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Luén an nay dudc thuyc hién tai Vién Cong nghé thong tin, Hoc vién Khoa hoc va
Cong nghé, Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Nghién cttu sinh (NCS)
Xin t4 long biét on sau sic dén PGS.TS. V6 Thanh Ti, ngudi da tin tinh huéng dén,
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cu vé Cong nghé mang va Truyén thong tai Vién Cong nghé thong tin.
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vién hoi dong cho viéc chinh sia, hoan thién luan 4n sau khi bao vé cip co sé.

NCS xin chan thanh cam on Lanh dao Hoc vién Khoa hoc va Cong nghé, Vién
Cong nghé thong tin, Phong Tin hoc Vién thong di tao nhiing diéu kién thuan 1gi cho
viéc nghién cttu thuc hién Luan an.

NCS xin chan thanh Cam on Ban giam hiéu va cac Phong ban lién quan cua Trudng
Cao dang cong nghiép Hué, ciing nhu cic dong nghiép da tao diéu kién va gitip dd toi
hoan thanh dudc dé tai nghién ctiu cia minh.

Cudi cung la su biét on sau sac téi gia dinh da ludn chia sé, cam thong cho tdi
trong nhitng chudi ngay dai miét mai hoc tap, nghién citu dé€ c6 dudc két qua nhu ngay

hom nay.
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MO PAU

1. Tinh cép thiét ciia dé tai nghién ciru

Trong xu thé phat trién clia cong nghé mang, truyén thong khong day 1a gidi phap
chii dao cho cong nghé mang vién thong néi chung, mang truyén di liéu v mang may
tinh néi riéng. Trong thdi dai ciia cong nghé mang thé hé thii 5 (5G) va Internet van vat
(Internet of Things - IoT), da xuit hién mot s6 mo hinh mang khong day dé cung cip
céc ting dung trong thuc té. Co ban nhu mang cam bién khong diy, mang khong day
hinh 1ué6i [32, 47, 49], mang tiy bién di dong (Mobile Ad-Hoc Network - MANET).
Trong d6, MANET la m6 hinh mang hoat dong theo nguyén ly cia mang ngang hang,
khong phu thudc vao mot két cAu ha ting cb dinh nao. Viéc trién khai mot mo hinh
mang 12 rit don gian va linh hoat, chi can cdc nit di dong c6 hd trg cac giao dién két
ndi khong day 1a c6 thé tao thanh mot md hinh mang MANET bit ¢t & dau. Vi vay,
MANET dang ngay cang dudc ting dung rong rii trong nhiéu linh vuc, nhu quan su, y

té, gido duc, giao thong, hang khong, van tai tau bién, nghién cifu tham hiém [66].

D& md rong pham vi ting dung ctia mang MANET, can phai nang cao tc do truyén
din ctia mbi kénh truyén, ting pham vi viing phii séng ctia mdi niit, md rong vung dién
tich st dung. Tuy nhién, diéu nay sé gip phai mot sd khé khin vé mit cong nghé. Vi
viéc ting téc do truyén din, pham vi phd séng va ving dién tich st dung thi cc hiéu
ting vat ly xay ra trén cac 19 trinh truyén dif lidu ciing ting 1én, 1am 4nh huéng dén hiéu
ning mang [26, 29, 30, 61, 65]. Cac hiéu dng nay bao gém: suy gidm cong suit qua
moi trudng khong khi, nhiéu tich liiy doc theo 10 trinh truyén di liéu, nhiéu giao thoa
gitfa cdc kénh truyén din dong thdi, hién tugng md dan (fading). Cac hiéu dng vat ly
ndy tdc dong I1én kénh truyén, lam suy gidm chat luong tin hiéu truyén din (Quality of
Transmission - QoT), 1am ting xac suit géi dit liéu bi 16i do khong ddm bio QoT, din
dén suy gidm hiéu ning mang, dic biét 12 trong mo6 hinh mang c6 vung dién tich rong,

mat do nut cao, st dung kénh c6 bang thong 16n.

Dé ddm bao hiéu ning mang MANET trong trudng hdp vung dién tich rong, mat
do niit cao, tbe do dit liéu 16n, can phai tim ra cc giai phdp k§y thuat nham giam thiéu
4nh hudng ctia cac hiéu dng vat ly. V& mit cong nghé, cac hiéu tng vat ly da duodc dé

cap & trén thudng dudc gidi quyét bang cong nghé & 16p vat 1y. Vi du nhu hiéu tdng suy



hao cong suit thudng dudc giai quyét bang cach 1ap dit thém céc b tai tao tin hiéu
(repeater) hoic st dung anten dé khuéch dai cong suét tin hiéu. Vi c4c hiéu ting gy
ra 101 bit nhu nhiéu mdi trudng, nhiéu nhiét, nhiéu giao thoa gitta cdc kénh thi thudng
dugc giai quyét bang phuong phap sta 16i trude (FEC - Forward Error Correction) st
dung k¥ thuat xii ly tin hiéu s6. Tuy nhién, trén thuc t&, viéc bu cong suit bang cic bo
tai tao tin hiéu, cling nhu viéc xi Iy 16i dudng truyén bang ky thuat FEC khong thé
thuc hién mot cach tuyét d6i, ma ludn ludn tdn tai mot phan nhd cac hiéu dng vat ly
sau khi da xt 1y. Phan nhd nay thuong khong anh hudng dén chit lugng hé thong dbi
v6i cac tuyén truyén dan di€m - ndi - diém, hodc 14 dbi vdi cac tuyén truyén dan chi di
qua mot vai bude truyén (hop). Trong trudng hop mang MANET c6 viing dién tich st
dung rdng, mat do nit cao, ¢ trudng hop dit liéu phai truyén qua nhiéu nit trung gian,
nghia 14 qua nhiéu budc truyén véi tdng khoang cach 16n. Trong trudng hop nay, phan
nhiéu con ton tai sau khi da xt ly & 16p vat 1y sé tich lily doc theo 19 trinh truyén dit
liéu, 1am 4nh huéng dén QoT ciia hé thdng mang. Miic d6 anh hudng ciia nhiéu tich
liiy phu thudc vao 16 trinh truyén dit liéu, ma 10 trinh truyén di liéu dudc quyét dinh
bdi thuat toan dinh tuyén. Vi vdy, viéc nghién ciiu cac thuat toan dinh tuyén rang budc
QoT trong mang MANET, nham tim ra cc thuit toan dinh tuyén dam bao QoT trén
céc 10 trinh truyén dit liéu 12 diéu can thiét, c6 y nghia diic biét quan trong trong viéc
ting dung mang MANET cho cic trudng hop viing dién tich 16n, tde do dit liéu va mat
do nit cao. Van dé nay da va dang dudc nhiéu nhém nghién ciiu quan tim trong thdi
gian gan day [5, 24, 33, 35, 46, 51, 53]. C4c cong trinh nghién cifu nay da dé xuit cac

thuat toan dinh tuyén v6i muc tiéu lua chon 16 trinh c6 QoT t6t nhat d€ truyén dit liéu.

Tuy nhién, mot vin dé dit ra v6i k§ thuat dinh tuyén theo QoT tdt nhét 12 ting tinh
trang nghén cuc bo (bottleneck) do tai luu lugng phan bd khong dong déu trén cac két
ndi trong toan mang. Nghén cuc bd 12 mot van dé 4nh hudng 16n dén hiéu ning mang,
dic biét 1a trong cac hé thdong mang c6 tai luu ludng 16n. Van dé nay thudng dudc
giai quyét bang ky thuat dinh tuyén can bang tai (load balancing routing). Trong mang
MANET, dinh tuyén cn béng tai ciing da dudc nhiéu nhém nghién ciu trién khai [34,
39,41, 44, 67, 70]. Cac cong trinh nghién ctu nay da dé xuat dudc céac thuat toan dinh
tuyén can bang tai uu lugng qua cac két ndi trong mang, giam thiéu tinh trang nghén
cuc bo. Tuy nhién, do dic trung co ban cta ky thuat dinh tuyén cin bang tai 13 thuat
toan dinh tuyén c6 thé chon "16 trinh dai", nghia 1a cac 16 trinh di qua nhiéu niit trung

gian, nhiéu budc truyén dé can bang tai luu luong. Piéu nay c6 thé lam giam QoT clia



hé thdng mang. Cic cong trinh nghién ctiu vé ky thuat dinh tuyén cin bing tai trong

mang MANET da dugc dé cip & trén chua xét dén van dé nay.

Thong qua viéc phan tich tinh hinh nghién ctiu vé k§ thuat dinh tuyén dam bao
QoT va dinh tuyén can bing tai & trén, tic gia nhan thy ring, cic cong trinh nghién
cifu di cong bd vé dinh tuyén dam bao QoT khong xem xét dén vén dé can bang tai luu
lugng. Ngudc lai, vin dé vé QoT cta céc 10 trinh truyén dit liéu khong dugc xem xét
trong cdc cong trinh nghién ctiu vé dinh tuyén cin bang tai. Vi vdy, mot van dé dit ra
12 can c6 su két hop hai hoa gitta dinh tuyén can bing tai va dinh tuyén dam bao QoT
nhiam nang cao hiéu ning mang MANET. Dic biét 1a trong hé thong mang MANET
c6 vung dién tich rong, mat dd nut cao, st dung kénh c6 bang thong 16n. Vi vay, trong
dé tai luan 4n nay, tac gia tap trung nghién ctiu cac ky thuat dinh tuyén can bang tai,
dong thdi dam bao QoT cta céac 10 trinh truyén dif liéu nham nang cao hiéu ning mang
MANET.

2. Muc tiéu nghién ciru

Tt viéc phan tich tinh cip thiét cltia dé tai & trén, tac gid xdc dinh muc tiéu nghién
clfu ctia dé tai 12 tap trung phan tich, danh gid QoT trén céc 16 trinh truyén dit liéu va
anh hudng ctia né dén hiéu ning mang MANET theo céc thuit to4n dinh tuyén khéc
nhau. Trén co sé d6, dé xuét cac thuit toan dinh tuyén cai tién nham can bang tai luu
lugng, dong thdi didm bao QoT trén cac 19 trinh truyén dit liéu, nang cao hiéu ning

mang MANET. Muc tiéu nay dudc cu thé héa nhu sau:

(i)  Phan tich, danh gid dugc QoT trén cic 10 trinh truyén dit liéu va anh hudng cia
n6 dén hiéu ning mang MANET theo cdc giao thiic dinh tuyén khac nhau, tap
trung vao 16p giao thiic dinh tuyén theo yéu cau va dinh tuyén can bang tai.

(ii) Dé xuit ducc cac thuat toan dinh tuyén cai tién cla cac giao thiic DSR va
AODV st dung ky thuat dinh tuyén cin bang tai ddm bao chit luong truyén
din, nham giam thi€u 4nh hudng clia cac hiéu ting vat ly, nang cao hiéu ning
mang MANET.

3. Pbi twgng va pham vi nghién ciru

Péi tuong nghién ctiu clia dé tai luan 4n tip trung vao cic thuit toan dinh tuyén
cin bang tai va dinh tuyén dam bao QoT trén céac 16 trinh truyén dif liéu. Trong mang

MANET, c6 nhiéu nhém giao thiic dinh tuyén khic nhau, trong d6 nhém giao thiic



dinh tuyén theo yéu cau dang dudc nghién cifu va st dung rdng rai trong thdi gian gan
day. Pay 12 nhém giao thiic c6 nhiéu vu diém vé mit hiéu ning, ciing nhu van dé diéu
khién va quan ly. Vi vdy, pham vi nghién ctiu cta dé tai tip trung vao nhém giao thiic
dinh tuyén nay. Cu thé 1a c4c giao thiic DSR, AODV va cac giao thtic dinh tuyén cin
bing tai dudc cai tién tir hai giao thiic nay.

4. Noi dung va phuong phap nghién ciu
* Ngi dung nghién cviu:

Pé dat dudc muc tiéu nghién cifu nhu da dé ra & trén, tic gid xac dinh ndi dung
nghién cifu ctia dé tai luan 4n 1 tiép tuc phat trién hudng nghién citu vé ky thuat dinh

tuyén can bang tai rang buéc QoT trong mang MANET, cu thé nhu sau:

(i)  Xay dung va phat trién cac diéu kién rang budc QoT theo cic thuit todn dinh
tuyén khac nhau trong mang MANET. Cu thé 1a thuat todn DSR va AODV.

(i) Phan tich, dinh gia 4nh hudng clia cac hiéu ting vat Iy dén hiéu ning mang
MANET déi véi cic giao thiic dinh tuyén DSR, AODV va dinh tuyén cin bing

tai.

(iii) Dé xuét cac thuat todn dinh tuyén cai tién cta giao thiic DSR va AODV, nhim
can bang tai luu lugng trong toan mang, dong thdi dam bao QOT trén céc 10

trinh truyén dif liéu, nang cao hiéu ning mang MANET.

* Phuong phdp nghién ciu:

Céc phuong phap dudc st dung xuyén subt qua trinh hoc tap, nghién cifu thuc hién
luan 4n 12 nghién citu ly thuyét, phan tich bang mo hinh to4n hoc va thong ké bing ky

thudt mo phong.
- Phuong phap nghién ctiu Iy thuyét:

Tién hanh nghién cifu, khio sat, tong hop, danh gia cic cong trinh nghién cifu lién
quan & trong va ngoai nudc dé€ phan tich nhiing van dé chua giai quyét, nhiing vin dé
can tiép tuc nghién cifu theo hudng cla dé tai. Tt d6, lua chon céc ndi dung, van dé sé
nghién cifu, dé xuit va gidi quyét. Hé thong héa cac van dé can thuc hién, dé xuat mo

hinh bai todn, dua ra cac vin dé d€ phan tich, danh gia va thuc hién.



- Phén tich bang mé hinh toan hoc:

St dung ly thuyét hang doi, ly thuyét xac suit thong ké dé xay dung md hinh gidi
tich clia cac tham sb hiéu ning trong mang MANET. Hang dgi dudc 4p dung trong
luan 4n 12 M/M/1/K [19] két hop véi ly thuyét xac suit thdng ké d€ xay dung mo hinh
tinh todn x4c suit chin goi di liéu trén mot 16 trinh, thdi gian tré tif ngudn dén dich.
M5 hinh toan hoc ciing dudc st dung dé phan tich cac tham s6 QoT ctia mot 10 trinh
truyén dit liéu nhu ty 1 tin hiéu trén nhiu (SNR), ty 1& bit 16i (BER). Ngoai ra, ly
thuyét quy hoach tuyén tinh va quy hoach phi tuyén ciing dudc st dung d€ mo hinh

héa cdc thuit toan dinh tuyén dudc dé xuét.
- Phuong phap mé phong:

Xay dung mdt md hinh mo phdéng cac thuit toan dinh tuyén trong mang MANET
trén phan mém mo phong mang OMNeT++ [10]. M6 hinh mo phéng dugc st dung
cho viéc ddnh gid hiéu qua thuc thi clia cdc thuét toan dinh tuyén trong mang MANET,
cho cac truong hgp ¢ va khong c6 rang budc anh hudng cua cac hiéu ung vt ly ciing

nhu cdc thuat todn dinh tuyén dugc dé xuit.
5. Céc két qua nghién cttu can dat duge
V6i muc tiéu, d6i tuong va pham vi nghién cifu nhu trén, ludn 4n can dat dudc

nhiing két qua sau day:

(i)  Phantich, ddnh gid dudc dudc anh hudng ctia QoT dén hiéu ning mang MANET
theo céc giao thiic dinh tuyén khac nhau, tip trung vao 16p giao thic dinh tuyén

theo yéu cau va can bang tai.

(i) Pé xuit dugc thuit todn dinh tuyén can bang tai ddm bao chit lugng truyén
dan, ning cao hiéu ning mang MANET trong trudng hgp mang c6 ving dién

tich rong, mat do nut cao, su dung kénh c6 bang thong 16n.

6. Bo cuc cta ludn an

V6i nhiing két qua nghién cttu da thuc hién, luan 4n dudc trinh bay trong bd cuc
bao gdm phan md dau, 4 chuong ndi dung va phan két luan, huéng phat trién clia dé

tai. Cu thé nhu sau:

Phan mé dau: Tap trung phan tich tinh cAp thiét cia dé tai nghién citu, tir d6 xéc



dinh muc tiéu nghién cifu, d6i tuong va pham vi nghién cifu ciing nhu cic phuong
phdp nghién citu ctia dé tai luan 4n.
Chuong 1: Tong quan vé MANET va céc yéu t6 anh hudng dén hiéu ning

mang.

Noi dung chuong nay trinh bay nhiing van dé co ban vé mang MANET va céc
yéu td 4nh hudng dén hiéu ning mang, trong d6 cic ky thuat dinh tuyén trong mang
MANET dugc di sau phan tich. Tac gia ciling tap trung phan tich k¥ tinh hinh nghién
cliu trong nudc va trén thé gi6i lién quan dén cac ky thuat dinh tuyén trong mang
MANET. Pénh gia nhitng két qua ma c4c nha nghién cifu trong nuéc va trén thé gidi
da dat dugc, nhiing van dé con ton tai can phai dudc tiép tuc nghién ciu. Phan cudi

chuong trinh bay nhitng dong gop cta luan an.

Chuong 2: Panh gia chat lugng truyén din ctia mang MANET khi st dung

giao thitc dinh tuyén theo yéu cau va cin bang tai.

N&i dung chuong nay trinh bay cic két qua nghién ctiu vé cc hiéu ing xdy ra &
16p vat Iy ma n6 4nh hudng 16n nhit dén hiéu ning mang MANET, bao gdm: suy giam
cong suat tin hiéu, ty 1& tin hiéu trén nhiu va ty 1¢ 16i bit. Tir d6, danh gid 4nh hudng
clia c4c hiéu ting nay dén hiéu ning mang khi st dung cdc giao thiic dinh tuyén khéc
nhau, tip trung vao céc giao thic dinh tuyén theo yéu ciu va can bang tai. Cac két qua
nghién cttu & chuong ndy 1a co sé d€ thiét 1ap cac diéu kién rang budc vé chit luong
truyén dan, ciing nhu viéc Iya chon giao thiic dinh tuyén phi hgp véi tiing md hinh
mang cu thé. Pong thdi, 1am co sé cho viéc dé xuat cc thuit toan dinh tuyén can bang

tai ddm bao chét luong truyén din & cic chuong tiép theo.

Chuong 3: Pinh tuyén can bang tai dam bao chét lugng truyen din dua trén

tai luu lwong qua méi 16 trinh.

Noi dung chuong nay trinh bay nguyén ly clia thuét toan dinh tuyén can bang tai
dam bao QoT dua trén tai luu ludng qua mdi 19 trinh, dudc dé xuit cho mang MANET
nham giam thiu anh hudng cla cac hiéu ung vt ly, ddng thdi can bang tai luu lugng

trén tt ca cc két ndi, nang cao hiéu ning mang MANET.

Chuong 4: Pinh tuyén can bang tai dam bao chét lugng truyen din dua trén

thong tin dinh tuyén ctia mit nguon.



No6i dung chuong nay trinh bay thuit toan dinh tuyén ci tién dugc dé xuit cho
mang MANET st dung k¥ thuit cin bing tai dua trén thong tin dinh tuyén cda niit

ngudn, dong thdi ddm bao QOT clia céc 16 trinh dudc chon.

Két luan va huéng phat trién cia dé tai ludn an: Phan tich nhiing két qua déng
g6p clia luan 4n, dong thdi dé ra nhitng van dé can tiép tuc nghién citu, giai quyét trong

tuong lai.

Cic phan Phu luc: Phu luc A trinh bay chi tiét cic s liéu tinh todn cho cic vi
du minh hoa trong Luan 4n. Phu luc B trinh bay ma ngudn ctia mot s6 mo dun chinh
trong phin mém mo phoéng dudc tac gia trién khai trén OMNeT++ trong sudt qua trinh

nghién cutu, thuc hién luan an.



CHUONG 1

TONG QUAN VE MANET VA CAC YEU TO ANH HUGNG DPEN
HIEU NANG MANG

Dinh tuyén 12 mdt chic niing khong thé thiéu trong k¥ thuét diéu khién Iuu lugng
mang vién thong. Nhd dinh tuyén ma cac géi di liéu c6 thé truyén thanh cong tif nguon
dén dich thdéa min cdc yéu cau dit ra. D& thiy 1o co sé xac dinh muc tiéu, ndi dung va
phuong phap nghién ciu cia dé tai luan 4n, ndi dung chuong nay tip trung phan tich
cac ky thuat dinh tuyén trong mang MANET. Phan 1.1 trinh bay nhiing vin dé co ban
ctia mang MANET. Phan 1.2 trinh bay cdc k¥ thuat dinh tuyén trong mang MANET.
Phan 1.3 phan tich tinh hinh nghién cu trong nudc va trén thé gidi lién quan dén céc
ky thuat dinh tuyén trong mang MANET. Danh gid nhiing két qua ma cic nha nghién
cdu trong nudc va trén thé gidi da dat dugc, nhitng van dé con ton tai can phai dudc
tiép tuc nghién ctiu. Phan 1.4 trinh bay cic déng gép cta luan 4n. Cudi cung la két

luan chuong, dudgc trinh bay trong Phan 1.5.

1.1. Nhitng van dé c¢ ban vé mang MANET
1.1.1. Nguyén ly

Nhu ciu tng dung cic hé thdng mang khong diy dang ngay cang ting cao, dic
biét 13 trong thdi dai internet van vat (Internet of Things - IoT). Hién nay, c6 bén mo
hinh mang khong diy di va dang dugc nhiéu nha nghién ctu quan tim, d6 1a mang
tuy bién di dong (MANET), mang cam bién khong diy (wireless sensor networks -
WSN), mang khong day hinh luéi (wireless mesh networks - WMN) [48, 69] va mang
khong day hon hop (hybrid wireless networks) [72]. Trong d6, md hinh mang MANET
dang ngay cang dudc ting dung rong rii trong nhiéu linh vuc, nhu quan su, y té, gido
duc, giao thong, hang khong, van tai tau bién, nghién ciu tham hi€m [66]. Dic trung
co ban cia mang MANET la c4c nit giao tiép ngang hang v6i nhau qua moi trudng
truyén thong khong day, khong c6 trung tam diéu khién. Mdi niit mang hoat dong vira
nhu mot mdy chd, vita nhu mot thiét bi dau cudi, dong thdi cling thuc hién vai tro clia

mot thiét bi chuyén mach, dinh tuyén. To-pd mang bién d6i thuong xuyén theo su di



chuyén ciia cac nit. Vi vy, bang dinh tuyén tai mdi niit phai dudc cip nhat thuong

xuyén dé ddp ting nhu cau truyén dif liéu gitta tAt ca c4c nit trong mang.

Hinh 3.1 cho ta thdy mdot vi du vé viéc cap nhat lai td-pd va bang dinh tuyén trong
mang MANET. Gia st § thoi di€ém hién tai, t6-pd mang nhu & Hinh 3.1a, dua trén
thong tin dugc Iuu trif trong bang dinh tuyén clia cic ndt, 16 trinh tit A dén G dudc xéc
dinh 12 A — B — D — G. Sau mot khoang thdi gian, nit G di chuyén dén vi tri méi,
t6-pd mang va bang dinh tuyén ctia cic nit dugc cap nhat lai nhu 6 Hinh 3.1b. Liic
nay, 19 trinh tir A dén G chuyén huéng thanh A - C - E — F — G.

Des.

Hinh 1.1. Mot vi du ciu hinh lai t6-pd va bang dinh tuyén trong mang MANET



1.1.2. Ddc diém

Tit nguyén ly cia mang MANET, ching ta c6 thé thdy dudgc cac dic diém co ban

cua no nhu sau:

Mot 13, mang MANET khong c6 mot két cau ha tang ¢6 dinh: Mang MANET dudc
tao thanh bdi cac nut di dong c6 hd tro cac giao dién két ndi khong day. Khi cac nit
nam trong vung phi séng cia nhau thi cic két ndi khong day gifta cac mit dudc hinh
thanh ma khong phu thudc vao mot két ciu ha tang cd dinh nao. Pic diém nay cho
phép mang MANET dudgc hinh thanh mot cach dé dang va bat ¢ noi dau. Pay ciing
chinh 1a mdt uu diém noi bat cia mang MANET so v6i cac md hinh mang khong day
khac.

Hai la, mang MANET hoat dong theo nguyén ly cia mdt mang ngang hang: Véi
mang MANET, khong c6 nit trung tam hay hé thdng server dé diéu khién hoat dong
clia toan mang. Vi vay, d6i v6i cac niit trong mang MANET, ngoai chic ning gti va
nhan dit lidu, cdc nuit con phai thuc hién cac chifc ning co ban dé diéu khién qu4 trinh
truyén dif liéu, bao gdbm chtic ning chuyén mach, dinh tuyén, xi ly bdo hiéu, xt ly tic
nghén va xu ly 16i.

Ba 13, t6-pd mang va bang dinh tuyén tai mdi nit 12 khong cb dinh: Trong trudng
hop céac nit di chuyén, mot s6 két ndi gitta cdc nut sé bi hiy bé do viing phii séng
khong con ddm bdo. Trong khi d6, mot sd két ndi khac dude hinh thanh khi cic nit
nam trong ving phii séng ctia nhau. Két qua 1a td-pd mang sé thay ddi theo su di
chuyén ciia cic niit. Khi t6-pd mang thay ddi, bang dinh tuyén tai cic nit mang phai

dugc cap nhat lai d€ ddm bio viéc truyén dif liéu trong mang dudc thong subt.

Bén 13, pham vi phi séng va bing thong phu thudc vao cong nghé WLAN: Mang
MANET st dung cic chuin IEEE 802.11 d€ thiét 1ap céc giao dién két ndi [25, 40].
Do d6, vung phu song cling nhu bang thong cta cac kénh phu thudc vao déc tinh ky
thuat ctia cac chuén nay. Vi du, v6i chuén IEEE 802.11ac [20], 1a chudn truyén thong
khong ddy mdi nhét hién nay, ving phti séng tdi da 1a 100 m, téc do dit liéu 1én dén
1.73 Gbit/s.

Nim 13, ning lugng cla cdc ndt mang han ché: Cac nit trong mang MANET st
dung nguodn nuoi 12 pin, nén khi tham gia vio mang chiing sé bi han ché vé niing luong.

Thoi gian ton tai ciia mdi nit phu thudc vao miic tiéu thu ning ludng cuia viéc duy tri
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két nbi, xtt 1y cac géi dif lidu va géi diéu khién, xi Iy chuyén mach va dinh tuyén.
1.1.3. Cdc yéu té dnh hudng dén hiéu ning mang MANET

Hiéu ning ctia mang MANET chiu anh hudng bdi nhiéu yéu t6, trong dé cic yéu
td c¢6 anh hudng 16n nhit bao gdm niing ludng clia cac nit, dic tinh di chuyén ctia cac
nit, nhiéu phat sinh trén cic két ndi khong day, suy hao cong sut tin hiéu va giao thiic
dinh tuyén dudgc st dung.

1.1.3.1. Ndng luong ciia cdc niit

Ning luong cda cac nit trong mang MANET 1a mot trong nhiing yéu td c6 anh
hudng 16n dén hiéu ning mang. Khi mot niit bi can kién ning luong, niit d6 sé bi loai
b6 khoi hé thdng mang. Céc 16 trinh di qua niit d6 khong con kha thi, giy ra tinh trang
g6i dif liéu bi chin. Thong thudng, khi ¢6 mot niit hét ning luong, cic gbi bao 16i sé
dudc phat di trong mang d€ cap nhat lai t-pd va bang dinh tuyén. Tuy nhién, véi cac
yéu cau truyén dif liéu ma dich dén la nit da hét ning luong thi viéc truyén dit lidu

chic chén 12 khong thanh cong.
1.1.3.2. Ddc tinh di chuyén ciia cdc niit

Khi céc nit di chuyén, td-pd mang phai dudc ciu hinh lai theo vi tri mdi clia cic
nit. Tir d6, bang dinh truyén tai tit ca cac niit ciing dudc cip nhat lai. D€ c6 thé cap
nhat lai t6-pd mang ciing nhu bang dinh tuyén, cic nit mang phai glii cho nhau céic
26i diéu khién dé trao d6i cac thong tin trang thai. Diéu nay 1am tiéu tdn mot khoang
bing thong trén cac két nbi trong mang. Ngoai ra, néu cic nit mang di chuyén vdi toc
dd cao, c6 mdt sb trudng hop bang dinh tuyén khong dudc cap nhat kip thoi dé dap
ting nhu cau truyén dif liéu gita cac nuit, 1am ting x4c suét chin géi dif lidu.

Trong mdt sd cong trinh nghién ctiu da cong bd vé ky thuat dinh tuyén trong mang
MANET, céc tic gia da chiing minh ring, tc do di chuyén ctia cdc niit cang ting, hiéu
ning mang cang suy giam vé mit x4c suét chin géi dit lidu, thong lugng va thdi gian
tré [13, 39, 44].
1.1.3.3. Cdc hiéu itng vat Iy xdy ra trén cdc két noi

Trong mang MANET, céc niit két n6i véi nhau qua moi trudng truyén din khong
day. Vi vay, hiéu nang mang s€ chiu anh hudng cua cac hiéu ting vt ly xay ra trén

céac két ndi. Céc hiéu dng nay bao gdm: hiéu dng suy gidm cong suat qua mdi trudng
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khong khi, nhiéu tich lily doc theo 19 trinh truyén dit liéu, nhiéu giao thoa giita cic
kénh truyén din dong thoi, hién tuong mo dan (fading). C4c hiéu tng vat 1y nay tic
dong 1én tin hiéu truyén dan, 1am suy gidm chit luong tin hiéu truyén dan (Quality of
Transmission - QoT), 1am ting xdc suat goi dit liéu bi chin do khong dam bio QoT,
dan dén lam giam hiéu nang mang, ddc biét 1a trong mo6 hinh mang c6 vung dién tich

rong, mat do nut cao, st dung kénh c6 bang thong 16n.

Déi v6i mang MANET don kénh, cdc hiéu ting vat ly c6 4nh hudng 16n nhat dén
hiéu ning mang la hiéu ing suy gidm cdng suit qua méi trudng khong khi va nhiéu
tich lily doc theo 16 trinh truyén dii liéu. Vi vdy, trong pham vi nghién ctfu ctia luin 4n,

tac gia tap trung nghién cdu cac hiéu ing nay.
1.1.3.4. Giao thitc dinh tuyén duoc sit dung

Trong mot hé thdng mang, cic tham sd hiéu ning cia mot 19 trinh truyén di liéu
nhu thdi gian tré, xdc suit nghén, chit luong truyén din phu thudc vao ciu tric clia
16 trinh d6. Mit khéc, ciu tric ctia mot 16 trinh tif ngudn dén dich dudc quyét dinh
bdi giao thiic dinh tuyén dudc st dung. Vi vay, hiéu ning cta hé thbng mang chiu tic
dong rit 16n bdi cic giao thiic dinh tuyén. Tuy theo ciu triic, dic tinh ky thut cla
hé théng mang ma giao thiic dinh tuyén can dugc lua chon phu hop d€ nang cao hiéu

nang mang.

1.2. Pinh tuyén trong mang MANET
1.2.1. Tong quan

Véi viéc thay d6i thudng xuyén ciia td-pd mang do cic niit di chuyén, vin dé dinh
tuyén gilia cdc nit trong mang MANET trd nén kho khin va phiic tap so v6i cac mo
hinh mang truyén théng. Ciing chinh nhd viy ma cac dé tai nghién ctu vé dinh tuyén
trong mang MANET da va dang thu hiit nhiéu nhém nghién cifu trong nudc ciing nhu

trén thé gidi dic biét quan tam.

Khéc véi cic giao thiic dinh tuyén trong mang c6 day ciing nhu mang khong day
¢ dinh, cic giao thic dinh tuyén trong mang MANET can phai thuc hién hai nhiém
vu, d6 1a tao thong tin dinh tuyén va duy tri thong tin dinh tuyén. Tao thong tin dinh
tuyén 12 giai doan tim 19 trinh tif nit ngudn dén nit dich dé cap nhat thong tin 16 trinh

vao bang dinh tuyén khi c6 yéu cau. Sau khi thong tin 16 trinh da dudc cap nhat vao
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bang dinh tuyén, giao thiic dinh tuyén phai thuc hién nhiém vu duy tri thong tin nay
dé€ x4c dinh céc thong tin 16 trinh trong bang dinh tuyén c6 con kha thi hay khong, vi
céc nit mang thudng xuyén di chuyén nén thong tin 16 trinh trong bang dinh tuyén c6
thé kha thi trong thdi di€ém nay, nhung lai khong kha thi trong thdi diém khéc do t6-pd
mang da thay d6i. Khi mot 10 trinh khong con kha thi, giao thic dinh tuyén phéi thuc
hién lai giai doan tao thong tin dinh tuyén d€ tim 16 trinh méi phu hop vdi trang thai

mang hién hanh.
1.2.2. Phan loai

Dinh tuyén trong mang MANET dudc phan loai theo mdt s6 phuong phap khéc
nhau, trong d6 phuong phap phan loai phd bién nhit 1a dua vao céach thic thiét 1ap va
duy tri thong tin dinh tuyén tai cc nit mang. V6i phuong phap nay, cc giao thiic dinh
tuyén trong mang MANET dudc chia thanh 3 loai, d6 1a dinh tuyén theo bang (Table
Driven Routing), dinh tuyén theo yéu cau (On Demand Routing) va dinh tuyén két hop
(Hybrid Routing) nhu cho thiy trong Hinh 1.2.

Dinh tuyén trong mang MANET

—

Dinh tuyén theo yéu ciu Dinh tuyén theo bang ghi Dinh tuyén lai
(On-demand routing) (Table driven routing) (Hybrid routing)
> AODV > DSDV > ZRP
> DSR > OLSR > ZHLS
> TORA > WRP > SLURP
> CBRP > FSR > DST
> LAR > HSR > DDR
> ARA > TBRF

Hinh 1.2. Phan loai céc giao thic dinh tuyén trong mang MANET
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1.2.2.1. Dinh tuyén theo yéu cdu

Dinh tuyén theo yéu cau 12 nhém giao thifc dinh tuyén hién dang dudc nghién ciu
va Ung dung rong rai trong mang MANET. Theo nguyén ly hoat dong cia nhém giao
thic dinh tuyén ndy, cac 16 trinh truyén dit liéu sé dudc tao ra khi c6 yéu cau [3, 4].
Khi mot niit yéu cau mot 16 trinh méi d€ dén dich, niit d6 phai khéi ddu mot qu4 trinh
khdm pha 16 trinh (Route Discovery). Qu4 trinh nay sé két thic khi tim dugc mot 16
trinh kha thi, hodc qua thdi gian chd cho phép ma khong tim dudc 16 trinh. Khi mot
16 trinh kha thi dugc tim thiy va dudc cip nhit vao bang dinh tuyén clia cc nuit, giao
thic dinh tuyén thuc hién duy tri thong tin dinh tuyén cho dén khi hoic 12 19 trinh d6
khong thé truy nhip dugc tif nit nguodn, hoic 1a khong con kha thi nita. Vi nguyén
ly d6, céc giao thiic dinh tuyén diéu khién theo yéu cau khong phat quang ba dén céic
nit lang giéng vé cac thay ddi cia bang dinh tuyén theo thdi gian, diéu nay tiét kiém
dudc tai nguyén mang. Vi vdy, nhém giao thic dinh tuyén nay c6 thé st dung hiéu qua

trong cac mang MANET vdi cau triic phiic tap, cac nit di chuyén nhiéu.

Trong nhém giao thic dinh tuyén diéu khién theo yéu cau, c6 nhiéu giao thiic
hién dang dudc nghién ctiu va dng dung phd bién trong mang MANET, co ban nhu
giao thic dinh tuyén ngudn dong (Dynamic Source Routing - DSR), dinh tuyén vector
khodng cach theo yéu cau (Ad Hoc On-Demand Distance Vector - AODV), dinh tuyén
theo thi tu tam thdi (Temporally Ordered Routing Algorithm - TORA), dinh tuyén dua
trén cum (Cluster-Based Routing Protocol CBRP), dinh tuyén hé tr¢ vi tri (Location
Aided Routing - LAR) va dinh tuyén dua trén thuat todn t6i uu dan kién (Ant Colony
Based Routing Algorithm - ARA) [66].

1.2.2.2. Dinh tuyén theo bdng ghi

Theo nguyén Iy cia nhém giao thiic dinh tuyén theo bang ghi, mbi nit trong mang
lu6n ludn duy tri thong tin dinh tuyén dén tt c4 céac nit khac trong bang dinh tuyén
ctia n6 [72]. Thong tin dinh tuyén dudc phat quang b4 trén mang theo mot khoang thai
gian quy dinh d€ gitip cho bang dinh tuyén luon ludn cip nhat nhiing thong tin méi
nhat. Pay 12 uu diém ctia nhém giao thiic dinh tuyén nay. Tuy nhién, viéc phat quang
ba dinh ky thong dinh tuyén sé giy ra tinh trang nhiéu géi diéu khién dudc truyén trén
mang, diéu nay 1am tiéu ton thi nguyén mang, dic biét 1 trong cdc md hinh mang c6

nhiéu nuit va cac nit di chuyén nhiéu. Vi vdy, nhém giao thiic dinh tuyén theo bang
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ghi chi 4p dung hiéu quéa dbi v6i cdc md hinh mang MANET vira va nhd, cc niit it di

chuyén.

Mot sb giao thic dinh tuyén tiéu biéu thudc nhém giao thic dinh tuyén theo bang
ghi bao gdom: giao thiic vector khoang céch theo thi tu dén dich (Destination Se-
quenced Distance Vector - DSDV), giao thiic dinh tuyén trang thdi lién két t6i uu
(Optimized Link State Routing - OLSR), giao thiic dinh tuyén khong day (Wireless
Routing Protocol - WRP), giao thifc dinh tuyén trang thai Fisheye (Fisheye State Rout-
ing - FSR) va giao thic dinh tuyén trang thai phan cip (Hierarchical State Routing -
HSR) [66].

1.2.2.3. Dinh tuyén lai

Pinh tuyén lai 12 nhém giao thiic két hdp nguyén ly ctia ca dinh tuyén theo yéu cau
va dinh tuyén theo bang ghi [3, 72]. V6i nhém giao thic dinh tuyén ndy, toan bo hé
théng mang dudc chia thanh cic viing (zone). Mdi nit duy tri ca thong tin vé kién triic
mang trong ving ctia né va thong tin vé cac vung lang giéng. Co ché dinh tuyén theo
yéu cau dudc st dung giiia cic viing va co ché dinh tuyén theo bang ghi dudc st dung

cho céc nut trong cung mot vung.

Mot sb giao thiic dinh tuyén tiéu biéu thudc nhém giao thiic dinh tuyén lai bao
gdm: giao thic dinh tuyén trang thai lién két phan cap theo viing (Zone-based Hierar-
chical Link State Routing Protocol - ZHLS), giao thiic dinh tuyén viing (Zone Routing
Protocol - ZRP), giao thic dinh tuyén cip nhat vi tri theo bac (Scalable Location Up-
dates Routing Protocol - SLURP) va giao thic dinh tuyén dong phan tan (Distributed
Dynamic Routing - DDR).

1.3. Tinh hinh nghién citu vé dinh tuyén trong mang MANET

Dinh tuyén trong mang MANET da va dang dudc nhiéu nha nghién cifu trong nudc
ciing nhu trén thé gi6i quan tim. Hau hét cdc cong trinh nghién ctiu da cong bd tap
trung vao viéc dé xuat, cai tién cdc giao thic dinh tuyén nham nang cao hiéu ning
mang. Dua trén muc tiéu clia c4c giao thiic dinh tuyén, cic huéng nghién ctiu vé dinh
tuyén trong mang MANET c6 thé phan thanh ba nhém, d6 1a dinh tuyén ddm bao chit
lugng dich vu (Quality of Service - QoS), dinh tuyén dam bao chat lugng truyén dan

(Quality of Transmission) va dinh tuyén can bang tai (Load Balancing).
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1.3.1. Dinh tuyén dam bdo chdt luong dich vu (QoS)

Dinh tuyén QoS trong mang MANET la ky thuét dinh tuyén ma trong d6 céc tham
s6 vé QoS dudc xem xét trong qud trinh kham pha 19 trinh, nham dam bao QoS cta
hé théng mang. Céc tham s6 vé QoS thudng dudc xem xét bao gdm xac suit nghén,
thong ludng, do tré, xdc xuét 16i géi. Cac tham s6 nay da dugc nhom tac gid trong [62]
danh gid d6i véi cc giao thic dinh tuyén AODV, DSR va ZRP. Bing phuong phap
mo phdng trén cong cu Netsim, cic tdc gia da cho thiy ring, giao thic AODV thuc
thi hiéu qua hon céc giao thiic DSR va ZRP dbi véi cc tham sb vé xdc suat 16i va xdc
suat goi dit liéu bi nghén.

Trong [1], cdc tac gia da cai tién thuat todn kham pha 16 trinh cla giao thiic dinh
tuyén DSR bang cich st dung téc ti di dong. Thudt toan cai tién dugc dit tén 1a MAR-
DSR. Nhém téc gia trong [1] st dung mot tac tif c6 tén FA d€ giii kém theo géi RREQ,
mot tac t khac co6 tén BA gui kem theo géi RREP trong qua trinh kham pha 19 trinh.
Mot ham trong s6 c6 chita tham s6 vé mic do tac nghén ctia mdi niit cling dudc dé xuét
trong thuit toan MAR-DSR dé 1am tiéu chi d€ Iua chon 16 trinh. Trong s clia cac két
ndi duoc tac ti FA tinh todn trong qud trinh kham pha 16 trinh. Thong qua mo phong,
cac tac gia da chiing minh thuat toan MAR-DSR thuc thi hiéu qua hon thuit toan DSR
vé x4c xuat chin géi dit lidu, thong luong va do tré trong trudng hop mat do luu luong
phat sinh tai cdc nit & mic trung binh, tit 40 dén 70%. Phuong phdp nay ciing dudc
ap dung dé dé xuit thuat toan MAR-AODV trong [14], nhung v6i mot ham trong s6
khéc. Hiéu ning ctia thuat toan MAR-AODV ciing dudc ddnh gia bang phuong phap
mo phdng dbi v6i cac tham sb xdc xuat chin géi dif liéu va thong luong. Két qua mo
phdng da cho thiy ring, MAR-AODV thuc thi hiéu qua hon giao thiic AODV.

1.3.2. Dinh tuyén dam bdo chdt luong truyén din (QoT)

Dinh tuyén QoT 12 k¥ thuat dinh tuyén ma trong d6 cac tham s6 vé QoT dugc xem
xét trong qua trinh khdm phd 16 trinh, nhim dam bio QoT ctia cdc 16 trinh truyén dit
liéu. Trong thdi gian gan day, k§ thuat dinh tuyén QoT trong mang MANET da dudc
mot s6 nhém nghién cifu trién khai. C6 hai phuong phép hién dang dugc cidc nhém
nghién ctiu st dung d€ dua cac diéu kién rang budc vé QoT vio cac thuit toan dinh
tuyén. Mot 13, rang budc QoT thong qua ham trong sb [46]. Hai 13, rang budc QoT
thong qua cac géi diéu khién [5, 24, 51].
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1.3.2.1. Rang budc QoT thong qua ham trong s

V6i phuong phép nay, ham trong sb ctia cac két nbi trong mang dudc xay dung c6
chifa cac tham s6 vé QoT, thuit todn dinh tuyén dua trén ham trong s6 nay dé lua chon
16 trinh. Nhém tdc gia trong [46] da dé xuAt mdt him trong s6 phan 4nh ty 1& tin hiéu
trén nhi€u trung binh WSA (Weighted Signal to noise ratio Average) cho giao thiic
dinh tuyén DSDV. Ham trong s6 WSA st dung thong tin vé SNR dudc cung cp bdi
16p vat Iy dé xac dinh chit lugng ctia cac két ndi trong mang. Két qua mo phéng da cho
thiy riang, v6i viéc st dung ham trong s6 WSA, hiéu ning ciia mang MANET dudc
cai thién vé mit thong luong va do tré. Trong [35], mot giao thic dinh tuyén dudc dé
xuét cho mang tiy bién khong day st dung cdc tham s6 vé niing luong con lai va chit
luong két ndi dé lua chon 16 trinh. Nhém tac gia ctia [35] da dé xuat mot ham trong s6
cho céc két ndi (Cost Function - CF). CF bao chia hai thanh phan, chét luong két ndi
(Link Quality - LQ) va ning lugng sian sang (Available Energy - AE). LQ dudc xéc
dinh dua trén SNR ctia mdi két ndi. Bang phuong phap md phdng, cic tdc gia di cho
thiy ring hiéu ning mang dudc cai thién vé mit ty 1& truyén géi dit liéu thanh cong,

chi phi kham pha 10 trinh va nang lugng cta cac nut.

