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TOM TAT

Ung dung ctia hoc téng credong vao céc giao thirc dinh tuyén trong mang MANET
nhéan duoc si quan tim ctia nhiéu nhém nghién cttu trong thoi gian gan day. Dac
diém chinh cia MANET Ia tinh di dong cao, dan dén t6-p6 mang thay d6i thuong
xuyén. Vi vay, viéc tng dung hoc ting cuong dé tinh toan bang dinh tuyén tai mdi
nut sao cho hiéu qua nhat la mét thach thirc 16n. Bai bao nay, chung t6i dé xudt mot
thuét toan dinh tuyén st dung hoc ting ceong nham nang cao hiéu ning mang.
Trong d6 chuing t6i xay dung ham thuong cho thuat todn Q-Learning c6 xem xét
dén tai leu luong va chi phi khoang cach dén nut dich d€ chon tuyén duong ngan
nhat, tranh tic nghén va giam thiéu do tré. Két qua mo phong cho thay thuat toan
dé xudt da cai thién dwoc ti 16 gii gdi dix liéu thanh cong, thdong luong mang va do

tré dau-cudi so vdi thuat toan AODV.

T khéa: AODV, giao thiic dinh tuyén, hang doi, MANET, Q-Learning.

1. MO PAU

MANET (Mobile Ad Hoc Network) [1] 1a mang tuy bién di dong, trong dé cac
nut mang cé thé di chuyén thay dai vi tri theo thoi gian, khong phu thudc vao co sé ha
tang cd dinh, trong vung phat séng cac nit mang vira cd vai tro giri/nhan thong tin vira
6 vai tro nhu 1a by dinh tuyén dé chuyén ti€p thong tin dén nat dich (hinh 1). Do nhitng
dac tinh nay, nén MANET dé dang trién khai va tmg dung trong nhiéu linh vyc nhu:
thanh pho thong minh [2, 3], hé thdng giao thong thong minh [4], nong nghiép thong
minh [5], hé sinh thai IoT [6, 7].

MANET véi dédc diém 1a tinh di dong cao, td-pd thay d6i lién tuc do dé bang dinh
tuyén tai mdi ntt phai dwgc cap nhat thuong xuyén va ludn lira chon dwoc tuyén duong
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on dinh trong sudt qua trinh truyén d liéu. Vi vay, mot giao thirc dinh tuyén hiéu qua
la rat can thiét cho MANET.
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Hinh 1. M6 hinh mang MANET

Gan day, nhiéu nhém nghién cttu da 4p dung phuong phap hoc tang cuong
(Reinforcement Learning - RL) d€ cai thién cac thuéat toan dinh tuyén MANET [8-12].
Trong nghién ctu [8], cac tac gia da dua ra thuéat toan dinh tuyén cho mang MANET
nham tang tuoi tho cia mang dua trén AODV (Ad hoc On-Demand Distance Vector) c6
tén la EQ-AODV (Energy Q-learning AODV). Thuat toan nay st dung Q-Learning dé
xay dung phan thudng dya trén hai gia tri 1a toc d6 tiéu hao nang luwgng va nang luong
con lai. Gia tri phan thudng sé duoc dung dé€ lpa chon nut ké ti€p tot nhat trong qua
trinh khdm ph4 tuyén. Két qua md phong cho thay rang giao thitc EQ-AODV vuot trdi
0 v0i cac giao thitc khac vé ty 1€ phan phéi gdi va muic tiéu thu nang luong.

Trong nghién cttu [9], cac tac giad da xay dung thuat toan moi co tén la AQ-
Routing (Adaptive Routing) dwa trén hoc tang cwong cho MANET. Stt dung do do vé
mirc d6 di ddng cua nut (Mobility Factor) va s6 lan truyén du kién (Expected
Transmission count) lam phan thuong cho thuat toan Q-Learning. Két qua mo6 phong
cho thady AQ-Routing da cai thién duoc thong luong va chon duoc tuyén duong 6n dinh
hon.

