi va khong c6 diém chuyén trén doan [0, 71, tiic 1a
kiéu gH-kha vi ctia ham nhan gia tri mo f (t) 1a loai 1 hoac loai 2 trén doan nay.
Trudng hgp 1: Néu f(¢) 1a ham nhan gid tri mo gH-kha vi loai 1 thi v6i méi ¢ € [0, 7]

va a € [0, 1], ta c6
2z (2L w)] " = [0 (Dl ) 1 (DL )]

Cha ¥ riang theo dinh nghia ctia tich phan Riemann—Liouville Atangana—Baleanu phan
thit ciing v6i cong thitc dang chudi cho dao ham Caputo Atangana—Baleanu phan th,

chung ta suy ra

abl,i (abcDif(; (t)) — ﬂabcD’ifoj (t) + %I’i (abcD’ifO? (t)>

S () sy o 2 lf (2) v oy <t>]

k=0



- i (%)kl’iﬁ“ )0 (125) i_oj (%)kli’“*”ﬂ“ (52) 0
= i (1%5) I () () - i (1%5) P (1) )

Lap luan tuong ty, ching ta cing nhan duge “blﬁ (“bcDﬁfa*(t)> = fI(t) — f1(0). Do do,
tap miic ctia biéu thite “Z? (ab"’@ff(t)> cho béi
T2 (L 00)| = [fa () = £z (0), (@) = f£(0)] i moi a € [0,1].

Theo dinh ly dac trung Negoita-Ralescu (xem Dinh 1y , diéu trén dan t6i

7] (D) = £ © £(0). (23)

Trudng hgp 2: Néu f(¢) 1a ham nhan gid tri md gH-kha vi loai 2 thi véi mdi ¢ € [0, T
va a € [0,1], ta c6
|:ab1'f_ (abcgff<t>>] _ [abe_ (abch_f;r(t)> 7abI§ (abch_f; (t))] )
Béang 1ap luan tuong ty nhu Truong hop 1, ching ta cling nhan dugc
W (HDLSE () = fa () = £2(0)
U (PDLSE®) = fa (1)~ £1(0).

Didu tren kéo theo [abzﬁ (abc@f f(t))r = (~1)[£(0) — £ (), £(0) — £+(#)] v6i moi
a € [0,1]. Do d6, theo dinh 1y dac trung Negoita-Ralescu, ching ta nhan duge

“TI (T Df(0)) = (~1) (F0) & F(1)). (2.4

Két hop cac ding thiic (2.3)) - (2.4) va theo dinh nghia ctia hieu Hukuhara suy rong, chiing
ta nhan duge @Z° (abc@fi f(t)) = f(t) S f(0). Dinh I dugc chitng minh. O

Cudi ciing, luan an trinh bay cong thitc bién ddi Laplace md cho dao ham Caputo
Atangana—Baleanu phan thit nham xay dung cong thiic nghiém tich phan cho bai toan
xét & cac muc sau. Day 1a mot két qua noi bat ctia luan an ma cac cong trinh nghién citu
trude d6 [106},/107] chua dé cap tdi.
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Ménh dé 2.2. Cho ham nhan gid tri mo f: [0,b] C R — & thugc ldp C* ([0,b],&). Khi

dé, bién doi Laplace mo cho dao ham Caputo Atangana— Baleanu phan thi abc.@ff(t) clia

ham nhan gid tri mo f(t) duge cho bdi

D(B) P L{f(t)}(s) & s £(0) néu f gH-khé vi loai 1

P 1-p 35+%
g{a C@+f(t)}(5) = _ 5—1 B o
(=0)®(B) s fO) O "L ONS) 5 ¢ ok vi loai 2
1-5 sﬂ—l—% ! o

Chitng minh. Véi méi « € [0,1], a-cit ctia ham nhan gia tri mo .2 {abC@ff(t)} (s) duge

cho dudi dang thu gon sau:
2 {0} o] = |2 {(0ir) o}z { (*0ir) o))
(i) Néu f(t) 1a ham gH-kh4 vi loai 1 thi theo Dinh nghia[1.17] va Dinh nghia[2.1] ta c6
0] = [l s ). DL )]
Do d6, ta suy ra
2 {maiin} )] = [z {mDlw} ).z {"Dlrn} ).

Tiép d6, a4p dung bién déi Laplace cho dao ham Caputo Atangana—Baleanu phan thi
cia ham thuc (xem [44, Cong thic (10)]), ching ta nhan dugc

2 DL 0} 0 = i (2 U 0h 0 - 212 0),
2 {210} (s) - %( LTI} () = 50

Do d6, cong thic dudi day diang véi moi « € [0, 1]

2 {"Dlf )} (), 2 {" DL} ()]

)
:a—ﬁ(ﬁ[ﬂf {20} () = " 170, 2 {20} (5) = 711 (0)]

Mt khac, vi dang tham s6 [s°.Z {f5 (t)} (s) — s*7 5 (0), s L {fT (1)} (s) — P71 £ (0)]

dting v6i moi a € [0, 1] nén chiing ta c6 thé viét

2.2 {120} (5) = ° 72 0,522 {110} (5) = ° 7 0)] = [ 2 {10} () 05" £0)]



o4

o(3) [
(1-p8)s"+ 8

v do do [Z {7 ()} (s)r - SLLEDY (5) 0 P £0)] vi moi

a€[0,1].
(ii) St dung gid thiét vé tinh gH-kha vi loai 2 clia ham nhan gia tri mo f(¢), ta c6

L) = [l A0, D )]
Stt dung bién do6i Laplace va lap luan tuong tu Trudng hop (i), ching ta nhan duge

Z{" 2w} ()] = {Lﬁ) ("2 { £} (5) =511 0).

(1—p8)s"+ 5
(6 - L
% (s"Z {fa @)} (s) = "1 (0))}
- [% (°7a(0) = "2 {fo (0} (5))

(1(__2% ("7 (0) = "2 {f (1)} <s>)} ,

v6i moi « € [0, 1]. Do d6, hiéu Hukuhara

_cur) (s
(1-pB)s"+ 8
tai va ching ta c6 thé biéu dién
o (e 2 (0 )] -
I o | 1 T RN,
(0 - 2 {0} 6) s T (P 0= 2 {170} )]

ttic 1a néu f(¢) 1a ham gH-kha vi loai 2 thi

2 {70} )] = [{E (o0 e 2 {0} )]

véi moi « € [0,1]. Meénh dé duge chiing minh. O

Meénh dé 2.3. Gid st ring f : [0,00) — & la ham nhan gid tri mo lién tuc. Khi do, vdi

moit >0, ta cé

2{ [[&a [T s 9= 55 !

s8 4 775

Ching minh. V6i moi ¢ > 0, ky hieu g(t) = Eg [ B ] Khi do, tich chap cia f(t) va
g(t) duge cho béi

G0 = [ fo-nir = [ 2[5 rorar
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Bing cach ap dung phép bién doi Laplace md ctia tich chap (xem [108, Dinh ly 3.8]),

ching ta tryc tiép thu duge

2{ [ [ s 0 = 2 {m[-s.  o2 ven o)

- B-1
Theo két qua ctia Ménh de , ching ta nhan dugec & {EB [—B%] } (5) = BS_;_—ﬁ
S m
Vi vay, ménh dé duge chitng minh. O

2.3. Su ton tai v duy nhit nghiém md cho bai toan Cauchy dbi véi phuong
trinh vi phan phan thi& dudi tinh gH-kha vi

Trong muc nay, luan 4n nghién citu sit ton tai va tinh duy nhat ctia nghiém tich phan
mo cho bai toan Cauchy dudi day ddi v6i phuong trinh vi phan phan thi mo dudi tinh
gH-kha vi va dao ham Caputo Atangana—Baleanu phan thii:

abeplu(t) =T (t,2(t))

(2.5)
z(0) = T,

trong do “bc.@fa:(t) la dao ham Caputo Atangana—Baleanu phan thi ctia vecto trang thai
z(t), t € J =[0,T], diéu kien ban dau zyg € &" va F : [0,T] X & — &™ la ham nhan gia

tri vecto md théa man cac gia thiét sau :
(HF1) Ham nhéan gia tri vecto mo F(-,€) : [0, 7] — &™ do dugec manh v6i méi £ € & va
F(t, ) : & — &™ lien tuc v6i hau khép ¢ € [0, T;
(HF2) Ton tai ma tran My sao cho D, (F(¢,£),0) < MD,(€,0) véi moi £ € &™.
(HF3) Ton tai ma tran M; sao cho D, (F(t,€),F(t,£)) < MiD,(&,€) véi moi &, € € &
Xét khong gian
C([0,T),6™) = {¢:[0,T] = & : ¢(t) 1a ham lien tuc trén doan [0, 7]}

cling metric tong quat co trong

Ho (0, ¢) = sup {Dy, (0(t), 9 (t))e M},

(0,7

trong d6 A > 0 la hdng s6 duong du 16n. Khong gian metric (C ([0, 7], &™), Hy) 1a mot
khong gian metric day di. Trong muc nay, luan an gia st rang tat ca cac ham thanh phan
ctia ham gia tri vecto md x(t) c6 ciing kiéu gH-kha vi va khong c6 diém chuyén trén doan
J =10, T]. Dinh 1y sau day déng vai trd quan trong trong viéc xac dinh nghiém tich phan
mo cua bai toan Cauchy .
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Dinh ly 2.2. Gid st rang x € C ([0,T], &™) théa man bai toin Cauchy .

(i) Néu x(t) la ham gH-khd vi logi 1 thi né théa man phuong trinh tich phan sau

1—p B

z(t) = zo + WP(t,x(t)) +

—_— t — )R (1, 2(7))dr. .
e | - Pl (26

(ii) Néu x(t) la ham gH-khd vi logi 2 thi né théa man phuong trinh tich phan sau

2(t) = 29 © (1) [ﬂm,m)w%/o(t—T)ﬂ—lF(T,x(T))dT @7

®(5)

Chitng minh. V6i méi t € [0,T], bang cach ap dung bién do6i Laplace m& cho ca hai vé
ctia hé phuong trinh vi phan phan thit cia bai toan (2.5), ta c6

Z{ L)} (5) = £ {F(t, ()} (5) (2.8)

Ap dung Menh dé , déng thic trén c6 thé dugce viét lai duéi hai dang dudi day tiy
thudc vao loai gH-khé vi ctia ham nhan gia tri vecto mo z(t).
Trudng hop 1: Néu z(t) la ham gH-kha vi loai 1 trén doan [0, 7] thi ding thic (2.8)

tuong duong véi

(8) S"L{x()}(5) © " 2O0) _ g epr i)y ().

1-p 7+ 25
Do do, ta c6
N _ )48 N

L (al0}s) 05 a0 = B L2 (e a()} (o

& L)) = 10+ G PO} 6) + S {F () 0
- — - L 81 .
o Z{0)6) = 1o+ L FC0) )+ 552 1 OL T} )
Sau do, ap dung dinh Iy vé bién déi Laplace cho tich chap, chiing ta nhan duoc
LN = o0 + G2 Flt.al)} (9

+ W;f {/Ot(t —r)IE(, x(T))dT} (s).

Cudi cting, bing cach ap dung bién déi Laplace nguge, chiing ta nhan dudc

(1_5) b t — VR (7, 2(1))dr
(5)/0@ VIR (7, (7)) dr

o) =m0+ 55 NEIE

F(t,x(t)) +
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Trudng hop 2: Néu z(t) 1a ham gH-kha vi loai 2 trén doan [0, T thi ddng thic (2.8) trd
thanh

(—1)®(8) s°1x(0) © " L{x(t)}(s)
1-5 sB 4+ %

=2 {F(t,z(1))} (s).

Déng thitc trén tuong duong véi

" (0) © 8" L{x(t)}(s) = %iﬁ {F(t, (1))} (s)
o 2l = tme L 2040} )
& Z00)e) = 100 | G2 a0} 0+ 55 (Fea®)} o))
Dinh Iy vé bién déi Laplace cho tich chap dan tdéi
L{x(t)}(s)
= a0 [%ZB?"? (F(t,2(t)} (s) + W.ﬁ {/Ot(t R, x(T))dT} @)} .

Cudi cting, ap dung bién doi Laplace nguge, chiing ta nhan dudc

z(t) =206 (—1) [MF(t,x(t)) + W/o (t — T)'B_IF(T,ZL‘(T))dT] )

()
Dinh 1y duge ching minh. O

Nhan xét 2.4. Dya trén khai niém hiéu Hukuhara suy rong, cac phuong trinh tich phan

va c6 thé viét gop lai nhu sau:

ﬂ —B t — 1) F (7, 2(7))dr
(3) F(ﬁ)@(ﬂ)/o(t )" E(m a(r)dr.

Nhan xét 2.5. Trong Dinh 1y luan 4n da tng dung két qua vé bién doi Laplace md

z(t) Ogm o = F(t z(t)) +

cho dao ham phan thi (Meénh dé [2.2) dé xay dung cong thiic nghiém tich phan md cho
bai toan Cauchy . Viéc xay dung cong thitc bién déi Laplace md cho dao ham va tich
phan phan thit mdéi c6 ¥ nghia quan trong trong viéc ting dung gidi mot so6 16p phuong
trinh vi phan phan thi dac biet. Mot cach tiép can khac dé xay dung cong thitc nghiém
tich phan mo 1 st dung dinh 1y kiéu Newton-Leibniz (Dinh 1y [2.1). That vay, véi méi
t € [0,T1], 1ay tich phan phan tht theo nghia Atangana—Baleanu hai vé ctia phuong trinh
vi phan trong bai toan , ching ta nhan duge
t
_ % —— (ﬁ)ﬂ@ 5 /O (t — 7P F(r, 2(r))dr.

Céch tiép can tuong tu ciing dat duge trong cac nghién ctu [106,107].

z(t) O4n x(0) = “beF(t, x(t)) F(t,z(t)) +
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Tiép theo, luan an gidi thicu khai niém nghiem tich phan ctia bai toan Cauchy (2.5)):

Dinh nghia 2.3. Cho z : [0,7] C R — &™ la mot ham nhan gia tri vectc ma lién tuc.
Khi dé ta c6

(i) Ham x(t) dugce goi la nghiém tich phan loai (i) ciia bai toan Cauchy (2.5) néu né
théa man phuong trinh tich phan (2.6)).

(ii) Ham 2(t) duge goi la nghiém tich phan loai (ii) ctia bai toan Cauchy (2.5) néu no6
théa man phuong trinh tich phan (2.7).

Sau day, luan 4n sé chitng minh sy ton tai va duy nhat nghiém tich phan loai (i) ctia

bai toan Cauchy :

Dinh 1y 2.3. Néu cdc gid thiét (HF1), (HF2), (HF3) théa man va ban kinh pho cia

cic ma tran My va UM, déu nhé hon 1 thy bai todn Cauchy c6 duy nhat
T () 0 T e(p) :

nghiém tich phan loai (i) xdc dinh trén doan [0,T].

Chitng minh. Xét toan tt & : C ([0,T],&™) — C([0,T],&™) cho béi
ﬂ t L t — 7R (7, 2(7))dr
() Bt 2() + L(8)®(3) /0 (t —=7)" " F(r,z(r))dr, te[0,T].

Dau tien, dé thiy rang £ la toan tit di tit C ([0, 7], &™) vao chinh né. Do do, sy ton tai

Px](t) = xo +

duy nhat nghiém tich phan loai (i) ctia bai toan (2.5)) tuong duong véi sut ton tai duy nhét
diém bat dong clia toan tit 2.

Do ban kinh pho ctia ma tran %{—Bﬂ))MO nho hon 1 nén ta suy ra ma tran MMO hoi

2(8)
tu vé ma tran khong. Thém vao d6, vi cic phan tit clia ma tran %Mo khong am va

¢6 thé nhoé tiy ¥ nhd vao hieu chinh tham s6 A > 0 nén ma tran (1_6%%%?;(’\”3)
2

1 .
hoi tu t6i ma tran khong, trong dé G(\, ) = e E Dinh nghia va cac tinh chat
A2
clia ma tran hoi tu vé ma tran khong tham khéao tit Chuong 10 ctia [109)].

-1 .
Ky hieu 7 = [T, — CEREEEAIN | D, (2, 0) va dat

My cling

Q, = {z€C(0,T],6) : Hy(2,0) <r}.

Khi do, chitng minh ctia dinh 1y nao duge chia thanh cac bude sau:
Budc 1. Toan tit &2 la mot lén, tic la &2 (Q,) C Q.. That vay, véi moéi t € [0,7] va
x €, ta co

1-p B

D, (2[z](t),0) =D, (xo + WF(t,x(t)) + W/o (t — 1) 1F (1, z(7))dr, f))



<D, (20,0) + q)zﬂfﬂ)n (F(t, z(t)),0) + F(ﬁﬁb(m /0 (t—7)°7'D, (F(r,2(7)),0) dr

< D, (20,0) + ‘I)(_ﬂfMO]Dn (z(t),0) + F(B)BCI)(B) /0 (t — )" MoD, (z(7),0) e *eMdr
x 5 z,0) eM P t )Pl dr x

< D a0.0) + s (5:0) ¢ + gy ([ 0=l ) i )

< Dn (.To, 0) + %MOKHA (.T, 6) GM + W ()\% + )J%) M()H)\ (l’, 6) .

Chi ¥ rdng danh gia trén da ap dung udc lugng (xem [110, Bo dé 2.3])

t At At 2 1
t— 1)1 < G\ B :e—(—+—>.
/0< ) e v

Tiép theo, chia hai vé cho e* va lay supremum véi ¢ € [0, 7], chiing ta nhan dugc

. . _ G\, .
H (gz[x],O) <D, (xg,O) + {1@(&? + F(ﬁ()@f;)} MoH. (I,O)
o (L=B)L(B) + G\ B)

<P (10:0) 5 5)005)

MOT S T,

nghia la toan tit &2 di tu (), vao chinh no.
Hon niia, toan ti & : Q, — Q, 1a mot toan tit lien tuc. That vay, gid st rang {z,} C Q,

1a mot day sao cho z, = z € Q,. Chi y rang v6i mdi ¢ € [0, 7], ta co

ﬂ L t _7_571 . -
o(5) T'(3)®(8) /O (t = 7)7 7 F (7, 0 (7))dr.

V6i moi 0 < s <t <T, gia thiét (HF1) dan t6i

Plx,|(t) = 2o + F(t, z,(t)) +

(t —7)°7'F (1,2,(7)) = (t — 7)’'F(7,2(7)) khin — oo.

Tiép do, st dung gia thiét (HF1) va dinh ly hoi tu troi Lebesgue, ching ta suy ra

1-7
Dy (PLan](0). Z1a](0) < 53D (Flt,a(0),Fit. (1)
L t —5)! T, Tp(T T, (T T
T €D (ra(0) Flra() d

tién t6i 0 € R™ khi n — oo, tiic 1a toan tit &2 lien tuc trén €,.
Bué6c 2. Dé chiing minh &2 14 mot toan tit co tong quat (xem [109, Dinh nghia 10.1]),
lay x,7 € €, tiy ¥ va sau do, luan an sé chi ra ton tai mot ma tran M hoi tu vé ma tran

khong sao cho

Hy (Pa], P[7]) < MH, (2, 7).
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That vay, véi mdi ¢ € [0, 7], ta co

D, (2[2](t), Z[7](1))

< 5370 (P62 P30 + 7757 [ =2, (ot Firatr)
< %MIDH (2(t), Z(1)) + W /0 (=MD, (o(r), ()

_ %Mlﬂ)n (x(t), T(t) e MeM + % / (= 7/ MID, (a(7),7() e dr
< %Mlm (z,7) M+ W (/Ot(t - 7)5_1@7057) MiH (2, 7)

< %Mlm (2, 7) e + %Mlm (@,7).

Khi d6, bing cach chia ca hai vé cho e* va lay supremum véi ¢ € [0, 7], ta c6

(1-B)rB) + A\ f)
[(3)e(5)

Do gia thiét ring ban kinh pho clia ma tran %Ml nho hon 1 v cic phan tit clia ma

3
~ G(\B) PRI ST NP .
tran WMl ¢6 thé nho tuy ¥ nén ta co6

A=BLB) +GA By Q=B GAB)

HA (Pa], Z[7]) <

MiH (I,f) .

T (8)®(B) YToeE) N rBeB) !

hoi tu vé ma tran khong. Do d6, ta suy ra toan ti & la toan tit co tong quat. Cudi ciing,

bang cach 4p dung nguyén 1y anh xa co theo nghia Perov (xem [109, Dinh ly 10.1]), chiing
ta c6 thé két luan ring toan ti &2 c6 mot diém bat dong duy nhat 2* € €, vi do ciing

la nghiém tich phan loai (i) duy nhét ciia bai toan Cauchy (2.5). O

Nhan xét 2.6. Mot s6 nghién ctu gan day ciing da dat duge két qua vé sy ton tai
duy nhat nghiém tich phan mo ddi véi bai toan Cauchy cho phuong trinh vi phan phan
thit mo dudi tinh gH-kha vi vd dao ham mo c6 nhan khong suy bién kiéu Caputo nhu
Allahviranloo va Ghanbari [106], H6 Vil va cong su [107]. Trong cong trinh [106], cac téc
gid da ching minh duge sy ton tai duy nhat nghiém tich phan mo dya trén nguyen ly
dnh xa co Banach (xem [106, Dinh 1y 2]). Tuy nhién, dinh 1§ vé sy ton tai nghiem tich
phan md 106, Dinh 1y 1] vé ban chat 1a xay dyng cong thiic nghiem tich phan mo chi
khong phéi két qua cho su ton tai nghiem. Trong cong trinh [107], cac tac gid da dat
duge két qua vé sy ton tai va duy nhat nghiém tich phan md cho phuong trinh vi phan

phan thit md dya trén day xap xi Picard (xem [107, Dinh ly 3.1]) va nguyén ly anh xa co
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(xem [107, Dinh 1y 3.2]). Tuy nhieén, diéu kién cho sy ton tai va duy nhat nghiém trong
cac dinh 1y nay kha chat do hé sé Lipschitz L bat budc rat nhé. Do d6, trong Chuong 2,
luan 4n nghién cttu sy ton tai va duy nhat nghiém tich phan md cho hé phuong trinh vi
phan phan thit mo dya trén nguyén 1y a4nh xa co suy rong va st dung ma tran hoi tu ve
ma tran khong dé lam nhe hon rang buoc Lipschitz ciia vé phai.

Phan con lai ctia muc nay duge danh dé ching minh sy ton tai va tinh duy nhat ciia

nghiém tich phan loai (ii) ctia bai toan Cauchy (<2.5)). Véi mdi z € C(]0,T], &™), ching ta
dinh nghia toan tit .#[x] bdi

(1 - /6) L t . B—1 T olr -
o(5) F(B)cb(ﬁ)/o<t )7 F (7 z(7))dr| . (29)

Dat C ([0, T], &™) 1a khong gian cac ham = € C([0,T], &™) sao cho cong thiic (2.9) thoa

méan v6i méi ¢ € [0, 7).

Flx](t) =z & (—1) F(t,x(t)) +

Dinh ly 2.4. Gid si rang
(i) Cac gid thiét (HF1), (HF2) va (HF8) théa man.

(ii) Tap C ([0,T], &™) # 0.

(iii) Bdn kinh pho cia ma tran %MO va %ZBB))Ml nhé hon 1.

Khi dé, bai toan Cauchy c6 duy nhat nghiém tich phan logi (ii) xdac dinh trén [0,T).

Chiing minh. Bang lap luan tuong tuy nhu trong Dinh ly , sy ton tai va tinh duy
nhat ctia nghiém tich phan loai (ii) cia bai toan tuong duong véi tinh giai duge
duy nhat ctia phuong trinh ham .Z[z] = =, tic la x4c dinh diém bat dong duy nhat
z* € C([0,T], &™) cha toan tit .#. Tuong tu nhu Dinh ly , ching ta chiing minh duge
toan tit .% 1a mot toan tit co va do d6, né ¢ diém bat dong duy nhét z* € C ([0,T], &™).
Diém bat dong nay 14 nghiém tich phan loai (ii) duy nhat ctia bai toan . O

Nhan xét 2.7. Trong muc nay, luan an da gia st rang tat cd ham thanh phan cla vecto
nghiém tich phan ma z(¢) c6 ciing loai gH-kha vi v& khong c6 diém chuyén trén J = [0, 7).
Toéng quat, néu cac ham thanh phan ctia nghiém tich phan ms z(t) = <$1(t) e xn(t)) !
c6 loai gH-kha vi khac nhau trén J thi sy ton tai va tinh duy nhat nghiém trinh bay trong
Dinh 1y va Dinh Iy van dudge dam bao. That vay, khong mat tinh tong quat, gia

st rang cdc ham nhan gia tri mo 1 (¢), 22(t), ..., z,(t) 1a ham gH-kha vi gH loai (i) va
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cac ham nhan gia tri mo x,1(t), Tpra(t), ..., z,(t) 1a gH-kha vi loai (ii). Sau do, toan ti
T

nghiem Z[z] la ham gia tri vecto P[z] = (91 ] ... P, [x]) cho béi

1-5 G t — )Py (7, 2 (7))dr
(5)/0@ VIF, (r, (r)dr.

Pilx](t) = xf + 0 T(3)3(5)

Fi(t,z(t)) +

(1-5)
)

néui=p+1,...,n. Vicac bat ding thic

Pix)(t) = 2}, © (1) [ Fi(t,x(t)) + b ) /0 (t — )P Fy(1, 2(7))dT

L(p)®

doo(t 4 v, w + €) < doo(u, w) + doo (v, €)

000 0,0 0 €) < do(u,0) + doo(0,0)
dtng v6i moi u, v, w, e € & nén v6i moi ¢ = 1, n, chiing ta nhan dudc

doo (2]7](1),0) < des (},0) + %do@ (Fi(t,2(1)),0)
B

+ W/o (t — 1) ldy (Fi(T, z(1)), 0) dr.

Do d6, dé thay rang cac danh gia trong chitng minh ctia Dinh 1y [2.3| v& Dinh 1y [2.4| van
duge dam bao. Tuy nhién, trong truong hop nay, ching ta khong thé két luan nghiem thu

dugce 1a nghiém tich phan ma loai (i) hay loai (ii).

2.4. M6 phoéng va thao luan

Trong muc nay, luan an tién hanh mot s6 minh hoa cho két qua 1y thuyét va biéu dién
dang dieu dong luc khong chic chan theo thoi gian ctia mo hinh SIQR phan thi va anh
huéng ciia dao ham phan thi 8 déi véi viec lan truyén phan mém doc hai trén mang duya
trén phan mém MatLab. Dau tién, ching ta nhic lai mo hinh lan truyén ma doc SIQR

phan thit mo dudi dang

e S(t)  =wQ(t) + oR(t) — uS(t) — AS(H)I(t)

W) = ASOI(t) — (v + v+ (D) 210,
bePlQt) =~I(t) — (n+p+w)Q(t)

WePIR(t) = vI(t)+nQ(t) — (o + p)R(t),

v6i didu kien ban dau S(0) = Sy, I1(0) = Iy, Q(0) = Qq, R(0) = Ry. Dé thuan tién trong

biéu dién, ching ta ky hieu

X(t):(S(t) I(t) Q) R(t))T, Xo=<So Iy Qo Ro)TEéM‘,
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va cac ham vé phai ciia mo hinh (2.10) ky hieu béi

Gl X(0) = (Galt, X(1) Galt, X(1)) Galt. X(1)) Galt. X(1))) -

Khi d6, ching ta c6 thé kiém tra dugc ring cdc ham Gy(t,-) (i = 1,2,3,4) lien tuc véi
hau khap ¢ € [0,7] va ham G;(-, X) do dugc manh véi mdi X € &. Tiép do, ching ta

tinh toan dudc cac ma tran My va M; nhu sau:

A+ A 0
M, = A vyt
0 7y n+up+w
o+
o
0

0 v
[+ A A w
A vyt p+A 0
M1:
0 ¥ n+p+w 0
0 v n o+ p

Chon ®(8) =1—F+ % Tiép theo, ching ta sé tién hanh danh gi4 mo hinh véi mot
6 trudng hop clia bo tham s6 va bac phan tht 8 € {0.5,0.7,0.95}.
(a) Xét mo hinh lan truyén ma doc SIQR phan thi md (2.1)) véi cac tham sb

n = 0.008 p=10.02 A=0.2 v=20.15
w = 0.008 o =0.01 v=0.2

va diéu kien ban dau khong chdc chdn Sy = (0.63,0.64,0.65), Iy = (0.23,0.24,0.25),
Qo = (0.09,0.095,0.1) va Ry = (0,0,0). Khi d6, cac ma tran My va M; cho béi

0.22 0 0.008 0.01 0.22 0.2 0.008 0.01
0.2 037 0 0 0.2 057 0 0
MO = ) Ml =
0 0.2 0.036 0 0 0.2 0.036 0
0 0.15 0.008 0.03 0 0.15 0.008 0.03

Do do, cac ma tran ('B)MO va 22M; ¢6 ban kinh phd nhu sau:

( )

Bang 2.2: Ban kinh pho ctia cac ma tran q)([f) My va é( ﬁ)Ml trong Truong hop (a)

B=05 B=0.7 B=10.95
160
oM 0.245 0.136 0.039
@(5)1\/11 0.424 0.237 0.068

Khi d6, do ban kinh phd clia cac ma tran £2M, va 3 B)Ml déu nhé hon 1 nén ching ta

c1’(ﬁ)
suy ra mo hinh lan truyén méa doc SIQR phan thi md luon ¢6 duy nhéit nghiem. Hinh [2.3) -
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biéu dién dang dieu theo thdi gian clia nghiém s6 ctia mo hinh lan truyén méa doc SIQR
phan thtt mo véi mot s6 gia tri khac nhau ctia bac phan thi 3. D6i v6i cac tham sb trén,
chiing ta c6 thé tinh todn dugc chi s6 ngudng lan truyén SRy xap xi Ry = 0.541 < 1, tiic
14 theo ly thuyét dich té hoc, ching ta c6 trang thai can bang khong c6 ma doc ciia mo
hinh 14 én dinh tiém can. Trén thuc té, tit Hinh , chiing ta c6 thé thay ring thanh
phan lan truyén ma doc I(¢) ctia nghiem c6 xu hudéng tiem can vé 0 theo thoi gian, nghia

1a ma doc c6 thé dudc loai bé khéi mang.

The Mractional SH)R moded with 7= 0.5 i . ) The fractional SIQR model with 3 -_lr.?

a

The number of nodes

I es 2 G40 45 50 0 5 10 15 . %
Time Tume

The fractional SIQR model with = 0.95

The susceptible node 5(1)
The infectious node 1)
The quarantine node Q)

) '_,'Jh-—-__.,_____ The recoverad node Rit)

Tirme

Hinh 2.3: Dang diéu theo thoi gian ctia nghiém s6 cho mo hinh lan truyén ma doc SIQR phan

thit mo trong Truong hgp tham sb (a)

Thém vao d6, mit phang pha ctia cac ham trang théai ctia mo hinh lan truyén ma doc
SIQR phan thit mo (2.1)) v6i mot s6 gia tri khac nhau ciia dao ham phan thi 8 dude biéu
dién trong cac hinh: Hinh , Hinh va Hinh .

\ o / 005
02 A\
oot/ 004
Sois =008 o003
= & &
007 002
1 /
/]
006 001 //
6 065 07 o7 08 o

S(v) S(t) S

01 T~ 005 005
~ >
009 ~ 004 004
S008 o003 Zo0s
o & \ &
N\
N\

/n‘

0 - 0 -
005 o1 015 02 025 005 o1 015 02 025 005 006 007 008 009 01 011

() 1(1) Q)

Hinh 2.4: Dang diéu ctia mo6 hinh lan truyén ma doc SIQR véi S = 0.5 va Ry < 1



10
Q)
R(1)

075 08 085 09 09 06 065 07 075 08 085 09 09 65 07 075 08
S S0 S

0.07
= 0.06
- 005
004
o \
1

01 015 o0z 025 0 o005 o1 o1
1t 1t

R(t)

Q)

R(t)
g >

Hinh 2.5: Dang diéu ctia mo6 hinh lan truyén ma doc SIQR véi S = 0.7 va Ry < 1

025 012 008
\
\ 04 0.07
0z
008
008
0.5 005
008 004
o4 0.03
004 /
002 1
005 0.02 Il
oot /]
, , - N
o6 07 0s

08 1 06 07 08 09 1 06 07 08
S S(t) S

012 008
7
01 — 00
~ 006
008
005
3 oot |
/ \
3 \
\

o1 o5 02 025 o 005 ot o015 02 02 3 006
1t 1) Q)

L[]

Q)
R(H)
~._

R(t)

Q1)

R

Hinh 2.6: Dang diéu ctia mo6 hinh lan truyén ma doc SIQR véi 8 = 0.95 va Ry < 1

(b) Xét mo hinh lan truyén ma doc SIQR phan thtt mo (2.1)) v6i cac tham s6

n = 0.008 w=10.02 A=0.5 v=20.15
w = 0.008 o =0.01 v=0.2

v6i dieu kien ban dau khong chic chian Sy = (0.63,0.64,0.65), I, = (0.23,0.24,0.25),
Qo = (0.09,0.095,0.1) va Ry = (0,0,0). Khi d6, cac ma tran My v M; cho béi

052 0 0.008 0.01 0.52 0.5 0.008 0.01

0.5 0.67 0 0 0.5 0.87 0 0
MO = ) Ml =
0 0.2 0.036 0 0 0.2 0.036 0

0 0.15 0.008 0.03 0 0.15 0.008 0.03

. A 1-8 s 1-8 R 2 .
Do do, cac ma tran ) My va <I>(,B)M1 ¢6 ban kinh pho nhu sau:
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Béang 2.3: Ban kinh phé clia cdc ma tran =2 M, va é(;/éf’;l\/[l trong Truong hop (b)

B(5)

8=05 B =07 B =0.95
15
F5Mo 0.438 0.245 0.07
1-8
s5M 0.784 0.438 0.126

Khi d6, do ban kinh phd ctia cac ma tran c%(;ﬁﬁ)l\/lo va <}>(;/6’,6;1\/Il déu nhé hon 1 nén ching ta
suy ra md hinh lan truyén ma doc SIQR phan tht mo luon c6 duy nhat nghiem.

Hinh biéu dién dang diéu theo thoi gian clia nghiem s6 ctia moé hinh lan truyén
ma doc SIQR phan tht md véi mot s6 gid tri khac nhau ciia bac phan thit 3. Déi véi
cac tham sb trén, ching ta c6 thé tinh toan dugc chi sé6 ngudng lan truyén SRy xap xi
Ry = 1.351 > 1. Diéu nay co nghia la trang thai can bang khong c6 ma doc khong 6n
dinh va do d6, sit lan truyén ctia ma doc sé tiép dién trén mang. That vay, theo Hinh ,
chiing ta c6 thé thay rang dang diéu ciia ham trang thai lan truyén ma doc I(¢) tiém can

mot gia tri duong (thanh phan I, clia diém can bang dic hitu) khi thoi gian du lén.

The fractional SIQR model with 7= 0.5 = The fractional SIQR model with 3= 0.7

-4 B oe o
o

s in

£
i

B

‘._

B

The number of nodes
=

o —————
|

o 5 10 15 20

30 5 40 46 50 0 a5 40 45

Time Time

~ The rrstt_lnnnl SIQR_ model \\'iII_I = 0.95

The susceptible node S(t)
The infectious node I{1)

——————— | —— The quarantine node Q1)
01 e —

The recovered node Rit)

Hinh 2.7: Dang diéu theo thoi gian clia nghiém s6 cho mo hinh lan truyén ma doc SIQR phan
thit mo trong Truong hop tham s6 (b)

Trong truong hop nay, mit phang pha ctia cac ham trang théi ctia mo hinh lan truyén
ma doc SIQR phan thit md (2.1) v6i mot sd gia tri khac nhau ctia dao ham phan tht S
duge biéu dién trong cac hinh: Hinh Hinh 2.9 va Hinh [2.10}



026 I 0.4
0.2
024 — — 013
_ — 01
oz _ o 008
= 153 z
02 o1 008
0.04
0.8 01
002
0.16 009
055 06 065 055 06 065 055
S(t) S(t)
0.4 014 0.4
012 012
013
01 04
=07 5008 008
<7 & &z
o011 006 006

026 014 0.14
_ — 0.2
024 - 013
’7 ) 01
022
— a2 008
Z o2 = g
= o &
011 006
0.8
004
01
0.16 \ . 0.02
0.4 009
05¢ 056 058 06 062 064 066 054 055 058 06 062 064 066 05¢ 056 058 06 082 064 066
S S S
0.4 014 0.4
012 0.2
013
01 01
=0 008 2008
] 3 3
0.1 006 006
004
01
002
009 0
014 016 018 02 02 024 026 014 016 018 02 022 024 026 013 o4
(] 0]

Hinh 2.9: Dang diéu ctia mo hinh lan truyén ma doc SIQR véi

=0.7vaRy>1

0.26 015 0.16
0.14
024 — 014
— 0.12
022 013
o1
€ o2 Sz = o0s
= o ~
0.06
0.18 0.11
0.04
016 01
0.02
0.14 - 0.09 > -
052 054 056 058 06 062 064 066 052 054 056 058 06 062 064 066 052 054 056 058 06 062 064 066
S S S
015 0.16 0.16
14t € 14
014 ° 0
012 0.12
013
01
Soa2 = o0s
o &~
0.06
o1
{ 004
[
/ 002
0.09 L
014 016 018 02 02 024 026 014 016 018 02 022 024 026 013 014 015
(0] J(]

Hinh 2.10: Dang diéu ctia mo6 hinh lan truyén ma doc SIQR vé6i 8 = 0.95 va Ry > 1
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2.5. Két luan chuong

Trong chuong nay, véi muc tiéu mo ta va du bao dang diéu lan truyén ma doc trén
mang cam bién, luan an thiét 1ap mo hinh toan hoc dudi dang hé dong lyc phan thit mo
gom 4 ngan: Man cam - Lan truyén ma doc - Cach ly - Hoi phuc. Céac két qua da dat

dugce trong chuong nay bao gom:

1. Dé xuat mot s6 khai niem dao ham va tich phan phan thi v6i nhan dang ham
Mittag-Leffler cho ham nhan gia tri mo nhu: dao ham Caputo Atangana-Baleanu
phan thi, tich phan Riemann-Liouville Atangana-Baleanu phan thit va méi lién he
gitta hai khai niém nay véi két qua vé cong thitc kicu Newton-Leibniz (Dinh ly
. Them vao d6, luan an thao luan vé bién déi Laplace md cho dao ham Caputo
Atangana-Baleanu phan thi trong Ménh dé . Day 1a mot két qua quan trong doi
vGi viéc xay dung cong thitc nghiém tich phan cta bai toan Cauchy cho hé phuong
trinh vi phan phan thi mo dé xuat.

2. Nghién cttu bai toan Cauchy d6i v6i phuong trinh vi phan phan thit mo duéi
tinh gH-kha vi va dao ham Caputo Atangana-Baleanu phan tht cung v6i cac gia
thiét thich hop diat vao ham vé phai. Sau d6, luan an da dat dudc cac két qua veé
xay dung cong thiic nghiém tich phan loai (i) va loai (ii) ciing vé6i cac dinh 1y vé sy
ton tai duy nhat nghiém tich phan md cho bai toan Cauchy . Chttng minh cia
Dinh 1y va Dinh ly duya trén nguyén ly anh xa co tong quat véi viec xay dung

hinh cau bat bién €, phit hop ciing ma tran hoi tu vé ma tran Q,,.

3. Nghién cttu mo hinh lan truyén ma doc SIQR phan thit véi dit lieu mo. Luan an da
mo ta luge do cling nhu sy tuong tac gitta cadc ngan trong mo hinh va tir do, xay
dyng mo6 hinh hé phuong trinh vi phan phan thit tuong thich cho mé hinh. Sau do,
luan an tién hanh mo phong dang diéu ctia mo hinh lan truyén ma doc trong cac

truong hgp khac nhau ctia chi s6 ngudng lan truyén Ry va tham s6 bac phan thi 3.

Tuy nhién, mo6 hinh lan truyén ma doc dé xuat 1a mo hinh tinh va trong mo hinh nay,
chiing ta xét tuong tac gitta cac nit cling nhu tam quan trong clia cac nit trong qua trinh
lan truyen 1a nhu nhau. Tuy nhién, ching ta thay ring cau tric cia mang cdm bién ciing
nhu nhiéu loai mang phitc hop trong thire té luon c6 tinh phan bac va khong dong nhat,
titc 13 mdi nit mang sé c¢6 mot vai tro khac nhau ddi véi viéc truyen dit lieu va do do, su
lan truyén ma doc doi v6i cac nat 14 khong nhu nhau. Trong céc chuong sau, luan an sé
tiép can cac mo hinh lan truyén méa doc véi thiét 1ap tinh dén vai tro rieng biét clia cac

nit mang ciing nhu sy khong dong nhat trong tiép xic clia cac nit mang.



