Ky yéu Hoi nghi Khoa hoc céng nghé Quéc gia lan thir XVI vé Nghién citu co' ban va img dung Cong nghé théng tin (FAIR); Pa Néng, ngay 28-29/9/2023
DOI: 10.15625/vap.2023.0107

RLMR: MOQT PHUONG PHAP AP DUNG Q-LEARNING CHO DINH TUYEN
TRONG MANG TUY BIEN DI DONG

Nguyén Quéc Cwong!2, Mai Cwong The'3, Lé Hiru Binh?, V6 Thanh TG!

!Khoa Cdng nghé thong tin, Trudong Dai hoc Khoa hoc, Dai hoc Hué
2Khoa Khoa hoc Tu nhién va Cong nghé, Truong DPai hoc Tay Nguyén
3Khoa Céng nghé thong tin, Truong Dai hoc Nha Trang

ngcuong.dhkh23@hueuni.edu.vn, mctho@hueuni.edu.vn, Ihbinh@hueuni.edu.vn, vttu@hueuni.edu.vn

TOM TAT: Hién nay, viéc nghién ciru hoc ting cuong cho cac giao thire dinh tuyén da nhdn dwec nhiéu sy quan tam.
Trong MANET, tinh di dong cao cua cac mit dan dén cau tric lién két dong va khéng bén vieng, dé la thach thirc yéu cdu glao thiic
dinh tuyén cdn phadi thich #ng nhanh. Hoc ting cwong da dwoc chitng minh 1a ¢6 thé gidi quyét diroc thach thize dinh tuyén nay
bdng cach cho céc nit mgng quan sat va thu thap thong tin tir méi trieong hoat déng cuc bg cia chiing, hoc va dia ra cdc quyét
dinh dinh tuyén mgt céch hiéu qud. Bai bao nay, tdp trung vao viéc ap dung md hinh hoc ting cirong dé dinh tuyén trong mang
MANET nham nang cao hiéu ning mang. Két qua mé phong si dung NS2 cho thdy rang, giao thize dinh tuyén c6 ing dung hoc ting
cuong dd nang cao duwoc hiéu néing vé ti 1¢ giri goi di# liéu thanh cong va thdng firong mang.

Tir khéa: MANET, Q-Learning, Giao thize dinh tuyén, DSDV.

I. GIOI THIEU

MANET (Mobile Ad Hoc Network) [1] 1a mang tuy bién di dong, trong d6 cac nut mang déu co6 kha nang di
chuyén nén khéng c6 mdt nit mang c6 dinh ndo thyc hién chirc ndng diéu khién trung tam. Trong mang nay cac thiét bi
di dong khong day két ndi ngang hang v6i nhau hinh thanh nén mét mang tam thoi ma khong can sy tro gip cua cac
thiét b trung tdm ciing nhu cac co s& ha ting mang cb dinh nén no vira déng vai trd truyén nhan vira dong vai tro nhu

thiét bi dinh tuyén (Hinh 1).
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Hinh 1. Vi du v& mang MANET

Véi cac dac diém trén, mang MANET duoc ung dung nhiéu trong céac linh vuc nhu: hoat dong quan sy-trién
khai tac chién trén chién trudng khong c6 co s6 ha tang mang c¢d dinh; trong hoi nghi, san bay, truong hoc; hoat dong
g ctru khéan cép (thién tai song than, dong dat) g dung cho cac thiét bi  thong minh két ndi Internet; img dung trong
giao thdng - cac phuong tién giao thong dugc gan thiét bi MANET dé truyén thong voi nhau.

MANET hoat dong nhu mdt mang ngang hang khong c6 trung tim diéu khién, cac ndt thuong xuyén di chuyén
nén ciu trac lién két ciing thay 601 theo [2]. Vi vay, bang dinh tuyén tai moi nut phai dugc cap nhat thuong xuyén dé
dép Gmg v6i nhitng thay ddi vé cdu tric lién két. Do d6, véi mong mubn xdy dung mot giao thirc dinh tuyen thich ing
va ¢6 tinh ty tri cao, c6 nghia 1 giao thirc dinh tuyén ciia MANET phai c6 kha ning tim ra mot lang giéng ti wu nhat
dé hoan thanh qua trinh truyén tin, thong qua viéc cam nhén sy thay dbi cua méi truong mot cach thich tng. Sir dung
cac k¥ thuat hoc may ting cudng trong thiét ké giao thirc dinh tuyén di dugc sir dung nhiéu va mang lai higu qua tot
trong mang MANET, do cac thudt toan hoc may c6 thé hoc va thich nghi vi méi truong thay doi [3].