Ciing v6i phuong phap xem xét diéu kién rang budc QoT thong qua ham trong s,
nhom tac gia trong [29] da nghién da dé xuit mot ham trong s6 phan dnh nhiéu dudc
dit tén IARM (Interference Aware Routing Metric). Ham trong s6 IARM gom c¢6 hai
thanh phan, chit lugng cic két ndi va ty 1 tSn that géi dit liéu. Cac thanh phan nay
dudc du doan biang phuong phap tham do. Sau d6, ham trong s6 IARM dudc tich hop
v6i giao thiic OSLR biang cach chinh stta md dun tinh toan dinh tuyén ctia giao thic
ndy. Miic do cai thién hiéu ning mang khi st dung ham trong s6 IARM so v6i ham
trong sd mic dinh ctia giao thilc OSLR dudc céc tdc gia chiing minh bang phuong
phdp mo phong trén NS-2 [21, 43]. C4c tham sb hiéu niing dudc ddnh gid bao gdm
tré trung binh, ty 1& chuyén phat géi tin, ty 1& ton thit géi tin va thong luong trén toan
mang. Két qua mo phong di chiing minh ring, véi tham trong s6 IARM dudc dé xuit,

hiéu ndng mang can thién mot cach dang ké so véi giao thiic OSLR.
1.3.2.2. Rang budc QoT thong qua cdc goi diéu khién

Vi céc giao thidc dinh tuyén trong mang MANET, viéc khdm pha 10 trinh m&i dudc
thuc hién biang cach phat quang ba géi RREQ va phan hdi g6i RREP. Vi vdy, thong
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tin vé QoT trén cic két ndi c6 thé trao d6i thong qua cac géi diéu khién nay. Nhém tic
gia trong [5] da dé& xuAt mot giao thiic dinh tuyén cai tién ctia AODV sit dung mo hinh
xuyén 16p c6 xét dén QoT, dudc dit tén 1a SDP (SNR, Delay and Power). Cu thé, cic
tac gia da thém mot trudng co tén LC (Link Cost) vao géi RREP. LC chia ba thanh
phan, ty 1& tin hiéu trén nhiéu (SNR), do tré (Delay) va thdi gian ton tai clia niit (node
lifetime). Thdi gian ton tai dudc xac dinh bang ngudn nudi clia nit. Dya trén gid tri
LC trong géi RREP, thuit toan dinh tuyén sé lua chon 16 trinh c6 gia tri LC tot nhat
dé truyén dit liéu. Hiéu qua thuc thi cia giao thiic SDP dudc ddnh gia bing phuong
phdp mo phong, so sanh véi giao thiic AODV. Két qua md phéng da cho thiy ring,
giao thifc SDP mang lai ty 1 truyén géi dit liéu thanh cong cao hon, thong ludng cao
hon va thdi gian tré thap hon so véi giao thiic AODV.

Trong [24], mot thuét toan dinh tuyén c6 xét dén cac tham s6 SNR va cong suit thu
(RP - Received Power) di dudc dé xuit v6i muc tiéu lya chon 19 trinh truyén dif liéu
c6 SNR va RP t6t nhat. Thuat toan dudc cai tién trén nén thuit toan DSR va AODV
bing cach tich hop thém hai trudng vao g6i RREP, v6i do dai ctia mbi trudng 1a 8 bits
d€ chita thong tin SNR va RP. Sau d6, dva trén thong tin cta cac trudng SNR va RP,
thuét toan dinh tuyén sé& lua chon 16 trinh c6 chit luong tin hiéu truyén dan t6t nhat. D&
danh gia hiéu qua thuc thi ctia thut toan dudc dé xuit & trén, céc tac gia da thuc thi mo
phong trén phan mém OPNET Moduler 14.5 [55]. Cé4c tham sb hiéu ning dudc danh
gia 1a ty 1& truyén goi tin thanh cong, tré truyén ti trung binh va chi phi hoat dong.
Mot phuong phap khac da dudc st dung cho viéc nghién cifu cic thuit toan dinh tuyén
rang budc anh hudng cla cic hiéu ing vat Iy trong mang MANET la dua cic tham sb
vat 1y vao ham trong sd clia cic két ndi. Sau d6, thuat todn dinh tuyén sé lua chon 16
trinh c6 tdng trong s6 nhé nhét theo nghia chiu anh hudng nhoé nhat ctia cac hiéu dng

vat ly.

Nhém téc gia trong [51] cling da dé xuit mot co ché kham pha 19 trinh ci tién cia
giao thic AODV, dugc dat tén 1a SNR based AODV. Nguyén ly cia giao thiic SNR
based AODV 1a Iva chon 19 trinh dua trén thong tin vé SNR & 16p vat 1y thay cho tdng
s6 budc truyén ctia giao thiic AODV. Pé€ thuc hién diéu ny, cc tac gia trong [51] da
st dung truong Reserved ctia géi RREQ dé luu trit thong tin vé SNR. Trudng nay c6
9 bits, gid tri ctia tit ca cac bit dugc thiét 1ap bang 0 trong giao thiic AODV. Véi giao
thiic SNR based AODV, bit dau tién ciia trudng Reserved dudc st dung dé nhan dién
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giao thiic dinh tuyén, 1 cho giao thiic SNR based AODV va 0 cho giao thiic AODV.
8 bits con lai dudc st dung d€ Ivu trit gid tri SNR. Bing phuong phdp mo phong trén
phan mém OPNET Modeler, cé4c tic gia ctia [51] da chiing minh rang, giao thic SNR
based AODV thuc thi hiéu qua hon giao thiic AODV truyén thng.

Ngoai cic phuong phap di néu & trén, phuong phap st dung ly thuyét logic mo
dé nghién citu céac thuat toan dinh tuyén rang budc anh hudng cia cac hiéu tng vat ly
trong mang MANET ciing da dudc trién khai. Nhém tdc gia trong [58] da st dung ly
thuyét logic mo dé& dé xuit mot thudt toan dinh tuyén cé tén ERPN (Efficient Routing
Protocol under Noisy Environment). Cac hi€u ting vat ly dudc xem xét thong qua cac
tham s6 cudng do tin hiéu va hé sb nhiéu. Céc tic gia da chiing minh ring, thuit toan
dinh tuyén ERPN mang lai ty 1 truyén géi tin thanh cdng va thong luong cao hon,
giam s6 két n6i bi 16i va gidm ty 1& 15i bit so vSi cac thuat todn dinh tuyén truyén

thong.
1.3.3. Dinh tuyén cin bang tdi

Néu xét vé muc tiéu, dinh tuyén can bang tai 12 k¥ thuét dinh tuyén ma trong d6
tiéu chi phan phdi tai luu luong dong déu gitta tit ca cac két nbi trong mang dudc st
dung lam tiéu chi lua chon 16 trinh. Muc tiéu cta ky thuét dinh tuyén can bang tai la
giam thi€u tinh trang nghén cuc bd tai mot s6 két ndi, cling nhu tai mot sd nit trung
gian trong mang. Hién nay, k§ thuat dinh tuyén can bang tai dudc sit dung phd bién
trong hé thdng mang c6 day ciing nhu mang khong ddy d€ nang cao hiéu qua khai thac
tai nguyén mang, dic biét 1a dbi v6i cdc mo hinh mang c6 ciu tric theo td-pd mat
lu6i. Trong mang MANET, k¥ thuét dinh tuyén can bang tai ciing da dudc nhiéu nhém
nghién ciiu dic biét quan tim. Trong [44], cdc tac gid dd dé xuAt mot giao thic dinh
tuyén can bing tii cho mang tlly bién c6 tén LMP-DSR (Load balanced Multi-Path
Dynamic Source Routing). Giao thiic LMP-DSR dudc cai tién tir giao thiic DSR bing
céch st dung ky thuat dinh tuyén da dudng thay cho dinh tuyén don dudng. Cac tac gia
da trinh bay hai cAu triic dit liéu trong mdi niit mang, d6 1a bang dinh tuyén va bang Iuu
lugng. Nit ngudn chifa 5 19 trinh trong bang dinh tuyén clia né, céc 16 trinh nay nhan
dugc tir két qua thuc thi thuit toan kham phd 19 trinh. Khi lua chon 16 trinh d€ truyén
dit liéu, giao thiic LMP-DSR theo déi miic cin bing tai bing cach ki€m tra tong sb
g6i da dugc truyén trén mot 16 trinh da cho ma né dudc luu trit trong bang luu ludng.
Bing phuong phap md phdng, céc tic gia da chiing minh ring, giao thic LMP-DSR
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cai thién hiéu ning mang so véi giao thiic DSR vé miit tré trung binh, ty 1& truyén géi
dit liéu thanh cong va thong lugng mang. Trong [39], thuit todn dinh tuyén da mic
(Multi-level Routing Algorithm - MRA) dudc dé xuét dé can bang tai luu lugng trong
mang tlly bién. Thuét toan MRA st dung phuong phap lua chon cic nit trung gian ma
n6 c6 du tai nguyén va dung luong dé& dén niit dich. K&t qua mo phéng da chiing minh
rang, thoi gian tré trung binh gidm va viéc thiét 1ap két ndi hiéu qua hon. Trong [34],
cdc tac gid da dé xuit giao thiic dinh tuyén c6 tén LBCAR (load balanced congestion
adaptive routing). Giao thiic LBCAR st dung hai d6 do, d6 1a mat do tai luu lugng va
chi phi két nbi két hop véi 16 trinh dinh tuyén dé xac dinh trang théi tic nghén. Lo trinh
c6 mat do tai luu luong thip va thdi gian ton tai cao nhit sé dudc lua chon cho viéc
truyén dit liéu. Hiéu niing cda giao thiic LBCAR dudc so sanh véi giao thic AODV
[16] va giao thiic CRP (Congestion Adaptive Routing Protocol) [17] st dung phucng
phap md phong. Két qua da cho thiy ring, giao thiic LBCAR thyc thi hiéu qui hon
AODV Vé ty 1& truyén géi dit liéu thanh cong, thdi gian tré trung binh va sb géi diéu
khién. Tuy nhién, néu so v6i CRP thi ty 1& truyén g6i di liéu thanh cong va thdi gian

tré trung binh gan nhu gidng nhau.

Nhém tdc gia trong [70] da dé xut giao thiic dinh tuyén cin bang tai cho mang tiry
bién di dong c6 tén FMLB (Fibonacci Multipath Load Balancing). Giao thic FMLB
st dung day Fibonacci dé lua chon 10 trinh truyén dit liéu. V& mit toan hoc, Fibonacci
12 mot day tuan tu cac s6 ma né bat diu bang 0 va 1. Mdi s tiép theo 1a tong ctia 2 s6

trudc d6. Phuong trinh toan hoc cua day Fibonacci dudgc xac dinh béi [71]:
0 if n=0
fn)=41 it n=1 (1.1)
fn=2)+f(n—1) if n>2

Gia st rang c6 k 16 trinh kha thi giita méi cip niit ngudn - dich. Céc 16 trinh nay dudc
sap xép gidm dan theo tdng sd budc truyén cta nd. Tir d6, giao thic FMLB sé gin
trong s6 t (1) dén f(k) tuong dng vé6i céac 19 trinh tf 1 dén k. Tong s goi di lidu
dugc phan phdi cho cac 19 trinh tuong ting vé6i gia tri fibonacci ctia né. Trong [70],
cic tac gia da lua chon k bing 7. Cac két qua mo phong di ching minh ring, hiéu
ning mang st dung giao thic FMLB dudc cii thién so vdi cc giao thic dinh tuyén
phd bién. Ciing véi ky thuat dinh tuyén can bing, cic tic gia trong [59] di dé xuit

mot giao thiic dinh tuyén cin bang da dudng cho viéc diéu khién tic nghén. Giao thiic
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dugc dé xuét c6 tén MLBCC (Multipath Load Balancing technique for Congestion
Control). V6i giao thifc nay, cac tic gia da dé xut mot co ché diéu khién tic nghén va
mot co ché can bang tai. Co ché diéu khién tic nghén phat hién tic nghén tai mdi nit
thong qua ty 1& luu luong dén va di. Co ché can bang tai lua chon mot nit 1am gateway
bang cach st dung chi phi ctia két nbi va chi phi ctia 16 trinh. Cac két qua moé phong
da chiing minh ring, giao thic MLBCC c6 thé cai thién hiéu ning mang néu xét vé sb
g6i diéu khién, ty 1& truyén géi dit liéu thanh cong, thdi gian tré trung binh va xac sut
chdn go6i du liéu so vdi cac giao thic FMLB trong [70] va giao thiic SBMRP (Stable
Backbone based Multipath Routing Protocol) trong [60].

1.3.4. Mét s6 nhdn xét va ddnh gid

Qua céc cong trinh nghién citu vé k¥ thuat dinh tuyén trong mang MANET da

dudc dé cap & trén, tac gia rit ra mot sd nhan xét va danh gia nhu sau:

(i)  K§ thuat dinh tuyén QoT trong mang khong diy néi chung, mang MANET néi
riéng da duoc trién khai & budc dau. Vé tinh hinh nghién cifu trong nudc, cic
nhém tac gia chi mdi tap trung vao mang khong day cd dinh WMN (Wireless
Mesh Networks), con cac mang khong diy tuy bién nhu MANET, sensor chua
dugc trién khai. V& tinh hinh nghién ciu trén thé gidi, cic nhém tdc gid da
trién khai cho c4 mang khong diy c¢d dinh, MANET va sensor. Hau hét cac
cong trinh nghién ciu da cong bd tap trung vao viéc phan tich, ddnh gia anh

hudng cla cic hiéu tng vat Iy dén hiéu ning mang.

(ii) Hau hét cac cong trinh nghién ctiu da cong bd chi danh gia anh hudng cia cac
hiéu ting vat ly ddi véi tiing giao thiic riéng biét. Chua c6 su tdng hop, so sanh
gitta cac giao thiic dinh tuyén khac nhau dé€ thiy dudc uu - nhugc diém cia
tung giao thic khi hoat dong trong moi trudng c6 su tac dong cua cac hiéu ing

vat ly.

(iii) Viéc dé xuit cac thuit todn dinh tuyén t6i vu dé gidm anh hudng ciia cc hiéu
ting vat ly cling da dudc trién khai. Tuy nhién, hau hét cic thuat todn dugc dé
xuét 12 kiém tra diéu kién rang budc dnh hudng ctia cac hiéu ing vat 1y sau khi
tap 16 trinh da tim dudc. Nghia la sau khi tim xong tip 10 trinh theo thuat toan
truyén thong méi kiém tra diéu kién rang budc anh hudng cta cac hiéu dng

vat Iy. Néu 16 trinh tim thiy théa man diéu kién rang budc thi géi dit liéu dugc
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@iv)

v)

(vi)

chip nhan truyén di. Ngudc lai, g6i dit liéu s& bi chiin. Phuong phép niy c6 thé
s& 1am ting xdc sut tén that goi dit liéu va tap 10 trinh truyén dit liéu chua phai

1a tap 16 trinh t6t nhét théa man céc diéu kién rang budc vat lIy.

Vé cdc mo6 hinh mang dudc st dung cho viéc danh gia hiéu ning, hau hét cac
cong trinh nghién ctfu chi d4nh gid trén cdc mo hinh mang téc do thip, chi
yéu 1a kénh c6 bing thong 20 MHz clia c4c chuan IEEE 802.11 a/b/g. Chua tap
trung vao cac hé théng mang téc do cao, sit dung kénh clia bing thong rong
nhu 40 MHz, 80 MHz hay 160 MHz ctia chuin IEEE 802.11ac hién nay. Trong
trudng hop hé théng mang st dung kénh bing thong rong, viéc nghién cifu anh
hudng clia cac hiéu dng vat 1y can phai dudc quan tim, vi biang thong cang

rong thi nhiéu tac dong 1én kénh truyén cang 16n.

Van dé cam bién su thay ddi thuong xuyén cia cac hiéu tng vat ly trén céc
tuyén truyén din chua dugc xem xét. Pay 1a van dé dic biét quan trong, vi vé6i

cac mang tuy bién, td-po mang sé thay ddi thudng xuyén.

Ky thuat dinh tuyén can bang tai trong mang MANET ciing di dugc cac nhém
nghién ctiu trén thé gii trién khai. Cac két qua nghién citu da chiing minh hiéu
ning mang cai thién mot cach dang ké vé mit xdc suat nghén khi st dung k§
thuat dinh tuyén can biing. Tuy nhién, cic diéu kién rang budc vé QoT chua
dugc xem xét trong céc thuit todn dinh tuyén can bang. Trong trudng hop hé
thdng mang c6 ving dién tich rong, mat do nit cao, ky thuat dinh tuyén can
bang c6 thé 1am ting anh hudng clia cdc hiéu dng vt ly va thai gian tré, do cac
16 trinh di qua nhiéu nit trung gian, nhiéu budc truyén. Vi vdy, viéc xem xét
cac diéu kién rang budc clia chét lugng truyén din trong cic thuit toan dinh
tuyén can bang tai 1a diéu can thiét, dic biét 1a d6i v6i hé théng mang MANET

c6 vung dién tich rong, mat do nit cao, su dung kénh c6 bang thong 16n.

1.4. Nhirng dong gop cua luidn an

Qua viéc phan tich, ddnh gi4 tinh hinh nghién ciiu trong nudc va trén thé gidi vé

k¥ thuat dinh tuyén trong mang MANET va cdc van dé lién quan, tdc gia x4c dinh muc

tiéu nghién ctiu ctia dé tai 12 tap trung phan tich, danh gid 4nh hudng ctia cdc hiéu tng

x4y ra trén céc 10 trinh truyén dit liéu dén hiéu ning mang MANET theo cac thuit toan

dinh tuyén khac nhau. Trén cd s6 d6, dé xuit cac thuat toan dinh tuyén cai tién nham
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giam thi€u 4nh hudng clia cic hiéu ting vat Iy dén viéc truyén dii liéu, nang cao hiéu
nang mang MANET.

Qua qua trinh hoc tap, nghién ctiu thuc hién luan 4n, trén co s cac két qua nghién

clfu da dudc cong bd, luan dn c6 mot s6 déng gép chinh nhu sau:

(i) Dé xuét phuong phdp xdc dinh cac diéu kién rang budc ctia QoT dua trén mo
hinh xuyén 16p, st dung cho ché kham ph4 19 trinh clia c4c giao thiic dinh tuyén
theo yéu cau trong mang MANET.

(i) Pé xuit thuit toan dinh tuyén cin bang tai ddm bao QoT dua trén tai luu lugng
phan phdi dén mbi 16 trinh (LBRQT) cho mang MANET. Thuit toan dinh
tuyén LBRQT cho phép tim ra cic 16 trinh truyén di liéu thda man céc diéu
kién rang budc ctia QoT, dong thdi can bang tai luu lugng phan phbi dén tat ca

cac ket noi trong mang.

(iii) Dé xuét thuit toan dinh tuyén can bang tai ddm bio QoT cho mang MANET
dua trén thong tin dinh tuyén ctia nit ngudn (SLBQT-DSR). Thuit toan SLBQT-
DSR cho phép tim ra 16 trinh can bang tdi ddm bio QoT dé truyén da liéu, ning

cao hiéu nang mang MANET.

1.5. Két luan chuong

Trong chuong ndy, tic gid da trinh bay nhiing van dé co ban vé mang MANET
va cdc yéu td anh hudng dén hiéu ning mang, trong d6 cac ky thuit dinh tuyén trong
mang MANET dudc di sau phan tich. Tac gia cling da phan tich ky tinh hinh nghién
cdu trong nudc va trén thé gidi lién quan dén cac ky thuat dinh tuyén trong mang
MANET. Panh gia nhitng két qua ma cac nha nghién cifu trong nuéc va trén thé gidi
da dat dugc, nhitng vin dé con ton tai can phai dudc tiép tuc nghién citu. Trén co s6

do, tac gia phat biéu tdng quat hoa bai toan can giai quyét trong dé tai luan 4n.

Noi dung trong tdm cta luan 4n tiép tuc dudc trinh bay trong cac chuong tiép theo.
Chuong 2 trinh bay cdc két qua nghién cifu vé viéc phan tich, dinh gid QoT cia céc
16 trinh truyén dif liéu trong mang MANET va anh huéng ctia né dén hiéu ning mang
khi st dung cac giao thifc dinh tuyén theo yéu cau. Chuong 3 va Chuong 4 trinh bay
cac thuit toan dinh tuyén can bang tai ddm bao QoT, dudc tac gid dé xuit cho mang
MANET nham nang cao hiéu ning mang MANET.
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CHUONG 2

PANH GIA CHAT LUONG TRUYEN DAN CUA MANG

MANET KHI SU DUNG CAC GIAO THUC PINH TUYEN
THEO YEU CAU VA CAN BANG TAI

Ndi dung chuong nay trinh bay cic két qua nghién ciiu vé cac hiéu ting xdy ra &
16p vat Iy ma né anh hudng 16n nhit dén hiéu ning mang MANET, bao gom suy giam
cong suat tin hiéu, nhiéu tich ldiy trén cac 10 trinh, ty 1& tin hiéu trén nhiéu va ty 18 15i
bit. Tir d6, danh gia anh hudng clia cic hiéu ting ndy dén hiéu ning mang khi st dung
cdc giao thic dinh tuyén khac nhau. Céc két qui nghién cifu & chuong nay 1a co s6
dé thiét 1ap cac diéu kién rang budc vé chit luong truyén din, cling nhu viéc lya chon
giao thiic dinh tuyén phit hop vdi tiing md hinh mang cu thé. Ddng thdi, 1am co s cho
viéc dé xult cac thuit toan dinh tuyén dam bdo chat luong truyén din & cac chuong
sau. Cac két qua nghién ctu cu thé dugc trinh bay trong 6 phan. Phan 2.1 di siu phan
tich cac hiéu ing vat Iy xdy ra trén cdc 19 trinh truyén dit liéu cia mang MANET. Phan
2.2 trinh bay cac do do vé hiéu ning ctia mang MANET. Phan 2.3 va 2.4 di siu phin
tich chét Iuong truyén din cla céc 16 trinh khi st dung cic giao thic dinh tuyén theo
yéu cau va dinh tuyén can bang tai. Phan 2.5 trinh bay cédc két qua danh gia chit luong
truyén dan va hiéu ning mang st dung phuong phdp mo phong. Cudi cung 12 két luan

chuong, dugc trinh bay chi tiét trong Phan 2.6.

2.1. Cac hiéu tng vat Iy xay ra trén 1§ trinh truyén dit liéu
2.1.1. Cdc yéu té ky thudt lién quan

Céc hiéu dng vat Iy xdy ra trén cac 10 trinh truyén dif liéu trong mang MANET phu
thudc vao cac giai phap ky thuat dudc st dung tai 16p vat 1y va 16p lién két di liéu, co
ban nhu cic k§y thuat diéu ché tin hiéu, cdc chuin truyén thong khong day. Piéu ché 1a
qu4 trinh ma hoéa s liéu vio séng mang dé€ truyén qua moi trudng truyén dan. Trong
mang truyén thong khong day, cac ky thuat diéu ché khéa dich pha va khéa dich bién
do ctia séng mang thuong dugc sit dung. Tuy theo phuong thiic bién ddi pha va bién

do ma ta c6 cdc ky thuat diéu ché khac nhau nhu diéu ché dich pha hai mic (Binary
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Phase Shift Keying - BPSK), diéu ché dich pha vi sai (Differential Phase Shift Keying
- DPSK), diéu ché dich pha 4 miic (Quadrature Phase Shift Keying - QPSK), diéu ché
bién do cau phuong (Quadrature Amplitude Modulation - QAM). C4c ky thuat diéu
ché nay hién dang dudc st dung phd bién trong cac chuin truyén thong khong day
IEEE 802.11 [57]. Tuy theo ky thuit diéu ché dudc st dung ma ty 1¢ tin hiéu trén

nhiéu, ty 1€ 16i bit 1a khac nhau.

Ngoai su phu thudc vao ki thuat diéu ché, cac hiéu ting vat ly xay ra trén cac 16
trinh truyén di liéu con phu thudc vao chuin truyén thong dudc st dung. V6i mang
MANET, céc chuén truyén thong dudc st dung 12 IEEE 802.11a/b/g/n/ac [56]. Dic
tinh k¥ thuét co ban ctia cac chudn nay dudc tom tat nhu trong Bang 2.1. Ta thiy ring,
tiy theo chuin truyén thong dudc s dung ma bing thong kénh c6 thé khac nhau.

Chinh vi vy, nhiéu phat sinh trén cic kénh truyén sé khac nhau.

Bang 2.1. So sdnh c4c tham sb 16p vat ly theo chuan IEEE 802.11a/b/g/n/ac [20]

Chuén 802.11b 802.11a 802.11g |802.11n  |802.11ac
Tan sb 2.4 GHz 5 GHz 2.4 GHz 2.4 GHz 24,5 GHz
Vung phu séng  [124 m 120 m 140 m 250 m 70 - 100 m
9 . . 20, 40 20, 40, 80,
Bang thong kénh {20 MHz |20 MHz |20 MHz
MHz 160 MHz
Toc do tb da 11 Mbit/s |54 Mbit/s |54 Mbit/s |600 Mbit/s |1.73 Gbit/s
BPSK,
BPSK, DBPSK,
DBPSK, QPSK,
N . QPSK, DQPSK,
Ky thuat diéu ché | DQPSK, 64-QAM | 16-QAM,
16-QAM, |[16-QAM,
CCK 64-QAM,
64-QAM |64-QAM
256-QAM
Ky thuat trai pho |DSSS OFDM OFDM OFDM OFDM

2.1.2. Suy hao cong sudt qua méi truong ddn

Khi truyén dif liéu qua moéi trudng khong gian tu do, cong suit tin hiéu suy giam

theo phuong trinh [20]:
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trong d6, f. 1a tan s6 soéng mang cta ky thuat diéu ché dudgc st dung, ¢ 1a van toc
clia 4nh sdng (=~ 3 x 10%m/s) va d 1a khoang cach giita thiét bi phat va thiét bi thu.
Tir phuong trinh (2.1) ta thiy rang, suy hao cong suat ty 1& thuan v6i binh phuong
khoang cach truyén dan vi f. va ¢ déu 1a hing sb. Diéu nay cho thiy ro tir két qua tinh
toan & Hinh 2.1. Ta thiy ring, khi khoing céch truyén din cang 16n thi suy hao cong
sult cang ting. Vi du, khi dif liéu truyén qua khoang cach 90 m, cong suit tin hiéu
suy hao 79.13 dB néu tan sd séng mang la 2.4 GHz, tuong ting véi cac chuin IEEE
802.11b/g/n/ac. Néu st dung tin s séng mang 5 GHz, tuong ng vdi cic chuin IEEE
802.11a/ac, suy hao cong suit 1a 85.5 dB. Trong trudng hop khodng cich truyén dan
12 250 m, suy hao cong suat tin hiéu ting 1én dén 88 dB va 94.38 dB tucng ting véi
céc trudng hop tan sb séng mang 1a 2.4 GHz va 5 GHz. T cac két qua tinh todn thu
dugc trén Hinh 2.1 ta c6 thé két luin ring, néu k§y thuat diéu ché st dung séng mang
v6i tan s cang cao thi suy hao cdng suit tin hiéu cang 16n.
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Hinh 2.1. Suy hao cong suit tin hiéu theo khoang c4ch truyén din

Vi suy hao ting dan theo khoang cach truyén din, nén cong suit tin hiéu sé giam
dan. Mbi quan hé giita cong sut tin hiéu tai thiét bi phat va thiét bi thu ducc xac dinh
béi [20, 42]:

B
p=-"
Ly

trong do, P, 1a cong suét tin hiéu nhan dudc tai thiét bi thu, £, 1a cong suit phat. Néu

(2.2)

cong phat va cong suit thu dudc xdc dinh bang don vi dB hodc dBm thi phuong trinh
(2.2) dugc viét lai thanh:

P
P,(dB) = 1010g10(L—f) = 10log10(F,) — 10log1o(Ls) = P.(dB) — Ly(dB)  (2.3)
f
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35 | ——fc = 2.4 GHz (802.11b/g/n/ac)
40 ¢ —x%—fc =5 GHz (802.11a/ac)
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Hinh 2.2. Suy hao cong suit thu theo khoang céch truyén dan

Xét trudng mang khong day tuy bién st dung thiét bi c6 cong suit phat 1a 19.5
dBm. Tir phuong trinh (2.3) ta x4c dinh dudc cong suat tin hiéu nhan dudc tai thiét bi
thu theo khoang cach truyén din nhu cho thiy trén Hinh 2.2. Ta thiy ring, ty theo
tan s6 séng mang dudc st dung ma do nhay thu yéu cau cta cac thiét bi 1a khac nhau.
Vi du, trong trudng hop dit liéu dudc truyén qua khoang cach 250 m, néu st dung tan
s6 song mang 2.4 GHz thi do nhay thu yéu cau tdi thiéu 1a -68.5 dBm, nhung néu st
dung séng mang c6 tan s6 5 GHz thi d6 nhay thu tbi thiéu cta cac thiét bi phai 1a -75
dBm. Pay 12 co s6 cho viéc thiét ké hé thong mang trong thuc té, cling nhu viéc thiét

1ap cic tham s6 d€ phan tich, m6 phéng & cc phan sau.
2.1.3. Nhiéu tich liy trén duong truyén

Khi truyén dit liéu qua moi trudng truyén thong, cic thanh phan tin hiéu khong
mong mudn tic dong vao tin hiéu di liéu, 1am sai 1&ch tin hiéu, gy ra 16i trong qua

trinh truyén dan. C4c thanh phan tin hiéu khong mong mudn nay dudc goi 13 nhiéu.

C6 bdn thanh phan nhiéu thudng xuit hién trong qua trinh truyén di liéu. D6
12 nhiu nhiét (thermal noise), nhiéu tap Am (intermodulation noise), nhiu xuyén
am (crosstalk) va nhiéu xung [3]. Trong mang MANET st dung chuin truyén thong
IEEE 802.11, thanh phan nhiéu c6 4nh hudng 16n nhét dén chat lugng truyén dan ctia
cac kénh truyén 13 nhiéu nhiét. Nhifu nhiét gy ra do su chuyén dong nhiét clia cic
electron, xuét hién trén tit ca cic thiét bi dién va phuong tién truyén dan. Nhiéu nhiét

dudc phan bd déu trén toan bd bing thong cla kénh truyén va con dude goi 1a nhiéu
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tréng (while noise). Cong suit nhiéu nhiét cia mot kénh truyén dugc xac dinh bdi:
P,=KXxTxB (2.4)

trong d6, P, (W) 1a cong suét nhiéu nhiét, K = 1.3803 x 107237 /K 1a hing s6 Boltz-
mann, 7" 1a nhi€t dd Kenvin va B (Hz) la bang thong kénh.

Pé thdy ro muc cong suit nhiéu nhiét xuat hién trén cic kénh truyén trong mang
MANET, tic gi4 tinh todn cong suét nhiéu trong trudng hop nhiét do mdi trudng
(300°K) v6i cac kénh truyén c6 bing thong kénh 20, 40, 80 va 160 HMz. Pay 1a céc
kénh truyén dudc hd tro trong cic chuin IEEE 802.11a/b/g/n/ac. Két qua thu dudc
nhu & Hinh 2.3. Ta thiy ring, bing thong kénh cang 16n thi cong suit nhiéu cang cao.
Néu st dung kénh véi do rong bing thong 20 MHz thi cong suét nhiéu nhiét phat sinh
la -101 dBm. Trong trudng hgp st dung kénh véi do rong bang thong 160 MHz cua
chuan IEEE 802.11ac, cong suat nhiéu nhiét ting 1én dén -91.7 dBm. V& miit ly thuyét,
mot trong nhiing giai phap dé ting téc do truyén dan la sit dung kénh c6 bing thong
16n. Tuy nhién, két qua phan tich trén Hinh 2.3 di cho thiy ring, bing thong kénh
cang 16n thi nhiéu phat sinh cang nhiéu. Mit khéc, nhiéu phat sinh cang nhiéu thi QoT
ctia kénh truyén cang suy giam. Vi vdy, viéc nghién ctiu 4nh hudng ctia nhiéu phat
sinh trén kénh truyén dén hiéu ning mang 1a diéu can thiét nham dam bao QoT ctia hé

thong mang, dic biét 1a hé théng mang st dung kénh c6 bing thong 16n.
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-105 \
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Hinh 2.3. Cong suat nhiéu nhiét phat sinh trén cac kénh v6i do rong bing thong khac nhau
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2.2. Hiéu nang mang MANET

Theo nghia chung, hiéu ning mang 13 hiéu qua, ning luc va chit luong hoat dong
ctia mot hé théng mang. Panh gi4 hiéu ning mang 1a viéc xc dinh cac do do phan anh
hiéu qua, ning luc va chét luong clia mot hé thdng mang bang cic phuong phap mo
phong, mo hinh giai tich hodc thuc nghiém. Trong mang MANET, cac d6 do thudng
dudc st dung dé danh gia hiéu ning bao gdom xac suat chin géi dit liu, thdi gian tré

tlf ngudn dén dich, thong luong, ty 1¢ tin hiéu trén nhiéu va ty 1¢ bit 16i.

Trong k§ thuat dinh tuyén can bang tai, cac do do vé xac suit chin géi di liéu
va thong lugng mang thudng dudc cac nhom nghién ctiu quan tam. Véi ky thuat dinh
tuyén dam bdo chit lugng truyén din, cdc nhém nghién ctiu thudng tip trung phan
tich cac do do vé ty 1¢ tin hiéu trén nhiéu va ty 1& bit 15i, vi cac do do nay phan anh
chat lugng truyén dan cia hé thong mang. Trong luin 4n nay, tac gia tip trung nghién
cttu ky thuét dinh tuyén can bang tai, dong thdi dam bao chét luong truyén din trong
mang. Vi vdy, cidc do do dudc tap trung phan tich bao gdm xdc suit chiin géi dif liéu,
thong lugng mang, ty 1¢ tin hiéu trén nhiéu va ty 1€ bit 16i. Viéc lwa chon cic do do
nay vira phan anh dudc hiéu qua cia viéc can bang tai, vita phan anh dudc chit lugng

truyén din trong toan mang.
2.2.1. Xdc sudt chdn goi dit liéu

Xac suat chin géi dit liéu trong toan mang (Blocking Probability of Data packets

- BPD) dudc xac dinh nhu sau:
BPD — %’; 2.5)
trong d6, N, 1a tdng sd géi dii liu phat sinh trén toan mang, Nj, 1a tdng sd géi di liéu
bi chin. N, gdm hai thanh phan chinh, d6 1a chin do luu ludng bi nghén va chin do

QoT khong dam bao.
2.2.2. Thi gian tré

Theo ly thuyét, thdi gian tré ciia mot goi dit lidu 1 téng thdi gian can thiét dé géi
dit liéu d6 truyén thanh cong tif nit ngudn dén nit dich. Khi dit lidu truyén qua mang,
thoi gian tré phu thudc vao nhiéu yéu td, co ban nhu thdi gian x{ 1y tai cic nit ma géi
dit liéu di qua, tré hang doi, tré truyén din qua cdc budc truyén, tré truyén tai qua moi

trudng truyén dan.
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Trong mot hé thong mang MANET, thdi gian tré 1a mot trong nhiing tham s6 co
ban phan anh hiéu ning mang. Tuy theo dich vu dudc st dung ma yéu cu vé thoi gian

tré€ 14 khdc nhau.
2.2.3. Ty Ié tin hiéu trén nhiéu

Ty 1€ tin hiéu trén nhiéu (Signal to Noise Ratio - SNR) 1a mot trong nhiing tham
s6 quan trong dé danh gia chat luong kénh truyén dif liéu trong mang vién thong, st

dung cho ca mang c6 day va khong day, dudc dinh nghia nhu sau [58]:
Py
B = 10log,, (—) (dB) (2.6)
Py

trong d6, P; 1a cong suit tin hiéu va P, 1a cong suét nhiéu. Trong mang khong day
ty bién, khi dif liéu truyén qua nhiéu nit trung gian, cong suit nhiéu tich liy doc
theo 16 trinh truyén dan ting 1én 1am cho SNR giam theo phuong trinh (2.6), nghia Ia
chit lugng truyén dan (Quality of Transmission - QoT) suy giam. D€ thiy rd diéu nay,
tdc gia phan tich mot 16 trinh truyén dif liéu tif ngudn dén dich qua m niit trung gian
(m — 1 budc truyén) véi ciu triic nhu cho thiy trén Hinh 2.4. Trong trudng hop nay,
cdc nit trung gian thuc hién chiic ning chuyén tiép cac goi dit liéu dé dén dich. Viéc
chuyén tiép cac géi dii liéu c6 thé thuc hién bang mdt trong hai cach, cé tdi tao tin hiéu
(regenerative) hodac khong tai tao tin hi€u (nonregenerative) [9, 65]. SNR tai nut dich
ctia mot 19 trinh truyén dit liéu phu thudc vao dang chuyén tiép dudc st dung tai cac

nut trung gian.
(i) Truong hop co tdi tao tin hiéu

Trong trudng hop nay, k¥ thuat gidi ma va chuyén tiép (Decode and Forward - DF)
dugc st dung [9]. Tin hiéu nhan dudc tai cac nut trung gian dugc tai tao truéc khi

}%%i% i$ }mi@}m{
________ b . Ao B A
L .
_____________________________________________________________ >
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P

Hinh 2.4. CAu triic ciia mot 16 trinh truyén di liéu trong mang MANET qua nhiéu budc truyén
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truyén dén niit tiép theo. D€ tdi tao tin hiéu, trudc tién, ky thuat giai diéu ché va giai
mi kénh dudc st dung dé€ khéi phuc dit lidu gbe. Sau d6, dit liéu dude ma hoéa va diéu
ché trd lai d€ tiép tuc truyén di. Vi tin hiéu dudc tai tao tai cac nit trung gian, nén van
dé suy hao cong suit va nhiéu trén cac budc truyén dudc xit ly tai cdc nit ndy. Vi vy,
SNR tai niit dich cta 16 trinh truyén dit liéu dudc xac dinh bdi:

Bm = min(ﬁ/’l]7Bh27ﬁh27"'7ﬁhm_]) (27)

trong do, B, 1a SNR thu dugc tai it dich (nit m trong Hinh 2.4), ﬁhj la SNR cua bude
truyén thi j. Ky thuat DF c6 uu diém 13 gidm nhiéu va suy hao cong suét tin hiéu trén
16 trinh. Tuy nhién, nhudc di€ém 16n nhat ctia k¥ thuat nay 1a ting tré x{ ly tai moi nit
trung gian do tin hiéu phai xi Iy nhiéu khau trude khi truyén di. Do vy, k§ thuat DF
khong phit hop véi cac hé thong mang toc dd cao.

(ii) Truong hop khong tdi tao tin hiéu

Trong trudng hop ndy, k§ thuat khuéch dai va chuyén tiép (Amplify and Forward -
AF) dudc st dung [9]. Tin hiéu truyén din dudc khuéch dai tai mdi nit trung gian dé
tiép tuc truyén di, khong thuc hién gidi diéu ché va gidi ma tai cdc nit nay. So vdi ky
thuat DF, k¥ thuat AF c6 wu diém 1a gidm tré xu ly tai c4c nit trung gian, nén ky thuét
nay phu hop véi cac hé théng mang tdc dd cao. Tuy nhién, vi cdc nit trung gian thuc
hién chifc niing khuéch dai tin hiéu trudc khi truyén dén niit tiép theo, nén ca cong suit
tin hiéu va cong suat nhiéu déu dudc khuéch dai. Vi vay, k§ thuat AF c6 thé 1am ting
nhiéu tich Iiy trén 19 trinh truyén din, din dén SNR gidm dan. Day 13 nhudc diém 16n

nhat ctia k¥ thuat nay.