Chuong 3

MO HINH LAN TRUYEN MA DOC SE,E,JQR PHAN THU
DUA TREN MANG VOI HAM LAN TRUYEN XAC DINH
BOI LOGIC MO

V6i muc tiéu thé hien dong thoi sy khong dong nhat trong tiép xtic véi phan mém doc
hai ctia cdc ntit mang trong mang cdm bién khong day va cac yéu t6 khong chac chan dnh
hudng triyc tiép t6i sy lan truyen, chuong nay tap trung nghién citu mo hinh lan truyén
ma doc SE;E;IQR phan thit dya trén mang v6i ham lan truyén ma doc duge xac dinh
bdi logic md, trong d6 mo hinh lan truyén ma doc dé xuat gisi thieu mot ngan cach ly
(Q) v nhém nit mang ma doc gom hai ngan: E; (Mang méa doc loai 1) va Ey (Mang ma

doc loai 2). Nhitng noi dung chinh sé xuét hién trong chuong nay bao gom:

e Thiét 1ap mo6 hinh lan truyén ma doc SE;E;IQR phan thit trén mang phiic hop

khong dong nhat véi ham lan truyéen ma doc duge xac dinh bdi logic ma;

Tap bat bién duong va sy ton tai duy nhat ctia nghiém khong am d6i véi mo hinh
lan truyen méa doc SE;E,IQR;

Chi s6 ngudng lan truyén R, va si ton tai cac trang thai can bang;

Déng diéu tiém can cia trang thai can bang khong c6 ma doc Py;

Sy ré nhanh ctia mo hinh lan truyén ma doc SE;E;IQR;

e Mot s6 danh gia va thao luan.

Noi dung trinh bay trong Chuong 3 duge dua trén két qué cia cong bo [P2] trong

Danh muc cong trinh ctia nghién cttu sinh.

3.1. Thiét lap mo hinh

Trong muc nay, luan an xét mang cam bién khong day véi cau tric nhu mot mang quy
mo tir do Barabasi-Albert gigi han nang lugng. Tiép do, luan an tién hanh mo ta co ché
lan truyén ctia cac phan mém doc hai trén mang va nghién cttu hiéu qua ctia bién phap
cach ly déi véi viec kiém soat sit lan truyén. V6i muc dich nay, luan an gid dinh ring tong
s6 nit cam bién 1a hitu han v c6 thé chia thanh sau ngan nhw Hinh [3.1]
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Ngan Mang ma doc loai 1 Ngan Mang ma doc loai 2
- Bao gém cac nit chira ma dgc nhung chua - Bao gém cac nat chiva ma déc nhung chua cé
c6 khé nang lan fruyen ma doc. kha nang lan truyen ma doc.
- Ma déc méi gan vao nut mang, chwa nhén - Mé ddc bét ddu nhan ban va anh hueéng t&i
ban va nit mang van hoat déng binh thudng hoat déng ctia nit mang.

N o

Ngan Mang ma ddc

T

Ng&n Man cam Ngén Lan truyén ma doc
Chua nhiénj mé ddc nhung la Bao gém cac nut chira ma dc va
doi tueng tan cong cla cac loai co kha nang lan truyén ma djc
ma doc t&i cac nat man cam lan can
Ng&n Hbi phuc Ngén Cach ly

- Bugc loai sach ma doc va cai Bao gdm céc nit mang duoc loai

phan mém diét ma dgc. bé tu céc nit Mang mé déc va Lan

- Co the tré lai frang théi man cam truyén mé doc trong mang

vc':] ma djc do phan mem diét doc

mat tdc dung.

Hinh 3.1: SaAu ngén trong mo hinh lan truyén ma doc SE1E2IQR trén mang cam bién khong day

Trong cac mo hinh lan truyén ma doc co dién, ching ta thudng gia st cac nit dugce
phan bd déu trong mang va téc do gay nhiém ma doc do tiép xtc ciia cic nat la nhu
nhau. Duéi géc do toan hoc, sut dong nhat nay hién nhién rang lam cho viéc phan tich va
danh gi4 tré nén don gidn hon nhung nhiing gi4 dinh nay lai mau thuan véi thyc té. That
vay, trong nhiéu mo hinh dya trén mang nhu Facebook, World Wide Web ho#ic mang
cam bién, v.v., c6 cau truc lien két mang phiic tap, ching ta thay ring tam quan trong
ctia mdi nit trong mang hay s6 lien két ctia mdi ntat khac nhau trong mang c6 thé khong
gibng nhau va tat nhién kha nang lan truyén ctia phan mém doc hai dén cic nit nay cling
13 khong giéng nhau. Do dé, tinh phitc hop khong dong nhat ctia mang can dude tinh
dén khi mo hinh hoéa toan hoc cho sit lay lan ctia phan mém doc hai trén mang phiic hop
khong dong nhat. V6i muc tieu nay, dia trén cong trinh tién phong ciia Pastor-Satorras
va cong su , luan an tién hanh chia tong s6 nit mang thanh n nhom dua trén sb lien
két ma mot ndt trong nhém cé trén mot don vi thoi gian. Didu nay c6 nghia 1a cac nit
trong nhom thi k ¢6 cung k lien két véi cac nat khac. That vay, ky hieu Si(t), E1x(t),
Eox(t), Ir(t), Qx(t) va Ry (t) lan lugt 1a mat do clia cac nit man cam, chita ma doc loai
1, chita ma doc loai 2, lan truyén ma doc, cach ly va hoi phuc bac k tai thoi diém t vé6i
mdi k =1,2,...,n. Khi dé, su lan truyén ma doc trén mang cam bién khong day cé thé

dude mo ta trong so do sau:
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Hinh 3.2: So do lan truyén ma doc gitta cac ngan: Man cdm (S), Mang ma doc loai 1 (E1), Mang

mé doc loai 2 (E2), Lan truyén ma doc (1), Cach ly (Q), Hoi phuc (R)

Do cac khu vie muc tiéu ctia mang cdm bién khong day luon c6 dia hinh phic tap va
khi hau bat thuong, toc do truyén thong tin trong mang cadm bién bi anh hudng sau sac
bédi cac yéu to dia Iy va khi hau. Mt khac, do cac nit cdm bién c¢6 nang lugng gidi han
nén hoat dong ciia mang cam bién khong day sé dira trén co ché tiét kién nang luong va
toc do truyen dit lieu sé thay doi phu thude vao ning lugng thang du clia mang va diéu
nay anh huéng tryc tiép dén téc do lan truyén ma doc. Thém vao dé, trong mang cam
bién khong day, cac cum mang khac nhau sé thiyc hién cac tdc vu cam bién, do luong va
thu thap khac nhau nén dé thay rang téc do truyen dit licu sé khong dong déu. Ngoai
ra, khd ning nhiém ma doc cia mot nit man cdm cang phu thudc vao mat do cia cac
nit lan truyén ma doc trong cac ndt lan can, tic 1a khong phai moi nit man cam tiép
xtic v6i mot nit lan truyén ma doc sé ngay lap tic trd thanh mot niat lan truyen ma
doc. Chu ¥ ring dé biéu thi mat do, ching ta khong dung gia tri chinh xac ma thuong
duge dién dat qua cac bién ngon ngit. Trong chuong nay, luan an sit dung bién ngon ngit
q (¢ € {Thap, Trung binh, Cao}) dé biéu thi cic yéu t6 bat dinh khi mo hinh héa sy lan
truyen ctia ma doc. Cu thé, luan 4n sé gan ba bién ngon ngit trén véi cac gia tri md ing
v6i cac luat md va st dung hé suy luan md dé dua cac luat nay vao mo hinh lan truyéen
mé doc dé xudt thong qua hing s6 lan truyén M,. Xét ba s6 mo A; = (0,0,0.3,0.4),
Ay = (0.3,0.5,0.7) va A3 = (0.6,0.7,1,1) dai dién cho cac thuat ngit “Thap”, “Trung
binh”, “Cao” va sit dung hai s6 md B; = (0,0.3,0.6) vd By = (0.4,0.7,1.0) dé xac dinh

trang thai dau ra. Muc tiéu ctia chiing ta 13 két hgp cac dau vao cho 6 dang bién ngon ngit
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vé mat do nat nhiém méa doc va tdc do truyen dit lieu dé xac dinh dau ra nat sé thuoc
ngan Mang ma doc loai 1 hay Mang ma doc loai 2 (xem Hinh [3.3).

Hinh 3.3: Tap md cho cac bién ngon ngit “Thap”, “Trung binh”, “Cao”

Dit 2 biéu thi cho mat do ctia nat lan truyén ma doc, y biéu thi cho téc do truyen dit
lieu clia mang va z biéu thi cho trang thai dau ra ctia méi quy tic. Do z, y tuong tng sé
nhan cac gia tri cho béi cac bién ngon ngit “Thap”, “Trung binh”, “Cao” nén luan an xay
dung hé mé Mamdani (MISO - multi input single output) dé xac dinh dau ra véi 9 luat

nhu sau:
Luat 1: Néu x “THAP” va Y “THAP” thi 2 thuoc trang thai E;.
Luat 2: Néu x “THAP” va y “TRUNG BINH” thi z thuoc trang thai E;.
Luat 3: Néu z “TRUNG BINH” va y “THAP” thi » thuoc trang thai E;.
Luat 4: Néu z “TRUNG BINH” va y “TRUNG BINH” thi z thuoc trang thai E,.
Luat 5: Néu x “THAP” va y “CAQO” thi z thudc trang thai Es.
Luat 6: Néu x “TRUNG BINH” va y “CAQO” thi z thuoc trang thai Es.
Luat 7: Néu z “CAO” va y “THAP” thi 2 thuoc trang thai Es.
Luat 8: Néu z “CAO” va y “TRUNG BINH” thi z thuoc trang thai Es.
Luat 9: Néu x “CAO” va y “CAO” thi z thuoc trang thai E,.
Sau day, luan an sé dya vao co s6 luat ms cho nhu trén dé minh hoa uwéc lugng tham
s6 lan truyén M,:
Vi du 3.1. Gia sit ring mat do nut lan truyén ma doc trong mang uéc lugng khodng
35%, tic 1a chon xy = 0.35, va toc do chuyén trang thai ctia mang dat 65% t6c do truyen
dit lieu t6i da (khoang 100 Mbps), tiic 1a chon yo = 0.65. Do manh (“firing strength”) clia
cac luat mo tinh bdi (tham khao [92, Thuat toan 7.27)):
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=0 f, = 0.365 A 0.57 = 0.365 fa=0
fi=037TA0.57=0.37 f5 = 0.365 A 0.665 = 0.365 fe = 0.37 A 0.665 = 0.37
fr=0 fs=0 fo=0.

Khi d6, dau ra ciia hé suy luan md c¢é thé nhan duge béi phép toan

4

C(z) = [\/(fz A Bi(2))

i=1

\ [\/(fz A Bsy(z2))

1=5

v6i bidu dién hinh hoc cho béi Hinh [3.4]

Membership functio
9}
,\\

Hinh 3.4: Dau ra ctia hé suy luan mo

Ham thuoc ctia dau ra C(z) cho nhu sau:

(10 .
?Z neu 0 < z <0.1095
0.365 néu 0.1095 < z < 0.427
—5z + g néu 0.427 < z < 0.46
10 4 /
Clz) = 3773 néu 0.46 < z < 0.511
0.37 néu 0.511 < 2z < 0.889
1 1 /
——Oz + —O neu 0.889 < 2 <1
3 3
0 néu ngudc lai.

\
Cudi cuing, bang cach ap dung phuong phép giai mo trong tam (“COG-center of gravity”,
tham khao [92, trang 107]), tham s6 M, dudc cho béi

M, = ( /0 1 zC(z)dz> ( /0 1 C(z)dz> T 0638,
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Dé thuan tién cho viéc theo déi, luan an tong két cac tham sb stt dung trong mo hinh
lan truyén ma doc SE;E,IQR phan thi dya trén mang trong Bang .

Bang 3.1: C4c tham s6 sit dung trong mo hinh lan truyén ma doc SE;E2IQR

Tham s6 Mo ta Don vi
A(k) Téc do ntt mdi tham gia mang PUT
c Téc do cach ly clia nit lan truyén méa doc PUT
u Téc do nit rdi mang do can ning luong PUT
o1(k) Téc do chuyén trang thai tit man cam sang mang ma doc loai 1 PUT
oo (k) Téc do chuyén trang thai tit man cdm sang mang méa doc loai 2 PUT
w1 Toc do cach ly ctia ntit mang ma doc loai 1 PUT
wWa Téc do cach ly ctia ntit mang ma doc loai 2 PUT
w3 Téc do nit mang ma doc loai 2 thanh nit lan truyén ma doc PUT
0 Toc do trd lai trang thai man cAm clia nit hoi phuc PUT
r Téc do hoi phuc ciia nit lan truyén ma doc PUT
ro Téc do hoi phuc ctia nut dude cach ly PUT
n Téc do chuyén trang thai tit mang méa doc loai 1 sang mang PUT

ma doc loai 2

(PUT: trén don vi thoi gian)

Theo Iuge do trong Hinh va tham s6 trong Bang cac tuong tac gitta sau ngan

nay dugc mo ta nhu sau:
(r1) Toc do cac nit méi tham gia vao mang c¢6 bac k duge cho béi A(k).

(r2) Mot nit cdm bién ciing c6 thé dang xuat khoi mang véi téc do tu nhien y do can

nang luong.

(r3) Khi cac phan mém doc hai xuat hién trén mang, mot nit man cam bac k c6 thé bi
nhiém ma doc bdi cac nut lan truyén ma doc lan can. Tuy nhién, nit man cdm nay
sé khong tré thanh nit lan truyén ma doc ngay lap ttc ma chuyén sang mot trong
cac trang thai mang ma doc (E;) hodc (Ey). N6 tré thanh nit mang ma doc loai 1
véi toc do oy(k), trong khi néu mat do ciia cac nit lan truyén ma doc lan can dat
dén ngudng (dugc xac dinh bdi quy tadc md), n6 sé chuyén sang trang thai mang ma

doc loai 2 v6i toc do oy(k).

(r4) Mot nit mang ma doc loai 1 sé chuyén sang trang thai mang méa doc loai 2 (Ey) véi
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toc do m néu s6 luong nat lan truyén ma doc lan can clia nit nay dat dén ngudng

duge xac dinh béi quy tac mo.

(r5) Nho st dung cac chuong trinh phéat hién ma doc, cac nit mang ma doc sé duge céch
ly khéi mang va chuyén sang trang thai cach ly (Q) véi tdc do lan lugt 1a wy va wy.

(r6) Moi nit mang ma doc loai 2 duge gia st ¢6 kha niang trd thanh lan truyén ma doc

v6i toc do ws.

(r7) Cac chuong trinh phat hién ma doc tim ra nguon lan truyen ma doc va chuyén ching

ra khéi mang véi toc do c¢. Cac nut nay sau d6 duge dua veé trang thai cach ly.
(r8) Moi nit ¢ trang thai (Q) duge mién dich tam thoi va duge phuc hoi véi toc do rs.

(r9) Véi hoat dong ciia cac chuong trinh chong phan mém doc hai, mdi niat lan truyén
ma doc duge phuc hoi vé6i tdc do r;. Ngoai ra, moi nit cam bién hoi phuc c6 mot

toc do 0 trd lai thanh nit man cam.

Drta vao cac lap luan va gid sit trén, luan an thiét lap mo hinh toan hoc mo ta sy lan
truyén phan mém doc hai gitta sdu ngan (S), (E;), (Eg), (I), (Q) va (R) trong mang cim
bién khong day. Mot 16p mo hinh lan truyén ma doc lien quan xem xét xay duyng mo hinh
héa cho sit lan truyén tin gid trén mang phitc hop khong dong nhat véi hai ngan phoi
nhiém va logic m¢ dugce gisi thieu béi Hosseini va Zandvakili [8]. Tuy nhién, mo hinh nay
tiép can duya trén viéc stt dung mo hinh phuong trinh vi phan thuong va co sé luat mo
duge xay dung ¢ day van kha téng quat. Them vao d6, v6i muc tieu thé hien tinh khong
dia phuong va tinh nhé ctia qué trinh khuéch tan dit lieu, luan an stt dung dao ham phan
tht Caputo dé thiét lap mot mo hinh phuong trinh vi phan ¢ 16n, goi 1a mo hinh lan
truyen ma doc SE;E;IQR phan thi dya trén mang, cho qué trinh lan truyén phan mém
doc hai. Cu thé, véi méi k = 1,n, luan an xét hé phuong trinh vi phan phan thit sau:

(§D75u(1) = A(k) — (00 (k) + 02(K)) Sx()O(t) — pSk(t) + ORy (1)
§D/Eun(t) = o1(k)Sk(t)O(t) — (0 + w1 + ) Era(t)
)©

(t) = (p+ w2 +ws) Eop(t) +nE1(t)

(
Cc\B =0y &
§D; Eai(t) = oa(k)Sk(t (3.1)
)

§O/Iu(t) = wsBay(t) — (u+c+r) (D)
§DIQu(t) = wiBia(t) + weBai(t) + cli(t) — (ra + 1) Qi(t)

SD/Re(t) = ridi(t) +12Qu(t) — (1 + O)Ry(1),

\
v6i dieu kien ban dau

Sk(0> = Sl[c)a El,k(o) = E?,k:a EZ,k(O) = Eg,k? [k(o) = 118, Qk(o) = Q%: Rk(o) = Rgv (3'2)
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trong d6 oy (k),oo(k) 1an lugt 1a téc do nhiém ma doc phu thudc bac cta nut cho béi
o1(k) = o1k, o2(k) = ook. Ngoai ra, luan an gia sit rang s6 nit bac k£ ban dau théa man
Ni{0) = Su(0) + Bra(0) + Eaa(0) + 1(0) + Qu0) + Ral0) = 00 (33)

Cong vé sau phuong trinh vi phan phan thit ctia he , ching ta thu dugc
§D] Ni(t) = A(k) — pNi(t), (3.4)

trong d6 Ny = Si + Ev i + Eop + I, + Qi + Ry Ap dung bién déi Laplace cho phuong
trinh (3.4), ta c6

Ak
" L{NW(t)}(s) — "I N(0) = i = pL{ N ()} (s),
h d LN )+ AT e 46, p dung bié
¢ 5i 1)} (s) = . Tiép d6, 4 ié
ay tuong duong véi Z{Ny(t)}(s) p (0)+ p iép do6, ap dung bién

ddi Laplace ngugc va sit dung (3.3), ching ta nhan duge

30) = MV ) + AR ().

Ap dung Bo dé Voi f1 =0, fo=1va z = —utﬁ, ching ta nhan dugce

Alk) A(k) Alk)

Nk<t) = Eﬂ(—/ﬁtﬁ) + T |:1 - E@l(—utﬂ)] = = bk

Ham O(¢) 1a dai dien cho xac sudt ma mot lien két cho trude két ndi véi mot nat lan
truyen méa doc va cho béi dang tdng quat sau:
M, < v(i
o(t) = Mo 5~ "Wpgy ),

) =

trong do P(4) la xéac suat dé mot nit duge chon ngau nhién c¢é bac i, (n) = Z ilP(i) biéu
i=1

thi cho bac két ndi trung binh ctia mang, M, € [0,1] 14 tham s6 dau ra ctia he MISO
duge suy ra tit cac luat mo cho bién ngon ngtt ¢, ham v(i) = ¢ dai dien cho s6 lugng lien
két trung binh ma mot nit lan truyén ma doc bac i sé lan truyén phan mém doc hai dén
cac nat khac. Them vao do, dé dam bao sb luong niat cho mang hoat dong binh thuong,

luan &n gia st rang A(i) > p v6i moi ¢ = 1, n.

3.2. Tinh chit dinh tinh ctia md hinh

3.2.1. Sy ton tai tap bat bién dwong

Ky hiéu
x’“<t>=(E1,k<t) Eyr(t) Lu(t) Sk(t) Qu(t) Rk(t)>T k=1,2,...,n,
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fi(x"(t)) o1(k)Sk(t)O(t) — (n + w1 + p) B k(1)

fa(xF (1)) oo (k)Sk(t)O(t) — ( + w2 + w3) Eak(t) + 0k x(t)
FO(E) = Fs(xE() | _ wy B k(t) = (p + ¢+ 1) I (1) |

fa(xF(t)) A(k) — (o1(k) + 02(k)) Sk(t)O(t) — Sk (t) + O Ry(t)

f5(xF(t)) w1 B g (t) + wa ko (1) + clip(t) — (1o + 1) Qr (%)

fo(x"(t)) rily(t) + r2Qu(t) — (p + 0) Ri(t)

Fx(t) = (1) FEW0) - 1))

Muc nay bat dau v6i két qua vé si ton tai duy nhat nghiém khong am va tap bat bién

duong cho mo hinh lan truyén ma doc SE;E;IQR. Trudce tién, xét bang ky hiéu sau:

Bang 3.2: Bang cac tham s6 trong Muc 3.2

Ky hiéu Gia tri Ky hiéu Gia tri

b A,(f ) oy w1+t

a2 wo + w3+ u a3 ro+ [

oy w0 as ri+c+p

ag g noi(k) + aroa(k) ar g a0 (k)wr + asoe pwe + cogag kw3

Dinh ly 3.1. Gid si rang

vdi moi k = 1,n. Khi dé, mo hinh lan truyén ma doc SE, E>IQR phan thit dwa trén mang
vdi diéu kién ban dau x(0) théa man luon cé nghiem khong am duy nhat x(t) va

ham ©(t) duong vdi moit > 0. Hon nia, tap
St={x(t) e R} : Sy + Erp+ Eap + Iy + Qp + Ry = by, k=1,n}.
la mot tap bat bién duong ciia moé hinh lan truyén ma doc dé zuat.

Chiing minh. Viéc chiing minh dinh 1y nay dugc chia thanh cac budc nhu sau:
(Su toén tai vA duy nhéat). Véi mdi k = 1,7, hé con 1) clia mo hinh lan truyén ma

doc SE,E,;IQR phan thtt dua trén mang cé thé viét lai nhu sau:

FD)xM(t) = f(x"(t)),
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v6i diéu kien ban dau x*(0) = xF. Khi d6, ma tran Jacobi ctia ham vecto f(x*(t)) cho bdi

—ai 0 W&g(ﬂ —0o1(k)O(t) 0 0
—ay RS, () —ox(K)O(?) 00
of) | 0w —as ’ b
k - —(o (< qV
. 0 0 olie@MWROG ) —(0)(k)+oa(k)O(E) 0 6
o sy _c 0 —Q3 0
0 0 71 0 .
of(x")

V6i moi ¢ > 0, ham la ham ma tran lién tuc trén Ri va do do, theo Nhan xét

k
1.2.1 trong [111], ta sug}ia ham f(x*(¢)) théa man diéu kién Lipschitz dia phuong trén
RS . Cudi cung, 4p dung [111, Dinh ly 1.3.1] va [111, Dinh ly 1.4.1], ching ta suy ra bai
toan Cauchy - c6 duy nhat nghiem x*(¢) véi méi x§ thdéa man (3.5).

(Tinh khéng am). Gid st phan chitng v6i k € {1,...,n}, ton tai mot thoi diém to > 0
sao cho Sk(tg) = 0, Sk(t) > 0 v6i moi 0 < t <ty va Sk(t) < 0 véi t > ty. Khi do, ching ta
xét, cac truong hgp sau:

Trudng hop 1: Gia st ring ham I(t) > 0 v6i moi ¢ > 0. Khi d6, ching ta xét céc

phuong trinh vi phan phan thit sau:

COUE) k() = —an By i(t) + 01(k)Sk(1)O(t)
§D] Eao(t) = —anBa(t) + 02(k)Sk(t)O(t) + nEu(t) (3.6)
§D/Qu(t) = —asQu(t) + wi B j(t) + waBai(t) + cIi(t)
COPR(t) = —auRe(t) + riLi(t) + rQu(t).
Tt tinh khong am cia Sy (¢) va I,(t) tren doan [0, ], ta c6

g@tﬁELk(t) = —OélEl,k(t) —+ 01(]€)Sk(t)@(t) 2 _alEl,k(t)-

Bing cach 4p dung nguyén Iy so sanh nghiem (xem [53, Bd dé 10]), ta suy ra By x(t) >
E1(0)Eg (—aqt?) > 0 v6i moi ¢ € [0, to]. Didu nay kéo theo

COUEy i (t) = —aa By () + 02(k) Sk (£)O(t) + nEyk(t) > —asFy (1),

va do d6, Ey(t) > Eyi(0)Eg (—ozztﬂ) > 0 véi moi t € [0,tg]. Tuong tu, ta ciing c¢6 céac
ham Q(t) va Ry(t) khong am trén doan [0,%]. Them vao do, tai thoi diém t = ¢, ching
ta nhan duge DSk (t)]i—t,= A(k) + wRy(t) > 0. Do do, tit BS dé , ching ta suy ra
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ton tai lan can (ty — €, to + o) ctia diém ¢ v6i g > 0 dit nhd sao cho Si(t) > Si.(0) > 0.
Diéu nay mau thudn véi gid stt phan chiing.

Trudng hgp 2: Néu ton tai thoi diem ¢; > 0 va mot s6 €; > 0 sao cho I(t;) = 0,
I(t) > 0 v6i moi t € (0,t1) va I(t) < 0 v6i moi t € (t1,t; +¢&;) thi chitng minh cta trusng
hop nay duge tién hanh bang cich xét cac truong hop sau:

Trudng hop 2.1: Néu t; > t, thi bang lap luan tuong ty nhu Trudng hdp 1, ching

ta c6 thé ching minh ring cac ham trang thai Ey x(t), Eap(t) I(t), Qr(t) va Ry(t) déu
khong am trén [0,¢;] va Si(to + £0) > 0. Diéu nay dan dén mau thuan.

Trudng hgp 2.2: Néu t; < t, thi do gid thiét Si,(t) > 0 v6i moi t € [0,4,), ta suy ra

S(t) > 0 v6i moi t € [0,¢;]. Ngoai ra, do gia sit ¢6 phan mém doc hai tréen mang nén luon
ton tai it nhat mot kg € {1,2,...,n} sao cho I, (0) > 0. Ké hop diéu kien va I,(0) > 0
v6i moi k = 1,7, ta suy ra ©(0) > 0. Phuong trinh thit tu ctia he (3.1) dan téi

70100 = 124 5 HB(0) [oaaa(t) - aslh(0)] = —aa it S VB = —as(1).

Theo nguyén 1y so sanh nghiem, ta c6 O(t) > O(0)Es(—ast?) > 0 v6i moi t > 0. Sau do,
ap dung [39, Vi du 4.9], phuong trinh vi phan thit nhat ctia he (3.6) tré thanh
"Epp (—au(t —7)%)

El’k(t> = E?’kEg (—Oéltﬂ) + /0 (t — 7—)1—5 Ul(k)sk(T)@(T)dT

Do d6, Eyx(t) > 0 v6i moi t € [0,¢;]. Lap luan tuong tu, ta ciing c¢6

t —Q(l — T B
Eyi(t) = Eg,k]EB (—ast?) + /0 B ((t — T()tlﬁ ’) [02(k)Sk(T)O(T) + nEy k(7)) dr,

va Vi vay, Ea(t) > 0 v6i moi t € [0,¢]. Tai thoi diém ¢ = ¢;, chiing ta nhan dugde
COP T (1) 1=, = wsFox(t1) — asli(ty) = wsFox(ty) > 0.

Do d6, c6 thé chon 0 < £; < 1 sao cho trong lan can (¢, — &1, + ;) clia diém ¢, chiing
ta nhan duge Ii(t) > I;;(0) > 0 v6i moi t € (t; — €1,t; + £1). Diéu nay mau thuan véi gia
stt phén chiing. Nhu vay, chiing ta da chi ra rang Si(t) luon duong véi moi ¢ > 0. Cudi
cling, bang lap luan tuong tu, ching ta ciing c6 thé chiing minh rang cdc ham Ej 4 (),
Fox(t), Ix(t), Qx(t), Re(t) déu khong am v6i moi ¢ > 0. Tém lai, mo hinh lan truyén ma
doc SE;E;IQR phan thtt dya trén mang vé6i diéu kien ban dau x(0) théa man luon

¢6 duy nhéat nghiem x(¢) € RY" va ham ©(t) > 0 v6i moi ¢ > 0.
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(Tap bat bién duong). Tiép theo, chiing ta chitng minh tap X* la tap bat bién duong
d6i v6i mo hinh lan truyeén ma doc SE;E,IQR phan thit dya trén mang. Dé thay rang
dieu kien ban dau x(0) théa man rang budc va do d6, x*(0) € XT. Sau d6, bing
cach cong vé sau phuong trinh vi phan phan thit ctia he , chung ta thu dugc

§ DY Ni(t) = A(k) — uNi(t),
hay tuong du’ong voi Nk(t) = Sk (t) -+ El,kz(t) + E27k(t) + 1, (t) + Qk(t) + Ry, (t) = b, v6i moi

k=1,nvat>0. Két hop v6i tinh khong am ctia nghiém x(t), ching ta suy ra 37 1a tap
bat bién duong ciia mo6 hinh lan truyén ma doc SE;E;IQR phan thit dya trén mang. [

3.2.2. Chi s6 ngudng lan truyén R, va cdc trang thdi can bang

Mot van dé quan trong khi nghién cttu cdc mo hinh lan truyén méa doc dya trén mang
la xac dinh liéu rang mang c6 thé an toan trudc sy tan cong clia cac dbi tugng doc hai.
V6i muc dich nay, luan an sé thao luan vé tinh 6n dinh tiém can ciia cac trang can bing
ctia mo6 hinh lan truyén ma doc dé xuat bao gom trang thai can bang khong c6 ma doc
va trang thai can bang dic httu. Cha ¥ rang cac trang thai can bang dude xac dinh béi
hé phuong trinh sau:

A(k) = (o1(k) + 0a(k)) Sk(t)O(t) — uSk(t) + ORk(t) = 0
o1(k)Sk(t)O(t) — (n +wi + p) By x(t) =0
02(k)Sk(t)O(t) — (1 + w2 + ws) By p(t) + nE1x(t) =0

LU3E2 k(t

(3.7)
)—(n+c+r)(t)=0
W1 B (t) + wo By i (t) + cli(t) — (r2 + 1) Qr(t) =
(71 1k(t) + r2Q(t) — (1 + 0) Ry(t) = 0.

Dé thay rang & trang thai can bang khong c6 ma doc, do ching ta ky vong khong c6 ma

doc trén mang nén by, = Fyp = I, = 0 v6i moi k = 1,n. Do d6, mo hinh lan truyén
ma doc SE;E,IQR phan thit dua trén mang c6 trang thai can bang khong c6 ma doc duy
nhat P, cho béi

P, = (0,0,0,b,,0,0,...,0,0,0,b,,0,0).

~
6n

Tiép theo, stt dung phuong phap ma tran thé he tiép theo (tham khéo [112] va Phu luc),
luan an sé xac dinh dude chi s6 ngudng lan truyén 9, ctia mo hinh lan truyén ma doc
SEE2IQR phan thit dita trén mang. That vay, su lan truyén ma doc trong mo hinh lan

truyén ma doc dé xuat c6 cac dic trung sau:
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e Chi ¢6 ba ngan gay lan truyén ma doc trong mo hinh lan truyén ma doc dé xuat,
d6 1a ngdn mang ma doc loai 1 (E;), mang ma doc loai 2 (E;) va Lan truyén ma
doc (I).

e Su chuyeén dich céc nit tit cac ngin mang ma doc sang ngan lan truyén ma doc hoic

gitta hai ngin mang ma doc chi 1a sy di chuyén ctia cac nit nhiém ma doc.

V6i cac gid st trén, ta c6 s6 hang thém va s6 hang mat tng v6i mo hinh lan truyén ma

doc deé xuat duge cho nhu sau:

e S6 hang them: (al(kr)Sk(t)@(t) o2(k)Sk(t)O(1) O)T.

-
e SO hang mat: (alEl,k —T]ELk(t) + OéQEQ’k(t> —(,U3E27k(t) + Oé5Ik<t>> .
Sau d6, chi s6 ngudng lan truyén R, duge xac dinh nhu sau:

Budc 1: Ma tran ty lé F cho sy xuat hién ctia ntit mang ma doc méi tai Py cho béi

0, 0, O,
F=|0, 0, 0,],
0'18 O'QB @n
1
M
tong d6 B= 7 | (”21”1?(1) ”222)1@(2) ”gj)P(n)) va v(k) = k

nop

V= ©n agﬂn —C«J3]In
@n @n a5]1n

Buéc 3: Chi s6 ngudng lan truyén JRy clia mo hinh lan truyén ma doc SE;E;IQR phan
thit dira trén mang 1 gia tri rieng thiyc 16n nhat ctia F - V7!, trong d6

0, 0, 0,
.yt | 0, O, O,
o B noy + 041028 ws(noy + aq03)
! [e51e%) 10y

B

Khi d6, ching ta tim dugce chi s6 ngudng lan truyén 2Ry nhu sau:

%, — M, z": K*P(k)ws(noy + anos) _ wsMy(noy + a102)<n2)’ (3.8)

(n) P eRYeb 1] ayaaas(n)

trong d6 (n?) = Z E°P(k).
k=1
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Nhan xét 3.1. Dé xac dinh gia tri riéng ctia ma tran F - V™!, ky hieu

_ _ No1+ oo, _ w3(noy + a109)
V1 = 01 Vo —= — V3 =
Q12 Q1 o (s
a=720(0 0 0 e 0 by % b))
=Ty (0 00 0 b 2y b,
b v 1P(1) vinP(n) v 1P(1) vanlP(n)  wv31P(1) vsnlP(n) !
B by by by b, b, b, )

Khi d6, ma tran F - V! ¢6 thé viét lai nhu sau F- V' =a-b'. Thém vao d6, dé thay
rang F - V! 1a ma tran suy bién nén né cé gia tri rieng A = 0. Gia st riing \ 1a gia tri

rieng khac 0 ctia ma tran F - V=1, Khi do6, ton tai vecto v € R3" \ {0} sao cho
(a-bT) SV = AV.

Theo tinh chat két hop ciia phép nhan vecto, dang thic trén tuong duong véi
a- (bT-v) = \v.

Chi ¥ rdng do b' - v 14 mot vo huéng va hién nhién rang A ciing la dai luong vo hudng

nén v cung phuong véi a. Do do, ta ¢6

tuong duong véi a (A —b' -a) = 0. Mat khac, vi a € R* \ {0} nén déng thic nay dan

_ L - M, & )
t6i X =b" -a. Hon nita, dé thay ring gid tri A =b" -a= 2 " v3k’P(k) la vét ciia ma
k=1

(n)

tran F - V! va ciing la gid tri rieng 16n nhat cia ma tran nay.

Nhan xét 3.2. Theo cong thitc (3.8), dé thiy ring chi s ngudng lan truyén %R, khong
phu thudc viao tdc do nit tham gia mang A(k), nghia la sut thay ddi tdc do nit tham gia
mang khong déng bat ci vai tro nao doéi véi sy lay lan phan mém doc hai. Tuy nhién,

2
P . £ X £ 2 n . N 19 s
chi s0 ngudng Ry ty lé thuan véi hé so khong dong nhat clia mang ﬁ, tic 1a tang tinh
n

khong dong nhat clia mang c6 thé lam cho cidc phan mém doc hai phat tan nhanh hon

tréen he thong mang.
Tiép theo, ching ta ky hieu A, = M kP (k) azasae jws, Ay = aqagazagas va

Al,k = W3 (a30é4066,k + T10530é6,k> + (063044065@67/& + Q4 Q7 | + 0620630é40450'1(]{3) + 7’20[7,k)

= w3agr + Qg k.
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trong do cac tham s6 agy va agy cho boi

Qg = Q3Q4Q | + 10306 |

Qg = Q3040506 ) + oy i + oazauasor (k) + roar .

Dinh ly 3.2. Néu chi so ngudng lan truyén Ry > 1 thi mo hinh lan truyén ma doc

SEFE>IQR phan thit dua trén mang cé mot trang thdi can bing ddac hitu duy nhat cho bdi

P, = (EilaE;,l’If’SikaQ;RT?"'aEimE* I, 5:17@27}3;)7

2,n Tn

trong do

Q100 0620450'1(]%’) (0731 a7 L

* * * * * * * ) *

Sk = —@*Ika El,k: - —Ikv 2k — _Ikv Qk = —Ikn (3-9)
W3O i W3 w3 w3306
n .
. 0306 w3 + oy o, . M, U e s brasayag w3 OF
Q30400 | W3 (n) = b; (waask + g ) OF + Ay

Claing minh. D@ thay rang bo toa do (E7, By, I, Sk, Qf, Ry) clia trang thai can bang

dac hitu 1a nghiem khong tam thuong ctia hé phuong trinh dai s6 (3.7) v6i moi k = T, n.

Khi d6, tit phuong trinh thit tu cia he 1; ching ta suy ra By, — Z—zf,;‘. Tiép theo,

bang cach két hgp phuong trinh thi hai va thit ba ciia he , ching ta nhan duge
asas0 (k) . aso(k)

Ef, = [=—"""77*
B Janoa (k) + mo (k) ws " agpwsz

Do d6, bang cach thé Ef, vao phuong trinh thit hai, chiing ta nhan dugc

aq «

g — _ (505107 T
k 0’1(]{3)@* Lk a67kw3@* k

Tit hai phuong trinh cubi ctia hé (3.7), ching ta nhan duge

Qr = 20501 (k)wr + asae pwa + casog pws I — Qg g I
k= k= k
Q30lg ;W3 Q3006 W3
. TQ3QgpW3 + To0i7 g
Q300400 | W3

Cudi cuing, bang cach thé cac sé hang Sy, E7,, FX,, I, Qf va R} vao phuong trinh thi
g g g Ok L ks Lo gy Ly Wi k p g
nhat, ching ta xac dinh duge gia tri ctia I} nhu sau:
kaé30Z4O./67k(,U3@*

I = . (3.10)
(wsag + ag i) OF + As

Tit déng thic (3.10)), ching ta nhan duge phuong trinh ty nhit quan sau:

o_ Lty 40 (3.11)
(n) = A1xO + Ay
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D@ thay ring © = 0 luon la mot nghiém ctia phuong trinh ty nhat quan (3.11). Muc tieu
ctia chiing ta 1a x4c dinh diéu kién dé phuong trinh tit nhat quan (3.11) c6 nghiém khong

tam thuong ©*. Véi muc dich nay, xét ham

1 & A
FO)=1-—— —_— © € [0,1].
< ) £ Z A1 xO+ Ay
A M kP .
Do — < kP (k) @540y = M,kP(k) va F(O) la ham s6 lién tuc trén [0, 1] nén
A Q304006 | W3
ching ta nhan dugce
I < Ay 1 Ay, M,
F(1)=1-—— _— - —-— — kIP’(k;) > 0.
<n>;A1,k+A2 (n) ;A < ) 1

dr(®) 1 . ArAyy,
do (n > (Al KO + A2)
dong bién tren (0,1). Do d6, theo dinh 1y gia tm trung gian, phuong trinh F(©) = 0 ¢6

Ngoai ra, v6i moéi © € [0, 1], ta c¢6 > 0, tic la ham F(O©)

mot nghiem duong duy nhat ©* € (0,1) néu F(0) < 0, hay tuong duong vdi

n

RS - ﬂ _ %Zkzmk [no1 + ayo9) ws 1

(n) = A, (n) P g Qs

Bat dang thitc trén dan t6i chi s6 ngudng Ro théa man Ry > 1. Khi do, tit nghiem duong
duy nhat ©* ctia phuong trinh ty nhat quan , chiing ta sé tim dugc trang thai can
bang dac hitu duy nhat P, ctia mo hinh lan truyén ma doc SE;E,IQR phan thi dya trén
mang xéac dinh béi cong thrc (3.9). O

3.2.8. Ddng diéu tiém can cia diém can bing khéng cé6 ma doéc P,

Trong phan nay, luan an thao luan vé dang diéu tiém can ctia mo hinh lan truyén ma
doc dé xuat. Dau tién, luan 4n nghién citu mo6i quan hé gitta chi s6 ngudng lan truyen Ry

va st 6n dinh tiém can dia phuong ciia trang thai can bang Py:
Dinh 1y 3.3. Cdc ménh dé sau ding:

(i) Néu Ry > 1 thi trang thdi can bang khong cé ma doc Py khong on dinh.

O'QMq <7’L2>
(n)

(ii) NéuRo < 1 va ajan + aras + asas > thi trang thdi can bang khong cé ma

doc Py on dinh tiém can dia phuong.