Gan day, nhiéu nhom nghién ctru da ap dung cac ky thuat hoc tang cuong (RL-Reinforcement Learning) aé cai
thién cac giao thirc dinh tuyén trong mang MANET [4, 6, 7, 8, 9]. Bang cach sir dung RL, cac tic gia clia [4] da dé xuat
thuat toan dinh tuyén cho mang MANET nhdm ting tudi tho cua mang. Thuét toan nay st dung Q-Learning dé lay
thong tin trang thai toan clu tir cac lién lac cuc bd. Cac tuyen duong sau d6 s€ dugc cdp nhat dua trén nhiing gi da hoc
dugce. Két qua md phong cho thy rang giao thirc d& xudt vuot troi so voi AODV - SARSA [5] vé ty 18 phan phdi goi
va muc tiéu thy ning lugng. Ciing st dung phuwong phap RL, cac tac gia cua [6] dd dé xuit giao thirc dinh tuyén can
bang ning luong dua trén Q-Learning (QEBR) cho WMN. QEBR duoc thyc thi theo nguyén tic dinh tuyén phan tan.
Céc tac gia da dé xut khai niém phan loai ning lwong 1an cén dé sir dung 1am phan thuéng cho thudt toan Q-Learning.
Cong trinh [7] d& xuit mot thuat toan dinh tuyén dam bao QoS sir dung hoc ting cuong cho mang WMN c6 tén 13
QGIR. Trong do, c6 xay dung ham phan thuong cho thuat toan Q- Learning dé chon duong di sao cho ty 1¢ gui goi tin
1a cao nhét. Dong thoi, hé s6 ty 1€ hoc tap duoc thay d6i linh hoat dé xac dinh rang budc cua do tré dau - cudi. Tai mbi
nut ¢6 co ché ty hoc thong tin dinh tuyén tai theo timg chu ky cap nhat tai luu lugng. Trong nghién ctru [8], str dung do
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do vé& muc do di /dong cua nat (Mobility Factor) va s6 1an truyén du kién (Expected Transmission Count) lam phan
thudng dé dé xuat thuat toan dinh tuyén AQ Routing dya trén Q- Learning cho MANET. Thuat toan dé xuat da cai
thién dugc thong luong va chon dugc tuyen duong 6n dinh hon. Céc tac gia [9] dé xuat thuat toan dinh tuyén st dung
RL cho mang MANET duya trén 5G. Mbi nut str dung RL dé cap nhat co s¢ dir li€u vé tai luu lugng va SNIR tai cac ntit
trung gian doc tuyén duong téi nut dich. Khi kham pha ra mot con dudng méi, thut toan dinh tuyén tham khao co s&
dir liéu nay dé tim 16 trinh dam bao QoS. Cac két qua md phong chimg minh rang thuét toan duoc dé xuat dat hiéu qua
vé& mit mang thong lugng, d6 tré dau - cudi va SNIR.

Hon nira, cac phuong phap tiép can dya trén RL thé hién kha nang thich ung voi diéu kién mang dong, dam bao

dinh tuyen hiéu qua ngay ca trong MANET c6 tinh di dong cao va khong thé doan trudc kich ban. Nghién ctru nay

cung cap mot cach tiép can vé viéc khal thac k¥ thuat RL dé cai thién hiéu qua va do tin cdy cua cac giao thic dinh

tuyén trong mang MANET. Céc phan tiép theo cua bai bao duge bb cuc nhu sau: Muc Il trinh bay phuong phap hoc

tang cuong va tng dung cua né trong dinh tuyén MANET. Muc 111 12 mot s6 két qua danh gia bang mo phong trén
NS2. Cudi cing, Muc 1V 1a két luan va dé xuét cic hudng nghién ciru tiép theo.