Trong [10], cac tac gia da dua ra mot thuat toan dinh tuyén dam bao QoS st dung
RL c6 tén la QGIR (QoS-guaranteed Intelligent Routing). Trong d6 xac dinh d6 do xac
suat phan phdi goi (Packet Delivery Probability - PDP) tir ngu6én dén dich la phan
thudng cho thuét toan Q-Learning dé€ chon duong di sao cho ty 1€ giri goi tin la cao nhat.
Dong thoi, hé so ty 1€ hoc tap duoc thay d6i linh hoat theo rang budc ctia do tré dau-
cudi. Tai mdi ntt cb co ché tu hoc thong tin dinh tuyén theo tiing chu ky cap nhat tai luu
luwong. Két qua mod phong cho thay thuat toan QGIR da cai thién dang ké hiéu suat mang
véi thuéat toan dinh tuyén khac.

Trong cong trinh [11], nhém tac gia da dwa ra thuat toan dinh tuyén st dung RL
cho mang MANET dya trén AODV. D€ cung cdp thong tin trang thai mang cho qua trinh
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kham pha tuyén duong, mdi ntt duy tri co sé dit liéu thong tin trang thai bao gom hai
gid tri 1a tai luu lwong t6i da va nang luong tiéu thu ctia cac nat. Mdi ntt st dung RL d&
cap nhat co s¢ dir liéu vé hai gia tri trén. Trong giai doan kham phé tuyén duong, nut
nhéan duoc gdi RREQ sé chuyén tiép néu nd du nang luong va it tai luvu luong. Cac két
qua md phong ching minh rang thuat todn dwoc dé xuat dat hiéu qua cao vé mit tiéu
thu nang Iwong va chi phi mang.

Trong cong trinh [12], cac tac gia da xay dung thuat toan dinh tuyén co tén la
RLI-AODV (Reinforcement Learning-based Improved AODV) st dung RL cho mang
MANET-5G. Trong d6 thiét ké phan thuong cho thuat toan Q-Learning la hai do do: tai
lwu lwong va ti 1€ tin hiéu trén nhiéu (Signal to Noise Ratio - SNR) tai cac nat trung gian
doc tuyén duong toi nat dich. Mbi ntt st dung RL d€ cap nhat co so di liéu vé hai do
do trén, khi kham pha tuyén duong mai, thuét toan dinh tuyén tham khao co s¢ di liéu
nay dé€ tim 1 trinh dam bao QoS. Cac két qua md phong cho thay RLI-AODV dat hiéu
qua vé mat thong luwong, do tré dau-cudi va SNR.

Viéc stt dung RL cho dinh tuyén trong mang MANET da mang lai hiéu qua cao,
thé hién kha nang thich tng véi cac mo hinh mang co tinh di déng cao va khong thé
doan trudce kich ban. Tuy nhién khi hinh thanh dwoc cac tuyén duong t6i vu thi nhiéu
nat sé wu tién Iya chon tuyén duong nay d€ gt dit liéu. Diéu nay dan dén sy khai thac
tuyén duong t6i vu qua nhigu c6 thé gay ra tic nghén, tiéu thu nang lwong nhiéu hon,
lam giam hiéu sudt mang.Do d6, trong nghién cttu nay, ching t6i stt dung RL cho dinh
tuyén MANET véi nhitng déng gdép mdi nhu sau:

(i) Bé xuat ham thudng cho thuéat toan Q-Learning dua trén hai gia tri la tai luu
luong va chi phi khoang cach tuyén duong tir nguén téi dich trong MANET.

(ii) Dé xuat thuat toan dinh tuyén thong minh st dung RL véi tiéu chi chon tuyén
la it chang va it tai luu luong.

Cac phan tiép theo cua bai bao duoc b6 cuc nhu sau: Phan 2 trinh bay co ban vé
phuong phép hoc tang cuong, phan 3 trinh bay thuat toan dinh tuyén dé xuat ctia chtiing
t6i. Phian 4 1a mot s6 két qua danh gid bang mo phong trén NS2. Cudi cung, phan 5 la
két luan va dé xudt cac hudng nghién ctru ti€p theo.