. oo M, (n? ,
(iii) Néeu Ry < 1 va aqas + ajas + asas < LH thi su on dinh cia trang thdi can

- (n)

bang khong cé6 ma doc phu thudc vao gid tri cia cdc tham so va bac phan thi 3.
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Chiing minh. Dé khao sat tinh on dinh tiém can dia phuong ciia trang thai can bang
khong c6 ma doc Py, luan an sé ap dung phuong phap tuyén tinh héa quanh diém can
bang Py. That vay, xét ma tran Jacobi J(Pg) ctia mo hinh lan truyén ma doc SE;E,IQR

phan thit dya trén mang tai trang thai can bang Py nhu sau:

Mll M12 e Mln

M21 M22 M2n
J(Po) =

Mnl Mn2 Mnn

6nx6n

trong dé v6i moi 4, j = 1,n, cac ma tran vuong M;;, M;; xac dinh nhu sau:

—ay 0 Mgl20 000
. M,02i%P(i)
i Q9 — 0 0 0
M W3 071 0 0 0
i = o1+o2 i2P(4
0 0 _W —u 0 0
w1 Wo c 0 —a3 O
0 0 71 0 Te  —Qy
00 (WMerEO g g g
b; M,02i%P(4)
00 B e 0 00
00 0 000
M;; = b; My (o1+02)i2P(3)
0 0 —+— gi("; 000
00 0 000
00 0 0 0O

Theo [52, Dinh ly 7.20], trang thai can bing khong c6 ma doc Py on dinh tiém can dia
phuong khi va chi khi

)arg<Xj>‘>%”, i=1,2,... 6n.

Vi vay, nhiém vu ctia chiing ta bay gio 1a xac dinh tat ca cac nghiem S\j cua phuong trinh
ddc trung Pg,(X) = 0 tng véi ma tran Jacobi J(Py). That vay, bing cach sit dung nguyen
I quy nap, ching ta thu dugc

Pon(A) = (A + )" (A + ag)" (A + )" (A + a)" " (A + a2)" (A + a5)"'P3(N),
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trong d6 P3(A) la da thitc bac ba cho béi

02]\2[(1;712) 5 a1a2a5w3Mq(nal + ay09)(n?)
n

- ~ oo M, (n?
=N+ (g + g+ as) A\ + (a1a2 + oy + agas — Q#W

Dé thay réng tap nghiém ctia phuong trinh dac trung Pg,(A) = 0 bao gom ba nghiem

P3(A) = (A + ar)(A + ao) (A + as) — s (n)

) 5\ + 061062065(1 — %0)

thuc am \ = —Quy, \ = —as, A\ = —p vOi cung boi n va cac nghiém thuce am \ = —ayq,
) = —Qu, A = —as Vi cung boi n — 1. Thém vao do6, do 6n — 3 gia tri riéng S\j déu 1

s6 thyc am nén |arg (5\]>’ = > %T v6i moi j = 1,6n — 3 va 8 € (0,1). Do dé6, tinh 6n

dinh ctia trang thai can bang dic hitu Py phu thuoc hoan toan vao nghiém clia phuong
trinh bac ba Pg(\) = 0. Dé don gian, ky hiéu

oo M, (n?

(n)

ag = a1a2a5(1 - %0), a1 = Qg + A Q5 + Qo — , g = (1 + Qg + as.

Tiép theo, chiing ta xét cac truong hop sau:

Trudng hop 1: Néu QR > 1 thi ching ta suy ra hé s6 ag < 0 va do d6, nghiém ctia phuong

trinh P3(A) = 0 sé thuoc vao mot trong cac kha nang sau: 3 nghiém duong, 1 nghiém

duwong va 2 nghiém phtec lién hgp hoac 2 nghiém am va 1 nghiém duong, tiic 1a ma tran

Jacobi J(Py) luon ¢6 it nhat mot gia tri rieng duong A* véi acgumen arg (56“) =0< %T

Do d6, trang thai can bing khong c¢6 méa doc Py khong on dinh.

Trudng hop 2: Néu Ry = 1 thi phuong trinh P3(\) = 0 trd thanh

~ |~ ~ M 2
A )\2 + (Oél + g + 015)/\ + (O[l(l/g + 10 + Aoy — O—qu§n>>:| =0.

Ching ta c6 thé thay ring phuong trinh trén luon c6 gia tri rieng bang 0 va do do, chiing
ta khong c6 két luan nao vé tinh 6n dinh ctia trang thai can biang khong c6 ma doc P.
Trudng hop 3: Néu Ry < 1 thi ching ta suy ra hé sd ag > 0 va do d6, cac nghiém clia
phuong trinh P5(A) = 0 s& thudc vao mot trong céc kha ning sau: 3 nghiém am, 1 nghiem
am va 2 nghiém phiic lién hgp hodc 2 nghiem duong va 1 nghiém am. Cha y rang phuong
trinh P’3(5\) = 322 + 2a9\ + a; = 0 ¢6 biét thiic duong. That vay, ta co
Uqu(n2>)

(n)
(o — )P+ (a1 —a5)* + (ag —a5)® | 3o My (n?)

2 (n)

A= (Oél + oo + Oé5>2 -3 (041042 + ajo5 + Qo —
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Truong hgp 3.1: Néu a; = 0 thi phuong trinh P4()\) = 0 c¢6 hai nghiem phan biet A =
) . -
2 < 0va A2 = 0. Tt Bang , vi ag > 0 nén phuong trinh P3(A) = 0 ¢6 mot nghiém

am duy nhat M* va hai nghiém phiic lién hgp.

A |—oo A A +oo

P4(3) - 0 — 0 -

P ()
Pa( ) / \ /
a

Bang 3.3: Bang bién thién cho phuong trinh P3(\) = 0 trong Trudng hop 3.1

Do d6, phuong trinh P3()\) = 0 ¢6 thé viét lai nhu sau:
(X - X*) (5\2 + (N +a)h+ N\ + ag)) =0.
Cht ¥ ring phuong trinh A2 + (5\* + ag)S\ + 5\*(5\* + az) = 0 ¢6 hai nghiém phiic lién hop

Ae1 VA Aeo niim trong goc phan ti thit nhat va thi tw. Hon nita, acgumen ciia ching thoa

arctan (\ / 3’/\’\%) ‘ Do d6, theo [52, Dinh 1y 7.20], trang thai can bang

khong c6 ma doc Py 1a
2 ~*
arctan (w /32 ’“2> ‘
T /\*—l—a,g

e on dinh tiém can néu B8 < =
——
arctan ( 32 a2) ’
A*4az

2 ~*
arctan (/33 =% )|
T )\*+a2

e khong 6n dinh néu g > =

arg()‘c,i)

man

2 Z 2
e on dinh neu g < —
T

Truong hop 3.2: Néu a; < 0 thi phuong trinh Pg(:\) = 32+ 2a9\ + a; = 0 ¢6 hai nghiem
thuc phan biet trai dau A < 0 va Ay > 0. Tiép theo, ching ta xét bang bién thien sau

(xem Béang |3.4)

A |—o0 M 0 Az + oo
P4(A) + 0 - 0+
Pa maa
P3(3) \,w /
Béang 3.4: Bang bién thién cho phuong trinh P3()\) = 0 trong Trudng hop 3.2
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Vi P3(0) = ap > 0 nén Bang [3.4] chi ra riing phuong trinh P3(\) = 0 luon c6 it nhat mot
nghiem thue am A* nho hon A;. Do d6, phuong trinh Pg(s\) = 0 ¢6 thé viét lai nhu sau:

(x - X*) [xQ F (V4 a2)h N+ an) Far] = 0.
Cht ¥ ring vi \* < 0, a; < 0 vA ao > 0 nén ta suy ra ring \* + as < 0. Khi d6, ta c6

e Néu Py = P3(5\2) < 0 thi phuong trinh Pg(S\) = 0 ¢6 mot nghiém am va hai
nghiem duong. Do dé, trang thai can bang khong c6 ma doc Py khong 6n dinh.

e Néu P3 iy = P3(5\2) > 0 thi phuong trinh P3(5\) = 0 ¢6 mot nghiém am \* va hai
nghiém phtic lien hop A1, A.s nim trén goc phan tu thi nhat va thi tw cia mit
phéng phitc. Hon nita, acgumen ctia chiing théa man

\/4661 — (5\>|< + az)(ag — 35\*)
5\* + Qg

arg(Ac.i)

= |arctan

Vi vay, trang thai can bang khong c6 ma doc Py

arctan V/4a1—(A*+az)(a2—33*)
5\*+a2 :

e on dinh tiém can néu B8 < =
T

arctan V/4a1—(A*+az)(a2a—33*)
N tap )

2 Z 2
e On dinh neu g < —
T

\/4a1—(:\*+a2)(a2—35\*)> '

. ) 2
e khong on dinh neu g > — |arctan ( e
T +a2

Truong hop 3.3: Néu a; > 0 thi phuong trinh P4(\) = 3A\% + 2a3)A + a; = 0 ¢6 hai nghiem
am phan biet A; vd Ao. Tiép theo, ta xét bang bién thien (xem Béang [3.5)

;\1 5\2 0 + oo

P4(A) + 0 - 0 -

-P:?.‘m.n.r‘ /

P3(A) \ / g

P,‘?':m.in.

Béang 3.5: Bang bién thién cho phuong trinh P3()\) = 0 trong Trudng hop 3.3

Do P3(0) = ag > 0 nén Bang 3.5 chi ra ring phuong trinh Ps(\) = 0 khong thé ¢6 nghiem

v6i phan thyc khong am néu a; > 0. Khi d6, ta xét hai truong hop sau:
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e Néu Pj3nax - P3min < 0 thi phuong trinh P3(5\) = 0 ¢6 ba nghiém am. Do do, trang

thai can bang khong c6 ma doc Py 6n dinh tiem can.

e Néu Pjax - Pgmin > 0 thi phuong trinh Ps(X) = 0 ¢6 mot nghiem am duy nhat va
hai nghiém phrc liéen hop 5\671 va 5\072 nam trong géc phan tu thit hai va thi ba cia

mat phang phitc. Do d6, acgumen ciia céc nghiém nay théa man

™
> = > —.

‘arg“) 27 2

Do d6, trang thai can bing khong c6 ma doc Py 6n dinh tiém can.
]

Nhan xét 3.3. Tit két qué ctia Dinh 1y [3.3] chiing ta thay ring diéu kien Ry < 1 la chua
dii dé loai bé hoan toan ma doc trén mang phitc hgp khong dong nhat va cac tham sé clia
mo hinh ciing déng vai tro quan trong trong su 6n dinh tiém can dia phuong ciia trang
thai can bang khong c6 ma doc Py.

Tiép theo, luan an thao luan vé mot van dé quan trong trong 1y thuyét dich té hoc

lien quan dang diéu tiém can toan cuc cia trang thai can bang khong c6 ma doc Py:

Dinh 1y 3.4. Néu gid tri nguéng

o w3My(oy + 09)(n?)

Ry = <1

asas(n)
thi trang thdi can bang khong cé ma doc Py ctia mo hinh lan truyén ma doc SE, EsIQR

phan thi dua trén mang on dinh tiem can toan cuc trén LT,

Ching minh. V6i moi k = 1, n, gia st x*(¢) 12 mot nghiém khong am ciia hé phuong trinh
vi phan phan thi 1; va xét mot phiém ham V : ¥* — R cho béi

Zbk ) {W0, (Sk) + Evge + Bog + I + Qi + Ry}

Theo Nhan xét va do tinh khong am ctia nghiem x*(¢), ching ta suy ra V(x(t)) la
ham kha vi, xac dinh khong am va duge goi 1a ham Lyapunov clia mo hinh lan truyén ma
doc dé xuat. Sau day, dé don gian, chiing ta sé luge bé bién thai gian ¢ trong cac an ham,
tiic 1a ching ta sé viét Sy thay vi Si(t). Khi d6, bang cich 1ay dao ham Caputo bac phan
thit ctia ham V(x(¢)) doc theo nghiém x(t) va sit dung Bo dé , ching ta nhan duge

UC@EV(X(Q) BRI _P(k)oogtﬂ (Sk — by, — by In (i:))
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oC@fEl,k + ggtBEZk + ocgf]k + ocgtﬂQk + ngRk>

S
=
S
e
S—

N

M,k b
< 2N (k) [(1 - —’“) SOPSk + SO (Br g+ Eog + In + Q + Rk)] :

n> 1 bk Sk
trong do
b b
(1= &) 52 = (1= 5 ) A0 = (01(8) + 0a(h) 516 ~ Sy + O]
bpA(k
= A(k) — (0’1([6) + UQ(k)) Sk@ — uSk + 9Rk — kS—]E)
biOR
+ by, (01(k) + 09(k)) © + puby — ks i (3.12)
k
COP (Fyp 4 Fog + I + Qu + Ry,) = (01(k) + 02(k)) Sx© — 0Ry,
— (B g+ Eoy + I, + Qr + Ry)

Két hop cac danh gia (3.12) va (3.13), ching ta nhan dugc

b
(1 - _k) §D7S) +§D) (Erv g+ Eop + I + Qr + Ry)

Sk
b (k bLOR
< (A = s = 2B ) BB b (ou(h) + a() ©.
St St
Chu ¥ rang véi mdi ¢t > 0 va x(t) € BT, ta ¢6
b A ( b
A(k) — Sy, — = ( )+ubk: 1— =2 ) (A(k) — uSy) < 0.
S S

Két hop cac danh gia trén, ta co

M, k
§OIV(x(1)) < Ty 2 3 PR) e (01(k) + 02(8)) © = ]
k=1
M n
= Ty 2 FB(R) (01(k) + 02(k) © = 6
k=1
— 00 [ B, — ﬂ)
W3 a5
Khi d6, §D7V (x(t)) < 0 néu %9?{0 K < 0, hay tuong duong véi
0 w3 (073
Ry < s - Hs < 1.

agas  (p+we +ws)(ry + e+ p)
Do d6, theo Dinh 1y [1.3] ching ta c6 thé két luan riing trang thai can bing khong c¢6 ma

doc Py 6n dinh tiem can toan cuc néu Ry < 1. O
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Nhan xét 3.4. Via; =n+ p+w; > n nén ta co
ws (o1(k) + oo(k)) oW (noy (k) + anoq(k))

Qo0ly Q1002005

Y

tite 1a Ry > Ro. Mat khac, theo Dinh 1y [3.4] do trang thai can bing khong c6 ma doc Py
on dinh tiém can toan cuc chi khi ?5%0 > 1 nén diéu kien Ry < 1 1a khong du dé loai bo

dich bénh trén mang phitc hop khong dong nhat.

3.2.4. Phan tich tinh ré nhanh

Trong cdc muc trude, luan 4n da chitng minh rang ring néu gia tri nguéng Ry < 1 thi
trang thai can bing khong ¢6 ma doc Py 1a 6n dinh tiém can dia phuong va trang thai
nay l1a khong o6n dinh néu gia tri nguéng Ry vuot qua 1. Tuy nhién, trong truong hop gia
tri ngudng MRy thay doi qua lai § gid tri 1, titc 1a trang thai can bang Py sé thay doi tit
ngudng on dinh tiém can dia phuong sang khong én dinh, ching ta chua cé két luan gi vé
ddc trung dang diéu ciia trang thai can bang nay. Trong 1y thuyét dinh tinh ctia cic he
dong luc, dé mo ta cac hién tugng mot sy thay doi nhé ciia tham sb ¢6 thé gay ra mot su
thay doi dot ngot trong dang dieu ctia mo hinh, ching ta tién hanh phan tich tinh chat

ré nhanh dia phuong ctia mo6 hinh bao gom tinh ré nhanh tién va ré nhanh lui.

Bt Bit)

Tn_u_lx thii EE

Trang thii EE on dinh

in dinh

i
v Trang thai EE
v khing on dinh

0.z Trang thii MFE Trang thai MFE z \ ¥ 4 MEE
ang ang . Trang thai MFE
7 o S Trang thii MFE ~ B A
an dinh khing an dinh g2 dinh LS s Khiing n dinh
02 04 6 (it 10 1.2 1.4 L6 T b1 0 2 0 0 i 14 L2 14 L 1% L
() (b)

Hinh 3.5: Minh hoa cho hién tugng ré nhanh: (a) Ré nhanh tién, (b) Ré nhanh lui

Trong muc nay, luan 4n sé thao luan vé hién tuong ré nhanh ctia mo6 hinh lan truyen

ma doc dé xuat xay ra khi %y = 1. Dinh 1y dudc phéat bi¢u nhu sau:

Dinh ly 3.5. Mo hinh lan truyén ma doc SE,E;IQR phan thit dua trén mang luon ré

nhdanh tién tai Ry = 1 vdi moi gid tri cia tham so.

Ching minh. Dé xac dinh huéng ctia duong cong ré nhanh, luan 4n xét dang dieu dia

phuong clia ngin lan truyén ma doc 1a mot ham cia JRy. Khi d6, huéng ré nhanh dugc
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xac dinh bdi dau cta aa—igo tai (MRo, ©) = (1,0). Do & trang thai can bang ddc hitu, ham
I(t) duong v6i moi ¢t > 0 nén ham O(t) cing duong véi moi ¢ > 0. T phuong trinh
tu nhat quan , chiing ta suy ra rang phuong trinh F(©) = 0 phai c¢6 it nhat mot
nghiém khong tam thuong ©*. Xét phuong trinh sau:
1 < A
W inerh "

trong d6 Ay, fll,k v Ay duoe cho trong Dinh 1y . Bing cach nhan ca ti s6 v mau so

) A . M 2
cia bidu thitc ———— véi s6 hang o(n71 + 103)(n >, chung ta nhan dugc
Al,k(% + AQ C¥1052045<TL>
M - a3a4a67kkIP’(k:)‘ﬁ0

=1. (3.14)

q
<n> k=1 Oég’kmo@ + Mq(n01+a102)<n2> |:Oég’k@ + A2:|

ajasas(n)

w3 My(noy + a102)(n?)
ajasas(n) j
bang ddc hitu trong géc phan tu thi nhat ctia he toa do (R, ©). Khi do6, dé thu duge

Chu ¥ ring Ry =

va phuong trinh trén xac dinh duong cong can

diéu kién cho huéng ré nhanh ciia dudng cong can bang dic hitu, ching ta lay dao ham

. ) 00
ham an cta phuong trinh (3.14)) theo 2Ry va xac dinh dau cia e tai (Ro,O) = (1,0).
0

That vay, ta co

n

M, kP(k) (P — P,
ﬁ asagae kP (k) ( 12k > ) S (3.15)
L [Oés,k%o@ + Mq(ZiZZZ;?Zf(” ) (Oég,k@ + AQ)}
trong d6 cac s6 hang Py i va Py, duge xac dinh nhu sau:
M, 2 N
Py = ag R0 + «(noy + aroz)(n?) (Oég,k@ —|—A2>
ayasas(n)
00 M (770'1 + 04102)(712> 00
P =R C) Ro—— 1
2k 0 |:a8,k + Qg g 089‘{0 + Qg g o cuaces (1) 2%
00 00

..

. Khi dé, véi Ry = 1

Sau day, dé don gian, chiing ta ky hieu —— o)
1,0

boi ——
Ry ‘(mo,@)z(m) ' Ry
va © = 0, phuong trinh (3.15) tuong dwong véi

a1+ai02)(n? A
n_agauag kP(k) [ME‘(L:;&;<§>)< ) <A2 - Otg,kaa—m@o|(1,o)> - Oés,kg—gg)‘(l,o)}

1 =0. (3.16
(n) ; Mq(no1tono2){(n?) 4 2 ( )
- ajasas(n) 2

Chia ¥ rang
o1+aio2)(n?) ¥
M, “ 043CY4046,1<:’€P(]€)MQ(leaJ;a;é))( >A2 )

<n> 1 (Mq(nal+a102)<n2>A2>2

ajazas(n)
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Do d6, phuong trinh (3.16) trd thanh

@ o141 09) (02
M, = 00, RE () [ g o) ¢ a&k] 90 o= 1
<n> 1 <Mq(nal+a102>)<n2>/12>2 39%0 (1,0 .

ajogas(n

Cudi ciing, vi cidc tham s6 ctia mo hinh lan truyén méa doc SE;E;IQR phan thit dya trén

mang déu khong am nén ching ta suy ra 1,0y luon duong véi moi gia tri ctia tham

IR,
s6. Vi vay, ching ta suy ra mo hinh lan truyén ma doc SE;E,IQR phan tht duya trén

mang luon ré nhanh tién tai Ry = 1. ]

3.3. Mot sb thao luan

Muc nay thuc hién mot sé tinh toan lien quan dén ciu tric mang va céc tham sb dé
giai thich cho cac két qua 1y thuyét. Vi mang cdm bién khong day 1a mang quy mo tu do
Barabasi-Albert gigi han nang lugng nén hai tham s6 hiéu chinh duge A\ va A\, dugce gia
stt nhan gia tri duong dé thé hieén vai tro clia ca bac ciia nit 1an nang luong du ctia nit
trong mang. Ngoai ra, luan an ciing gid st rang \g = = > A\, = o tic 1a kha nang két noi

>
gitta cdc nut chiém uu thé trong cAu tric mang. Thém vao do, theo |25, Cong thic (11)],
C n

xac suat P(k) = 57 va C 1a hang s6 sao cho Z P(k) = 1. Trong muc nay,
(79.94k + 120) 2

luan 4n xét 6 nhém n = 10, toc do nhiém ma doc o1(k) = o1k, o2(k) = o2k va mitc do

nhiém v(k) = k véi oy = 0.35, 03 = 0.25. Sau day, bang cach stt dung cong cu tinh toin

chudi symsum trong MatLab, ta c6
(n) = 1.7837, (n?) = 5.2435.

Ngoai ra, cac tham s6 khac duge cho nhu sau: A(k) = 0.04, w; = 0.1, wy = 0.12, w3 = 0.2,
c=0.17, up=0.04, r, = 0.05, § = 0.03, 7, = 0.06 va n = 0.15. Do d6, chi s6 ngudng lan
truyen R, cho bdi

B wsM,(noy + a109)(n?)
0=

~ 1.1467M,,
apaas(n) 7

tiic 14 néu hing s6 tuong tac dua trén luat mo M, di 16n thi chi s6 ngudng lan truyén
MRy c6 thé vust qua 1. Diéu nay chiing t6 vai tro quan trong ctia sut kiém soét viéc truyén

dit lieu khi mang bi nhidm phan mém doc hai.

3.3.1. Phan tich dé nhay tham sé cta chi sé ngudong lan truyén R,

Trong mot mo hinh lan truyén ma doc, cac chi s6 do nhay cho biét mitc do anh hudng

cia céc tham sé khac nhau déi véi dang dieu tong thé ctia mé hinh va dong thoi, cho
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phép chiing ta u6c tinh téc do thay doi ciia chi s6 ngudng lan truyén Ry khi cac tham sb
thay do6i. V6i muc tieu xéc dinh do nhay tham s6 ctia chi s6 ngudng lan truyen Ry, dau

tien, luan an nhic lai tir [113] dinh nghia sau:

Dinh nghia 3.1 ( [113], Dinh nghia, trang 1280). Chi s6 do nhay chuan héa ctia mot dai

luong u phu thudce kha vi vao tham s6 p duge xac dinh baéi

ou p
TV = — x =
P 8pxu

Theo dinh nghia trén, do nhay chuan héa déi véi cac tham sb ctia Ry cho béi

T =1 TR —q The - ¢ TR — w2

Mg = v S ¢ c+ptry 2 wa +ws + p
THo — _ " Ro _ no1 R _ 02

" r+c+pu’ 7T noy + a0y’ 2 noy+ a0y’

“ a1 (noy + a103)’ s wy +ws + pt K a1 (noy + aq09)
e _ _Hoi(ptw)  plaz +as)

4 .

o (noy + aioy) oQus

Bang cho biét chi s6 do nhay chi tiét ctia chi s6 ngudng lan truyeén 9, déi véi cac
tham s6 va Hinh [3.6{ duge dung v6i géi lenh bar trong MatLab, cung cap biéu dién hinh
hoc cho cac gia tri trong Bang |3.6|

Bang 3.6: Chi s6 do nhay ctia chi s6 ngudng lan truyén Ry doéi véi cac tham s

71| Tham Mo ta Chi s6

sO do nhay
1 M, Hing s6 tuong tac dua trén luat mo +1
2 <<"TQ>> Tham s6 cau triic mang +1
3 c Téc do cac nit lan truyeén ma doc bi cach ly —0.6538
4 w1 Toc do cac nit mang ma doc loai 1 bi cach ly —0.1448
5 w9 Téc do cac nit mang méa doc loai 2 bi cach ly —0.333
6 w3 T6c do thanh nit lan truyén ma doc clia nit mang méa doc loai 2 0.444
7 n Téc do chuyén tit nit mang ma doc loai 1 sang mang méa doc loai 2 0.20276
8 r1 Téc do hoi phuc ctia nit lan truyén ma doc —0.1923
9 o1 Téc do chuyén trang thai tit man cdm sang mang ma doc loai 1 0.42
10 o9 Téc do chuyén trang thai tit man cdm sang mang méa doc loai 2 0.58
11 L Téc do nit roi mang —0.21089
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Chi s& d6 nhay tham s&

mM g =(n*2)in) we sw ]l W 2 w3 wn el mol w02 Wy

Hinh 3.6: Minh hoa cho két qua danh gia do nhay tham s6 clia chi s6 ngudng lan truyén R

Cac két qua trong bang trén chi ra rang chi s6 ngudng lan truyén R, it nhay nhat véi
tham s6 w;, sau d6 1& téc do hoi phuc 7. Tham s6 lan truyén ma doc duya trén luat mo
M, va tham s6 ciu tric mang % c6 ciing do nhay véi chi s6 ngudng lan truyen. That
vay, néu hai tham s6 nay ting 10% thi chi s6 ngudng lan truyen Ry tuong tng ciing sé
tang 10%. Do nhay déi véi Ry ciia cac tham sd o va oo lan lugt 1a 0.42 va 0.58, tic 1a
néu ting cac tham s6 nay 10% thi gia tri R, tuong ting sé tang 4.2% va 5.8%. Them vao
do, chiing ta ciing thay riang gia tri ngudng SRy nhay véi téc do cach ly ¢ hon so véi toc
do cach ly wyva wy. That vay, theo dit lieu trong Bang chiing ta thay ring néu toc do
cach ly ¢ tang them 10% thi gia tri ctia gia tri ngudng Ry sé gidm 6.538%, trong khi tang
10% ctia tdc do cach ly w;y vA wy ciing chi ¢6 thé giam gia tri ctia Ry xudng lan lugt 1.5%
va 3.33%. Ngoai ra, gia tri clia Ry sé tang lén lan lugt 2.0276% va 4.44% néu gia tri cla
cac tham s6 7, ws tang lén 10%. Toéc do roi mang u tang lén cling gop phan gidm gia tri
MRo. Tuy nhién, viec tham s6 nay tang lén ciing sé anh hudng t6i hoat dong va do 6n dinh
clia hé thong mang.

Mzt khac, Dinh 1y [3.3|da chi ra rang dieu kien Ry < 1 1a mot trong cac diéu kien dam
bao cho tinh 6n dinh tiém can dia phuong ciia diém can biang Py. Tiép theo, bing céach
coi chi s6 ngudng lan truyén Ry 1an luct 1a ham s6 clia cac bién ¢, wy va wy, luan 4n minh
hoa 4nh hudng clia cac hing s6 cach ly ¢,w; vA wy ddi véi chi s6 ngudng lan truyen Ry

(xem Hinh .
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——The change w.r.t. ¢

——The change w.rt. w,

The change w.r.t. w,

The basic reproductive ratio

Hinh 3.7: Anh huéng clia cc tham s6 céch ly d6i v6i chi s6 ngudng lan truyén R

Tiép do6, luan an biéu dién trong Hinh sy bién thién trong khong gian ba chiéu clia
chi s6 ngudng lan truyén %R, theo céc cip tham sé cach ly. Theo Hinh 3.8 ching ta thay
rang gia tri cia My gidm dang ké theo cac tham sb ¢ va wo, trong khi gia tri nguéng nay
gidam kha cham khi tham s6 w; bién thién tit 0 dén 1. Nhin chung, cic tham sb cach ly

cang 16n thi hiéu s6 Ry — 1 cang nhd.

Hinh 3.8: Biéu dién trong khong gian ba chiéu gia tri cia chi s6 nguéng lan truyén 9y theo céc

tham s6 cach ly

3.3.2. Mot s6 moé phong va thdo ludgn

Sau day, dua trén phuong phap dit bao-hiéu chinh Adams-Bashforth-Moulton cai tién
va chuong trinh Matlab fde12.m, luan an sé biéu dién hinh hoc dang diéu theo thoi gian
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ctia mo6 hinh lan truyén méa doc dé xuat va minh hoa cho cac két qua ly thuyét. Trong

Hinh luan an gia dinh tham s6 tuong tac dua trén luat mo M, € {0.45,0.6}. Khi

oo M, (n?)
N 4 <n>

Do do, theo Dinh 1y , trang thai can bang khong ¢6 ma doc Py on dinh tiém can dia

phuong. Hon nita, gid tri ngudng Mo tinh duge khi d6 1an luct bing 0.7183 va 0.9578, tiic

do, ching ta thay ring Ry < 1 va dieu kien ajan + ajas + asas > thoa man.

la trang thai can bing khong c6 ma doc Py ciing 6n dinh tiém can toan cuc (theo Dinh ly
. That vay, dang diéu ctia mo6 hinh trong truong hgp nay duge mo ta bsi Hinh véi
kich ban chung 14 mat do nat lan truyén ma doc c6 xu huéng gidm manh trong khi mat
do nit man cam ting nhanh sau khi dat diém cuc tiéu tai thoi diém ¢ = 5. Thém vao do,
Hinh ciing chi ra rang tham s6 M, cang nhé thi mat do cac nit man cdm cang cao,
diéu d6 c6 nghia la viec giam két ndi tam thoi hoac tham chi tam dimng truyén dit lieu
khi mang bi tan cong bdi phan mém doc hai 1a mot trong nhitng giai phap dé gidm toc
do lay lan ctia phan mém doc hai trén mang. Hinh xem xét dang diéu ciia mo hinh
lan truyén méa doc dé xuét trong truong hop Ry > 1. Trong truong hop nay, ching ta c6
thé thay ring mac dit mat do nit man cdm ban dau khé cao, nhung né c6 xu huéng giam
dang ké, dat dén diém thap nhat khi ¢ = 20 va khong thay doi dang diéu trong sudt thoi
gian sau d6. Hinh minh hoa cho két qué ctia Dinh 1y [3.2) phan mém doc hai ton tai
lau dai trén mang khi Ry > 1.

R, =0.516015 < 1 and Mq =0.45 R, =0.68802 < 1 and Mq =0.6

—Susceptible

—Type 1-Exposed
Type 2-Exposed

50 — Infectious

——Quarantined
Recovered

. . . . . . . . .
0 10 20 30 40 50 60 70 80 90 100
Time

Hinh 3.9: Dang diéu theo thoi gian cia S(t), Eq(t), Ea(t), I(t), Q(t), R(t) khi Ko < 1
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100 T

Hinh 3.10: Dang di¢u theo thai gian cia S(t), Eq(t), E2(t), I(t), Q(t), R(t) khi Ry > 1

Ngoai ra, dé danh gia 4nh hudng ctia bac nit va tdc do doi trang thai ctia nit déi véi
sy lan truyén phan mém doc hai trén mang phitc hgp khong dong nhat, luan an khao sat
dang dieu theo thoi gian ciia trang thai man cAm va trang thai lan truyén ma doc véi

mot s6 gid tri khac nhau ctia M,, trong d6 dudng nét dit bicu dién két qua khi khong

st dung logic

Hinh [3.11] dé

va mat do nat man cdm cang thap. Dic biét, trong truong hop mo hinh lan truyén ma

doc khong st dung logic md, mat do nut lan truyén ma doc cho két qua cao nhat va mat

R, =1.089365 >1 and Mq =0.95

—Susceptible
—Type 1-Exposed
Type 2-Exposed
— Infectious
——Quarantined
Recovered

do nat man cdm cho két qua thap nhat.

40

Density of infected nodes

Hinh 3.11: Anh huéng ctia tham s6 lan truyén ma doc dua trén luat mo M, dén mat do cia cac

— Low transmission
——Medium tranmission
——High tranmission

----Without using fuzzy logic

250 300 350 400 450 500

trang thai man cam va lan truyén méa doc

Density of susceptible nodes

R, =1.135233 > 1 and Mq =0.99

—Susceptible
—Type 1-Exposed
Type 2-Exposed
— Infectious
—Quarantined
Recovered

md va cac duong lign nét bidu thi két qua véi mot s6 M, khac nhau. Theo

thay rang tham s6 M, cang 16n thi mat do nat lan truyén ma doc cang cao

100

150

200

250
Time

300 350 400 450 500
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Trong Hinh , luan an thao luan vé dang diéu tiém can ctia mo hinh lan truyén ma
doc SE{E;IQR phan thit dya trén mang dé xuat so sanh véi ba mo hinh lan truyén ma
doc phan thit khac bao gom mo hinh lan truyén ma doc SIR, mo hinh lan truyén ma doc
SEIR v& mo hinh lan truyén ma doc SIQR. Trong cac mo hinh lan truyén ma doc nay,
chiing ta thay rang mat do cac ndt lan truyén ma doc déu c6 xu huéng gidm dan, trong
d6 cac nit lan truyén ma doc trong mo hinh lan truyén ma doc SE;E,IQR c6 toc do gidm
nhanh nhét so v6i 3 mo6 hinh con lai. Trong mo hinh lan truyén méa doc SIR, mitc do gidm
clia trang thai lan truyeén ma doc thap hon so véi cdc mo hinh khac do khong xem xét cac
bién phép cach ly cac nit mang ma doc. Ngudc lai, ¢6 thé thady mat do nat lan truyén méa
doc giam dang ké trong cac mo hinh lan truyén ma doc SIQR va SE;E;IQR nho tinh dén
bién phap cach ly. Dac biét, trong mo hinh lan truyén ma doc SE;EsIQR, cac nat nhiém
bi dugc phan thanh ba loai: trang thai mang méa doc loai 1, trang thai mang méa doc loai
2 va trang thai lan truyén méa doc. Sau d6, véi cac bién phap cach ly thich hop, cac nut
chita cac phan mém doc hai bi ¢o lap khoéi mang véi téc do lan luct 1a wy, ws va c. o) day,
do khong chi cac nit lan truyén ma doc ma ca cac nit mang ma doc cling duge cach ly
khéi mang nén ching ta c6 thé giam dang ké s6 lugng nit lan truyén méa doc trong mang,
ngin cac nit mang ma doc thanh lan truyén ma doc va dé ciing 1a 1y do tai sao mat do
céc nit lan truyén ma doc trong mo hinh lan truyén ma doc SE;E,IQR thap hon cac mo
hinh khac. Tém lai, diém khac biét 16n nhat giita mo hinh lan truyén ma doc SE;E,IQR
v6i cac mo hinh lan truyén ma doc khac 1a viéc cach ly thich hgp sé lam tang s6 nit man

cam va gidm s6 nut bi nhiém.

SE, F-;lQR epidemic model SIQR epidemic model

= Susceptible

o ] T an w 100 ) it 20 a0 an 50 0 70 A 80 wWo

Time

SEIR epidemic model _ SIR epidemic model

Susceptible = Susceptible
— Exposed & — Infectious
= Infectious

- Recoverad

Hinh 3.12: So sanh mo hinh lan truyén ma doc SE1E2IQR véi cAc mo hinh lan truyén ma doc

khac
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Hinh va Hinh mo ta dong lic ctia mo hinh lan truyén ma doc SE;EIQR
phan thit dya trén mang véi mot s6 bac dao ham phan thit 8 trong truong hop Ry < 1 va

Ry > 1. Dé thay rang néu gia tri ctia bac phan thi 8 tang lén thi mat do cdc nat mang

ma doc va lan truyén ma doc sé gidm nhe.

Type |-Exposed Nodes
/
Type 2-Exposed Nodes
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Hinh 3.13: Anh huéng clia dao ham phan thit déi v6i mo hinh lan truyén ma doc SE;ESIQR

trong trucsng hop Rg < 1
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Hinh 3.14: Anh huéng ciia dao ham phan thi déi v6i mo hinh lan truyén ma doc SE1E2IQR

trong truong hgp Rg > 1

Hinh Hinh va Hinh thé hien anh hudng ctia cac tham s6 cach ly ¢, wy
va, wy dbi véi dang diéu theo thoi gian ctia mo hinh lan truyén ma doc SE;E;IQR phan

thit duya trén mang. Hién nhién ring khi hé théng mang bi tan cong béi cac loai phan
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meém doc hai, viéc cach ly cac nit mang ma doc va lan truyén ma doc déong mot vai tro
then chét trong viéc ngan chin sy lay lan phan mém doc hai tit cic ntt bi nhiém sang
nit man cam. That vay, ba hinh duéi day déu chi ra rang khi toc do cach ly duge ting
lén, mat do ctia cac nit man cadm c¢6 xu huéng tang trong khi mat do ctia cidc nut lan

truyen méa doc giam dang ké.
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Hinh 3.15: Khong gian pha giita trang thai lan truyén ma doc va cac trang thai khac véi cac gia

tri khac nhau ctia tham s6 céch ly ¢
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Hinh 3.16: Khong gian pha gitta trang thai lan truyén ma doc va céc trang thai khac véi cac gia

tri khac nhau ctia tham s6 cach ly wy
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Hinh 3.17: Khong gian pha gitta trang thai lan truyén ma doc va cac trang thai khac véi cac gia

tri khac nhau ctia tham s6 cach ly ws

3.4. Két luan chuong

Chuong 3 tiép tuc nghién ctu s lay lan ciia cac phan mém doc hai trén mang cam
bién khong day va hiéu qua clia cac bien phéap cach ly déi véi kiém soat sy phéat tan méa
doc. Tuy nhién, tit thyce té rang mang cadm bién khong day c6 cau tric mang khong quy
mo Barabéasi-Albert gidi han nang lugng va nham tinh t6i &nh huéng ctia tinh khong dong

nhat trong tiép xtc clia cac nit mang khac nhau ddi véi qua trinh lan truyén, luan an dé
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xuat xay dung va nghién cttu moé hinh lan truyén ma doc phan thit dya trén mang gom

6 ngan S-E;-E,-I-Q-R. Cac két qua chinh da dat dugc trong chuong nay bao gom:

1.

Luan an da st dung logic mo dé xac dinh tham s6 lan truyén ma doc dua trén luat
mo M,. Cach thiét lap nhu vay c6 tinh dong va thuan tién cho viéc hiéu chinh mo

hinh khi tham s6 mang thay déi.

. Luan an da ching minh duge tinh dat dung ctia mo hinh lan truyén ma doc phan

thtt dya trén mang dé xuat véi viec ching minh duge mo hinh luon c6 duy nhat

nghiém khong am va moi nghiém déu thudoc mot tap bat bién duong X7

. Bang cach st dung phuong phap ma tran thé heé tiép theo, luan an da xac dinh duge

chi s6 ngudng lan truyén Ry va chi ra dugce cac trang thai can bing khong c6 ma
doc, trang thai can bang dac hitu clia mo6 hinh. Day 1a cac yéu t6 dich té quan trong
trong viéc dir bao dang diéu theo thoi gian cia mo hinh lan truyén ma doc dé xuat.
Dic biét, sy ton tai clia trang thai can bang dic hitu da duge chi ra diya trén phuong
phap thé va ap dung dinh 1y gi tri trung gian quen thuoc.

. Gi4 tri ctia chi s6 ngudng lan truyen 9y v cac tham s6 duge lien he dé khao sat

dang diéu tiém can ctia mo hinh vé trang thai can bang khong c6 ma doc Py. Cu
theé, luan an da khéng dinh dugc su 6n dinh tiem can dia phuong ctia Py véi diéu
kien SRy < 1 vd mot sd rang buoc tham s6. D6i v6i sy on dinh tiem can toan cuc
ciia Py, dua trén phuong phap ham Lyapunov, luan dn da chi ra diéu kién can 1
Ry < 1 véi chi s6 ngudng Ry > Ro. Them vao d6, két qua vé hudng ré nhanh cia
mo hinh lan truyén ma doc dé xuat khi 9y = 1 duge théo luan tai Dinh 1y [3.5]

. Cac két qua mo phoéng va thao luan trong Muc da danh gia duge y nghia cuia

cac tham s6 d6i véi gia tri ngudng Ry thong qua cac chi s6 do nhay. Hon niia, tam
quan trong ctia cac bién phap cach ly hay cau tric mang ciing da dude thio luan

cudi chuong nay.