D& thiy 16 su suy gidm ctia SNR khi stf dung k¥ thuét AF, tdc gia phan tich 16 trinh
truyén dit lidu tf ngudn dén dich qua m nuit trung gian véi ciu triic nhu cho thiy trén
Hinh 2.4. Theo dinh nghia ta c6 SNR tai nut dich dudc xac dinh bdi:

(s)
P
B, = 2.8)

(n)

m
trong do, Pn(f) la cong suat tin hiéu thu dudc tai nit dich (nit m trong Hinh 2.4), Pn(f)
12 cong suat nhiéu tich liiy tif nit ngudén dén nut dich. Tai mdi nit trén 10 trinh ngoai
trit niit ngudn, P gdm c6 hai thanh phin, cong suét nhiéu tich ldy tir cic budc truyén

trude do (Pn(f_)l) va cong suit nhiéu phat sinh trén budc truyén dang xét (P,SZZ1 ). Plfﬁl
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ciing dugc khuéch dai tai niit m — 1 va suy hao qua buéc truyén k,,_ 1, do vy ta co:
Py =P el pt) 2.9)

trong d6, G,,—1 12 hé s6 khuéch dai ctia anten niit m — 1 va Ly, lasuy hao cong suat
qua buéc truyén h,,_. Thay (2.9) vao (2.8) ta c6:

()
P
b= Gt o (2.10)
Fnmry, = Fh,

Miit khéc, cong suét tin hiéu thu dudgc tai nit m dudc xac dinh béi:

(5)
(s) (s) Gm-1 Gm-1 Pn
Py’ =P = = 2.11
" -l Lhmfl Lhmfl P(S) 1 ( )
m—

Thay (2.11) vao (2.10) ta co:

(s)
P
Bn = - (2.12)
p B p
m—1 (SZI Ny
1
& Bi=—-+— (2.13)
(n P(")
Pm—l + Mn—1
By
1
Bu-1 " Bn,_,
1 1 1
o o — 4 (2.15)
ﬁn ﬁm—l ﬁhm_l
1 1 1 1
& = (g—+t—)+ (2.16)
ﬁn Bm—Z ﬁhm_z .ma_1
Tir phuong trinh (2.16), bang phuong phap truy hdi ta c6:
1 1 1 1 1 1
~+t5—+5—+5—+...+ (2.17)

B. B Bw  Bn  Bn Bn,

Vi B; 12 SNR tai nit ngudn, ma cong suit nhiéu tai nit ngudn bang 0, nén ﬁ =0.Do

vay, tu (2.17) ta co:
1 N 1 N 1 T~ 1
Bn Bh1 th Bhg h ma,l

(2.18)
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o B, = ( ; —)_1 (2.19)

Phuong trinh (2.19) cho phép xac dinh SNR ctia mdt 19 trinh truyén dit liéu qua m
nit trong trudng hop khong c6 tai tao tin hiéu tai cdc nut trung gian. Tir (2.19) ta thiy

rang, SNR tai nit dich giam dan theo s6 budc truyén ma cac géi dit liéu di qua.
2.2.4. Ty Ié 16i bit

Ty 1& 16i bit (Bit Error Rate - BER) 1a mot trong nhitng tham s hiéu niing quan
trong dé danh gia chat lugng ctia mot kénh truyén dan, dudc xac dinh bang tong sd bit
16i trén tdng s6 bit truyén. Trong moi trudng truyén din khong diy, BER phu thudc
vao nhiéu yéu t6, nhu nhiéu phat sinh kénh truyén, SNR va k§y thuat diéu ché dudc st
dung. Su phu thudc ctia BER theo SNR dbi vé6i cac ky thuat diéu ché sit dung trong
mang khong diy dudc xac dinh nhu sau [11]:

(1 E ,
—erfc( —”) Néu BPSK va QPSK

P, = (2.20)
2(VM -1 log,M E ,
AvM—1) c( 3log,M —b) Néu M-QAM
| VMlog,M 2(M—1) N,

trong do, P, 1a ty 1€ 1di bit, E—{b) 1a ty s6 gilta ning luong cia mot bit va cong suit nhiéu.
Trong diéu ché s, IETi tuong duong véi SNR. erfc 1a ham 15i bu, dudc xdc dinh nhu
sau:

erfe(x) = % /x T ar 2.21)

Theo 1y thuyét, d€ x4c dinh BER ctia mot kénh truyén khi biét SNR va ky thuat
diéu ché dudc st dung, ta c6 thé sit dung ctia phuong trinh (2.20), hoic st dung cong
cu BERTool trong phan mém MATLAB [45]. Trong chuyén dé nay, tic gia st dung
dong thdi c4 hai phuong phap, tinh todn theo phuong trinh (2.20) va st dung cong
cu BERTool, két qua thu dudc nhu trén Hinh 2.5. Cic ky thuit diéu ché dudc xem
xét 1a QPSK, 16-QAM, 64-QAM va 256-QAM. Pay 1a cic k¥ thuat diéu ché dugc st
dung trong cic chuan IEEE 802.11a/b/g/n/ac nhu di phan tich & Phan 2.1. Céc do thi
trén Hinh 2.5 cho thiy ring, SNR cang ting thi BER cang giam. Ngoai ra, v6i clng
mot gia tri SNR thi BER sé khac nhau tuy theo k§ thuat diéu ché dudc st dung. Vi
du, xét trudng hop SNR 1a 10 dB, néu st dung k§ thuat diéu ché QPSK thi BER Ia
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—6— Theory.QPSK —%—BERToo0l.QPSK
Theory.16-QAM —¥— BERTo0l.16-QAM
Theory.64-QAM —o— BERTo0l.64-QAM
Theory.256-QAM  —e— BERTo00l.256-QAM

1E+00

1E-01 %=
1E-02
1E-03 -

1E-04 -

BER

1E-05 -

1E-06 -

1E-07 -

1E-08

SNR (dB)
Hinh 2.5. Quan hé giita BER va SNR theo céc k¥ thuat diéu ché khic nhau

3.87 x 107, nhung néu st dung céc ky thuit diéu ché 6-QAM, 64-QAM va 256-QAM
thi cdc gia tri BER tuong tng 1a 1.75 x 1073, 2.65 x 1072 va 7.85 x 10~2. Nhu vay,
v6i cac ky thuat diéu ché da muic, khi s6 mic diéu ché cang cao thi BER cang ting,

day 12 vin dé can luu y trong c4c hé thdng mang khong day téc do cao.
2.2.5. Mot 56 két qua tinh todn va thdo ludn

Trong phan nay, tac gia phan tich mot 1 trinh truyén dit liéu trong mang MANET
qua nhiéu nit trung gian d€ thiy rd anh hudng clia cac hiéu dng vat Iy dén chit luong
tin hiéu truyén dan. Cic két qua danh gid dudc thuc hién theo cdc chuin truyén thong
khong day khac nhau.
2.2.5.1. M6 hinh phdn tich

Xét mot 10 trinh truyén dit liéu trong mang MANET, tii nit A dén nit I qua 7 niit
trung gian la B, C, D, E, F, G va H véi cu tric nhu & Hinh 2.6. Céc con sb ghi trén
céc két ndi minh hoa khoang cach giita cdc nit, dugc tinh bang mét. Cac gia thiét ctia
mo hinh dugc thiét 1ap nhu 6 Bang 2.2.
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Bang 2.2. Céc gia thiét phan tich mot 16 trinh trong mang MANET

Tham s6 Gia tri

Cong suat phat 17 dBm

D0 nhay thu -71 dBm

Tan s6 séng mang cia ky thuat diéu ché 2.4 va 5 GHz

Bang thong kénh 20, 40, 80 va 160 MHz
M hinh nhiéu Nhiéu nhiét

Nhiét do phan tich 300°K

Ngudng BER 10~°

Giao thuc MAC 802.11a/b/g/n/ac

2.2.5.2. Truong hop sit dung song mang cé tan sé 2.4 GHz

Nhu da phan tich § Phan 2.1.1, séng mang c6 tan sd 2.4 GHz dudc st dung trong
cac chuan IEEE 802.11b/g/n/ac. Véi cic gia thiét nhu & Bang 2.2, theo phuong trinh
(2.6) ta dé dang xac dinh dudc SNR trén cic budc truyén ctia 16 trinh & Hinh 2.6. Két
qua thu duge nhu & Bang 2.3. Ta thy rang, bing thong ctia kénh truyén cang 16n thi
SNR cang giam. Cu thé, néu st dung kénh truyén c6 bing thong 20 MHz thi SNR 16n
nhét 12 32.7 dB tuong ting v6i budc truyén tit A dén B, SNR nhé nhit 12 29.8 dB tuong
ting véi buée truyén tif G dén H. Nhung néu st dung kénh v6i do rong bing thong 1a

D 210 } é
195 182

,%,u E 230

B C
18%/ \\/
u 250 G

A

Hinh 2.6. Mot 16 trinh truyén di liéu trong mang MANET qua 9 niit
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Bang 2.3. SNR trén cic bu6c truyén cia 16 trinh & Hinh 2.6 trong trudng hop séng

mang c6 tan s 2.4 GHz

Budc truyén SNR (dB)
20MHz | 40 MHz | 80 MHz | 160 MHz
AB 32.7 29.7 26.7 23.6
BC 32.2 29.2 26.2 23.2
CD 32.0 29.0 26.0 22.9
DE 31.3 28.3 25.3 22.3
EF 32.6 29.6 26.6 22.5
FG 30.5 27.5 24.5 21.1
GH 29.8 26.8 23.8 20.8
HI 31.1 28.1 25.1 22.1

40 MHz thi cic gia tri nay giam xubng con 29.7 va 27.5 dB. SNR tiép tuc giam khi
bing thong kénh ting 1én 80 MHz. Dic biét, néu st dung kénh 160 MHz thi SNR giam
rAt nhiéu, gid tri 16n nhat chi 12 23.6 dB, gi4 tri nho nhit 12 22.1 dB. Nguyén nhan ctia
su suy giam nay 12 do khi biang thong kénh cang 16n thi cong suit nhiéu nhiét phat
sinh trén kénh truyén cang 16n. Mit khac, theo phuong trinh (2.6), SNR ty 1& nghich

v6i cong suat nhiéu, nén khi cong suit nhiéu cang ting thi SNR cang suy giam.

Tt cic két qua thu dudc trén Bang 2.3, ta dé dang x4c dinh dugc SNR cia 16 trinh
truyén dif liéu tir nit A dén nuit I. Trong trudng hop niit trung gian c6 tdi tao tin hiéu,
SNR ctia 19 trinh dudc x4c dinh theo phuong trinh (2.7), két qua thu dugc nhu cho
thiy trén Hinh 2.7(a). Ta thiy ring, SNR giam dan theo tong sb budc truyén ma dit
liéu di qua. Cu thé, xét trudng hop kénh c6 bing thong 20 MHz, khi méi truyén qua
mot bude truyén (dén nit B), SNR 12 32.67 dB. Nhung néu truyén qua 3 budc truyén
(dén nit D), SNR giam xudng 31.97 dB. SNR tiép tuc giam xubng con 29.8 dB khi dit
liéu truyén qua 8 budc truyén, nghia 1a dén nit I. Két qua ciing hoan toan tuong tu cho
cac truong hgp bang thong kénh 40 MHz, 80 MHz va 160 MHz. Trong truéng hop cac
nut trung gian khong tai tao tin hiéu, theo phuong trinh (2.19) ta xac dinh dugc SNR
khi truyén qua 16 trinh th A dén I, két qua thu dugc nhu trén Hinh 2.7(b). Trong trudng
hop nay, SNR suy gidm nhiéu hon so véi trudng hop c6 tdi tao tin hiéu (két qua 6 Hinh
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Hinh 2.7. Suy gidm SNR qua c4c budc truyén khi (a) Niit trung gian c6 tdi tao tin
hiéu va (b) Nut trung gian khong tai tao tin hi€u st dung séng mang 2.4 GHz

2.7(a)). Khi truyén dén niit dich (nit I), SNR chi con 22.39, 19.38, 16.37 va 13.36 dB
tuong ung véi cac truong hop bang thong kénh 20, 40, 80 va 160 MHz.

Xét truong hop ky thuat diéu ché 256-QAM dudc st dung. Gia sit ngudng BER
cho phép 1a 107°. Theo két qua tinh toan & Hinh 2.5, SNR yéu ciu tbt thiéu dé dat
dugc BER = 107 13 23.5 dB. Nhu vdy, vdi cac két qua phan tich ¢ Hinh 2.7, c6 mdt
s6 trudng hop khong thda man diéu kién rang budc vé QoT. Cu thé, trong trudng hop
céc nut trung gian c6 tai tao tin hiéu (két qua & Hinh 2.7(a)), néu st dung céc kénh c6
bing thong 20, 40 hoic 80 MHz thi diéu kién rang budc vé QoT ludn thda min, nghia
1a SNR 1uén 16n hon SNR yéu cau téi thiéu (23.5 dB). Tuy nhién, néu sit dung kénh
c6 bing thong 160 MHz, diéu kién rang budc vé QoT chi théa man khi truyén dén nit
F. Néu truyén dén niit G, SNR giam xubng con 21.5 dB, gid tri nay nho hon SNR yéu
cau t6i thi€u. Néu truyén dén nit H va I, SNR con gidm nhiéu hon. Phén tich tuong
tu ta thiy ring, trong trudng hop cac miit trung gian khong tai tao tin hiéu (két qua &
Hinh 2.7(b)), d€ théa man rang budc vé QoT, dit liéu chi dudc phép truyén dén niit E,
D hoiic B tuong ting véi céc trudng hop kénh truyén c6 bing thong 40, 80 hoic 160
MHz.

2.2.5.3. Truong hop sv dung song mang co tan s6 5 GHz

Séng mang c¢6 tan s6 5 GHz dudc st dung trong cac chuin IEEE 802.11a va IEEE
802.11ac nhu da phan tich & Phan 2.1. Trong trudng hdp nay, suy hao cong sut tin
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Bang 2.4. SNR trén cic bu6c truyén cta 16 trinh 6 Hinh 2.6, st dung séng mang

co tan sO 5 GHz

Budc truyén SR (dB)
20MHz | 40 MHz | 80 MHz | 160 MHz
AB 26.30 23.29 20.28 17.27
BC 25.83 22.82 19.81 16.80
CD 25.60 22.59 19.58 16.57
DE 24.96 21.95 18.94 15.93
EF 26.20 23.19 20.18 17.17
FG 24.17 21.16 18.15 15.14
GH 23.44 20.43 17.42 14.41
HI 24.75 21.74 18.73 15.72

hiéu qua mdi trudng truyén dan 16n hon so véi trudng hop st dung séng mang c6 tan
s6 2.4 GHz, nén SNR trén cic buéc truyén giam. Theo phuong trinh (2.6) ta xdc dinh
dugc SNR trén cdc bude truyén ctia 19 trinh & Hinh 2.6. Cic két qua thu dudc trong
& Bang 2.4 cho thiy ring, bing thong ctia kénh truyén cang 16n thi SNR cang giam.
Cu thé, néu st dung kénh truyén c6 bing thong 20 MHz thi SNR 16n nhit 1a 26.3 dB
tuong dng v6i budc truyén tit A dén B, SNR nhd nhit 12 23.44 dB tuong dng véi budc
truyén ti G dén H. Nhung néu st dung kénh v6i do rong bing thong 1a 40 MHz thi
céc gia tri nay gidm xubng con 23.29 va 20.43 dB. SNR tiép tuc giam khi bing thong
kénh ting 1én 80 MHz. Pic biét, néu st dung kénh 160 MHz thi SNR gidm rat nhiéu,
gia tri 16n nhit chi 12 17.27 dB, gid tri nhd nhit 1a 14.41 dB. Nhu vay, so vdi trudng
hop st dung séng mang c6 tan s6 2.4 GHz, SNR trén cac budc truyén gidm trung binh
gan 6 dB. Vi vdy, cdc chuin mang khong day st dung séng mang c6 tan sd 5 GHz
thudng c6 pham vi phii séng nhd hon cdc chuidn mang khong day st dung séng mang
c6 tan s6 2.4 GHz.

Tt cic két qua thu dudc trén Bang 2.4, ta dé dang x4c dinh dugc SNR cia 16 trinh
truyén dif liéu tif nit A dén nit I theo cac phuong trinh (2.7) va (2.19). Két qua thu
dudgc trén Hinh 2.8(a) tuong Gng v4i trudng hgp nut trung gian ¢o tai tao tin hiéu. Ta
thdy rang, SNR gidm dan theo tdng sb budc truyén ma dit lidu di qua. Cu thé, xét
trudng hop kénh c6 bing thong 20 MHz, SNR giam tir 26.29 dB xudng con 23.44 dB
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Hinh 2.8. Suy gidm SNR qua c4c budc truyén khi (a) Niit trung gian c6 tdi tao tin
hiéu va (b) Nut trung gian khong tai tao tin hi€u st dung séng mang 5 GHz

khi dit liéu truyén tif nit A dén nit I. Khi bing thong kénh ting 1én, SNR gidm nhiéu
hon. Pic biét, néu st dung kénh 160 MHz, SNR chi con 14.41 dB khi truyén dén nt
I. Trong trudng hop céc nit trung gian khong tdi tao tin hiéu, két qua thu dugc nhu
trén Hinh 2.8(b). Trong trudng hop nay, SNR suy gidm nhiéu hon so véi trudng hop
O tai tao tin hiéu. Khi truyén dén nit I, SNR chi con 16.01, 13.00, 9.98 va 6.98 dB
tuong ung vdi cac truong hop bang thong kénh 20, 40, 80 va 160 MHz. Véi cac gia tri
SNR nay, dam bio yéu cau BER khong vudt ngudng 107°, ky thuit diéu ché c6 thé
st dung 1a QPSK (hay 4-QAM). Con véi cac k¥ thuat diéu ché QAM & miic cao hon
khong thé sit dung, vi BER sé ting cao.

2.3. Chéat lugng truyén din cia cac 16 trinh khi sit dung cac giao thiic dinh tuyén

theo yéu cau

Céc két qua tinh todn va phan tich SNR va BER trén mot 10 trinh & Phan 2.2.5 da
cho thay ring, tiiy theo cu tric ctia mot 19 trinh truyén dit lidu, tan s6 séng mang dudc
st dung va bing thong ctia kénh truyén ma SNR ctia mdt 16 trinh sé& khac nhau. C6 mot
s6 truong hop, SNR khong théa min diéu kién rang budc ctia QoT. Vi viy, viéc nghién
ctfu, phan tich QoT trén céc 16 trinh truyén dit liéu trong mang MANET theo céc giao
thic dinh tuyén khac nhau 1a diéu can thiét, 1am co s6 cho viéc xdc dinh céc diéu kién
rang budc cta QoT ciing nhu viéc cai tién cic giao thiic dinh tuyén nham dam bao

hiéu ning cta hé thong mang. Noi dung phan nay trinh bay cac két qua nghién ciu
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vé viéc phan tich QoT trén cédc 16 trinh truyén dif liéu khi st dung céc giao thic dinh
tuyén DSR va AODV, dénh gi4 4nh hudng cta né dén hiéu ning mang. Cac két qua
nghién ctiu nay da dudc cong bd trong [BS]! va [B3]%.

2.3.1. Nguyén ly co bdn ciia cdc giao thiic dinh tuyén theo yéu cdu

Dinh tuyén theo yéu cau (On-Demand Routing Protocol) 1a 16p giao thiic dinh
tuyén hién dang dudc nghién cifu va ing dung rong rii trong mang tiy bién di dong.
Theo nguyén ly hoat dong ctia 16p giao thiic dinh tuyén nay, cic 16 trinh truyén dit liéu
s& duogc tao ra khi c6 yéu cau [3]. Khi mot nit yéu cau mot 16 trinh méi d€ dén dich,
nit d6 phai khdi dau mot qua trinh kham phd 16 trinh (Route Discovery). Qu4 trinh
nay chi hoan tit khi d tim ra mot 16 trinh sin sang hoic tit ca cac 16 trinh kha thi
déu da duodc kiém tra. Khi mot 10 trinh da dudc kham phd va thiét 1ap, né dudc duy
tri thong s6 dinh tuyén bdi mot s6 dang thii tuc cho dén khi hodc 14 16 trinh d6 khong
thé truy nhap dudgc tir ndt ngudn hoic 1a khong con kha thi nita. V6i nguyén ly d6, cic
giao thic dinh tuyén diéu khién theo yéu cau khong phat quang ba dén cic nit lang
giéng vé céac thay ddi clia bang dinh tuyén theo thdi gian, diéu nay tiét kiém dudc tai
nguyén mang. Vi vy, 16p giao thiic dinh tuyén theo yéu cau nay c6 thé st dung trong
cac mang tuy bién di dong véi cau tric phic tap, cac nit di chuyén nhiéu.

Trong 16p giao thic dinh tuyén diéu khién theo yéu cau, c6 hai giao thiic hién
dang dudc nghién ctiu va tng dung phd bién trong mang MANET, d6 1a giao thic
DSR (Dynamic Source Routing) va giao thiic AODV (Ad hoc On Demand Distance

Vector). Pay ciing 1a hai giao thiic dudc tap trung nghién ciu trong luin an nay.

2.3.1.1. Giao thuc DSR

Opt. type ‘Opt. Data Length‘ Identification Opt. type | Opt. Data Len ‘ Last Hop Ext. ‘ Reserved
Target Address Address [1]
Address [1] Address [2]
Address [2] Address [3]
Address [n] Address [n]
() (b)

Hinh 2.9. Ciu triic ctia g6i (a) RREQ va (b) RREP trong giao thiic DSR [22]

'Ky yéu Hoi thdo FAIR’8, 2015, NXB Khoa hoc Tu nhién va Cong nghé, trang 111 - 118.
2Ky yéu Héi thdo @ ldn thit XXI, Thanh Héa, 27-28/7/2018, trang 162 - 169
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Theo nguyén ly hoat dong ctia giao thiic dinh tuyén DSR [22], khi nit ngudon mudn

truyén di liéu dén nut dich, trudc tién niit nguodn kiém tra trong bang dinh tuyén ctia

Thuat toan 2.1: Thuét toan kham pha 16 trinh cla giao thic DSR

(&)
(2)
(3)

(4)
(5)
(8)
€P)
(8)
(9
(10)

(11)

(12)
(13)
(14)
(15)
(16)
an
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)

27)

Input : Mot t6-pd mang MANET; Mot yéu cau kham ph4 16 trinh méi tir nuit
nguodn (S) dén nit dich (D).

Output: Mot 16 trinh méi tir S dén D, hoic tir chdi yéu cau néu khong tim dudc
10 trinh.

Method:

Bit dAu tién trinh khdm pha 16 trinh méi tai nit ngudn (ndt s);

repeat

Phat quang b4 g6i RREQ dén tit ca cdc nit lang giéng;

//Tai cdc nit nhdn duoc goi RREQ (niit i);

if (Truoc do i chua nhdn goi RREQ nay) then

Thém mot ban ghi vao bang dinh tuyén ctia i chifa 1 trinh ngudc vé s;

if (i chua phdi la nit dich (it d)) then

if (Bdng dinh tuyén cia i khéng c6 16 trinh dén d) then

Cap nhat dudng ngudc vé s trong bang dinh tuyén ctia i;

Cap nhat 16 trinh tif s dén i trong g6i RREQ;

else

Nbi 16 trinh s — i trong g6i RREQ v6i 16 trinh i — d trong

bang dinh tuyén cda i;

Tao goi RREP;

Cép nhat 10 trinh s — d vao géi RREP;

Xb6a goi RREQ;

Gti g6i RREP vé s theo dudng ngudc;

end

else

Tao g6i RREP;

Cép nhat 10 trinh s — d vao go6i RREP;
Xoa go6i RREQ;

Gti g6i RREP vé s theo dudng ngudc;

end

else

Xoa gbéi RREQ;

Két thic tién trinh xt ly g6i RREQ vita nhén;

end

until (i nhdn dugc goi RREP) or (Qud thoi gian cho);,
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né xem c6 ton tai mot 1 trinh d€ dén dich hay khong. Néu c6, st dung 16 trinh nay dé
truyén dit liéu. Ngudc lai, thuat toan kham ph4 19 trinh dugc thuc thi d€ tim 16 trinh

méi cho viéc truyén dit liéu.

Nguyén ly pham ph4 19 trinh mdéi dudc thuc thi theo thuét todn 2.1. D€ khdm pha
16 trinh mdi, nit ngudn glii quang ba géi yéu cau 16 trinh (Route Request Packet -
RREQ) véi khudn dang nhu & Hinh 2.10a dén tit ca cac nit lang giéng cia nd. Tai
mdi ndt nhan dugc géi RREQ, cdc nit nay kiém tra xem g6i RREQ nay da dudc nhan
trudc d6 hay chua dua trén gid tri clia trudng Identification va dia chi nit ngudn. Néu
nhu trude d6 da nhan géi RREQ nay thi nut do s€ loai bd gé6i RREQ ma khong xu ly
gi thém. Nguoc lai, néu trong bang dinh tuyén cia nit dang xét c6 thong tin 16 trinh
dé€ dén dich, niit dang xét glii g6i phan hdi 16 trinh (Route Reply Packet - RREP) véi
khudn dang nhu & Hinh 2.10b vé nit ngudn. Ngudgc lai, g6i RREQ dudc tiép tuc gui
quang ba dén cic nit lang giéng cla nit dang xét. Qua trinh ldp lai cho dén khi tim

dudc 16 trinh dén niit dich, hoic qud thdi gian chd cho phép.

Dic trung co ban cla giao thic dinh tuyén DSR 13 mdi nit luu trit toan bo thong
tin 10 trinh dén cac nut dich. D€ thuc hién dugc diéu nay, thong tin 1 trinh ludn dudc
cap nhat vao géi RREQ va RREP moi khi cdc gbi nay dude xit ly tai cac nit mang.
Giao thiic DSR st dung cac trudng Address[x] (x = 1 dén n) trong cic géi RREQ va
RREP (Hinh 2.10) d€ Iuu trit thong tin 16 trinh. Khi nit nguén nhan dugc géi RREP,
thong tin toan bo 16 trinh dudc cip nhat vao bang dinh tuyén ctia né. Viéc xéc dinh 16
trinh d€ truyén dit liéu dugc thuc hién tai nit ngudén. Thong tin 16 trinh dudc luu trit
vao phan tiéu dé (header) ctia cac g6i dit lidu dé truyén di. C4c nit trung gian chi can
doc thong tin dinh tuyén trong phan tiéu dé géi dit liéu dé xac dinh nit tiép theo can

chuyén mach dén.

! 32 bits - 32 bits '
Type ‘ J ‘R‘G‘D‘U‘Reversed‘ CF ‘Hop Count| i E
RREQ ID Type ‘ J ‘R‘ Reversed Prefix |[Hop Count|

Destination IP Address Destination IP Address

Destination Sequence Number Destination Sequence Number
Source IP Address Originator IP Address
Source Sequence Number Lifetime
(a) (b)

Hinh 2.10. CAu triic géi (a) RREQ va (b) RREP trong giao thiic AODV [16]
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2.3.1.2. Giao thiic AODV

Tuong ty nhu giao thic DSR, AODV ciing st dung co ché phat quing ba gbi
RREQ dé€ kham pha 16 trinh méi khi ¢6 yéu cau [16]. Tuy nhién diém khac biét co ban

Thuat toan 2.2: Thuit toan kham pha 16 trinh cta giao thic AODV
Input : Mot t6-p6 mang MANET; Mot yéu cau kham phd 16 trinh méi tir S dén D.
Output: Mot 16 trinh méi tif S dén D, hoiic tif chdi yéu cau néu khong tim dudc.
Method:

(1) Bt dau tién trinh kham pha 16 trinh méi tai nit ngudn (niit s);

(2) repeat
3) Phat géi RREQ dén céc niit ling giéng;
//Tai cdc nut nhdn dugc goi RREQ (nuit i);
(4) if (Truoc do i chua nhdn goi RREQ nay) then
(5) Thém mot ban ghi vao bd nhé tam clia i chifa thong tin 10 trinh ngudc vé s;
(6) if (i chua phdi la nit dich (nit d)) then
(" if (B nhé tam ciia i khéng co 16 trinh dén d) or (C6 16 trinh nhung DSN
trong bo nhd tam nho hon DSN cua RREQ) then
(8) Cap nhat thong tin dudng ngudc vé s vao bd nhé tam cia i;
(9 HopCount <— HopCount + 1;
(10) else
(11) N&i 16 trinh s — i trong RREQ Vi 16 trinh i — d trong bo nhS tam
cuai;
(12) Tao gbéi RREP;
(13) Cap nhat dudng ngudc vé s trong bo nhé tam clia i;
(14) Xoa g6i RREQ;
(15) Gti g6i RREP vé s theo dudng ngudc;
(16) end
an else
(18) Tao goi RREP;
(19) Cap nhat thong tin dudng ngudc vé s trong bang dinh tuyén cta i;
(20) Xoba goi RREQ;
(21) Gti g6i RREP vé s theo dudng ngudc;
(22) end
(23) else
(24) Xo6a goi RREQ;
(25) Két thiic tién trinh x{ 1y g6i RREQ vita nhan;
(26) end

2y until (i nhdn dugc goi RREP) or (Qud thoi gian cho);
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clia giao thiic AODV so véi DSR 1a viéc Iuu tri thong tin dinh tuyén tai mdi nit mang.
Bang dinh tuyén cia mdi nut chi luu trit thong tin dén nit tiép theo, ma khong luu trit
toan bo 16 trinh dén dich nhu DSR. Ngoai ra, AODV st dung thém trudng sb thud tu
dich (Destination Sequence Number - DSN) d€ biéu dién “dd méi” ctia mdi 19 trinh,
tranh dinh tuyén lip. DSN dudc cip nhat khi mot nit nhin dudc thong tin méi hon tir
cdc géi diéu khién. Mbi nit sé duy tri mot DSN doc 1ap. D€ dam bio ring thong tin
vé 16 trinh dén dich 12 mé6i, mdi niit chi cip nhat thong tin tii cdc g6i RREQ, RREQ va
RRER khi gia tri DSN luu tri trong géi 16n hon gia tri DSN hién tai cua no.

Nguyén ly pham pha 10 trinh st dung giao thiic AODV dudc thuc thi theo thuat toan
2.2. Trudc tién, niit nguodn tao va truyén quang ba géi RREQ dén tt ca cic nit lang
giéng ctia né. Tai mdi niit nhan dugc géi RREQ, dua trén gia tri cla trudng RREQ_ID
va dia chi nit ngudn dé xac dinh xem g6i RREQ nay da dudc nhan trudc d6 hay chua.
Néu truéc d6 da nhan géi RREQ nay thi géi RREQ bi loai bd. Ngudc lai, néu trong
bang dinh tuyén ctia né c6 thong tin 16 trinh dén dich, nit dang xét gtii géi phan hoi
16 trinh RREP vé nit ngudn. Ngudc lai, g6i RREQ dudc tiép tuc gii quang ba dén cic
nit ling giéng cla nit dang xét. Khic véi giao thic DSR, giao thiic AODV st dung
truong DSN dé dam béo "dd méi" cta 16 trinh. Mot nut sé tdng DSN ctia né trude khi
gtii g6i RREQ, trudc khi giii g6i RREP hoic khi nhan dugc thong tin vé trang thai két

ndi dén budc truyén tiép theo ctia 16 trinh dén dich bi 15i.
2.3.2. Chdt luong truyén ddn ciia cdc 16 trinh

Theo nguyén ly kham pha 19 trinh ctia cc giao thiic dinh tuyén theo yéu cau nhu
mo ta & Phan 2.4.1, trong sb clia cac 10 trinh tim dudc 12 tdng sb budc truyén. Vi viy,
trong mot s6 trudng hop, 16 trinh tim dudc chua phai 12 16 trinh ¢6 QoT tot nhét. ThAim
chi ¢6 mot s trudng hop 16 trinh tim dudc khong thda man cac diéu kién rang budc
ctia QoT. Pé€ thy 16 diéu nay, tc gia xét mdt vi du nhu & Hinh 2.11 véi giao thiic dinh
tuyén AODV dudc st dung. Xét trudng hop nit A mudn kham ph4 16 trinh méi dén
niit H. Gia st ring & thdi diém hién tai, bang dinh tuyén cla tit ca cac nit 1a rong. D&
kham ph4 16 trinh méi, nit A phat quang ba g6i RREQ dén tat ca cic niit lang giéng
cua n6 la B, E va F. Khi nhan dugc géi RREQ, cac nut B, E va F s€ cap nhat duong
ngudc vé nit ngudn (nidt A) vao bang dinh tuyén ctia né. Vi du, niit B s& cip nhat thém
mot ban ghi [A, A, 1] vao bang dinh tuyén ctia né. Ban ghi nay c6 y nghia nit nguon

12 A, nit tiép theo dé di dén nit nguodn 1a A, tdng sd budc truyén 12 1. Vi cic nit B,

44



Node| Next [Hops
1 Node| Next [Hops

%sa ——y
% /

>
g xt Hop Node| Next |Hops
A E 2
Node Next%ps % %
b \X 15 %u

— > RREQ Node| Next |Hops Node| Next | Hops

Hinh 2.11. M6t vi du kham ph4 16 trinh st dung giao thiic dinh tuyén AODV

E va F chua nhan g6i RREQ nay truéc d6, nén cic niit nay sé tiép tuc chuyén tiép géi
RREQ dén tit ca cic nit lang giéng clia nd, ngoai trir nuit A 1a nit da giri g6i RREQ
cho cédc nut nay. Tai nut E, khi nit nay nhan dugc géi RREQ tu nit B, nit E s€ loai bo
g61 RREQ vi trude do, nut E da nhan géi RREQ nay tu nat A. Tai nut D, khi nut nay
nhan dugc géi RREQ ti niit B, nit D sé cap nhat thém ban ghi [A, B, 2] d€ luu trit 10
trinh ngugc vé niit A vao bang dinh tuyén ctia né. Ban ghi ny c6 y nghia nit ngudn 1a
A, niit tiép theo d€ di dén nit nguodn 1a B, tdng s6 budc truyén 1a 2. Hoan toan tuong
tu cho tt c cac niit con lai. Pén khi nit H nhan dudc g6i RREQ tir nit C, vi H 1a niit
dich nén g6i RREP dudc tao va gii phan hoi vé niit ngudn theo 16 trinh ngudc lai. Két
qua 1216 trinh A — E — C — H dudc tim thiy véi tdng s6 budc truyén 1a 3.

Gia st & thoi diém hién tai, nit F mudn kham ph4 16 trinh méi dén nit H. Nut F
phét quang ba g6i RREQ dén tit ca céc niit ldng giéng clia n6, d6 1a cdc niit A va G.
Tai niit A, khi niit ndy nhan dugc g6i RREQ tif niit F, vi niit A tim thy mot ban ghi
chita 1 trinh dang con kha thi d€ dén H trong bang dinh tuyén cta né 1a [H, E, 3], nén
nit A sé tao g6i RREP va gtii phan hdi vé nit F d€ tra 16i da tim thay 10 trinh dé dén
H. Két qui 1210 trinh F — A — E — C — H dudc tim thiy vé6i 4 buée truyén.

Véi két qua kham phd 16 trinh nhu trén, gia st rang nguyén ly hoat dong ctia tit ca
cac nit 1a khuéch dai va chuyén tiép [7, 8, 37]. Theo phuong trinh (2.19) ta c6, SNR
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cua 16 trinh A - E — C — Hla 23.87 dB va SNR cua 16 trinh F - A —- E — C
— H 1a 21.1 dB. Xét trudng hop ky thuat diéu ché 128-QAM dudc st dung va BER
yéu cau 1a 10~°. Theo ly thuyét vé mdi quan hé giita BER va SNR nhu da phan tich &
Phin 2.2.4, @€ BER dat dudc 10~ thi SNR yéu cau t6i thiéu phai 1a 24 dB. Nhu vy,
ca hai 16 trinh tim dudc & trén déu khong théa man diéu kién rang budc vé chit luong
truyén dan, vi SNR ctia c4c 19 trinh ndy déu nhé hon SNR yéu cau t6i thiéu (24 dB).
V6i t6-pd & Hinh 2.11 ta thiy ring, tif A dén H c6 thé st dung 16 trinh A - E — G —
I — H. Mic du téng s budc truyén ctia 1 trinh nay 1a 4, nhung SNR 12 24.1 dB. Gia
tri nay thda man diéu kién rang budc ctia QoT, dong thdi tot hon SNR cua 16 trinh 3

budc truyén ma A — E — C — H ma giao thiic AODV da tim thy.

Cic két qua phan tich & trén cho ta thiy ring, v6i cdc giao thiic dinh tuyén theo
yéu cau, c6 mot so trudng hop 19 trinh tim dugc khong thda man QoT theo yéu cau. Vi
vay, QoT ctia cac 10 trinh tim dudc 1a diéu can phai dudc xem xét trong cac thuit toan
dinh tuyén. Dic biét 1 trong cic hé thong mang MANET vdi ving dién tich rong, mat
do6 niit cao. Anh hudng ctia QoT dén hiéu ning mang dudc thiy ro thong qua phuong
phdp mo phdng, dudc trinh bay chi tiét & cac phan tiép theo dudi day.

2.4. Chat lugng truyén din ciia cac 16 trinh khi sit dung cac giao thic dinh tuyén
can bang tai
2.4.1. Nguyén Iy co ban ciia ky thudt dinh tuyén cin bang tdi
Néu xét v& muc tiéu, dinh tuyén can bang tai la k¥ thuat dinh tuyén ma trong dé
tiéu chi phan phdi tai luu luong dong déu gitta tit ca cac két ndi trong mang dudc st
dung lam tiéu chi lIva chon 19 trinh. Muc tiéu cta k¥ thuit dinh tuyén cn bang tai 12
giam thiéu tinh trang nghén cuc bd tai mot s6 két ndi, cling nhu tai mdt s6 nit trung

gian trong mang.

Hién nay, k¥ thudt dinh tuyén can bang tai dudc st dung phd bién trong hé thong
mang c6 diy cling nhu mang khong diy dé nang cao hiéu qud khai thic tai nguyén

mang, dic biét 1a dbi véi cac mo hinh mang c6 ciu triic theo to-pd mat luéi.
2.4.2. Cdc phuong phdp dinh tuyén cin bang

C6 hai phuong phap dé thuc hién ky thuat dinh tuyén can bang tai. D6 1a phuong
phép can bing tai don dudng va cin bing tii da dudng [64].
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2.4.2.1. Cdn bang tdi don duong

V6i phuong phap nay, bang dinh tuyén ctia mdi niit chi luu tri thong tin ctia mot 16
trinh dén mdi nit dich. Lo trinh nay 1 16 trinh duy nhét dudc st dung cho viéc truyén
dit liéu. Nhu vay, viéc cin bang tai phai dugc thuc hién trong qua trinh khdam pha 16
trinh, thiét 1ap bang dinh tuyén. Phuong phap nay thudng dudc thuc hién bang cach
thiét 1ap cac ham trong s6 phan anh dudc tai luu lugng trén cac két ndi. Sau d6, thuat

toan dinh tuyén dua trén ham trong sd nay dé€ Iya chon 16 trinh c4n béng tai.
2.4.2.2. Cdn bang tdi da duong

Can bang tai da duong 13 phuong phdp phd bién, thudng dudc st dung trong cic
thuat toan dinh tuyén cin bang tai. V6i phuong phap nay, thuit toan dinh tuyén sé tim
K 16 trinh c6 trong s6 nho nhét gitta mbi ciip nuit nguodn - dich. Sau d6, Iva chon mot
trong s K 19 trinh nay dé truyén dit liéu. Tuy theo phuong thiic chon 16 trinh d€ truyén
dit liéu ma phuong phap cin bang tai da dudng dudc phan thanh cic loai khac nhau.
D6 1a phuong phép chon 19 trinh ngiu nhién, chon 19 trinh tuan tu va chon 16 trinh

theo mdt quy luat dinh trudc.

Véi phuong phap chon 16 trinh ngiu nhién, thuit todn dinh tuyén tim K 16 trinh
gitta mdi cip niit ngudn — dich. Khi c¢6 yéu cau truyén dit liéu, mot 19 trinh trong sb
K 16 trinh dudc chon ngiu nhién d€ truyén dit liéu. Uu di€ém chinh cta phuong phap
nay la thuc thi don gian, nhung ngudc lai, nhugc diém ctia né 12 hiéu qua cin bang tai
khong cao. Vi 19 trinh truyén dif liéu dudgc chon ngiu nhién nén sé c6 trudng hop, 16
trinh dudc chon cé budc truyén nao dé dang ban, hoic tai luu luong cao, dan dén tinh

trang gbi du liéu bi chan.

V6i phuong phap chon 19 trinh tuan tu, K 16 trinh gitta mdi cdp niit ngudn - dich
dugc gan s thi tu tir 1 dén k. Viéc lua chon 19 trinh d€ truyén dit liéu dugc thuc hién
theo trinh tu tif 1 dén k. Nhu vay, v6i phuong phdp chon 16 trinh tuan tu, tit ca K 16
trinh ¢ vai tro nhu nhau, ciing dudc phan phdi tai luu luong gidng nhau ma khong
quan tam dén dic diém, ciu tric ctia mdi 16 trinh. Phuong phédp nay ciing ¢6 uu diém
12 thuc thi don gidn. Tuy nhién, nhugc diém cta n6 1a khong hiéu qua trong trudng hop
ton tai cac 16 trinh qua nhiéu budc truyén trong s6 K 10 trinh. Céc 10 trinh nay tiéu ton

nhiéu tai nguyén mang, vi phai st dung nhiéu két ndi hon cho viéc truyén dit liéu.

V6i phuong phap chon 16 trinh theo mot quy luét dinh trude, thudt toan dinh tuyén
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dua ra mot quy luat d€ phan phébi tai Iuu luong 1én cac 16 trinh. Vi du nhu, 16 trinh c6
it budc truyén hon dugc uu tién st dung nhiéu hon, hoic 1a gan ty 1& dinh trudc cho
mdi 16 trinh d€ phan phdi luu lugng. Pay 14 phuong phap dugc nhiéu nha nghién ciiu
vé ky thuét dinh tuyén can bang dic biét quan tim. Vi hiéu qua cia né cao hon céc

phuong phap trudc.
2.4.3. Chat lwong truyén dan cia cdc 16 trinh

Dinh tuyén cin bang tai 12 mot trong nhitng k¥ thuat dinh tuyén tdi uu dé nang cao
hiéu ning mang. Véi ky thuat dinh tuyén can bi“lng tai, tinh trang nghén cuc bd tai mot
s6 két ndi cling nhu tai mot sb trung gian dugc giam thiu nhd luu lugng dugce phan
phdi dong déu cho tat ca cac két ndi trong mang. Cac cong trinh nghién ciu [44, 39,
34, 59, 70] da ching minh 16 diéu nay. Tuy nhién, trong trudng hop hé théng mang
c6 viing dién tich rong, mat do nut cao, k§ thuat dinh tuyén can bﬁng c6 thé 1am giam
chit luong truyén dan trén mot sd 16 trinh, do c6 nhiéu 16 trinh di qua nhiéu niit trung

gian, nhiéu budc truyén.

—— > G6i RREQ dugc tiép tuc quang ba
— X Go6i RREQ bi loai bo

Goi RREP phan hdi vé niit ngudn

Hinh 2.12. Mot vi du vé dinh tuyén da dudng can bing tai trong mang MANET
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D€ thiy ro nhan dinh trén, tic gia xét mot vi du khdm ph4 16 trinh st dung k§y thuét
dinh tuyén can bang tai nhu & Hinh 2.12. Xét trudng hop thuit toan dinh tuyén cin
bang tai FMLB [70] dudc st dung. Nguyén 1y hoat dong clia thuat toan FMLB Ia tim
K 16 trinh kha dung gifta mdi cip nit nguodn - dich. Sau d6, cic 16 trinh dugc chon
dé€ truyén dit liéu theo quy luat cia diy Fibonacci [71]. Xét trudng hop niit A mudn
truyén dit liéu dén nit H, thuit todn dinh tuyén FMLB dudgc st dung véi K bing 3.
Theo nguyén ly kham pha 16 trinh bang cach phat quang ba g6i RREQ, nhan phan hoi
g6i RREP nhu minh hoa & vi du phan 2.4.3, 3 16 trinh kha dung dugc tim thiy 1a A
—-E—->C—HA—-E—-G—1—-HvaA — B — D — H. SNR cua cac 16 trinh
nay lan ludt 1a 23.86, 24.04 va 20.2 dB. Xét trudng hop ky thuit diéu ché 128-QAM
dudc st dung va BER yéu cau 1a 10~°. Theo ly thuyét vé mdi quan hé giita BER va
SNR nhu da phén tich & Phin 2.2.4, &€ BER dat dugc 10~ thi SNR yéu cau t6i thiéu
phai 1a 24 dB. Nhu vay, trong 3 10 trinh trén, chi c6 10 trinh thi hai (A - E —- G — 1
— H) théa man diéu kién rang budc cta chit lugng truyén dan. Trong khi do, ca 3 10
trinh déu dudc thuat toan FMLB st dung dé truyén dit liéu. Diéu nay dan dén céc géi
dit liéu dudc truyén trén 16 trinh thid nhat (A — E — C — H) va 10 trinh thd ba (A —
B — D — H) c6 chit luong truyén din khong dam bio khi truyén dén dich.

Két qua phan tich & trén cho ta thay ring, viéc xét cac diéu kién rang budc vé chit
luong truyén dan trong céac thuit toan dinh tuyén can bang tai 1a hét stc can thiét,
nhdm dam bdo chét lugng truyén dan cho cic 16 trinh truyén di liéu, nang cao hiéu
ning mang. Vin dé nay dudc gidi quyét bdi cac thuit toan dinh tuyén rang budc QoT

két hop vdi cAn bing tai ma tac gia dé xuét & Chuong 3 va Chuong 4.