I1. UNG DUNG CUA HQC TANG CUONG TRONG PINH TUYEN MANET
A. Hoc tang cuong

Hoc tang cuong [10, 1-2] 1a mét linh vuc con cuia hge may, & d6 hé théng hoc tir cac hanh dong trude d6 cua nd
dé chon hanh dong tdt hon trong tuong lai. Ban chét cta RL 1a thir va sai, nghia 1a 1ap lai cac thir nghiém va hoc hoi tir
mdi thir nghiém. Hinh 2 minh hoa nguyén tdc 1am viéc cua RL trong d6 mdt tac ti hoat dong nhu mdt nguoi hoc,
tuong tac véi moi truong dé chon mot hanh dong sao cho phan thudng thu dugce 13 16n nhat.

Y
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Next state
. St+1
Action Reward
a; I
State
A4 S
Agent |«

Hinh 2. M6 hinh hoat dong cta hoc ting cudng [10]

Mo hinh cua hoc ting cuong gdm c6 3 thanh phan chinh: Tac nhan (agent), moi truong (environment) va gia tri
phan hdi (reward). Qua trinh hoc 1a mot qua trinh 1ap di 1ap lai cac hanh dong. Ban dau tac nhan han ché kién thuc vé
mdi trrong quanh nod, cd géng kham pha béng cach quan sat trang thai moéi truong hién tai va thyc hién hanh dong dua
trén quan sat nay. Sau khi thuc hién mdi hanh dong thi tAc nhan nhay tir trang thai nay sang trang thai khac, dong thoi
nhan dugc gi tri phan hdi (reward) tir hanh dong cii. Dya vao cac gia tri phan hdi nhan dugc tac nhan co thé didu
chinh luat chon hanh ddng (policy) ctia minh trong cac bude tiép theo. Viéc diéu chinh va t6i wu hoa luat chon hanh
ddng dira vao cac gia tri phan hdi chinh 14 qué trinh hoc ting cudng.

Thoéng thuong, trong RL moi truong duge mo hinh hoa nhu mé hinh Markov (MDP - Markov Decision Process)
[10]. MDP dugc biéu dién boi bo 4 tham s6 (S, A, P, R). Trong do6: S 1a tap cac trang thai (states), A 12 tap cac hanh
dong (actions), P 1a phan bd xac suat khi chuyén ddi tir trang thai s sang trang thai ké tiép s~ sau khi thuc hién hanh
dong a, va R 1a phan thuong (reward) nhan duogc tirc thi khi chuyén trang thai tir s sang s .

Trong phuong phap RL, tong phan thudng sau khi thuc hién hanh dong a; (a: dugc chon theo chinh séch- policy)
& trang thai s; 1a Q(st, ar), dugce xac dinh boi Q-Learning [11] 1a mot thuét toan RL. Q(st, ar) dugc goi 1a gia tri Q, cap
nhét theo:

Q(st, a)) = (1-a) xQ(sy, ar) + a x [R(Sy &) + y x max Q(St+1, ar1)] @)

V6i o va y 14 ti 16 hoc va hé sb chiét khdu, a va y € [0,1], R(st, a) 1a phan thuéng nhan dugc tirc thi khi thuc hién hanh
dong a tai trang thai Sy, Q(St+1, a+1) 12 gia tri Q khi thuc hién hanh dong a1 ¢ trang thai ti€p theo St+1.

B. Pinh tuyén MANET sir dung hoc ting cwong

Trong bai toan dinh tuyén MANET, tac nhan hoc tap 1a cac nut twong tic véi moi truong chinh 1a hé thong
mang, hanh dong thyc hién 1a chon nut lang giéng dé chuyén tiép géi tin toi dich. Trong hoc tang cuong, mot tac nhan
dugc mo hinh hoéa nhu mét bd ba bao gom {trang thai, hanh dong, phan thuong}. Trong do phan thuéng tie thi dugce
chung t6i chon dya vao nhi¢m vu gui goéi dir li€u dén duogc nut dich, tong phin thuéng dugc cap nhat tai mdi nut theo
thuét toan Q-Learning.
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1. Trang thai

Trang thai: st € S = {M; i =1, 2,..., N}, dugc xéc dinh béi tong s6 ling giéng ciia mdi nat. M; 12 tong sb nit
lang giéng ctia nat i, N 1a tong s6 nut mang.
2. Hanh ddng

Hanh dong: ateA= {1, 2,..., 3}, mdi hanh dong a'; dai dién cho viéc lya chon nat chuyén tiép j tir cac lang
giéng cua i. J 1a s6 nut lang giéng cua i.