Tuy nhién, nghién citu ctia chuong nay méi chi tiép can cac bien phap kiem dich cho

mang véi cach ly hang sé va dé thay rang viec cach ly kiém dich hing s6 la diéu kien kha

Iy tudng, kho dat duge trong thie té. Do d6, trong chuong sau, luan an sé dé xuat nghién

citu bai toan 6n dinh héa cho mo6 hinh lan truyén ma doc phan thit dua trén mang véi

ham cach ly bién thien u(t).



Chuong 4

MO HINH LAN TRUYEN MA DOC SIRS PHAN THU DUA
TREN MANG CO DIEU KHIEN VOI HAM XU LY BAO HOA

V6i muc tiéu cudi cling la kiem soat su lay lan phan mém doc hai trén mang, cac bai
toan diéu khién cho cac moé hinh lan truyén méa doc dua trén mang ciing 1la mot chi dé
thiét thuc, c¢6 tinh thai sy. Tuy nhién, cac bai toan diéu khién cho cac mo hinh lan truyén
ma doc dya trén mang cting mdi xuat hién trong 10 nam trd lai day [11,31},34,35,58] véi
cac két qua 1y thuyét ban dau vé su ton tai diéu khién t6i wu cho cdc mo hinh lan truyén
ma doc dya trén mang v6i dao ham bac nguyén. Chuong |4| tdp trung vao nghién citu
bai toan diéu khién ngita chiing cho mo hinh lan truyén ma doc SIRS phan thit dua trén
mang theo cach tiép can hé mo Takagi-Sugeno phan thit lien két. Trong chuong nay, dau
tien luan an stt dung mo hinh héa toan hoc dé thiét lap mo hinh lan truyén ma doc SIRS
phan thi dya trén mang c6 diéu khién véi ham xt Iy ma doc bao hoa nhim mo ta dong
litc tan cong ciia cic phan mém doc hai trén mang cam bién khong day trong trudng hop
s6 ntt bi nhiédm vigt qua kha nang xit 1§ phan mém doc hai ctia mang. Sau d6, luan an
chi ra mot s6 tinh chat dinh tinh cia mo6 hinh lan truyén ma doc SIRS phan thit dya trén
mang dé xuat. Dac biét, dé nghién ctu tinh dang diéu tiém can ciing nhu sit ton tai trang
thai can bang dic hitu ctia mo hinh lan truyén ma doc, luan an duya trén danh gia gia tri
ngudng dich té hoc Ry, tiic 1a chi s6 ngudng lan truyen, va dua ra cac diéu kién can cho
st 6n dinh tiém can dia phuong ciing nhu on dinh tiém can toan cuc. Tiép do, cac diéu
kién cho sy ré nhanh 1 ctia moé hinh ciing duge chi ra. Cudi ciing, do luan an da chi ra
rang trang thai can bang Py khong on dinh khi 9% > 1 nén phan con lai ctia chuong nay
la gidi quyét bai toan on dinh héa cho cho mo hinh dé xuat va dua ra céc tiéu chuan cho
st 6n dinh héa véi diéu khién phan hoi trang thai lien quan dén bat dang thiic ma tran
tuyén tinh va ma tran xac dinh duong. Chuong nay dude viét dua trén két qua clia bai
béo [P3] va ban thao [P4] trong Danh muc cong trinh ctia nghién citu sinh.

4.1. Thiét 1lap mo hinh

Trong chuong nay, luan 4n dé xuat stt dung mo hinh lan truyén ma doc ba ngan dia
trén mang, cu thé 13 mo hinh lan truyén ma doc SIRS phan thi dya trén mang, dé nghien
cttu anh hudéng ciia sy lay lan phan mém doc hai trén mang phitc hgp khong dong nhét.
mo6 hinh lan truyén ma doc dé xuat chia toan bo cidc nit mang thanh ba 16p véi mo ta
cho trong Hinh .
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; Ngan Lan truyen ma doc ’ Ng3n Héi phuc

- Lan truyén ma déc 16i cac nat Man cam - Céc nit da dwroc diét hét ma dac va
lan can trong mang. ] dugc cap nhat phan mém diét ma doe.

- Cac logi ma dbe hoat dong, nhén ban, - Nut Héi phuc c6 ty 1& phan mém diét
lan truyén gitra céc nat mang gay téng ma déc mét tac dung va trd lai trang thai
tiéu thu nang Iugng va lam nat nhanh Man cam vdi cac loal mé déc

chong can néng lrong.

Ng&n Man cam
- Chura bi tAn céing boi mé déc nhung 1a muc tiéu tan cing cua cac
loai ma déc : : ! ) .
- Cac nit ma phan mem chong ma dbc mat tac dung duroc xép vao
trang thai Man cam

Hinh 4.1: Mo t& ctia mo6 hinh lan truyén ma doc ba ngan: Man cam (S), Lan truyén ma doc (I),

Ho6i phuc (R)

Dé c6 mo té t6t hon cho cac mo hinh lan truyén ma doc trong thuc té v xem xét anh
hudéng ctia tinh khong dong nhat trong tiép xtc clia cdc ntit mang, luan an thiét lap mot
mo hinh lan truyén ma doc ba ngin dya trén mang. Hudng tiép can nay dugc dé xuat
bdi nghién citu cia Pastor-Satorras va cong su , trong d6 cac tac gia chia tong s6 nit
thanh n nhém dya trén bac ciia nut, tiic 1a nhém thi & bao gom céac nut c6 ciing k& két
noi véi cdc nat khac. Tiép do6, ky hieu Sy (¢), I.(t) va R(t) lan lugt 1a mat do cia cac
nit man cam, lan truyén ma doc va phuc hoi bac k tai thoi diém ¢. Ngoai ra, luan an gia
stt ring Ni(t) = Si(t) + I.(t) + Ry(t) 1a mat do cac nit c6 bac k tai thoi diem ¢. Sy lan
truyén phan mém doc hai trong nhém thi k duge so dd hoa trong Hinh [4.2]

Uke

+- 5 R
;;\ #w

Hinh 4.2: So do6 ctia lan truyén phan mém doc hai gitta ba ngédn: Man cam (S), Lan truyén ma

doc (I) va Hoi phuc (R) trong nhom thi &
So do chuyén trang thai trong Hinh minh hoa cach cac nit duge chuyén tit trang

thai nay sang trang thai khac trong qué trinh lan truyén phan mém doc hai. Cu thé, su

thay doi gitta ba trang théai nay dugc dya trén cac quy tac sau:

e MOdi nit trd thanh nit chét vé6i téc do p khi né can kiét nang luong va mot nit mdéi

c6 thé bo sung vao mang véi toc do A. Téc do bd sung nit méi A viao trang thai
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man cadm va téc do roi mang p dude gia st 1a bang nhau dé dam bao sut can bing
va lién tuc clia mang, tiic 1a mang xem xét 13 mot hé thong khép kin trong dé cac

nit bi loai khéi mang duge thay thé tich cite bdi cdc ntt mdéi day nang luong.

e Khi mot nit man cam bac k tiép xic v6i phan mém doc hai, né sé chuyén sang trang
thai lan truyén ma doc theo toc do 03O(t), trong d6 tham s oy 1a toc do truyen
khi cac nit min cadm tiép xic véi phan mém doc hai va ham O(t) 1a x4c suat dé
mot lien két cho trude dude két nodi véi mot niat lan truyen ma doc. Ngoai ra, dudi
sy bdo vé clia tuong Iita va cac chuong trinh chéng ma doc, mot nit man cam co6
thé dugc chuyen sang trang théai (R) véi toc do dicu chinh duge phu thuoc thai gian
uy(t) va sau do, ching ta néi rang nat nay da duge béo ve. Trong nghién cttu nay,

luan 4n xem xét ngita chiing bing tudng lita 1a mot chién luge kiém soat lay lan.

e Trong cidc mo hinh lan truyén ma doc cd dién, téc do diéu tri clia nit lan truyén ma
doc thuong dude gia st 1a ty 1é thuan vé6i sé lugng nit nay, nghia 1a ham xi Iy ma
doc 1a tuyén tinh. Tuy nhién, c6 mot thye té 1a déi véi cdc mo hinh lan truyén ma
doc trén mang phitc hop khong dong nhat, cic chuong trinh diét virus chi c6 mot
gi6i han xtt 1y t6i da dé xit 1y cac phan mém doc hai hoic trong trudong hop su lay
lan ma doc bing nd, sé luong niat mang ma doc vugt qua kha niang xit 1y clia cac
chuong trinh diét virus. Thic day bdi nghién cttu ctia Li va cong sy [30], luan an dé
xuat st dung ham x1t 1§ ma doc phi tuyén dudi dang

rl
T 1440’

=(1x)

dé xit 1y cho céc nit lan truyén méa doc ¢ nhom thit k, trong dé r 1a téc do xit Iy
va tham s6 v duge st dung dé do mtc do anh huéng clia cic nit nhiém bénh bi tri
hoan xit 1Iy. Ham xit Iy ma doc nay dudce cho 1a phit hop hon cac ham tuyén tinh
trong nhiéu truong hop.

e Cac nat ¢ trang thai (R) ddng xudt mang véi toc do p do can nang lugng. Mt khéc,
vi viéc ngtra chiing ctia cac chuong trinh xt Iy ma doc chi 1a tam thoi, nén cac nut
hoi phuc c6 thé mat kha nang tu bdo vé trude ma doc va trd lai ngan cic nat man

cam vdéi toc do w.

Trong bai béo [30], Li va Yousef da dé xuat nghién c¢ttu mo hinh dich SIRS dya trén
mang v6i ham diéu tri phi tuyén duya trén mo hinh phuong trinh vi phan thuong. Sau
do6, bai bao dua ra mot sd thdo luan ban dau vé diéu kien du cho dang diéu tiem can
cia mo6 hinh dich dya trén mang dé xuat. Dya trén nhitng wu diém ctia dao ham bac
khong nguyén trong mo hinh héa céc qué trinh khong dia phuong va nhim thé hien anh

huéng clia tinh nhé trong cac qua trinh lay lan phan mém doc hai trén mang phiic hop
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khong dong nhéat, luan an st dung céc cong cu cuia giai tich phan thit dé nghién ciu su
lan truyén ma doc phan mém doc hai trén mang cam bién khong day véi dao ham bac
phan. Cu thé, luan an xét he phuong trinh vi phan phan thi cho nhém tht & sau:

.

COISL(t) = A — 0O(t)Sk(t) — (1 + ug(t)) Sk(t) + wRk(t)
FRIL() = OIS ~ uht) - T g (1)
DI = Sk + s — (n+ ) Rul),
v6i dieu kién ban dau
Sp(0) = Sp >0, I,(0) =1} >0, R,(0) = R) > 0. (4.2)

trong d6 toc do lan truyén o, théa man o, = ko va gia st rang tat ca cac tham sb khac

ctia mo6 hinh duong. Ham ©(t) duge cho bdi biéu thite sau:

- % S G (k)P(R) (1)

trong do P(k) la xac suat dé mot nit duge chon cé bac k, ¢(k) = k 14 kha nang lan truyén

clia nit bac k va (n) = Z kP(k) 1a bac két noi trung binh clia mang cAm bién.

4.2. Tinh chat dinh tinh ctia mo hinh
4.2.1. Su ton tai tap bat bién dwong
Dé thuan tien trong trinh bay, ky hieu
~ T
%i(t) = (Su() L) Rel))

%) = (xi(t) %alt) - %(0)
St ={x(t) e R : Sp(t) + () + Re(t) =1, k=1,n, t > 0}
A = 0kO(t)Sk(t) — (1 + ug(t)) S(t) + wRk(t)

rli,
Fi(t,x(t),u(t)) = okO()Sk(t) — nli(t) - 1+ (@)( t)
Dt w) Rt

uk(t)Sk( ) + T@(t)
F<t7 i@)? u(t)) = <F1<t7 i@)? u(t)) F2(t7 i@)) u(t)) e Fn(tv i(t)v u(t»)T :
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Ngoai ra, Muc 4.3 nghién citu bai toan diéu khién 6n dinh hoa véi diéu khién dau vao
u(t) duge xem nhu ty 1é cac nit man cam duge bao vé bdi tuong lita trén mot don vi
thoi gian va do d6, luan an ky hiéu

Upg = {u(-) e (L0, T])" : 0 < uy(t) < b, k = m} 0<b<1),

Ia tap diéu khién chap nhan duge bao gdm cac ham do duge Lebesgue trén doan [0, 7).
o) day, do viéc ngita chiing cho tat ci nit man cam ciing mot lic 1 khong thie té, luan
dn gid dinh rang mdi diéu khién dau vao u,(t) bi gidi béi dicu kien 0 < ug(t) < b < 1.
Tiép theo, do sy ton tai clia cic phan mém doc hai trén mang phic hop khong dong
nhat va theo dinh nghia ctia ham xac suat O(t), luan an gia st rang O(¢) > 0 véi mdi
t > 0. Nhu vay, theo quan diém dich té& hoc, ching ta chi can tap trung vao su ton tai
clia nghiem khong am va tap bat bién duong ctia mo hinh lan truyén ma doc SIRS phan

thi dya trén mang.

Dinh 1y 4.1. Vi méi diéu khién dau vio u € %q, bai todn Cauchy cho mo hinh lan
truyén ma doc SIRS phan thi dua trén mang cé diéu khién cé duy nhat mot nghiém khong
am x(t). Thém vao dé, néu dicu kién ban dau théa man %(0) € X+ thi vdi moi t > 0,

nghiém x(t) thuoc vao tap XF.

Chiing minh. Chitng minh cta dinh 1y nay dugc chia thanh cac bude sau:

Buéc 1 (Su ton tai duy nhat nghiém): Dé chitng minh sy ton tai duy nhat cta
nghiém X(¢), chiing ta sé chi ra rang bai toan gia tri ban dau - c6 nghiém duy
nhat X, (t) v6i moi ¢ > 0. V6i muc tieu nay, chung ta viét lai h¢ dong lyc phan thit dua

trén mang 1} nhu sau:

Sk(t) i uk(t) 0 w Sk(t) A — ak@(t)Sk(t)
o) | L) | = 0 —u 0 L) | + — gl
Ru(t) w(t) 0 —(u+w)) \Ru(?) L

Vi diéu khién dau vao u,(¢) bi chin v6i mdi k = 1,n, ching ta thay ring ma tran
—p—ug(t) 0 w
Auy) = 0 — i 0
uy(t) 0 —(p+w)

134 ham ma tran bi chin véi moi ¢ > 0 va chuan

A Q)| = max { + 2b, o, o+ 20} = g+ 2 max {b,w}
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.
Them vao 6, chiing ta ky hiew £(t,%(t) = (£ (t.%(0) BELXW) ... L(Ex(1)) W

v6i moéi k=1,2,...,n, ta co

~ TIk<t) T[k(t)
f.(t. x =(A=0c.0 _
k<t’ <t)) ( k (t)sk(t) 1 —i—’y@(t) 1 —i—fy@(t)
Chu y réng v6i moi X~(t) eXtvak=1,2,...,n,taco

2r| I, (t)|
[1+70()

< Aok |S(8)] + 2r [1:(2)]

£ (2, %)) < A+ 03 [O()] [Sk(1)] +

< A+ max {oy, 2r} ||x(t)]|
£, @) < (A +max {o, 20} X))

ag = max {n/\, n (,u + 2max {b,w} + max {o, 27"}) }
=n (,LL + 2max {b,w} + max {ok, 2r}> > 0.
Do d6, v6i moi x(t) € X, u € %,q va t > 0, ta nhan dugc
IE(tx(8), u®)] < n A+ (14 2max {b,w} +max{on, 20} ) %)
< ar (1+[x@)])-

Mat khac, v6i moi x(t),X(t) € X7 vat > 0, ta c6

ka(t, () — fk(t,i(t))H < 03, |Sk(t)O(t) — Sk(H)O(t)| +2r ’ ] f’i§8<t> 1 Jf’iy(t@)(t) ‘

< oy (1 + <”2>> I1%(t) — ()| + 2r (1 + 2'V—<”Z>> 1%(t) — =(2)]] .

(n) (n)

Ky hi¢u L¢ = n (p + 2 max {b,w}) +max {ak <1 + —V<n2>) + 2r (1 + 27<— ”n<>nQ>> > 0. Khi

(n)
do6, v6i moi u € g, X(t),X(t) € T va v6i moi t > 0, ta nhan duge

IF(t,x(t)) = F(@&,X(0)]] < Le [|%(t) = X(D)]],

nghia 14 ham F(¢,x(¢)) théa man diéu kién Lipschitz d6i véi bién trang théi x(t). Cudi

cling, bing cach ap dung [52, He qua 6.9], chiing ta c6 thé két luan rang bai toan Cauchy
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cho mo6 hinh lan truyén ma doc SIRS phan thit dya trén mang luon c6 ding mot nghiém
x(t) dugce xac dinh vé6i ¢t > 0.
Bué6c 2 (Tinh duong ctia nghiém): D6i véi chiitng minh nay, gid sit phan chiing ring

v6i gia tri k € {1,...,n} ndo do, ton tai mot thaoi diém ¢y > 0 sao cho
Sk(to) =0
Sk(t) >0 vl moi 0 < t < ¢y
Sk(t) <0 v6i t > tp.

Khi do, ching ta xét hai truong hop sau:

Trudng hgp 1: Néu ham [ (¢) khong am v6i moi ¢ > 0 thi ta ¢6

T'Ik(t)

§DUR(H) = m(0)Sk(t) + 75

— (W ) B(t) > —(w + p) Bi(1).

Sau d6, bang cach 4p dung dinh 1y so sanh nghiém cho phuong trinh bac phan thi
(xem [53, Bo dé 10]), ta nhan duge

Ry(t) > Ri(0)Eg (—(w+p)t”) >0 v6i moi ¢ € [0, ).

Tiép theo, bang cach thay cac két qua trén vao phuong trinh vi phan dau tién ctia hé

phuong trinh | , chung ta nhan dugc
SDP S ()] imto= A + wRk(to) > 0.

Theo hé qua ctia Bo dé , ton tai g > 0 di nho sao cho trong lan can (ty — g, to + £o)
clia diém t,, ching ta c6 Si(t) > Si(0) > 0 v6i moi t € (ty — &g, to + o). Diéu trén dan
dén mau thudn véi gid st phan chiing.
Trudng hop 2: Néu ton tai thoi diém ¢, > 0 sao cho

[k<t> =0 néutztl

Ii(t) > 0 néu t € [0,t;)

I(t) <0 néu t > t;.
Khi d6, chitng minh duge tién hanh vé6i hai truong hop phu sau:
Truong hop 1: Néu t; > t, thi bang cich lap luan tuong ti nhu trong Truong hop 1, chiing

ta c6 thé chitng minh duge rang cac ham I, (t), R(t) déu khong am trén doan [0, o] va

Si(t) > 0 v6i t € (to — €9, to + €0). Dieu nay dan dén mau thuan.
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Truong hop 2: Néu t; < to thita cé S(t;) > 0va O(t;) > 0. Hon nita, tai thoi diem ¢ = ¢,

ta co
COP (1) |e—t, = 0% (7)Sk(t1)O(t1) > 0.

Khi do, tit he qua ctia Bo dé chting ta c6 thé chon 0 < &; < 1 sao cho I;(t) > I,(0)
v6i moi t € (t; — e1,t; + £1). Diéu nay dan dén mau thuan véi gid stt phan chiing ban dau.
Do dé, chiing ta c6 thé két luan rang ham Si(t) > 0 luon duong v6i moi ¢ > 0. Bing lap
luan tuong ty, ching ta ciing c6 thé chitng minh riang cac ham I (t) va Ry (t) déu khong
am véi moit >0 va k =1, n.

Bué6c 3 (Tap bat bién duong): Bing cich cong vé tat ci cdc phuong trinh vi phan
phéan thit trong hé , ta nhan dugc phuong trinh vi phan phan thit sau:

§D7Ni(t) = A — Nk (t).
Béng cach ap dung két qua cia [39, Vi du 4.9], ta nhan dugc
Nut) = Ne(O)Ea(—t?) + AEy g1 (— i)
A
= Nu(0)Eg(—put?) + m [1—Es(—pt?)].

0 day, luan an ap dung Bé dé V6i By = B, Bo = 1 vi z = —ut®. Sau do, véi gia sit
ring x(0) € ¥, ta thu duge

Nlt) = S Ea(—pt?) + = [1— Ba(out)] = =1,

vi toc do ntt mdéi tham gia va nit can ning luong roi mang dude gia dinh bang nhau.
Diéu nay c6 nghia 13 tap X7 1a tap bat bién duong cho mo hinh lan truyén ma doc SIRS

phan thit dya trén mang. O

4.2.2. Chi s6 nguéng lan truyén R, va cdc trang thdi can bang

Trong 1y thuyét dich t& hoc, mot van dé ¢t yéu trong nhiéu nghién ctu la xac dinh
cac trang thai can bang clia mo hinh lan truyén ma doc duge dé xuat bao gom trang thai
can bang khong c6 ma doc Py va trang thai can bang dac hitu P,. Bén canh d6, luan an
cling tap trung xac dinh mot gia tri ngudng quan trong ctia ly thuyét dich té hoc, do la
chi s6 ngudng lan truyen R,. Gia tri nay déng mot vai tro quan trong khong chi trong

sy ton tai clia trang thai can bang dic hitu ma con trong viéc nghién cttu dang diéu tiem
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can ctia mo6 hinh. Cac trang thai can bang ctia mo hinh lan truyén ma doc SIRS dude xéac

dinh bang cach giai hé phuong trinh dai s6 sau:

(
A—ak@Sk—(u—l—uk)Sk—l—ka =0
T]k
Jk@Sk—MIk + o) =0 (43)
’I“Ik
S, Ry, =0.
kll}c k—|—1+7@ ( + )

Néu mang khong c6 phan mém doc hai thi mo hinh lan truyén ma doc dé xuat nhan trang
thai can bang khong c¢6 ma doc duy nhat Py = (S, I, R, ..., S2, IV, R%) cho bdi

P — ot w 0 w o+ w 0 u,
0 u—i—w—kul’ 7u+w+u17"'7u+w+un7 7'u+w+un )
3n

trong khi néu ton tai cac phan mém doc hai dang lan truyén trén mang thi mo hinh lan
truyen ma doc dé xuat c6 it nhat mot trang thai can bang dac hitu P, véi mot sd dieu
kien nhat dinh lien quan dén chi s6 ngudng lan truyén QRe. Tiép theo, dé xac dinh chi s6
ngudng lan truyen Ry, luan an sé ap dung phuong phap ma tran thé he tiép theo (tham
khao [112] va Phu luc) véi cac gia thiét sau:

(i) Chi ¢6 duy nhat mot ngén gay ra qua trinh phat tan phan mém doc hai trén mang

la ngan chita cdc nit lan truyén ma doc (I).

(ii) Sy thay doi trang thai tit ngan (I) sang cac ngan khéc chi duge coi 1a sy chuyén doi

clia cac cd thé bi nhiém bénh qua cdc ngan khac nhau.

Do d6, theo phuong phap ma tran thé heé tiép theo, s6 hang thém va s6 hang mat clia mo

hinh lan truyén ma doc SIRS phan thtt dya trén mang cho bdi 04,0 (t)Sk(t) va ply(t) +
T‘Ik(t)
1+~0O(t)
doc méi va ma tran chuyén tiép giita cac ngin nhiém méa doc tai diém can bing Py. Khi

Ky hieu F va V lan lugt 1a ma tran ty lé cho sy xuat hién ctia nit nhiém ma

do, chung ta nhan duge V! = I, va F la ma tran vuong cap n cho béi

et
1
T
_z
f:0<ﬁzn+>w) pt g (P(l) 2P(2) - nIP’(n))-

w+w+uy,
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Theo phuong phap ma tran thé heé tiép theo, chi s6 ngudng lan truyén Ry 1 gia tri rieng

16n nhat ctia ma tran F - V1, tic 1a

 o(ptw) EP(k)  o(p+w)(n’u)
M= G ) 2 b)) () -
L " kKP(k
trong d6 (nu) = kz; (/L—l—w—(—l—)uk)

Dé hiéu hon vé sy anh hudéng ciia cac tham sb t6i chi s6 ngudng lan truyen Ry, luan
4n danh gia chi s6 nhay chuan héa ciia cac tham sb v6i gia tri ngudng R, bing cach ap
dung phuong phap ctia Nakul va cong su [113]. o) day, dé don gian, luan an gia sit ring
u, = U := const véi moi k = 1,n. Hé qua la chi s6 ngudng lan truyén 9y c6 thé viét lai
nhu sau:

o+ w) (%)
(n+7)(p+w+1)(n)

Ry =

Nhan xét 4.1. Néu mo6 hinh lan truyén ma doc SIRS phan thi dya trén mang dugde
nghién cttu khong c6 diéu khién, tic 1a u = 0, thi ching ta nhan dugc mot cong thiic
quen thuoc vé trang thai can bang khong c6 ma doc dugce gidi thigu trong cong trinh [P3]

trong Danh muc cong trinh cia NCS.

Theo phuong phap dé xuat trong [113], chi s6 do nhay ctia mot dai lugng X phu thudc
0X

vao tham s6 A dugc xac dinh béi Tf = X X Khi d6, chting ta nhan dugc cac chi s6
do nhay nhu sau:
T u
T =1, T, =1, T = — : The—  —
Ty pEr p+w+u
TP _ wua 9o _ u 1_ ptw  ptw
Y (ptw) (ptw+Ta) 4w pt+w+ua  op+r)

Nhan xét 4.2. Do chi s6 nhay clia chi s6 ngudng lan truyén Ry ting véi dicu khién ngita
chiing u;, 1a am, ta c6 thé két luan riang gia tri ngudng Ry c6 thé duge kiém soat bang
cach tang gia tri dicu khién dau vao. Tuy nhien, dé kiém tra rdng mo dun clia ca T30 va
Yo déu nhé hon 1. Didu nay chi ra ring can phai két hgp nhiéu bieén phap khac nhau dé
kiém soat s lay lan ctia phan mém doc hai. Ngoai ra, vi o la tham s6 diic trung cho sy
lay lan ctia phan mém doc hai nén chi s6 ngudng lan truyén SRy phu thude kha 16n vao o.
That vay, chi s6 nhay T2 cho biét ring tham s6 o tang bao nhiéu phan tram thi chi s6
ngudng lan truyén ciing tang bay nhiéu phan tram. Ngoai ra, tham s6 <<n72>> clla cau tric

mang ciing la mot trong nhitng tham sé nhay nhat va viéc tang tham s6 nay 10% ciing
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sé dan dén viéc chi s6 ngudng R, tang vdi cing mot ty 1&. Diéu nay c6 nghia 1a mang
c6 bac trung binh cang cao hay ciu tric cang phic tap thi cang lam phan mém doc hai
phéat tan nhanh hon.

Tiép theo, luan an nghién cttu moéi lien hé gitta sy ton tai clia trang thai can bang dac

hitu P, va chi s6 ngudng lan truyén Re. O day, ky hieu

P, = (S, I}, R.,....S:, ' R").

n’» —n’

Khi d6, dieu kién can cho sy ton tai ctia trang théai can bang diac hitu P, duge dua ra
trong dinh 1y sau:

Dinh 1y 4.2. Néu chi so nguong lan truyén Re > 1 thi mo hinh lan truyén ma doc
SIRS phan thit dua trén mang luon co it nhat mot trang thdi can bing dac hiu P, =

(ST, If, Ry, ..., Sk I RY) zdc dinh bdi

1 r
* o I*
S (“+ 1+7@*) k-

1 T uy T
R; = + +—— )|
P ptw Lﬂ@* PGk (“ 1+7@*>] F
O’k@*
r * 0L, O* r u T '
{/'L + 14~0* + gk@ + ,uk—i-w [l—l-'y@* + okg* <'u + 1+’y®*>}}

Chitng minh. Ching ta c6 trang thai can bang dac hiu P, = (S}, I, RY, ..., Sk I¥, RY)

I; =

ctia mo6 hinh lan truyén méa doc SIRS phan thi dua trén mang la mot nghiém khong tam
thuong ciia hé phuong trinh dai s6 (4.3). Do d6, bing cach thé céc bién S, va Ry, béi I,

ching ta nhan dugce

1 r
Sp = —— I
e <“+1+7@) ¢

1 T uy T
Ry = I
P uw {1+7@+ak@ (M+1+7@>] b

v6i mbi k = 1, n. Mat khac, bing cach cong cac vé ctia he (4.3), ta thu duge

M(Sk—l—[k—l—Rk):A,

va do do, ta co
O'k@

r 0,0 r u T '
{“+ 56 00 + e [1+7® + 56 <”+ 1+v®>}}

I =
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Theo dinh nghia ctia ham O(#), chiing ta nhan duge phuong trinh ty nhat quan sau:

< > o Y (45)
n r [ r u r
k=1 {,u—i— 1+7®+0k@+;ﬁ |:1+’Y®+Uk_%('u+d+ 1+79>]}

hay tuong duong véi

1 o kP (K)o,

— —1|=o0.
r 0,0 r u r
() = {u+ e +owO + AT [me t 56 <M+m>]}

Chiing ta thay rang phuong trinh ty nhat quan 1a mot phuong trinh phi tuyén véi
bién © va néu phuong trinh ¢6 mot nghiém khong tam thuong © € (0,1) thi mo
hinh lan truyén ma doc SIRS phan thi dya trén mang sé tuong ting c6 mot trang thai
can bang dic hitu P,. Do dé, muc dich ctia chiing ta I3 xac dinh diéu kién dé ton tai it
nhat mot nghiem khong tam thuong © € (0,1) ctia phuong trinh . Véi muc tiéu nay,
ky hiéu
Y S —

i {nr s+ 2 [+ 25 (ur )|}

Khi d6, nghiem ©* € (0,1) ctia phuong trinh .#(0) — 1 = 0 ciing la nghiém khong tam

thuong clia phuong trinh (4.5). Ngoai ra, can luu ¥ ring
e Ham .#(0©) lién tuc trén [0, 1] va kha vi trong (0, 1).

e Tai ©® =1, ta ¢o

e Tai © =0, ta ¢o

L& RPRo(ptw)
PO = i ot

Do d6, néu chi s6 ngudng lan truyén SRy > 1 thi n6 kéo theo bat phuong trinh .% (0) > 1.
Theo dinh Iy gia tri trung gian, ta c6 thé két luan ring phuong trinh .#(©) — 1 = 0 c6
it nhat mot nghiem ©* € (0,1) va nghiem d6 tuong ting giai ra mot trang thai can bang

ddc hitu P, ctia mo hinh lan truyén ma doc SIRS phan thi dya trén mang. O
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Nhan xét 4.3. Luu y rang dieu kien Ry > 1 chi ddm bao sit ton tai clia it nhat mot
trang théi can bang dic hitu P, nhung khong bao ham tinh duy nhat ctia trang thai can
bang nay. Hon nita, ngay ca khi diéu kien Ry < 1 dugc thoéa méan, ching ta vAn khong thé
két luan rang mang hoan toan sach phan mém doc hai, tic 1a diéu kien Ry < 1 1a khong
di dé loai bé hoan toan phan mém doc hai khoéi mang. Bay gio, luan an sé xac dinh mot
gia tri ngudng ddm bao cho mang khong ton tai bat ky trang thai can bang dic hitu P,
nao. Véi muc tiéu nay, ky hiéu
o) BB o)t

Ry = (n) & (14w ~+ug) <u + 1;) N f1{n)

D& thay ring gia tri ngudng R, thoa man Ry > NRy. Ngoai ra, véi mdi © € (0, 1), ta co
- K*P(k —

7(0) < % 3 (k) < R,

=11+ e T e <“ + 1+Tw@)

Hé qua la néu Ry < 1 thi ta ciing c6 .Z(0) < 1 v6i moi © € [0, 1] va do dé, phuong trinh

Z(©) — 1 = 0 khong ¢6 nghiem © € [0, 1] hay néi cach khéc, khong ton tai bat ky trang
thai can bang dac hitu P, nao khi Ry < 1.

4.2.3. Ddng diéu tiém can cia diém can bang khong c6 ma doc P,

Sau day, duya trén phuong phap tuyén tinh hoéa cho cac phuong trinh vi phan phan
thit (tham khéo [56]), luan 4n théo luan vé mdi quan hé gitta chi s6 ngudng lan truyén

R, va st on dinh tiém can dia phuong clia trang thai can bang khong c6 ma doc Py,
Dinh 1y 4.3. Cdc ménh dé sau day ding:

(i) Néu Ry > 1 thi trang thdi can bang khong cé ma doc Py khong on dinh.

(ii) NéuRo < 1 thi trang thdi can bang khong c6 ma doc Py on dinh tiem can dia phuong.

Chitng minh. Theo ly thuyét on dinh ctia phuong trinh vi phan phan thit, sy 6n dinh tiem
can dia phuong ciia trang thai can bang khong c6 ma doc Py phu thuoc vao mo-dun ciia
arg (\;), trong do \; la gia tri riéng clia ma tran Jacobi J(Py) xéc dinh béi

Juu Ji2 o Ji

J21 J22 T J2n
JPo)=1| = .

Jnl Jn? Jnn
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O day, v6i mdi k, j = 1,n, cdc ma tran Jy va Ji; 1a cdc ma tran vuong cap 3 cho bdi

) O w
ek = 0 ZIED ()0 ,
uy r — (1 +w)
s LE
Jiy=10 % 0
0 0 0

Tiép d6, bang cach ap dung nguyén 1y quy nap, ching ta nhan duge da thitc dic trung
d6i v6i ma tran Jacobi J(Pg) cho bdi

n

det (Xﬂgn—J(P0)> = O +p)" (H A+ (p+w+ uk))) X+ (n+1)"" x

<X+ (n+r)— aCha) zn: il )

(n) = pt+wtu

n

= (N +p)" (H (X + (,u+w—|—uk))> O+ (n+)"" O+ (n+r)(1=Ry)) .

k=1
Phuong trinh déc trung det (Als, — J(Pg)) = 0 ¢6 3n nghiem thyc gém nghiem am
A = —u v6i boi n, nghiem am A = —(p+7) v6i boi n—1, nghiem thue A = —(u+7)(1—-NRo)
va n nghiém thyc am dang Xj = —(u+w+u,) v6ii = 1,n. Theo |52, Dinh ly 7.20], trang
thai can bang Py 6n dinh tiém can dia phuong khi va chi khi

larg (A;)] > %ﬂ v6i moi j = 1, 3n.
That vay, do 3n — 1 gi4 tri rieng dau tién ctia ma tran Jacobi J(Py) déu la gia tri thyc am

nén ‘arg (Xj)| =7 > %T v6i moi 7 = 1,3n — 1. Vi vay, su 6n dinh tiém can dia phuong

ctia Py chi phu thuoc vao gia tri rieng cudi cung
A= —(u+7)(1—Ry).
Do dé, chiing ta c6 két luan nhu sau:
e Néu Ry > 1 thi gia tri rieng Az, la sb thuc duong va do do, |arg (A)| = 0, tic 1a

trang thai can bing khong c6 ma doc Py khong 6n dinh.

arg (Xgnﬂ =7 > ﬁ—; Vi

vay, trang thai can bang khong c6 ma doc Py 6n dinh tiém can dia phuong.

e Néu Ry < 1 thi gia tri rieng A 1a s6 thuc am va do do,
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Dinh Iy duge chitng minh. O]

Nhan xét [4.3] d& chi ra riing diéu kien %o < 1 1a khong dii dé loai b6 phan mém doc
hai trén mang phttc hop khong dong nhat. Do d6, trong phan tiép theo, luan an sé thao
luan veé cac diéu kien dé trang thai can bang khong c6 ma doc Py hit toan cuc, tic 1a su

lay lan ctia phan mém doc hai dan bién mat.

o1+ w){n?u)

p{n)
can bang khong cé ma doc Py on dinh tiem can toan cuc.

Dinh 1y 4.4. Dat Ry = . Khi dé, néu gid tri nguong Ro < 1 thi trang thdi

Chitng minh. Gia st (S1(t), [1(t), Ri(t), ..., Sn(t), [,(t), R,(t)) 1a mot nghiém khong am
ctia mo hinh lan truyén ma doc SIRS phan thit dya trén mang théa man dieu kién ban
dau (4.2). Vitap ©* 1a mot tap bat bién duong ctia mo hinh lan truyén méa doc dé xuat

nén ching ta suy ra
0<Sk(t) < 1, Rk(t) < 1—Sk(t)—fk(t),

v6imbi k = 1,n vat > 0. Do d6, tit phuong trinh vi phan phan thit dau tien ctia he (4.3)),
chung ta suy ra
§DIS(t) < A — (+uy) Silt) +w (1 — Si(t) — In(t))
< (it w) — (+w -+ ) Silh).
Xét phuong trinh bo trg sau:
COVSL(t) = (n+w) — (1 + w +ug) Si(t).
Chiuing ta thay rang phuong trinh vi phan phan thit nay c6 mot trang thai can bang duong

ptw

W+ w+ug
Iy so sanh nghiém cho phuong trinh vi phan phan thi, ching ta suy ra véi moi € > 0, ton

on dinh tigm can toan cuc duy nhat S = . Sau do, bang cach st dung nguyén

tai mot thoi diém du 16n Ty sao cho bat ding thic Si(t) < S + & dang v6i moi t > Tp.
Khi d6, véi mdi k = 1,n va véi moi t > Ty, tinh khong am ctia ham I;(t) dan t6i

TIk(t)

SO (L) = 01O(t) Si(t) — pli(t) — 1+70(t)

< oy (Sg + 5) @(t) — ,U,]k<t)
Theo dinh nghia ctia ham xac suat O(t), ching ta nhan duge

n

D701 < <%> S RB(R) [0k (S0 + ) ©(F) — puli(8)]

k=1



_ [% > P (K)o (M f;juk 5> o(t) — uO(1)
- eo(n?)
= w1+
trong dé (n?) = % Y k*P(k). Do d6, tit gia thiét %y < 1, ching ta c6 thé chon € > 0
di nho sao cho .
5%0 + 80<n2> < 1.
p(n)

Ngoai ra, do gia sit phan mém doc hai dang lan truyén trén mang nén ©(0) > 0. Ap dung

nguyén Iy so sanh nghiém, chiing ta nhan dugc

0<O(t) <O(0)E;, (M <§%0 — 1+%Z>2>) tﬁ> . t>0.

Diéu tren dan tdi tlim ©(t) = 0. Theo dinh nghia ctia O(¢) va tinh khong am ctia ham
—00
Ii(t), ching ta suy ra tlim I;:(t) = 0 v6i moi k = 1,n. Do d6, v6i moi € > 0, ton tai thoi
—00

diém T} > 0 du 16n sao cho ham I, (t) < € v6i moi t > T}. He qua la

n

1 n
Ot) = — Y KP(K)I4(t) <+~ > kP(k) =& v6imoit > T
n = ) =
V6i moi t > 17, ta co

CDPSL(t) > A — Si(t) (ke + p+w + 1) + w — we

= (u+w—we) — (ore + 1+ w +ug) Sk(t).

Chit § riing he b6 trg §DYS,(t) = (1 +w — we) — (ope + 14 w + uy) Sk(t) 6 trang thai

can bing duy nhat S, = ﬂ_:' C:__ wj . Do do6, v6i t > 0 du 16n, ta c6
ORE + W+ W Uy
— we
Sp(t) > —HTw T

ak5+u+w+uk'

ui(p+ w — we)
oRE+ p+w+ug

Hon nita, v6i moi t > T}, ta ciing ¢6 §DF Ry (t) > —(u + w) Ry (t) +
do, ching ta nhan duge

ug (g + w — we)
(ope + p+w+u)(p+w)

Rk(t) >

Cudi cuing, cho € — 0, ta nhan duge

t—ro0 n+w+ ug
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. uy 0
lim Ry(t) = — = R;.
tirg k() n+w+u K

Dinh Iy duge ching minh. O]

Nhan xét 4.4. D& thay riing Ry < Ry, tic 1a didu kien Ry < 1 khong di dé dam béo
cho tinh hut toan cuc ciia trang thai can bang khong c¢6 ma doc Py va trong truong hop
nay, ching ta khong thé loai bo cac cudc tan cong ciia phan mém doc hai trit khi gia tri

cua Ry giam sao cho Ry < 92{0 < 1.