2. CO BAN VE HOC TANG CUONG

Hoc tang ceong [13] 1a moét linh virc con ciia hoc may, véi nguyén ly co ban la hé
thong hoc tir cac hanh dong trudc d6 ctia n6é d€ chon hanh dong tot hon trong tuong lai.
Ban chdt caa RL 1a thtr va sai, nghia la 1p lai cac thr nghiém va hoc hoi tir moi thtr
nghiém. Hinh 2 m6 ta nguyén ly hoat dong cua RL, trong d6 mot tac tir (agent) dong vai
tro 1a ngueoi hoc. Tai mdi thoi diém ¢, tac tit nay twong tac véi mdi treong bang hanh
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dong a:. Véi hanh dong nay, moi truong chuyén tir trang thai st thanh trang théi s«1, dong
thoi tac t nhan duwoc mot gia tri phan hoi (reward) r. O cdc Ian hoc ti€p theo, dua trén
cac gia tri phan hoi thu dwgc & cac [an hoc trudc, tac tir lwa chon hanh dong sao cho gia
tri phan hoi thu duoc la tot nhat. Tong gid tri gia tri phan hoi nhan dwoc khi thye hién
hanh dong a: tai trang thai s: 1a Q(st, a), thwong duoc xac dinh theo thuat todn Q-Learning
nhu sau:

QGspar) = (1 —a) xQ(sp,ar) + a x[R(sp,ar) +y X\%?ﬁ Q(St+1,At+1)] (1)

Voi a va y 1a ti 1€ hoc va hé so chiét khau, a va y € [0,1], R(s, a¢) la phan thuwong
nhan dwoc tiec thi khi thiec hién hanh dong a: tai trang thai s:.

Environment

A A

Next state
Stet
Action Reward
ag n
State
v St
Agent =

Hinh 2. Minh hoa nguyén ly ctia hoc tang cuong

3. THUAT TOAN PINH TUYEN PE XUAT

Trong phan nay, trinh bay thudt toan dinh tuyén dwoc ching toi dé xudt cho
MANET st dung RL. Trong d6 xay dung ham thudng cho thuat toan Q-Learning dé
chon tuyén duong ngén, tranh dugc cac nat cd hang doi day, han ché'ti 1é rot goi dix liéu
va giam thiéu d6 tré dau-cudi.

3.1. M6 hinh h¢é thong

Mo hinh hé théng cta thuat toan dé xudt duoc minh hoa trong hinh 3, trong dé
chung t6i xem xét qua trinh lwra chon nut ké tiép dé truyén goi dit liéu va cap nhat bang
dinh tuyén tai nut I. Trong trang thai hién tai, nat I ¢6 bon lang giéngla S, |, N va M.
Trong qua trinh truyén dit liéu, cac ntt doc bang dinh tuyén dé€ lwa chon nut ké'tiép, khi
nut ké tiép nhan dwoc gbi dix liéu sé tao goi phan hoi ACK, dinh kem thong tin phan
thudng vao roi gri cho nut gi. Tai nut gui khi nhan dugc goi phan hoi ACK sé tién
hanh trich xuat cac thong tin trén va dung thuat toan Q-Learning d€ cap nhat bang dinh
tuyén.
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Hinh 3. M6 hinh hé thdng cta thuéat toan dé xuat
3.2. Cap nhat Q-value trong thuit toan dé xuat

Str dung RL d€ dinh tuyén trong MANET, trong d6 mdi ntit mang déng vai trd
la tac tir sé tuwong tac vdi cdc nut lang giéng ctiia n6 dé€ tim hiéu duong di téi nut dich.
Tai mdi thoi diém, ntit tuong tac véi lang gieng va sé nhan dugc mot gia tri phan thudng,
Gia tri phan thwong ctia cac hanh dong trudc la co so d€ nut lua chon hanh dong tiép
theo v6i muc tiéu dan dan thu dugc gid tri phan thuedng tot nhat. D€ thyc hién diéu nay,
qua trinh dinh tuyén duoc md hinh héa nhw mét bo ba gom {trang thdi, hanh djng, phin
thwong} [14]. Trong thuat toan dé xudt ctia ching t6i, RL duoc dung dé thuwong xuyén
cap nhat cac d¢ do dinh tuyén la tai luu lwgng va chi phi khoang cach dén nut dich. Bo
ba {trang thdi, hanh djng, phin thwong} duwgc mo ta nhw sau:

3.2.1. Trang thai

Mbi trang thai s dugc dinh nghia la mot cap {P, K}, trong d6 P={ p1, p2, p3, ..., pu
} dai dién cho tap hop tai luu lwong cac nit mang. Mbi phan t& pi € Pdai dién cho tai
luu lwgng tai nat I duoc xac dinh boi s6 luwong goi dit liéu trong hang doi tai nut d6. K=
{ ki, k2, &3,..., kn }, dai dién cho tap hop gia tri chi phi khoang cach dén nut dich.
3.2.2. Hanh dong

Mbi hanh dong duogc xac dinh la mot nut g goi di liéu téi nat ké ti€p deé truyén
t61 dich va nhan duoc goéi phan hoi ACK tir nut ké tiép d6. Cac nut trao doi thong tin voi
nhau thong qua gdéi ACK nay. Thong tin phan hoi bao gom tai luu luwgng va gia tri chi
phi khoang cach dén nut dich.
3.2.3. Phan thuong

Khi mét nat I thue hién hanh ddng chon nut ké tiép | dé gii gdi div liéu, néu nat
J nhén thanh cong goi dit liéu sé€ giri géi phan hoi ACK cho I. Trong géi phan hoi ACK
nay bao gom phan thuong la tai luu lwgng 16n nhat ky hiéu 1a R, (i, j) va chi phi khoang
cach tr nat hién tai toi nut dich ky hiéu la R« (7, j).
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GOl prax(s,d) 1a tai lvu luong 16n nhat qua cac nut doc tuyén duong tir nat
nguon S dén dich D (rs4) va duoc xac dinh boi:

Pmax(s,d) = max (o) )
Trong d6 p; 1a s0 lwgng goi dix liéu trong hang doi cua nat I
Theo (2), gia tri phan thudng tai leu leong R, (i, j) dwoc xac dinh boi:
R,(i,)) = vrgégfd(pj,pmax(i, d)) (3)

Va gia tri phan thudng chi phi khoang cach téi nut dich R, (i, j) dwoc tinh:

+, néu J la nat dich
R.(i,j)=<3—r, néu J chicé 1 lang giéng lal 4)
0, trwong hop con lai

Trong d6 r € [1,100], véi gia tri nho nay d€ giam thiéu viéc tang kich thudc goi
ACK. Theo cong thitc tinh thuong trén, gia trj thuwong R« (i, j) 1a16n nhat (+r) néu ] la nat
dich. Truong hop ] khong phai 1a nut dich va chi c6 duy nhat mot lang giéng 1a I (day la
treong hop gdp ho dinh tuyén) thi gid tri thuwong (-r) & ddy duoc chon mang tinh “phat”
nut I cho hanh dong da chon nham nat J lam nat k€ tiép. Truong hop con lai, J la nat
trung gian thi phan thuéng la 0.

Trong thuat toan dé xudt ctia chting tdi, tai mdi nat st dung thuat todn Q-
Learning dé thuwong xuyén cap nhat hai gia trj trén. Dya trén cong thitc co ban ctia thuat
toan Q-Learning, cdc Q-value cuia tuyén duong tit nat I dén nut dich D dwoc cap nhat
theo cac cong thirc sau:

Q(tj,d) = (1 —a) x Q(t,j,d) + a x[Re(i,)) +v xmax Q(j, k, d)] (5)
]
Q(j,d)= 1—a) xQ,(i,j,d)+ a x[R,(i,)) +v¥ X max QU k,d)] (6)

V6i Qi (i, j,d) va Q, (i, j, d) 1a Q-value cho chi phi khoang cach dwong di va tai lvu
leong 16n nhat tir nat I dén nat dich D véi [ 1a nat k€ ti€p (I > ] 2 ... D). R,(i,)) va
R (i,)) xac dinh theo cdng thic (3) va (4). Ljla tap cdc nat lang giéng caanut J. a vay la
ti 1€ hoc va hé so chiét khau, a vay € [0,1].