Trong hinh 3, tat ca cac hanh dong c6 thé co cianut i = 1 1a ay € A = {2, 3, 4}, gia sir nat i = 1 mudn thiét lap
tuyén dén niit 6.
3. Phan thuong

Viéc hoc ctia mot nat chiju anh huéng chinh tir phan thuéng nhan duoc tir nut lang giéng. Trong thiét ké cua
chiing t6i, v6i mong mudn tim duge dudng di ngan nhat cho viéc gui dit li€u, phan thudng duge tinh dwa vao ket qua
cua viéc guri goi dir liéu dén duoc nit dich. Nt nao truc ti€p chuyén goéi dir liéu cho nut dich sé nhén dugc phan
thudng 16n nhat.

Dit R(i, j) 1a phan thuong cho hanh dong nit i chon nut ké tiép j dé giri goi dir lidu va dugc tinh dua theo (2):

100, néu j lanut dich
R(i,j) =4—100, néu j chicé 1lang giéng la i )
0, trwong hop con lai

Theo cong thue tinh thuong trén, gia tri thuong R(I, j) 1a lon nhat (100) néu j 1a nat dich. Truong hop j khéng
phai 1a nit dich va chi c6 duy nhat mot lang giéng 1a i (day la truong hop gap hé dinh tuyen) thi gia tri thudng (-100) &
day dugc chon mang tinh “phat” ndt i cho hanh dong da chon nham ndt j 1am nat ké tiép. Cho truong hop con lai, j 1a
nut trung gian nén gan phan thuéng 14 0.

Tai niit i, tac tir hoc va cap nhat bang dinh tuyén (Q-table) theo cong thirc (3):
QGj,d) = (1= @) xQUj,d) + @ x[RG,J) +Y xmax QU k, )] )

Vé6i Q(i,j,d) 1a tng phan thuong tir nit i dén nut dich d va j 1a nat ke tlep (i>]~>...>d).R(, j) xdc dinh theo
cong thirc (2). Lj 14 tap cac nit lang giéng ctia nut j. a va y 1 ti 18 hoc va hé s6 chiét khau, a va y € [0,1].

Duya vao gid tri Q (Q(i,j,d)) nay gitp cho cdc nut lya chon nut ké tiép dé guri dit lidu, Q cang 16n thi duong di
dén nut dich cang gan.

Trong qué trinh lya chon nit ké tlép J, c6 hai cach la khai thac va tham do. Khai thac la chon nut ké tiép j voi
gi4 tri Q 13 16n nhét. Tham do 1a chon j ngau nhién trong sO cac lang giéng cuia i. Bai bo nay su dung phuong phap e-
greedy dé thuc hién hanh dong chon nut ké tlep, trong d6 tac nhén thuc hién khai thac véi xac sudt nho hon & va tham
dd véi xéac sudt 1 - &. Ti 18 hoc a, hé sd chiét khau y va & duge dat ¢ dinh twong trng 14 0,8, 0,8 va 0,9.