4.2.4. Tinh ré nhanh lu:

Theo két qua ctia Dinh 1y [4.4] luan an da chi ra ring diéu kien Ry < 1 1a khong du dé
loai b hoan toan phan mém doc hai khéi mang. Thém vao d6, theo Nhan xét , ching
ta thay rang ngay ca khi Ry < 1, van c6 thé xdy ra truong hgp co trang thai can bing
ddc hitu P, cling ton tai v6i trang thai can bang khong c6 ma doc Py. Diéu nay dan dén
hién tuong ré nhanh i trong quy dao nghiém ctia mo6 hinh lan truyén ma doc dé xuat.
Trong thuc té, mot sé co ché dich té& c6 thé gay ra hién tuong ré nhanh lui bao gom: viéc
st dung phan mém phat hién va chéng ma doc khong hoan thién, 4nh hudng ti sy han
ché cia phan mém diét ma doc, tai nhiém trong qué trinh truyén dan di lieu hosic do sb
nit lan truyén ma doc ban dau qué 16n, v.v. (xem Hinh

et) |

Trang thii
EE on djnh

L Trang thii EE
i *~.._ khingén dinh
T:_':{n.‘g Ihf’ii | \“--»_.- o Trgng thii MFE
MFE on djnh | “--..____ khing om djnh
: : — 7 Mo

Hinh 4.3: Minh hoa cho tinh ré nhanh lui

Sau day, luan an sé thiét lap mot diéu kien du déi véi cac tham sé dé hien tuong ré

nhanh lui tai Ry = 1 xay ra.

Dinh 1y 4.5. Mo hinh lan truyén ma doc SIRS phan thit dua trén mang co diéu khién
dién ra hién tugng vé nhdanh lui tai Ry = 1 néu

(1 +7)(n’a)(n) (1+ r )

>
7 r{n’u) g+ w
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1 < KPPk
trong dé (n*a) = — #
(n > /~H‘W+Uk

Chatng minh. Trong chitng minh nay, luan an gia st trang thai can bang dac hitu ton tai,
ttic 13 ham I (t) duong v6i moi ¢ > 0 va v6i mot s6 k = 1,2,...,n. Diéu nay dan t6i
O(t) > 0 v6i moi ¢ > 0. Ngoai ra, chi ¥ rdng trang thai can bang dic hitu ctia mo hinh
lan truyeén ma doc dé xuat 1a mot nghiem khong tam thuong ctia phuong trinh tir nhat

quan (4.5) hay noi cach khac, n6 théa man phuong trinh phi tuyén sau:

1 i ok*P(k)
CR3% (e raes R (epmecems) S
/H—w 1+'y® ;H—w)(l-i—'y@)
(p + w){n'u)
2 z 2 Z (M + T)
nay c6 the viet lai du6i dang mot biéu thitc cia cac so hang Ry va ©. Vi vay, ching ta

2
Z S . Z o N ~ n-u
Tiep theo, bang cach nhéan hai vé cia phuong trinh trén véi ————-— v ) , phuong trinh

n

nhan dugc
1 & Rok*P(k
(n) () (n?u) . — . (46)
n p+w){n“u u r T
k=1 {W (1 + ufw) ( me) +FRO <1 + (u+w)(1+79))}

Khi d6, ddng thitc (4.6) c6 thé xem la phuong trinh an ctia dudng cong can bing dic hitu

trong géc phan tu thit nhat clia he toa do (Re, ©) va ham O duge xem nhu mot ham cla
Ry. Dé dua ra diéu kien di cho sy ré nhanh Iui, ching ta tinh biéu thic 88—9(;)0 tai diém
(Ro,©) = (1,0). That vay, ta co

= A — Ay

2
— [ ) (nu) ,
T e (14 ) (n+ w58) +49%0 (1 + gy |

trong d6 cac s6 hang A; va Ay dude cho béi

() ()i 1+ )

~ REP(R) [ (p+w)(nPu) uy ry 00 r
A= { <#+ﬂn>(“*u+w)a+m@fm%+k@(”wu+mu+v@>

R 20 (1 N r ) B rvkRoO 00 }
"0\ (tw)(1490))  (utw)(1+90)? R

Tai diém (R, ©) = (1, O) ta co

vl e )
(

k*P(k) 7(,u+w n*u) ( uy ) ( r )} 00
Ay, = 1 kEl1 .
2= ) { Grnm \ are) P T aTw G%Jmﬁ>@m

—0, (47
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Do d6, phuong trinh (4.7) trd thanh
2
L e (U es) () o,
—ZkQP(k) n+r)n n—+w n—+w 0 1 (%0,0)=(1,0) _
=

(n) H+w
hay tuong duong véi

o (n3a)(n) r 00 _
{ A * (n?u) L+ 4w 0Ro ‘(mo,e)u,o) =L

Do © dang dugc xét 1a ham ctia 9y nén sy ré nhanh 1ui sé duge dac trung bdi gia tri am

00 .
ctia dao ham —— tai diem (o, ©) = (1,0), tic 1a

ORo
R () <

1,

Dinh 1y duge chitng minh. O]

4.3. Bai toan 6n dinh héa dua trén hé md Takagi-Sugeno phan thi lién két

Trong phan nay, luan 4n xét kich ban khi sy lan truyén phan mém doc hai biing phat
trong mang, titc 1a khi d6 SRy > 1 va trang thai can bang khong c6 ma doc Py khong 6n
dinh. Khi d6, ching ta sé can thiét ké cac bien phap diéu tri va ngita chiing phit hop dé
kiém soat su lay lan ctia phan mém doc hai. Thém vao do, ching ta thay rang viéc can
thiep ngita chiing véi téc do khong ddi u(t) = const dé dbi pho véi sy lan truyén phan
meém doc hai trong mang phitc hop khong dong nhat trén thuyc té 1a khong hop ly. Véi
nhing dong co néi 6 trén, luan an sé xay dung ham ngtia chiing phu thudc thoi gian u(t)
dé 6n dinh héa trang thai can bing khong c¢6 ma doc, tic la vecto didu khién dau vao sé
chuyén trang théai ctia mo hinh lan truyén ma doc cé diéu khién dé xuat vé trang thai can
bing khong ¢6 ma doc Py = (1,0,0,1,0,0,...,1,0,0) sau mot khoang thoi gian. Khi do,

(. i

3n
bang cach ky hieu
é(t) - i(t) - ].50 — (Sl - 1,]1,R17SQ — 1,[2,R2, . .,Sn - 1;[n7Rn>7

[ S

3n
bai toan 6n dinh héa trang théi can bing khong c6 ma doc sé tuong duong véi bai toan
on dinh hoéa vecto trang thai e(t) vé vecto 0 sau mot khodng thdi gian. Véi cach tiép can

nay, mo6 hinh lan truyén ma doc da cho duge chuyéen vé hé gom n phuong trinh vi phan
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phan thit sau day:

;

§DISi(t) = A —0.0(t) (Si(t) = 1) = p(Si(t) = 1) — wi(t) (Si(t) — 1) + wRi(t)
COL(H) - o B - 1) — L) — )
0D Li(t)  =0i0(t) (Si(t) — 1) — uli(t) 1+10(1) (4.8)
SOUR() =) (S0~ 1)+ (W) R ()
" 1+70(1) ’

v6ii = 1,2,...,n. Dya trén nhiing wu diém ctia hé mo Takagi-Sugeno trong viec xap xi

cac he dong e phi tuyén va thiét ké cac bai toan diéu khién-quan sat, trong muc nay,
luan 4n sé ap dung cach tiép can heé mo Takagi-Sugeno phan thi lien két (interconnected
fractional Takagi-Sugeno fuzzy system) dé xay dung ham diéu khién phan hoi trang thai
m¢ thich hgp u(¢) nhiam on dinh héa mé hinh lan truyén ma doc dé xuat. Cu thé, luan
an xét hé phuong trinh vi phan phan thi 14 hé con thi 7 cia mo hinh lan truyen
ma doc SIRS phan thit dya trén mang va ap dung phuong phap phi tuyén doan (tham
khao [103]) dé xay dung heé mo Takagi-Sugeno phan thit lién két cho hé con nay. Do A = p,
tiic 1a tong mat do N;(t) khong doi nén ching ta thé S; = 1 — I; — R;. Khi d6, nhim
gidm do phiic tap cla tinh toan, ching ta chi can xét dong liic clia mo hinh theo hai ho
an ham [; va R;. Mat khéc, theo két qua ctia Dinh Iy , ching ta thay rang ham S;(t)
luon duong va bi chin trén bdi 1. Ngoai ra, nhém thit ¢ duge gid dinh 1a nhan duge toc
do tham gia ctia nit méi khong déi 1a A. Do d6, luan an c6 thé gia dinh mot cach hop 1y
rang S;(t) € [0.1,0.9] v6i moi t > 0 va kéo theo I;(t) + R;(t) € [0.1,0.9]. Khi do, ching ta
c6 thé viét lai he phuong trinh vi phan phan thi duéi dang hé dong lyc phi tuyén
tinh sau vé6i vecto trang théi e;(t) = (Ii(t) Ri(t)> va diéu khién dau vao uy(t):

r 0iP(#) (S (1) —1)
—p = + - 0 0
CDje,(t) = ew a@+< )uﬁ)@w
100 —(p+w) Si(t) —1
n oi(S;:(t)—1) P( ) 0
my  JEU
+ e;(t)
Z 0 0]’
i
—l— Z N N Z
Ky hieu z;(t) = <zi1(z€) Zin(t) - ziq(t)> la vecto bién tien de do duge. Tiép theo,

luan &n thiét lap mot he md Takagi-Sugeno phan tht lién két cho hé phi tuyén (4.9) véi

cac luat mo nhu sau:

Luat E? : Néu z;; thuoc Fjj va z; thuoc Fly va -+ va z;, thuoc FZZ thi

g@fei(t):Afei( + Bfu,(t) + awej

J?f
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trong d6 A}, B} va of; la cdc ma tran thuc véi moi i = 1,n va p = 1,7;. Bang cach ap

dung cong thic 1 , hé phi tuyén (4.9)) c6 thé dugce dic trung béi he mo Takagi-Sugeno
phan thit lien két sau day:

CDfe(t) = 3 ul (1)  Alei(t) + Blu(t) + Y e () (i=Tm), (410)

trong d6 w! (z;(t)) 1a ham thuoc thich hgp cho biét miic do kich hoat ctia mo hinh dia
phuong thit p ctia hé con E;. Do d6, hé mo Takagi-Sugeno phan thit lien két cho mo hinh
lan truyén ma doc SIRS phan thi dya trén mang cé dieu khién duge biéu dién dudi dang

vecto nhu sau:
.

> uf (m(t)  Ales(t) + Blw () + Y _ ol e;(t)
p:l j=1
L i
(D e(t) = : . (4.11)

p

> (2a(0) § Azea(t) + Brua(e) + 3 ey (0

p=1

L i

Tiép theo, dya trén y tudng phuong phap bu phan phdi song song (parallel distributed
compensation— PDC) dugc gi6i thiéu trong [114], luan an xay dung diéu khién phan hoi
trang thai mo u(t) dé on dinh hoéa trang théi can bang khong c6 ma doc khong 6n dinh
ctia mo hinh lan truyén ma doc SIRS phan thi dya trén mang c6 diéu khién. Vi muc
tieu nay, theo cach tiép can trong [89,(102], mdi hé con phi tuyén ¢ dang clla mo
hinh lan truyén ma doc SIRS phan tht dua trén mang c6 thé duge biéu dién biang hé mo
Takagi-Sugeno phan thi lien két . Do dé, luat mo thit p ctia didu khién mo trong
hé con E; c6 thé xét dudi dang PDC sau:

Luat E? : Néu z;; thuoc Fj va z;p thuoc F va - -+ va z;, thuoc Ffl thi

Do d6, dau ra ctia diéu khién phan hoi trang thai md u;(¢) cho hé con E; 1a

u;(t) = Z w? (z;(t)) KPx;(t) (i=1,n). (4.12)

.
Ky hieu u(t) = <u1 t) ... un(t)> bdi didu khién phan hoi trang thai md cho mo hinh
lan truyén ma doc SIRS phan thi dya trén mang. Sau day, luan an sé thiét lap mot sb
diéu kien du dé diéu khién phan hoi trang thai mo u(t) duge xay dung 6n dinh héa trang

théi can bang khong c6 ma doc:
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Dinh 1y 4.6. Gid si rang ton tai cic ma tran P; € ST, U™, Uf}n € S™ va cac ma tran

K? théa man cdc bat ding thicc ma tran sau:

Qrm < urm (MI.1)

(a2) Pi+ Pia?; + ()" P; + Pjalt < 2U" (LML2)
U1 U12 Ce Uln

U= U; [? U%” <0, (LML3)
U1Tn U;n e U,

trong dé vdi méii,j = 1,n, cic ma tran U; va Uy (i # j) duge cho bdi

11 12 1r; 11 12 Irj
Ui Ui . Ui i Uij Uij - Uij
12\T 22 2r; 21 22 2rj
(Ui ) Ui e Ui ' Uij Uz’j T Uij
Uz = 5 Uij =
1ri\T 2ri\ T Ty il T2 TiTj
(Ui Z) (Ui Z) T Uil ' Uz’}' Ui}' T Uij

Khi dé, hé mo Takagi-Sugeno phan thit lien két on dinh héa dugc vdi diéu khién
phdn hoi trang thai mo u(t), trong dé

Q'™ = (GP™)T P, + P,GP™  wa  GP™ = AP 4+ BPK™.

Chatng minh. D& thuan tién trong trinh bay, luan an sé stt dung cac ky hidu w!, w thay
cho w! (z;(t)) va wi (z;(t)). Khi d6, véi didu khién phan hdi trang thai md u;(t) cho béi
(4.12)), he mo Takagi-Sugeno phan thit lien két (4.11)) tré thanh

CDle;i(t) Z Zw w; <Ap Bme>ez t)+ ZZwaafjej(t). (4.13)

p=1 m=1 p=1 j=1
Cht ¥ ring bai toan 6n dinh héa ctia he mo Takagi-Sugeno phan thit lien két (4.11) véi
diéu khién phan héi trang thai md u,(t) tuong duong véi bai todn xét sy 6n dinh tiem
can ctia he kin (4.13). Khi d6, chiing ta viét lai he phuong trinh (4.13) nhu sau:

CDBe,(t) = Z Z w? (Af; + Bfo"”)ei(t) + Z zn: wPal e;(t

p=1 m=1 p=1 j=1

- i [w?]? (Af + Bfo)ei(t) + izn:wfape t
p=1

p=1 j=1
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+ Z Z wfwi"{ (Af + Bf’K;”)ei(t) + (A;" + Bgﬂ;g?) ei(t)}.

V6i méi p,m = 1,7; va i = 1,n, bang cach ky hieu GI'"™ = A? + BPK™ va Q'™ =
(GP™)" P; + P;G¥™, he kin trén ¢6 thé viét lai nhi sau:

T

g@fei(t):Z( )? GPPe;(t +ZZw »(t)—l—zl Z wfwlm((}fm—i-G;np)ei(t).

p=1 p=1 j=1 p=1 m=p+1

(4.14)

Tiép theo, ching ta xét ham Lyapunov cho hé phuong trinh 1) nhu sau:

= > Vilelt)

trong d6 ham V; (e(t)) dugc cho ¢ dang toan phuong V; (e(t)) = e/ (t)P;e;(t). Tiép theo,
bang cach lay dao ham phan thi Caputo bac 8 ctia ham V; (e(t)) doc theo nghiem cta
(4.14) va st dung B6 dé[1.4] ta nhan duoc

§D7V: (o) < |§D7el (1)] Piei(t) + o] (OP: |§Dest)]
Stt dung vé phai ctia phuong trinh vi phan phan thi l} ta thu dugc

CHOV, (e(t)) < Z { o TP, + Pinp} e;(t)

+Z Z whwle] {(Gpm) PZ-+PZ»G§””+(GT”)TPiJrP,»G;””}eZ-(t)

p=1 m=p+1
+22w§ej<t " Pie(t +ZZU} e;(t)
p=1 j=1 p=1 j=1
_Z ()Qe;(t) +Z Z wiwie] (1) {QI™ + Q"} e;(t)
p=1 m=p+1
+ZwaejT(t "Pei(t —i—ZZw e;(t).
p=1 j=1 p=1 j=1

Thém vao d6, do Z wf' (z;(t)) = 1 va sit dung dicu kién (ML1)), ching ta suy ra

m=1

Ti

CDPV, (e (t)Ue;(t) +Z Z whwie] (1) {UP™ 4+ U™} e;(t)

p=1 p=1 m=p+1

+ waijmeJT(t Pe, +Zw ZZU} e;(t)

p=1 j=1 m=1
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n )

<34 (wleit) - wpen))

=1

Ut .ooulm wle;(t)

(U.”i)T R ke wiie;(t)

(2

+ZZw ZZ@U Pel()

+ ZZw Z Zw;“ei (t)Piatje; (1)
= Z (w e;(t wfiei(t)> U;
w; e;(t)
Y3t zzwm UG

Sy 3 ) Pt

i=1 p=1 jlml

3w Yy e P )

i=1 p=1 7j=1 m=1

Sau d6, bang cach thay ddi chi s6 va sit dung bat dang thitc (LMI.2)), chiing ta nhan dugc

CDV, (e(t) < Z (w e;(t wf’iei(t)> U; :

w;'e;(t)

Y Sy S ) el

i=1 p=1 ]lml

€ z]e]t
Sy S Pehe )

i=1 p=1 7j=1 m=1

n L BT Ty a;?sTPjeAt)
LYy e )

i=1 p=1 jlml

D NI Rt

i=1 p=1 7j=1 m=1

t)Pjajiei(t)
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Upm

+ZZ ZZU} e;(t).

Ky higu we(t) = (w%el(t) cewiter(t) -0 wlen(t) - wg"en(t)) e R™7. Khi do,

n

ching ta nhan dugce
§D/V;(e(t)) < [we(t)| Ulwe(t)] .

Chi y rang U € S™ Do d6, theo bat ding thic ma tran (LMIL3|) va bat ding thiic

Rayleigh, chiing ta suy ra ton tai hing s6 am Ay, (U) sao cho
§D/Vi(e(t)) < Amax (U) we(t)[|* < 0

Ngoai ra, vi ma tran P; € S7, nén bang cach 4p dung bat dang thic Rayleigh, ton tai

cac hiang s6 duong Ayin (P;) va Apax (P;) sao cho
Amin (P3) [le()[1* < Vi (e(t) < Amax (Ps) le(®)]|.

Cubi ciing, bing ap dung Dinh 1y [1.3] ching ta 6 thé két luan riing he mo Takagi-Sugeno
phan thtt lien két (4.11)) 6n dinh hoa duge vai dicu khién phan hoi trang thai mo u(t). O

Nhan xét 4.5. Do céc bat dang thiic ‘) khong phai cac bat dang thiic ma tran tuyén
tinh nén ching ta chua thé 4p dung chuong trinh MatLab dé giai he diéu kién trong Dinh
ly . Sau day, luan 4an sé 4p dung dinh ly phan bt Schur (xem [103, Tinh chat 3.2]) dé
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bién ddi cac bat ding thiic ma tran (MI.1)), (LMI.2) va (LMI.3) thanh cac bat déng thiic

ma tran tuyén tinh dé thuan tién cho giai s6 hon. V6i muc tiéu nay, luan an thuc hién

céc phép bién doi sau:

C, =P

7 )

KP=WiC;',  Um=Cu"C, U= CGU'C, + G Uy'C,

va Q" = C; {(Gﬁ-’m)T P; + PZ-GZ;’”} Ci = C; (AD) T + APC; + BPW™ + (W) " (BP)" . Tiép

d6, bang cach nhan ci bén trai va bén phai clia cdc ma tran Uj, U;; v6i ma tran chéo

dang diag [C;, ..., C;], ching ta thu duge
s
(S VAR e oo o O
B I A L
(U (U . U VRV Ve

Do d6, ching ta cé thé viét lai he bat dédng thitc ma tran ctia Dinh 1y nhu sau:

Q= U (LML4)

(o) Ci+ Cialy + (o) C; + Cyam < 207" (LML5)
[_]1 U12 Uln

U= U U2 U < 0. (LML6)
vl Ul - U,

Nhan xét 4.6. Tuy nhién, cic diéu kién § Dinh 1y chi 1a céc diéu kien dii cho tinh én
dinh héa dugc ciia hé m& Takagi-Sugeno phan tht lien két (4.11)). That vay, Dinh ly

xay dung tiéu chuan cho tinh én dinh tiém can ctia hé mo Takagi—Sugeno phan thu lién

két (4.11) béi ham Lyapunov dang toan phuong V (e Z e, (t)P;e;(t). Chu y rang

cac dieu kién dua ra 1a chit khi doi hoi tinh xac dinh am ctia ma tran U va cidc ma tran
QY™ — UP™. Tham khao [103, Vi du 3.4], chiing ta thiy ring cic tiéu chuan on dinh héa
sinh béi viéc chon ham Lyapunov toan phuong trong mot s6 truong hgp sé khong hieu
qua dé danh gia tinh 6n dinh hay on dinh héa ctia caAc hé mo Takagi-Sugeno. Cu thé, vi
du nay da chi ra ring hé mo Takagi-Sugeno dang xét khong 6n dinh tiém can theo tieu

chuan én dinh toan phuong (tham khao [103, Dinh 1y 3.1]) nhung 6n dinh tiém can néu
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xét mot ham Lyapunov xac dinh timg khiic theo bién lap biéu. Do d6, huéng phat trién
tiép theo ctia luan an ciing sé huéng t6i xay dung cdc ham Lyapunov phu thuoc vao cac

bién lap biéu dé thu dugc cac tieu chuan on dinh héa tét hon.

Vi du 4.1. Trong vi du nay, chiing ta sé minh hoa két qua ctia Dinh 1y 4.6/ bang mot vi
du lien quan dén bai toan 6n dinh héa cach ly déi véi mo hinh lan truyén ma doc SIRS
phan thit dyra trén mang c6 diéu khién trén mang cam bién khong day. 0 day, luan an xét
kich ban qué trinh lan truyén phan mém doc hai dang buing nd trén mang va xét mang

cam bién khong day véi cAu tric mang quy mo tu do Barabasi-Albert (xem Hinh .

-

INTERNET / A 4
& GATEWAY
~

USERS

SENSING FIELDS

Hinh 4.4: M6 hinh mang caAm bién khong day don gidn véi n = 2
Xét cac tham s6 clia mo hinh lan truyén ma doc SIRS nhu sau:
A=p=014, w=01, o=08 r=06  ~=2 (4.15)

- ~ ~ P P L 4 L4 N 4. o ~ P N N P £ 2 ~
O day, luan an xét mang véi so tiép xuc téi da clia mot niat 1a n = 2 va xac suat de mot

n
ntt ngau nhien c¢6 bac k cho bdéi P(k) = ck™3, trong d6 ¢ thoéa man Z]P’(k) = 1. Béng
k=1
tinh toén triyc tiép, ta c6 ¢ = 3. Ngoai ra, céc tham s6 (n) va (n?) duge cho nhu sau:

= 10
(n) = ]; KP(k) =
(n?) = KP(k) = %.

Vé6i cac tham s trén, ta c6 chi s6 ngudng lan truyen Ry = 1.8018 > 1, tiic la trang
thai can bing khong c6 ma doc khong 6n dinh. Tiép theo, luan an sé thiét lap he mo

Takagi-Sugeno phan thit lien két tuong ting v6i mo hinh lan truyén ma doc dé xuat. Véi



132

muc tiéu nay, luan dn xét hai s6 hang bién thien S;(t) va

o
1 +~0(t)

(4.9) 1a cac bién tién dé. Khi dé, cac ham trong ctia hé con thit i cho béi

(i) Bién tién dé z;; = S; € [0.1,0.9] ¢6 cac ham trong tuong ting la

1— 2
1 ) — 1l
7]7,0 (221) 08 ?
Zil — 0.2
i (zin) = 1=y (z0) = o0’

Ap dung [84, BS dé 1.1], bién tién dé z; duge biéu dién dudi dang

(i) Bién tien dé z;, =

zn = 0.1 (2a1) + 0.9 (201)

r r _ ;. N . R
1760 € [m, r] =10.2,0.6] ¢6 cac ham trong tuong tng la
5(1 — ZZ'Q)
(o) = 272,
522'2 -3
mh (zi2) = 1= (2i2) = s

Bing lap luan tuong tu, bién tién dé z, dudce bicu dién duéi dang

-
Ky hieu vecto bién tien dé do duge bdi z;(t) = <Z¢1(t) Zi2<t)> va cac tap mo tuong ting
v6i cac ham trong béi Fjy v6i méii = 1,2, k= 0,1 va x = 1,2. Thém vao do, luan an st

dung ham thudc ms dang tam gidc doi véi tap md trong cac luat mo. Biéu dién hinh hoc

Zi2 — 0277120 (212) -+ 067]?1 (212) .

clia tap mo tién dé F)y dudc cho trong Hinh

The linguistic fuzzy sets Filk

Degree of Membership

trong hé phi tuyén

1
—— Fuzzy set FiO

- - Fuzzy set Fi]]

Degree of Membership

2
— Fuzzy set FiO

- - Fuzzy set FiZ]

Hinh 4.5: Ham thuoc ctia cic tap mo tién dé F} va F3
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Cach xay dung nay dan dén 4n mo hinh dia phuong bang cach két hop 2n ham thuoc clia
cac tap mo tien dé Fj, va Fj. Sau do, he mo Takagi-Sugeno phan thi lien két cho mo

hinh lan truyén ma doc dé xuat duge biéu dién bing cac luat mo sau:

Luat E! : Néu z; thuoc F, va z, thuoc F2 thi §D7e;(t) = Ale;(t)+Blu,(t) Z ozwej

J#z

2
Luat E? : Néu z; thuoc Fh va 2 thuoe F2 thi §D7e;(t) = Afei(t)—i—Bfui(t)—i—Z aZe;(t)

e
2
Luat E? : Néu z; thuoc F} va 2 thuoe F2 thi §D7e;(t) = Af?ei(t)—i—Bf’ui(t)—i—Z aje;(t)
yt
2
Luat E! : Néu z; thuoc F}} va z;; thuoc F2 thi §De;(t) = Ale;(t)+Blu,(t +Z ajie;(t

J;ﬁz
trong d6 v6i moi i,j = 1,2 va p = 1,4, cac ma tran A?, BY va a - cho béi
1 —0.916 0 L 0 ) —0.144 0
A= ) By = ) Qg =
0.2 —0.24 -0.9 0 0
N —1.316 0 ) 0 ) —0.144 0
Al = ) By = , Qg =
0.6 —0.24 -0.9 0 0
5 —0.404 0 3 0 5 —0.016 0
Ay = ) By = , Qg =
0.2 —0.24 —0.1 0 0
—0.804 0 0 —0.016 0
Ail = ) Bil = ) alllQ =
0.6 —0.24 —0.1 0 0
) —0.628 0 . 0 ) —1.152 0
Ay = ) B, = , Qg =
0.2 —0.24 -0.9 0 0
—1.028 0 0 —1.152 0
Ag = ) B22 = ) O‘gl =
0.6 —0.24 -0.9 0 0
5 —0.372 0 5 0 5 —0.128 0
Ay = ) By = ) Qg =
0.2 —0.24 —0.1 0 0
—0.772 0 0 —0.128 0
A;L = ) Bg = ) O/QLI =
0.6 —0.24 —0.1 0 0
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Khi d6, hé m& Takagi-Sugeno phan thit lien két (4.10) duge viét lai nhu sau:

CQBel Zw (z:(t)) { APe;(t) + BPu(t) + oz”e] ,
J#l

o} (zi(t))
PREACHC

Sugeno phan thi lién két cho mo hinh lan truyén ma doc dé xuat cho bdi

trong d6 i = 1,2 va w! (z;(t)) = , @7 (24(t)) = nyn5;- Vi vay, heé mo Takagi-

4 )
4
> wl (za(1) 4 Aler(t) + Bluy (1) + Z ag,e;(t
p:
(D7 e(t) = > 2 <
4
Z wh (z2(t)) < Abes(t) + Bhuy(t) + 042je]
\ J# J

Thém vao do, v6i mdi p = 1,4, diéu khién phan hoi trang thai ms trong luat thit p cla

hé con E; cho béi
“Luat E? : Néu z;; thuoc Fj§ va 2 thuoe FX thi u;(t) = KPx;(t).”

Két hop 4 luat md clia hé con E;, diéu khién phan hdi trang thai md u;(¢) cho bdi

4

w(t) =Y wl(z:(t) KPxi(t)  (i=1,2). (4.16)

p=1
Cudi cling, bang cach ap dung cong cu LMI trong MATLAB cho cac bat dang thiic ma
tran tuyén tinh sinh bdi cac dicu kien (LML4), (LML5) va (LML6)), ching ta thu dugc

cac ma tran C; € S, P; € S| va cac ma tran dat dugc K? nhu sau:

(i) Véi hé con Ey, ta co

21.8174 1.3860 b 0.0459 —0.0007

pr— 5 1:
1.3860 92.7029 —0.0007 0.0108
K| = (0.1067 0.2151), K; = <0.2983 0.0581),
Kf:<o.3112 —0.0300), Kf‘:(o.3358 —0.0330).

(ii) V6i hé con Eo, ta c¢6

18.5841 1.0680 p 0.0538 —0.0006
3 2
1.0680 91.7758 —0.0006 0.0109
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K = <0.0605 0.2203>, K2 = (0.2944 0.0617>

K3 = (0.3172 —0.0280) , Ky = <0.3598 —0-0315> :

Do d6, chiing ta thdy ring hé bat ding thitc ma tran tuyén tinh (MI1), (LML2) va
(LMI.3) trong Dinh ly c6 nghiém chap nhan dugc, hay tuong duong véi trang thai

can bang khong c6 ma doc ctia mo hinh lan truyén ma doc SIRS phan thit dya trén mang

2 N T
on dinh héa duge véi diéu khién phan hoi trang thai mo u(t) = (111 (t) u2(t)> , trong
do dieu khién u;(t) duge xac dinh bdi cong thiic (4.16)).

4.4. Két luan chuong

Trong chuong nay, luan an dé xuat nghién cttu moé hinh lan truyén ma doc SIRS phan
thit dua trén mang c6 diéu khién véi ham xit 1y ma doc bao hoa trén mang phtc hop
khong dong nhat. Cac két qua trinh bay trong chuong nay 14 md rong va ndi tiép két qua
trong cong b6 [P3] ciia NCS véi viec nghién citu bai todn diéu khién cach ly én dinh héa

cho m6 hinh lan truyén mé doc SIRS phan thtt dya trén mang. Cu theé:

1. Mo ta sy lay lan ctia ma doc trén mang caAm bién khong day duya vao viéc thiét lap
mo6 hinh lan truyén méa doc SIRS phan thi dua trén mang. Hon nita, luan an xét
truong hop khi s6 luong cac nit nhiém ma doc 16n dan t6i hién tugng bao hoa trong
diéu tri bang cach st dung ham xit Iy ma doc phi tuyén va do d6, viéc ngita chiing

cach ly cidc ntit man cdm khoi cac phan mém doc hai cang c6 nhiéu § nghia.

2. Xac dinh dugc chi s6 ngudng lan truyén Ry cho mo hinh lan truyén ma doc va tinh
toan duge do nhay tham s6 déi véi gia tri ngudng nay. Dong thoi, luan an cling thio
luan vé moi lien he gitta chi s6 ngudng MRy va su on dinh tiém can ctia trang thai can
bang khong c6 ma doc, sit ton tai clia trang thai can bang dic hitu ciing nhu xac

dinh diéu kién xay ra hién tugng ré nhanh Iui tai Ry = 1;

3. Dé xuat he mo Takagi-Sugeno phan thi lien két, ham Lyapunov toan phuong va
thiét lap mot s6 diéu kien can dusi dang bat déng thic ma tran tuyén tinh dé giai
quyét bai toan diéu khién céch ly 6n dinh héa cho trang thai can bang khong c6 méa
doc cia mo hinh. Cudi cling, bing cac cong cu tinh toan trong MatLab, luan an da
minh hoa cho cac két qua 1y thuyét cling nhu cung cip nghiém s6 cho bai toan én

dinh héa deé xuat.



KET LUAN CHUNG

1. Cac két qua dat dugc ciia luan an

Luan an nghién citu bai toAn mo hinh héa st lan truyén ma doc dya trén cac mo hinh
phuong trinh vi phan phan thit va 1y thuyét tap mo. Bang cach két hop cac 1y thuyét
ctia hé dong Iiic phan thi, 1y thuyét tap mo va ly thuyét vé mang phitc hop khong dong
nhat, luan an da thiét lap 3 16p mo hinh lan truyén ma doc va khao sat dang diéu tiem
can clia cadc mo hinh nay nhim dy bdo lan truyén trén mang. Cac két qua veé duy béo va
diéu khién cho cdc mo hinh lan truyen ma doc trén mang 1a mot cht dé c6 tinh thai sy
va dang dugc nhiéu tac gid trong v ngoai nudc quan tam nghién ctu va phat trién manh

mé trong thoi gian gan day. Cu thé, cac két qua dat duge trong luan an nay gom:

(i) Thiét 1ap m6 hinh lan truyén ma doc SIQR phan thit véi dit lieu mo st dung cac khai
niém dao ham Caputo-Atangana-Baneanu phan thit ms (Dinh nghia va tich
phan Riemann-Liouville Atangana-Baleanu phan thit md (Dinh nghia , ching
minh sy ton tai duy nhat nghiém tich phan md ctia mo hinh (Dinh 1y va Dinh

Iy [2.4)) va thuyc hien mot s6 mo phéng so.

(ii) Thiét 1ap mo hinh lan truyén ma doc SE;E2IQR phan thi dya trén mang v6i ham
lan truyen xac dinh bdi cac luat mo va ching minh mot s6 tinh chat dinh tinh cta
mo6 hinh nay nhu tinh duong ciia nghiém, chi s6 nguéng lan truyén R, (Cong thic
, st 6n dinh tiém can clia trang thai can biang khong c6 ma doc Py (Dinh ly
va Dinh 1y [3.4)) v& tinh ré nhanh tién tai Ry = 1 (Dinh 1y |3.5).

(iii) Thiét lap mo hinh lan truyén ma doc SIRS phan thit dya trén mang c6 diéu khién
v6i ham xit Iy ma doc bao hoa va bai toan on dinh héa cho mé hinh nay dua trén
heé mo Takagi-Sugeno phan thit lien két véi cac két qua dat duge gom tinh duong
ctia nghiém, chi s6 ngudng lan truyén 9, (Cong thiic (4.4), tinh 6n dinh tiem can
(Dinh 1y 4.3 va Dinh Iy [4.4), tinh 1& nhanh i tai 9% = 1 (Dinh Iy [4.5) va mot s6
diéu kien di dang bat ding thic ma tran cho tinh 6n dinh hoa (Dinh ly cla

trang thai can bang khong c6 ma doc Py.

2. M6t s6 van dé nghién citu tiép theo

Bén canh céc két qua da dat dudc, luan an ciing tong két dude mot s6 van dé mé co

thé tiép tuc nghién cttu md rong nhu:
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e Cac nghién cttu vé dic trung dich té ctia cAc mo hinh lan truyén ma doc dya trén
nén tang giai tich mo nhu tinh chat tiem can, tinh ré nhanh hay céc bai toan diéu
khién, quan sat lien quan dang gip nhiéu thach thic tit su han ché ctia cac cong cu
giai tich trén khong gian s6 md. Gan day, cic cach tiép can dya trén tap mo tuong
quan tuyén tinh [115], s6 mo dang granular [116] hay s6 Z [117] da ggi md nhiing
huéng nghién cttu méi cho cac hé dong Iuc khong chic chan, dac biét trong cac linh

vifc nghién citu cdc mo6 hinh lan truyén ma doc luon chita dung cic yéu t6 bat dinh.

e Bén canh cac nghién citu vé dang diéu tiem can dé du béo lan truyén, do cdc mo
hinh lan truyén mé doc cing cac tham sb luon cé sy bién doi lien tuc va thudng cé
rang buoc vé dau ra nhu khéng ché lan truyen ma doc véi chi phi dieu khién thap
nhat hoac khong vuct quia mot ngudng cho trude, bai toAn md dat ra 1a nghién citu
cac bai toan diéu khién t6i uu dam bao ngudng cho cdc moé hinh lan truyén ma doc.
Ngoai ra, ddéi véi ddc trung clia trang thai can bang dic hitu P,, luan an da dat
duoc cac két qua ve dieu kién ton tai nhung nhitng thao luan vé dang diéu tiém can

clia trang thai can bang nay hién van 1a van dé md.

e Ngoai ra, do cidc tham s6 va dit kién do dac ctia mo6 hinh trong thitc té thuong khong
day di nén c6 mot cau héi mé 1a lam thé nao dé thiét lap cac tiéu chi vé tinh én
dinh, tinh dat dugc hodic tinh quan sat duge ctia mo hinh lan truyén méa doc chita
nhiéu hay yéu t6 bat dinh. Mit khéc, do hién tugng tré thuong xuat hién trong cac
qué trinh sinh hoéa, k¥ thuat nén cic nghién cttu vé mo hinh lan truyén ma doc trén
mang v6i tré ciing 1a mot van dé c6 ¥ nghia thuc tién cao. Dac biét, trong Chuong
4, luan an da dé xuat va bude dau st dung hé mo Takagi-Sugeno phan thit lien két
cho cédc mo6 hinh duya trén mang. Tuy nhién, céc bai toan vé diéu khién, quan sat
cho 16p hé mo Takagi-Sugeno phan tht dya trén mang véi yéu t6 tré hay yéu t6 bat

dinh van 13 mot van dé md, c6 tinh thoi sy va cé gia tri khoa hoc.
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Phu luc A

MOT SO KET QUA BO TRO KHAC

Ma tran héi tu vé ma tran khong

Sau day, luan an nhac lai tit tai lieu [109] mot s6 khai niém lien quan t6i khong gian

metric suy rong va ma tran hoi tu vé ma tran khong.

Dinh nghia A.1 ( |109], Dinh nghia 10.1). Cho (X,d) la khong gian metric suy rong.

Anh xa T: X — X dugc goi 1a 4nh xa co néu ton tai ma tran M € Mat,.,(R,) sao cho

MF — ©, khik — oo (A1)

d(T(u),T(v)) < Md(u,v) v6i moi u,v € X.
Ma tran M théa man diéu kien (A.1)) dugc goi la ma tran hoi tu vé ma tran khong.

Nhan xét A.1 ( [109], Nhan xét 10.1). Tinh chat (A.1) tuong duong véi tinh chit cac
gi4 tri rieng ctia ma tran M déu nam trong dia don vi, hay néi cach khac, ban kinh phd

cia ma tran M nho hon 1.

Lugc do sé6 cho phuong trinh vi phan phan thi md véi dao ham phan tha
Caputo Atangana-Baleanu
Meénh dé A.1. Vdi méia € (0,1) va0 <y <z, ta cé

ot =y = (r—y)*
Ching minh. V6i mdi « € (0,1) va y > 0, xét ham s h : [y, 00) — R cho bdi

h(t) = (t —y)* —t*.
D@ thay A(t) 1a ham lién tuc trén nita khoang [y, oo) va kha vi trén khoang (y, 00). Thém
vao d6, vi I (t) = a(t —y)*~t — at® ! > 0 v6i moi t > y nén ching ta suy ra h(t) 1la ham
dong bién trén [y, o0). Do d6, véi moi x > y, ta nhan duge

Mzx) = (z—y)* — 2% = h(y) = =y,

hay tuong duong véi (z — y)® > x® — y®. Dinh 1y dugc chiing minh. O
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Tiép theo luan an gidi thicu luge do s6 dé giai bai toan gia tri ban dau (2.1))-(2.2)) véi
dao ham phan thi Caputo Atangana—Baleanu. Theo ky hiéu giéi thiéu trong Muc 2.4,
bai toan (2.1)-(2.2) c6 thé viét lai & dang sau:
el X (1) = G(t, X(t))
X(0) = Xo,

(A.2)

trong d6, ham vecto md G(¢, X (¢)) thoa man cac gia thiét (HF1), (HF2) va (HF3).
Theo Dinh 1y [2.2] nghiem tich phan mo ctia bai toan (A.2) duge cho béi

_ ﬂ —6 t —T A=l T T))aT
X(t) = X+ 5 Gl X(O) + o0 /O (1= 7)P-1G(r, X (1))dr. (A.3)
X(t) = Xo 0 (—1) %G(t,)((t))nt%/o(t—r)ﬁ_lG(T,X(T))dT (A4

trong d6 © 1a hieu Hukuhara va ham ®(8) =1 — 5 + %
Khi d6, luge d6 s6 dé giai gan ding cac phuong trinh tich phan dang (A.3) va (A.4). Dau
tien, xét lusi deu

M= {t,=kh:k=0,1,...,N},

. T
trong d6 N la so nguyén duong théoa man h = N

V6i méi a € [0, 1], a —cét ciia biéu thite (A.3) duge cho béi

X, () =Xo+ %G(t,&;(t)) + W/{) (t —7)P1G(r, X, (7))dr,
X)) = nga + %G(t,XI(t)) - W/O (t —7)°71G(r, X (7))dr.