3.3. Thuat toan dé xuat

Tai mdi nut, &€ lya chon nat ké ti€p guri goi dit liéu dua vao hai dd do dinh tuyén
la tai lvu lwong va chi phi khoang cach dén nuat dich. Mot lang giéng sé duoc chon la nut
ké'tiép néu thoa man 2 diéu kién: chi phi khoang cach dén nut dich 1a 16n nhat va tai luvu
luwong twong ting nho hon gia tri nguong hang doi (Pu = 35). D€ xac dinh gia tri ngudng
hang dgi nay, chiing t6i thuc hién mot sd kich ban md phong véi cac gia tri ngudng khac
nhau. Két qua thu duoc cho thdy Pu = 35 cho hiéu suat t6t nhat phu hgp véi cac kich ban
mo phong.

18



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué
S6 chuyén san Cong nghé thong tin Tap 23, S6 1B (2024)

Thuét toan 1 hién thi ma gia ctia viéc kham pha tuyén duwong mdéi tir nut nguén
S dén nut dich D va cdp nhat cac gia tri Q-value. Dong (2) dén dong (9) thuc hién viéc
chon nat ké tiép tot nhat | d€ gi goi di liu. Ti€p dén khi nut ] nhan dwoc gdi dix liéu
thi tim va luu cac Q-value vao goéi phan hoi ACK, gui cho nut I (dong 10-14). Khi nut I
nhan duoc goi phan hoi ACK ctia ], trich xuat cac Q-value d€ cap nhat bang dinh tuyén
(dong 15-18).

Trong thuéat toan 1, x4c suét € cua hanh dong chon nut ké ti€p theo phuong phap
e-greedy. Ti 1é hoc @, hé s6 chiét khau y va e duoc ddt ¢ dinh teong ting 14 0.8, 0.8 va
0.9. Q«(i,j,d) va Q, (i, j,d) duoc tinh theo cong thtrc (5) va (6), sau d6 cap nhat vao bang
dinh tuyén dé€ phuc vu cho viéc chon nut ké tiép tot nhat cac lan tiép theo.

Thuat toan 1. Thuat toan dinh tuyén dé xuat

Input: Géi dix liéu P; Nut hién tai I; Tap cac nut lang giéng cua I
Output: Nut k€ tiép J; Bang dinh tuyén cua I dwoc cap nhat cac Q-value
1: Begin
2: for (moi lan niit I truyén goi dix liéu P dén dich D) do
[/ Tai nut I
if (random(1) < ¢) then // doc bang dinh tuyén ciia I dé' tim niit ké'tiép
if (argmax Q. (i,j,d) and Q, (i, j, d) < Pu) then
Chon J la nut ké tiép dé€ gui gdi dir lidu;
end if
else

Chon ngau nhién nut ké tiép | dé gt goi dit lidu;

end if

10: Gui goi dit liéu cho J;

11: if (J nhan dwoc goi dir li¢u tir I) then
/] Tai nut |
12: Tao goi ACK dé phan hoi cho [;
13 Tim max Q,(j, k,d) va Q,(j, k,d) twong tng ctia nut J, luu vao trong goi
ACK;
14: Guri goi ACK cho [;
15: if (I nhdn dwoc 61 ACK tir J) then
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/I Tai nut I
16: Doc Q,c(, k,d) vaQ,(j, k, d) trong gbi ACK;
17: Cap nhat gia tri Q,(i, j, d) va Q,(i,], d) trong bang dinh tuyén theo cong
thiec (5) va (6);
18: end if
19: end if
20: end for

21: End

4. PANH GIA KET QUA BANG MO PHONG

Dbé danh gia hiéu qua cta thuat toan dé xuat, st dung phuong phap mo phong,
v6i hé mod phong NS2 phién ban 2.35 [15]. Thuat toan dé xuat dugc so sanh véi thuat
toan dinh tuyén co ban cia MANET la AODV vé ti 1¢ giii goi dit liéu thanh cong (PDR:
Packet Delivery Ratio), thong lwong mang (Throughput) va thoi gian tré dau-cudi (EED:
End-to-End Delay). Véi cac thong s& md phong duoc trinh bay nhuw trong bang 1.