4 1
Routing Table nit 1 NGt mang
NEXT-HOP '
E — liénkét
o Q-value
— . Dirliéu

— —— - Phanthuéng

Hinh 3. Kich ban dinh tuyén dya trén hoc ting cuong

Hinh 3 minh hoa mé hinh RL dwoc tich hop vao qué trinh dinh tuyén tai cac niit mang. Gia st nat 1 mudn guri
dir liéu dén nut dich 6. Nut 1 ¢6 thé chon nit lang giéng 3 dé giri goi dit lidu (a'y = 3), va nhan phan thudng tir nat 3 d6
1a u6c tinh chi phi ctia tuyén duong tir nat 3 dén nat dich 6 (cu thé 14 tuyén duong 3 > 6). Sau do, nlt 1 cap nhat gia tri
Q ctia n6 cho hanh dong a't = 3 sir dung cong thirc (3), cu thé 1a Q(1, 3, 6). Tuong ty nhu vay, khi nat 1 giri cac goi dir
liéu cua nd dén nat a'y = 2 n6 nhan dugc phan thuong 1a woc tinh chi phi cia tuyen duodng tu nit 2 den nut dich 6 c6 thé
1a tuyén duong (2 > 3 > 6) hodc (2 > 5= 6) va cap nhat gia trj Q(1, 2, 6). Luu ¥ rang, niit 2 chon tuyén duong (2 > 3 >
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6) hoic (2 > 5 6) phu thudc vao gia tri Q(2, 3, 6) va Q(2, 5, 6) tai niit 2. Néu chon gia tri Q 16n nhat I hanh dong khai
thac.

4. Luu d6 thuat toan xir Iy goi tin va hoc tir géi ACK tai nit j

‘ Nutjnhan géi tin P te nuti ‘47

.

Nhan géi ACK

Cép nhat bang dinh myé"n vOi PlagdiData?
gia tri Q(ij.d) theo céng thirc (3)

jlandt dich ?
Ping

Chon niit ké tiép k 1a Chon it ke tiép k
niit c6 Qjk ) lén lantit lang giéng
nhit trong O-table | Ping Sai ngdu nhién

L Chuyén géi P cho ntit k ‘4—

Tinh R(i,j) theo cong thirc (2) va giri
g6i phan hdi ACK o dinh kem
R(ij) va Qk,d) 1on nhat cho ntiti

A4

Y

Hinh 4. So d thuat toan xir Iy goi tin va hoc tir goi phan hdi ACK tai niit j

Khi nGt j nhan dugc goi tin P trnat i (P 1a 1 trong 3 loai goi: Hello, ACK, Data), qua trinh xur 1y nhu sau:

- Néu P 1a goi Hello, kiém tra trong bang dinh tuyén xem da c6 tuyén duong vé nit i voi nit ké tiép 1a i chua.
Néu chua c6 thi thém vao véi gia tri Q dugc tinh theo cong thirc (3).

- Néu P 1a g6i ACK, s& trich xuét thong tin R(i,j) va gia tri Q 16n nhét, cap nhat gia tri Q(i,j,d) twong g theo
cong thac (3).

- Néu P 14 g6i Data, kiém tra xem j c6 phai la nit dich khong. Néu j 1a nat dich, tinh R(i,j) theo cong thie (2) va
giri goi phan hoi ACK c6 dinh kém R(i,j) va gia tri Q lon nhit cho nat i. Néu j 1a n(t trung gian, so sanh neu X4c sut
nho hon ¢ (0,9) thi khai thac bang cach chon nut ké tiép k 1a nut c6 gia tri Q lon nhit trong bang dinh tuyén dé giri goi
P. Nguoc lai 1a kham phé bang cach chon ngiu nhién nut ké tlep k 1a 1 trong cac lang giéng cua j va gui goi P. Sau khi
giri g6i P, n0t j tinh R(i,j) theo cong thirc (2) va giri gbi phan hoi ACK c6 dinh kém R(i,j) va Q(j,k,d) 16n nhat cho ndt i.