2.5. Panh gia chit lugng truyén din va hiéu niing mang théng qua mé phéng
2.5.1. Kich ban mé phong

Pé danh chét luong truyén dan ciia céc 16 trinh truyén dif liéu khi st dung céic
giao thic dinh tuyén theo yéu cau va dnh hudng ctia né dén viéc truyén dit liéu qua
mang MANET, tc gi4 da tién hanh mo phong d€ phan tich SNR, BER ctia céc 10 trinh
truyén dit liéu, x4c suat goi dit liéu bi chiin va thong luong mang. Mo phdng dudc trién
khai trén OMNeT-++ [10], day 1a modt phan mém mo phéng mang vién thong hién dang
dugc sit dung phd bién trong cdc trudng dai hoc, vién nghién cifu, phong thi nghiém
trén thé gidi. Cac gia thiét mo phdng dugc thiét 14p nhu trong Bang 2.5, trong d6, mot
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Bang 2.5. Cic tham s6 mo phéng

Tham s Thiét lap Tham s6 Thiét lap

Vung mo phong 1000 x 1000m Vung pha séng 250 m

Giao thic MAC 802.11ac Dang diéu ché 256-QAM

Cong suit phat 19.5 dBm D06 nhay thu -68 dBm
Ngudng trén ciia BER |107° SNR yéu cau 23.5dB

Mo hinh nhiéu Nhiéu nhiét Nhiét do 300°K

Téc do di chuyén 0 - 20 m/s Téng s6 niit 10 - 50

Thoi gian mo6 phong 40 phut Mo hinh truyén séng  |Khong gian tu do
Téng s6 ngudn phat 30% tong sd nit | Tan sb séng mang 2.4 GHz

MO hinh di chuyén Random - WP Loai luu lugng Poisson

s6 tham s6 dugc mo ta chi tiét nhu sau:

(i) M6 phong dudc thuc hién trong thoi gian 40 phut. Pay l1a khoang thai gian du

dé cho hé théng mang di vao trang thdi 6n dinh.

(ii) Toc do di chuyén trung binh ctia mdi nit 1a tir 0 dén 20 m/s, dugc thiét 1ap theo
5 truong hgp khac nhau: 0 m/s, 5 m/s, 10 m/s, 15 m/s va 20 m/s. Truong hop 0 m/s
tuong duong v4i truong hgp cac nat ding yén.

(iii) Céc tham sb k§ thuat vé cong suit phat, do nhay thu va viing phid séng dudgc
thiét 1ap dua trén co s khoa hoc vé suy hao cong suit qua moi trudng trudng truyén
dan khong khi, theo phuong trinh (2.1). Theo két qua da dudc tinh toan & Hinh 2.2,
trong truong hop séng mang c6 tan s6 2.4 GHz, cong suit phat 12 19.5 dBm, ving phu
séng 1a 250 m, tir do thi vé su phu thudc gitta khoang cach truyén dan va cong suit thu
& Hinh 2.2, ta xdc dinh dudc do nhay thu cta thiét bi 1a -68 dBm.

(iv) Tong s6 ngudn phat dugc thiét 1ap bang 30% tong sb niit mang, sd nit con lai
12 c4c niit nhan dit lidu. Vi du, véi kich ban md phong c¢6 30 niit thi tdng sd ngudn phat
12 9 niit, con lai 21 nit 14 cac nit nhan dif liéu. Bang 2.6 trinh bay chi tiét vé viéc lua

chon céc nut lam ngudn phat cia cac kich ban mo phong.

(v) D€ c6 su dong nhit cac gia thiét dau vao cho viéc so sanh cdc thuit toan dinh
tuyén khdc nhau & cac phan sau, & thdi di€ém khdi tao, vi tri clia cac nit mang dudc

phan bd déu trong vung dién tich mo phong. Cac cip (x, y) trong Bang 2.6 1a toa do
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Bang 2.6. Toa dd vi tri khdi tao va lua chon ngudn phat ctia cac kich badn mo phong

% 10 Nat 15 Nt 20 Nat 25 Nat 30 Nat 35 Nat 40 Nut 45 Nat 50 Nat

& Vited |Nat| Vitd |Nat| Vitel |Nat| Vited [Nat| Vited | Nat|Vitei khoi| Nat [Vitrf khi| Nat | Vi tri khei| Nuat | Vi trf khei| Nt
e khai tao | phat| khai tao | phat| khoi tao | phat| khei tao | phat| khoi tao | phat tao phat tao phat tao phat tao phat
1 | (76,80 | v |(64,108) (64,108) | v | (56,68) (176,164)| v | (56,68) (56,68) | v | (56,68 (56,68)

2 | (44,216) (488,168)| v |(488,168) (344,408)| v |(920,320) (920,320) | v | (920,320) (920,320) | v | (920,320)| v
3 | (76,320) (184,200) (664,416) (664,192) (992,440) (992,440) (992,440) (992,440) (992,440)

4 |(290,30) (264,304) (640,120) (560,184) (560,168)| v | (952,40) (952,40) [ v | (952,40) (952,40) | v
5 [(172,140) (392,248)| v |[(544,488)| v |(752,528)| V' |(752,528) (752,528) | v | (752,528) (752,528) | v | (752,528)

6 |(212,288) v |(232,480) (232,480) (400,528) (400,528)| v | (400,528) (400,528) | v" | (400,528) (400,528)

7 [276,200) 472,56)| v | @72,56) | v | (784,72) (784,72) (784,72) | v | (784,72) (784,72) | V' | (184,72) | ¥V
8 | (428,68) (288,160) (288,160) (448,200) (448,200) (448,200) (448,200) (448,200) (448,200)

9 [(412,190) v |(376,504) (376,504) (600,488) (600,488)| v" | (600,488) (600,488) | v | (600,488) (600,488) | v
10 ((332,331) (200,64) (200,64) (200,64) | v | 200,69) [ v | (200,64) | v | (200,64) [ v | (200,64) [ v | (200,64)

11| NA (344,56) | V' | (344,56) (376,56) (376,56) (376,56) | v | (376,56) (376,56) | v | (376,56)

12| NA (72,264) (72,264) | v |(136,240) (136,240) (136,240) (136,240) (136,240) (136,240) | v
13| NA (144,384) (144,384) (112,512)] v |(112,512) (112,512) (112,512) (112,512) (112,512) | v
14| NA (520,344)| v [(728,264)[ v |(376,288) (832,432)| v [(1048,336) (1144,520)| v" |(1080,120) (1184,560)
15| NA (376,384) (616,240) (48,184) (960,176) (848,424) | v | (1132,88) (496,32) | v | (1132,88)
16 | NA N/A (520,344) (232,320) (344,392) (1048,216) (1048,216) (1048,216) (1048,216)
17| NA N/A (376,384) (640,392)| v |(896,520) v | (896,520) (896,520) | v | (896,520) (896,520) | v
18| NA N/A (264,304)| v |(456,416)| v |(456,416) (456,416) | v | (456,416) (456,416) | v | (456,416)
19| NA N/A (392,248) (744,344) (744,344) (744,344) (744,344) (744,344) (744,344)
20 | N/A N/A (184,200)| v |(248,472) (248,472) (248,472) (248,472) (248,472) (248472) | v
21| NA N/A N/A (288,168) (744,264)| v | (376,128) (1104,360)| v | (568,584) (1192,384)
22 | NA N/A N/A (784,224)| v | (848,192) (848,192) | v | (848,192) (848,192) | v | (848,192)
23 | NA N/A N/A (576,72) (576,72) (576,72) (576,72) (576,72) (576,72)

24 | NA N/A N/A (568,312) (568,312) (568,312) (568,312) (568,312) (568,312) | v
25| NA N/A N/A (56,384) | v | (56,384) (56,384) (56,384) (56,384) (56,384)

26 | N/A N/A N/A N/A (664,192)| v | (664,192) (664,192) | v' | (664,192) (664,192)
27| NA N/A N/A N/A (376,288) (376,288) | v | (376,288) (376,288) | v | (376,288)
28 | NA N/A N/A N/A (48,184) (48,184) (48,184) (48,184) (48,184)

29 | NA N/A N/A N/A (232,320) (232,320) (232,320) (232,320) (232,320) | v
30 [ NA N/A N/A N/A (288,168)| v | (288,168) (288,168) | v' | (288,168) (288,168)
31| NaA N/A N/A N/A N/A (768,248) | v | (768,248) (768,248) | v | (768,248)
32 NA N/A N/A N/A N/A (960,176) (1048,40) (1048,40) (1048,40)
33| NA N/A N/A N/A N/A (664,400) (664,400) | v | (664,400) (664,400) | v
34| NA N/A N/A N/A N/A (344,400) | v | (344,400) (344,400) | v | (344,400)
35 NA N/A N/A N/A N/A (552,152) | v |(1040,544) (832,584) (1040,544)
36 | NA N/A N/A N/A N/A N/A (848,424) (848,424) (848,424) | v
37 Na N/A N/A N/A N/A N/A (1048,336) (1048,336) (1048,336)
38| NA N/A N/A N/A N/A N/A (960,176) (960,176) (960,176)
39| NA N/A N/A N/A N/A N/A (552,152) | v | (552,152) (552,152)
40 | NA N/A N/A N/A N/A N/A (376,128)| v | (376,128)| v | (376,128)
41| NA N/A N/A N/A N/A N/A N/A (168,416) | v* | (168,416)
42 | NA N/A N/A N/A N/A N/A N/A (160,144) (160,144) | v
43| NA N/A N/A N/A N/A N/A N/A (896,16) | v | (896,16) | V'
44 | NA N/A N/A N/A N/A N/A N/A (680,16) (680,16)

45| NA N/A N/A N/A N/A N/A N/A (256,584) | v | (256,584)| v
46 | NA N/A N/A N/A N/A N/A N/A N/A (1192,216)
47| NA N/A N/A N/A N/A N/A N/A N/A (1080,464)| v
48 | NA N/A N/A N/A N/A N/A N/A N/A (832,584)
49| NA N/A N/A N/A N/A N/A N/A N/A (568,584) | v
50 [ N/A N/A N/A N/A N/A N/A N/A N/A (496,32)

clia cdc nit & thdi diém khéi tao. Sau d6, cdc nit di chuyén ngau nhién theo mo hinh
di chuyén Random - Waypoint [24, 26, 36].

Trong kich bdn mo6 phdng, tac gia st dung mo hinh di chuyén Random - Waypoint
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v6i ly do md hinh di chuyén nay hién dang dudc st dung rong rai trong cic cdng trinh
nghién ciu vé MANET [24, 26, 36]. Ngoai ra, viéc chon mo hinh di chuyén Random
- Waypoint 1a d€ théng nhat nhu trong [24], dé thuc hién viéc so sanh két qua cia ctia
céc thuat toan dugc dé xuit v6i thuat todn trong [24] & cac chuong sau. Nguyén ly co
ban ctia md hinh di chuyén Random - Waypoint dudc tém tat nhu sau: Tai thoi diém
khéi tao, moi nit 6 mot vi tri ngau nhién trong ving mo6 phong va ding yén tai do
mot khodng thoi gian, dudc goi la thai gian tam dung (pause time), ky hiéu béi 7),.
Sau khoang thdi gian 7}, niit d6 chon ngau nhién mot vi tri trong ving md phong 10
di chuyén dén vi tri d6 véi toc do v,, trong d6 v, dudc phan bd dong déu trong doan
[Vinax, Viminls VO Viax VA Viin 12 toc d6 di chuyén 16n nhét va nho nhét clia céc nit. Khi
da di chuyén dén vi tri méi, niit diing mot khoang thdi gian T, véi T, » dugc phén phdi
dong déu trong doan [Tp(max),Tp(min)], VOi Tp(’"“x) va Tp(’""”) la thoi gian tam dung 16n

nhét va nhé nhit. Qua trinh lip lai cho dén hét thoi gian mo6 phdng.

Hinh 2.13 1a giao dién chinh clia chuong trinh md phong. O thdi diém hién tai, niit
Ni; dang giii quang ba g6i RREQ dén tit ca cdc nit lang giéng ctia n6 dé kham pha 1o
trinh mdi.
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Hinh 2.13. Mot t6-p6 mang MANET dugc chup trong qué trinh m6 phong
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2.5.2. Truong hop st dung giao thiic DSR
(i) Phdn tich SNR

Trong phén nay, tic gia phan tich gia tri SNR trén céc kénh truyén di liéu khi
st dung giao thic dinh tuyén DSR. Két qia thu dudc & Hinh 2.14 cho ta thay gid tri
SNR tai dau thu ctia nit dich. Két qua nay dudc thuc thi trén t6-pd 50 niit, téc do di
chuyén trung binh ctia méi nit 1a 20 m/s va biang thong kénh 40 MHz. M6i di€ém mau
trén Hinh 2.14 12 gi4 tri SNR do dudc tai nit nhin cia mot kénh truyén di liéu. Theo
nhu kich bdn mo phdéng da dudgc thiét 1ap & Phan 2.5.1, d€ ddm bao QoT ciia hé thong
mang thi SNR nhé nhét ctia mdi 10 trinh phai 1a 23.5 dB. Biéu d6 trén Hinh 2.14 cho
thiy rang, c6 nhiéu kénh truyén dit liéu ma SNR cia né khong théa man diéu kién
rang budc ctia QoT, do SNR nhd hon SNR yéu cau tét thiéu (23.5 dB). Ty 1& kénh dam
bao QoT nhu cho thiy trén Hinh 2.15. Trong hinh nay, d6 do REQ (Ratio of channels
Ensuring QoT) trén truc tung biéu dién ty 1é kénh dam bio QoT, dugc dinh nghia nhu
sau:

C
REQ = ~2°T < 100% (2.22)
all

trong do6, Cgor 12 tdng sd kénh ddm béo QoT theo yéu cau. Trong kich ban md
phong nay, Cp,r chinh la tong s6 kénh c6 SNR 16n hon SNR yéu cau (23.5 dB). Cy;
1a téng s6 kénh trong toan mang. D thi trén Hinh 2.15 cho thy ring, khi thdi gian

—— SNR yéu céu

SNR (dB)

s SNR cua cac kénh
truyén di¥ liéu

' |
0 200 400 600 800 1000

Thoi gian mé phéng (s)

Hinh 2.14. SNR trén céc 16 trinh truyén di liéu trong mang MANET khi st dung
giao thic dinh tuyén DSR
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Hinh 2.15. Ty 1é kénh dam bao QoT khi st dung giao thiic dinh tuyén DSR

mo phong nhd hon 100 gidy, REQ thay déi rat 16n do hé théng mang chua di vio trang
thdi 6n dinh. Khi thoi gian mo6 phong dat tir 500 gidy trd 1én, REQ dan n dinh. Dén
thdi diém tir 2000 gidy thi REQ gan nhu mot dudng nim ngang, vi lic nay hé théng
mang di di vao trang thdi &n dinh. Vi vay, trong kich ban md phdong dugc thiét 1ap,
thdi gian mo phong dudc chon 1a 40 phut (2400 gidy).

VE gid tri REQ, d6 thi trén Hinh 2.15 cho thiy ring, REQ trung binh 1a 97.73%,
nghia 12 ¢6 trung binh 97.73% sb kénh dam bio QoT, con lai 2.27% sb kénh khong

26.00

— Gia trj yéu cau
——DSR

25.00

24.00 \

23.00

SNR nhd nhét (dB)

22.00

21 .OO T T T T T
20 25 30 35 40 45 50

Tbng sb nut mang

Hinh 2.16. Sy thay d6i SNR nhd nhét theo tdng s6 niit mang khi st dung giao thiic
dinh tuyén DSR
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d4am bao QoT theo yéu cau. Pay 13 nguyén nhan 1am ting x4c suit géi chin géi dit lidu
do QoT khong dam bao.

V6i cdc mo hinh mang c6 tng s6 nit khdc nhau thi gia tri SNR nhd nhit ciing
khéc nhau. Diéu nay dugc thé hién 16 trén Hinh 2.16, tuong ting vé6i 7 kich bdn mo
phdng khac nhau, téng s niit mang ctia mdi kich ban tuong ting 1a 20, 25, 30, 35, 40,
45 va 50. Ta thdy rang, gid tri SNR nho nhit giam dan theo tdng sd nit mang. Khi
tong s6 nit mang nhd hon 30, thi SNR Iuéon dat gid tri SNR yéu cau dé dam bao QoT
(16n hon 23.5 dB). Nhung khi tdng sd nit mang tir 30, SNR bit dau giam xudng duéi
gia tri tbi thi€u yéu cAu. Vi du nhu, trudng hop 40 ndt, gia tri SNR nhé nhét 1a 22.6

dB. Gi4 tri nay khong thda min diéu kién rang budc vé QoT.
(ii) Phdn tich BER

V& mit ly thuyét, BER phu thudc vao SNR theo (2.20). V6i su phu thudc ndy thi
SNR cang giam, BER cang ting. K&t qui md phdng trén Hinh 2.17 ciing thé hién 16
diéu nay, trong d6, gia tri BER trén truc tung 13 gia tri BER 16n nhét trong sb cac 16
trinh truyén dit liéu trong mang. Ta thdy ring, v6i ngudng BER yéu cau 1a 107%, hé
théng mang chi ddm bao yéu cau nay khi téng sd niit nhé hon 30. Con khi tng sb niit
tang tir 30 dén 50, BER ting dan tr 2.5 x 1076 dén 2.6 x 107>, Céc gia tri nay vugt

ngudng BER yéu cau.
1E-2
—Gia tri nguwong
1831 —%-DSR
1E-4 -

BER

1E-5 - /{/x%(/x/
1E-6
1E-7 /

1E-8

1E-9

20 25 30 35 40 45 50
Téng sb nut mang

Hinh 2.17. Su thay d6i BER theo tdng sd niit mang khi st dung giao thiic
dinh tuyén DSR
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Hinh 2.18. BER trén céc 16 trinh truyén di liéu trong mang MANET khi st dung
giao thifc dinh tuyén DSR

Trong trudng hop tdng sd niit mang 13 50, gia tri BER trén cdc kénh truyén dif liéu
nhu cho théy trén Hinh 2.18. Trong hinh nay, mdi di€ém mau 12 gia tri BER do dudc tai
niit nhan cda mot kénh truyén dit liéu. Ta thiy rang, gia tri BER 16n nhit trong mang
12 2 x 1073, ddng thdi c6 nhiéu 16 trinh ma gia tri BER 16n hon gidi han cho phép dé
dam bao (107%). Nguyén nhan la do c6 nhiéu 16 trinh truyén di liéu ma SNR cia né
khong dat gid tri t6i thi€u theo yéu cau nhu di phan tich & Hinh 2.14, diéu nay lam cho
gi tri BER trén cac 10 trinh nay tdng 1én.

(iii) Phdn tich xdc sudt chdn goi dit lidu

Trong phan nay, tic gia phan tich x4c suét chin géi dit liéu trong toan mang (Block-
ing Probability of Data packets - BPD). BPD dudc xac dinh theo phuong trinh (2.5) 6
Phan 2.2. Két qua thu dudc trén Hinh 2.19 cho ta thy su thay ddi ctia BPD theo tai
luu luong trong trudng hop téng s6 nit mang 1a 50, toc dd di chuyén trung binh 5 m/s,
bang thong kénh 40 MHz (Hinh 2.19a) va 80 HMz (Hinh 2.19b). Trén truc hoanh, tac
gia st dung do do tai luu lugng (Traffic Load) dudc tinh bang Erlang d€ biéu dién luu
lugng phat sinh trén toan mang. Khdi niém Erlang c6 ngudn gdc xuit phat tif mang
chuyén mach kénh, dugc st dung nhu 1a don vi do méat do luu lugng trén cac kénh
truyén [38]. Khi cong nghé chuyén mach géi phat trién, Erlang da dudc mé rong dé
st dung cho viéc md ta luu lugng phat sinh trong mang chuyén mach géi. Trong dé tai
nay, tic gia st dung Erlang d€ mo ta luu lugng phat sinh tai cac nit 12 ngudn phat ctia

mang MANET, dudc x4c dinh bang ty 1¢ giita Iuu luong phat sinh trung binh tai mdi
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Hinh 2.19. Su thay d6i ctia BPD theo ti Iuu luong st dung giao thic DSR khi téng s6 niit
mang 12 50, téc do di chuyén trung binh 5 m/s, bing thong kénh (a) 40 MHz va (b) 80 MHz

nit 12 ngudn phat trén dung lugng cia mot kénh truyén. 1 Erlang tuong tng véi tai
luu lugng ma né chiém hoan toan mot kénh trong mang MANET. Vi du, gia st tdc do
dit liéu ciia mot kénh 1a 54 Mbit/s, 1 Erlang tuong duong mdi nit phét sinh luu luong
54 Mbit/s. Hay néi cach khac, néu kich thudc géi dit lidu trung binh 1a 1472 bytes, 1
Erlang tuong ducng v6i moi nut phat trung binh (54e+6)/(1472%8) = 4585.6 goi/s.

Céc d thi trén Hinh 2.19 cho thiy ring, BPD tiing dan theo tai luu luong. Khi tai
luu luong dat & mic cao nhit (1 Erlang) thi BPD trén toan mang 1a 0.042. Sé di BPD
trén toan mang khong ting cao khi tai luu lugng phat sinh & mdi niit dat dén 1 Erlang
12 vi trong cac kich ban mé phdng dé thu dugc két qua & Hinh 2.19, tdng s6 niit mang
la 50 trong vung dién tich 1000 x 1000 m, vung phu séng la 250 m nén thong thudng
thi mdi miit c6 nhiéu céng ra dugc két nbi dén nhiéu mit khéc tao thanh t6-pd mat lusi
(mesh). Trong lic do, tai luu lugng phat sinh dugc tinh dua trén Erlang, tuong duong
nhu “ti chuin héa trén 1 kénh”, vi vy, mic du tai luu luong tién dén 1 Erlang nhung
v6i to-pd mang mat ludi thi chua tién dén ning luc van chuyén cta dudng truyén. Do

vay, BPD trén toan mang khong tang cao.

Vin dé can quan tim trong két qua ¢ Hinh 2.19 1a thanh phan BPD do khong thoa
min diéu kién rang budc ciia QoT. Xét trudng hop hé thdng mang st dung kénh c6
bing thong 40 MHz (két qua trén Hinh 2.19a), khi tai Ivu luong ting tit 0.6 Erlang
dén 1 Erlang, BPD ting tir 0.023 dén 0.041. Trong d6, BPD do khong thda méan diéu
kién rang budc ctia QoT tir 0.011 dén 0.013. Ta thiy ring, gid tri BPD chiém gan 50%
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trong téng s6 BPD clia toan mang khi tai Ivu lugng thip, nhd hon 0.75 Erlang. Khi tai
luu Iuong ting cao, BPD do QoT gan nhu &n dinh. BPD toan mang ting 1a do nghén
luu lugng.

Trong trudng hop hé thdng mang st dung kénh c6 bing thong 80 MHz (két qua
trén Hinh 2.19b), BPD toan mang ting 1én rit 16n so véi trudng hop st dung kénh
c6 biang thong 80 MHz, trong d6 thanh phan BPD do khong thda man diéu kién rang
budc ctia QoT chiém thanh phan chii yéu. Nguyén nhan cta BPD ting 12 do khi hé
théng mang st dung kénh c6 bing thong 16n, nhiéu phét sinh trén cic kénh truyén dit

liu tang 1én, lam cho QOT giam.

0.08 0.16
007 | | S BPD toan phan 014 | |~ BPD toan phan
' —%—BPD do QoT ’ —%—BPD do QoT
0.06 - 0.12 -
0.05 - 0.10 -
2 0.04 2 0.08 $
m m
0.03 - 0.06 -
0.02 W 0.04
0.01 3 0.02 -
0.00 : : 0.00 : :
5 10 15 20 5 10 15 20
Téc do di chuyén (m/s) Tbc @6 di chuyén (m/s)

(@) (b)
Hinh 2.20. Su thay d6i ctia BPD theo tdc d6 di chuyén st dung giao thiic DSR khi tong s6 nuit
mang la 50, tai luu lugng 0.6 Erlang, bang thong kénh (a) 40 MHz va (b) 80 MHz

Tiép theo, tac gia phan tich sy d6i ctia BPD theo toc do di chuyén va theo tdng s6
nit mang. Két qué thu dugc nhu é Hinh 2.20 va Hinh 2.21. Khi téc do di chuyén trung
binh ctia mbi nit ting dan, BPD ciing ting dan nhu cho thdy & Hinh 2.20. Xét trudong
hgp tai luu lugng 1a 0.6 Erlang va bang thong kénh 40 MHz (Hinh 2.20a), BPD tang
tir 0.025 dén 0.05 khi téc do di chuyén ting tir 5 m/s dén 20 m/s. Trong d6, thanh phan
PBD do khong dam bdo QoT chiém tif 44% dén 47% trong tdng s6 BPD cia toan
mang. Trong truong hgp st dung kénh véi bang thong 80 MHz (Hinh 2.20b), BPD
toan phan ting 1én dén gid tri tit 0.08 dén 0.13, trong d6 chd yéu 1a BPD do khong

thda man diéu kién rang budc cua QoT.

Khi tdng sb niit mang ting thi BPD ciing ting nhu cho thiy & Hinh 2.21. Nguyén
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Hinh 2.21. Sy thay d&i ctia BPD theo téng sb niit ctia giao thiic DSR khi téc do di
chuyén trung binh 10 m/s, tai luu lugng 0.6 Erlang, bing thong kénh 40 MHz

nhén 1a do khi t8ng s6 niit mang ting thi 4nh hudng clia cic hiéu ing ciing ting 1én,
1am cho thanh phan BPD do khong dam bao QoT ting 1én. Céc dd thi trén Hinh 2.21
cho thidy BPD do QoT chiém gan 50% trong tdng s6 BBP clia toan mang.

2.5.3. Truwong hop sw dung giao thicc AODV

Trong phan nay, tic gia tiép tuc phan tich QOT trén céc 19 trinh truyén dif liéu va
4nh hudng ctia né dén hiéu ning mang MANET khi st dung giao thic dinh tuyén
AODV. Két quia thu dudc & Hinh 2.22 cho ta thiy gid tri SNR tai dAu thu ctia nit dich

@ .
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PO £. ’ﬂ", {.a,qw TR, o‘ ¥ ”“:;‘“f truyén di liéu
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Hinh 2.22. SNR trén cic 19 trinh truyén dit liéu trong mang MANET khi st dung
giao thiic dinh tuyén AODV
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Hinh 2.23. Ty 1¢ kénh ddm bao QoT khi sit dung giao thic dinh tuyén AODV

ctia c4c 19 trinh truyén dit liéu. Két qua nay dudc thuc thi trén t6-po 50 niit, toc do di
chuyén trung binh ctia mdi nit 12 10 m/s va bing thong kénh 40 MHz. Biéu dd trén
Hinh 2.22 cho thiy ring, gia tri SNR nhé nhét clia tit ca céc 10 trinh truyén di liéu 1a
22.3 dB. Gia tri nay khong thdéa man diéu kién rang budc ctia QoT do nhé hon SNR
yéu cau tét thi€u (23.5 dB). Ngoai ra, c6 nhiéu 16 trinh ma SNR ctia n6 khong thoa
min diéu kién rang budc ctia QoT. D€ thiy rd hon diéu nay, tac gia phan tich ty 1é kénh
dam bdo QoT qua thdi gian mo phdéng. Két qua thu dugc nhu cho thiy trén Hinh 2.23.
Ta thdy ring, c6 trung binh 98.07% s6 kénh dam bao QoT, nghia 1a con lai 1.93% s6
kénh khong dam bao QoT theo yéu cau.

1E4 5

1E5 - e

Ngudng trén cia BER
dé dam bao QoT

& BER cla cac kénh
truyén dir liéu

Th&i gian mo phéng (s)

Hinh 2.24. BER trén céc 16 trinh truyén di liéu trong mang MANET khi st dung
giao thiic dinh tuyén AODV
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Vi ¢6 nhiéu 16 trinh ma SNR ctia n6 nhd hon gid tri yéu cau tdi thiéu nhu da phan
tich  Hinh 2.22, nén ton tai nhiéu 16 trinh ma BER 16n hon gidi han cho phép (107%).
Két qui mo phéng trén Hinh 2.24 thé hién r6 diéu nay. Gid tri BER 16n nhét 1a 107,

ngoai ra con c6 nhiéu 16 trinh ma gia tri BER 16n hon gidi han cho phép.

0.06 0.12 -
—&— BPD toan phan —o— BPD toan phan
0.05 {1 | =%—BPD do QoT 0.10 4 | =K—BPD do QoT
2 0.03 2 0.06 |
) )
0.02 7 0.04 -
0.01 }— K —H—¢—k—x—k—*—X (|
0.00 T T T T T T T 0.00 T T T T T T T
0.6 065 07 075 08 085 09 095 1 0.6 065 07 075 08 085 09 095 1
Tai Iuu lugng (Erlang) Téi luu lugng (Erlang)
@) (b)

Hinh 2.25. Sy thay ddi ctia BPD theo tai Iuu lugng cla giao thiic AODV khi téng sb niit 1a
50, tdc do di chuyén trung binh 5 m/s, bing thong kénh (a) 40 MHz va (b) 80 MHz

SNR va BER ctia mot s6 10 trinh khong thda méan diéu kién rang budc vé QoT theo
yéu cau 1a mot trong nhitng nguyén nhan lam ting BPD trén toan mang. Két qua mo
phdng trén cac Hinh 2.25, 2.26 va 2.27 thé hién rd diéu nay. Hinh 2.25 cho ta thiy su

0.08
—6—BPD toan phan
0.07 |
—¥—BPD do QoT
0.06
0.05
£ 0.04 -
[a1]
0.03 |
0.02 /‘K_/»/
0.01 7
0.00 ‘ ‘
5 10 15 20

Tbc d6 di chuyén (m/s)

Hinh 2.26. Su thay ddi ciia BPD theo toc do di chuyén ctia giao thiic AODV khi téng sd
ndt mang la 50, tai luu lugng 0.6 Erlang, bang thong kénh 40 MHz
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thay d6i ctia BPD theo tai Iuu lugng trong trudng hop téng sd nit mang 1a 50, téc do di
chuyén trung binh 5 m/s va bing thong kénh 40 MHz va 80 MHz. Ta thiy ring, BPD
ting dan theo tai luu lugng. Trong d6, thanh phan BPD do khong ddm bao QoT chiém
ty 1& kha cao trong tong s BPD cuia toan mang, dic biét 1a trudng hop st dung kénh
coO bang thong 80 MHz (Hinh 2.25b).

Khi thay déi toc do di chuyén ctia cac nit mang, két qua thu duge nhu & Hinh 2.26.
Ta thiy rang, PDB cang ting khi toc do di chuyén cang cao. Ngoai su phu thudc vio
toc do di chuyén, BPD con phu thudc vao téng s6 niit mang. Diéu nay thé hién o qua
két qua & Hinh 2.27. Khi tdng sb niit mang ting thi anh hudng cia cic hiéu dng vt ly
ting I1én, 1am ting BPD do khong dam bio QoT, din dén ting BPD toan mang.

0.05
—o—BPD toan phan
—¥—BPD do QoT
0.04 -
0.03 -
[m]
a
o
0.02 A
0.01 W
0.00

30 35 40 45 50

Téng sé nut mang
Hinh 2.27. Sy thay ddi ctia BPD theo téng s6 niit clia giao thiic AODV khi toc do di
chuyén trung binh 10 m/s, tai luu lugng 0.6 Erlang, bing thong kénh 40 MHz
Qua cic két qua mo phéng & trén ta c6 thé két luan ring, trong trudng hop hé théng
mang MANET c6 vung dién tich rong, mat do nit cao, st dung kénh c6 bang thong
16n, 4nh hudng clia cc hiéu @ng vat ly 1am ting BPD trén toan mang. Diéu nay 1am
suy giam hiéu ning mang. Vi vy, viéc xem xét cdc diéu kién rang buoc vé QoT trong

céc thudt toan dinh tuyén la diéu can thiét, nham dam bao QoT ctia hé théng mang.

2.6. Két luin chuong

P& nang cao chit luong tin hiéu truyén din trong mang MANET c6 viing dién tich
rong, st dung kénh c6 bang thong cao, viéc nghién ctiu anh hudng cua cac hiéu ung
vat ly dén hiéu ning mang 1a diéu can thiét. Trong chuong nay, tac gia da tip trung

nghién cifu cac hiéu dng vat Iy xay ra trén 19 trinh truyén truyén dit lidu, tip trung
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vao cédc tham s6 cd ban phan 4dnh chét lugng truyén din cia mot 19 trinh, d6 1a suy
hao cong suit qua mdi trudng truyén dan, ty 1& tin hiéu trén nhiéu, ty 1& bit 16i. Thong
qua viéc phan tich mot 19 trinh cu thé, tac gia da cho thy ring, tiy theo chuén truyén
thong khong day, ky thuat diéu ché va do rong clia biang thong kénh dudc st dung, ma
céc diéu kién rang budc vé chit lugng truyén din can phai dudc xac dinh phi hop dé
dam bao chét lugng tin hiéu truyén din, nham dam bao hiéu ning ctia hé thbng mang.
Ngoai ra, 4nh hudng clia cac hiéu ting vat Iy dén hiéu ning mang khi st dung céc giao
thic dinh tuyén DSR va AODV ciing da dugc phan tich trong chuong nay. Két qua mo
phéng di chiing minh rang, anh hudng cia cac hiéu ting vat Iy lam ting BPD, dan dén
suy giam hiéu ning ctia hé thdng mang. Vi vdy, d€ ddm bio hiéu ning mang, cin phai
xem xét dén céc diéu kién rang budc vé QoT trong céac thuit toan dinh tuyén. Pong
thdi, viéc nghién cifu cai tién cic thuit todn dinh tuyén nhim gidm thi€u 4nh hudng
clia c4c hiéu ng vat 1y, ning cao hiéu ning mang la diéu hét stic can thiét. Cac két

qua nghién cifu vé van dé nay dudc trinh bay chi tiét trong chuong tiép theo.

Cic két qua nghién citu trong chuong nay da dudc cong bd trong 03 bai bao khoa
hoc chuyén nganh. Trong d6, c6 02 bai bdo cong bd trong Ky yéu Hoi thao Nghién
cliu co ban va tng dung cong nghé thong tin - FAIR 2015 [B8] va FAIR 2017 [B6],
01 bai bdo cong bd trong Ky yéu Hoi thao Mot s6 van dé chon loc trong Cong nghé

thong tin va Truyén thong - @ 2018 [B3].
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CHUONG 3
PINH TUYEN CAN BANG TAI PAM BAO CHAT LUQGNG

TRUYEN DAN DUA TREN TAI LUU LUGNG QUA MOI LO TRINH

Nbi dung chuong nay trinh bay thuit toan dinh tuyén can bang tai ddm bao QoT
dudc dé xuit cho mang MANET nhim cai thién QoT cia cac kénh truyén dit liéu,
nang cao hiéu ning mang MANET. Céc két qua nghién ctiu cu thé dudc trinh bay véi
bd cuc nhu sau: Phan 3.1 phan tich vin dé nghién cttu. Phan 3.2 trinh bay cic co s6 ly
thuyét lién quan dugc st dung trong viéc dé xuat thuit toan. Phan 3.3 di sau phan tich
y tudng va phat biéu thanh mo hinh giai tich cta thuat toan dudc dé xuat. Phan 3.4
trinh bay nguyén ly hoat dong ctia thuat toan. Phan 3.5 va 3.6 trinh bay viéc ap dung
thuét toan dinh tuyén dudc dé xuit d€ cii tién co ché kham ph4 16 trinh cta cic giao
thiic DSR va AODV. Cac két qua mo phdng thit nghiém dudc trinh bay chi tiét trong
Phan 3.7. Cubi cing 1a két luan chuong, dudc trinh bay chi tiét trong Phan 3.8.

3.1. Dat van dé

Céc két qua nghién ctiu vé hiéu ning ctia mang MANET khi st dung céc giao thiic
dinh tuyén cin bang tai & Chuong 2 da ching minh rang, dinh tuyén cin bang tai cho
phép gidm tinh trang nghén cuc bo tai cdc nit trung gian nhd tai luu lugng phan phoi
dong déu qua céc két nbi. Tuy nhién, k¥ thuat dinh tuyén nay ciing 1am giam QoT do
céc 10 trinh truyén dif liéu c6 thé di qua nhiéu nuit trung gian, nhiéu budc truyén. DE
thiy ro diéu nay, ching t6i phan tich QOT trén céc 19 trinh truyén dit liéu khi st dung
thuét toan dinh tuyén can bang taii FMLB [70] cho t6-pd mang MANET c6 15 nit nhu
& Hinh 3.1. C4c tham sd k¥ thuit cia hé thong mang dudgc thiét 1ap nhu & Bang 2.5
ctia Phan 2.5.1 (kich ban mo phéng & Chuong 2). SNR (dB) clia tit ca céc 10 trinh
trong mang dudc bi€u dién bdi ma trin Q nhu cho thiy & phuong trinh (3.1). Ta thy
rang, c6 nhiéu 16 trinh v6i SNR rét thip. Vi du, SNR cta 19 trinh tif niit 6 dén nt 11
chi 21.0 dB, tif nit 13 dén nit 7 ciing chi 21.4 dB. Gia st hé théng mang st dung giao
thiic MAC 802.11 véi dang diéu ché 256-QAM, ngudng BER yéu cau 1a 107°. Theo
ly thuyét vé su phu thudc gitta BER va SNR, gia tri SNR yéu cau tbi thiéu phai 1a 23.5
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dB. Nhu vay, hai 10 trinh trén khong dam bao QoT do gia tri SNR ctiia n6 nhé hon SNR

yéu cau toi thiéu.

— 225 257
225 — 254
257 254 —
224 2777 25.2
239 283 28.6
22.1 233 222
23.5 257 275
25.1 254 23.8
24.8 259 24.1
23.4 252 23.6
27.6 24.1 30.0
28.6 234 239
25.6 223 22.6
21.5 28.1 23.6
123.8 22.0 21.2

Hinh 3.1. Mot vi du vé mang MANET c6 15 nut.

22.4 239 221
27.7 283 233
252 28.6 222
— 279 253
279 — 234 29.1
253 234 — 223 250 255
255 29.1 223 — 240 243
294 256 250 240 — 356 283 232
30.6 260 255 243 356 — 294 230
28.8 253 27.8 238 283 294 — 220 250
240 263 21.6 256 232 23.1 227 — 251
255 226 232 223 278 27.1 25.0 25.1 —
23.8 21.6 253 214 25.1 248 233 235 28.6
33.6 252 247 2377 28.0 28.8 27.6 2277 249
23.4 22.1 28.0 213 233 236 249 223 256

235
25.7
27.5
25.5

25.1 248
254 259
23.8 24.1
29.4 30.6
25.6 26.0

234 27.6
252 241
23.6  30.0
28.8 240
253 263
27.8 21.0
23.8 256

28.6
23.4
23.9
25.5
22.6
23.2
22.3
27.8
27.1

25.6
223
22.6
23.8
21.6
25.3
21.4
25.1
24.8
23.4
235
28.6
233
28.6

21.5
28.1
23.6
33.6
25.2
24.7
23.7
28.0
28.8
27.6
22.7
249
233

23.0

23.8]
22.0
212
23.4
22.1
28.0
213
233
23.6
24.9
223
25.6
28.6
23.0

3.1

P& dadm bao QoT trén cac 10 trinh truyén dit liéu, mot sd cong trinh nghién ciiu da

cong bd trong thdi gian gan ddy da dé xuat cac thuat toan dinh tuyén c6 xét dén céic

diéu kién rang budc ctia QoT [24, 46, 58, 5]. Muc tiéu ctia cdc thuat toan dinh tuyén

rang budc QoT da dugc dé xuat 1a Iya chon 16 trinh ¢6 QoT t6t nhat d€ truyén dit liéu.
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Tuy nhién, véi cac md hinh mang c6 t6-pd6 mat lusi nhu MANET, k¥ thuét dinh tuyén
theo QoT tdt nhét ¢ thé 1am ting tinh trang nghén cuc bd do tii luu lugng phan bd
khong dong déu trong mang. Piéu nay cho ta thiy rd tif ma tran luu lugng 7 nhu &
phuong trinh (3.2), trong d6 T (Erlang) 12 ma tran bi€u dién tai luu lugng dudc phan
phdi qua tit ca cic két ndi trong mang MANET c6 ciu tric nhu & Hinh 3.1, st dung
thuat todn dinh tuyén DSR-SNR [24]. Ta thiy ring, tii luu lugng phan phdi khong
dong déu cho tat ca cac két ndi. Mot sb két ndi chiu tai luu lugng 16n hon 1.3 Erlang
nhu céc kétndi 3 — 5,5 — 4 va 10 — 6, nhung ciing c6 mot sd két ndi chi chiu tai luu
luong khoang 0.32 Erlang nhu céc két ndi 3 — 7 va 15 — 13. Diéu nay cho thay ring,
tai nguyén mang dudgc khai thac khong hiéu qua.

- - - - — — - - - - 126107 - - -
- — — 050 063 - e  c
- - - - 13 - 032 - - - 113 - - - -
- 050 — — 126 — - - 120126 — — — 050 -
— 063 120 145 — ~ 057 - - - - - - -
- - - - - — - - - 139 - - - — 069
- - 032 - 057 - -
r=| - - - = - — - — 101 044 — 132 - - —| (2
- - - 113 - — - 107 - 019 - — — - -
- - - 113 - 132 - 063019 - - - - - -
1.07 — 132 - - - - - - -
126 — — - — - - 107 - - — - 095 - -
- - — - - - - - 08 - - 038
— 038 — 050 — = - - - - - - - - -
| - - - - - 076 - - - - - - 032 - — |

Tt cdc két qua phén tich & trén ta thiy rang, mot van dé dit ra la lam thé nao dé
két hop hai hoa giita ky thuat dinh tuyén can bang tai va ky thuat dinh tuyén ddm bao
QoT, dé tim ra tap 10 trinh ma tai luu luong phan phdi dong déu cho tit ci cdc két

e - N e N e N
Dinh tuyén Tai luu luong
“dudng ngin nhat” :> phan b6 khong :> Nghén cuc bd
hodc QoT tét nhat ddng déu -
~ J ~ J ~ J Binh tuyén can
bang tai dam
4 ) 4 N 4 ) de QoT
Dinhltuyé'{l. can :> TA(A)n‘tai cz'%c. :> QoT suy gism
bang tai “19 trinh dai”
N J N J N J

Hinh 3.2. M6 hinh d xuit y tudng dinh tuyén can bang tai ddm bao QoT
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ndi trong mang, dong thdi théa man céc diéu kién rang budc ctia QoT nhu minh hoa
& Hinh 3.2. V6i y tudng nay, tac gia dé xuat mot thuat todn dinh tuyén cin bang tai,
dong thdi ddm bao QoT cua céac 10 trinh truyén dif liéu. Gidi phdp dé xuit dudc cai
tién tlf thuat toan khdm pha 19 trinh cla giao thic dinh tuyén theo yéu cau trong mang
MANET. L0 trinh can bﬁng tai duoc Iua chon dua trén thong tin vé xdc suit chiin géi
dit liéu tif nguon dén dich. Thuat toan dé xuat duoc dit tén LBRQT (Load Balancing

Routing ensuring Quality of Transmission).

3.2. Co s6 Iy thuyét lién quan

DE ¢6 co 56 xdc dinh muc tiéu va cic diéu kién rang budc trong qua trinh kham
pha 19 trinh ctia gidi phdp dinh tuyén LBRQT, noi dung phan nay trinh bay cic co s6
ly thuyét lién quan dén viéc phan tich, tinh todn cic do do hiéu ning dua trén ly thuyét
hang doi va ly thuyét x4c suét thong ké, bao gdm xdc suit chiin géi dit liéu va thdi gian

tré tif ngudn dén dich.
3.2.1. Phdn tich xdc sudt chdn goi dit liéu dua trén Iy thuyét hang doi
3.2.1.1. Xdc sudt chen goi dit liéu trén mot budc truyén

Xét mot két nbi khong day tir nit 7 dén niit J trong mang khong day tuy bién (c; i)
trong trudng hop luu luong yéu cau dén két ndi c; ;j tudn theo phén bd Poisson [12, 23,
521, thoi gian truyén géi trén kénh truyén theo phan phdi ham mi, khi d6 mot két nbi
c;j trong mang khong day tuy bién tuong duong v6i mot mod hinh hang dgi M/M/1/L
[6, 63, 68] nhu cho thiy trong Hinh 3.3, vé6i L 1a tong sb g6i dit liéu tdi da trong hé

thong, bao gdm tdng s6 gbi trong bd dém va géi dang truyén trén kénh truyén.