Bai bao st dung cdng cu ./setdest ciia NS2 d€ tao ra cac nut mang cé vi tri ban dau
va di chuyén ngau nhién theo m6 hinh Random Waypoint. Stt dung cdng cu cbrgen ctia
NS2 dé tao 20 cap két ndi trao d6i dit liéu vdi giao thirc truyén tin la UDP. Cac m6 phong
dugc thuc hién trong thoi gian 600 s du 16n dé€ cac nut giri/nhan s6 goi tin dang ké va
cac nat di chuyén duoc nhiéu vi tri. Cac kich ban mo phong dwoc chay véi s6 lan la 10
va cac két qua s liéu trong bai bao nay la gia tri trung binh cta 10 Ian chay.

Bdng 1. Tham s thiét 1ap mo6 phong

Thong s6 Gia tri

Giao thttc dinh tuyén AODV, Proposed Algorithm
Pham vi 1000 m x 1000 m

Giao thece MAC 802.11

SO nut mang 30, 40, 50, 60

MO hinh di dong Random Waypoint

Vung thu phat song 250 m

Thoi gian mo6 phong 600 s

Tdc d6 di chuyén 5-30 m/s

20



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué

S8 chuyén san Cong nghé thong tin Tap 23, S5 1B (2024)
Loai luu luong CBR
Giao thtic truyén tin UDP
Kich thudc goi tin 512 bytes
Do dai hang doi toi da 50 gbi
Ngudng hang doi (Pm) 35 goi

4.1. Ti 1¢ giri g6i dix liéu thanh cong (PDR)

Hinh 4 (a) thé hién ti 1 gui goi di liéu thanh cong vdi tdc do di chuyén trung
binh ctia cac nut tir 5-30 m/s trong treong hop mang c6 60 nut, PDR trung binh ctia thuat
toan dé xuadt la 84,496% ctuia AODV la 71,538%. Trong truong hop, tang sd nat mang tir
30 1én 40, 50, 60 (hinh 4 (b)) cac nat di chuyén véi tdc d trung binh 20 m/s, thuét toan
dé xudt ciing cho két qua PDR cao hon so véi AODV trung binh la 10,468%. Nhu vay ti
1é gtri goi dit liéu thanh cong thi thuat toan dé xuat luén cho két qua t6t hon so voi thuat
toan AODV. Két qua tot nay la do thuéat toan dé xuat c¢d co ché€ chon nuat k& tiép cd s6 goi
dit liéu trong hang doi nhé hon ngudng hang doi Px dan dén tuyén duong tranh dugc
cac nat c6 hang doi day, giam thiéu s6 géi dit liéu bi roi va giam duoc tinh trang tac

nghén.

100 7 100 4
g g
x 60 4 x 60
o fa}
o o

0 | —&— AODV 4 ° AODV

—4— Proposed Algorithm —#&— Proposed Algorithm
20 20
5 10 15 20 25 30 30 40 50 60
Téc dé di chuyén (m/s) Sé nut
(a) (b)

Hinh 4. So sanh ti 1& giri go6i dit liéu thanh cdng trong cac truong hop (a) tdc d6 di chuyén khac

nhau va (b) s6 nut mang khac nhau
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4.2. Thong lugng
250 - mAODV 250 - BAODV

s #Proposed Algorithm - r Proposed Algorithm
2 200 A 2 200
Q. L . Q.
) . r ) L
4 A / / X . P v /
> 150 1 > 150 -
5 &
2 100 4 2 100 -
2 2
2 50 2 50

o0 2 2 2 0 i i

5 10 15 20 25 30 5 10 15 20 25 30
Téc d6 di chuyén (m/s) Téc dé di chuyén (m/s)
(a) (b)

Hinh 5. So sanh théng luwong véi céc toc d di chuyén khac nhau (a) 50 nut va (b) 60 ntt

Hinh 5 thé hién thong luwong trung binh ctia 2 thuat toan trong kich ban mo6 phong
véi téc dd di chuyén trung binh cta cac nut tir 5-30 m/s. Thuéat toan dé xuét luén cho
thong lueong trung binh cao hon so véi AODV. Véi s6 nut mang la 50 (hinh 5 (a)), thuat
toan dé xuat c6 thong luong trung binh la 184,851 Kbps cao hon so véi AODV la 157,875
Kbps. Khi tang s6 ntit mang 1én 60 (hinh 5 (b)), thuat toan dé xuét cé thong luong trung
binh cao hon AODV la 27,688 Kbps.