Trwée khi nhén
phan thudng tir nat 3
Routing Table nit 1

Sau khi nhdn
phén thuéng tir nit 3
Routing Table nit 1
Next- ext- Next-

Trwée khi nhén
phan thuéng tir nat 6
Routing Table nit 3

Sau khi nhan
phan thudng tir nit &
Routing Table nit 3
Nln

Routing Table nut 3

Dest | ™™ o vaiugl
op

Routing Table nit 1 h

e 111 |80 Dest || OV Qvalue | Dest “m Qualue  Dest 7 Qualue | Dest |7 Qvalue
e e s | 4 | 80 4 | 4 80 1 1 | 80 1 1 80
a4 8 |6 6|8 s Te] 22l s| [monimenies| [manjmerimes
Routing Table nit 4 3 3 80 Routing Table nit 6 2 2 80 2 2 80
Mot > 12 T80 {3 e 6 2 0 6 | 2 |0 6 2 |0 8|2 0
Dest Q-value T Dest Q-value 6 3 0 6 3
hop - / A hop
1] 1 8o - ) 3 3 80 6 | 4 0 6 4
— / \ 5 5 80 Routing Table nit 6
4 - — 1 / pest N gyalue
/ hop
Y / 6 4 -1 3 3 | B0
\ / 7 Y ; 6 5 | 5 | 80
f’ ./ ,'J s
Routing Table nit 2 \ / / / /
{ /| Routing Table nits ” /
Nrn .3 Routing Table nuit 2 \ / /
Dest Q-value 2 // Neoa Nt ) { /" Routing Table nit 5
/ Dest | o Goualue Dest =" Qalue 2 / Next-
1 1 80 — y, B / Dest Q-value
~— 2 2 | 80 1 1 80 — / hop
33 8 5 — ‘ 2 | 2 8
5 5 80 6 6 |80 3 13 18 {5
5 5 80 6 ;] 80

(@)
Hinh 5. M6t vi du dinh tuyén dya trén hoc ting cuong

DPé minh hoa cho qua trinh dinh tuyén, xét vi du nhu Hinh 5, trong d6 nat 1 mudn gui dit liéu cho nut 6. Trude
thoi diém giri dir liéu, cac nut guri cac goi Hello dé xac dinh cac nat lang giéng dong thoi thém vao bang dinh tuyén cac
tuyén dudng den cac lang giéng ciia n6 nhu Hinh 5 (a) Hinh 5 (b) thé hién qua trinh nut 1 giri goi dir liéu cho nit 3 va
nat 3 chuyen tiép cho nut 6, xét thoi dlem nat 1 muon gui dit liéu cho nut 6, lic nay bang dinh tuyén nut chua c6 tuyen
duong dén niit 6 nén né khoi tao cac tuyén duong t6i nit 6 voi nat ké tiép 1a cac lang giéng ciia n6 (nut 2, 3, 4) va gia
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tri Q = 0 [la cac dong (6, 2, 0); (6, 3, 0); (6, 4,0) trong bang dinh tuyén]. Tai nut 1 ¢6 3 tuyén dudng déu co gia tri Q
bang 0 nén n6 chon ngau nhién nit ké tiép dé gui dir lidu (gid s chon nut 3), tuyén duong l0c nay la (1 > 3). Khi nit 3
nhan duoc goi dir liéu, né thém vao bang dinh tuyén 1 tuyen duong t6i nut 6 qua nit ké tiép 1a lang giéng 2 véi gid tri
Q bang 0 [la dong (6, 2, 0)]. Pong thoi nat 3 giri goi phan hoi phan thuong cho nat 1 voi gia tri Q 16n nhét 1a 80 va R
bang 0 (nat 3 chua la nat dich). Nut 1 nhan goi phan hdi tir nat 3, cap nhat tuyén duong [dong (6, 3, 0) thanh (6, 3,
51.2)] theo cong thirc (3). Nt 3 xét bang dinh tuyén va chon nut ké tiép 1a 6 (khai thac véi Q 1on nhat) dé gui dir lidu,
tuyén duong ldc nay 1a (1 > 3 > 6). Nt dich 6 nhan di liéu va giri phan hdi cho nut 3 gia tri Q 16n nhét 1 0 va R bang
100 (nat 6 1a nat dich), nat 3 nhan goéi phan hdi va cap nhat tuyén duong [dong (6, 6, 80) thanh (6, 6, 96)].