Dit n =0,1,2,..., ky hieu X, = X (t,), X1, = XF(t,). Khi do, cic s6 hang X\,
and X ;r g1 €O thé dugc xac dinh dua trén xap xi phuong trinh tich phan sau:

1-p

X, (th1) = Xo o + B05)

Gltn: Xon) W ; /tkkﬂ(tnﬂ — 1) 1G(r, X, (1))dr,

(A.5)

1 _
X (trn) = X+ 20

- F + __B -~ [ — 7)PG(r, X (7))dr
537 Gl X0) + S [t - G X )

= tan F(ﬁ)q)(ﬁ) k=0

ty

(A.6)
Sau dé, luan &n uéc lugng cac tich phan trong vé phai cia phuong trinh (A.5) va (A.6)
trén doan [ty, ty11] dua trén da thic noi suy Lagrange bac hai

G(tprs, X Gltx, X5
( k+1h a,k—i—l)(T . tk:) _ w(’r — tk—i—l)a

I

G(r, X5(7))
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trong d6 “x” ky hiéu cho “+” hoac “—". Khi do, chiing ta thu dugce

Tkt
[ s = P60 X
ty

Gtper, Xopn) [0 .
o * ; LA / (tner — 7)1 — ty)dr
ty
G(tk7 X; ) b _
- T ler / (busr — 7P (r — thsr)dr.

ty

Thuec hién phép doéi bién s = tne1 — T, ching ta thu dugce

tkt+1 hBJrl
/tk (tn—i-l — 7')5*1(7' — tk)dT = —ﬁ(ﬁ T 1) [

let1 hBA+1
/tk (tn+1 — 7‘)/3_1(7' — tk—i—l)dT = m [(n

(n+1—-k)" —(n—k)’(n+1-k+p)]
— k) +(n—k+1)’(n—k+p5)].
Do dé6, ching ta nhan dugce

/ (b — 7P X () dr

ty

~ hﬂG<tk+17 X;7k+1)

[(n+1—k)" —(n—k)P(n+1—k+p)]

B(B+1)
RPG(ty, X7 )
— Y M — k)T (n—k+1)P(n—k+B)]. AT
T = Ry = k1) ) (AT
Thé biéu thitc trén vao cac phuong trinh (A.5)—(A.6), nghiem xap xi xac dinh nhu sau
X: —X’+1_ﬂG(t X)+hﬁzn: CP Gltper, X Y Gty X2
an+l — 0« W ny “an k,n k+1, a,k+1> — Ykn ( k> oc,k) )
k=0
(A.8)
1-p
X(—)i_n-‘,-l = X(S‘,_oc + WG t X+ + h’ﬁ Z |:Oﬁ tk’-i-la ak:+1) Ck nG(thX;—,k)} )
(A.9)

trong d6 cac hé s6 C,fm, 657,1 duge cho béi

Yol s 1
Ck,nzm[(n_k)ﬁ+ +(n—k+1)°n—k+p).

Nhan xét A.2 (Udc lugng sai s6). Dé udc lugng sai s6 ctia nghiém xap xi thu duge,

ching ta gia st ring ham vecto X7 (-) € C?([0,T],R*) v6i moi o € [0,1]. Diéu nay dan
0*G(t, X5(t))
ot?

t6i dao ham riéng lien tuc trén [0,7] va do d6, né bi chin trén doan nay.
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tk+1
Theém vao d6, do s6 hang tich phan / (tnsr — 7) PG, X2 (7))dr duge xap xi béi da
12
thitc noi suy Lagrange nén sai so6 ciia uée luong tich phan duge cho bdi

Jatrxze - [FZamd gy - 2o Zad oy ]| < o i - )

a;HG<Tv X(T))
or?

trong d6 M,, = sup d (

[0>tn+ﬂ

,6) va T € [ty, tx11]. Do d6, sai s6 phuong phéap

duge cho béi

n tr41 M
R - te > |t = G = 0t =

Chi ¥ rang anh xa 7 +— (.41 — 7)°71(7 — t;) 13 ham duong trén doan [ty, t,41]. Do do,
bang cach ap dung dinh 1y gid tri trung binh cho tich phan, ton tai c¢; € [tg, try1] sao cho
B n Mn tet1 .
Ry = ———— — (tr1 — ) (tns1 — 7')6 (7 —ty)dr
T 2 2 .

hﬁﬂﬁ
<
- 2F(6 + 2

Z{n+1 E+B) [(n+1—k)P —(n—k)PF —Bn+1-k)°}.

Ap dung Menh dé[A1l tacé (n+1—k)P —(n—k)’<(n+l1—-k—(n—k) =1vaw

vay, ching nhan dugc

N Mnhﬁ+25 n
= or G+ 200) ,; (n 1=kt B) = Sl 1= &Y
_ M,p n(n+1) nj — (n+ 1)1, 542
S ] B L

Do d6, chiing ta thay rang chin sai s6 ciia luge do s6 dé xuat 1a ChP+2, tuong dong véi

két qua trong [119] va cho téc¢ do hoi tu nhanh hon so véi Ch thu duge trong [118].

Nhan xét A.3. Bing lap luan tuong ty, ching ta ciing nhan dudc luge do s6 cho nghiem
tich phan ma loai 2 ctia bai toan gia tri ban dau (A.2):

_ -, 1-p
Xa n+l — XO,a + WG(EM X+ hﬁ Z |: thrla a k+1) Ck; nG(tlm X+ ):|
1-p _ —B _
X(-;n-‘rl = Xa_oc + WG(mH Xa n + h’ﬁ Z |: (tk—i-la Xa k+1) Ck,nG(tlﬁ Xa,k):| .
k=0

Nhan xét A.4 (Lugc do s6). Sau day, luan an sé tong hop luge do s6 dé tim nghiém xap
xi clia bai toan gia tri ban dau (A.2) nhu sau:
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Algorithm 1: Lugc do sb
Input: Gia tri 8 — S6 phan hoach N — Tham s6 — Gia tri ban dau X,,.

Output: Nghiem xap xi ctia bai toan (A.2)
Data: Khdi tao

1 a=0;T =50; // set up starting and ending points
2 h = (T — CL)/N; // set up step size
3 @(ﬁ) =1—-0+ %; // set up normalization function
/* preallocation size */
4 1w =zeros(l,N); y =zeros(1l,N); z = zeros(1,N); v = zeros(1, N);
5 X = zeros(4, N); // The solution vector X = (z,y,z,v)"
/* Numerical solution of the problem */
6 forn=1,2,..., N do
s
7 | CF = (n+1-k) —(n—k)Pn+1-k+p);
T | a |
ol
s | O = =k + (n—k+ 1) (n—k+p)];
9 Xoni1 =
_ 1 — 6 % “ * _,B *
XO,a + WG@’M on,n) + hﬁ Z [O}inG(tk—H? Xa,k+1) - Ck,nG(tk7 Xa,k)} ;
k=0
10 X:;nﬂ =
1 — 6 * - * B *
Xa:a + WG@”? on,n) + hﬁ Z [le:nG(tk-Fl? Xa,k+1) - Ck,nG<tk7 on,k)i| )
k=0
B // for k=0,1,2,...,n, a€[0,1]
/* Plot the solution */
11 plOt(t,X) // plot the numerical solution

Phuong phap ma tran thé hé tiép theo

Gia st toan bo nut ciia mot hé thong mang duge chia thanh N nhém trong dé c6 m
ngin gom cac nat nhiém méa doc. Dat x;(t), ¢ = 1,2,...,m la mat do cac nat nhiém ma

doc & ngan thi <. Dat
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trong d6 Fj(x) dai dién cho ty 1¢ xuat hién ctia nit mang ma doc 16n trong ngan thi i,
V¥ (x) dai dién cho ma tran chuyén cdc nit nhiém ma doc vao ngan thi i tit cdc ngan
nhiém ma doc khac va V™ (x) dai dién cho ma tran chuyén cac ntt nhiém ma doc ra khoi

ngan thi 7. Khi do, ching ta nhan duge
(D% (t) = Fi(x) = Vi(x) = Fy(x) = [V (x) = V" (x)] ,
§D7xi(t) = F(x) = V(x).

Gia st xo 1a trang thai can bang khong c6 ma doc. Khi d6, luan an xét ma tran Jacobi
cia cac ham F(x) va V(x) tai Py duge cho béi

DF(xo) = (JOT 8) DV (xo) = (}’ f;)
aV;

F;
trong d6 F va V la cac ma tran cho béi F = <8 (x0)> va V= ( (x0)> .

Ma tran F - V= duge goi 1a ma tran thé hé tiép theo (next-generation matrix) va gia tri

1,7=1,m

rieng c6 modulus 16n nhat ctia ma tran F - V! duge goi 1a hé s6 ngudng lan truyen R,.



VIEN HAN LAM CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN DPéc lip - Ty do - Hanh phiic
HOC VIEN KHOA HQC VA CONG NGHE

: Ha Noi, ngay 05 thang 12 nam 2023
$6:1372/QD-HVKHCN

QUYET PINH
Ve viéc thanh lip Hji ddng danh gii ludn n tién si cip Hoc vién

GIAM BOC
HQC VIEN KHOA HQC VA CONG NGHE

Can cir Quyét dinh sé 303/0D-VHL ngay 01/3/2023 cua Chu tich Vién Han lam
Khoa hoc va Cong nghé Viét Nam vé viée ban hanh Quy ché Té chirc va hoat dong cua
Hoc vién Khoa hoc va C‘dng nghé;

Can cir Thong e 50 08/2017/TT-BGDDT ngay 04/4/2017 cua B¢ Gido duc va
Dao tao vé viéc ban hanh Quy ché tuyén sinh va dao tao trinh dé tién si:

Can cir Quyel dinh 56 1948/QD-HVKHCN ngay 28/12/2018 cua Gidm doc Hoc
vién Khoa hoc va Cong nghé vé viéc vé viéc ban hanh Quy ché dao tao trinh do tién st
tai Hoc vién Khoa hoc va Cong nghé ;

Cén cir Quyét dinh so 566/0D-HVKHCN ngay 01/06/2020 cua Gidm doc Hoc vién
Khoa hoc va Cong nghé vé vige cong nhén nghién ciru sinh tring tuyén dot 1 nam 2020;

Can ctr Quyét dinh 56 1 341/QD-HVKHCN ngay 27/11/2023 cua Gidm doc Hoc
vién Khoa hoc va Céng nghé vé viéc gia han thoi gian hoc tdp lan 2 cho NCS. Nguyén
Phwong Dong;

Xét dé nghi cua Tricong phong Pao igo.

QUYET DPINH:

Diéu 1. _Thanh lap Hoi dong danh gia ludn 4n tién si cdp Hoc vién cho nghién
ctru sinh Nguyén Phuong D(mg véi dé tai:

Nghlen ciru mdt s6 mé hinh truyén nhiém phin thir m¢ va @ng dung trong
mang cim bién khong day ]

Nganh: Todan (rng dung Ma s0: 946 01 12

Danh sach thanh vién Hoi déng danh gid ludn an kém theo Quy ét dinh nay.

Diéu 2. Hoi dong c6 trach nhiém dénh gid ludn 4n tién si theo ding Quy ché
hién hanh cua Bo Gido duc va Dao tao, va quy dinh cia Hoce vién Khoa hoc va Cong
nghé. Quyét dinh ¢ hiéu lue t6i da 90 ngay ké tir ngay ky va phai dam bao thoi han
dao tao theo quy dinh cia Hoc vién. Hoi dong tu giai thé sau khi hoan thanh nhi¢m vu.

Diéu 3. Truong phong Té chirc - Hanh chinh va Truyén thong, Trudng phong
Dio tao, Truéng phong Ké todn, cic thanh vién ¢6 tén trong danh sach Hoi dong va
nghién ciru sinh ¢6 tén tai Diéu 1 chiu trach nhiém thi hanh Quyét dinh nay./. -k/

Noi nhin:

- Nhu Diéu 3;

- Luu ho so NCS;

- Luu: VT, DT, PQ.15.
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'Ouyét dinh sé 1372/QD-HVKHCN ngay 05/12/2023

Nghién ciru sinh: Nguyén Phuong Déong

Dé tai: Nghién ciru mdt s6 mé hinh truyén nhiém phan thir mé va img dung

trong mang cam bién khong diy

Nganh: Todn img dung
Ngudi huéng din:

Mai sd: 94601 12

1. PGS.TS. Hoang Viét Long,

Trudmg Pai hoe Ky thuit - Hiu cin, CAND
2. PGS.TS. Nguyén Long Giang, Vién Cong ngh¢ thong tin,

Vién Han lam KHCN VN
Trich nhiém |
Ho va tén, hoc ham, hoc vi Nganh Co quan cong tic trong Hoi
dong
: x Toan g Vién Han lam g
GS.TSKH. Nguyén Khoa Son diiig Khoa hoc va Cong nghé VN Chu tich i
Toan {m Hoc vién Cong ngh¢
PGS.TS. Pham Ngoc Anh d“n & Buu chinh Vién thong. Phan bién 1
YN8 | Bg Thong tin va Truyén thong
o S i Khoa hoc Vi¢n Cong nghé thong tin, s hcua
) 3 e |
PGS. TS. Lé Hoang Son méy tich Dai hoc Quéc gia Ha Noi Phan bién 2 |
= = Toan tng Truong Dai hoc Giao dyc, i
PGS.TS. Vii Trong Ludng durg Pai hoe Qidicgia Ha N Phan bi¢én 3
E x Khoa hoc |  Vién Cong nghé théng tin, Uy vién -
NS gy En Nl Som méy tinh | Vién Han lim KHCN VN Thr k¢
o Trung tdm Tin hoc
PGS.TSKH. Pham Huy Dién T°;‘:n““g va Tinh todn, Uy vién
e Vién Han lim KHCN VN
N ] Hoc vién Cong nghé !
PGS.TS. D3 Xuin Che ‘fﬂ*;?at?n‘;l“ Bru chinh Vién théng, {iy vtk

Bo Thong tin va Truyén thong

Hoi dong gom 07 thanh vién./, ﬁ/



BAN NHAN XET LUAN AN TIEN SI CAP HOC VIEN

Thong tin chung:

Tén dé tai: Nghién citu mot s6. md hinh truyén nhim phan thit m& va ing dung
trong mang cadm bién khong day

Nganh: Toén tng dung Ma sb: 9 46 01 12
Nghién citu sinh: Nguyén Phuong Déng
Tap thé hudng dan:

1. PGS. TS. Hoang Viet Long, Trudng Dai hoc Ky thuat - Hau can, CAND

2. PGS. TS. Nguyén Long Giang, Vién Cong nghé thong tin, Vien Han 1am Khoa
hoc va Cong nghé Viét Nam

Ngudi nhan xét: GS.TSKH. Nguyén Khoa Son

Co quan cong tac: Vién Han lam Khoa hoc v Céng nghé Viét Nam

Noi dung nhan xét

1. Tinh can thiét, thoi sy, § nghia khoa hoc va thuc tién ctia dé tai luan 4n:

Céc phuong phap toan hoc, dic bigt 13 1y thuyét he dong luc mo ta béi cac phuong
trinh vi phan ho#c sai phan tit lau da dugc sit dung higu qua trong dich t& hoc, nhét 1a
trong nghién citu cic mo6 hinh dich té (epidemiological models) mé ta si lay lan ciia céc
bénh truyén nhiém (infectious diseases) trong cong ddng. Cac nghién cttu v& céc m6 hinh
loai nay gitip xay dyng cac kich ban lay lan clia dich bénh trong thue t& vA tit dé cé thé
da ra cac chién luge kiém soét va dy bao. Trong mot vai thap ki gin day, cic phuong
phap toén hoc vé& mo hinh dich t&/truyén nhiém néi trén ciing da duge &p dung dé mo
ta va phan tich sy lan truyén ciia cac loai virus méy tinh, ma doc va phin mém déc hai
trén hé théng mang, qua d6 gitp dua ra nhimg bién phép higu qua dé ngin chin.

Trong thite té, cAc md hinh truyén nhidm néi chung va syt lan truydn virus may tinh,
m3 doc va phan mém doc hai néi riéng luén phu thude vio nhidu yéu té bét dinh, khong
chic chin va khé du doén trong ci tham sé lan di liéu va chiu anh hudng clia cic dac
trung clia mang nhu bac ciia nit mang. Diéu nay thic diy-viéc sit dung céc céc cong cu
m6i nhu phuong trinh vi phan phan thi va Iy thuyét hé ma vao nghiéen cttu cdc md hinh
truyén nhiém. D& tai cla luan an "Nghién citu mot s6 mo hinh truyén nhidm phan thi
m3 va iing dung trong mang cdm bién khong day" 1a huéng nghién citu hién dai, c6 §
nghia khoa hoc va thyc tién, dang ditgc nhiéu nha khoa hoc trong va ngoai nuéc quan
tam.

2. Sur khéng triing l3p cilia dé tai nghién citu; tinh trung thitc, 16 rang va diy
du trong trich dan tai ligu tham khao:

Céc cong trinh va két qua chinh ciia lugn 4n khong tring 1ip véi céc cong trinh da
cong b cla cac tic gid trong va ngoai nudc khéc. Luan 4n trich din 118 tai licu tham
khdo, vigc trich dan la r6 rang, day di. Tuy nhién, ngoai 3 cong trinh di cong bé duge
dua vao LA, NCS con 13 téc gid chinh ho¥ic déng téc gid cia 14 cong trinh da cong b



khac chua dugc trich ddn. NCS cin lya chon va trich din thém nhiing cong trinh da cong
b clia ban than 6 lién quan tryc tiép dén noi dung Luan 4n vA néu 15 1§ do vi sao chi
st dung 3 cong trinh néi trén.

3. Sy phit hgp giita tén dé tai véi ndi dung, giita ndi dung véi nganh va ma sé

Noi dung va céc két qua chinh cla ludn 4n néi chung phit hop véi tén da tai: “Nghién
cttu mdt s6 md hinh truyén nhiém phan thit m& va ng dung trong mang cam bién khong
day”. Tuy nhién, ndi dung v& " i#ng dung trong mang cim bién khéng day" cin phii lam
ré nét hon, con khong thi nén thay bing " #ng dung vao phan tich su lan truyén ma doc
trén mang”. Noi dung luan 4n thuge linh vyc todn ving dung va phit hgp vdi nganh va ma
s6 nganh dao tao.

4. D5 tin cay va tinh hién dai ciia phuong phép da sit dung dé nghién citu

Céc vén dé nghién ciu ctia luan 4n dudc gidi quyét dva trén céic cong cy nghién ctu
hién dai, phuong phap nghién citu hgp 1y vA dang tin cay. Cu thé, Chuong 2 két hop giai
tich md va gidi tich phan thit dé gidi quyét bai toan lan truydn ma doc véi dit lisu md.
Chudng 3 va Chuong 4 két hop céc cong cu clia gidi tich phan thi, 1y thuyét én dinh ciia
phuong trinh vi phan phan thi, Iy thuyét tap md va mot sé kj thuat cla gii tich ma
tran. Cac két qua 1y thuyét duge minh hoa béi cac tinh toin mé phéng.

5. Két qua nghién citu méi caa tic gia

Luan 4n tap trung nghién citu bai toin md hinh héa st lan truyén ma doc trén mang,
sit dung phuong trinh vi phan phan thit va Iy thuyét tap ma. Céc két qua dat duge trong
luan 4n bao gom:

() Nghién citu céc tinh chét cia dao ham Caputo-Atangana-Baneanu phan thit md va
tich phan Riemann-Liouville Atangana-Baleanu phan thit m#, chimg minh sy tdn
tai duy nhat nghiém tich phan m3 cho bai toén Cauchy va &p dung cho mé hinh
lan truyén ma doc SIQR phan thit véi dit lisu md.

(ii) Nghién cttu md hinh lan truyén ma doc SE;E;IQR phan thit m trén mang, chiing
minh mét s6 tinh chit dinh tinh ctia mé hinh.

(iii) Nghién citu bai toén diéu khién céch ly cho md hinh lan truyén ma doc SIRS phan
thit mo Takagi-Sugeno, chimg minh mot sé tinh chit dinh tinh cia mé hinh vA mét
s6 diéu kién di cho tinh 8n dinh héa ctia trang théi can bing khang ¢6 ma ddc.

Nhimmg két qua thu duge trong luan 4n dugc chimg minh kha chit ché, cdc két qua ly
thuyét dugc minh hoa béi cac md phdng sb. Cac két qué chinh cfia luan 4n 13 méi, c6 gis
tri khoa hoc va § nghia thuc tién trong linh vize Toan ing dung va Khoa hoc may tinh.

6. Uu diém vi nhugc diém v& noi dung, két ciu va hinh thitc ciia luan 4n:

- Lu#n &n cdn nhiéu 16i chinh t& cin khic phuc (vi duy: trich d&n Ménh d& 3.4 (duéi
cong thitc (2.8) trang 53) khong c6 trong Luan 4n).

- Céc két qua chinh dugc trinh bay chi tiét trong cic chuong nhung thiéu sy so sénh
véi céc kbt qua da biét dé 1am 16 syt khac bigt v tinh mi; Vi du: Dinh Iy 2.2-2.4 (Chuong
2) vé ton tai v duy nhat nghiém bai toAn Cauchy ciia phuong trinh vi phan phan thit
m& Atangana-Baleanu can phai so sanh véi két qua va phuong phap tuong ty trinh bay
trong céic cong trinh céc tac gid khac, ching han trong céc bai sau day ( cin bd sung vio
Tai liéu tham khéo):
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Allahviranloo, T., Ghanbari, B. (2020). On the fuzzy fractional differential equation
with interval Atangana-Baleanu fractional derivative approach. Chaos, Solitons and Frac-
tals, 130, 109397.

Vu, H., Ghanbari, B., Van Hoa, N. (2021). Fuzzy fractional differential equations with
the generalized Atangana-Baleanu fractional derivative. Fuzzy Sets and Systems, 429,
1-27. '

7. Viéc cong bé cac két qua ciia Ludn 4n:

Noi dung ciia luan 4n duge viét dua trén két qua cfia 03 bai bao khoa hoc thuse danh
muc IST va 01 bén théo, trong dé c6 02 bai bao duge cong bé & tap chi SCIE/Q1 (Fuzzy
Sets and Systems, Communication in Nonlinear Science and Numerical Simulation), 01
bai béio dugc cong bé & tap chi SCIE/Q2 (Iranian Journal of Fuzzy Systems) va 01 ban
thao da giti dang.

8. Két luan chung:

Luan &n dép tng ca ban céc yéu cau déi v6i mot luan 4n tién sT chuyén nganh Toan -
ting dyng. Bén t6m t&t luan 4n phin 4nh diing noi dung ciia luan 4n. Luan &n c6 thé dua
ra bao vé cip Hoc vién dé nhan hoc vi tién si.

Ha Npi, ngayd] théng 12 nam 2093
Ngu#i nhan 6t

GS.TSKH. Nguyén Khoa Sdan



VIEN HAN LAM KHCN VIET NAM CONG HOA XA HQI CHU NGHIA VIET NAM
VIEN CONG NGHE THONG TIN DPoc lap - Tw do - Hanh phiic

BAN NHAN XET LUAN AN TIEN Si
Tén dé tai ludn an:  Nghién cieu mpt s6 mb hinh truyén nhiém phén thie mé va g
dung trong mang cam bién khong day
Nghién ctru sinh: Nguyén Phurong Déng
Chuyén nganh: Toan Umng dung M3 sb: 9460112
Ho va tén ngudi nhén xét: PGS. TS. Pham Ngoc Anh
Co quan cong tac: Hoc vién Céng nghé Buu chinh Vién théng
NOI DUNG NHAN XET
1. Tinh cép thiét, thoi sy, y nghia khoa hoc va thye tién ciia dé tai ludn 4n.
Mang cam bién khéng diy (Wireless Sensor Networks — WSNs) la mot
mang tip hop cac thiét bi giao tiép thong tin thu thap dugc tir hién truong duge
giam st théng qua céc lién két khong day va phan tan véi quy mé 16n trong bét
ky didu kién va & bit ky ving dia ly ndo. Loi thé chi yéu ciia mang cdm bién
khéng day 1a kha ning xit 1y t6c d6 cao, trién khai dwoc hau nhu trong bit ki
loai hinh dia 1y nao k& ca cac méi truong nguy hiém khéng thé sir dung mang
cam bién c6 day truyén théng. Su phd bién nhanh chéng ciia mang cam bién
khéng day lubn phai d6i mat véi thach thirc vé dam béo an toan théng tin trude
su tAn cong ctia cac loai ma ddc nhu virus, sdu mang hay phin mém gian diép.
Cac két qua vé du bao va diéu khién cho cdc mé hinh lan truyén ma déc trén
mang 12 mot chii d& c6 tinh thoi sy va dang dugc nhiéu téc gia trong va ngoai
nude quan tim nghién ciru, phat trién manh mé trong thdi gian ghn day.
Chinh vi thé, Luan 4n “Nghién cieu mét s6 mé hinh truyén nhiém phan thir mo
va g dung trong mang cdm bién khéng day” ctia NCS Nguyén Phuong Dong,
nghién ctru mot sé md hinh toan hoc mé ta sy lan truyén cac phdn mém doc hai
trén mang cam bién khong diy dua trén cdc mé hinh phuong trinh vi phan thi
va ly thuyét mo 12 mot dé tai cén thiét, c6 ¥ nghia khoa hoc, c6 kha ning {mg
dung cao.
2. Swkhéng tring lip clia dé tai nghién ciru so v6i cdc cong trinh, ludn 4n da
cong bd & trong va ngoai nuéc; tinh trung thue, rd rang va day di trong
trich déin tai liéu tham khio.

THGNG



Tén dé tai va cc két qua nghién ciru ctia luan 4n khéng trung ldp véi céc
cdng trinh, ludn 4n cla cac tac gia khac d4 cong bd & trong va ngoai nude. Viée
trich dén tai liéu tham khao 14 18 rang, diy di va trung thuec.

. Su phu hgp giira tén dé tai véi ndi dung, giira ndi dung véi chuyén nganh

va ma s6 chuyén nganh.

Lué4n 4n nghién ctru ba ndi dung chinh: M hinh lan truyén ma doc SIQR phan
thit véi dit liéu bat dinh; M6 hinh lan truyén mi déc SE(E,IQR phén thir dya
trén mang véi ham lan truyén x4c dinh dya trén ludt m& gdm n hé phuong trinh
vi phan phan thir; Bai toan dn dinh héa cho md hinh lan truyén ma doc SIRS
phén thir dwa trén mang cé diéu khién véi ham xir Iy ma doc bao hoa.

Cach dit van d& va giai quyét van dé clia lun 4n 13 16 rang va hop ly. N6i dung
nghién ctru clia ludn 4n phil hop véi chuyén nganh toan tmg dung ma sb 9 46
01 12.

. P tin cfiy va tinh hién dai ciia phwong phép da sir dung dé nghién ciru.
Luan 4n d3 két hop cac phuong phép ciia giai tich phén thi, ly thuyét tap
md, Iy thuyét én dinh cho cac hé dong luc phan thir, giai tich ma trén va cac ky
thuit udc lwong, bién ddi bit déng thirc ma trdn. Cu thé, Luén 4n sir dung ly
thuyét clia giai tich mo va tinh toan phan thir & xay dung cac khai niém dao
ham va tich phan phén thr v&i nhin ham Mattiag-Leffler; sit dung co s& luét
md dé thiét 14p mo hinh lan truyén ma doc; sir dung ham xir Iy phi tuyén dé mé
ta cho truong hop s lugng nit nhidm déc vuot quéa kha nang xir Iy ctia phan
mém diét ma ddc. Pé chimg minh tinh ton tai duy nhit nghiém khéng 4m cta
céc md hinh, Lu4n 4n sir dung nguyén Iy 4nh xa co tdng quat, ly thuyét dinh
tinh ciia hé dong luc phén thir. Chi sé ngudng lan truyén duoc x4c dinh bing
phuong phap ma tran thé hé méi va déng diéu tiém cén ctia cdc md hinh duogc
khao sat bing phuong phap 6n dinh theo nghia Lypunov cho hé dong luc phan
thir.
Céc két qua cta Ludn 4n duoc trinh bay twong minh, cic chimg minh chi tiét,
sau mdi mé hinh déu c6 mé phong céc vi du minh hoa cho két qua ly thuyét.
Trong ludn 4n, sau mdi chuong déu co két luin chuong, cudi ban luin 4n
c6 két luan tong két lai cac két qua méi da trinh bay trong ludn 4n. Céc két ludn
nay phit hop v6i ndi dung ciia mdi chuong, két ludn cudi cling phit hop véi toan
b6 nbi dung ludn 4n va phi hop v&i cach dit van dé ¢ dbu ludn 4n. Noi dung
clia ludn 4n d4p tmg dwoc yéu cdu clia mot luén 4n Tién sT chuyén nganh Toén
tmg dung. B8 cuc lun 4n hop 1y. Tuy nhién d hoan chinh thém lu4n 4n trudc
khi dua ra bao vé cAp Vién, mét vai diém can chinh sira, vi du truée hoic sau
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khi trinh bay cac thuit toan (kha phirc tap v& hinh thirc) can giai thich thém ban

chét cia cac budc l3p chinh cua thuét toan; hay khéi niém cta diém cén bing

ctia m6 hinh Nash- Cournot (trang 46) v.v... V& hinh thirc, mét vai ky hiéu va
16i d4nh may cén dwogc chinh sira; phin tai liéu trich dén nén xép theo thir tur

ABC theo tén tic gi4 va cin duoc trinh bay dudi mot dang théng nhit, nén viét

riéng tai liéu trich dan tiéng Viét va Tiéng Anh.

. Két qua nghién ciru méi ciia tic gia.

Bing cé4ch két hop cac ly thuyét ctia hé dong luc phan thy, Iy thuyét tip mo, Iy

thuyét v& mang phirc hop khéng ddng nhat, ludn an d3 thit 1ap dwoc mot s 16p

md hinh lan truyén ma doc va khao sat ding diéu tiém cin ctia cic md hinh nay

nhim dy bdo lan truyén trén mang. Luan an dat dugc cdc két qua chinh sau:

- Thiét l4p dugc 3 16p m6 hinh todn hoc mé ta su lan truyén c4c phdn mém
d6c hai trén mang ciam bién khéng day nhw mé hinh truyén ma doc SIQR
phén thi; m6 hinh lan truyén ma dong SE|E2IQR phan thir dya trén mang
v6i ham lan truyén xé4c dinh bai logic mé; mé hinh lan truyén ma déc SIRS
phan thir dia trén mang c6 diéu khién véi ham xir Iy ma doc bao hoa

- Chimg minh duoc tinh chit dinh tinh cta cdc mé hinh nhu sy tdn tai duy
nhit va tinh duong ctia nghiém; sy tn tai cac diém cén béng, tinh 6n dinh
tiém cén.

- Xéc dinh duoc gié tri ngudng lan truyén Ry ctia cdc md hinh lan truyén ma
ddc.

Cac két qua nay dd dugc cong bd trén cac tap chi chuyén nganh qudc té ISL

Céc két qua nay khong tring 13p véi cac két qua da c6 cia céc tac gia khac.

. Uu diém va nhwoc diém vé ndi dung, két cdu va hinh thire ludn 4n; chi ra

cdc vin d@ cin phai didu chinh, lam ra.
- Lufin 4n c6 cAc cOng trinh khoa hoc chét lugng cao déng gop tt cho bai todn
du béo va didu khién cho cic m6 hinh lan truyén m déc trén mang. Noi dung,
két cdu va hinh thic cta ludn 4n duoc trinh bay rd rang, séng sta va cd bd cuc
hop ly; cac két qua dugc chirng minh chi tiét. Céc bang biéu, hinh v& trinh bay
khoa hoc.

- Lu4n 4n con c6 mdt sb 18i chinh ta ciing nhu 16i dién dat & cac trang 20, 24,

217, 28, 38, 46, 47, 50, 55, 57, 60, 65, 69, 70, 74, 75,77, 78, 92, 102, 129...

Cu thé:

Trang 33, 34: Phuong phap phi tuyén doan hay phuong phap phi tuyén quat;

Trang 38: Nhén xét 1.11 nén chi r biéu thirc nio;

Trang 41: Thay “xem Hinh 3.2” béi “xem Hinh 2.17

Trang 52: Ménh dé dugc chimg minh (Ménh dé 2.2, Ménh dé 2.3);
3



Trang 53, 65: Khong ¢6 Ménh dé 3.4;
Trang 74: nén dua ky hiéu <n> vao Danh muc ky hiéu va viét tét
Trang 108: Chi rd muc tiéu nao ctia chuong lién quan dén bai toan diéu khién

- Cong trinh P4 nén viét r 12 da giri déing & tap chi nao

- Cau hoi 1: Luén 4n da dénh gia dugc d6 nhay, anh hudng cta cac tham sb
ctia chi s6 ngudng lan truyén Ry (trang 93, 94), vy c6 thé chon bd tham sb
t6i wu hay khong?

- Cau hoi 2: Giai thich khai niém “xéc suit lién pi” (trang 39)

- Cau hoi 3: Trong cdc md hinh dé xuét, gia thiét tc do roi khoi mang ciia
cac niit cam bién déu 1a p, hay gia sir 1a cac tham sé tc do u , O, @...déu

14 c4c hing sb cho trude. Vay diéu nay cé phi hop véi diéu kién thuc

té ciia cdc mo hinh mang khong.

Nhu trén d4 néi, cic bai bao khoa hoc ma NCS. di cong bd cing thiy huéng
dan va ddng nghiép c6 gi4 tri khoa hoc tt va da dugc céng bd trén cic tap chi
chuyén nganh quéc té c6 uy tin. Cac két qua nay ciing da duoc béo céo trén cac
hoi thao khoa hoc va seminar.

Cong trinh P4 nén ghi r6 tén tap chi da submitted.

7. Nbi dung ludn 4n da dugc cong bd trén tap chi, ky yéu hdi nghi khoa hoc
nao va gia tri khoa hoc cic cong trinh da cong bé.
N6i dung luan 4n duge thd hién qua 03 cong trinh khoa hoc cong bd trén cac
tap chi uy tin va 01 cong trinh da dwoc giri ding. Pidu d6 thé hién chét luong
t6t va d6 tin cdy cao ciia cac két qua luan 4n.

8. Két luin chung cin khing dinh mirc d§ dip émg cdc yéu ciu d6i véi mot
lufin 4n tién si; ludn 4n c6 thé dwa ra bao vé cip Hoc vién hay khéng.
Ban lun 4n c6 chit lugng tét v& ndi dung, hinh thirc va cht lugng céc bai bao
khoa hoc da céng bd. Ludn 4n c6 thé dugc dua ra bao vé cép Nha nudc (cAp
Vién).
Ha Noi, ngay 27 thang 12 nam 2023

X4c nhan cifk-QANMBOEONg tac Nguwdi nhan xét
KT.,CHA!\JH VAN EHAONG

SEHANH VAN Ly iGN -
2
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CONG HOA XA HOQI CHU NGHIA VIET NAM
Poc lap - Tw do - Hanh phic

BAN NHAN XET LUAN AN TIEN SI
(Cap Hoc vién)

Tén nghién ciru sinh: Nguyén Phuong Péng _
Pé tai: Nghién ctru mot s6 mé hinh truyén nhiém phan thir md va tng dung
trong mang cam bién khong diy
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NOI DUNG NHAN XET
1. Y nghia khoa hoc va thwe tién ciia dé tai luin 4n

Lu4n 4n tip trung nghién ctru bai todn mé hinh lan truyén ma doc trong mang cam bién
khéng ddy (WSN) theo ti€p cén suy dién m& dang Takagi-Sugeno phén thir. Bai toan dit
ra 13 trong m6t mang cam bién khong diy v6i céc node mang 1a céc thiét bi/may tinh/
v.v., néu xuét hién mot hay nhiéu méy bi nhiém m4 doc (trojan, ransomware, botnet,
BackDoor, v.v.) thi lam sao x4y dung dugc céc gidi phép an todn, ngin ngira phong
chéng viéc 1ay nhiém va phat tin ma doc tir cac méy d6, giam thiéu tac hai trong toan
mang. Dy 14 bai todn c6 ¥ nghia quan trong thuc tién do cac niit cam bién trong WSN d&
bi phdn mém doc hai tAn cbng, c6 thé lay lan nhanh chéng va 1am t& 1iét mang. Sy phat
trién clia cac cbng nghé méi nhwr IoT trong Cong nghiép 4.0 da 1am ting tAm quan trong
ctia WSN va viéc giai quyét céc thach thirc dit ra do tinh chét han ché vé tai nguyén cia
cdc nit cam bién va cdc méi lo ngai v& bao mat d tr& nén cin thiét. DSi voi bai todn nay,
mot tiép can phd bién sir dung 12 mé phéng lan truyén SIR (S- Susceptible, I- Infectious,
R- Recovered) va cdc bién thé ciia mo hinh dich bénh (epidemic model) dé mé hinh héa
qué trinh tAn céng tir cdc ma ddc trong mang thdng qua mot dang cia phuong trinh vi
phéan (PTVP) mb ta tdc do thay ddi ciia tirng nhém. Su tdn tai nghiém va tinh dn dinh cla
hé PTVP ciing dugce quan tdm trong céc nghién ciru theo chii d& nay. Tinh dén 1/2024, c6
khoang 3740 bai bdo tép trung phat trién cic bién thé ciia SIR trong phat hién ma ddc, véi
mot sé mé hinh ¢6 tinh phé dung cao nhu: SIRS (Feng va cdng su, 2015), SEIRS (Ojha
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va cong sy, 2019), SE{E2IR (E- Exposed, Awasthi va cong sy, 2023), v.v. thé hién tdm
quan trong ciia chii @& nghién ciru. D2 tai ¢ ¥ nghia khoa hoc va thyc tidn.

2. Sy hop ly va dg tin cdy ciia cdc phwong phap nghién ciru

Luén 4n str dyng phuong phép nghién ctru gia ting tdng két cac két qua da c6 cha yéu
vé md hinh dich t& phan thir dya trén mang c6 cach ly (SEIQR) ciia Fu va Wang (2022)
[11] (Xem Béng 1, trang 9). Ly do ctia viéc sir dung Giéi tich phén thir ma cu thé 13 khai
niém dao ham véi bic a tity ¥ 14 kha ning m6 hinh héa c4c hién twong khong dia phuong,
cac qué trinh c6 nhd, qué trinh c6 tinh di truyén hay cac chuyén dong trong moi trudng
dan hdi nhét higu qua (theo [36]). Tir d6, ludn 4n dwa ra céi tién két hop véi 1y thuyét tap
m¢ theo dang gidi tich phan thir m& Atangana-Baleanu va bai to4n gid tri ban dau cho hé
phuong trinh vi phin phan thtr m& mo t4 md hinh lan truyén ma doc véi dir liéu ban diu
md. Luén 4n ciing sir dung tiép c4n mo hinh ho4 va phén tich Iy thuyét cac @& xuit nhu:
kiém tra sir ton tai va duy nhit nghiém mé cho bai todn Cauchy dbi v6i phwong trinh vi
phan phan tht, dang digu tiém cén, tinh én dinh ciia m hinh, v.v. Cubi cing, lun 4n sit
dung md phéng Matlab d khao sat tinh chit ctia hé. V& co ban, tiép cén nghién ciru va
phuong phép nghién ciru 12 hop 1y véi ndi dung chii dé ludn 4n.

3. Panh gia vé sy trung Iip ciia ludn 4n so véi cdc dd 4n, luin vin hay cong trinh
khoa hoc di cong bd trong va ngoai nwéc

Theo hiéu biét ciia ngudi nhén xét, ndi dung déng gbp ciia ludn 4n lién quan dén “Mo6
hinh truyén nhiém phan thir md” va “phong chéng ma doc trong mang cam bién khong
ddy” khong trung ldp véi cdc ludn dn dd bao vé trude ddy theo cling nhénh nay.

4. Tinh trung thyc trong vige trich din cic cong trinh @3 dwoc NCS céng bb trong
va ngoai nwérc, tai liéu tham khao

Lu4n 4n trich ddn 118 tai liéu tham kho, vé co ban dugc trich din diy di trong luén
an. SO tai liéu trén c4c ngudn uy tin trong 5 ndm gin day (2018-2023) 1a: 42/118 (~36%);
cdn bd sung thém dic biét trén céc tap chi uy tin trong chuyén nganh hep nhu: IEEE
Transactions on Information Forensics and Security, Computer Communications,
Information Sciences, Nonlinear Analysis: Hybrid Systems, v.v. Mot s§ vAn d& cin luu y
trong Tai liéu tham khao:

- Han ché trich d&n bai béo 1a céc cdng trinh ctia nghién ctru sinh (NCS) trong Tai
liéu tham khao:
o [80]. N.T.K. Son, H.T.P. Thao, N.P. Dong, H.V. Long, 2020, Fractional

calculus of linear correlated fuzzy-valued functions related to Fréchet
differentiability, Fuzzy Sets and Systems, 419, pp. 35-66.

o [107]. H.V. Long, N.P. Dong, 2018, An extension of Krasnoselskii’s fixed
point theorem and its application to nonlocal problems for implicit fractional
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differential systems with uncertainty, Journal of Fixed Point Theory and
Applications, 20(1), pp. 1-27.