Node i Node j
Aij (Poisson) i
— - >
' Buffer
L packets
R R E R E R TR R >

Hinh 3.3. M6 hinh m6t cdng ra ctia niit mang khong day tuy bién

Goi A;; 1a tdc do dén trung binh ctia cdc goi dit liéu mudn truyén qua kénh ¢;;, thoi

gian phuc vu céc géi dif liéu theo phan phdi ham mil véi tde do trung binh 1a y; .- Tado
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Hij Hij Hij Hij Hij
Hinh 3.4. Lugc d6 chuyén ddi trang thdi mot cong ra clia nit mang tuy bién theo mo
hinh hang dgi M/M/1/L

ta c6 ludc do chuyén ddi trang thdi cia hé théng dudc minh hoa nhu & Hinh 3.4 [15].
Goi Pl.(;q) 1a x4c suat hé thong & trang thai n, nghia 1a x4c sult c6 n goi dit lidu trong hé

thong, ta c6 hé phuong trinh cin bang trang thi sau day [54]:

2P = Py n=0
Oy )P =2l b me (1K 1] G
A PK) = g 0 =K

Bling cich gidi hé phuong trinh trang thii (3.3) ta xdc dinh duge P,

. bbi véi cac
g6i dit liéu mudn truyén tif nit i dén nut j, g6i dif liéu sé bi chiin trong trudng hop g6i
dén tai thoi di€ém bd dém day va kénh truyén ¢;; dang & trang thdi ban, nghia la trong
hé thong dang ¢ L géi dit lidu. Vi vy, x4c suit géi dit liéu bi chin (BPD) dudgc xic

dinh nhu sau:

L
pii(1—pij) 4
—————= neu p;i# 1

B =pl = { 1-p;" ! (3.4)
LL_H Iléll plj =1

trong d6, p;; = A;j/1;j 12 mat do luu lugng phan phdi dén két ndi tr niit 7 dén nit J.
3.2.1.2. Xdc sudt chdn goi dit liéu trén mot 16 trinh

Goi Bg;) 12 xac sult g6i dit liéu bi chin (BPD) trén 10 trinh ryy, Fi;) 12 x4c sult g6i
dit liéu duoc truyén thanh cong (khong bi chin) qua 19 trinh ry;. Theo ly thuyét x4c

suét thong keé ta co:

B") =1-BY (3.5)

Khi dit liéu truyén trén 19 trinh ry;, mot géi dit liéu dugc truyén thanh cong tir nut

nguodn S dén nuit dich D khi va chi khi géi dit liéu nay truyén thanh cong qua tit ca cic
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budc truyén ma 19 trinh ry di qua. Do vay ta c6:

—(r h h

B = [1 BY= [I a-8}) (3.6)
Vh[jersd VhijEI’Sd

trong do, B, 1a BPD trén budc truyén hyj, dude xéc dinh theo (3.4). Thay (3.6) vao

(3.5) ta co:

BY)=1- [] -8 (3.7)

Vhij Ergg

Phuong trinh (3.7) cho phép chuing ta xidc dinh dugc BPD trén mot 16 trinh (Bi;))
khi biét BPD trén tit ca cc budc truyén ma 19 trinh d6 di qua (Bl(;l)). Mit khéc, theo
(3.4), B! dugc xdc dinh khi biét mat o luu lugng phan phdi dén budc truyén hyj va
nguyén ly hang doi dudc st dung tai mdi nit mang. Trong giai phap dinh tuyén dudc
tac gia dé xuat cho luin 4n nay, mat do luu luong phan phdi dén mdi budc truyén trong
mang dudc x4c dinh bang phuong phap théng ké theo thdi gian bdi tac tit ky sinh tai
mbi nit theo md hinh xuyén 16p. Ciu triic nit mang va nguyén ly hoat dong clia tac ti
dugc trinh bay chi tiét trong Phan 3.3.2.1.

3.2.2. Phan tich thoi gian tré dua trén ly thuyét hang doi

Theo ly thuyét, thoi gian tré tif ngudn dén dich (End-to-End Delay - EED) Ia tdng
thoi gian can thiét ma mot géi dit liéu truyén thanh cong tif nit ngudn dén nit dich.
V6i mbi budc truyén tit nit I dén nit J, tong thdi gian tré gdm 4 thanh phan. D6 1a tré
Xt ly tai nut I (’L'[(;i)), tré hang doi tai nut I (Tc(li)), tré truyén dan (transmission delay) tir
nit I dén nit J (Tt(ij )) va tré truyén tai qua mdi trudng vo tuyén (propagation delay) tir
ndt T dén nit J (7)) [18]. Do viy, tong thdi gian tré clia mot budc truyén tif nit I dén
nut J dudc xac dinh bdi:

S 3.8)

Trong trudng hop thdi gian tré xt 1y tai mdi niit va tré truyén tai qua mdi trudng
khong khi 1a dii nho d€ c6 thé bd qua, 7;;(h) phu thudc vao hai thanh phan chinh, d6

1a 7 va 7t 119) duge xdc dinh dua trén bing thong kénh va kich thude géi dit licu,
Téi) dudc xé4c dinh dua trén co ché hang ddi dudc st dung tai mdi nit. Nhu da phan

tich § Phan 3.2.1.1, co ché hang dgi M/M/1/L dudc st dung tai mdi nit mang [28, 317,
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do vay, 7" dudc xdc dinh béi [19]:
i L 1
Aij(1 —Bj; ) Hij

trong do, Bl(;l) 12 BPD trén budc truyén h;j, dugc xac dinh theo (3.4). L 1a tdng s6 gbi
di liéu trung binh trong hang dgi, dugc xac dinh nhu sau[19]:

Pij B pij(LpiLj+ 1)

néu p;; # 1
_ 1—=0;:: _ L+l J
L={ ' ~Pi 1-pj (3.10)
L(L—1
Q ngudc lai
2(L+1)

Thay (3.10) vao (3.9) ta xac dinh dugc Téi), sau do thay (3.9) vao (3.8) ta xac dinh
duge 71" Tir d6, EED cia mot 16 trinh ryy dude xdc dinh boi:

=y ¥ (3.11)

3.3. Y tudng dé xuét thuét toan
3.3.1. M6 hinh gidi tich cua thudt todn

Y tudng dé xut thuét toan dinh tuyén LBRQT 1a két hop k§ thuat dinh tuyén rang
budc QoT va dinh tuyén can bang tai. D€ thuc hién diéu nay, ham muc tiéu cla giai
phap dinh tuyén dudc xay dung la cuc tiéu héa BPD trén mdi 19 trinh. Cac diéu kién
rang budc dudc xac dinh 13 QoT va EED phai nam trong gi6i han cho phép.

Dé& phat bi€u thanh md hinh giai tich ctia gidi phap dinh tuyén LBRQT, tic gia
(sd

ij
rsa, trong d6, mobi phan ti xl(j-d) dudc xdc dinh bdi:

dinh nghia mot ma tran X,y = [x )} ,, Di€u dién cdc két ndi dugc chon cho 16 trinh

(sd) 1 Néu 1§ trinh ry; di qua két ndi ¢;;

¢ (3.12)

X
0 Nguogc lai

khi do, phuong trinh xdc dinh BPD ciia 16 trinh ryy & (3.7) dugc biéu dién theo x2*)
nhu sau:

By =1-TITT0 ;"B (3.13)

i=1j=1
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(A7) _ 1. (58) _
X7g =1 %5 =0

WD =1 =0 V7
0 E 2 ! x5 =0;x5Y =0 {: 0;x8¥ =0
/M \&/

A7) _ 1468 _
XlZ - 1’ XlZ -

(A7) _ 7. (58) _
X =LX; =1

17) _ - (58 _
Xz =0;%7," =0

A7 _ 0 x(58) —
Xas =05 =0

A7) _ - (58 _
Xgy =0 X5, =1 x&D =0;x8 =0

VO =060 =0
x0) =0,x5Y =0 3

(A7) _ - 458 _ u ' e

Xa =0%" =0 — L u

3 3 a7 _ 0 (58) _ 0

X56 - ’X56 -

A7) _ (- y(58)
X35 =05 =0

A7) _ 0y 68 _
Xgs' =0; X =0

(7)) _ 0 x(58) —
Xs3 = 0;%55 =0

Hinh 3.5. Mot t6-pd mang tiy bién dang c6 2 16 trinh truyén di liéu

Pé thiy rd nguyén ly xac dinh BPD ctia mdt 16 trinh trong mang MANET theo
(3.13), tac gia xét mot vi du nhu & Hinh 3.5. Gid st tai thoi diém dang xét ¢ 2 19 trinh
truyén dit liéu la r17 (1 — 2 — 4 —7) varsg (5 — 4 — 7 — 8). Theo dinh nghia ma
trAn bi€u dién 10 trinh X,; 6 (3.12), 10 trinh 17 dugc biéu dién bdi ma tran X7, trong
d6 cdc phan tit x\5, x17) va x{17 c6 gid tri bing 1 do 19 trinh nay di qua cdc két néi
1 —2,2—4vad — 7. Tat ca cdc phan t khac cia ma tran X7 c6 gid tri bang 0. Hoan
toan tuong tu cho ma tran X;7, 1a ma tran bi€u dién 19 trinh rsg. Do vy, cdc ma tran
X17 va Xsg dudc xac dinh nhu sau:

(3.14)

>
=
|
S O O O O o o o
S O O O O o o O
S O O O O o o O
S O O O O o o o
S O O O O o o o
o
oo
|
S O O O O o o O
S O O O O o o o
S O O O O o o O
o O O =, O O O O
S O O O O o o O
S O O O O o o O
S = O O O o o O

o O O O = O O O

S O O O O o O =
o O O O O o ~= O
S O O O = O O O
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Theo (3.13) ta ¢ BPD trén cac 10 trinh tif 1 dén 7 va tir 5 dén 8 dudc x4c dinh bai:

() ST (17) p(h)
B}- :1—HH(1—xij B;;’) (3.15)
i=1j=1
=1-(1-B})(1-BY)(1—BY) (3.16)
() ST (58) (1)
Bgg =1-T1I101 —x;"B;") (3.17)
i=1j=1
=1-(1-B{)(1-BY)(1-BYY) (3.18)

(sd)
ij
trinh can bang tai thoa man cédc diéu kién rang budc ctia QoT va EED st dung giai

Vi viéc dinh nghia bién biéu dién 16 trinh x;;"’ theo (3.12), viéc tim 19 trinh 16

phap dinh tuyén LBRQT tuong duong véi viéc gii bai todn quy hoach phi tuyén sau:
Miniminze (B") (3.19)

trong do, Bg]) 1a BPD trén 16 trinh rg, dudc xac dinh theo (3.13). Céc diéu kién rang

budc ctia ham muc tiéu (3.19) bao gom:

(i) Rang budc luong dir liéu: V6i mdi niit j trong mang, néu j 1 nit nguon (s) thi
chi ¢6 ludng di ra niit j, néu j 1a it dich (d) thi chi c6 ludng di vao niit j. Ngudc lai,
néu j khong phai 1a nguodn va dich thi ludng di vao nut j phai bang ludng di ra. Vi vay,

diéu kién rang budc ludng dit liéu dudc xic dinh bdi [27]:

—1 Néu j=s

Y-yl =41 Néuj=d (3.20)
ieEN keN
0 Ngudc lai

(sd)
ij
theo (3.12) .

trong d6, x;; 12 bién biéu dién céc két ndi dudc chon cho 16 trinh 7y, dudce dinh nghia

(ii) Rang budc vé do tré: Tré truyén tai cia mot goi di liéu tit ngudn dén dich
phai nhd hon hoic bang gidi han cho phép vé dd tré (). Khi géi dit liéu truyén qua
mot 16 trinh, thdi gian tré cia g6i dif liéu dudc xac dinh bang tdng thdi gian tré truyén

qua tit ca cac budc truyén ma 19 trinh d6 di qua. Do vay, rang budc vé do tré dudc xic
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dinh bdi:
N d
2: ey < g, (3.21)

[V]z

I
_

i

(h)

trong do, ;

12 thoi gian tré khi g6i dif liéu truyén trén budc truyén h;; i

(iii) Rang budc QoT: DE dam bao QoT, gia tri SNR tai mdi niit dich phai 16n hon
ho#ic bing SNR yéu ciu. Nhu da phan tich & Phan 2.2.3 ctia Chuong 2, SNR clia mot
16 trinh phu thudc vao nguyén ly chuyén tiép géi dit lidu tai c4c niit trung gian. Cu thé
la ¢6 tai tao tin hi€u hay khong. Tir cac phuong trinh xac dinh SNR ctia mét 16 trinh
da dudc chiing minh & (2.7) va (2.19), diéu kién rang buéc SNR dudc xac dinh bdi:

y

Y & 1 ,
Z, Z, ( () (sd) ) < B, Néu khong tai tao tin hiéu
i=1j=1 q

4 Pij (3.22)
min (B ) > Breg Ngudc lai

(sd
\ "

trong do, ﬁi(jh) 12 SNR ctia budc truyén A, Breq 12 SNR yéu cau t0i thi€u d€ dam béo
QoT theo yéu cau.
(sd)

(iv) Rang budc nguyén: Gi4 tri clia cic bién X;j phai 12 sb nguyén nhi phan (0

hoic 1 theo dinh nghia (3.12)). Do viy diéu kién rang budc nguyén dugc xac dinh bdi:
()~ Dal =0 (3.23)

Bing cich gidi bai toan quy hoach phi tuyén nhu mé ta & (3.19) véi cac diéu kién
rang budc tir (3.20) dén (3.23), ta thu duoc tap nghiém {x}*}, nghia 2 im duoc 16
trinh truyén di liéu tif ndt nguodn (s) dén nit dich (d), thda man cac diéu kién rang

budc vé chit luong truyén dan.
3.3.2. Y twdng thuc thi thudt todn trén mé hinh xuyén lép

Y tudng thuc thi gidi phap dinh tuyén LBRQT dugc thé hién qua ba cong viéc,
(i) cai tién cAu tric nit mang st dung moé hinh xuyén 16p, (ii) cai tién co ché xu ly
g6i RREQ va RREP tai mdi nit mang va (iii) cai tién co ché Iua chon 19 trinh tai nut

nguon.
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3.3.2.1. Cdi tién cdu triic niit mang sit dung mé hinh xuyén l6p

Dé c6 thé st dung céc thong tin vé QoT lam diéu kién rang budc dinh tuyén, 16p
mang phai truy cip truc tiép dudc cac thong tin tir 16p vat ly. Pidu nay chi c6 thé thuc
hién thong qua md hinh xuyén 16p [5, 26, 50, 2]. Véi gii phap dinh tuyén LBRQT, tic
gia dé xuit mot mo hinh xuyén 16p véi cau tric nhu & Hinh 3.6, trong d6, mot tac ti
dudc st dung d€ trao doi va xit ly thong tin xuyén 16p gitia 16p vat ly va 16p mang. Tac
t nay dudc goi 1a tac tif tinh (Stationary Agent - SA). SA cu tru tai mdi nut va thuc
hién cac nhiém vu cla n6 trong qua trinh kham pha 19 trinh cling nhu trong qua trinh
truyén dit liéu.

Lé6p truyén tai
4 Cap nhat co s&
Dy doan QoT, ooy
EED va BPD ir liéu mat do
luu luong
Lép mang

Hinh 3.6. CAu triic m6 hinh xuyén 16p st dung tac tif cho mang MANET

Trong qua trinh truyén dif liéu, nhiém vu ctia SA 12 cip nhat ti Ivu luong phan
phdi cho tit ca cac két ndi ctia mdi nit mdbi khi ¢é géi dit lidu dén. Trong qud trinh
kham pha 19 trinh, SA thuc hién c4c nhiém vu thu thap va xi ly cac thong tin vé QoT &
16p vat 1y, du doan trude cic thong tin vé QoT, EED va BPD dé chuyén cho 16p mang.
Céc nhiém vu nay dudc thuc hién mdi khi c6 g6i RREQ dén. Cic thong tin vé QoT
va EED dudc st dung cho céc diéu kién rang budc dinh tuyén theo cac phuong trinh
(3.21) va (3.22). Thong tin vé BPD sit dung cho nit ngudn lam tiéu chi lua chon 16
trinh can bang tai theo haim muc tiéu (3.19). Nguyén ly thu thap va du dodn cic thong
tin vé QoT, EED va BPD bdi SA dugc trinh bay trong cac phan tiép theo dudi day.
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3.3.2.2. Cdi tién co ché xit Iy goi RREQ va RREP tai méi mit mang

Theo nguyén ly hoat dong clia cic giao thiic dinh tuyén theo yéu cau, khi cAn kham
pha mot 16 trinh m&i, nit ngudn gii quang ba géi RREQ dén tit ca cac niit giéng clia
n6. Tai mdi niit nhan dugc géi RREQ, néu nhu truée d6 da nhan g6i RREQ nay rdi thi
ntit d6 sé loai bé g6i RREQ ma khong xi 1y gi thém. Ngudc lai, g6i RREQ dugc tiép
tuc gii quang ba dén céc nut lang giéng cta nit dang xét. Qua trinh lip lai cho dén

khi tim dudc 16 trinh dén niit dich, hoic qua thdi gian chd cho phép.

Pé st dung cic thong tin vé QoT va EED lam diéu kién rang budc dinh tuyén,
ciing nhu st dung thong tin BPD lam tiéu chi lua chon 16 trinh can bang tai, tic gia
cai tién cd ché xt Iy g6i RREQ va RREP tai mdi nit mang. Y tudng cai tién nay dudc
thé hién qua hai trudng hop xut ly g6i RREQ tai c4c nit trung gian. D6 13 cc truong

hgp bd nhé tam ciia niit trung gian ¢6 va khong c6 16 trinh kha dung dén niit dich.
(i) Truong hop bo nhd tam ciia mit trung gian khong co 16 trinh khd dung dén miit dich

Y tudng cai tién co ché xit Iy géi RREQ tai mdi nit mang trong trudng hgp bo nhé
tam cla nut trung gian khong c6 16 trinh kha dung dén niit dich dugc minh hoa nhu &

Hinh 3.7, trong d6, mdi niit mang c6 cAu triic theo mo hinh xuyén 16p nhu di trinh bay

g SA tai I du doan trude QoT, EED va
BPD tir S dén mdi niit lang giéng ciia I

W=

Data Pac

SA tai I théng ké luu luong phan phdi
dén két ndi tir I dén nut tiép theo

_ T4p tat ca cac niit lang giéng cua I \ } P ‘
© Tap céac nit lang giéng cta I théa man diéu kién rang a
budc QoT va EED (Tap Q)

Hinh 3.7. Nguyén ly chuyén tiép g6i RREQ trong trudng hop niit trung gian khong
¢6 16 trinh kha dung dén dich
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& Phan 3.3.2.1. Gi4 st niit dang xét 1a nut I, khi niit I nhian dudc mot gé6i RREQ ciia
yéu cau kham pha 19 trinh mdi tlf niit ngudn (S) dén nut dich (D), SA tai niit I du dodn
trudc cac do do QoT va EED tir S dén moi nit lang giéng cta I. Trén co s6 do, SA xéc
dinh tap Q; 1a tip céc nit lang giéng cta I thda man cic diéu kién rang budc ctia QoT
va EED. Véi y tudng nay, khi mot 16 trinh dugc tim thiy, 16 trinh nay luon thda min
céc diéu kién rang buoc ctia QoT va EED. Ngoai ra, sau khi x4c dinh dudc tap Q;, SA
tai nit I cling du dodn BPD tit S dén mdi nuit thudc tip Q;. Thong tin BPD nay dudc

Thuét toan 3.1: Xac dinh cac nit lang giéng ctia niit I thda man céc
diéu kién rang budc ctia QoT va EED (Tap Q)
Input : Mot t6-pd mang MANET; Mot g6i RREQ dén niit I; bd nhé
tam cta I khong c6 16 trinh dén D.
Output: Tap Q;.
Method:
1> Poc cac thong tin vé QoT va EED tir S dén 1 (ﬂs(l va t )y dudc luu trit
trong g6i RREQ;
2 Qi+ 0;
3 for (Mdi mit J la ldng giéng ciia I) do
(@) Thu thap thong tin SNR tit I dén J (B (h)) tai 16p vat ly;

(5) Du doén thoi gian tré tir I dén J (7 e ) theo (3.8);

) rs(r) ( )¢ *cl(]h) :
(7 if ( Nguyen Iy hoat dong cua cdc niit mang la DF) then

@ | | BY < min(BBLY;

(9) else
—1

(10) BS(;) — (ﬁi,) ﬁi@) ;
(11) end
(12) if ((7y; ") < i) and (B ") > Breq)) then
(13) DQC thong tin BPD tir S dén I (Bg) ) trong go6i RREQ;
(14) Du dodn BPD trén budc truyén tir I dén J (Bgl)) theo (3.7);
(15) B! =1-(1-BY)(1-B);

(16) Qi+ 0;UJ;

an end

(18) end
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stt dung cho niit nguodn Iya chon 19 trinh cin bang tai. Quy trinh du doan cac do do vé

QoT, EED va BPD trong truong hop nay dudc thuc thi theo Thuat toan 3.1.
(ii) Truong hop bo nhd tam ciia niit trung gian co 16 trinh khd dung dén nit dich

Hinh 3.8 minh hoa y tudng cai tién co ché xt ly g6i RREQ tai mdi nit mang trong
trudng hop bo nhé tam clia nut trung gian c6 16 trinh kha dung dén nut dich. Gia st
nut dang xét 1a nut I, trong trudng hgp nay, nit I khong tao ngay géi RREP va guii phan
hdi vé S nhu co ché kham phd 16 trinh clia giao thiic dinh tuyén theo yéu cau. Thay vio
do6 thi trude khi thuc hién diéu nay, SA tai nit I du dodn trudc QoT va EED tir S dén
D doc theo 19 trinh tir S dén I ndi véi tir I dén D. Néu QoT va EED du dodn dudc thda
min diéu rang budc cho trudc, g6i RREP méi dudc tao va gti phan hodi vé niit ngudn
dé tra 10i két qua kham pha 19 trinh. Nguoc lai, nit I xi Iy géi RREQ nhu trudng hop
b6 nhd tam ctia I khong c6 10 trinh kha dung dén nit dich. Quy trinh du doén cac do
do vé QoT, EED va BPD trong trudng hop nay dudc thuc thi theo Thuit toan 3.2.

QoT vaEED tr S dén D QoT va EED tir S dén D
o thoa man diéu kién rang | |khong thoa man diéu kién
u budc cho trudce rang budc cho trude 2{

=

W%m\u

),
SA tai I du doan trudec QoT, EED va BPD tir S
dén D doc theo 16 trinh S — I ndi véi 1 — D
M

Hinh 3.8. Nguyén Iy chuyén tiép g6i RREQ trong trudng hop niit trung gian c6 16
trinh kha dung dén dich

3.3.2.3. Cdi tién co ché lwa chon I trinh tai niit nguon

Vi co ché xii 1y g6i RREQ va RREP dugc cai tién nhu da trinh bay & Phan 3.3.2.2,
néu mot 16 trinh dudc tim thiy thi 1 trinh nay ludn théa man cic diéu kién rang budc
ctia QoT va EED. Van dé con lai cta thuat toan dinh tuyén LBRQT 12 Iva chon 10 trinh

can bang tai dé truyén dit liéu. Diéu nay dudc thuc hién tai nit nguon.
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Thuat toan 3.2: Dy doan cac d6 do QoT va hiéu nang mang béi SA khi bo

nhé tam cta I ¢6 10 trinh dén D.

(&)

(2)

(3)
(4)
(5
(6)

(7

(8)

(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)

17

Input : Mot to-pd mang MANET; Mot g6i RREQ dén niit I; bd nhé tam
ctia I ¢6 10 trinh dén D.
Output: G6i RREP d& tra 15i két qua kham pha 19 trinh, hoic Tip Q;.
Method:
Doc cic thong tin vé QoT va EED tir S dén 1 (Bs(ir) va Ts(lr )) duoc luu tri
trong goéi RREQ;
Doc céc thong tin QoT va EED tit I dén D (ﬁl.(dr) va Tig)) luu tru trong bo
nhd tam cua I;
) )
if (Nguyén ly hoat dong cua cdc nit mang la DF) then
| BY - min(BYBY):
else

B (i)

Si

end

if (1)) < @) and (B > B,.)) then
Doc thong tin BPD tir S dén I (Bg)) trong géi RREQ;

Poc thong tin BPD tir T dén D (B'”)) trong b nh tam ciia T;
BY) =1-(1-B)(1-BY):

Tao go6i RREP;

Luu thong tin BEQ vao g6i RREP;

else

Tim tap Q; theo Thuét toan 3.1;

end

nhan dudc nhiéu géi RREP vé két qua kham ph4 19 trinh, nit ngudn sé lua chon 16
trinh c6 téng s6 budc truyén (hopcount) nhé nhit dé truyén dit liéu. Véi gidi phap dinh
tuyén LBRQT, tiéu chi d€ lua chon 19 trinh 1a cuc tiéu héa BPD theo ham muc tiéu
(3.19). Theo nguyén ly du doan cac do do QoT va hi€u nang mang bGi SA 6 Thuat
todn 3.1, khi mot nit lang giéng dudc dua vao tap Q;, SA du doan BPD tir niit ngudn
dén nut d6. Két qua du doan BPD ctia mdt 19 trinh duge dua vao géi RREP dé€ chuyén

Theo nguyén ly hoat dong cia giao thic dinh tuyén theo yéu cau, khi niit nguon
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vé nit nguon. Nit ngudn dua trén thong tin nay dé Iva chon 16 trinh can bang tai, st

dung cho viéc truyén dit liéu.

3.4. Nguyén ly hoat dong cua thuit toan

Hinh 3.9 m6 ta nguyén ly hoat dong ctia gidi phdp dinh tuyén LBRQT. Khi niit
nguodn (S) mudn khadm phd mot 16 trinh méi dén nut dich (D), niit S tao mot goi yéu
cau 10 trinh (RREQ). Trudc khi phat quang ba géi RREQ, SA tai nit S du dodn céc
dd do vé& QoT va EED dé€ xac dinh tap Q; theo Thuit toan 3.1. Néu tap Q; khong réng,
nghia 12 ton tai cic nit lang giéng cta S thoa man céac diéu kién rang budc cia QoT
va EED, niit S sé phat quang ba géi RREQ dén tit ca cic nuit trong tip nay dé tiép tuc
qua trinh kham pha 19 trinh. Tai cac nut trung gian, quy trinh xt ly géi RREQ ciling
dién ra tuong tu. Khi mot nut trung gian nhan dugc géi RREQ ma trong bd nhé tam
ctia né c6 thong tin 16 trinh dén D, diéu kién rang budc vé QoT va EED tir S dén D sé
dudc kiém tra theo Thut toan 3.2 d€ quyét dinh tao géi RREP dé€ tra 15i hay 12 tiép tuc
quang ba g6i RREQ dé tim 19 trinh khac théa mén céc rang budc vé QoT va EED.

— T T T T T T v T TN 1 o e
/ Nut nguon N\ I/ Niit trung gian ] ( Nt dich I
I - . N l J I X. I

o iy Xac dinh tap Véi mdinat J € Q; |
O e s B ] |
I oan 3. - I I
| Sai @ | | : | I

[ ,
: Dung ] I 1a nut dich (D) Ding I |
I phat quang bé 201 I I I
| RREQ dén tatca [ | | | v |
| cdc ndtJ € Qs [ 1| [rLoai I | [DTeogot | |
I v [ 1] 12?{%% | | |_RREP |
Nrrep = 0;
: Towait = 0; : : : I I
) | v |
, 1A P e .-
| Tang Tuar theo [ th‘ clia ! 0%10 e : | Rgg;gm o
Y Xopne rinh dén e
I | Tu chéi yéu cau do dong ho thoi gian I I I ve I
| [ [khong tim duge 19 trinh | || Xacdmbapo; Dy doin cacdo do || | |
I I I theo Thuéat QoT va hi¢u nang I

| Ll toan 3.1 theo Thuat toan 3.2 | | |
| |
| | 1| sai I | |
| [Fapums i 1 |

| o nhay Nrrep = Nrrep + 1 | | Ding I |
I | I phat quang ba goi | I I
T L RREQ dén tht ca Gi goi |
| @ S nhan goi RREP |1 cacnutJ € Q; RREQ v& S : | I
| [ | 7 | I
\ . e e e o e g / \ ~ —— e ——— —— — — — P \ —— — /

Hinh 3.9. Luu do md t4 nguyén ly hoat dong clia giai phap dinh tuyén LBRQT
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Khi nit ngudn da nhan dudc K géi RREP vé két qua kham pha 16 trinh, nghia 13
K 10 trinh théa man cic diéu kién rang budc ctia QoT va EED da dudc tim thiy, nit
ngudn sé& lua chon 19 trinh c6 gid tri BPD nhd nhat d€ truyén di liéu. Trong trudng
hop thoi gian chd két qua kham pha 16 trinh da qué gi6i han cho phép ma niit ngudn
van chua nhin dudc g6i RREP nao, yéu cau kham pha 16 trinh sé bi tif chdi.

P& thay rd nguyén ly hoat dong cla giai phap dinh tuyén LBRQT, tac gia xét mot
vi du kham pha 16 trinh véi t6-pd mang MANET nhu 6 Hinh 3.10, trong do, cac gia
tri ghi & dau va gitta cac két n6i khong day tuong dng véi mat do luu luong va SNR
ctia két nbi d6 & thoi diém dang xét. Vi du, v6i két nbi tii niit 1 dén nut 2, tai luu lugng
phan phdi dén két ndi nay 12 0.72, SNR 1a 30 dB. Xét trudng hop nit 1 mubn khdm
phd 10 trinh méi dén niit 9 d€ truyén dit liéu. Gia st & thdi diém hién tai, bd nhé tam
clia tat ca cac nit déu rong, kich thudc hang doi tai mdi nit 1 20 géi, kich thudc géi dit
liéu trung binh 13 1472 bytes, hé thdng mang st dung chuan 802.11g vé6i bing thong
kénh 1a 20 MHz, tudng tng véi tc do dit liéu 54 Mbit/s. SNR yéu cau t6i thi€u (Bye,)
1a 23.5 dB, thdi gian tré tif ngudn dén dich cho phép (7;,) 1a 0.01s. Quy trinh kham

B b

)
\Xg

————> G6i RREQ duoc tiép tuc quang ba
—>»X G6i RREQ bi loai bo
Giri phan hoi goi RREP

Hinh 3.10. Mot vi du khdm ph4 16 trinh st dung giai phap dinh tuyén LBRQT
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ph4 16 trinh m&i tif nit 1 dén nit 9 st dung giai phdp dinh tuyén LBRQT dudc thuc

hién theo cac budc nhu sau:
- Budc 1: Nut 1 tao va quang ba géi RREQ:

DPé khdi dau qud trinh kham ph4 10 trinh, nit 1 tao g6i RREQ. Tru6c khi phat
quang ba géi RREQ, SA tai nit 1 du dodn cic do do SNR, EED va BPD dén céc
nit lang giéng ctia né dé xdc dinh tp Qj, 1a tip céc nit ldng giéng cla nit 1 thoa
min cic diéu kién rang budc ctia QoT va EED. Theo Thuit toan 3.1, SA du dodn
cdc do do SNR, EED va BPD nhu Bang 3.1. Ta thy ring, cic gia tri SNR va EED
tif nit 1 dén cdc nit 2, 3, va 4 déu thdéa min diéu kién rang budc ctia QoT va EED
(Bsj > Breg va Tj < Tp,s =1,j=2,3,4), nén tap Q; = {2, 3, 4}. Sau khi xdc dinh
dudc tap Q1, nit 1 phat quang ba g6i RREQ dén tit ca cc nut thudc tip ndy, cu thé 1a
cac nut 2, 3 va 4.

Bang 3.1. Két qua du doan SNR, EED va BPD tai nit 1 bdi SA

Cacnit | Natxwly | CacdodotrS dén Nt lang giéng cta I (nut J)
phia truéc | RREQ (I) | lang giéng cta I (J) 2 3 4
4’ (dB) 30.00 29.00 31.00
(W]
) 1 75 (8) 0.00099079 | 0.00091893 | 0.00079165
h)
By 0.00039287 | 0.00018558 | 0.00002677
Tap Q v v v

- Budc 2: Cac nit nhan géi RREQ & budc 1 tiép tuc xit Iy géi RREQ:

Céc nit nhan dudc géi RREQ & budc 1 bao gdm niit 2, 3 va 4 tiép tuc xit ly goi
RREQ. SA tai cac nat nay du doan cac do do SNR, EED va BPD theo Thuat toan 3.1.
Cu thé, niit 2 du doan SNR, EED va BPD tif nit 1 dén tat ca cac niit lang giéng clia
né 12 3 va 6. Tuong tu cho cac nit 3 va 4. Két qua du doan nhu 6 Bang 3.2. Tur két qua
nay, SA tai cdc niit 2, 3, va 4 xdc dinh dudc tip cac nit lang giéng ctia né thda min cic
diéu kién rang budc ctia QoT va EED tuong ting 1a: Q> = {3, 6}, 0> = {2,5,7} va Q4
= {5}. Cdc nut 2, 3 va 4 tiép tuc quang ba g6i RREQ dén cdc nit trong tap Q; tudng
ung cua no.

- Budce 3: Cac miit nhan géi RREQ § budc 2 tiép tuc xi¥ Iy géi RREQ:

Céc nit nhan dudce g6i RREQ & buée 2 bao gdm: (i) cac nit 3, 6 nhan dudc tit nuit
2, (i1) cac nut 2, 5, 7 nhan dugc tu nut 3 va (iii) nut 5 nhan dudc tu nut 4. Khi nuat 3

81



Bang 3.2. Két qua du doan SNR, EED va BPD tai nit nhan dudc géi RREQ & budc 1

(@)

(b)

()

Cacnat | Natxwly | CacdodotrS dén Nt lang giéng cia I (niit J)
phia trudc | RREQ (I) | lang giéng ctua I (J) 3 6
£ (dB) 27.88 25.24
h
: 5 X 5 () 0.00176780 | 0.00292039
(h)
Byj 0.00041271 | 0.01865218
Tap Q. v v
Cacnat | Natxwly | CacdodotrS dén Nut lang giéng cua I (nit J)
phia trudc | RREQ (I) | lang giéng ctaa I (J) 2 5 7
£ (dB) 27.24 25.99 24.88
(h)
| 3 5 (8) 0.00172597 | 0.00175928 | 0.00172597
(h)
Byj 0.00022147 | 0.00024901 | 0.00022147
Tap Qs v v v
Cacnit | Natxwly | CacdodotrSdén Nut lang giéng cua I (nut J)
phia trudc | RREQ (I) | lang giéng cua I (J) 5
£§" (dB) 28.46
h
| 4 Téj '(5) 0.00156866
(M
D] 0.00004662
Tap Q4 v

Bang 3.3. Két qua du doan SNR, EED va BPD tai niit nhan dugc géi RREQ & budc 2

@)

(b)

(©)

Cacnit | Natxwly | Cécdd dotr S dén Nut ldng giéng cua I (niit J)
phia truéc | RREQ (I) | lang giéng ctua I (J) 4 8
£’ (dB) 25.01 24.80
h
1553 5 ( ') 0.00270078 | 0.00263673
(h
By 0.00048846 | 0.00035866
Tap Qs v v
Cacnit | Natxwly [ CacdodotrS dén Nut lang giéng cua I (nut J)
phia truéc | RREQ (I) | lang giéng cta I (J) 7 9
£ (dB) 23.98 23.71
(h)
1559 6 () 0.00358350 | 0.00372743
h)
Béj 0.01865286 | 0.01868741
Tap Q¢ v v
Cacnit | Natxwly [ CacdodotrS dén Nt lang giéng cua I (nut J)
phia trude | RREQ (I) | lang giéng cua I (J) 6 9
A4 (dB) 23.71 23.15
(h)
153 7 ) 0.00271675 | 0.00239835
h)
Béj 0.00061425 | 0.00022247
Tap Q; v X
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nhén dugc goi RREQ tu nut 2, g6i RREQ nay s€ bi hily bo do nut 3 da nhan géi RREQ
nay trude dé tr nit 1 (& bude 1), tuong tu nhu vay cho cic niit khac. Cac nut tiép tuc
xt Iy g6i RREQ & buéc nay bao gom 5, 6 va 7. Két qua du dodn cac do do SNR, EED
va BPD nhu & Bang 3.3. Véi két qua nay, trudng hop nit 7 du doan SNR tif niit ngudn
(nit 1) d@én nit 9 (Bang 3.3c), gid tri du dodn dudc 12 23.15 dB. Gid tri nay khong thoa
min diéu kién rang budc ctia QoT, do nhd hon SNR yéu cau tbi thiéu 1a 23.5 dB. Vi
vay, niit 9 khong dugc dua vao tip Q7, mic du nit 9 1a ling giéng cla nit 7. Tir két
qua ndy, SA tai cic nit 5, 6, va 7 xdc dinh dugc tap cic nit lang giéng clia n6 thda
man cdc diéu kién rang budc ctia QoT va EED tuong ung 1a: Qs = {4, 8}, Q¢ = {7, 9}
va Q7 = {6}. Céc nit 5, 6 va 7 tiép tuc quang ba géi RREQ dén cdc nit trong tap Q;
tuong ung cua no.

- Budc 4: Cac nit nhan géi RREQ & budc 3 tiép tuc xit Iy g6i RREQ:

Céc nit nhan dudc g6i RREQ & budc 3 bao gom: (i) céc nit 4, 8 nhan dudc tif niit
5, (ii) cac nut 7, 9 nhan dudc tu nut 6 va (iii) nat 6 nhan dudc tu nat 7. Trong do, cac
261 RREQ nhén dudc tai cac nit 4, 6 va 7 s€ bi loai bo, do trudc d6 cac nut nay da
nhan dugc géi RREQ nay. Chi con lai cdc nit 8 va 9 tiép tuc xi 1y géi RREQ.

Tai nuit 8, g6i RREQ dudc tiép tuc xi ly tuong tu nhu cac nt trén. Két qua du dodn
cac do do SNR, EED va BPD nhu 6 Bang 3.4. Tap Qg dudc xac dinh 1a: Qg = {9}.
Tai nut 9, khi nhan dudc go6i RREQ tu nut tu nat 6, vi 9 1a nut dich, nén ntt 9 tao goi
RREP va gtii phan hoi vé niit 1. Két qua 12 16 trinh dau tién dudc tim thiy: 1 —2 — 6
— 0.

Bang 3.4. Két qua du doan SNR, EED va BPD tai nit nhan dugc géi RREQ & budc 3

Cécnit | Natxwly | Cécdd dotr S dén Nut lang giéng cua I (niit J)
phia truéc | RREQ (I) | lang giéng cta I (J) 9
£ (dB) 23.65
(W]
153 55 8 75 (9) 0.00355565
(W]
By 0.00054417
Tap Qs v

- Budc 5: Cac nit nhan géi RREQ & budc 4 tiép tuc xit Iy géi RREQ:

Tai budc nay, chi con lai nut 9 nhan duge géi RREQ tu nut 8. Vi 9 1a nut dich, nén
nit 9 tao g6i RREP va giii phan hoi vé nit 1. Két qua 1a 16 trinh thit 2 dudc tim thiy:
l1—-+3—-5—=8—=0.
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- Budc 6: Xit Iy g6i RREP tai niit nguon:

Qua qua trinh phat quang ba géi RREQ, nit ngudn nhan dudc 2 géi phan hoi
RREP, tuong ting vé6i 2 16 trinh théa mén cic diéu kién rang budc ctia QoT va EED
dugc timthdylal -2 -6 —-9val — 3 — 5 — 8 — 9. Dua trén két qua du dodn
BPD cua SA trong qué trinh kham pha 16 trinh, BPD cia 1 trinh 1 -2 — 6 — 9 1a
0.01868741 (két qua & cac Bang 3.3b), BPD cliacac 16 trinh 1 -3 —5 —+8 —91a
0.00054417 (két qua & Bang 3.4). Nhu vy, theo nguyén ly cta gidi phap dinh tuyén
LBQT-R, 16 trinh c6 gia tri BPD nhé nhét sé dudc chon, d61a 1l —3 — 5 — 8 — 9.

Bing viéc chon 16 trinh 1 — 3 — 5 — 8 — 9, gidi phap dinh tuyén LBQT-R da
tranh dudc cac bube truyén dang c6 tai luu luong 16n (cac budc truyén 1 — 2 va 2 —
6 & t0-pd Hinh 3.10). Két qtia nay cho thiy ring, gidi phdp dinh tuyén LBQT-R da tim
dudc 19 trinh thoéa man céc diéu kién rang budc ctiia QoT va EED, dong thdi can bang

tai luu luong trén cic két nbi.

3.5. Ap dung cho giao thitc AODV

Trong phan nay, tic gia 4p dung gidi phdp dinh tuyén rang budc QoT két hop véi
can bang tai (LBRQT) dudc dé xuit & Chuong 2 d€ cai tién thuit todn kham pha 16
trinh cda giao thic dinh tuyén AODV [16]. Thuat todn cdi tién dugc dit tén 1a LBRQT-
AODV (Load Balancing Routing ensuring Quality of Transmission based on AODV).

Pé xuit nay ctia tac gia da dugc cong bo trong [B2]'.
3.5.1. Pt vin dé

AODV Ia giao thiic dinh tuyén thudc nhém dinh tuyén theo yéu cu [66]. Nguyén
ly kham pha 19 trinh cua giao thiic AODV la phat quang ba géi RREQ va nhan phan
hdi g6i RREP, tiéu chi dé lua chon 16 trinh 1a tdng s6 budc truyén (hopcount) nhd nhat.

V6i nguyén ly khdam ph4 16 trinh ctia giao thiic AODV, ton tai mot s6 trudng hop 16
trinh tim dudc khong phai 12 16 trinh c6 QoT tét nhét, thAm chi ¢6 trudng hop 19 trinh
tim dugc khong thoa man cac diéu kién rang budc ctia QoT. Vi 19 trinh c6 tdng sb budc
truyén nho nhit chua han 1a QoT t6t nhit. QoT ctia mdt 19 trinh khong chi phu thudc
vao tdng sd buéce truyén, ma con phu thudc vao mot sé yéu td khac, nhu suy hao cong

suit tin hiéu trén mdi budc truyén, nhiéu phat sinh trén mdi budc truyén, dang chuyén

YJournal of Communications, Vol.13, No.7, 2018, pp. 338-349 (SCOPUS).
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tiép tin hiéu tai cdc nit mang. Két qua nghién cttu & Phan 2.4.3 ctia Chuong 2 ciing da
chi rd mot vi du cu thé vé viée giao thiic AODV khong tim dugc 19 trinh théa min céc

diéu kién rang budc ctia QoT, mic du trong hé thdng mang van ton tai 1 trinh nay.