I11. PANH GIA KET QUA BANG MO PHONG

Dé danh gia hiéu qua cua giao thirc sir dung mo hinh RL dwoc trinh bay ¢ trén, chlng tdi tién hanh cai dat, mo
phong trén hé mé phong NS2 phién ban 2.35 [12], giao thirc dwgc dat tén 1a RLMR (Reinforcement Learning-based
MANET Routing). RLMR dugc so sanh vdi giao thirc co ban cia MANET 1a DSDV vé ti 1¢ gri goi dir liéu thanh cong
(PDR: Packet Delivery Ratio), thong lugng mang (Throughput) va thoi gian tré dau cudi (EED: End-to-End Delay).
Véi cac thong s6 mo phong dugc trinh bay nhu trong Bang 1. Hinh 6 thé hién giao dién mo phong véi kich ban ¢ 50
nat mang. Cac kich ban mo phong dugc chay voi s6 1an 1a 10 va cac két qua s lidu trong bai bao nay 1a gia tri trung
binh ctia 10 1an chay. Ti 1& hoc tap ¢, hé s6 chiét khau y dugc dit 1 0,8 va ¢ 12 0,9.

Ei e e ———— Bang 1. Thang s thiét 1ap md phong
— ! ' : - o = Thong sé Gia tri
g VR ® o Giao thirc dinh tuyén RLMR, DSDV
i e @ N Khu vue dia Iy 1000 m x 1000 m
] | Vs MAC protocol 802.11
. 6/ \ S& ndt mang 30, 40, 50
o / “” 8o ? @ Tbc do di chuyén 0-20 m/s
/: - @i\_‘ e i Ban kinh phéat sbng 250 m
@ 1,\ 0 \ i . M4 hinh di dong Random Waypoint
® 00 | \ Thoi gian md phong 600 gidy
/ 1) w € | Giao thac van chuyén | UDP
N4 Loai ngudn phat CBR
o) 9 Kich thuéc goi dit lisu | 512 byte
R ) Toc d6 phat 4 goi/gidy
e e = I‘ S6 lan chay 1 kich ban | 10

Hinh 6. Giao dién md phong trén NS2
Sau khi thyc hién céac kich ban m6 phong, $6 lidu duge thu thap va xt 1y cho két qua nhu sau:
Ti 1€ gui goi dit liéu thanh cong (PDR)
e=@==DSDV  emfe=R|LMR
100

m— i
80
S\J “ \—\‘
@
[a)
8 40
20
5 10 15 20

Téc dd di chuyén (m/s)

Hinh 7. Ti 1& giri goi dit lidu thanh cong véi sé nit 30

Ti 1& giri goi dit liéu thanh cong dugc thé hién trong Hinh 7, 8 va Hinh 9. Két qua cho thdy, giao thirc RLMR ¢
ti 16 cao hon so véi giao thire DSDV. Xét trudng hop v6i 30 nit mang di chuyén véi cac toe do trung binh 13 5, 10, 15,
20 m/s (Hinh 7), ti 1¢ gtri go6i dir liéu thanh cong trunh binh cia RLMR 1a 94,07% so véi DSDV 1a 65,51%. Trong
truong hop s6 nit mang 1a 40, véi s6 cap két ndi dau - cudi thay doi tir 10, 12, 14, 16 (Hinh 8), RLMR van ludn c6 ti 1¢
PDR cao hon trung binh 16% so véi DSDV. Khi ting s6 nat 1én tir 30 1én 40 va 1én 50 nat véi tée do di chuyén trung
binh ciia cac nut 12 20 m/s, ti 1& giri gbi cia RLMR van duoc mic 6n dinh va luén cao hon so véi DSDV duoc thé hién
trong Hinh 9.
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@@= DSDV === RLMR

100 * e —_— —
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x 60
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40
20
10 12 14 16

S6 cap két noi
Hinh 8. Ti 18 giri goi dir lidu thanh cng véi sé cip két ndi thay dbi
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Hinh 9. Ti 1& giri goi dir lidu thanh cong vai toe d6 di chuyén 15m/s

Thong lwgng
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Hinh 10. Théng luong véi sé nut 30
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Hinh 11. Théng luong véi sé cip két ndi thay dbi
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@=@==DSDV === RLMR
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Hinh 12. Thong luong véi tde d6 di chuyén 20 m/s