- Nén phén tich thém v& c4c md hinh lan truyén theo tiép c4n phén thi trong luin 4n
nhu:

o [8]. S. Hosseini, A. Zandvakili, 2022, The SEIRS-C model of information
diffusion based on rumour spreading with fuzzy logic in social networks,
International Journal of Computer Mathematics, 99(9), pp. 1918-1940.

o [12]. Z. Lu, Y. Yu, Y. Chen, G. Ren, C. Xu, S. Wang, Z. Yin, 2020, A
fractional-order SEIHDR model for COVID-19 with inter-city networked
coupling effects, Nonlinear Dynamics, 101, pp. 1717-1730.

o Nhém céc bai cia TS. Hoang Manh Tudn (PH FPT), TS. Nguyén Hitu
Khénh (PH Cén Tho) trong [17, 19-21].

5. Panh gia cdc két qua dat dwge, néu nhitng déng gop méi va gia tri ciia cdc dong
gop do

Luén an c6 03 dong gop chinh:

(2) Dé xuét md hinh phat hién lan truyén ma doc phén thir dang SQIR véi dit liéu mo
trong (2.1-2.2) (trang 43); Chirng minh dugc sy tdn tai va duy nhit nghiém d6i véi
bai toan Cauchy dbi v6i phuong trinh vi phan phan thir dwéi gH-kha vi trong Pinh
Iy (2.3) (trang 55). Céc két qua ndy dugc md ta trong Chuong 2 va cong bb trong
01 bai SCIE [CT1] tai “Fuzzy Sets and Systems”™.

(b) Phat trién mo hinh phat hién lan truyén ma doc phan thir dang SE1E2IQR véi dit
liéu m& va ham lan truyén (Hinh 3.1-trang 68, hé 3.1-3.3 trang 73); khéo sat mot sd
tinh chét ciia m6 hinh (Su ton tai tip bit bién dwong, chi s ngudng lan truyén va
cac trang théi can bing, déng didu tiém can cia diém can bing, phan tich r& nhanh)
trong muc 3.2 (trang 74). Céc két qua nay dwoc mb ta trong Chuong 3 va céng bb
trong 01 bai SCIE [CT2] tai “Communications in Nonlinear Science and Numerical
Simulation”.

(c) Phat trién md hinh phét hién lan truyén ma doc phén thir dang SIRS trén mang cé
diéu khién (Hinh 4.1-trang 105, hé 4.1-4.2 trang 107); khao sat mot s tinh cht ciia
mb hinh trong muc 4.2 (trang 107). C4c két qué nay dwgc mo ta trong Chuong 4 va
cong bé trong 01 bai SCIE [CT3] tai “Iranian Journal of Fuzzy Systems”.

6. Nhén xét vé chit lugng cc bai bio khoa hoc da dwgc cdng bd va khing dinh cac
bai bao d6 chira dung ndi dung chii yéu ciia luén 4n.

Luan 4n cong bd 03 bai bao trong tap chi SCIE uy tin trong chuyén nganh, trong d6

NCS 1a tac gia dAu ctia ca 3 cdng trinh. Céc két qua ciing duge béo cdo tai nhidu hdi thao.



7. Nhitng wu diém va thiéu s6t, nhitng diém cin dwgc bd sung va sira chira

a) Uu diém: Lu4n 4n c6 dong gop rd rang, ciu triic v& co ban phi hop. Phin myc tiéu
clia Iudn 4n va céc dién giai ddy da. Mo ta thue nghiém rd rang.

b) Nhuoc diém: P luan 4n trong séng hon, ngudi viét nhan xét kién nghi mot s didu
chinh sau:

(1) Can dat lai tén cac chwong luin dn cho sit hon véi cdc déng gép. Mot sé vi du:

+ Tén Chuong 2: “M6 hinh lan truyén ma déc SIQR phan thir véi dit liéu mo” nén dbi
thanh “M6 hinh phdt hign lan truyén ma dgc phan thi véi dit liéu mé dang SIOR”.

+ Tén Chuorng 3: “M6 hinh lan truyén ma déc SEiEIQR phén thir dua trén mang voi
ham lan truyén xdc dinh béi logzc m¢o” nén @di thanh “Mé hink phat hién lan truyén ma
doc phan thir véi ham lan truyén va logic mo dang SE|E;IQR”.

+ Tén Chuong 4: “Bai todn dn dinh héa cho mé hinh lan truyén ma dc SIRS phdn thir
dwa trén mang c6 diéu khién” nén dbi thanh “Ms hink phdt hién lan truyén mé déc phdn
thik dua trén mang cé diéu khién dang SIRS”.

Khi dbi tén thi cu triic cac muc con can d6i tuong tng thong nhit (Thiét lép m6 hinh;
Khéo sét mot sb tinh chit dinh tinh; M6 phéng sb; Két luan chuong).

(2) Trong phin mé& diu, muc 1- “Tong quan vén dé nghién cizw”, cAn mo ta thém sy
gan két cta “Mang cam bién khong diy” (WSN) véi bai toan “phét hién lan truyén ma
doc”. Hién tai méi lién két nay 1a chua r& rang.

(3) Trang 9: can cip nhit Bang 1- Mot s6 nghién ctru vé c4c md hinh dich dua trén
mang v6i dao ham phén thty, véi cdc két qua méi nhét (2022-2023), dic biét 12 theo 03
dang SIQR, SEiE2IQR, va SIRS. Hién 05 nghién ciru déu qué cii (2014, 2016, 2019,
2020, 2022).

(4) Trang 9: Lam 15 1y do st dung tiép c4n Logic m¢& trong céc nghlen ctru v& Mb
hinh phét hién lan truyén ma doc dang sir dung hién nay. Trong doan sau, cin cho vi du
gidi thich nhén dinh.

“Trong thuec té, do moi trwong ciia cdc qud trinh truyén dén thong tin luén bi ank
hwo*ng béi nhitng yéu té bae‘ dinh nhu chinh sdch bdo mét cia mang, tinh dong bo cua hé
théng,... nén chzmg ta can rmh dén cde dai liwong biéu thi su khong chdc chin khi mo
hinh héa va dién gidi cde vén dé rrong moi truong ty nhién. Chil ¥ rdng néu cdc tham sé-
dit kién ddu vao 1a cde dai heong bat dinh véi sai léch khéng qud Iom thi chung ta thuong
biéu dién ching dz:o‘: dang tdp mo (fuzzy sets) va kéo theo cde mé hinh thiét lap dworc la
cac mé hinh mo.”
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(5) Trang 19: B céc tir tiéng Anh xen 14n trong Chuong 1-“Kién thizc chudn by, Mot
sd vi dy: “Bink nghia 1.1 ( [50], Definition 1.2)”, Dinh ly 1.1 ([50], Corollary 6.9)...

(6) Trang 34: Viét lai Lugc d6 cia phuong phép phi tuyén doan (Hinh 1.6), Luoc db
clia phwrong phép tuyén tinh héa (Hinh 1.7) dang bang thay vi hinh vé.

(7) Chwong 1 nén bd sung kién thirc co ban vé Mang cam bién khéng day (WSN) va
so luge v& moi trudng, cong cy md phéng sé sir dung trong luén 4n.

(8) Chwong 2, trang 41: B6 sung mién gi4 tri ctia S(t), I(t), Q(t) va R(t)- mat do céc
niit man cém, lan truyén mé déc, c4ch ly va hdi phuc theo thoi gian. Xem lai dinh nghia
‘mét 4%’ hay ‘s6 lugng’? Lam 15 céc tham sé trong Hinh 2.1, cho bang 2.1 (trang 44)
xubng trang ndy va giai thich kém theo mién gif tri.

g

Hinh 2.1: Luge d clia m8 hinh lan truyén ma doc SIQR phian thit

(9) Trang 43: Lam rd md hinh mo 4p dung & ddu trong hé (2.1-2.2)?

(985(8) = wQ(t) + oR(E) — uS(e) - AS()I()
) wPIE) = ASE)I(t) - v+ + wIiE)

(21)
QW) =vI{t) - (n+p+w)Q(t)
(DLR() = vIt) +1Q(t) — (o + p)R(2)
v6i diéu kién ban dau
SO) =5, I00)=I, Q0)=Qy R(0)=R,, (2.2)

(10) Trang 44: Giai thich thé nio 13 ‘trang thdi cdn bdng dic hity’ trong m6 hinh (2.1-
2.2) ghn v6i rang budc S(t) + I(t) + Q(t) + R(t) <=17
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(11) Trang 44: Néu y nghia ctia dinh nghia 2.1 vé dao ham Caputo Atangana—Baleanu
phﬁn thir B € (0, 1) ciia ham gié tri m& f(t)? Twong tw, cin mb ta y nghia cta dinh nghia
2.2 vé tich phin Riemann—Liouville Atangana—Baleanu phan thit (trang 47).

(12) Trang 59: Trong myc 2.4- “M6 phdng va thdo ludn”, cin giai thich 1y do lya chon
céc tham s6 mé hinh lan truyén ma doc SIQR phén thir m¢ (2.1) nhu trong mé phéng.

(13) Chuong 3, trang 68: Cén 1am rd vu diém/ céc trudng hop nao sir dung mo hinh lan
truyén ma doc SE1E2IQR nhu trong hinh 3.1 ma khéng sir dung mé hinh SIQR nhur trong
Chuong 2?

(14) Trang 70: Lam 15 co s& dé xuét ciia hé md Mamdani (MISO - multi input single
output) véi 9 luét 1a gi?

(15) Trang 73: Lam r& phén céi tién/ thém méi cia mé hinh (3.1-3.2) so véi (2.1-2.2) &
dau?

(16) Trang 75: Viéc chu'ng minh ton tai tAp bét bién duon g ctia md hinh lan truyén ma
doc nhu trong Dinh 1y 3.1 nhim muc tiéu gi?

(17) Chuong 4, trang 112: Can trinh bay phwong phép ma tran thé hé tiép theo (next-
generation matrix method) [111] trong Churong 1.

(18) Trang 135: Db tén “Két lugn chung” thanh “Két lugn”. Néu mot sb két qua chinh
tir thue nghiém.
8. Cau hoi:
Trong md hinh lan truyen mé doc SE1E2IQR, diéu kién no cla céc tham s6 (Chi
s0 ngudng lan truyén RO,..) s& khién cho hé (3.1-3.2) 6n dinh?

2. Trang 120: Véi diéu kién nao ciia tham sb thi hé SIR trong Chuong 4 r& nhénh
l0i?

9, Két ludn

Duya trén céc danh g1a trén, ngudi viét nhan xét ddng ¥ cho nghién ctru sinh dugc trinh
bay luan 4n tai Hoi ddng d4nh gia luan 4n cép Hoc vién./

Ha néi, ngay 25 thdang 12 ndm 2023
X4c nhén ciia co’ quan cong tac Nguwdi nhan xét

PGS.TS. L& Hoang Son
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N6i dung nhan xét
1. Tinh cén thiét, thoi sy, ¥ nghia khoa hoc va thyc tién ciia dé tai luan 4n

Mang cim bién khong day da va dang phét tridn manh mé trong béi canh clia cude
céch mang cong nghiép 4.0 ciing v6i sy phét trién cla mang Internet va IoT. Ciing nhu
cdc ndt mang Internet, cic nit mang cAm bién khong day luon phai d6i mat véi thach
thitc bi tan cong clia céc loai ma doc nhu virus, sau mang, hay phan mém gisn digp. Cho
t6i nay, nhiéu nghién ctu danh gia, du bao sy lan truyén ctia cAc loai ma dée va dé xuft
cac giai phap khic phuc duge dé xuét dua trén céc cich tiép can khic nhau, trong dé
nghién citu dya trén mé hinh héa toén hoc la mdt trong nhitng cich tiép can thu hit
nhiéu sy quan tam. Dic biét, trong khodng 15 nim trd lai day, cdc md hinh toan hoc mé
ta sy lan truyén ma doc véi thiét lap tuong thich véi chu tric mang da thu hit nhiéu sy
quan ta&m nghién citu cling véi viéc stt dung céc 16p dao ham bac khéng nguyén dé mo
ta sy lan truyén, ti 6, dwa t6i sy xuét hién cta “16p mé hinh lan truyén méa déc phan
thit dya trén mang”. Bén canh d6, gén day ciing ghi nhan mot s6 nghién cttu dy béo lan
truyén ma doc duge mo ta béi he phuong trinh vi phan véi céc didu kign ban diu me.

Luan 4n nghién citu md rong va phét trién vi hiéu biét sdu hon vé su lan truyén ma
doc duge md t& bdi hé phuong trinh vi phan phan thi trong méi trudng md dé phu hop
hon v6i thyc t€, va c6 tinh thdi sut cao. Cac noi dung nghién citu ctia dé tai luan &n rit
c6 ¥ nghia v& mit khoa hoc ciing nhu thuc tién.

2. Su khéng triing 13p ctia dé tai nghién citu so véi cac cong trinh, luian an da
céng bd & trong va ngoai nudc; tinh trung thuc, ré rang va day di trong trich
dan tai lidu tham khao

Theo hiéu biét clia ngudi phan bién, két qua clia luan 4n khéng trung lip véi cic dd
an, khéa luan t6t nghiép, luan vin hay cong trinh khoa hoc da cong bé trong vA ngoai



nudc. Céc tai litu tham khao lién quan téi cac két qua cla luan 4n dugce trich din trung
thyc, ré rang va day da.
3. Sy phu hop giita tén dé tai véi ndi dung, gitta néi dung véi nganh va ma sb
Nbi dung luan an dugc trién khai bam sit va phan 4nh ding véi tén dé tai. Luan 4n
nghién citu ting dung ctla giéi tich todn hoc vao m6 hinh héa céc qué trinh lan truyén ma
doc trong thyc té, phi hgp véi nganh toan ng dung vd ma sé chuyén nganh.
4. Do tin cay va tinh hién dai ctia phuong phap da st dung dé nghién cdu
Dé giai quyét cdc noi dung nghién citu, tac giad luan an da két hop thanh thao céc
phuong phap cla gidi tich phan thi, 1y thuyét tap md, 1y thuyét én dinh ciia cic hé dong
lyc phan thit vi mét s6 ki thuat co ban clia gidi tich ma tran. Cic phuong phap nghién
cifu nay la hgp Iy va dang tin cay.
5. Két qua nghién citu méi cua tic gia
Luan 4n da thu duge cic két qua chinh sau day:

(i) Thiét lap mo hinh lan truyén ma doc SIQR phan thit véi dit lieu md, sit dung khai
niém dao ham Caputo-Atangana-Baneanu md vi chiing minh sy tdn tai duy nhét
nghiém ctia mé hinh dé xuat va thyc hién mot s6 md phdng sb.

(i) Thiét lap md hinh lan truyén ma déc SE;E;IQR phén thit dua trén mang véi hAm
lan truyén xac dinh bdi cic luat md va chitng minh dugc mot s6 tinh chit dinh tinh
ctia md hinh dé xudt nhu: tinh khong am clia nghiém, sy ton tai cic trang théi can
bing vA tinh 6n dinh tiém can cta ching, phan tich tinh ré nhanh ctia mo6 hinh.

(iii) Thiét 1ap m6 hinh lan truyén ma doc SIRS phéan thit dya trén mang véi ham xi
Iy ma ddc bao hda va khio sit mét s6 tinh chit lien quan nhu: tinh khéng am clia
nghiém, sy ton tai cic trang thai can bing va tinh 6n dinh tiém can, phan tich tinh
ré nhanh ngudc clia mé hinh, thiét lap hé md Takagi-Sugeno phan thit lién két va
phuong phap ham Lyapunov dé nghién citu bai toan én dinh héa cho mé hinh lan
truyén ma doc SIRS phan thit va dua ra mot sé didu kién du cho tinh én dinh héa
clia trang thai can bing khong c6 ma doc.

Céc két qua thu duge 12 méi va ¢6 ¥ nghia trong viéc nghién ctu sy lan truyen mi doc
trong mang cim bién khong day va goi ¥ gidi phap khic phuc.

6. Uu diém va nhugc diém vé noi dung, két ciu va hinh thic ciia luan 4n

Mot s6 han ché cfia luan 4n:

e NCS can gidi thich 1y do sit dung dao ham phan thit dé mé ti cAc mo hinh dé xuét
trong luan an.

e NCS cin bd sung noi dung vé bién ddi Laplace cho dao ham phan thi ciia ham
vecto x(t) st dung & Chuong 3 va Chuong 4 trong Chuong Kién thitc chudn bi.

e Trong Dinh nghia 1.13, “bd b6n” hay “b6 nim". Téc gia chinh xac héa lai khai niém
“luat m&” trong Dinh nghia 1.14.

e Trong luan 4n, NCS sit dung khé nhiéu vi du vé s6 m& tam gisc. Do d6, NCS can bd
sung dinh nghia loai s6 md nay. Ngoai ra, NCS bd sung dinh nghia clia khai niém
hiéu Minkovskii va hieu Hukuhara tdng quat.



e Ham ®(f) trong Dinh nghia 2.1 théa méan didu kien gi 7 Cho vi du mét 16p ham
o(8).

Trong Dinh Iy 2.2, phét biéu clia dinh Iy thira ky higu “gH” v& trich dén “Ménh d&
3.4” can la “Menh d& 2.9”.

Ham ¢ trong trang 106 va 107 c6 giéng nhau khong ?

Trang 116, x4c dinh %y nhu nao ?

7. Noi dung luadn 4n da dudc cong bd trén tap chi, ky yéu hdi nghi khoa hoc
bao va gia tri khoa hoc ctia cic cong trinh da cong bd

Céc két qué clia luan 4n da duoc cong bé trong 3 bai béo SCIE, trong dé 2 bai ding
trong céc tap chi qubc té uy tin Q1 va 1 bai Q2. Céc bai béo c6 chit lugng t6t. Ngoai ra,

két qua cta luan 4n con nim trong 1 bai bso da giti dang.

8. Két luan chung cin khing dinh mic dd dép tng cic yéu cau dbi véi mat
ludn 4n tién si. Ban t6m t£t ludn 4n phan anh trung thanh ndi dung cd ban
clia luin 4n hay khéng; luan 4n c6 thé dua ra bio vé cip Hoc vién dé nhan
hoc vi tién si hay khong

Luén 4n dép iing t6t céc yeu cdu clia mot luan 4n tin si nganh todn #ng dung, ban
t6m t3t luan an phan 4nh trung thanh noi dung cd ban cla luan 4n, ludn 4n c6 thé dua
ra bdo vé cAp Hoc vien d& NCS nhan hoc vi tién si.

/
Hé Noi, ngay 2 thang 12 nam 2023
Ngudi nhan xét

PGS.TS. Vii Trong Ludng



BAN NHAN XET LUAN AN TIEN ST CAP HQC VIEN

Tén d@ tai lugn 4n: Nghién ciru mdt s6 méd hinh truyen nhiém phan thi m& va
img dung trong mang cim bién khong day

Chuyén nganh:  Toén tng dung

Ma s6: 9460112

Nghién ciru sinh: Nguyén Phwong Pong

Nguoi hwéng dan: PGS. TS. Hoang Viét Long, PGS. TS. Nguyén Long Giang
Nguwdinhin xét:  TS. Nguyén Nhur Son, Thu ky

Co quan cong tac: Vién Cong nghé thong tin, Vién KH&CN Viét Nam.

NOI DUNG NHAN XET
1. Tinh cén thiét, théi sw, § nghia khoa hoc va thyre tién ciia d2 tai luan 4n

Thoi g1an qua sy phé blen nhanh chéng ctia mang cam bién khéng ddy lu6n
phai d6i mit vé6i thach thirc v& dam béo an toan thong tin trude su tn cong cla cac
loai mé d6c nhu virus, sdu mang hay phin mém gién diép. Luan 4n ndy nghién ciru
cac md hinh lan truyen mi doc phan thir trén mang cam bién khéng day véi dit lidu
ban diu mo; nghién ctru cac m6 hinh lan truyén ma doc phén thir trén mang cam
bién khong day thiét 1ap bdi mé hinh phuong trinh vi phén phén thir (dua trén mang
va logic mo. Ludn an sir dung céch tiép cn ngmen ctru su lan truyén ma dc trén
mang dua trén ket hop mé hinh phuong trinh v1 phén dya trén mang, giai tlch phan
thir va 1y thuyét tap mc-loglc md. Céch dit vin d& va tiép can giai quyét van dé
ctia lufin 4n 13 hop 1y, ¢6 ¥ nghia khoa hoc va thyc tién.

2. Sy khéng tring l3p ciia dé tai nghién ciru so véi cic cong trinh, luin 4n di cong
b6 & trong va ngoai nwéc; tinh trung thwe, ré rang va diy di trong trich dan tai liéu
tham khao

Theo hiéu biét ciia ngudi nhan xét, két qué ciia lun 4n khong tring 13p véi
céc cong trinh, lun 4n d& cong bb & trong va ngoai nudc.
3. Sw phi hop giira tén d& tai véi ndi dung, giira ndi dung v&i chuyén nganh va ma
s6 chuyén nganh.

Tén & tai co ban phit hop v6i ndi dung luan an. Noi dung luén 4n phu hop
véi chuyén nganh va ma s chuyén nganh Toén tmg dung.



4. D} tin cdy va tinh hi¢n dai ciia phwong phap di sit dung dé nghién ciru

Phuong phép nghién citu cia luén 4n tap trung vao két hop céc phuong phép
cua giai tich phan thy, 1y thuyét tip mé, ly thuyét én dinh cho céc hé dong luc
phén thir, gidi tich ma trén va cac k§ thuat uéc lugng, bién déi bét ding thic ma
trdn. Céc d€ xudt, cai tién trong luan én déu dugc thir nghiém nhim minh chimg
cho tinh hi¢u qué ctia phuong phép. Do d6, phuong phép nghién ciu sir dung trong
luén an 1 hop ly, bdo dam tinh khoa hoc va d6 tin cay.

5. Két qua nghién ciru méi ciia téc gia.
Déng gbp méi cua tac gia tap trung vao céc ndi dung sau day:

1. Thiét lap mé hinh lan truyén m3 déc SIQR phan thir véi dir lidu mo sir

dung céc khéi ni¢m dao ham Caputo-Atangana-Baneanu phén thir m& va
tich phén Riemann-Liouville Atangana-Baleanu phan thir md, chimg

minh sy ton tai duy nhét nghiém tich phan m& ctia mé hinh v thue hién
mét s6 mod phoéng so.

2. Thiét 1ap mb hinh lan truyén ma doc SE,E,IQR phan thir dua trén mang

véi ham lan truyén x4c dinh béi cdc ludt mo va chimg minh mét s6 tinh
cht dinh tinh ctia mé hinh nay.

3 Th1et 13p md hinh lan truyén mi déc SIRS phan thu dua trén mang c6
diéu khién véi ham xir Iy ma ddc bdo hoa va bai toan dn dinh héa cho mé
hinh nay dya trén hé m& Takagi-Sugeno.

Céc két qua cta ludn 4n c6 y nghia khoa hoc va thuc tidn trong linh vuc
nghién ciru ciia NCS. Cac nghién ctru d3 dugc ding tai trén cac hoi nghj va tap chi
chuyén nganh uy tin nén c6 tinh tin cdy cao.

6. Uu diém va nhuoc diém v& ndi dung, két cAu va hinh thire ciia luén 4n.

Nbi dung dugc cdu tric hop 1y thanh 4 chuong va cdc phin mé diu, két luan,
tai liéu tham khao. Céc két qua ctia Luén 4n 13 c4c nghién ctru méi vé mit khoa
hoc, d3 dugc cong bd trén cac tap chi chuyén nganh uy tin.

Mt s6 ¥ kién nhén xét vé chinh sira, b6 sung luin 4n.

1) Luén 4n hién cdn kh4 dai, phan chinh gdm 147 trang, c6 thé xem rit gon

nhirng théng tin it lién quan?

2) Trinh bay muc tiéu ng]:uen ctiu (trang 11) va ndi dung nghién ciru (trang
12) hién con chua thé hién céc két ndi tuong tng?.



3) Lam rd thém vé tmg dung trong mang cam bién khéng day? Céc md phong
mang dé thuc hién mé hinh lan truyén ma déc hién chua trinh bay 13 rang
va vi du céc Umg dung c6 thé cai dit trong thuc té?

7. Noi dung ludn 4n di dwgc cong bd trén tap chi, ki yéu hdi nghi khoa hoc nio va
gi tri khoa hoc ciia cdc cdng trinh di cong bo.

Lu4n 4n ¢ 03 cong trinh khoa hoc lién quan d3 c6ng bd: gdm 03 bai tap chi
quéc té SCIE, trong d6 c6 02 bai hang Q1 va 01 bai hang Q2.

Cén Iya chon mét s6 bdo cdo Hpi nghj lién quan liét ké & trang 17 dua thém vao
danh sach céng bd?.

Noi dung ciia cc cong trinh nay phu hgp véi ndi dung nghién ciru cuia ludn an
va 1a cac két qua chinh ctia luan 4n. Ngoai ra c6 thém 01 bai tap chi qudc té dang
giri dang, tuy nhién cn phén biét thinh danh sch riéng dang giri dang, va thém
théng tin vé tén tap chi?.

8. Két ludn

Lu4n 4n ctia NCS Nguyén Phwong Pong dép tng cic yéu ciu dbi véi mot
luén é&n tién si chuyén nganh Toén tmg dung sau khi chinh sira theo cdc gbp ¥ &
trén. Lufn 4n c6 thé dua ra bao vé cép Hoc vién d& nhin hoc vi Tién si.

Ha ngi, ngay 19 thdng 12 ndm 2023

X4c nhin ciia co quan cong tac Nguoi nhidn xét

TS. Nguyén Nhw Son



VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HOC & CONG NGHE VN Doc 1ap - Ty do - Hanh phiic

HOC VIEN KHOA HQC & CONG NGHE = . -

BAN NHAN XET LUAN AN TIEN Si

Nghién ciru sinh: Nguyén Phuong Déng

Tén dé tai:. NGHIEN CUU MOT SO MO HINH TRUYEN NHIEM PHAN THU
MG VA UNG DUNG TRONG MANG CAM BIEN KHONG DAY

Chuyén nganh: Todn img dung.

M s6: 9 46 01 12.

Nguwdi nhén xét: Pham Huy Pién Hoc ham, hoc vi: Phé gido su, TSKH.

Co quan cong tac: Trung tém Tin hoc va Tinh todn, Vién HLKHCN VN.

Dién thoai: 0982966852. E-mail: phdien@cic.vast.vn

Noi dung nhin xét
1. Tinh cén thiét, tinh thoi su, ¥ nghia khoa hoc va thue tién ciia dé tai ludn dn

Vén d& mé hinh héa sy lan truydn dich bénh trong c4c quan thé sinh hoc da dugc
dit ra Inghién ciru tir 1au, va sy tuong ddng giita s lan truyén nay véi sy 14y nhidm
cdc loai md ddc trén céc hé théng thong tin trong nhiing nim gin day lam cho v4n
& tré nén mang tinh thoi sy va thu hat duge sy quan tdm cta cc chuyén gia trén
nhiéu linh vy, trong d6 cé nhitng ngudi 1am toan. Péy ciing chinh 12 huéng nghién
clru ma ludn 4n ndy d€ cdp t6i, cho nén c6 thé néi dd ta ludn 4n c6 tinh thoi sy, bén
canh tinh khoa hoc va tinh thyc tidn da réit r5 rang.

2. Su hop Iy va g tin céy cia phwong phdp nghién ciru. Phuong phép trong luan 4n
dya trén céc Iy ludn kinh dién v& mé hinh c4c hé dong luc phi tuyén cung ly thuyét
on dinh, cic cong cu ciia giai tich mo, logic md, giai tich phan tht, két hop véi
nhitng céc két qua méi ddy vé mé hinh héa toan hoc cho su lan truyén ma doc trén
mang phirc hop khéng dong nhét, va do vy dd dua dén nhitng két qua mdi, siu sic
vé mit chuyén mén va c¢6 do tin cdy cao.



3. Cdc két qua moi dd dat dwoc. Ludn an nghién ciru vé mo hinh héa va dy béo lan
truyén ma ddc trén mang thoéng tin dua trén céc md hinh hé ddng luc phén thir va li
thuyét md, bao gém cac vén dé: (i) Thiét 1ap mot s6 mé hinh todn hoc mé ta s lan
truyén mé doc trén mang cam bién khong diy véi dit liéu mo; (ii) Xéc dinh chi s6
ngudng lan truyén — mot tham sé dic trung mang tinh quyét dinh cho hinh théi lan
truyén va dang diéu 6n dinh ctia mang; (iii) Khao sét c4c tinh chét dinh tinh ciia hé
théng, nhu 1a: sy tdn tai duy nhit va tinh dwong ctia nghiém dbi voi bai toan
Cauchy ctia m6 hinh lan truyén ma ddc, su ton tai cdc diém cén b%mg va tinh én
dinh ctia chling, sy r& nhanh va bai todn én dinh héa. Céc két qua chinh clia luéin 4n
dugc trinh bay trong ba chuong, trong do:

a. Chuong 2 nghién ctru vé md hinh lan truyén ma doc SIQR phén thir véi dit liéu
md. Téc gia dé xudt két hop giai tich m& va giai tich phan thir kiéu Atangana-
Baleanu d& mé ta va du béo lan truyén ma ddc trén mang cam bién khong day
v6i dir liéu bét dinh thong qua mé hinh lan truyén ma doc SIQR phan thir dang
(FDE1), va sau d6 két hop cac k§ thuat ciia giai tich md, gii tich phén thir dé
xdy dung nén tang Iy thuyét co ban vé phép tinh phén tht kiéu Atangana-
Baleanu cho ham nhén gia tri s6 m& va tmg dung dé thiét 18p bai toan Cauchy
cho md hinh lan truyén mi doc SIQR phén thtt md dudi tinh gH-kha vi va
chimg minh sur tdn tai duy nhit nghiém cho bai toan nay.

b. Chuong 3 gianh cho viéc nghién ctru md hinh lan truyén ma ddc phén thir dwa
trén mang v6i ham lan truyén x4c dinh béi logic mo. D& thé hién ddng thdi tinh
khéng dbng nhét ctia mang va do bit dinh cta qué trinh truyén din déi véi mod
hinh lan truyén ma doc, ludn 4n nghién ctru mé hinh nay théng qua n hé phuong
trinh vi phan phan thit (FDE2) va sau d6 két hop giai tich phan thi, Iy thuyét
mang phirc hgp khoéng ddng nhét véi co s& luat md dé thiét 14p mo hinh lan
truyén ma doc dya trén mang gbm 6 ngin. Lufin 4n d3 tién hanh khéo sét cic
tinh chét dinh tinh ctia mé hinh ndy, trong d6 c6 sur tdn tai va duy nhét cia
nghiém khong am, sy ton tai tdp bat bién duong, tinh toén chi sé ngudng lan
truyén va thong qua n6 khao sat tinh én dinh tiém can dia phwong, 6n dinh toan
cuc va su r€ nhanh ctia mo hinh.

c. Chuong 4 nghién ctru vé bai toan én dinh héa cho mé hinh lan truyén ma doc
SIRS phan thir dya trén mang c6 diéu khién véi ham xir Iy ma doc bdo hoa. Sau
khi m6 hinh héa bing # hé phwong trinh vi phan phén thi dang (FDE3), luén 4n
da tién hanh khao sat cdc tinh chat dinh tinh nhu: s tdn tai duy nhAt nghiém
khong 4m va tdp bat bién duong, tinh todn chi sé ngudng lan truyén, dang didu
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tiém cén dia phrong va toan cuc, ciing cic diéu kién cho su ré nhanh i cia mo
hinh. Sau d6, lugn 4n nghién ctru bai toan didu khién én dinh héa nhim khéng
ché su lan truyén clia ma doc trong mang, dua trén cich tiép cin hé mo Takagi-
Sugeno phan thir lién két. Sau khi dua md hinh lan truyén mi doc SIRS vé hé
md Takagi-Sugeno phan thir lién két gdm 7 hé con, luén 4n d3 dua ra gidi phap
x4y dung vector didu khién phéan hdi trang thai cing cac didu kién di & dang bét
ding thirc ma trin tuyén tinh.

Theo tdi, cac két qua cta luin 4n 12 méi, c6 ¥ nghia toan hoc sdu sic va 13 mét
déng gop déang ké trong linh vyrc 1y thuyét hé dong luc hién dai.

4. Ve su phit hop ciia két qua ludn én véi 32 tai ciia ludn én:
~ K&t qua thu dugc ctia lugn 4n hoan toan phit hop véi chuyén nganh To4n tmg dung
(m@ nganh 9 46 01 12) va phan 4nh dting tén cta luin 4n.

5. Su khéng trimg ldp ciia dé tai nghién ciru so véi cde cong trinh, ludgn vin, lugn dn
dd cong bo trong va ngoai nudc:
Tén dé tai va ndi dung ludn 4n khong triing véi bit ky @& tai nio d6 da duogc cong bd
trudce day.
6. Vé chit lwong céng trinh cong bé:
Céac két qua ctia ludn 4n da dugc cong b trén céc tap chi khoa hoc c6 uy tin, trong
d6 hai bai dau trén tap chi thugc danh muc SCIE-Q1 va bai thir ba trén tap chi thudc
danh muc SCIE-Q2.

7. Viéce trich dan céc cong trinh cong bd trrde d6 duoc tac gia ludn 4n thyc hién ddy
du va trung thuec.

Céc diém cin gép ¥ vé& ndi dung v hinh thic:

Luén 4n dugc viét rit nghiém tic, phong cach trinh bay chuin muc, c¢6 bé cuc hop
ly va it 16i soan théo. Tuy nhién, d& cho luan 4n dugc hodn hio hon, tc gia nén luu ¥
mdy diém sau day:

e Phin trinh bay vé giai tich phén thir (trang 19, 20) nén dwa ra vi du minh hoa vé&
su khac biét gifta dao ham théng thuwdng (bac 1) v6i dao phén thir bic khac 1.

e Phén trinh bay v& gidi tich m& cn lvu ¥ tinh hé théng (ching han nhu vi dy vé
s6 mo dugce dua ra truée khi néu khai niém, dinh nghia vé luit m& con hoi phién
dién,...)



e Khi trinh bay vé hiéu Hukuhara suy réng (trang 27) thi nén din cic kh4i niém
hiéu Hukuhara va tong Minkovski (vi khong d& dang tim ra ching ngay cé trén
Internet);

e Khaéi niém gH-khd vi loai 1 va logi 2 dugc sit dung (tai trang 29) nhung khong
c6 dinh nghia.

e Viéc goi hé (1.3) & trang 32 1a hé dong luc phdn thir xem ra khéng hop 1y, vi &
déy dung dao ham th6éng thudng?

e (Cong thuc (2.9) ¢ trang 58 thuc ra 1a mot dinh nghia, cho nén viéc xem n6 nhu
mdt “dang thirc” 12 khong hop 1y. Vi véy, nén sira lai ciu vin & hai dong ngay
bén dudi cong thic nay.

e Xem lai hinh v& thit hai & trang 105, ham & cn thay bang ©.

e Trang 106, cin bd sung thém gidi thiéu v& O(t) ngay sau khi néi v& o, 0 dong 8
(hodc it ra cfing phai néi ring n6 s& dwgc dé cap & trang sau).
Két luin

T6i cho ring nhig ton tai trong ludn 4n 13 hodn toan c6 thé khic phuc duge. Sau
khi chinh stra, luén 4n s& d4p tmg diy du yéu cdu v& ndi dung ciing nhu hinh thic cia
mét ludn 4n Tién si. Ban tom tt ludn 4n d3 phan 4nh trung thuc cdc ndi dung trong ban
toan van. Tdi danh gié tac gia clia ludn 4n hoan toan ximg dang nhan hoc vi Tién si.

Ha Ngi, ngay 26 thang 12 ndm 2024

Ngudi nhan xét
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CONG HOA XA HQI CHU NGHIA VIET NAM
Doc lap — Ty do — Hanh phic

BAN NHAN XET LUAN AN TIEN SI CAPHQC VIEN

Tén dé tai: Nghién cieu mdt s6 mé hinh truyén nhiém phéan thie mé va ving dung
trong mang cim bién khéong ddy

Nganh: Toan @ng dung M2 s6: 9 46 01 12
Nghién ctru sinh: Nguyén Phuong Péng
Tap thé huéng dan:
1. PGS. TS. Hoang Viét Long, Truong Pai hoc Ky thuit-Hau can, CAND

2. PGS. TS. Nguyén Long Giang, Vién Cong nghé thong tin, Vién Han 14m Khoa
hoc va Cong nghé Viét Nam

Ngudi phan bién: PGS.TS. P Xuén Chg
Co quan cong tac: Hoc vién Cong nghé Buu chinh Vién thong
Noi dung nhan xét:
1. Tinh cén thiét, thoi sir, ¥ nghia khoa hoc va thwe tién ciia dé tai ludn 4n

Bai toan du doan vé sur lan truyén ciia ma doc trong mdi trudong internet da va dang 13
chii @& rat quan trong trong linh vurc an ton théng tin néi chung va diéu tra va khic
phuc su ¢b n6i riéng. Chinh vi vy, ludn 4n d3 cung cip mét co sé Iy thuyét, mot huéng
tiép can mai khong chi trong linh vuc toan tmg dung ma con trong linh virc An ton
thong tin.

2. Su khéng tring 13p ciia d& tai nghién ctru so véi cac cong trinh, ludn 4n di cong bd
& trong va ngoai nudc; tinh trung thuc, rd ring va day dui trong trich dén tai liéu
tham khao

Dé tai khong c6 su tring lp so véi cac nghién ctru khac, céc két qua nghién ctru trong
dé tai dugc cong bd trong céc tap chi qudc té uy tin, duoc trich din ddy du va 16 rang.

3. Su phil hop gitra tén d& tai véi ndi dung, giita ndi dung v6i nganh va ma 56

Pé tai phit hop va nim trong pham vi clia nganh va ma s6 nganh.



4. D& tin cdy va tinh hién dai cia phuong phap da su dung dé nghién ctru

Luén 4n dugc nghién clru dya trén co sd khoa hoc rd rang, cac két qua nghién ciru cua
dé tai déu dugc ding trén céc tap chi quoc t€ uy tin. Chinh vi vay, cac két qua nghién
ctru déu mang tinh hién dai va mai.

5. Keét qua nghién ctru méi cua tac gia

Pé tai ¢6 2 tinh méi:

Thiét 14p dugc mot sé md hinh todn hoc mé ta su lan truyén ma doc trén mang cam
bién khong day.

Xéc dinh dugc chi sé ngudng lan truyén Ro-gia tri ngudng dic trung ciia cdc md hinh
lan truyén ma ddc.

6. Uu diém va nhugc diém vé ndi dung, két cau va hinh thirc ciia luén 4n
Uu diém: ludn 4n da dé xuat dugc mot s6 md hinh lan truyén méi. Cu thé:

Pa mo ta dugc sy lay lan cia mi ddc trén mang cam bién khong ddy dua vao viéc thiét
1dp mo hinh lan truyén ma ddc SIRS phén thir dya trén mang.

D3 xéc dinh duoc chi s6 ngudng lan truyén Ro cho mé hinh lan truyén ma doc va tinh
todn duge d6 nhay tham sé ddi véi gia tri ngudng nay. Bén canh d6, luin 4n ciing d3
mb ta duge mdi lién hé gitra chi sé ngudong Ro va su 6n dinh tiém can cia trang théi cén
bing khong c6 ma doc, sy tdn tai cia trang théi can bang dic hitu.

Pi dé xuit hé mo Takagi-Sugeno phan thir lién két, ham Lyapunov toan phuong va
thiét 14p mot sé didu kién can dudi dang bét ding thirc ma tran tuyén tinh dé giai quyét
bai toan didu khién cach ly 6n dinh héa cho trang théi can bang khong c6 ma doc cia
mo hinh.

Nhuge diém: Mot s6 van dé con ton tai trong dé tai bao gom:

Thir nhét: 2 tai clia luén 4n tép trung vao du doan su lan truyén cia ma doc trong mang
cam bién khong ddy. Mic dix vay, trong ludn 4n khong ¢ su mo ta ndo vé dic trung clia
ma doc cling nhu cac hanh vi thuong thiy clia ma dc trong cac mang cam bién khong
day. Pay la diéu rit quan trong vi chi khi ndm dugc dic diém vé hanh vi ctia ma ddc thi
dv doan dudng di va lan truyén ctia md hinh ndy méi chinh xéc va hop ly.