D& giai quyét van dé trén, tc gia ap dung giai phdp dinh tuyén LBRQT dudc trinh
bay & Chuong 2 d€ cii tién thuat toan kham ph4 16 trinh clia giao thiic AODV, nhim

tim ra 19 trinh théa min cac diéu kién rang budc ctia QoT, nang cao hiéu ning mang.
3.5.2. Chinh stta khuéon dang goi RREQ va RREP

Theo nguyén ly hoat dong cta gidi phap dinh tuyén LBRQT, dé€ SA tai mdi nit
mang c6 thé du doan dugc cac tham s6 hiéu ning, cdc nit mang phai trao ddi véi
nhau cdc thong tin lién quan dén cic tham sb hiéu ning can du doan. Ddi véi mang
MANET, viéc trao d6i thong tin véi nhau gitta cdc nit dudc thuc hién thong qua cdc
g6i diéu khién. Trong thuat toan kham pha 16 trinh LBRQT-AODV, tic gia st dung céc
g6i RREQ va RREP dé trao ddi cac thong tin vé QoT, EED giiia c4c niit va xic sudt
nghén trén mdi két ndi. D€ thuc hién diéu nay, tic gia chinh stia ciu tric g6i RREQ
va RREP clia giao thic AODV nhu cho thiy & Hinh 3.11. P6i v6i géi RREQ (Hinh
3.11a), c4c truong ti (1) dén (14) 1a cic trudng nguyén ban cta géi RREQ trong giao
thiic AODV, céc trudng (15), (16) va (17) 1a céc trudng ma tac gia thém vao dé luu
trif cac thong tin vé xdc suét chin géi dit liéu, QoT va EED. Péi v6i g6i RREP (Hinh
3.11b), céc trudng tir (1) dén (10) 1 c4c trudng nguyén ban ctia géi RREP trong giao
thiic AODV. Téc gia thém vao trudng (11) xdc suat chin géi dit liéu trén mot 19 trinh.

i 32 bits o 32 bits '
L) QA@®E O ®) © : ;
Type | J |R|G|D|U|Reversed| CF [Hop Count ! O @06 @ ®) ©
(10) RREQ ID Type | J |R| Reversed | Prefix |Hop Count
(11) Destination IP Address @) Destination IP Address
(12) Destination Sequence Number ®) Destination Sequence Number
(13) Source IP Address 9) Originator I[P Address
(14) Source Sequence Number (10) Lifetime
Reversed | (15)BP | (16) QoT |(17) EED Reversed (1) BP
(a) (b)
Hinh 3.11. Ciu triic ctia cdc géi diéu khién st dung trong thuit toain LBRQT-AODV:

(a) RREQ va (b) RREP
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3.5.3. Thuidt todn dinh tuyén LBRQT-AODV

Co ché kham ph4 19 trinh rang budc QoT két hdp véi can bang tai cai tién ctia giao
thuc AODV (LBRQT-AODV) dudc thuc thi theo cac budc nhu & Thuat toan 3.3 va
3.4. C6 ba diém khac nhau co ban giita thuit toan LBRQT-AODV va thuit todn kham
pha 10 trinh cua giao thiic AODV, d6 la (i) quy trinh xt ly g6i RREQ va RREP tai nut
ngudn (Thuat toan 3.3), (i) quy trinh x Iy g6i RREQ khi nut trung gian khong c6
mot 10 trinh kha dung dén dich (cc buée (5) dén (11) ctia Thuat toan 3.4), va (iii) quy
trinh xi ly g6i RREQ khi niit trung gian c6 mot 16 trinh kha dung dén dich (cic budc
(13) dén (19) cia Thuat toan 3.4).

(i) Quy trinh x& ly g6i RREQ va RREP tai nit ngudn: Xét trudng hdp mot nit
ngudn can kham ph4 16 trinh méi dén niit dich. D€ thuc hién diéu nay, nit nguodn tao
g6i RREQ dé khdi dau qud trinh khdm ph4 10 trinh. Véi thuit toan AODV, g6i RREQ

dugc truyén quang ba dén tt ca cac nit ldng giéng ctia né. Trong khi d6, thuit todn

Thuét toan 3.3: Thuit toan dinh tuyén LBRQT-AODV tai niit ngudn
Input : Mot to-pd mang MANET; Mot yéu cau khdm pha 10 trinh mdi tit
ntit nguodn (S) dén niit dich (D).
Output: M6t 19 trinh cin bing tai tir S dén D théa man diéu kién rang budc
ctia QoT va EED, hoic tif chbi yéu cau néu khong tim dudc 16 trinh.
Method:
(1) S tao géi RREQ;
2) SA xac dinh tap Qy theo Thuét toan 3.1;
3) if (Q; # 0) then
) Phat g6i quang ba g6i RREQ dén céc niit thudc tap Oy;
(5 Cho dén khi nhan dugc K g6i RREP hoic hét thdi gian chd cho phép;
) if (SO goi RREP nhdn duwoc > 0) then
) Chon 19 trinh c6 gid tri trong trudng BPD clia géi RREP nhd nhat dé
cap nhat vao bd nhé tam cia S;

(8) else
// Khéng tim duoc 16 trinh ndo théa man diéu kién rang buéc QoT va
EED;
() Tit chbi yéu cau khdm ph4 16 trinh;
(10) end
(11) else
(12) Tit chbi yéu cau kham pha 19 trinh;
(13) end
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Thuat toan 3.4: Thuit toan LBRQT-AODV tai nit trung gian hoac dich
Input : Mot to-pd mang MANET; Mot géi RREQ dén nuit 1.
Output: Tip Q; hoiic g6i RREP dé tra 16i két qua kham pha 16 trinh.
Method:
(1) Nut I nhan géi RREQ;
2) if (I la nut trung gian) then

(3) if (I chua nhdn goi RREQ nay trudc do) then
(4) Cap nhat dudng ngudc vé S vao bd nhé tam ctia I;
(5) if (b6 nho tam ciia I khong c6 10 trinh khd dung dén D) then
(6) SA xéc dinh tap Q; theo Thuat toan 3.1;
(7 if (Q; # 0) then
(8 | Phat quang b4 g6i RREQ dén céc niit thudc tap Qy;
9 else
(10) | Loai bd RREQ; Két thiic tién trinh xit ly g6i RREQ;
(11) end
(12) else
(13) if (DSN ctia 16 trinh I — D Ién hon DSN trong goi RREQ) then
(14) SA du doan cac do do QoT va hi€u nang doc theo 16 trinh S
— I nbi v6i I — D theo Thuit toan 3.2;
(15) if (Goi RREP duoc tao) then
(16) | Gtii g6i RREP vé S theo dudng ngudc;
(an else
(18) | Thuc hién cdc budc 6 dén 11;
(19) end
(20) else
(21) | Thyc hién cdc budc 6 dén 11;
(22) end
(23) end
(24) else
(25) Loai bo géi RREQ;
(26) Két thic tién trinh xt ly g6i RREQ vita nhn;
(27) end
(28) else
(29) Cap nhat dudng ngugc vé S vao bd nhd tam clia I;
(30) Tao g6i RREP; Gii g6i RREP vé S theo dudng ngudc;

(31) end

LBRQT-AODV chi quang b4 g6i RREQ dén cac niit thudc tip Q, 1a tip cac niit lang
giéng ciia niit ngudn thdéa man cac diéu kién rang budc QoT va EED. Tap Q; dudc xac
dinh theo Thuat toan 3.1. Pbi véi quy trinh xit Iy g6i RREP, dé xét dén diéu kién can
bang tai trong thuat toan LBRQT-AODV, khi tim dudc mot 16 trinh, xdc suét géi dit

87



liéu bi chiin néu st dung 19 trinh nay d€ truyén dit liéu sé dudc du dodn trude bdi SA
tai mdi nit. Gid tri nay dudc luu trit trong géi RREP. Khi nit ngudn nhin dudc cc goi
RREP vé két qua kham ph4 10 trinh, nit ngudn sé chon 16 trinh ma x4c suét chin géi

dit liéu nho nhét d€ cip nhat vao bang dinh tuyén.

(i1) Quy trinh xu ly géi RREQ khi bo nhé tam cua nut trung gian khong c6 mét 10
trinh kha dung dén dich: Theo nguyén ly ctia giao thiic AODV, néu nhu truéc dé nit
trung gian I chua nhan g6i RREQ nay thi I sé phat quang ba géi RREQ dén tat ca céac
nit lang giéng clia nd, ngoai trir nit da g géi RREQ cho I dé tiép tuc qua trinh kham
pha 16 trinh. Vi thuat toan LBRQT-AODV, niit I chi quang b4 g6i RREQ dén céc niit
thudc tap Q;, 1a cac niit lang giéng cia niit I thda méin cac diéu kién rang budc QoT va
EED. Tap Q; dugc xac dinh theo Thuat toan 3.1.

(iii) Quy trinh xi Iy g6i RREQ khi niit trung gian c6 mot 16 trinh kha thi dé dén
dich: Theo nguyén ly cta giao thic AODV, khi bo nhé tam cia nit I ¢c6 mét 19 trinh
kha dung dén dich, g6i RREP sé& dudc tao va gii phan hdi vé nguon dé tra 15i két
qua kham ph4 16 trinh. V6i thuit toan LBRQT-AODV, diéu kién rang budc vé QoT
tif nguodn dén dich phai dudc kiém tra trude khi quyét dinh tra 18i vé ngudn bang géi
RREP, hay tiép tuc khdm pha 19 trinh méi ¢6 QoT tbt hon.

3.6. Ap dung cho giao thitc DSR

Trong phan nay, tic gia tiép tuc 4p dung gidi phdp dinh tuyén rang budc QoT
két hop vé6i can bang tai (LBRQT) d€ cai tién thudt toan kham phd 19 trinh ctia giao
thiic dinh tuyén DSR [22]. Thuat todn cai tién dudc dit tén 13 LBRQT-DSR (Load
Balancing Routing ensuring Quality of Transmission based on DSR). Pé xuit nay clia
tac gia da dudc cong bd trong [B4]> va [B7]°.

3.6.1. Ddt vin dé

DSR 12 mot giao thudc nhém dinh tuyén theo yéu cau [66], co ché kham pha 16
trinh cua giao thiic DSR ciing thuc hién theo nguyén ly phat quang ba géi RREQ va
nhén phan hdi géi RREP. DSR 1a giao thiic dinh tuyén ngudn. Khi c6 yéu cau truyén
dit lidu, nit ngudn sé ki€m tra 19 trinh trong bd nhé tam ctia né. Néu c6 10 trinh khi

dung thi st dung 19 trinh nay dé truyén dit liéu. Nguogc lai, nit ngudn thuc hién kham

2 Journal of Computer Science and Cybernetics, Vol.32, No.4, 2016, pp. 351-366
3Ky yéu Hoi thdo FAIR’9, 2016, NXB Khoa hoc Tu nhién va Cong nghé, trang 480-487
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pha 10 trinh m&i.

Theo két qua nghién ctiu vé QoT ctia cac 16 trinh trong mang MANET khi st dung
céc giao thiic dinh tuyén theo yéu cau & Chuong 2, viéc kham pha 10 trinh méi theo
nguyén ly clia giao thiic DSR sé ton tai mdt s6 trudng hop 19 trinh tim dugc khong
phéi 12 1 trinh c¢6 QoT tot nhit, thim chi c6 trudng hop 16 trinh tim dudc khong thoa
man cac diéu kién rang budc ctia QoT, mic du trong hé thdng mang van ton tai 10 trinh
nay. Vi vy, viéc cai tién co ché kham ph4 16 trinh dé c¢6 thé tim dugc 16 trinh thda mén
diéu kién rang budc ctia QoT 1a diéu can thiét. Mot trong nhiing gii phdp dé€ thuc hién
diéu nay 12 d4p dung giai phap dinh tuyén LBRQT ma tic gia da dé xuit & Chuong 2.
Muc tiéu ctia viéc cdi tién 12 tim ra 16 trinh théa man diéu kién rang budc ctia QoT,
dong thdi cé xét dén tiéu chi can bang tai luu lugng trong toan mang nham giam xac

suét chin goi dit liéu, nang cao hiéu ning mang.
3.6.2. Chinh stta khuéon dang goi RREQ va RREP

Theo nguyén ly hoat dong cta gidi phap dinh tuyén LBRQT da dudc trinh bay &
Phan 3.4, d& SA tai cdc nit mang c6 thé du dodn dudc cac dd do vé QoT va hiéu ning
mang, cac niit mang phai trao ddi véi nhau cic thong tin vé SNR, EED va BPD. Déi
v6i mang MANET, viéc trao doi thong tin gitta cdc nit chi c6 thé thuc hién thong qua
cdc goi diéu khién. Trong thuat toan LBRQT-DSR, tic gia st dung cic géi RREQ va
RREP dé trao ddi cac thong tin vé QoT, EED va BPD gitta cdc nit. D& thuc hién diéu
nay, tac gia chinh stta khuén dang cua géi RREQ va RREP cua giao thic DSR nhu
cho thiy & Hinh 3.12. Trong do, céic trudng dudc danh diu (*) 14 cdc trudng nguyén
ban ctia g6i RREQ trong giao thifc DSR. Céc trudng dudc danh diu (%) 1a c4c truong

Opt. type ’Opt. Data Length (*)‘ Identification " Opt. type ) ‘ Opt. Data Len ) ‘ Last Hop Ext. @ ’Reserved ®
Target Address ® Address [1]7)
Address [1]" Address [2] ¥
Address [2] ¥ Address [3] )
e (*) e (*)
Address [n] ) Address [n] )
Reserved ‘ Bp ™ ‘ QoT ™ ‘ E2E® Reserved ‘ Bp ™
(a) (b)
Hinh 3.12. Ciu triic ctia cdc géi diéu khién st dung trong thuit toan LBRQT-DSR:
(a) RREQ va (b) RRREP
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dugc thém vio dé luu trit cic thong tin vé QoT, EED va BPD, sit dung cho qua trinh
kham pha 10 trinh.

3.6.3. Thudt todn dinh tuyén LBRQT-DSR

Thuat toan dinh tuyén LBRQT-DSR dudc thuc thi theo cac budc nhu & Thuit toan
3.5. So v6i thuat toan kham pha 10 trinh cta giao thiic DSR, thuit toan LBRQT-DSR
c6 ba di€ém khac biét, d6 1a (i) quy trinh xt ly géi RREQ tai niit ngudn va nit trung
gian (cac budc (4) va (5)), (ii) quy trinh xt ly khi nut trung gian c6 mét 19 trinh kha
thi d€ dén dich (cac buéc tir (14) dén (23)) va (iii) quy trinh x& Iy g6i RREP tai niit
nguodn (cic budc tir (36) dén (40)).

(i) Quy trinh xit Iy goi RREQ tai niit nguon va niit trung gian

Xét truong hop mot niit ngudn hoic niit trung gian can chuyén tiép gé6i RREQ dé
khdm pha 19 trinh. V6i thuat toan DSR, géi RREQ dudc truyén quang ba dén tit ca cac
nit lang giéng ctia né. Trong khi d6, thuat toan LBRQT-DSR chi quing b4 g6i RREQ
dén céc nit thudc tap Qy, 1a cc niit lang giéng ctia nit I (112 nit ngudn hoic niit trung
gian) théa man cic diéu kién rang budc QoT va EED. Tap Q; dudc SA ky sinh tai mbi

nut xac dinh theo Thuét toan 3.1.
(ii) Quy trinh xit Iy khi niit trung gian c6é mot 19 trinh khd thi dé' dén dich

Theo nguyén 1y khdm pha 16 trinh ctia giao thiic DSR, khi bang dinh tuyén ctia
mot nit trung gian c6 mot 16 trinh kha thi dé dén dich, nit trung gian sé tao gé6i RREP
va gii phan hdi vé ngudn dé tra 15i két qua kham phd 16 trinh. Véi thuat toan dinh
tuyén LBRQT-DSR, diéu kién rang budc vé QoT va EED ti niit ngudn dén nit dich
phai dugc kiém tra tru6c khi tra 15i vé miit ngudn bing g6i RREP. Diéu nay thé hién rd
§ cac budc tir (14) dén (23) cta Thuit toan 3.5.

(iii) Quy trinh xit Iy goi RREP tai niit nguon

D€ thuc hién chic ning chon 16 trinh cin bang tai, sau khi tao va gii quang ba
g6i RREQ, niit nguodn sé& chd mot khoang thoi gian cho phép dé nhan K géi phan hoi
RREP, tuong ting v6i K 10 trinh tif ngudn dén dich c6 thé st dung cho viéc truyén dit
liéu. Sau do, nit ngudn sé chon 19 trinh ma gid tri BPD trong g6i RREP nhd nhit trong

s6 K 10 trinh kh4 dung d€ truyén dif liéu.
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Thuét toan 3.5: Thuit toan dinh tuyén LBRQT-DSR

1)
(2)
(3)
(4)
(8)

(8)
(7
€))
(9
(10)
(11)
(12)
(13)
(14)

(15)
(16)
an
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
27
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
(38)

(39)
(40)

Input : Mot td-pd mang MANET; Mot yéu ciu kham pha 19 trinh méi tir S dén D.

Output: Mot 16 trinh cin bing ti tit S dén D thda man cac diéu kién rang budc ctia
QoT va EED.

Method:

S tao géi RREQ;

I < 8; Nrrep = 0;

repeat

Xéac dinh tap Q; theo Thuat toan 3.1 (Chuong 2);

Phat g6i quang ba géi RREQ dén cac niit J thuoc tap Q;

//Tai cdc nit nhdn dugc goi RREQ (niit J),

if (Trudc do J chua nhdn goi RREQ nay) then

Thém mdt ban ghi vao bang dinh tuyén ctia J chifa 19 trinh ngudc vé S;

if (J chua phdi la nit dich (niit D)) then

if (Bdng dinh tuyén ciia J khong cé 16 trinh dén D) then

Cap nhat dudng ngudc vé S vao bang dinh tuyén cla J;

Cap nhat 19 trinh tr S dén J trong géi RREQ;

1+ J;

else

SA tai J du doan cac do do QoT va hiéu nang doc theo 16 trinh S —

I n6i véi I — D theo Thuat toan 3.2 (Chuong 2);

if (Goi RREP duoc tao) then

N6i 10 trinh S — J v6i 16 trinh J — D;

Nrrep < Nrrep + 1

Gti g6i RREP ve S theo dudng ngudgc;

else

Cap nhat dudng ngudc vé S trong bang dinh tuyén cta J;

Cap nhat 19 trinh tir S dén J trong géi RREQ;

1+ J,

end

end

else

Tao gbéi RREP;

Cép nhéat 16 trinh S — D vao géi RREP;
Nrrep <= Nrrep + 1

Gtii g6i RREP veé S theo dudng ngudc;

end

else

Xoba gbi RREQ;

Két thiic tién trinh xt ly g6i RREQ vita nhan;

end

until (Ngrep = K) or (Qud thoi gian cho);

if (Nrrep > 0) then

| Niit S chon mot 16 trinh ¢6 gid tri BPD trong g6i RREP nho nhit;

else
// Khéng tim duoc 16 trinh nao théa mdn diéu kién rang budc QoT va EED;
Tir chbi yéu cau kham pha 16 trinh méi tir S dén D;

end
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3.7. M6 phéng va phan tich két qua
3.7.1. Xdy dung kich ban mé phong

Hiéu qua thuc thi clia cic thut todn dinh tuyén LBRQT-AODV va LBRQT-DSR
dudc danh gia bang phuong phap mo phdng, tic gia di tién hanh mé phong trén phan
mém md phéng OMNeT++ [10]. Thuit toan LBRQT-AODV va LBRQT-DSR dudc
so sanh vdéi thuét toan kham pha 19 trinh cua giao thic AODV [16] va giao thic DSR
[22] vé SNR, BER, xéc suét chiin g6i dit liéu va thong luong trén toan mang. Ngoai ra,
céc thuat toan dudc dé xuit ciing dugc so sanh vé6i thuat toan DSR-SNR ctia nhém tic

gia trong [24]. Céc kich ban mo phéng dudc thiét 1ap nhu & Phan 2.5.1 clia Chuong 2.
3.7.2. Két qud mé phéng thudt toin LBRQT-AODV
3.7.2.1. Phdn tich SNR

Két qua thu dudc trén Hinh 3.13 cho ta thiy su khac biét vé SNR trén cic 19 trinh
truyén dit liéu khi st dung thuit todn dinh tuyén AODV va LBRQT-AODV. Két qua
nay dudgc thuc thi trén t6-pd 50 niit, tdc do di chuyén trung binh ctia mdi nit 1a 10 m/s
va bing thong kénh 40 MHz. Theo nhu kich ban mo6 phéng da xay dung & Phan 2.5.1
ctia Chuong 2, d€ ddm bao QoT ctia hé thong mang thi SNR nhé nhit ctia méi 16 trinh
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Hinh 3.13. So sanh SNR ctia thuit todn (a) AODV va (b) LBRQT-AODV khi tng sb
nit 1a 50, tc do di chuyén 10 m/s, bing thong kénh 40 MHz
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phai 1a 23.5 dB. Céc d6 thi diém trén Hinh 3.13 cho thdy ring, vé6i thuit toin AODV,
c6 nhiéu 19 trinh ma SNR ctia né nhé hon SNR yéu cau tdi thiéu (23.5 dB). Céc 16
trinh nay khong thda man diéu kién rang budc ctia QoT theo yéu cau. Pay la nguyén
nhan 1am ting xdc suit géi chin géi dif liéu do QoT khong dam bio. V4i thuat toan
LBRQT-AODV, SNR ctia céc 19 trinh trong mang da dudc cai thién mot cach dang ké
50 v6i thuit toan AODV. Hau hét cic gia tri SNR 16n hon hoic biang SNR yéu cau tbi
thi€u, chi con mdt s6 it trudng hop niam trong khoang tir 23 dén 23.5 dB. Nguyén nhan
cdia viéc con ton tai mot sob it 10 trinh ma SNR ciia né nhé hon 23.5 dB 1a do su di
chuyén ctia cdc nit. Khi khdm pha 16 trinh bdi thuat toin LBRQT-AODV, diéu kién
rang budc vé SNR da dudc xem xét, nén SNR ctia cac 16 trinh tim dugc luon dat gia tri
SNR yéu cau tdi thi€u (23.5 dB). Tuy nhién, trong qua trinh truyén dif liéu, cdc nit di
chuyén dén vi tri khdc, 1am cho SNR ctia mot s6 budc truyén thay ddi, nén SNR ciia
toan 19 trinh thay d6i. Mic du vay, sb trudng hop SNR khong théa man diéu kién rang
budc ctia QoT da gidm rit nhiéu so vé6i thuit todn AODV. Céc d6 thi trén Hinh 3.14 cho
thiy ro diéu nay. Ty 1& kénh truyén ddm bdo QoT (REQ) cua thuit toan AODV trung
binh 12 97.08%, trong khi do, gia tri nay 12 98.65% dbi vé6i thuit toan LBRQT-AODV.
Nhu vay, v6i thut todn dudc dé xuit LBRQT-AODV, QoT trén cic kénh truyén dit liéu
da dudc cai thién.

100
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Hinh 3.14. So sanh ty 1€ kénh dam bao QoT khi st dung thuét toan dinh
tuyén LBRQT-DSR va DSR
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Hinh 3.15. So sanh SNR khi st dung thuét toan LBRQT-AODV va AODV

Mot yéu td c6 anh hudng 16n dén SNR ctia cac 16 trinh 13 tdng s6 nit mang, diéu
nay thé hién r6 trén Hinh 3.15, gid tri SNR & diy dudc do tai thdi diém khdm pha 10
trinh. Ta thiy ring, SNR giam din khi tdng sd nit mang ting. V4i thuat toan AODV,
gia tri SNR 16n hon SNR yéu cau khi tdng s6 niit mang nhd hon 30. Tuy nhién, néu
téng s6 nit mang 16n hon 30, gia tri SNR nhé hon SNR yéu cau t6i thiéu (23.5 dB).
Day 12 nguyén 1am ting xac suit géi dit liéu bi chiin do khdng ddm bao QoT. Véi thuit
toan LBRQT-AODYV, gid tri SNR dudc cai thién mot cach dang ké so véi thuat todn
AODV. Cu thé, SNR nhé nhét ludn ludn 16n hon SNR yéu cau tdi thi€u (23.5 dB).
Dic biét, trong trudng hop téng sb6 niit mang tir 30 dén 50, SNR tdi thi€u gidm tir
22.9 xudng con 22.1 dB néu thuit todn AODV dudgc st dung. Nhung vé6i thudt todn
LBRQT-AODV, céc gia tri nay la tir 23.52 dén 23.9 dB. Cdc gid tri nay 16n hon SNR
yéu cau tbi thiéu. Nhu vy, thuit toan LBRQT-AODV tim dudc cac 16 trinh ludn thda

man diéu kién rang budc ctia QoT.
3.7.2.2. Phdn tich BER

Vi SNR cua cac 16 trinh khi st dung thuéat toan LBRQT-AODV tang, nén BER
giam nhu cho thay trén Hinh 3.16. Két qua nay dudc thuc thi trén to-pd 50 niit, toe do
di chuyén trung binh ctia mdi nit 1a 10 m/s va bing thong kénh 40 MHz. V6i thuat
toan AODV, gid tri BER 16n nhét trong mang 14 0.5 x 10~*, dong thdi c6 nhiéu 16 trinh
ma gia tri BER 16n hon gidi han cho phép d&€ ddm béo (107°), chiém ty 1& 1.69%. Véi
thuat toan LBRQT-AODV (Hinh 3.16b), BER trén cac 10 trinh truyén dit liéu da giam
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Hinh 3.16. So sanh BER cuia thuit toan (a) AODV va (b) LBRQT-AODV khi tong s6
niit 1a 50, tbc do di chuyén 10 m/s, bing thong kénh 40 MHz

mot cach dang ké so véi thuit toan AODV, hau hét nhé hon 1079, 1a gidi han cho phép
dé ddm bao QoT theo nhu kich ban md phdng da thiét 1ap & Phan 2.5.1 ctia Chuong
2. Chi c6 mdt sb rét it trudng hop gia tri BER nam trong khoang 1076 dén 2 x 1079,
chiém ty 1& 0.28%. Céc trudng hop nay 1a do céc nit mang di chuyén trong qué trinh
truyén dit liéu, dan dén SNR giam, lam ting BER. Tuy nhién, néu nhin vé tdng thé,
BER cta toan mang khi st dung thuét toan LBRQT-AODV d3 cai thién nhiéu so véi
thuat toan AODV, hau hét nam trong gidi han cho phép dé€ dam bao QoT ciia hé théng

mang.
3.7.2.3. Ddnh gid xdc sudt chdn goi dit liéu

Xdc suét chin goi dif liéu (BPD) 12 mot tham s6 hiéu ning quan trong ctia hé
théng mang. BPD dudc xac dinh bing tong s6 géi bi chin trén téng sd goi phat sinh
trong toan bo thdi gian mod phdng. Trong phan nay, tic gid so sinh BPD cia thuit
toan LBRQT-AODV va AODV trong céc kich ban mo6 phong khac nhau. Két qua thu
dudc trén Hinh 3.17 cho thiy su khac nhau vé BPD ctia thuit todn LBRQT-AODV va
AODV khi ti luu lugng thay d6i. Két qua nay dugec mo phdng trén td-pd 40 niit, toc do
di chuyén trung binh ctia mdi niit 1a 5 m/s va bing thong kénh 40 MHz. Ta thdy ring,
v6i thuat toan LBRQT-AODV, BPD gidm mdt cach ddng ké so véi thuat toan AODV.
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Xét truong hdp tai luu lugng 1a 0.6 Erlang, BPD cua thuat toan AODV la 0.0136.
Trong khi do, gia tri nay cua thuat toan LBRQT-AODV chi 1a 0.0091. Nhu vay, BPD
cua thuat toan QTA-AODV giam 33.21% so véi thuat toan AODV. Khi tai luu lugng &
mtc cao nhit, tic 1a 1 Erlang, BPD gidm 56.59%, tit 0.034 xudng con 0.015. Véi cac
trudng hop con lai, BPD gidm trung binh 48.74% néu thuat toan LBRQT-AODV dudc
st dung.
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Hinh 3.17. So sdanh BPD theo tai Iuu lugng cia cac thuit toan AODV va
LBRQT-AODV khi tng s6 niit 1a 40, téc do di chuyén 5 m/s, bing thong kénh 40
MHz

Céc két qua trén Hinh 3.17 ciing cho thiy ring, khi tai luu lugng phat sinh tai cac
ndt mang cang 16n thi hiéu qua cua thuat toan LBRQT-AODV cang cao. Vi thuat toan
LBRQT-AODV lua chon 16 trinh théa min cac diéu kién rang budc ctia QoT, dong thai
can bang tai luu lugng cla cac két ndi trong toan mang. Vi vay, trong trudng hop tai
luu ludng cao, thuit toan LBRQT-AODV giadm thiéu dudc tinh trang nghén cu bd tai

céc nut, din dén giam BPD trén toan mang.
3.7.2.4. Ddnh gid thong luong

Vé mit thong lugng, thuat toan LBRQT-AODV ciling mang lai hiéu qua cao hon
thuat toan AODV. Piéu nay dugc thé hién rd trén Hinh 3.18. Pay 1a két qua mo phdng
trong trudng téng s6 nuit 1a 40, tc do di chuyén trung binh ctia médi nit 1a 5 m/s, bing
thong kénh 40 MHz va tai luu Iuong phat sinh tai mdi nit phat 1 0.95 Erlang. Ta thiy
rang, thong luong trung binh ctia thuat toan AODV 12 69.85 Mbit/s. Trong khi do, gia
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tri ny clia cic thuat toan LBRQT-AODV tuong tng 1a 71.55 Mbit/s. Nhu vay, néu so
sanh véi thuat toan AODV, thong lugng trung binh cia thuat toan LBRQT-AODYV tang
1.7 Mbit/s.
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Hinh 3.18. So sanh thong luu lugng cta céac thuat toan AODV va LBRQT-AODV khi tong
s6 niit 12 40, téc do di chuyén 5 m/s, bing thong kénh 40 MHz va tai luu lugng 0.95 Erlang

T cac két qua mo phdng di dudc trinh bay & trén, tac gia cé thé két luan ring,
thuat todn dinh tuyén duoc dé xuat LBRQT-AODV lua chon dudc cic 19 trinh cin
bing tai, dong thdi cé xem xét dén cac diéu kién rang budc vé QoT va EED. Do vay,
hiéu ning ctia hé thong mang dudc cai thién mot cach dang k€ vé mit xdc suat chin
g0i dir liéu, thong lugng mang. Pac biét, thuat toan LBRQT-AODV mang lai hiéu qua
cao trong trudng hogp tai luu lugng phat sinh tai cac nit mang 16n nhd ky thuat can
bing tai dudc dp dung trong thudt toan nay.

3.7.3. Két qud mé phéng thudt toin LBRQT-DSR
3.7.3.1. Phdn tich SNR

SNR 13 mot tham sb hiéu niing quan trong ctia mot hé thdng mang, quyét dinh QoT
ctia mot 19 trinh truyén dit lidu. Két qua thu dudc trén Hinh 3.19 cho ta thiy su khéc
biét vé SNR trén céc 19 trinh truyén dif liéu khi st dung thuat toan dinh tuyén DSR
va LBRQT-DSR. Két qua nay dudc thuc thi trén td-pd 50 niit, tbc do di chuyén trung
binh ctia moi nut 1a 20 m/s va bing thong kénh 40 MHz. Theo nhu kich ban m6 phong
da xay dung & Phan 2.5.1 ctia Chuong 2, d&€ ddm bao QoT ctia hé thdng mang thi SNR
nhd nhit ciia mbi 19 trinh phai 12 23.5 dB. Biéu d6 trén Hinh 3.19 cho thiy ring, véi
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Hinh 3.19. So sanh SNR cta thuit todn (a) DSR va (b) LBRQT-DSR khi tong s6 niit
12 50, téc do di chuyén 20 m/s, bing thong kénh 40 MHz

thuat toan DSR (Hinh 3.19a), ¢6 nhiéu 19 trinh ma SNR ctia né khong thda man diéu
kién rang budc ctia QoT, do SNR nhd hon SNR yéu cau tbi thi€u (23.5 dB). Pay 1a
nguyén nhin 1am ting xdc suét chin géi dit liéu do QoT khong dim bao. Véi thuit
toan LBRQT-DSR (Hinh 3.19b), SNR cua cac 10 trinh trong mang da dudc cai thién
mot cach dang ké so véi thuét toan DSR. Hau hét cic gid tri SNR 16n hon hoic bing
SNR yéu cau tdi thiéu, chi con mot s6 it trusng hop nam trong khoang tit 23 dén 23.5
dB. Nguyén nhan clia viéc con ton tai mot s6 it 16 trinh ma SNR ciia né nhd hon 23.5
dB la do su di chuyén clia cac niit. Khi khdm ph4 10 trinh béi thuat todn LBRQT-DSR,
diéu kién rang budc vé SNR di dugc xem xét, nén SNR ctia céc 16 trinh tim dudc ludn
dat gid tri SNR yéu cau tbi thiéu (23.5 dB). Vi trong qua trinh truyén di liéu, cac nit
di chuyén dén vi tri khic, 1am cho SNR ctia mdt sd budc truyén thay ddi, nén SNR
ctia toan 19 trinh thay ddi. Tuy nhién, néu nhin vé tdng thé, SNR clia toan mang khi st
dung thuat toan LBRQT-DSR d3 cii thién nhiéu so véi thuat todn DSR.

Khi tdng sd niit mang thay ddi, SNR nhé nhit ciia cac 10 trinh trong toan mang
ciing thay déi. Diéu nay thé hién ro trén Hinh 3.20. Gia tri SNR trén truc tung clia
Hinh 3.20 12 SNR nho nhét & thdi diém 16 trinh dugc kham ph4. Nhu da phan tich chi
tiét & phan thiét 1ap kich ban mo6 phdng (Phan 2.5.1 ctia Chuong 2), d€ dat dugc BER
16n nhét 12 1075, SNR yéu ciu tdi thiéu phai 1 23.5 dB. Céac d6 thi trén Hinh 3.20 cho
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Hinh 3.20. Su thay d6i SNR nhd nhét khi sit dung thuit toan dinh tuyén
LBRQT-DSR va DSR

thiy riang, SNR giam dan khi tdng s6 nit mang ting. V4i thuat toan DSR, gid tri SNR
16n hon SNR yéu cau khi t6ng s6 nit mang nhé hon 30. Tuy nhién, néu téng sb nit
mang 16n hon 30, gid tri SNR nhd hon SNR yéu cau tdi thiéu (23.5 dB). Vi thuat toan
LBRQT-DSR, gid tri SNR dugc cai thién mot cach ddng k€ so véi thuit todn DSR,
1uon 16n hon SNR yéu cau tdi thiéu cho di tdng s niit mang 16n. Nguyén nhan 1a do

diéu kién rang budc vé QoT di dugc xem xét trong qua trinh khadm ph4 16 trinh.
3.7.3.2. Phdn tich BER

Trong mot 16 trinh dit liéu, BER dudc x4c dinh bang tdng sb bit 15i trén tdng s6
bit truyén qua 19 trinh d6. K&t qua md phdng trén Hinh 3.21 cho ta thiy su khic biét
vé BER khi st dung thuit todn dinh tuyén DSR va LBRQT-DSR. Két qui nay dudc
thuc thi trén t6-pd 50 niit, tbc do di chuyén trung binh cia mbi nit 1a 20 m/s va bing
thong kénh 40 MHz. Vi SNR khi st dung thuat toan LBRQT-DSR tang so véi thuat
todn DSR nhu da phan tich 6 Hinh 3.19, nén BER giam trong truong hdp thuat toan
LBRQT-DSR dudgc st dung. Piéu nay thé hién rd trong Hinh 3.21. Véi thuit toan
DSR, gia tri BER 16n nhit trong mang 13 2 x 107>, dong thdi ¢6 nhiéu 16 trinh ma gia
tri BER 16n hon gi6i han cho phép dé dam bao (107%). V&i thuat toan LBRQT-DSR
(Hinh 3.21b), BER trén céc 19 trinh truyén di liéu da giam mot cach dang k€ so véi
thuat toan DSR, hau hét nhé hon 107, 12 gi6i han cho phép d& ddm bao QoT theo nhu
kich ban m6 phoéng da thiét 1ap 6 Phan 2.5.1 ctia Chuong 2. Chi c6 mot sb rat it trudng
hop gid tri BER nam trong khoang 107° dén 3 x 107%. Cac trudng hdp nay la do céc

nit mang di chuyén trong qud trinh truyén dit liéu, din dén SNR gidm, 1am ting BER.
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Hinh 3.21. So sanh BER cta thuit todn (a) DSR va (b) LBRQT-DSR khi tong s6 niit
1a 50, téc do di chuyén 20 m/s, biang thong kénh 40 MHz

Trong trudng hop tdng sd niit mang thay d6i, vi SNR gidm dan theo t&ng sb niit mang,
nén BER ting dan nhu cho thy trén Hinh 3.22. Gi4 tri BER & day 1a BER cta 16 trinh
c6 QOT x4u nhét & thai diém 16 trinh dudc kham pha. Ta thy ring, véi ngudng BER
yéu cau la 1076, Xét trudng hop thuat toan dinh tuyén DSR dudc st dung, hé théng
mang chi ddm bdo yéu cau nay khi téng sd nit nhd hon 30. Con khi téng sd nit ting
tir 30 dén 50, BER ting dan tir 2.5 x 107% dén 2.6 x 107> C4c gia tri ndy vugt ngudng
BER yéu cau. Trong trudng hop st dung thuit todn dinh tuyén LBRQT-DSR, BER
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Hinh 3.22. So sdnh BER khi stf dung cac thuat to4n dinh tuyén LBRQT-DSR va DSR
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lu6n ludn nhd hon ngudng cho phép (107°) vi diéu kién rang budc vé QoT da dudc

xem xét trong qua trinh kham pha 16 trinh.
3.7.3.3. Phdn tich xdc sudt chdn goi dit lidu

Muc tiéu cd ban ctia cic thudt toan dinh tuyén cin bang tai l1a giam BPD. Pay 1a
mot tham s hiéu ning quan trong cia hé thdng mang. BPD dudc x4c dinh bang tdng
s6 goi bi chin trén tdng sd gbi phét sinh trong toan b thdi gian mo phdng. Trong phan
nay, tac gia so sanh BPD cua cac thuat toan LBRQT-DSR va DSR theo cac kich ban
m6 phong khac nhau. Khi tai luu luong thay ddi, su khac nhau vé BPD ciia cac thuét
toan trén nhu cho thiy & Hinh 3.23. K&t qua nay dugc mo phong trén td-pd 30 niit, tdc
dd di chuyén trung binh ctia mdi nit 12 20 m/s va bing thong kénh 40 MHz. Ta thiy
rang, so v6i thuat toan DSR, BPD cta thuit toan LBRQT-DSR gidm mot cach dang
k€. Xét trudng hop tai luu ludng 1a 0.6 Erlang, BPD cua thuit toan DSR 1a 0.0254.
Trong khi do, gia tri nay cua thuat toan LBRQT-DSR chi 1a 0.0155, giam 39.15% so
v6i thuat todn DSR. Khi tai luu lugng & miic cao nhét, tic 1a 1 Erlang, BPD gidm tit
0.0510 xudng con 0.0224, tuong tng véi ty 1é gidam 55.82%. Véi cac trudng hgp con
lai, BPD cua thuat toan LBRQT-DSR giam trung binh 51.79% so véi thuat toan DSR.
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Hinh 3.23. So sanh BPD theo tai luu lugng cua thuét toan LBRQT-DSR va DSR khi
tong s6 niit 1a 30, toc do di chuyén 20 m/s, biang thong kénh 40 MHz

Trong trudng hop tdng s6 niit mang thay déi. BPD ciia céc thuét toan LBRQT-DSR

va DSR nhu cho thdy & Hinh 3.24. Ta thdy ring, d6i véi ca hai thuit toan, BPD cang
cao khi tong s6 nit mang cang 16n. Tuy nhién, BPD ctia thuit toan LBRQT-DSR lu6n

101



0.06

——DSR
0.05 1 |—*—LBRQT-DSR
0.04 |
[m)
T 003
m
0.02 4
0.01 1 w
0-00 T T T
30 35 40 45 50

Téng s6 nit mang

Hinh 3.24. So sanh BPD theo tdng s niit ctia thuat toan LBRQT-DSR va DSR, téc do
di chuyén 5 m/s, tai luu lugng 1a 0.95 Erlang, bang thong kénh 40 MHz

nhd hon thuét toan DSR. Vi du, xét trudng hdp tong s6 niit mang 1a 45, BPD ciia céic
thuat toan DSR va LBRQT-DSR 1an lugt 1a 0.0309 va 0.0137. Nhu vdy, so vdi thuét
todn DSR, BPD cua thuat toain LBRQT-DSR giam 57.07%.

Trong trudng hop tdc do di chuyén trung binh clia cdc niit mang thay ddi, BPD ctia
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Hinh 3.25. So sanh BPD theo tc do di chuyén clia cc thuét toan LBRQT-DSR va DSR khi
t6ng s6 niit 1a 40, tai Ivu luong 12 0.95 Erlang, bing thong kénh 40 MHz
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c4 hai thuat todn ting dan theo toc do di chuyén nhu cho thiy trén Hinh 3.25. Két qua
nay dudc thyc hién trén t6-pd 40 nut, tai luu lugng 1a 0.95 Erlang véi bang thong kénh
40 MHz. Ta thiy rang, BPD giam dang ké khi st dung thuit tooin LBRQT-DSR, ty 1¢
gidm trung binh 1én dén 57.87% so véi thuat todn DSR.

Qua cic két qua phan tich vé BPD & c4c Hinh 3.23, 3.24 va 3.25 ta c6 thé két luan
rang, thuit toan LBRQT-DSR cho phép giam BPD so véi thuat toan DSR, dic biét 1a
trong truong hgp tai luu lugng phat sinh tai cac nit mang 16n. Nguyén nhan dat dugc
két qua nay 1a vi thuat toan LBRQT-DSR tim dudc cac 16 trinh thda man diéu kién
rang buodc ctia QoT, nén giam thi€u thanh phan BPD do QoT khéng ddm bio. Ngoai
ra, thut toan LBRQT-DSR con xét dén tiéu chi can bang tai khi lua chon 16 trinh, nén

giam thiéu thanh phan BPD do nghén cuc b tai cic nit mang.
3.7.3.4. Phan tich thong luong

Két qua thu dudc trén Hinh 3.26 cho ta thiy thong luong thu dugc trung binh tai
céc nit mang theo thdi gian ctia cac thuat toan LBRQT-DSR va DSR. Két qua nay
dugc thuc thi trén td6-pd mang c6 50 nut, tai luu lugng phat sinh tai cac nut phat 1a 0.9
Erlang, bang thong kénh 40 MHz va téc do di chuyén trung binh ctia céc nit 1a 5 m/s.
Céc dd thi trén Hinh 3.26 cho thiy riang, thuat toan LBRQT-DSR 1uén dat dudc thong
lugng cao hon thuat toan DSR. V6i thuat toan DSR, thong lugng trung binh la 65.48
Mbit/s, trong khi d6 thong lugng trung binh cua thuat toan LBRQT-DSR la 68.47
Mbit/s. Nhu vay, so v6i thuat toan DSR, thong lugng cua thuat toan LBRQT-DSR
tdng trung binh gan 3 Mbit/s.