4.3. D) tré trung binh dau-cudi (EED)

500 500 1
= 400 = 400
E E
3 300 1 2 300 {
w w
;-f» 200 - % 200 -
o —e— AODV g —e— AODV
< 100 " < 100 A
—&—— Proposed Algorithm " Proposed Algorithm
0 0
5 10 15 20 25 30 30 40 50 60
Téc dé di chuyén (m/s) Sé nut
(a) (b)

Hinh 6. So sanh d tré trung binh dau-cudi trong cac truong hop (a) tdc dd di chuyén khac nhau

va (b) s6 nut mang khac nhau

Cudi cung, chting tdi phan tich thoi gian tré trung binh dau-cudi ctia 2 giao thic.
Xét truong hop mang ¢6 40 nut, di chuyén véi tdc d6 trung binh tir 5-30 m/s (hinh 6 (a))
cho thdy EED trung binh ctia thuét toan dé xuat la thap hon véi muirc 252,669 ms so voi
AODV 1 345,16 ms. O hinh 6 (b), khi tang s6 nut mang ttr 30 1én 40, 50, 60 véi toc do di
chuyén cta cac nut la 30 m/s thi EED cta thuat toan dé xuat thadp hon trung binh 197,305
ms so véi AODV. Nhu vay EED cua thuat toan dé xuat tdt hon so véi AODV. Diéu nay
do thuédt toan dé xuat thich tng nhanh v6i sy kién mat lién két cua tuyén duong, khi
phat hién sy kién ngay lap tirc chon duwgce nut k€' tiép thay thé, khong can phai cho kham
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pha lai tuyén duong nhu AODV. Mat khac thuéat toan dé xudt xem xét tai luu lugng o
cac nut trung gian trong qua trinh chon tuyén duong, do d6 lam giam thoi gian cho tai
hang doi ctia cac ntt nay, dan dén giam EED.

5. KET LUAN

Ung dung hoc ting cuong cho dinh tuyén mang tuy bién di dong da thu hat
duoc nhiéu nhom nghién cttu trong thoi gian gan day. Cac phuong phap RL khac nhau
co thé duwgc ap dung mot cach hiéu qua dé€ cai thién cac giao thic dinh tuyén cho
MANET. Trong bai bdo nay, chung t6i da dé xuat thuat toan dinh tuyén dwa trén RL cho
MANET. Véi y tudng la st dung Q-value trong cong thikc co ban cua RL d€ luvu trix tai
luu luong va chi phi khoang cach dén nat dich, duwoc dung cho muc dich lwa chon tuyén
duong. Két qua mo phong cho thay thuéat toan dé xuat dat hiéu suét cao hon vé mat ti 1é
glri g6i dit liéu thanh cong, thong lwong mang va do tré dau-cudi so véi thuat toan
AODV.

Trong thoi gian tdi, chung toi ti€p tuc nghién ctru ting dung hoc tang cuong cho
dinh tuyén MANET, két hop cac tham s6 dinh tuyén phu hop dé€ lam phan thudng cho
viéc hoc.
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A ROUTING ALGORITHM TO IMPROVE DELAY IN MANET
USING REINFORCEMENT LEARNING
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ABSTRACT

Several research groups have recently interested in applying reinforcement learning
to MANET routing systems. High mobility is an attribute of MANETs, which
frequently results in changes to the network topology. It is therefore highly
challenging to apply reinforcement learning to figure out the routing table at each
node in the most efficient way. In this paper, we proposed a reinforcement learning-
based routing algorithm to enhance network performance. Specifically, we built a
reward function for the Q-Learning algorithm, which takes traffic load and the
distance to the destination node into account to select the shortest route, prevent
congestion, and minimize delay. Comparing the proposed approach to the AODV
algorithm, simulation results demonstrate improvements in data packet delivery

rates, network throughput, and end-to-end delay.

Keywords: AODV, routing protocol, queue, MANET, Q-Learning.
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