Thir 2: d& tai méi chi dimg lai & cac nghién ciru ly thuyét va chinh minh tinh dting din
cia cac mé hinh ly thuyét du doan du trén cic md hinh todn hoc. Do d6, can bd sung
thém céc minh chimg kiém dinh sy hiéu qua ctia cdc m6 hinh du dodn nay trong céc bd
dit liéu v& ma doc trong thuec té,



Tha 3: ludn &n chua c6 nghién citu va khao sat vé cac m6 hinh dy dodn ma doc khac
dang dugc nghién ciru va trién khai nhiéu trong linh vuc an toan thoéng tin nhu: moé hinh
du doén dua trén Mitre attack; md hinh du doén dya trén Kill chain.

Thit 4: Luén 4n chua c6 so sanh va danh gia gitta md hinh 1y thuyét duoc dé xut trong
luén 4n v6i cdc md hinh du doén khéac lan truyén ctia m& doc khéc trong thuc té nhu:
Mitre attack, Kill chain.

7. Nb6i dung ludn 4n da duogc cong bd trén tap chi, ky yéu hoi nghi khoa hoc nao va gia tri
khoa hoc cua cac cong trinh da cong bo

Céc két qua ctia luéin 4n dugc cong b trén 3 tap chi chinh gdm:

1. Iranian Journal of Fuzzy Systems (tap chi thudc danh muc SCIE, Q2).

2. Communications in Nonlinear Science and Numerical Simulation (tap chi thudc
danh muc SCIE, Q1)

3. Fuzzy Sets and Systems (tap chi thudc danh muc SCIE, Q1)

Tt ca cac tap tri déu c6 chit lugng tbt va thudc danh muc tap chi qudc té uy tin.

8. K&t luan chung can khing dinh mirc d6 dép tmg céc yéu cdu ddi véi mot luan 4n tién si.
Ban tom tét ludn 4n phan anh trung thanh ndi dung co ban cta luén an hay khoéng; luén an
c6 thé dua ra bao vé cap Hoc vién dé nhén hoc vi tién si hay khong.

Luén an dap ing duge yéu cau dbi véi mot luéin 4n tién si.
Bén tom tat lun 4n phan 4nh trung thanh ndi dung co ban ctia luan 4n.

Cho phép luén 4n dua ra bao vé cip hoc vién dé nhan bing tién si.

Ha Néi, ngay Lk.. thing M. nim J023
Ngudi nhin xét

PGS.TS. P3 Xuin Chg



VIEN HAN LAM CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN Poc lap - Tw do - Hanh phiic
HOQC VIEN KHOA HOC VA CONG NGHE |
' Ha Noi, ngay 19 thang 01 nam 2024

BIEN BAN CUA HOI PONG
PANH GIA LUAN AN TIEN SI CAP HQC VIEN

Can cir quyét dinh s6 1372/QD-HVKHCN ngay 05 thang 12 nim 2023 cia
Giam d6c Hoc vién Khoa hoc va Coéng nghé vé viéc thanh lap Ho1 dfmg danh gia
luan 4n tién si cdp Hoc vién, Hoi dong da hop vao hdi 14 gid ngdy 19 thang 01
nam 2024 tai Hoc vién Khoa hoc va Céng nghé, Vién Han 1am Khoa hoc va Cong *
nghé Viét Nam, sb 18 duomg Hoang Qubc Viét, Ciu Gidy, Ha N¢i dé danh gi4 |

luan an tién si.

Ho va tén NCS: Nguyén Phuong Pong
Tén dé tai luan 4n: Nghién ctru mét s6 mé hinh truyén nhidm phan th mo va
tmg dung trong mang cam bién khéng day
Nganh: Toén Umg dung
M3 s6: 94601 12
Ngudi huéng dan: PGS. TS. Hoang Viét Long
PGS. TS. Nguyén Long Giang
THAM DU BUOI BAO VE GOM CO
- Dai dién co sé dao tao:
1. TS.Nguyén Thi Trung — Phé Giam d6c Hoc vién Khoa hoc va Cong nghé.
- Dai dién Vién Cong nghé thong tin:
1. PGS.TS. Nguyén Truong Thang, Vién truong Vién Cong nghé thong tin.
- Pai dién Co quan chu quan cia NCS: TS. Bui Kién Cudng, Pho Hiéu trudng
tredng DPai hoc Su pham Ha Néi 2.



- Thanh vién Hoi ddng c6 mit: 07

D P Myl DY R0 e

GS.TSKH. Nguyén Khoa Son, Chii tich Hoi dong
PGS.TS. Pham Ngoc Anh, Phan bién 1

PGS. TS. Lé Hoang Son, Phan bién 2

PGS. TS. Vii Trong Ludng, Phan bién 3

TS. Nguyén Nhu Son, Thu ky Hoi dong
PGS.TSKH. Pham Huy Pién, Uy vién

PGS.TS. B4 Xuéin Cho, Uy vién

- Thanh vién Ho6i déng ving mat: 0 (Khong)

- Pai dién tap thé can bo huéng dan:

1. PGS. TS. Hoang Viét Long
2. PGS. TS. Nguyén Long Giang

- Cung tham du budi bao vé con c6 nhiéu can bd nghién ciru khoa hoc trong va

ngoai Hoc vién.

TIEN TRINH BUOI BAO VE

1. Dai dién co so dao tao, c6 Pham Thi Nhu Quynh, tuyén b ly do, gidi thi¢u dai
biéu va doc quyét dinh s6 1372/QD-HVKHCN 05 thang 12 nim 2023 cia Giam
d6c HVKHCN vé viéc thanh lap Hoi ddng danh gia luan 4n tién si cip Hoc vién
cho NCS. Nguyén Phuong Péng va dé nghi Chu tich Hoi dong diéu khién

phién hop.

. Chu tich Hoi déng, GS.TSKH. Nguyén Khoa Son, c6ng bb danh séch thanh

vién ¢6 mit 1a 07, thong qua chuong trinh bubi bao vé, dé nghi Thu ky théng

bao céac dicu kién chuén bi cho budi bao vé va doc 1y lich khoa hoc ctia NCS.

Thu ky Hoi ddng, TS. Nguyén Nhu Son théng bao cac diéu kién cho budi bao vé

Doc Iy lich khoa hoc ctia NCS Nguyén Phuong Péng.

D3 nhén dd 07 nhan xét clia cac phan bién va cac thanh vién HD.

D3 ding thong bao bao vé luan 4n tién si trén trang thong tin dién tir ngay 28
thang 12 nam 2023.

Céc gidy to can thiét khéc.



NCS Nguyén Phwong Pong c6 dii cac diéu kién vé thi tuc dé bao vé luan 4n

trede Hoi dong danh gia luan an cap Hoc vién.

4.

=)

Céc thanh vién hoi ddng va nhimg ngudi tham du théng qua vé 1y lich khoa hoc
va qua trinh dao tao cua nghién ciru sinh.

Nghién ciru sinh Nguyén Phuong Péng trinh bay ndi dung luin 4n trong 30
phiit truéc Hoi ddng. Bao céo cita NCS bao gom céc ndi dung chinh nhur sau:
Tinh cap thiét ctia vin dé nghién ctru.

Téng quan vé van dé nghién ciru

Chuong 2 dé xuit nghién ctru mé hinh 1ay nhi®m ma doc SIQR phan thir md
Chuong 3 dé xuit nghién ctru mé hinh 1ay nhiém mi doc SE,E,IQR phan thir
dua trén mang véi ham lan truyén xac dinh béi logic mo.

Chuong 4 dé xuét nghién ctru mé hinh 14y nhiém ma doc SIRS phén thir dya
trén mang va bai toan diéu kién cach ly.

Phéan két ludn mo ta cac két qua dat duoc cna luan 4n va huéng nghién ciru
trong twong lai.

Danh muc céc cong bd.

Céc phan bién doc ban nhan xét va dat cau hoi danh gid ludn an ciia NCS.

Nguyén Phuong Pong.

1) Phan bién 1, PGS.TS. Pham Ngoc Anh, doc nhin xét danh gia luan an va két

luan (c6 van ban kém theo).

e Mjt s6 nhan xét:
o Luén 4n con mét sb 15i chinh ta ciing nhu 18i dién dat.
o Cong trinh P4 nén ghi rd 1a da giri dang & tap chi nao.

e Cau héi
o Do nhay, anh huéng ctia cic tham sb ciia chi s6 ngudng lan truyén R, (trang 93,

94) c6 thé gitup chon bd tham s6 t6i uru hay khong?

o Giai thich khai niém *’x4c suat lién p;” (trang 39).
o Gia sir 1a cac tham sb g, 0,0,...déu 14 cic hing sb cho trude. Vay didu ndy co

phtt hop véi diéu kién thuc té ciia cAc mé hinh mang hay khong ?
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e Két luin: Luan 4n d4p Urng céc yéu cau doi véi mot luan 4n tién si. Toi dong y de

luan an c6 thé dua ra bao vé cap Hoc vién d€ nhén hoc vi TS.

2) Phan bién 2, PGS.TS. Lé Hoang Son, doc nhéan xét danh gia ludn an va két luan

(c6 van ban kém theo).

Mot sb gop y ddi v6i ludn 4n:

o

Can mé ta thém sy gin két cia “Mang cam bién khong day” (WSN) véi bai
toan “phat hién lan truyén ma doc”.

B sung mot ) nghién ciru vé cic mo hinh dich dya trén mang va&i dao ham
phan thir, véi cac két qua méi nhat (2022-2023), dic biét 1a theo 03 dang
SIQR, SE,E,IQR, va SIRS.

Lam rd 1y do sir dung tiép cin Logic md trong céc nghién ciru vé M6 hinh phat
hién lan truyén mi doc dang sir dung hién nay.

Bé cac tir tiéng Anh xen 14n trong Chuong 1-“Kién thitc chuén bi”. Mot sé vi
du: “Pinh nghia 1.1 ( [50], Definition 1.2)”, Pinh ly 1.1 ( [50], Corollary
6.9)...

Viét lai Lugc d6 cia phwong phap phi tuyén doan (Hinh 1.6), Luge dd cua
phuong phép tuyén tinh héa (Hinh 1.7) dang bang thay vi hinh v&.

Néu y nghia ciia dinh nghia 2.1 vé dao ham Caputo Atangana—Baleanu phan
thit B € (0, 1) clia ham gia tri m& f(t)? Tuwong tir, can mé ta ¥ nghia cna dinh
nghia 2.2 vé tich phan Riemann—Liouville Atangana—Baleanu phan tht.

Can 1am 16 wu diém/ céc truomg hop nao sir dung mé hinh lan truyén ma doc
SE1E2IQR nhu trong hinh 3.1 ma khéng sir dung mé hinh SIQR nhu trong
Chuong 2?

CAau héi:

. Trong mé hinh lan truyén ma doc SE,E,IQR, diéu kién ndo cia cic tham sé (Chi

s6 ngudng lan truyén RO,..) s& khién cho hé (3.1-3.2) én dinh?

Trang 120: Véi diéu kién ndo clia tham sb thi hé SIR trong Chuong 4 r& nhénh
1i?

Két luan: Ngudi viét nhan xét ddng ¥ cho nghién ctru sinh duge trinh bay luan éan

tai Ho1 déng dénh gid ludn an cap Hoc vién



3) Phan bién 3, PGS. TS. Vi Trong Ludng, doc nhan xét danh gid ludn an va két

ludn (c6 van ban kém theo).

6]

(@]

Vé ndi dung ciia ludn 4n:

NCS b6 sung dong co cua viéc sur dung dao ham phan thir.

Trong Pinh nghia 1.13, sira “bd bén” thanh “bd nidm” va chinh x4c héa lai khai
niém “ludt mo” trong DN 1.14, bé sung dinh nghia s6 mo tam giac, tong
Minkovskii va hiéu Hukuhara, bién déi Laplace cho dao ham phén thr.

Trong Dinh 1y 2.2, phét biéu cia dinh 1y thira ky hiéu “gH” va trich dan “Ménh dé
3.4” can la “Ménh dé 2.2”.

Cau héi:

1. Ham ®(p) théa man diéu kién gi ? Cho vi du mét 16p ham ®(B).

2. Ham ¢ trong trang 106 va 107 ¢6 gidng nhau khéng ?

3. Trang 116, xac dinh Ro nhur nao ?

Két luén: Luan 4n dép tmg di yéu ciu vé ndi dung v hinh thirc déi v6i mét ludn

an Tién si.

NCS. Nguyén Phuong Péng tiép thu ¥ kién nhan xét cia cic phan bién va tra

101 day dn céac cau hdi.

NCS tra 101 cau hoi cua Phan bién 1, PGS.TS. Pham Ngoc Anh

1.

Viéc danh gia d§ nhay ctia tham s6 nham chi ra mirc d6 anh hudng cta cac tham
s6 d6i voi hé s6 1y nhiém thir phat. Tuy nhién, chi s6 nay khéng gitip cho bo tham
s6 toi wu.

Khai niém ’’xdc sudt lién p;” can chinh stra lai la "bac p;”.

3. Do céc nut cam bién c6 ning lugng gidi han va gia sir khong tu sac nén NCS xét

cac nit mang c6 nang lugng nhu nhau va s€ roi mang néu nhu can nang lugng. Vi

vay NCS gia sir toc d6 roi mang 12 hang sé p .

NCS tra 161 cau hoi cua Phan bién 2, PGS.TS. Lé Hoang Son

1.
2

Néu céc tham s6 thoa min R, <1thi mé hinh 13 6n dinh tiém cén.
Néu gi4 tri ban dau I;(0) 1a rat gin 1 hodc gi4 tri clia hing s6 » qué 16n s& gay

hién tugng ré€ nhanh ngugc.

NCS tra 161 cau hoi cua Phan bién 3, TS. Vii Trong Ludng:
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1. Ham ®(p) la ham chuan héa théa min ®(0)=d(1)=1.VD: &(B)=1 —,e5’+i

L(p)

2. Pay 12 15i tring ky hiéu. NCS s& diéu chinh lai ky hiéu nay.
3. Pinh ly 4.2 chi ra dugc F(®) khong vugt qua mét ngudng cho trude (dong 10,

trang 116) va R, duge tinh bang maximum cia gia tri d6 trong [0,1].

8. Céc thanh vién khéc trong Hoi dong dura ra y kién nhén xét va dat cau hoi
8.1. GS.TSKH. Nguyén Khoa Son:

6]

0]

Tra loi:

o

Luén 4n con nhiéu 13i chinh ta cn khéc phuc.

Cac két qua chinh dugc trinh bay chi tiét trong cac chuong nhung thiéu sy so
sanh véi cac két qua da biét dé 1am rd sur khéc biét va tinh méi.

NCS cin Iya chon va trich din thém nhimg céng trinh di c6ng b ciia ban than
c6 lién quan truc tiép tdi ndi dung luan an bén canh 03 cong trinh dua vao luan

an hodc néu 6 1y do vi sao chi sir dung 3 cong trinh ndi trén.

NCS xin tiép thu c4c y kién déng gbp ciia GS.TSKH. Nguyén Khoa Son va s&
chinh sira lai c4c 13i chinh ta va bd sung so sinh két qua clia luan 4n véi mot s6
nghién ctru lién quan.

NCS d3 trich din 2 cong b khac cé lién quan phan kién thirc bd tro cho KQ
chinh cua luédn 4n trong TLTK [80, 103]. Cac bai bdo khic do dugc céng bd
trude thoi diém vao NCS hoidc khong c6 lién quan téi ludn 4n nén khong duge

trich dan.

8.2. PGS.TSKH. Pham Huy Pién:

o

Tra loi:

Dua vi du minh hoa cho ndi dung giai tich phan thir (trang 19, 20) dé phan biét
dao ham nguyén.

Phén trinh bay vé giai tich md cén luu ¥ tinh hé thong.

B6 sung khai niém hiéu Hukuhara va tdng Minkovski, gH-kha vi loai 1 va loai
2 dugc str dung tai trang 29.

Chinh lai tén goi hé (1.3) trang 32 va cong thirc (2.9) ¢ trang 58.

Xem lai hinh vé thir hai ¢ trang 105.

Trang 106, bo sung gidi thidu vé O(z) ngay sau khi néi vé o, 6 dong 8.



NCS ghi nhan cic y kién déng gép cia PGS.TSKH. Pham Huy Pién va s& ¢
hinh sira lai cac 16i trong lu4n 4n.
8.3. PGS.TS. P6 Xuan Chg

o Nghién ciru cia ludn 4n nén mé réng nghién ciru kiém dinh sy hiéu qua vai cac
b dit lidu thue té.

o Luén an can bd sung ddi sanh véi cdc md hinh du bao ma ddc khac dang dugc
nghién ciru trong linh vec ATTT nhu m6 hinh dua trén Mitre attack, m6 hinh
duva trén Kill chain.

Tra loi:
NCS xin ghi nhan cac y kién déng gop cia PGS.TS. P6 Xuan Chg va s& xem xét
nghién ciru m& rong két qua cua lufin an.

8.4. TS. Nguyén Nhu Son:

TS. Nguyén Nhu Son ciing ddng quan diém vdi cac thdy cb trong hoi dong vé mot

s6 diém cén 1am 16, nhat 14 1am rd hon vé pham vi huéng nghién ctru hé goi ¥ theo

phién va bé cuc lai cic phin két luan chuong sao cho thé hién 15 déng gbp cua

NCS trong ludn 4n nay. Ngoai ra NCS, cin xem xét lai mét s6 cdu trac va format

cta luan an cho phi hop véi khuén méu vé tai liéu ciia Hoc vién.

Tra loi:
NCS ghi nhén cic ¥ kién dong gop ciia TS Nguyén Nhur Son va s& cap nhat tai lidu
theo diing yéu cau cia Hoc vién
9. NCS Nguyén Phuong Pong tiép thu y kién nhan xét clia cic thanh vién cta Hoi
ddng.
10.Pai dién tap thé hudng din phat biéu y kién bang vin ban.
+ Tép thé hudng dan tiép thu céc ¥ kién ciia Hoi ddng, s& cing NCS chinh sira Luin
an theo céc y kién ctia Hoi dong.
+ NCS c6 y thirc tir 1ap, dd c6 cd ging nghién ciru, s& ¢d gang cap nhat thém cac
huéng nghién ctru. Hy vong NCS tiép tuc nghién ctru dé c6 két qua tot hon.
11. Hoi dong tién hanh hop riéng dé bau ban kiém phiéu, bé phiéu kin va thao
luan thong qua quyét nghi cua Hoi dong.
1) Bau ban kiém phiéu gdm:
Truong ban: PGS.TS Lé Hoang Son
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Uy vién: PGS.TS Pham Ngoc Anh
Uy vién: TS. Nguyén Nhu Son
2) BO6 phiéu kin va thao luin thong qua Quyét nghi cia Hoi dong.
- Trudng ban kiém phiéu PGS.TS Lé Hoang Son cong bd két qua kiém phiéu (c6
bién ban kiém phiéu).
- Chu tich Héi ddng, GS.TSKH. Nguyén Khoa Son théng qua Quyét nghi (c6 vin
ban kém theo).
3) Tém tit nghi quyét ciia Hoi dong
3.1.Tinh phii hop ciia tén dé tai va su khong tring Idp vé ndi dung ludn dn
- Tén dé tai luan 4n phi hop véi nganh va ndi dung cia luan an.
- N@i dung cta ludn 4n phii hop véi nganh “Toén tmg dung” ma s6 9.46.01.12,
- NGoi dung luin 4n khong tring ldp véi cac ludn an da bao vé va cac két qua nghién
ciru dd cong b trong va ngoai nude.
3.2.Céc két qua chinh cia ludn dan

1) Nghién ctru c4c tinh chét cia dao ham Caputo-Atangana-Baneanu phan thir mo va
tich phan Riemann-Liouville Atangana-Baleanu phén thir mo, chimg minh su ton
tai duy nhat nghiém tich phan m& cho bai toan Cauchy va 4p dung cho mé hinh
lan truyén ma doc SIQR phan thit véi dit liéu mo.

2) Nghién ciru mé hinh lan truyén ma doc SE,E,IQR phan thir m¢ dwa trén mang,
chirng minh mét sé tinh chat dinh tinh cia mé hinh.

3) Nghién ctru mé hinh lan truyén ma déc SIRS phan thir mo Takagi-Sugeno, chimg
minh mat s tinh chat dinh tinh cia mé hinh va mét sé diéu kién du cho tinh 6n
dinh héa cua trang théi cin bang khong c6 ma déc.

3.3.Cdc diém can bé sung chinh sira truéce khi ngp ludn dn cho Thie vién Quic

gia Viét Nam

- P& nghj NCS tiép thu, chinh sira, bd sung luin 4n theo cac ¥ kién dugc néu
trong bién ban hop hoi dong va trong cac ban nhan xét ciia cac thanh vién
héi dong.

3.4. Mirc dé dap tng yéu cau cvia ludn dn tién sivé cd ndi dung va hinh thirc

- Luéan 4n ctia NCS Nguyén Phuong Péng d4ap tmg yéu cau ciia luan 4n tién si

r
-~

nganh “Toan tmg dung”, m3 sb “9.46.01.12” vé ndi dung va hinh thirc theo



cac qui ché hién hanh vé dao tao tién si cia B Gido duc va Pao tao, cia
Hoc vién Khoa hoc va Cong nghé.
12. Pé nghi Hoc vién Khoa hoc va Céng nghé c6ng nhén két qua béo vé va cé‘ip
bang tién si cho NCS Nguyén Phwong Pong sau khi chinh sira, b sung luan 4n
theo cac gop y cua Hoi dong.
13. Tong két
- Trudng ban kiém phiéu, PGS.TS Lé Hoang Son, cong b két qua bo phiéu
danh gia luan an.

- Chu tich Ho1 dc"ing, GS.TSKH. Nguyén Khoa Son doc Quyét nghi cua Hoéi
dong.

- Chu tich Hoi ddng tuyén b6 Hoi ddng di hoan thanh nhiém vu va trao lai
quyén diéu khién cho Co s& dao tao.

- Céc dai biéu va NCS phat biéu y kién.

- Pai dién co s dao tao tuyén bd két thic budi bao vé tién si.

Bién ban hop Hoi dong nay dugc 7/7 uy vién Hoi dong biéu quyét cong khai

thong qua.

Budi hop Hoi dong danh gia ludn 4n tién si cip Hoc vién két thuc vao luc 17 -
gi¢y 00 phut, ngay 19 thang 01 nam 2024.
Thu ky Hoi dong

TS. Nguyén Nhur Son GS.TSKH. Nguyén Khoa Sen

XAC NHAN CI’JAI&G&(Z%% TAO
4@@&(\) GIAM POC

. <
HOC VIEN \%\
KHOA HOT VA |l
CONG NGHE f?,y

el \*\\:/

*}}‘(gu yén Thi Trung




VIENHANLAM CONG HOA XA HOI CHU NGHIA VIET NAM
- KHQA HOCVA CONQ NG}-IE VN . Déc lgp — Tu do — Hanh phuc
[0C VIEN KHOA HQCVA CONG NGHE

Ha N¢i, ngay 19 thang 01 nam 2024

Lo ’ ngYIi:T NGHI CQA e ;
HOI PONG PANH GIA LUAN AN TIEN SI CAP HQC VIEN

Can cr quyet dinh sb 1372/QD- HVKHCN ngay 05 thang 12 ndm 2023 cua
Giam doc Hoc vién Khoa hoc va Cong nghé vé v1ec thanh 1ap Hoéi dong danh gia
luan 4n tién si cAp Hoc vién, Hoi dong da hop vao héi 14 gier 00 ngay 19 thang 01
nam 2024 tai Hoc vién Khoa hoc va Cong nghé, Vién Han lam Khoa hoc va Cong
nghé Viét Nam, s6 18 duomg Hoang Quoc Viét, Chu Gidy, Ha Noi dé danh gia
luan an tién si.

Ho va tén NCS: Nguyén Phuong bong '

Tén dé tai lun an: Nghién ciru mdt s6 md hinh truyen nhiém phén thr mé&

va ung dung trong mang cam bién khéng day

Nganh: Toan ung dung

M3 sb: 9.46.01.12

Ngudi huéng dan:  PGS. TS. Hoang Viét Long

PGS. TS. Nguyén Long Giang

HOI PONG DANH GIA LUAN AN TIEN SI CAP HQC VIEN CUA

NCS NGUYEN PHUONG PONG KET LUAN

1. Tinh phit hep ciia tén d8 tai va sy khang tring lip vé ndi dung luén 4n

Tén d2 tai va néi dung ctia lun 4n ph hop véi nganh Toan tng dung, mi s6
9.46.01.12.

Nbi dung luin 4n khong trung ldp véi cac ludn an da bao vé€ va cac két qua
nghién ciru da cong bd trong va ngodi nudc.
2. Két qua, y nghia khoa hoc, thue tién ciia dé tai
Két qua chinh ctia luén 4n gom:

1) Nghién ctru cAc tinh chét ciia dao ham Caputo-Atangana-Baneanu phan thir mo
va tich phan Riemann-Liouville Atangana-Baleanu phan thir mé, chimg minh sy

ton tai duy nhat nghiém tich phan md cho bai todn Cauchy va dp dung cho mé
hinh lan truyén ma doc SIQR phin thir véi dif liéu mo.

Dugc quét bang CamScanner
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2) Nghién ctiru m6 hinh lan truyén mi déc SE,E,IQR phan thir m& dua trén mang,
chimg minh mét s6 tinh chat dinh tinh ciia mé hinh.

3) Nghién ciru mé hinh lan truyén ma doc SIRS phdn thir mo Takagi-Sugeno,
chimg minh mét s6 tinh chat dinh tinh ctia mé hinh va mot s6 diéu kién di cho
tinh 6n dinh héa cuia trang thai cAn bing khéng c6 mi ddc.

Cac két qua ly thuyét da dugc so sdnh minh hoa béi cac tinh todn mo phong,
3. Nhirng thiéu sét ciia ludn 4n, vin dé cin b sung, stra chira
NCS chinh sira luén 4n theo cic y kién déng gop cua cic phan bién va Hoi

déng trude khi ngp luan én cho Thur vién Quéc gia Viét Nam,

r A r r ~ o A r -‘ ~ 1 hed Ae 1 h) 7
4. Mirc do dap Wng yéu chu ciia luin 4n tién si vé ci ndi dung va hinh thirc
r X s A . . u‘ ~ d ~ e r 1 1
theo cdc quy ché hién hanh vé dao tao tien sy ciia B§ Gido duc va Dao tao

Luan an cua NCS Nguyen Phuong Dong dap ung yéu cdu clia ludn 4an tién s
nganhToédn Ung dung, ma s6 9.46.01.12 ve ndi dung va hinh thirc theo cdc quyché
hién hanh vé dao tao tién si cia B Gido duc va Pao tao, clia Hoc vién Khoa hoc

va Cong nghé.

Két qua bo phiéu d4nh gia luan 4n cia Hoi dong: 7 /7 tan thanh trong d&
05 phiéu xuit sic.

Hoi dong de nghi Hoc vién Khoa hoc va Cong nghé cong nhéan két qua
vé va cdp bang tién s cho NCS Nguyén Phuong Péng. ;SHé _

Quyét nghi nay dugc 7/7 thanh vién Héi déng biéu quyét cong khai thoéng q

TS. Nguyén Nhir Son GS.TSKH. Nguyén Khoa Son

XAC NHAN CUA E? %?.})AO TAO

Nguyén Thj Trung
2

Dugc quét bang CamScanner
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(Madu 6-HV-Ban gidi trinh chinh sira, b6 sung cap HV)

VIEN HAN LAM
KHOA HOC VA CONG NGHE VN
HOQC VIEN KHOA HQC VA CONG NGHE

CONG HOA XA HQI CHU NGHIA VIET NAM
Poc 1ap - Tw do - Hanh phic

BAN GIAI TRINH CHINH SUA, BO SUNG LUAN AN TIEN SI
CAP HQC VIEN

Ngay 19 thang 01 ndm 2024, Hoc vién Khoa hoc va Cong nghé da té chirc danh
gi4 luén 4n tién s7 cdp Hoc vién cho nghién ctru sinh Nguyén Phwong Péng theo Quyét
dinh s6 1372/QD-HVKHCN ngay 05 thang 12 nim 2023 cua Giam doc Hoc vién.

Dé tai: Nghién ciru mét sé6 mé hinh truyén nhiém phén thir mé va iing dung

frong mang cim bién khéng diy
Nganh:
M s6:

Ngudi huéng din:

94601 12

sau day:

Toan g dung

PGS. TS. Hoang Viét Long
PGS. TS. Nguyén Long Giang

Theo Bién ban clia Hoi dong, NCS phai bd sung va chinh sira ludn 4n céc diém

<

&
0

Ndi dung dé nghi chinh sira, bb
sung

STT

Néi dung da dugc chinh sira, b6 sung %)

(Ghi 16 s6 trang/chuong/muc... da dugc chinh
sua)

1 Ludn an con mot so 161 chinh ta

cling nhu 16i dién dat.

NCS da tien hanh ra soat lai luén an va chinh
stra cac 16i chinh ta va 16i dién dat cia ludn 4n.

Céc két qua chinh dugc trinh bay
chi tiét trong céc churong nhung
thiéu su so sanh vdi cac két qua
da biét dé l1am r6 su khac biét va

tinh mon.

Nghién ctru sinh d bo sung hai tai liéu tham
khao Allahviranloo va Ghanbari [106], Ho Vi
va cong sy [107] 1a cac nghién ctru lién quan
t6i Chuong 2 va b sung Nhan xét 2.3 (tr. 50),
Nhan xét 2.5 (tr. 57), Nhan xét 2.6 (tr. 60),
nhan xét dong 16, 17 trang 152.

Cong trinh P4 nén ghi 16 1a da gui
dang ¢ tap chi nao.

NCS di bé sung Tap chi gii ding

(Information Science) trang 17 va 138.

Giai thich khdi niém *’xac suét
lién p;” (trang 39).

Paiy 14 15i dién dat. NCS di chinh sira lai trong
trang 41.

NCS bo6 sung dong co cua viée sur

dung dao ham phén thir.

NCS di bé sung phén tich dong co sir dung
dao ham phan thir cho mang cam bién tir dong

Lueu y: Céc chir ky xdc nhgn cin gin voi ndi dung trén ciing mét trang gidy. Hoc vién sé khong xic

nhdn néu phin chi ky tich ri véi ndi dung



26 t61 33 cua trang 8.

Trong Pinh nghia 1.13, stra “bd
b6n” thanh “bd nim”.

NCS d4 sira lai 161 d4nh méy nay.

Chinh xac héa lai khai niém “luat
m¢” trong DN 1.14.

NCS da chinh sira lai khai niém ludt mo tham
khao [92, Dinh nghia 6.5] tai trang 29

B6 sung dinh nghia s6 mo tam
gidc, tobng Minkovskii va hiéu
Hukuhara.

NCS di bé sung dinh nghia sé mo tam giac
(trang 27), tdng Minkovskii va hiéu Hukuhara
(trang 30).

Bé sung dinh nghia vé bién d6i
Laplace cho dao ham phén thu.

NCS d3 bd sung dinh nghia bién dbi Laplace
(trang 20) va bién d6i Laplace cho dao ham
phan thir (trang 21).

10

Trong Pinh 1y 2.2, phat biéu cua
dinh Iy thira ky hiéu “gH” va trich
din “Ménh dé 3.4” can la “Ménh
d&2.2”.

NCS da chinh sira lai 16i danh mdy thira ky
hiéu gH va 15i trich din Ménh dé 2.2.

11

Ham ¢ trong trang 106 va 107 c6

giéng nhau khong ?

Ham ¢ trong hai trang nay la khac nhau. NCS
da chinh stra ky hiéu ham ¢ trong trang 107
dé tranh trung ky hiéu.

12

Han ché trich din bai bdo 1a cic
cong trinh ctia nghién ciru sinh
(NCS) trong Tai li¢u tham khao.

NCS da chinh sira lai va khong trich dan tai
liéu 1a céc bai bao cua NCS trong Tai liéu
tham khao.

13

Can dat lai tén cac chuong ludn 4n
cho séat hon vai cac dong gop.

Do cic m6 hinh nghién ciru trong ludn an
nhim phén tich dang diéu dong luc cia su lan
truyén ma ddc trén mang va c6 nhimg du bao
trong thoi gian ngan vé su lan truyén dua vao
biéu dién nghiém cia cac PTVP thu dugce, nd1
dung cac chuong khong dé cap céc thuit toan,
phuong phép phat hién mad dgc nén tén cac
chuong luan an NCS khéng thém cum phat
hién” vao. Tén ctia chuong 4 da duge doéi lai
dé dam bao sy twong thich véi cac chuong 2
va 3.

14

Can mo ta thém sy gin két cua
“Mang cam bién khéng day”
(WSN) véi bai toan “phat hién lan
truyén ma doc”.

NCS da bd sung phan tich vé van d& nay tai
trang 6 (tir dong 9 td1 16).

15

Bd sung mot s6 nghién ciru vé cac
mo hinh dich dua trén mang vai
dao ham phan thtr, vai cac ket qua

Céc md hinh dich dva trén mang véi dao ham
phan thir 12 m6t cha dé kha méi va gan day
ciing c6 mot s6 nghién ciru tiép can theo




méi nhat (2022-2023), dic biét 1a
theo 03 dang SIQR, SEIE2IQR,
va SIRS.

hudng nay. NCS da bo sung tai liéu [60,61] va
phan tich déng gbp trong trang 9.

16

Lam 16 ly do sir dung tiép cén
Logic m& trong cac nghién ctru vé
Mb hinh phét hién lan truyén ma
d6c dang sir dung hién nay.

Ly do sir dung logic m¢& trong nghién ciru
dwoc NCS b sung va phén tich trong trang
1

17

Bo céc tir tiéng Anh xen 13n trong
Chuong 1-“Kién thirc chuan bi”,
Mot sé vi du: “Dinh nghia 1.1 (
[50], Definition 1.2)”, Dinh 1y 1.1
( [50], Corollary 6.9)...

NCS da chinh sira lai céc 16i danh mdy nay.

18

Viét lai Lugc db clia phuong phép
phi tuyén doan (Hinh 1.6), Lugc
dd coa phuong phép tuyén tinh
hoa (Hinh 1.7) dang bang thay vi
hinh vé.

NCS da diéu chinh lai céc lwrgc d6 nay tai
trang 36.

19

B6 sung mién gia tri cia S(t), I(t),
Q(t) va R(t). Lam 15 cic tham sb
trong Hinh 2.1, cho bang 2.1
(trang 44) xudng trang nay.

NCS da bé sung mién gid tri cho cdc 4n ham
va bd sung Bang 2.1 vé md ta cac tham sé vao
sau Hinh 2.1.

20

Lam rd m6é hinh md& dp dung &
déu trong hé (2.1-2.2)

Trong hé (2.1-2.2), do cac diéu kién ban diu
duoc xét 1a dai luong bét dinh cho duéi dang
s6 mo nén hé (2.1-2.2) 1a hé ptvp mo. NCS da
bd sung ndi dung nay dau trang 46.

21

Giai thich thé ndo 1a ‘trang thdi
cdn bang dac hi’ trong md hinh
(2.1-2.2)

NCS da bo sung giai thich tai trang 46 (dong
8).

22

Néu y nghia clia dinh nghia 2.1 vé
dao ham Caputo
Atangana—Baleanu phan tht B €
(0, 1) cua ham gia tri mo f(t)?
Tuong tu, can mo ta ¥ nghia cia
dinh nghia 22 vé tich phan
Riemann—Liouville
Atangana—Baleanu phén thir.

NCS da bé sung y nghia cia dao ham tich
phan phan th theo nghia Atangana—Baleanu
tai trang 8 (dong 19, 20) va phan tich méi lién
hé va suy mo rong cua cac khai niém nay vadi
tich phan Riemann—Liouville va tich phén xac
dinh trong Nhén xét 2.2 (trang 49).

23

Cho vi du giai thich nhan dinh sau
Béing 1: “Trong thuc té, do méi
truong ....la cac mé hinh mo.”

NCS da b sung binh luan giai thich nhén
dinh nay tai trang 10.

24

Can l1am 1 uvu diem/ cac trudng

Uu diém va y nghia cta viéc sir dung mé hinh




hgp nao st dung mé hinh lan
truyén ma doc SE1E2IQR nhu
trong hinh 3.1 ma khong sir dung
mo hinh SIQR nhu trong Chuong
2;

lan truyén ma déc SE1E2IQR di duoc dé cap
tai cac trang 74, 99 cta luan 4n nham phan lép
cac nat nhiém ma déc thanh nhiéu nhom nhé
dé thyc hién céc tic dong céch ly phu hop.

25

Lam rd co s& dé xuat cua hé mo
Mamdani (MISO - multi input
single output) véi 9 luat 1a gi?

NCS d3 b sung phén tich tai trang 72 (dong
1,2,4,5.6).

26

Cén trinh bay phuong phap ma
trin thé hé tiép theo (next-
generation matrix method) [111]
trong Chuong 1.

Do gi6i han vé sd trang cia ludn 4n 1a khong
qué 150 trang khong tinh phu luc nén phan
phuong phap ma tran tiép theo luan &n da
trinh bay 6 muc 3 caa Phu luc A.

27

Pbi tén “Két luin chung” thanh
“Két luan”,

- A ~ r ¢ Y
Do format cdc d€ muc ludn an theo hudng dan
cua Hoc vién dé tén 1a “Keét luan chung” nén
NCS xin bao Iuru tén muc nay.

28

Pua vi du minh hoa cho ni dung
gidi tich phan thir (trang 19, 20)
dé phan biét dao ham nguyén.

NCS d4 bd sung Vi du 2.1 (trang 21) va Vi du
2.2 (trang 22) dé minh hoa cho céc khai niém
dao ham va tich phén phén thir.

29

Phan trinh bay vé giai tich m& can
lwu ¥ tinh hé thong.

NCS da diéu chinh lai dwa khéi niém sé md
(Pinh nghia 1.12, trang 26) lén trén dé dam
bao tinh logic cho cac phén tich tiép theo.

30

Bo sung khai niém hiéu Hukuhara
va tong Minkovski, gH-kha vi
loai 1 va loai 2 dugc su dung tai

trang 29.

NCS di bo sung khéi niém tong Minkovskii
va hiéu Hukuhara tai trang 30, khédi niém gH-
kha vi loai 1 va loai 2 dwoc bd sung tai Pinh
nghia 1.17 trang 32.

31

Chinh lai tén goi hé (1.3) trang 32
va cong thuc (2.9) & trang 58.

NCS da chinh lai tén goi cua hé (1.3) va cong
thie (2.9)

32

Xem lai hinh v& thir hai & trang
105.

NCS da chinh stra lai c4c 161 ky hiéu trong
Hinh 4.2

33

Trang 106, bo sung gidi thidu vé
O(f) ngay sau khi néi vé o,¢

dong 8.

NCS d3 bd sung gi6i thidu v& ham vé O(r)
ngay sau khi néi vé o, tai trang 107.

34

Luan 4n can b6 sung d6i sanh voi
cac mo6 hinh du bido ma doc khac
dang dugc nghién ciru trong linh
vuc ATTT nhu mé hinh dua trén
Mitre attack, mé hinh dua trén
Kill chain.

Do céch tiép can ciia cac md hinh lan truyén
mé dfc trong ludn 4n dua trén cac mo hinh
phuong trinh vi phan va kha xa véi ciach tiép
can cua cac mo hinh dua trén Mitre attack hay
Kill chain nén twong d6i kho dé déi sanh. Tuy
nhién, luén 4n ciing ¢ phan tich tiép can cia




ludn 4n véi cac cach tiép can sir dung cong cu
hoc may va mang no-ron (tai liéu [9,10]).

35 |Bé cuc lai cic phin két luan | NCS dé diéu chinh lai phan két lusn cua céc
chuong sao cho thé hién 16 déng | chrong dé nhan manh dugc céc déng gop
gop cua NCS. chinh va két ndi véi cac chuong khac.

36 | Xem xét lai mot sb cdu triic va | NCS da xem lai cAu triic ctia luan an, tai liéu
format cia ludn an cho pht hgp | tham khao dugc danh so6 theo tha tu xuét hién
v6i khuén mau vé tai liéu cia Hoc | dam bao theo quy dinh cia Hoc vién.

vién.

Nghién ciru sinh chan thanh cam on Qui thay, c6 trong Hoi ddng danh gi4 luin
4n tién si cap Hoc vién da gop v va tao co hoi cho NCS hoan thién luan 4n ctia minh.

Xin tran trong cam on./.
Ha Néi, ngay 20 thdng 02 nam 2024

(Truwong hop co 02 ngzrm hwdéng dan xin chir ky

j va ghi 16 ho tén) % /
N W f) Mdﬁ%

PGS.TS. Hoang Viét Long PGS.TS. Nguyén Long Giang

XAC NHAN CUA HQC VIEN CHU TICH HQTPONG
KHOA H(;)E1 K’t\fﬁm NGHE
1 GIAM POC

ouy en Thi Trung