Trong trudng hop tdc do di chuyén trung binh clia cc nit thay ddi, thong lugng
mang gidm dan vi BPD ting nhu da phan tich & cic phan truée. Két qua nay dudc
thé hién 1o trong Hinh 3.27, tuong ting vdi kich bidn mé phdéng 50 nut, tai Iuu lugng
phét sinh tai c4c nit ngudn phat 1a 0.9 Erlang, bang thong kénh 40 MHz. Mic du
thong lugng cla ca hai thuit todn déu giam dan, nhung thuét toin LBRQT-DSR lu6n
c6 thong lugng trung binh 16n hon thuit toan DSR. Xét trudng hop tdc do di chuyén
trung binh ctia moi nut 1a 5 m/s, thong lugng trung binh cta cdc thuat todn DSR va
LBRQT-DSR tuong tng 12 67.04 va 68.43 Mbit/s. Nhu vay, néu so v6i thuat toan DSR
thi thong luong cda thuit toan LBRQT-DSR ting trung binh 13 1.39 Mbit/s. Két qua
ciing hoan toan tuong tu cho céc trudng hop khac. Xét trung binh clia tit ca cac trudng
hop thi thuét toan dinh tuyén LBRQT-DSR cii thién thong lugng 1én dén 1.93 Mbit/s
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Hinh 3.26. So sanh thong luong clia cic thuat toan LBRQT-DSR va DSR khi tdng sb
ntt 1a 50, tai Iuu Iuong 12 0.9 Erlang, biang thong kénh 40 MHz va téc d6 di chuyén

trung binh cua cac nut la 5 m/s

so v6i thuat toan DSR.

T cac két qua mod phdng di dudc trinh bay & trén, tac gia cé thé két luan ring,
thuat todn dinh tuyén dugc dé xuit LBRQT-DSR lua chon dudc cdc 16 trinh dam bao
chit lugng truyén din, dong thdi cé xem xét dén cac diéu kién rang budc vé QoT. Do
vay, hiéu ning ctia hé théng mang dudc cai thién mot cach dang k€ vé mit xac suit

chan goi du liéu, thong luong mang. DBac biét, thuat toan LBRQT-DSR mang lai hiéu
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Hinh 3.27. So sanh thong lugng cia thuat toan LBRQT-DSR va DSR khi tdng s6 nuit
12 50, tai Iuu lugng 12 0.9 Erlang, bing thong kénh 40 MHz va tdc do di chuyén thay
doi
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qua cao trong truong hop tai luu lugng phat sinh tai cac nit mang 16n.
3.7.4. So sdnh cdc thudt todn dudc dé xudt véi cdc cong trinh nghién citu lién quan

Trong phan nay, tc gia so sanh hiéu qua thuc thi cla thuit toan LBRQT-DSR ma
tac gia da dé xuat vdi thuat toan DSR-SNR ctia nhém tdc gia trong [24]. Ngoai ra, cac
thuat toan nay ciing dudc so sanh véi thuat toan DSR dé thiy rod hiéu qua clia cac thuét
todn cai tién. Nguyén 1y clia thuat todn DSR-SNR dudgc cac tc gia dé xult trong [24]
1a tich hgp thém hai trudng vao géi RREP, v6i d dai ciia moi trudng 1a 8 bits d€ chita
thong tin SNR va RP (Received Power). Khi niit nguoén nhan dudc cic géi RREP vé két
quéa kham ph4 16 trinh, dua trén thong tin clia cdc trudng SNR va RP, nit nguodn sé Iua
chon 16 trinh ¢6 QoT tbt nhat. Vé mo phdng, céc tac gia trong [24] dd mo phong thuét
toan DSR-SNR trén OPNET simulator 14.5. Trong phan nay, d&€ dong nhit moi trudng
mo phong nham dam bio dd tin cdy cia cac két qua so sanh, tic gia luan 4n cai dat
thuat toan DSR-SNR trén cling phan mém md phdng véi cic thuat toan LBRQT-DSR
va DSR, d6 124 OMNeT++, dong thdi sit dung ciing bd tham s6 dau vao nhu da mo ta
& xay dung kich bAn m6 phéng (Phan 2.5.1 ctia Chuong 2).

Két qua md phong trén Hinh 3.28 cho thiy rd su khac biét vé BPD ctia céc thuat
toan DSR, DSR-SNR va LBRQT-DSR trudng hop téc do di chuyén clia cic niit thay
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Hinh 3.28. So sanh BPD theo tdc do di chuyén ctia cac thuat todn DSR, DSR-SNR va
LBRQT-DSR
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Hinh 3.29. So sanh BPD theo t6ng s niit mang cia cic thuat toan DSR, DSR-SNR
va LBRQT-DSR

ddi, tong s6 nit mang 1a 50, bing thong kénh 40 MHz va tai luu luong 0.6 Erlang.
Ta thiy ring, d6i v6i ci ba thuat toan, BPD cang cao khi toc do di chuyén ctia céc
nit mang cang 16n. Tuy nhién, trong ca 3 thudt toan, LBRQT-DSR la thuét toan mang
lai gia tri BPD nho nhit. Vi du, xét trudng hop téc do di chuyén trung binh clia cic
nit 12 15 m/s, BPD ctia cic thuit toan DSR, DSR-SNR va LBRQT-DSR lan ludt 1a
0.0429, 0.0341 va 0.0239. Nhu vay, néu so vdi thuét toan DSR, BPD ciia thuit todn
DSR-SNR gidm 20.56%, thuat toan LBRQT-DSR gidm 44.24%. Khi thay ddi tong s6
nit mang, thuat toan LBRQT-DSR ciing mang lai hiéu qua cao nhit néu xét vé BPD,
diéu nay cho thiy ro & Hinh 3.29. Trong trudng hop nay, tdc do di chuyén trung binh
ctia mdi nit 12 5 m/s, bing thong kénh 40 MHz va tai luu luong 0.7 Erlang. Cac do
thi trén Hinh 3.29 di cho thiy ring, néu so v6i BPD ctia thuit toan DSR, BPD cia
cac thuat toan DSR-SNR va LBRQT-DSR giam trung binh tuong ung la 33.34% va
50.88%. Nhu vay, thuat toan LBRQT-DSR gidm nhiéu hon 17.54% so véi thuat todn
DSR-SNR.

Tiép theo, ching toi phan tich thong lugng clia ca 3 thuit toan. Xét trudng hop tai
luu luong 12 0.65 Erlang, tdng sd nuit mang 12 50, téc d6 di chuyén trung binh cia cic
nut 1a 15m/s va bang thong kénh 40MHz. Thong ludng nhin dugc trung binh tai moi
nit nhu cho thiy & Hinh 3.30. Thuét toan LBRQT-DSR cho thong ludng cao nhit,
trung binh la 48.79 Mbit/s. Gia tri nay cua cac thuat toan DSR-SNR va DSR tuong
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Hinh 3.30. So sanh thoéng lugng ctia cac thuat toan DSR, DSR-SNR va LBRQT-DSR

ung la 48.41 va 47.78 Mbit/s. Nhu vay, thong lugng cia thuat toan LBRQT-DSR tang
trung binh 380 Kbit/s va 1.1 Mbit/s néu so v6i cac thuat toan DSR-SNR va DSR.

Tir cac két qua md phong & trén, chiing tdi ¢ thé két luan ring, véi ky thuat dinh
tuyén c6 xét dén diéu kién rang budc QoT (cac thuat toan DSR-SNR va LBRQT-
DSR), hiéu ning mang cai thién mot cach dang ké vé mit xdc sudt nghén mang va
thong luong. Trong do, thuat toan LBRQT-DSR mang lai hiéu qua cao nhit trong s6
3 thuét toan dudc phan tich.

3.8. Két luan chwong

Viéc nghién ciu cic giao thifc dinh tuyén trong mang MANET da va dang dudc
nhiéu nha nghién ctiu dic biét quan tam trong thdi gian gan ddy. Muc tiéu cla céic
cong trinh nghién ctiu vé cac giao thidc dinh tuyén trong mang MANET Ia tim ra cé4c
giao thiic téi uu nham nang cao hiéu ning mang. Trong trudng hop mang MANET c6
vung dién tich rong, mat dd nit cao, anh hudng cia cac hiéu tng vat ly xay ra trén cac
16 trinh truyén dif liéu dén hiéu niing mang 12 rat nghiém trong. Cac hiéu ting ny lam

suy giam chit luong tin hiéu truyén dn, ting ty 1¢ 16i bit, gidm hiéu ning mang.

Trong chuong niy, tic gia da trinh bay thuét toan dinh tuyén can bang tai ddm bao
chét luong truyén dan (LBRQT), dugc tac gia dé xuit cho mang MANET. Thuit toand
dinh tuyén LBRQT cho phép tim dudc 16 trinh théa min cic diéu kién rang budc cla

QoT va EED, dong thdi can bang tai luu lugng trén tat ca cac két nbi trong toan mang.
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Thuét toan dinh tuyén LBRQT da dudc ap dung dé cii tién cic giao thiic dinh tuyén
theo yéu ciu, bao gdm giao thiic AODV (LBRQT-AODV) va DSR (LBRQT-DSR).
Bing phuong phap mo phong trén OMNeT++, tdc gia di ching minh ring, cic thudt
todn dinh tuyén cai tién LBRQT-AODV va LBRQT-DSR da tim dudc céc 16 trinh thoa
min céc diéu kién rang budc ctia QoT va EED, nén QoT trén céc 10 trinh truyén dit
liéu ludn ddm bao. Ngoai ra, cac 19 trinh ciing dudc chon theo tiéu chi cin bang tai
luu lugng trén tit ca cac két nbi. Vi vy, giam thiéu tinh trang nghén cuc b tai cic niit
mang. Tir két qua lua chon 19 trinh nhu trén, hiéu ning ctia hé thong mang dugc cai
thién mot cach dang k€ so véi cdc thuat todn nguyén ban (DSR va AODV), ciing nhu
s0 vGi cac cong trinh nghién ciu trude do (thuat toan DSR-SNR trong [24]). Pac biét

1a trong trudng hop hé théng mang c¢6 ving dién tich rong, mat do niit cao.

Céc két qua nghién ctiu trong chuong nay di dudc cong bb trong 4 bai bdo. Trong
do, c6 01 bai bao ding trén Tap chi khoa hoc Quéc té thudc danh muc [B2],
01 bai bao trén Tap chi Tin hoc va Piéu khién hoc [B4] va 02 bai bdo trén Ky yéu hoi
thao khoa hoc chuyén nganh [B3] va [B5].
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) _CHUONG 4 )
PINH TUYEN CAN BANG TAI PAM BAO CHAT LUQNG

TRUYEN DAN DUA TREN THONG TIN PINH TUYEN CUA
NUT NGUON

Nbi dung chuong nay trinh thuét toan dinh tuyén can bang tai ddm bao chit luong
truyén dan dudc dé xuit cho mang MANET nham nang cao hiéu ning mang. Thuit
to4n dugc dé xuit trong chuong nay dudc ci tién ti thuat todn kham phd 19 trinh ctia
giao thiic DSR. Lo trinh cin bang tai dugc Iuwa chon dua trén thong tin dinh tuyén dudc
luu trit trong bd nhé clia nit ngudn. Thuat toan dé xuat dudc dit tén 1a SLBQT-DSR
(Source-based Load Balancing ensuring Quality of Transmission in DSR). Cac ndi
dung cu thé dugc trinh bay trong 6 phan. Phan 4.1 phan tich y tudng d€ dé xuét thuat
toan SLBQT-DSR. Phan 4.2 trinh by m6 hinh giai tich ctia Thuat toan SLBQT-DSR.
Phan 4.3 trinh bay nguyén Iy hoat dong clia thuit toan. Phan 4.4 di sdu phan tich cic
két qua mo phdng. Phan 4.5 phan tich cac uu diém va cdc nhugc diém ctia thuit toan
dudc dé xuét. Cubi cuing 1a két luan chuong, dudc trinh bay chi tiét trong Phan 4.6. Dé

Xuét nay cia tac gia da dugc cong bb trong [B1]'.

4.1. Y tudng dé xuét thuét toan
4.1.1. Chon 16 trinh cin bang tdi

Dic trung cd ban clia giao thifc dinh tuyén DSR 13 bd nhé dém ctia mbi niit luu
trif diy dd thong tin 16 trinh tif nit ngudn dén nit dich. Vi vay, mdi nit mang c6 thé
x4c dinh dugc tai lvu luong tif né phan phoi dén tit ca cac két ndi trong mang dua trén
thong tin 10 trinh dugc Iuu trit trong bd nhé dém cia nd. Vi vay, khi nhan dudc cac goi
RREP vé két qua kham pha 16 trinh, dua trén thong tin vé ti luu luong phan phdi dén
tat ca cac két ndi 6 thoi di€ém dang xét, niit ngudn cé thé lua chon 16 trinh sao cho tai
luu lugng phan phdi dén tit ci cac két nbi 1a can bang nhét. Pay chinh 1a y tudng lua
chon 19 trinh cn bang tai clia thudt toan dinh tuyén cai tién SLBQT-DSR.

1“SLBQT—DSR: Source-based Load Balancing Routing Algorithm under Constraints of Quality of Transmission for
MANET?”, Journal of Computer Science and Cybernetics, Vol.34, No.3, 2018, pp. 265-282.
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4.1.2. Xdc dinh diéu kién rang buéc QoT

D& dam bao QoT clia céac 19 trinh tim dudc bdi thuit todn dinh tuyén SLBQT-
DSR, céc diéu kién rang budc vé QoT phai dudc xic dinh trong qud trinh khdm pha 16
trinh. Y tudng xac dinh cic diéu kién rang budc ctia QoT trong thuit toan dinh tuyén
SLBQT-DSR dugc minh hoa nhu 6 Hinh 4.1. Khi mot nut trung gian (nut I) nhén dugc
mot g6i RREQ vé yéu cau kham ph4 19 trinh méi tif nit ngudn (S) dén nut dich (D).
Trong trudng hop thong tin dinh tuyén trong bo nhé ctia nit I khong c6 10 trinh dén D,
SA tai niit I du doan cac thong tin vé QoT tif nit S dén tat ci cac nut lang giéng clia
niit I (c4c nit trong tp Nj). Sau d6, g6i RREQ chi dudc phat quang ba dén cac niit
lang giéng ctia niit I thda man diéu kién rang budc ctia QoT cho trude (cic niit trong
tap Qy). Trong trudng hop thong tin dinh tuyén trong bd nhd ctia niit I ¢6 16 trinh dén
D, thay vi gtii ngay g6i phan hoi RREP vé nit ngudn nhu thut toan DSR, SA tai nit I
du dodn cac thong tin vé QoT tif nit S dén niit D doc theo 16 trinh S — I ni véi I — D.
Néu diéu kién rang budc QoT cho trudc dudc thda man, nit I mdi gl phan hdi géi
RREP vé nguodn. Nguoc lai, qud trinh khdm phd 16 trinh dugc tiép tuc thuc hién nhu
trudng hop thong tin dinh tuyén trong bd nhd ctia niit I khong c6 16 trinh dén D.

Du doan SNR va EED
tr S moi nt J € N;

| fc}

@ [ RC cua I khong c6 19 trinh dén D ] /Z;/ @ E
m // 5 |

((RCecianit1co 1o minhdénD | “RUN

______

A\ 4 ~
Du doan SNR va EED tir S dén D
theo 10 trinh S = I ndi véi I > D

«

Hinh 4.1. M6 hinh x4c dinh diéu kién rang budc QoT ciia thuat todn SLBQT-DSR
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V6i nguyén ly nay, cic 10 trinh dudc tim thiy luon ludn théa min cac diéu kién
rang buodc ctia QoT. Nguyén 1y du dodn céc tham sd QoT tai niit I béi SA dudc thuc
hién dua trén mo hinh xuyén 16p nhu da trinh bay 6 Phan 3.3.2.1 cia Chuong 3.

4.2. M6 hinh giai tich cua thuit toan
4.2.1. Xdy dung ham muc tiéu va cdc diéu kién rang buéc

Dé mo hinh héa thuit todn SLBQT-DSR thanh mé hinh gidi tich, tic gid dinh

nghia mot sd ky hiéu todn hoc nhu sau:

Goi Ny = [n"

i (n=1.m, v6i m 1a tdng sd nit mang) la ma tran biéu dién
J dnXn . :

(sx)

céc két ndi dugc chon cho 19 trinh ti nit S dén nit X (r,), trong d6, mdi phan ti n;;

dudgc xac dinh bdi:
(1) 1 Néu 19 trinh ryy di qua két ndi ¢;;

nj = _ 4.1)
0 Nguogc lai

Goi py, 12 tai luu lugng yéu cau tif nit S dén nit X, Fy = [ fi(-s)} 1y, 18 ma trén biéu

dién tai Iuu Iugng tif ndt S phan phdi dén tat ca cac két ndi trong mang. Khi d6, Fy
dudc xac dinh bdi:

m|uss

= = 5 o 42

Xét trudng hop nit S can kham phd mot 16 trinh méi dén nit D. Thuit todn dinh
tuyén SLBQT-DSR sé phét quang b4 géi RREQ dé tim K 19 trinh théa min cac diéu
kién rang budc ctia QoT va EED. K 10 trinh nay dudc bi€u dién bsi ma tran N, (k)

sd —
[n\3%) (k) firge xac dinh theo (4.1).

i ] e trong d6, mGi phan tit n;;

Pé biéu dién 19 trinh cin bang tai dudc chon trong sd K 16 trinh kha dung, tc gia
(k)

dinh nghia bién x ¢ Dhu sau:

) 1 Néu 16 trinh thit k& dudc chon
Xy = (4.3)
0 Nguogc lai

khi d6, ma tran biéu dién tai luu luong tif ndt S phan phdi dén tit ca cac két nbi trong
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mang dugc thay doi thanh:

/(s) SCNG
FS/ = [fijs }nxn = FS +p3d];1xsd Nsd (44)

Tt (4.4) ta c6 cac phan tir fi’;s) clia ma tran F, dugc xac dinh boi:
/(5) _ () SORG
S N
[ii =1 A Psa Y Xeq Mg (4.5)
k=1

Sau khi xac dinh dugc ma tran F}, thuit toan dinh tuyén SLBQT-DSR dudc md
hinh héa thanh bai toan quy hoach tuyén tinh nguyén (ILP) sau day:

min ( max f;;”) (4.6)
vfer;
v6i céc diéu kién rang budc:
xﬁ? (xgz) —-1)=0 4.7)
Y =1 (4.8)
k=1

trong do, (4.7) 1a rang budc nguyén va nhi phan theo dinh nghia ciia bién xgz) 6 (4.3).

(4.8) 1a rang buoc Iua chon 19 trinh, chi cho phép chon mdt trong sd K 19 trinh.

Bing cach giai bai toan ILP mo ta & (4.6) v6i cac diéu kién rang budc (4.7) va
(4.8), ta thu dudc tdp nghiém {xﬁ?}, nghia 1a tim dudc 16 trinh cAn bang tai ti niit
ngudn (s) dén nut dich (d).

4.2.2. Vidu minh hoa

DE thiy ro nguyén ly tim 10 trinh can bang tai theo md hinh giai tich & trén, tic gia
xét mét vi du nhu & Hinh 4.2. O thdi diém hién tai, bang dinh tuyén ctia nit 1 chita
4 ban ghi tuong dng véi 4 10 trinh dén cic nut dich 2, 4, 5 va 6. Cac 10 trinh nay c6
chu tric chi tiét nhusau: 1 -4 —-2,1—2,1 -4—-2—->5val—-3—5— 6. Theo
(4.1), cdc 10 trinh nay dugc biéu dién bdi cac ma tran Ny (s = 1,x = 2,4,5,6) nhu sau:

112



Két ndi
chiu tai luu
luong 16n

4.9)

=
)
|
o O O O o o O
o o O = O O O
S O O o O o O
S O O O o o O
o O O O o o O
S O O O O o O
=
IS
|
S O O O o o O
o O O O o o O
S O O O O o O
SO O O O o O =
S O O O ©oO o O
S O O o O o O
o O O O o o O

1
0
0
0
0
0
0

(4.10)

=
W
|
S O O O o o O
o O O = O O O
S O O O o o O
S O O O o O
S O O O o ~= O
S O O O o o O
S O O O o o O
=
a
I
S O O O o o O
S O O O o o O
S O O O o o =
S O O O o o O
SO O O o = O O
S O = O O O O
S O O O o o O

Dé don gian trong viéc tinh todn, xét trudng hop tai luu luong yéu cau tif niit 1 dén
tAt ca cdc niit 12 1 Erlang (p1, = 1). Theo (4.2) ta c6 ma tran biéu dién tai luu luong tir

nit 1 phan phdi dén tat ca cac két ndi trong mang & thdi diém hién tai nhu sau:
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F = [J”,-(-l)]7x7 = P12N12 + P1aN14 + p15sNis + pi6Nie (4.11)

0013000
00007100
00007100

=0 200000 (4.12)
0000010
0000000O

00000 0 0

Gia st & thdi diém hién tai, nit 1 cAn kham phd mot 16 trinh mdi dén ndt 7. Thuat
toan dinh tuyén SLBQT-DSR sé& phat quang ba gé6i RREQ dé tim K 16 trinh thda mén
céc diéu kién rang budc ctia QoT va EED c6 thé st dung cho viéc truyén dit lidu. Xét
trudng hgp K = 2. Sau qua trinh phat quang ba géi RREQ, nut 1 nhan dugc 2 géi RREP
tuong dng vé6i 2 16 trinh c6 thé st dung cho viéc truyén dif liula 1 — 4 — 2 — 7 va

1 —3—5—2—7.210 trinh nay dudc biéu dién bsi ma tran Ns(j) nhu sau:

0001000
000000 1
0000000

NY =™, =10 100 0 0 0 (4.13)
0000000
0000000
00000 0 0
(0 01 0 0 0 0]
000000 1
0000T100

NG =[], =10 0 0 0000 (4.14)
0100000
0000000
00000 0 0

Van dé con lai ctia thuat toan SLBQT-DSR 14 chon 1 trong sb 2 19 trinh nay dé
truyén dit liéu. T (4.6) ta x4c dinh dugc haim muc tiéu cda thuat toan SLBQT-DSR

114



nhu sau:

min ( max f ) (4.15)
Vﬁ] eF’

Theo (4.5), f;+") duoc xdc dinh bdi:

1 1 k 17k
i =1 +pr an) o (4.16)
= £ +ain f,””+ ™ i =1) (4.17)

Tir (4.17), (4.13) va (4.12) ta xac dinh dudc cac thanh phan cia ham muc tiéu (4.15)

nhu sau:

Ay =147 (4.18)
£y =34y (4.19)
f;g”: (4.20)
f27 17) +x§7) (4.21)
£ =14 (4.22)
’“):2+ ) (4.23)
JAS l? (4.24)
AV = (4.25)

Cac gia tri cua fi/]m con lai déu bang 0. Theo (4.7) va (4.8), cic diéu kién rang
budc cua thuat toan SLBQT-DSR trong truéng hdp nay dudc xac dinh bdi:
1)
—-1)=0
e o
X17 ( -1)=0

x4y =1 4.27)

Bing cach giai bai todn ILP v6i ham muc tiéu (4.15) va cac diéu kién rang budc
(4.26) va (4.27), ta thu dugc nghiém x\7) = 0 va x'2) = 1. Gid tri cia ham muc tidu
(4.15) la:

min ( max f ) fllgl): 517)_3 (4.28)
Vﬁj)eF’
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Vi két qua trén thi 16 trinh dugc chon1a 1 — 3 — 5 — 2 — 7. Khi chon 19 trinh
nay thi tai lvu lugng 16n nhét trén tit ci cac két nbi trong mang 12 3 (két ndi tir niit 1
dén nit 4). Néu chon 19 trinh 1 — 4 — 2 — 7 thi tai luu luong 16n nhat 13 4 (ciing trén
két ndi tir nit 1 dén nit 4). Nhu vay, thuat toan dinh tuyén SLBQT-DSR da tim dudc

16 trinh cAn bang tai.

4.3. Thuec thi thuat toin SLBQT-DSR
4.3.1. Chinh stta khuén dang goi RREQ

Dé c6 thé xac dinh cic diéu kién rang budc cia QoT trong thuit todn dinh tuyén
SLBQT-DSR, SA tai cic niit mang du dodn trudc cic do do vé QoT trong qud trinh
kham pha 16 trinh nhu da trinh by & Phan 4.1.2. D& thuc hién diéu nay, cic nit mang
phéi trao ddi v6i nhau cac thong tin vé SNR va EED. Pbi véi mang MANET, viéc trao
ddi thong tin gitta cdc nit chi c¢6 thé thuc hién thong qua cic goi diéu khién. Trong
thuat toan SLBQT-DSR, tdc gia st dung g6i RREQ dé€ trao d6i cac thong tin vé QoT
va EED giita c4c niit. CAu tric géi RREQ st dung trong thuét todn SLBQT-DSR nhu
cho thiy 6 Hinh 4.4. Géi RREQ nay dugc chinh sita tif géi RREQ ctia giao thiic DSR
bang cach thém vao céc trudng QoT va EED dé€ luu trit cac gia tri vé chit lugng truyén
dan va thoi gian tré, st dung cho viéc x4c dinh cdc diéu kién rang budc trong qud trinh

kham pha 10 trinh.

Opt. type Opt. Data Length ‘ Identification
Target Address
Address [1]
Address [2]

Address [n]
Reserved | QoT | EED

Hinh 4.3. Ciu triic gé6i RREQ st dung trong thuit toan SLBQT-DSR

4.3.2. Luu dé thudt todin SLBQT-DSR

Nguyén ly khdm phd 16 trinh ctia thuit toan dinh tuyén SLBQT-DSR dudc thuc
hién theo luu d6 Hinh 4.4. Céc diéu kién rang budc QoT dudc xdc dinh tai cic budc
(3) dén (5) dbi véi niit ngudn, cac buée (11) dén (16) ddi vé6i nit trung gian, trong do,

viéc xdc dinh tap Q; 12 tip cdc nut ldng giéng ctia nut I thda man diéu kién rang budc
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(@) 2 30 \
I/ S ta0 061 (30 Cap nhat 16 trinh{(28) S lyachon |5 trinh|
| —) R?QEg @ vao bang dinh |€ can bang tai theo |(27))
| l Q tuyén cua S Thuat toan 4.1 |
I : : I
[ @ Xac dinh tap tap Qs )| Tir chéi yéu cau do (26):
| theo Thuat toan 3.1 khong tim duoc 10 trinh |
I
: NGt nguén ‘l i :
| 4 ’ |
| Tang Twait theo bing I
| lDflng 24 ddng hd thoi gian :
| ) (21) |
S phét quang ba géi RREQ Nirep = 0 5 I
I P rrep = U, _ Snhan X
\ ®)1 dén tat ca cc niit | € Qs T = 0;[@D @] Nrep = Nmept1 € 061 prep (€1
.. ) 4  — — 7
D = =
/ (6)| Nat I nhan g6i RREQ NuUt trung gian \\
[
| : '
I @ Sai [
| [
| PRI
| Sai T~ | | | Capnhanthongtin| |
I ai | chu:a‘nhe_m VgOI ’ [ | | dudng nguoc vé S |
| RREQ nay trudc do? [ | vao RC cua | |
I
| w1
I | | | Taogéi RREPva | |
| (9| Cap nhan thong tin duong | '} | guiphanhdivés
| nguoc Vé S vao RC cua | : | |theo 16 trinh nguoc | |
| ! a9 | |
| S SAtai | dydoan SNRva| |\ Nt dich y;
| (10) RC caa ] o lg EEDtrSdénDtheoly | | ~——————— -
| trinh den D trinh S = 1 ni véi | — D :
| |
| (16) I
I 1z | Xéc dinh tap ap Q| _Sai SNR va EED thod :
: theo Thuat toén 3.1 mén diu kién rang |
112 ¥ . :
Il Loaibo |
: g6i RREQ |
I I
I (14) | ppét guépg,bé g,éi RREQ Tao géi RREP va guri phan I
: dentatcacacnutJ e Qi hoi vé S theo 16 trinh nguoc | |
| ] |
|\ Két thiic tién trinh xar 1y | o |
\ g6i RREQ vira nhan /
N /

Hinh 4.4. Luu dd thuit toan dinh tuyén SLBQT-DSR
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ctia QoT dudc thuc hién theo Thuit toan 3.1 ctia Chuong 3. Khi niit ngudén da nhan
dugc K g6i RREP vé két qua khdm ph4 19 trinh, nghia 13 thuat todn SLBQT-DSR di
tim dugc K 16 trinh théa man diéu kién rang budc QoT, thuit toan SLBQT-DSR lua
chon mot trong s6 K 16 trinh kha dung sao cho tai Iuu lugng dugc phan bd can bing
dén tit ca cac két ndi trong mang. Cong viéc nay dudc thuc hién tai bude (27) cla nit

nguodn, theo Thuit toan 4.1.

Thuét toan 4.1: Chon mot 16 trinh cin bang tai trong s6 K 16 trinh kha dung
tai niit ngudn bdi thuat toan SLBQT-DSR
Input : Mot t6-pd mang MANET; K 16 trinh kha dung tir S dén D.
Output: Mot 16 trinh can bang tai tit S dén D.
Method:
(1) Dua trén thong tin bang dinh tuyén ctia niit S, xdy dung ma trin phan phbi
lwu lugng £ = [£] theo (4.2);
(2 Dua trén thong tin ctia K 19 trinh kha dung, xay dung ma tran phan phdi luu
lugng F, = [£/¥)] _ theo (4.4);
3) Xay dung bai todn ILP theo (4.6) véi cic diéu kién rang budc (4.7) va (4.8);
@) Giai bai toan ILP;

(5> Chon 19 trinh can bang tai dua trén két qua gidi bai toan ILP;

nx

6y Cap nhat thong tin 19 trinh vao bang dinh tuyén cla S;

4.4. M6 phéng va phan tich két qua
4.4.1. Kich ban mé phong

Hiéu qua thuc thi clia thuat toan dinh tuyén SLBQT-DSR dudc danh gia bang
phuong phap md phong trén OMNeT++ [10]. Thuat toan SLBQT-DSR dudc so sanh
v6i thuat todn kham ph4 10 trinh ctia giao thic DSR [22] dbi v6i cdc tham s6 hiéu ning
SNR, BER, x4c suit chiin géi dif liéu va thong lugng trén toan mang. Mo phong dudc
thuc hién trén 3 nhém kich ban khic nhau vé6i cdc tham s6 ky thuat dudc thiét 1ap nhu
Bang 2.5 ctia Chuong 2. Cac nhém kich ban mo6 phdong dugc cai dat nhu sau:

(i) Kich bdn 1: Phdn tich cdc tham sé hiéu ndng theo su thay doi ciia tong sé niit mang

Trong kich ban md phéng nay, tic gia thay d6i tong s6 nit mang qua mdi 1an thuc
thi md phdng dé€ phan tich cac tham sb hiéu ning. Tong s6 nit mang dudc thay doi tir
30 dén 50 nuit.
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(ii) Kich bdn 2: Phdn tich cdc tham s6 hiéu ndng theo sy thay déi cua tdi luu lwgng

Khéc vé6i kich ban 1, tdng s6 niit mang dudc gitt ¢d dinh trong kich ban nay. Tai Iuu
lugng phat sinh tai cdc nit 12 ngudn phat dudc thiét 1ap thay d6i dong, tir 0.6 Erlang
cho dén 1 Erlang.

(iii) Kich bdn 3: Phdn tich cdc tham sé hiéu ndng theo sy thay doi ciia toc dé di chuyén

Trong kich ban md phoéng nay, tdng sd niit mang va tai luu luong phat sinh tai cic
ntit 12 ngudn phat dudc gitt ¢d dinh. Téc d6 di chuyén trung binh ctia tt ca c4c niit 1a
thay d6i, tif 0 m/s (ding yén) cho dén 20 m/s.

Ngoai ra, tit cac cic kich badn mo phong déu dudc thuc hién nhiéu lan. Két qua mo
phdng cubi cling 1a gi4 tri trung binh clia cdc 1an mo phdng.
4.4.2. Két qud mé phong
4.4.2.1. Phan tich QoT

Trong phan nay, tic gia phan tich QoT ctia cac kénh truyén dif liéu trong hé thong
mang. Trong kich cic ban mo6 phdng dudc thiét 1ap, QoT dudc xdc dinh thong qua
do do vé ty 1¢ tin hiéu trén nhiéu (SNR) clia cac kénh truyén. Két qua mo phdéng trén
Hinh 4.5 cho thiy rd su thay ddi cia SNR theo tdng s6 nit mang. Gid tri SNR trén
truc tung 12 SNR nhé nhét & thsi diém 16 trinh dudc kham pha. Ta thiy ring, v6i thuat

26.00
Gia tri yéu cau
—¥-DSR

25.00 + —A—RLBQT-DSR
@
2
= 24.00 M
(O
<
c
2
€ 23.00 -
x
z
(7]

22.00 -

21.00 ‘ ‘ ‘ ‘ ‘

20 25 30 35 40 45 50

Téng s6 nat mang

Hinh 4.5. Su thay d6i SNR nhd nhét khi st dung thudt toan dinh tuyén
SLBQT-DSR va DSR
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toan DSR, gid tri SNR chi 16n hon SNR yéu cau tbi thiéu (23.5 dB) khi tdng s niit
mang nho hon 30. Véi thuat toan SLBQT-DSR, gia tri SNR dugc cai thién mot cach
dang ké so véi thuat toan DSR, ludn 16n hon SNR yéu cau t6i thiéu cho du tdng s nuit
mang 16n. Nguyén nhan 12 do diéu kién rang budc vé QoT di dudc xem xét trong qua
trinh kham pha 10 trinh.

98 n H\/-\-’\N_\’\’\_H—v
3
g i
96
— DSR
—— SLBAQT-DSR
94 -
T T T T T T I j !
0 500 1000 1500 2000

Thé&i gian mé phéng (s)

Hinh 4.6. So sanh ty 1é kénh dam bao QoT khi st dung thuit toan dinh
tuyén SLBQT-DSR va DSR

Két qua thu dugc trén Hinh 4.6 cho thiy rd su khdc biét vé ty 1& kénh truyén dif
liéu dam bao QoT (REQ - Ratio of channels Ensureing QoT) khi st dung thuét toan
dinh tuyén SLBQT-DSR va DSR. Két qua nay dudc thuc hién trén to-pd 50 niit, toc
dd di chuyén trung binh ctia mdi nit 1a 20 m/s, tai lvu ludng phat sinh trung binh tai
mdi niit 12 1 Erlang. Trong cac kich ban mo6 phdng cta luan 4n, REQ dudc xdc dinh
nhu sau:

C
REQ = QoT

x 100% (4.29)
all

trong do, Cg,r 12 tong s0 kénh ddm bao QoT theo yéu cau, C,yy 1a tdng s6 kénh trong
toan mang. Cac dd thi trén Hinh 4.6 cho thdy rang, trong thdi gian mo phong tir 0
dén 250 gidy, REQ ctia ca hai thuét todn DSR va SLBQT-DSR bién dong nhiéu do hé
théng mang chua di vao trang thai n dinh. Trong khodng thdi gian ti 250 gidy trd di,
gi4 tri nay dan 6n dinh. Trong trudng hop st dung thuat toan DSR, REQ trung binh 1a
97.73%. Gia tri nay ting 1én dén 99.09% néu thuit toan SLBQT-DSR dudc st dung.
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Hinh 4.7. Su thay d6i SNR nhé nhét khi st dung thuit toan dinh tuyén
SLBQT-DSR va DSR

Nhu vay, QoT ciia hé théng mang da dudc cai thién trong trudng hop st dung thuét
toan SLBQT-DSR.

Hinh 4.7 1a két qua thu dudc khi thuc hién mé phong trén 5 kich ban khac nhau,
t6ng s6 mit mang ctia mdi kich ban tuong ting 1a 30, 35, 40, 45 va 50 niit. Ta thy ring,
REQ ctia thuat toan SLBQT-DSR ludn cao hon thuét toan DSR. Diéu nay chiing t4
QoT ctia hé théng mang khi sit dung thuat toan SLBQT-DSR 1uén tét hon trudng hop
st dung thuat toan DSR.

4.4.2.2. Phdn tich xdc sudt chdn goi dit lidu

Vi QoT ciia hé théng mang ting khi st dung thuat toan dinh tuyén SLBQT-DSR
nhu di phan tich  Phan 4.4.2.1, nén xdc suat chin géi dit liéu (BPD) trén toan mang
giam. Két qua mo phdng trén Hinh 4.8 cho thiy 16 diéu nay. Két qui nay dudc mo
phéng trén t6-pd 30 niit, tdc dd di chuyén trung binh clia mdi niit 12 20 m/s va bing
thong kénh 40 MHz. Ta thiy rang, BPD khi st dung thuat toan SLBQT-DSR nhd hon
nhiéu so véi trudng hop st dung thuit toan DSR. Xét trudng hop tai luu luong 12 0.6
Erlang, BPD cua thuét toan DSR 1a 0.0254. Trong khi do, gia tri nay cua thuat toan
SLBQT-DSR chi 1a 0.0139. Khi tai luu lugng & mic cao nhét, tic 12 1 Erlang, BPD
giam tir 0.0510 xudng con 0.0260, tuong dng vé6i ty 1& giam 48.65%. V6i cac trudng
hgp con lai, BPD cua thuat toan SLBQT-DSR giam trung binh 46.77% so véi thuat
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Hinh 4.8. So sanh BPD theo tai luu lugng cta thuit toan SLBQT-DSR va DSR khi
tong s6 niit 1a 30, tbe do di chuyén 20 m/s, biang thong kénh 40 MHz

toan DSR.

Trong trudng hop tdng sd niit mang thay déi, BPD trén toan mang khi st dung céc
thuét todn SLBQT-DSR va DSR nhu cho thiy & Hinh 4.9. Pay 1a két qua ctia kich ban
md phdng véi tai luu luong phat sinh tai moi nit 13 0.95 Erlang, cac niit di chuyén véi
téc do trung binh 5 m/s. Cac d6 thi trén Hinh 4.9 cho thdy ring, d6i véi cé hai thuat
to4an, BPD cang cao khi tdng s6 nit mang cang 16n. Tuy nhién, BPD ciia thuit todn
SLBQT-DSR ludn nhé hon thuét toan DSR. Vi du, xét trudng hop tong s6 nit mang 1a
50, BPD ctia cdc thuat todn DSR va SLBQT-DSR lan lugt 1a 0.0385 va 0.0198. Nhu
vay, so véi thuit toan DSR, BPD cua thuat toan SLBQT-DSR giam 48.4%. Véi cac
trudng hop téng sb nit mang 1a 30, 35, 40 va 45 nit, BPD gidm trung binh 48.2% khi
st dung thuat toan SLBQT-DSR.

Ngoai su phu thudc vao tai lvu luong va tdng sd niit mang, BPD con phu thudc vao
toc do di chuyén ciia cic cac niit. Diéu nay thé hién ro trén Hinh 4.10, trong do6 tdc gia
vé dd thi BPD theo tdc d6 di chuyén trung binh clia c4c niit, tdng sd nit mang dudc
thiét 1ap 12 50. Két qua nay dudc thuc hién trén 2 kich ban khac nhau, mot kich ban
v6i tai luu lugng thap (0.6 Erlang) va mot kich ban véi tai luu lugng cao (0.9 Erlang).
Trong ca hai kich ban, BPD trén toan mang khi st dung thuat toan SLBQT-DSR luén
ludn nhd thuat todn DSR. Xét trudng hop 0.6 Erlang va mdi nit di chuyén vdi téc do
trung binh 20 m/s, BPD cua cac thuat toan DSR va SLBQT-DSR tuong tng la 0.051
va 0.029. Nhu vay, so véi thuat toan DSR, BPD khi st dung thuét toan SLBQT-DSR
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Hinh 4.9. So sanh x4c suét chiin géi dit liéu ctia thuét toan SLBQT-DSR va DSR khi

téng s6 niit mang thay déi
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Hinh 4.10. So sanh xdc suit chiin géi dit liéu ctia thuit toan SLBQT-DSR va DSR

khi tdc d6 di chuyén trung binh ctia c4c nit thay di

giam 42.9%. Ciing v6i trong trudng hdp mdi nit di chuyén véi tde do trung binh 20
m/s, nhung néu tai luu luong phat sinh tai méi nuit 12 0.9 Erlang thi BPD trén toan
mang khi stt dung thuat toan SLBQT-DSR gidm 44.7%. Két qua nay da chiing t6 ring,
tai luu lugng cang cao thi thuat toan SLBQT-DSR hoat dong cang hi€u qua.
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Hinh 4.11. So sanh thong lugng ctia thuat toan SLBQT-DSR va DSR khi téng sb niit
1a 50, ti luu luong 12 0.9 Erlang, bing thong kénh 40 MHz va téc do di chuyén 5 m/s

4.4.2.3. Phadn tich thong luong

Vé miit thong luong, vi PBD cua thuit toan SLBQT-DSR gidm so véi thuit todn
DSR, nén thong luong mang khi st dung thuat toan SLBQT-DSR ting 1én. Dién nay
dudc thé hién trén Hinh 4.11. Két qua nay dudc thuc thi trén to-pd mang c6 50 niit,
tai Ivu luong phat sinh tai cac nit phat 1a 0.9 Erlang, bing thong kénh 40 MHz va toc
d6 di chuyén 5 m/s. Céc d6 thi trén Hinh 4.11 cho thiy ring, thong ludng ting khi st
dung thuat toan SLBQT-DSR. Véi thuat toan DSR, thong lugng trung binh la 65.482
Mbit/s, trong khi d6 thong lugng trung binh cua thuat toan SLBQT-DSR 1a 67.385
Mbit/s. Nhu vy, so vGi thuét toan DSR, thong lugng cia thuat toan SLBQT-DSR tang
trung binh gan 1.903 Mbit/s.

Trong trudng hop tdc do di chuyén ciia cac nit thay d6i, thong lugng mang khi
st dung cdc thuit toan dinh tuyén DSR va SLBQT-DSR nhu cho théy trén Hinh 4.12.
Ta thiy ring, tbc do di chuyén clia cdc niit cang cao thi thong luong mang cang giam.
Nguyén nhan 12 do khi céc niit di chuyén nhiéu thi xdc xult géi chiin géi dit liéu ting
(nhu da phan tich & két qua Hinh 4.10). Tuy nhién, c4c dd thi trén Hinh 4.12 cho thiy,
thong lugng cta thuat todn SLBQT-DSR 1udn cao hon thuét toan DSR. Cu thé, xét
trudng hop céc nit di chuyén véi toc do trung binh 20 m/s, thong lugng trung binh ctia
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Hinh 4.12. So sanh thong luong ctia thuat toan SLBQT-DSR va DSR khi toc do di
chuyén clia céc nit thay doi

thuat toan DSR 1a 62.50 Mbit/s, trong khi d6 néu st dung thuit toan SLBQT-DSR thi
gia tri ndy 13 64.12 Mbit/s. Nhu vay, néu so véi thuat toan DSR, thong luong mang khi
st dung thuat toan SLBQT-DSR ting 1.62 Mbit/s. Véi cac truong hgp con lai, thong
lugng mang ting trung binh 1.29 Mbit/s néu st dung thuat todn SLBQT-DSR.

4.4.3. So sdnh thudt todn duoc dé xudt véi cdc cong trinh nghién citu lién quan

Trong phan nay, tic gi so sdnh hiéu qua thuc thi clia thuat todn dinh tuyén SLBQT-
DSR ma tic gia da dé xuat v6i thuit todan DSR-SNR ctia nhém tic gia trong [24]. Ngoai
ra, cac thuat todn nay ciing dudc so sanh véi thuat toan DSR dé thiy 1o hiéu qua ctia
céc thuat todn cai tién. Nguyén ly cta thuat toan DSR-SNR dudc céc tdc gia dé xuit
trong [24] 12 tich hdp thém hai trudng vao géi RREP, v6i do dai cia mdi trudng 1a 8
bits dé chita thong tin SNR va RP (Received Power). Khi nit ngudn nhén dudgc céc goi
RREP vé két qua khdm ph4 16 trinh, dua trén thong tin clia cic truong SNR va RP, niit
nguodn sé lua chon 16 trinh ¢6 QoT tdt nhat. V& md phdng, cic tic gia trong [24] da
md phong thuit toan DSR-SNR trén OPNET simulator 14.5 [55]. Trong phan nay, dé
dong nhat moi trudng mo phong nham dam bao dd tin cy clia cdc két qua so sanh, tic
gia luan 4n cai dit thuat toan DSR-SNR trén ciing phan mém md phdng véi cc thuat
toan SLBQT-DSR va DSR, d6 12 OMNeT++, dong thdi st dung ciing bo tham s dau
vao va céc kich bidn mo6 phdng nhu da phan tich & Phan 4.4.1.
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Hinh 4.13. So sanh BPD theo téi luu lugng cia cac thuét toan DSR,
DSR-SNR va SLBQT-DSR

Trudc tién, tac gia phan tich tham sb hiéu ning BPD khi tai luu luong phat sinh tai
céc nit mang thay ddi. Két qua thu dudc nhu 6 Hinh 4.13. Day 1a két qua ctia kich ban
mo phdng véi tong s6 niit 1a 30, tde d6 di chuyén trung binh ctia mdi niit 1a 5 m/s. Cac
biéu dd trén Hinh 4.13 cho thiy ring, thuit toan SLBQT-DSR cho két qua BPD nhd
nhét trong ca 3 thuét todn. So vdi thuit toan DSR-SNR ctlia nhém tdc gia trong [24],
thuat toan SLBQT-DSR cai thién BPD mot cach dang ké. Vi du, xét trudng hop tai luu
lugng 1 Erlang, BPD cuia cac thuat toan DSR, SNR-DSR va SLBQT-DSR tudng ting
120.029, 0.017 va 0.011. Nhu vay, néu so vé6i thuit toan SNR-DSR, BPD khi st dung
thuat toan SLBQT-DSR gidm 32.59%. Néu so véi thuat toan DSR, gid tri nay gidm
dén 61.89%.

Tiép theo, tac gia so sanh BPD cua cé4c thut toan DSR, DSR-SNR va LBQT-DSR
trudng hop téc do di chuyén clia cac nit thay ddi, tong s6 niit mang 1a 50, bing thong
kénh 40 MHz va tai luu luong 0.6 Erlang. Két qua thu dugc nhu & Hinh 4.14. Ta thy
rang, d6i v6i ca ba thuat toan, BPD cang cao khi toc do di chuyén clia cdc nit mang
cang 16n. Tuy nhién, trong ca 3 thuat toan, SLBQT-DSR la thuat toan mang lai gia
tri BPD nhd nhét. Cu thé, xét trudng hop tdc do di chuyén trung binh cda cac nut 1a
20 m/s, BPD clia cdc thuat toan DSR, DSR-SNR va SLBQT-DSR 1lan lugt 1a 0.050,
0.039 va 0.028. Nhu viy, néu so v6i thuit todn DSR, BPD ciia thuit toan DSR-SNR
giam 21.38%, thuit toan SLBQT-DSR giam 42.93%. Két qua nay cho thiy thuit toan
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Hinh 4.14. So sanh BPD theo toc do di chuyén ctia cic thuit toan DSR,
DSR-SNR va SLBQT-DSR

SLBQT-DSR céi thién mdt cach dang ké ddi v6i tham sb hiéu ning BPD.

Vé miit thong luong mang, két qua so sanh 3 thuit toan DSR, SNR-DSR va SLBQT-
DSR nhu cho thiy trén Hinh 4.15. Thong lugng dudc do qua thdi gian mé phéng trong
trudng hop t6-pd6 mang c6 30 niit, mdi niit di chuyén vé6i tdc do trung binh 5 m/s, tai
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Hinh 4.15. So sanh thong lugng cta cac thuat toan DSR, DSR-SNR va SLBQT-DSR
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luu lugng phét sinh tai mdi nit 0.9 Erlang. C4c dd thi trén Hinh 4.15 cho thiy ring,
thuat toan SLBQT-DSR cho thong lugng cao nhét, trung binh 1a 68.99 Mbit/s. Gia tri
nay cua cac thuat toan DSR-SNR va DSR tuong tng la 68.52 va 68.31 Mbit/s. Nhu
vay, thong lugng cua thuat toan SLBQT-DSR tang trung binh 470 Kbit/s va 680 Kbit/s
néu so véi cac thuat toan DSR-SNR va DSR.

Tt cac két qua md phong & trén, ching toi c6 thé két luan rang, véi ky thuat dinh
tuyén c6 xét dén diéu kién rang budc QoT (céac thuat todn DSR-SNR va SLBQT-DSR),
hiéu ning mang cai thién mot cich dang ké vé mit xdc suit nghén mang va thong
luong. Trong d6, thuit todn SLBQT-DSR mang lai hiéu qué cao nhét trong sb 3 thuat
toan dudc phan tich. Nguyén nhén 14 do ngoai diéu kién rang budc QoT, thuit todn
SLBQT-DSR con xét dén muc tiéu can bing tai trong qua trinh kham ph4 16 trinh. Vi

vay, thuat toan SLBQT-DSR giam thiéu xac xuét chin géi dif liéu trong toan mang.

4.5. Panh gia uu nhuge diém cia thuét toan duge dé xuit
4.5.1. Uu diém

Cic két qua mo phdng dudc trinh bay & Phan 4.4 da ching minh ring, thuit todn
dinh tuyén dugc dé xuat SLBQT-DSR cai thién hiéu ning mang ddi v6i cac dod do
SNR, BER, xdc suit chin géi dif lidu va thong luong mang. Céc uu diém chinh ctia
thuat todn SLBQT-DSR bao gdm:

e Lua chon dudc 19 trinh cin biang tai, nhung dong thdi ddm bio chit lugng
truyén din theo yéu cau.

e Giam sb géi RREQ can thiét trong qud trinh kham pha 19 trinh. Nguyén nhan
1a do cdc niit trung gian chi phat quang ba géi RREQ dén cic nit ling giéng
thda man diéu kién rang budc ctia QoT, chif khong phat quang ba dén tat ca céac
niit lang giéng nhu giao thic DSR.

e Viéc lya chon 10 trinh c4n bang tai dudc thuc hién don gian dua trén thong tin

dinh tuyén dugc luu trit trong bd nhé tam clia nit nguon.
4.5.2. Nhuoc diém

Bén canh nhiing uu diém da dugc dé cip & trén, thuat toan SLBQT-DSR ciing c6
mot s6 nhuge diém. Tuy nhién, cic nhude diém nay khong dnh huéng dén hiéu ning

mang, cu th€ nhu sau:
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(i) Tang kich thudc goi diéu khién

Vi cu triic ctia g6i RREQ dudc dé xuét cho thuat toan SLBQT-DSR nhu d trinh
bay & Phan 4.3.1, kich thudc ctia géi RREQ nay 16n hon kich thudc géi RREQ ciia
thuat todn SLBQT-DSR hai trudng, d6 la céac truong QoT va EED, do dai ctia moi
truong 1a 1 byte. Tuy nhién, nhu da phan tich trong phan vu di€ém & trén, tdng s6 goi
RREQ dudc st dung cho viéc kham pha 10 trinh trong thuat toan SLBQT-DSR 1a it
hon thuat toan DSR. Vi vay, viéc géi RREQ cua thuat toan SLBQT-DSR tang thém 2
bytes khong anh hudng dén hiéu ning ctia thuit toan SLBQT-DSR.

(ii) Tdang thoi gian xu ly tai cdc niit trung gian

D& c6 thé xac dinh cac diéu kién rang budc ctia QoT va EED trong qu4 trinh kham
pha 10 trinh, SA tai cac nut trung gian phai thu thap thong tin, tinh toan va du doan
trudc cac do do vé QoT va EED mbi khi xit Iy g6i RREQ. Piéu nay sé 1am ting thoi
gian xu ly. Tuy nhién, cac chuong trinh tinh toan chi c6 do phuc tap theo ham da thic.
Cu thé, theo luu d6 thuat toan SLBQT-DSR & Hinh 4.4, cic rang budc vé QoT va EED
trong qua trinh kham pha 10 trinh dudc thuc hién tai cac bude (3) va (11), thuc hién
theo Thuat toan 3.1 § Chuong 3, trong d6 phuong trinh xac dinh rang budc QoT chi la
phuong trinh nghich d4o, phuong trinh x4c dinh diéu kién rang buéc EED 1a mot da
thic bac L+ 1, vé6i L 1a kich thudc hang dgi. Nhu vay, mac du thuat toan SLBQT-DSR
c6 tang thoi gian xu ly tai cac nut trung gian. Tuy nhién, cac chudng trinh tinh toan

chi ¢6 d6 phiic tap theo ham da thiic nén hiéu ning mang khong bi 4nh hudng nhiéu.

4.6. Két luan chuong

Trong chuong niy, tic gia da trinh bay thuét toan dinh tuyén cin bang tdi ddm bio
QoT (SLBQT-DSR) dudc dé xuit cho mang MANET nham cai thién hiéu nang mang.
Thuét todn dinh tuyén SLBQT-DSR cho phép tim dugc 16 trinh thda min céc diéu kién
rang budc ctia QoT va EED, dong thdi can bang tai luu lugng trén tat ca cac két nbi
trong toan mang. Nguyén ly tim 19 trinh cin bang tai cda thuit toan SLBQT-DSR la
dua trén thong tin dinh tuyén dudc luu trif trong bd nhé tam clia nit nguon. Két qua
mo phéng di ching minh ring, thuat toin SLBQT-DSR mang lai hiéu ning mang tot
hon so véi thuat toan DSR va thudt toan DSR-SNR cua nhém téc gia trong [24].

Két qua nghién citu trong chuong nay da dudc cong bd trong Tap chi Tin hoc va
Diéu khién hoc, tap 34, s6 3, 2018 [B1].
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KET LUAN VA NHUNG PONG GOP CUA LUAN AN

Viéc nghién cidu cdc giao thiic dinh tuyén trong mang MANET da va dang dudc
nhiéu nha nghién ctiu dic biét quan tam trong thdi gian gan ddy. Muc tiéu cla cic
cong trinh nghién ctitu vé cic giao thic dinh tuyén trong mang MANET Ia tim ra céic
giao thiic téi tu nham nang cao hiéu ning mang. Trong trudng hop mang MANET c6
vung dién tich rong, mat dd nit cao, anh hudng cia cac hiéu ting vat ly xay ra trén cac
16 trinh truyén dit liéu dén hiéu ning mang 1a rit nghiém trong. Cac hiéu ¥ng nay lam
suy giam chét luong tin hiéu truyén dan, ting ty 1& 15i bit, gidm hiéu ning mang. Noi
dung ctia luan 4n da tip trung nghién ciu ky thuat dinh tuyén dudi diéu kién rang budc
anh hudng cta cac hi€u ung vat ly dua trén md hinh xuyén 16p. Qua qua trinh hoc tép,

nghién ctiu thuc hién luin 4n, tic gia da dat dudc nhitng két qua chinh sau day:

1. Pé xuat phueng phép xac dinh cc diéu kién rang budc ctiia QoT dua trén mé

hinh xuyén lop

Bing cach gi6i han cac niit lang giéng theo mdi yéu cau kham ph4 16 trinh méi,
tac gia da dé xuat phuong phap xdc dinh cac diéu kién rang budc ctia QoT dua trén mo
hinh xuyén 16p, st dung cho ché kham ph4 16 trinh clia cdc giao thiic dinh tuyén theo
yéu cau trong mang MANET. Bing phuong phéap nay, thuit toan dinh tuyén luén ludn
tim dugc 19 trinh thda man cic diéu kién rang budc ctia QoT cho trudc. Vi viy, QoT

cuia trén cdc 16 trinh truyén dit liéu dugc ddm bao theo yéu cau dé ra.

2. Dé xuét thuit toan dinh tuyén cin bing tai dam bao QoT dua trén tai luu
lugng phan phi")i dén méi 16 trinh (LBRQT) cho mang MANET

Bing phuong phap st dung md hinh xuyén 16p két hop véi cong nghé tac ti, tic
gia da dé xut thuit toan dinh tuyén can bang tai ddm bao QoT (LBRQT). Thuit todn
dinh tuyén LBRQT cho phép tim ra c4c 16 trinh truyén di liéu théa man cic diéu kién
rang budc ctia QoT, dong thdi can bang tai luu luong phan phdi dén tat ca cac két
ndi trong mang. St dung thuét toan dinh tuyén LBRQT, tic gid da dé xuét cc thuat

toan kham pha 16 trinh ci tién cta cdc giao thic dinh tuyén theo yéu cau. Cac thuit
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toan dugc dé xuit bao gdbm LBRQT-AODV va LBRQT-DSR. Bing phucng phap md
phong, tic gia da chiing minh ring, cdc thuat toan dudc dé xuit cai thién QoT clia cic

10 trinh, nang cao hiéu nang mang.

3. Pé xuit thuat toan dinh tuyén cin bang tai dim bao QoT dua trén thong tin
dinh tuyén dugc Iuru trix trong bé nhé ciia mit nguon (SLBQT-DSR) cho mang
MANET

Dua trén dic trung ctia giao thifc dinh tuyén ngudn dong (DSR) 12 bd nhé tam clia
mbi niit luu trit diy dd thong tin 16 trinh tif ngudn dén dich, tac gid da dé xuat thuat
toan dinh tuyén can bang tai ddm bao QoT cho mang MANET. Thuit todn dé xuét
dugc dit tén 12 SLBQT-DSR. Bing phuong phdp mo phdng, tic gia di chiing minh
rang, thuat toan SLBQT-DSR thuc thi t&t hon thuat todan DSR va thuét toan DSR-SNR
clia nhém téc gia trong [24] dbi v6i cac tham s6 hiéu ning x4c suit chin géi dit liéu,

QT ctia cac kénh truyén dit liéu va thong lugng mang.

Toan bo cac két qua dat dudc ciia luan 4n di dudc cong bd trén 8 bai bdo trong cic
Tap chi va Ky yéu Hoi thdo Khoa hoc chuyén nganh trong nudc va Qudc té. Trong do,
¢6 01 bai bdo ding trén Tap chi khoa hoc Quéc té thudc danh muc [B2], 02
bai béo trén Tap chi Tin hoc va Diéu khién hoc [B1] va [B4], 01 bai bdo trén Tap chi
Cong nghé Thong tin va Truyén thong - Chuyén san cdc Cong trinh Nghién ciiu, Phdt
trién va Ung dung Céng nghé thong tin va Truyén thong [B6], va 04 bai bo trén Ky
yéu hdi thao khoa hoc chuyén nganh [B3], [B5], [B7], [BS].
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HUGNG PHAT TRIEN CUA PE TAI LUAN AN

Theo xu huéng phét trién clia cong nghé mang truyén thong khong diy, mang
MANET sé dudc tiép tuc ting dung rong rii trong thdi gian dén. Hién nay, cic nha
nghién ctiu trong nudc ciing nhu trén thé gidi dang rat quan tAm nghién ciiu vé cong
nghé tién tién nay. Trong hudng phat trién ciia luan 4n, tic gia tAp trung vao cic hudng

nghién cuu sau day:

1. Nghién cifu mit phang diéu khién tich hop gitta 16p vat 1y va 16p mang dé thuc
thi céc giao thiic dinh tuyén & 16p mang c6 xét dén rang budc anh hudng ctia cac hiéu

tng vat ly, st dung cong nghé SDN (Software-defined networking).

2. Nghién ctiu céc giao thiic dinh tuyén trong mang MANET da kénh, da song

mang c6 xét dén rang budc anh hudng ctia cac hiéu dng vat ly.

3. Nghién cifu d€ danh gi thém céac do do vé do tré dinh tuyén, chi phi dinh tuyén

va mot s6 do do khac ddi véi cac thuat toan duge dé xuét trong luan 4n.

4. Trong luan 4n, tac gia da st dung mo hinh phan bd Poisson d&€ mo hinh héa tai
luu lugng dua vao mang. Ngoai mo hinh phat sinh Iuu lugng theo phan b6 Poisson,
van con mot s6 mo hinh khac da va dang dudc nghién cifu trong linh vuc diéu khién
luu luong mang. Vi vdy, trong thdi gian t6i, tac gia tiép tuc nghién ctu sau va 4p dung
vao md phong cac mo hinh sinh luu lugng méi, theo xu huéng luu lugng cia dich vu
da phuong tién, luu luong trong thdi dai IoT d€ danh gi hiéu qua can bang tai ctia cac

thuat toan dinh tuyén dudc dé xuit.
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PHU LUC A

TINH TOAN CHI TIET Vi DU MINH HOA NGUYEN LY HOAT
PONG CUA THUAT TOAN LBRQT

Trong phu luc nay, tdc gia trinh bay chi tiét viéc tinh todn dé thu dudc cic sb lidu
trong cac Bang 3.1, 3.2, 3.3 va 3.4 cua vi du kham pha 16 trinh méi theo thuit toan
LBRQT, da dudc trinh bay 6 Phan 3.4.

Theo cic gia thiét da dugc trinh bay & Phan 3.4, t6-pd mang dudc sit dung nhu &
Hinh A.1, trong d6, cic gia tri ghi & dau va giita cac két ndi khong day tuong dng véi
mat do luu lugng va SNR ciia két nbi d6 & thoi diém dang xét. Vi du, véi két nbi tir nit
1 dén niit 2, tai luu lugng phan phdi dén két nbi nay 12 0.72, SNR 1a 30 dB. Xét trudng

A

s O

— > G6i RREQ duoc tiép tuc quang ba
— X G6i RREQ bi loai bo
Guri phan hdi goi RREP

Hinh A.1. M6t vi du khdm ph4 16 trinh st dung thuat todn dinh tuyén LBRQT

P1



hop nit 1 muén kham pha 16 trinh méi dén niit 9 d€ truyén di liéu. Gia st & thoi diém
hién tai, bd nhS tam cda tat ca cac niit déu réng, cac tham sd ky thuat ctia hé thong

mang dugc gia lap nhu sau:

e Hé théng mang st dung chuin 802.11g véi bing thong kénh 1a 20 MHz, tuong
ting véi toc do dit liéu 54 Mbit/s.

e SNR yéu ciu t6i thi€u (B,.,) 1a 23.5 dB.
e Thai gian tré tif ngudn dén dich cho phép (7;;,) 12 0.01s.
e Kich thuGc hang dgi tai mdi nuit 1a 20 géi.

e Kich thudc goéi di liéu trung binh 1a 1472 bytes.

Quy trinh kham pha 10 trinh méi tii nit 1 dén nit 9 st dung thuat todn dinh tuyén
LBRQT (v6i nguyén ly hoat dong nhu ¢ Hinh 3.9) dudc thuc hién theo cac budc nhu

sau:
- Budc 1: Nt 1 (niit nguon) tao va quang ba géi RREQ:

DPé khéi dau qud trinh kham phd 16 trinh, nit 1 tao géi RREQ. Trudc khi phat
quang ba géi RREQ, SA tai niit 1 du dodn cic do do SNR, EED va BPD dén céc niit
lang giéng ctia n6 dé x4c dinh tap Oy, 1a tAp céc nit ldng giéng cta nut 1 thdéa man céac
diéu kién rang budc cta QoT va EED. Cic do do SNR, EED va BPD dugc SA tai nit

1 du doan theo cac budc cua Thuét toan 3.1 nhu sau:

+ Bude 1.1: Poc cic thong tin vé QoT va EED tif niit S dén niit I (ﬁs(l-r) va Ts(ir))
dudc luu trit trong g6i RREQ (Budc 1 ctia Thuat todn 3.1): S 12 nit ngudn (nit 1), I 1a
nit dang xét. Hién tai nit dang xét 13 nit ngudn, nén cic gid tri :31(;) va Tl(?
tri khéi tao ban ddu d& dua vao g6i RREQ. 7 = 4o va 7" = 0.

la cac gia

+ Burde 1.2: Khdéi tao gia tri ban dau 1a réng cho tip Q;: Q; = 0 (Budc 2 ctia Thuat
toan 3.1).

+ Buéc 1.3: Du dodn cac do do QoT, EED va BPD tif nit ngudn (nit 1) dén mdi
nit I 13 1dng giéng clia nit dang xét (hién dang 14 niit 1) , cdc do do niy bao gdm:
( l(l.r)), ( l(lr)) va (Bg:)) Cong viéc ndy dudc thuc hién bang vong lip For (tit budc 3
dén budc 18 cta thuit toan 3.1).
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Theo t6-p6 & Hinh A.1, nit 1 dang c6 3 niit ldng giéng 1a 2, 3 va 4. Xét niit lang
giéng dau tién ctia nit 1, 1a nit 2. Viéc du dodn cac do do (ﬁl(g)), (Tf?) va (BYZ)) dugc
thuc hién nhu sau:

o Burdc 1.3.1: Thu thap thong tin SNR tir 1 dén 2 (B tai 16p vat Iy (Budc 4 ciia
Thuat toan 3.1): Theo trang thai mang hién tai 6 t6-pd Hinh A.1, SA tai nut 1 thua
thap thong tin SNR tit 1 dén 2 nhu sau:

B =30 (dB). (A1)
(h)

e Buge 1.3.2: Du dodn thoi gian tré trén bude truyén tif nit 1 dén nit 2 (7}5’)
(Budc 5 cia Thuét toan 3.1). Theo phuong trinh (3.8) ta co:

() _ ( (n, (12) , (12)

Ty = rpl) +T, + T T+ (A.2)

Nhu di 14p luan & Phan 3.2.2, 7:1(,1) va fr(lz) 12 dt nho nén c6 thé bd qua. Do vay, phuong

trinh (A.2) tr thanh:

t® = gV 4 (12 (A3)
Theo phuong trinh (3.9) ta cé:
L 1
o) = N (A4)
)’12(1_312) Hi2
trong do6, L dudc xdc dinh theo phuong trinh (3.10)
Lph +1 .
1 fl; B Plzl(_Pli: ) b pia # 1
L= 12 P12 (A.5)
LL-1) ngugc lai
—— i
2(L+1) guee %

Theo gia thiét dudc thiét 1ap & t6-pd mang Hinh A.1, & thdi diém hién tai, pjp = 0.72,
kich thudc hang ddi tai méi nit 1a L = 20 goi. Do vay, thay p1, va L vao (A.5) ta co:

072  0.72x (20 x 0.72%0 4 1)

I— _
1-0.72 1 —0.7220+1

= 1.8305 (A.6)

Theo phuong trinh (3.4) ta xac dinh dudc B%) nhu sau:
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L
1— £
(h) w neu Pr2 7& 1
B, = — M2
LL—{—I néu P12 = 1
_0.72°(1-0.72)
1 —0.72%04!

= 0.000392868

(A7)

(A.8)

(A9)

Theo gia thiét ctia vi du, kich thudc géi dit liéu trung binh 14 1472 bytes, tbc do dit lidu

cua m kénh la 54 Mbit/s, do do:

54 x 10°
1472

U = — 4585.5978  (gbi/gidy)

Mat khac ta co:

A
P12 = 22 = P12 X Ui2
12

=0.72 x 4585.5978
=3301.630435 (goi/giay)

Thay (A.6), (A.7), (A.10) va (A.11) vao (A.4) ta co:

r(l)— L + !
T A1 —BW)  m2
12( 1)
1.830497 1

= 3301.630435 x (1—0.00039287) ' 4585.5978
—0.000772714 (s)

Thay (A.14) vao (A.3) ta co:

rfg’) = ’c,g]) + r,(lz)

1472 x 8
54 x 106

= 0.000990788 (s)

=0.000772714 4

(A.10)

(A.11)

(A.12)
(A.13)

(A.14)

(A.15)

(A.16)

(A.17)
(A.18)

(A.19)

o Budc 1.3.3: Xdc dinh thoi gian tré (EED) trén 1 trinh tif nit 1 dén nit 2 (1.3)
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(Budc 6 cua Thuat toan 3.1). Ta co:

) = 2% (A.20)
— 0-+0.000990788 = 0.000990788  (s) (A21)

e Budc 1.3.4: Xac dinh SNR ctia 19 trinh tif nut 1 dén nit 2 (Tl(;)) (Budc 7 dén 11
ctia Thuat toan 3.1). Vi nguyén ly chuyén tiép dit lidu tai cc nit mang 1a AF, nén theo
phuong trinh xac dinh SNR cua mét 16 trinh (Phuong trinh (2.19) 6 Chuong 2) ta cé:

() _ (L L) B |
P (A2
Vi phuong trinh (A.22) dudc st dung cho gia tri tuyén tinh. Vi vy, gia tri clia cic
thanh phan trong (A.22) cn phai d6i sang gid tri tuyén tinh trudc khi tinh todn. Déi
ﬁg) sang gia tri tuyén tinh ta duoc:

(h)
B, (dB)

B =10"%0 =101 = 1000 (A.23)

Thay (A.23) vao (A.22) ta c6:
" _ (L 1 )‘1 — 1000 A24
12 oo T 1000 (A.24)

Dai gia tri [31(? sang dB ta c6:
BY) (dB) = 10xlog1o(BY) = 10 % log10(1000) = 30 (dB) (A.25)

e Budc 1.3.5: X4c dinh cic diéu kién rang budc ctia QoT, EED va du dodn xdc
sult chin g6i dit liéu trén 19 trinh tif nit 1 dén nit 2 (BYZ)) (Budc 12 dén 17 ctia Thuat
toan 3.1). Tu (A.22) va (A.20) ta co:

) > 30 >23.5
BE 2 bey [0

(A.26)
) <1, 0.000990788 < 0.01

Tir (A.26) ta thiy diéu kién rang budc ctia QoT va EED dudc thdéa man. Do vy,
niit 1 dugc dua vao tip Q. PE c¢6 co s& lua chon 16 trinh can bang tai, SA tiép tuc du
doan xdc suat chin g61 du 1iéu trén 10 trinh tu nut 1 dén nit 2 (BYZ)). Theo (3.7) ta co:

h
BY) =1—(1-B"))(1-B"%) (A.27)
=1—(1-0)(1—-0.000392868) = 0.000392868 (A.28)
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Tu (A.20), (A.25) va (A.27) ta c6 cac do do QoT, EED va BPD ma SA tai nut 1
xdc dinh dugc dbi véi nit 2 1a:

By =30
') = 0.000990788 (A.29)
B\ =0.000392868

Lip lai cac bude tir 1.1 dén 1.3 d6i véi cac niit 1ang giéng con lai cta niit 1, (nit 2
va nut 3), ta x4c dinh dudc cac do do QoT, EED va BPD tit nit 1 dén céc niit nay nhu

sau:

B13 -
') = 0.0009189274 (A.30)

B'") = 0.0001855764

ﬁ14 o
") = 0.0007916460 (A.31)

B!") = 0.0000267693

Tit cac két qua thu dudc & (A.29), (A.30) va (A.31) ta c6 két qua du dodn céc do do
SNR, EED va BPD dbi v6i cdc niit lang giéng cta nit 1 nhu Bang A.1. Ta thy ring,
céac gia tri SNR va EED tif nit 1 dén céc niit 2, 3, va 4 déu thda min diéu kién rang
budc ctia QoT va EED (By; > Breg va Tsj < T, s =1, =2,3,4), nén tap Q1 = {2, 3,
4}. Sau khi xdc dinh dudc tap Qi, nit 1 phat quing ba g6i RREQ dén tat ca cac niit

thudc tap nay, cu thé la cac nut 2, 3 va 4.

Bang A.1. Két qua du doan SNR, EED va BPD tai nut 1 bdi SA

Cacnit | Nutxily | Cacdo do tirSdén Nt lang giéng cua I (nit J)
phia truéc | RREQ (I) | lang giéng cual (J) 2 3 4
£ (dB) 30.00 29.00 31.00
h
_ 1 ( § ) 0.00099079 | 0.00091893 | 0.00079165
h

By 0.00039287 | 0.00018558 | 0.00002677

Tap Q, v v v
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- Budc 2: Cac nit nhan géi RREQ & buéc 1 tiép tuc xit Iy géi RREQ:

Céc niit nhan dudc géi RREQ & budc 1 bao gdm nut 2, 3 va 4 tiép tuc xi 1y goi
RREQ. SA tai cac nut nay du doan cac do do SNR, EED va BPD theo Thuét toan 3.1.
Cu thé, SA tai nit 2 du doan SNR, EED va BPD ti nit 1 dén tit c4 c4c nit lang giéng
clia n6 12 3 va 6. Xét niit ldng giéng dau tién cda niit 2, d6 1a nit 3, viéc du doan céc
dd do SNR, EED va BPD tur nit 1 dén nit 3 dudc thuc hién nhu sau:

+ Budc 2.1: Poc céc thong tin vé QoT va EED tif nit S dén nut I ([3 ") va

si Sl

Bsi ) dudc luu tri trong géi RREQ (Budc 1 cua Thuat toan 3.1). S 1a nut nguon (nut
1), I hién tai 12 nit 2. Két qua doc dudc tir géi RREQ la:

By =30
7\ = 0.000990788 (A.32)
B\) = 0.000392868

+ Burde 2.2: Khdi tao gid tri ban dau 13 réng cho tp 0: Q> = 0 (Budc 2 ctia Thuat
toan 3.1).

+ Budc 2.3: Du dodn cic do do QoT, EED va BPD tif niit ngudn (ntt 1) dén mdi
nut J la léng giéng cuia nit dang xét (hién dang 1a nit 2) , cdc do do niy bao gdm:
(/3’1 ) (’L‘l i ) a (B Y])) Cong viéc ndy dudc thuc hién bang vong lip For (tif budc 3
dén budc 18 cia thuat toan 3.1).

Theo t6-pd & Hinh A. 1, nit 2 dang c6 2 niit ldng giéng 1a 3 va 6. Xét nit lang giéng
dau tién ctia nit 2, 12 nit 3. Viéc du doan cac do do ( l(g)), (’cl(g)) va (B(lg)) dugc thuc
hién nhu sau:

o Burdc 2.3.1: Thu thap thong tin SNR tir 2 dén 3 (8.") tai 16p vat Iy (Budc 4 ciia
Thuat toan 3.1): Theo trang thai mang hién tai 6 t6-pd Hinh A.1, SA tai nut 2 thua
thap thong tin SNR tir 2 dén 3 nhu sau:

B =32 (dB). (A33)

e Budc 2.3.2: Du doan thdi gian tré trén budc truyén tif ndt 2 dén nit 3 (’62(}31))
(Budc 5 cua Thuat toan 3.1). Theo phuong trinh (3.8) ta c6:

Tg) = r,(jz) + Téz) + ’L’t(23) + 'cr(23) (A.34)
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Nhu di Iap luan & Phan 3.2.2, 752 va 7. 1a dit nhd nén ¢6 thé bd qua. Do vay, phuong
trinh (A.2) trG thanh:
o) — P ) (A35)
Theo phuong trinh (3.9) ta c6:
@ L 1

T, = + (A.36)
! A3 (1 — Bg;)) U3
trong d6, L dudc x4c dinh theo phuong trinh (3.10)
P pu(lpyitl) )
_ 1 —po23 1 — plit! now pa3 7 1
T — 1 23 (A.37)
L(L—
( ) ngudc lai
2(L+1)

Theo gid thiét dudc thiét 14p & td-pd mang Hinh A.1,  thdi diém hién tai, pr3 = 0.61,
kich thudc hang ddi tai méi nit 1a L = 20 goi. Do vay, thay py3 va L vao (A.37) ta co:
0.61  0.61x(20x0.6120+1)

L= 1"0gi 0 g% —0.9535 (A.38)
Theo phuong trinh (3.4) ta xac dinh dudc Bg;) nhu sau:
L
Pl —p23) o

Ry = p23 # 1
Bl ={ 1-py (A.39)

LL—{—I néu P23 = 1

0.6129(1—-0.61)

T 1-0.6104 (A40)
= 0.0000198461 (A.41)

Theo gia thiét ctia vi du, kich thudc géi dit liéu trung binh 1a 1472 bytes, toc do dit lidu
cua m kénh 1a 54 Mbit/s, do do:

_ 54100 ces 5078 (e6i/gidy) (A.42)
W23 = o . go1/giay .
Mat khac ta co:
A

P23 = 22 = o3 = Pz X o3 (A.43)

H23
=0.61 x4585.5978 (A.44)
—2797.21467 (gbilgiay) (A.45)
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Thay (A.38), (A.39), (A.42) va (A.43) vao (A.36) ta c6:

L 1

76(12) _ 0 + (A.46)

A3(1—Byy) M2

0.9535 1
= A.47
2797.21467 x (1 —0.0000198461) * 4585.5978 ( )
= 0.0005589423 (s) (A.48)
Thay (A.46) vao (A.35) ta co:
rz(él) = 17[(,2) + r,(23) (A.49)
1472 x 8

= 0.0005589423 + SIx10° (A.50)
=0.0007770164 (s) (A.51)

e Budc 2.3.3: Xac dinh thoi gian tré (EED) trén 19 trinh tif ndt 1 dén nat 3 (Tl(g))
(Buéc 6 cua Thuat toan 3.1). Ta co:

o) =) + < (A.52)
— 0.000990788 +0.0007770164 = 0.0017678044 (s)  (A.53)

e BudGc 2.3.4: Xéc dinh SNR cta 10 trinh tf nut 1 dén nut 3 (’Cl(;)) (Budc 7 dén 11
ctia Thuat todn 3.1). Vi nguyén ly chuyén tiép dit liéu tai cac nit mang 13 AF, nén theo
phuong trinh x4c dinh SNR cta mot 19 trinh (Phuong trinh (2.19) 6 Chuong 2) ta co:

1 1 \-!
Bl = (@ + @) (A.54)
Vi phuong trinh (A.54) dudc st dung cho gia tri tuyén tinh. Vi vy, gia tri clia cic
thanh phan trong (A.54) cn phai ddi sang gia tri tuyén tinh trudc khi tinh toan. Theo
(A.25) va (A.33) ta c6 B7) =30 dB va B =32 dB. Déi cac gid tri nay sang gid tri
tuyén tinh ta dudc:

(98]
o

B @s)

B =100 =101 = 1000 (A.55)

CACIN.

BY =100 =101 = 1584.893 (A.56)

(3%
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Thay (A.55) va (A.56) vao (A.54) ta co:

") ! L\
= =613.137 A57
Prs (1000+1584.893) oL (A7)

Dé6i gid tri ﬁl(g) sang dB ta co:

B (dB) = 10xlog1o(BY)) = 10%log1o(613.137) =27.876 (dB)  (A.58)

e Budc 2.3.5: X4c dinh céac diéu kién rang budc ctia QoT, EED va du dodn xac
suéit chiin g6i dit liéu trén 16 trinh tir nit 1 dén nit 3 (BY)) (Buéc 12 dén 17 cita Thuat
toan 3.1). Tur (A.58) va (A.52) ta co:

B > Breg 27.876 > 23.5
=

) <1, 0.0017678044 < 0.01

(A.59)

Tir (A.59) ta thiy diéu kién rang budc ctia QoT va EED dudc thda man. Do vay, nit 3
ducc dua vao tap Q. P& c6 co s6 lua chon 19 trinh cin bang tai, SA tiép tuc du dodn

xdc suét chin g6i dif lidu trén 16 trinh tif nit 1 dén niit 3 (B\7). Theo (3.7) ta c6:

Bl =1 (1-B)(1-By) (460
=1—(1-0.000392868)(1 —0.0000198461) = 0.0004127063 (A.61)

Tu (A.52), (A.58) va (A.60) ta c6 cac do do QoT, EED va BPD ma SA tai nut 2 xac
dinh dudc d6i véi nit 3 1a:

B =27.876
") = 0.0017678044 (A.62)
B!") = 0.0004127063

Lip lai cac budc tir 2.1 dén 2.3 dbi v6i cac niit lang giéng con lai cla nit 2, (nit
6), ta xac dinh dugc cac d6 do QoT, EED va BPD ti nit 1 dén nit 6 nhu sau:

B =25.236
') = 0.0029203967 (A.63)
B'") = 0.0186521816
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Lip lai budc 2 cho cac nit lang giéng con lai clia nidt 2 (ndt 3 va nit 4). Két qua
du dodn nhu & Bang A.2. Tir két qua nay, SA tai cac nit 2, 3, va 4 xac dinh dudc tap
céc nit lang giéng ctia né théa man cac diéu kién rang budc ctia QoT va EED tuong
ting 1a: Qs = {3, 6}, Q> = {2, 5,7} va Q4 = {5}. Cdc niit 2, 3 va 4 tiép tuc quang ba
g6i RREQ dén céc niit trong tap Q ; tuong tng cla no.

Bang A.2. Két qua du doan SNR, EED va BPD tai nit nhan dugc géi RREQ & buéce 1

Cacnit | Natxwly | CacdodotrSdén Nt lang giéng cua I (nit J)
phia truéc | RREQ (I) | lang giéng cua I (J) 3 6
§" (dB) 27.88 25.24
(h)
(@) 1 ) 75 () 0.00176780 | 0.00292039
h
Bg’ 0.00041271 | 0.01865218
Cacnat | Natxwly | CacdodotrSdén Nut lang giéng cua I (nut J)
phia truéc | RREQ (I) | lang giéng cua I (J) 2 5 7
" (dB) 27.24 25.99 24.88
h
(b) 1 3 7y () 0.00172597 | 0.00175928 | 0.00172597
h
Bg’ 0.00022147 | 0.00024901 | 0.00022147
Tap Qs v v v
Cacnat | Natxwly | CacdodotrS dén Nut lang giéng ctia I (nut J)
phia trudc | RREQ (I) | lang giéng ctaa I (J) 5
" (dB) 28.46
h
(©) | s 7y () 0.00156866
Q)
S 0.00004662
Tap Q4 v

- Bude 3: Cac nit nhan géi RREQ & buéc 2 tiép tuc xit Iy g6i RREQ:

Céc nit nhan dudce g6i RREQ & buée 2 bao gdm: (i) cac nit 3, 6 nhan dudc tif nuit
2, (i1) cac nut 2, 5, 7 nhan dudc tu nut 3 va (iii) nut 5 nhan dude tu nut 4. Khi nut 3
nhan dugc goi RREQ tu nut 2, goi RREQ nay s€ bi hily bo do nut 3 da nhan géi RREQ
nay trudc do tir nit 1 (& budc 1), tuong tu nhu vay cho cac nit khac. Céc niit tiép tuc
xtt Iy g6i RREQ & budc ndy bao gdm 5, 6 va 7. Két qua du doan cac do do SNR, EED
va BPD nhu & Bang A.3. Véi két qua nay, trudng hop nit 7 du doan SNR ti nit ngudn
(nit 1) dén nit 9 (Bang A.3c), gid tri du doan dudc 1a 23.15 dB. Gi4 tri nay khong
thda man diéu kién rang budc ctia QoT, do nhd hon SNR yéu cau tbi thiéu 1a 23.5 dB.
Vi viy, niit 9 khong dudc dua vao tip Q7, mic du nit 9 13 ldng giéng cda nit 7. T

két qué nay, SA tai cc niit 5, 6, va 7 xdc dinh dugc tap cic nit lang giéng clia n6 thoa
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min céc diéu kién rang budc ctia QoT va EED tuong ting 1a: Qs = {4, 8}, Qs = {7, 9}
va Q7 = {6}. Céc niit 5, 6 va 7 tiép tuc quang ba géi RREQ dén cac niit trong tip O j
tuong Wng cua no.

Bang A.3. Két qua du doan SNR, EED va BPD tai nit nhan dudc géi RREQ & buéc 2

Cacnit | Natxwly | Cacdo do tir S dén Nt lang giéng cua I (nat J)
phia truéc | RREQ (I) | lang giéng cta I (J) 4 8
Y (dB) 25.01 24.80
(W]
@ | 5 75 (9) 0.00270078 | 0.00263673
h
By 0.00048846 | 0.00035866
Tap Qs v v
Cacnit | Natxwly [ CacdodotrS dén Nt lang giéng ctia I (nat J)
phia trude | RREQ (I) | lang giéng cua I (J) 7 9
4" (dB) 23.98 23.71
b (h
®) ) 6 7 (8) 0.00358350 | 0.00372743
h)
Bj 0.01865286 | 0.01868741
Tap Q¢ v v
Cacnit | Natxwly | Cacdo dotrS dén Nut lang giéng cua I (nut J)
phia truéc | RREQ (I) | lang giéng ctua I (J) 6 9
Y (dB) 23.71 23.15
() (h
153 7 75 (8) 0.00271675 | 0.00239835
(M
By 0.00061425 | 0.00022247
Téap Qs v X

- Budc 4: Cac nit nhan géi RREQ & buée 3 tiép tuc xit Iy géi RREQ:

Céc nit nhan dudce géi RREQ & buée 3 bao gdm: (i) cac niit 4, 8 nhan dudc tif niit
5, (i1) cac nut 7, 9 nhan dugc tu nut 6 va (iii) nut 6 nhan dugc tu nut 7. Trong do, cac
261 RREQ nhén dudc tai cac nit 4, 6 va 7 s€ bi loai bo, do trude d6 cac nut nay da
nhan dugc géi RREQ nay. Chi con lai cdc nit 8 va 9 tiép tuc xi 1y g6i RREQ.

Tai nit 8, g6i RREQ dudc tiép tuc xt ly tuong tu nhu cac nit trén. Két qua du dodn
cac do do SNR, EED va BPD nhu 6 Bang A.4. Tap Qg dugc xac dinh la: Qg = {9}.
Tai nut 9, khi nhan dudc g6i RREQ tu nut tu nat 6, vi 9 1a nut dich, nén ntt 9 tao goéi
RREP va gtii phan hdi vé niit 1. K&t qua 12 16 trinh dau tién dugc tim thiy: 1 —2 — 6
— 9.

- Budc 5: Cac nit nhan géi RREQ & budc 4 tiép tuc xit Iy géi RREQ:
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Bang A.4. Két qua du dodan SNR, EED va BPD tai nit nhan dugc géi RREQ & buée 3

Cacnit | Natxwly | Cécdd dotr S dén Nut lang giéng cua I (niit J)
phia truéc | RREQ (I) | lang giéng ctial (J) 9
£ (dB) 23.65
(W]
153 55 8 75 (9) 0.00355565
(W]
By 0.00054417
Tap Qs v

Tai budc nay, chi con lai nit 9 nhan duge géi RREQ tu nut 8. Vi 9 1a nut dich, nén
ntit 9 tao géi RREP va giii phan hoi vé niit 1. Két qua 12 19 trinh thit 2 dudc tim thiy:
1-3—-5—-8—0.

- Budc 6: Xit Iy g6i RREP tai niit nguon:

Qua qua trinh phat quang ba géi RREQ, nit ngudén nhin dudc 2 géi phan hdi
RREP, tuong ting vé6i 2 16 trinh théa mén cac diéu kién rang budc ctia QoT va EED
dugc timthdylal -2 -6 —-9val — 3 — 5 — 8 — 9. Dua trén két qua du dodn
BPD cua SA trong qué trinh kham pha 16 trinh, BPD cia 16 trinh 1 -2 — 6 — 9 1a
0.01868741 (két qua & cac Bang A.3b), BPD ctiacac 16 trinh 1 —+3 —5 -8 —91a
0.00054417 (két qua & Bang A.4). Nhu viy, theo nguyén ly ctia giai phap dinh tuyén
LBQT-R, 16 trinh c6 gia tri BPD nhé nhit sé dudc chon, d61al —3 — 5 — 8 — 9.

Bing viéc chon 16 trinh 1 — 3 — 5 — 8 — 9, thuat toan dinh tuyén LBRQT da
tranh dudgc cdc bude truyén dang c6 tai Iuu lugng 16n (cc budc truyén 1 — 2 va 2 —
6 & to-pd Hinh A.1). Két qia nay cho thiy rang, giai phap dinh tuyén LBQT-R da tim
dugc 16 trinh théa man cac diéu kién rang budc ctiia QoT va EED, dong thdi cin bing

tai luu luong trén cic két nbi.
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