Hinh 10 thé hién két qua thong luong trung binh ciia cic giao thirc RLMR va DSDV véi kich ban mé phong co
30 nGt mang di chuyén vé6i cac toe do khéac nhau (5, 10, 15, 20 m/s). Giao thuc RLMR dat murc trung binh 79,79 kb/s
cao hon hin so voi DSDV 1a 55,51 kb/s. Hinh 11 cho thay, khi s6 cip két ndi dau - cudi ting 1én (10, 12, 14, 16) véi 40
nat mang, thong lugng trung binh ca hai giao thirc déu ting nhung RLMR van luén cao hon DSDV. Khi s nut va téc
d6 di chuyén tang 1én thong luong trung binh cia RLMR vén dat duoc mirc 6n dinh va cao hon trung binh 25 kb/s so

v6i DSDV nhu trong Hinh 12.
Thoi gian tré trung binh (EED)
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Hinh 13. Thoi gian tré trung binh véi s nit 30
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Hinh 14. Thoi gian tré trung binh véi sb cip két ndi thay doi

Thei gian tré trung binh
(ms) =
N N D o] o
o o o o o

o
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Hinh 15. Thoi gian tré trung binh véi tbc d6 di chuyén 15 m/s
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Cudi ciing, chung t6i phan tich thoi gian tré trung binh dau cudi cua 2 giao thirc. Trong Hinh 13 cho thdy thoi
gian tré trung binh cua giao thire RLMR 13 tét hon véi mire 36,31 ms so véi DSDV 14 69,39 ms. O Hinh 14, khi ting sb
nat mang 1€n 40 véi ) cap két ndi tang dan tir 10, 12, 14, 16 thi EED ciia RLMR lai cao hon so véi DSDV, chénh 1éch
trung binh 4,48 ms. Trong trudng hop, ting s6 niit mang tir 30 1én 40, 50 thi EED ciia ca 2 giao thirc déu tang 1én, trong
do6 RLMR tang Ién cao hon so voi DSDV (Hinh 15). Nguyén nhan lam cho EED cua RLMR ting Ién 1a do khi so nut
tang, sd lang gleng ctia mdi nit ciing tang 1én, giai doan dau khi cac nat bat dau qua trinh hoc (ltc nay gia tri Q cua cac
nut lang giéng déu bang 0) nit chon ngau nhién mot nut ké tiép trong s6 cac lang giéng d6 nén ton nhicu thoi gian hon
dé chon duoc niit ké tiép tot nhat. Mit khac, trong hoc ting cudng, giao thirc thuc hién ca khai thac va kham pha, khi
thyuc hién kham phé véi s lugng nut ting 1am gia tang thoi gian clia qua trinh kham pha.

IV. KET LUAN

Qua viéc nghién ctru hoc ting cudng va ap dung mé hinh hoc ting cuong cho dinh tuyén MANET, bai bao dwa
ra cach tinh phan thuong dua vao két qua cta nhiém vu giri géi dit liéu dén duoc niit dich. Dya vao d6, ching t6i di cai
dat, danh gia duoc hiéu nang cua giao thirc RLMR so véi giao thirc DSDV. Két qua md phong cho thay rang giao thirc
RLMR dat hiéu suat cao hon vé mit ti 1¢ guri tin goi thanh cong va thong lugng mang. D6i véi thoi gian tré trung binh
dau cudi trong kich ban ting s nut mang, RLMR chua duoc cai thién, chung t6i s& tim hudng cai thién trong cac
nghién ctru tiép theo.

Trong thoi gian t6i chung t6i tiép tuc nghién ciru tng dung hoc ting cuong cho dinh tuyén MANET, véi cac
tham sb dinh tuyén phu hop dé lam phﬁn thudng cho viéc hoc, xem xét cac yéu td anh hudng dé thay ddi linh hoat hé
s hoc va h¢ s6 chiét khau.
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RLMR: A METHOD OF APPLYING Q-LEARNING FOR ROUTING
IN MOBILE ADHOC NETWORKS

Nguyen Quoc Cuong, Mai Cuong Tho, Le Huu Binh, Vo Thanh Tu

ABSTRACT: Currently, researching reinforcement learning for routing protocols has garnered significant attention. In
MANET, the high mobility of node to dynamic and unstable link structures, posing a challenge that necessitates routing protocols to
adapt swiftly. Reinforcement learning has been demonstrated to address this routing challenge by enabling network nodes to
observe and gather information from their local operational environment, learn, and make routing decisions effectively. This article
focuses on applying a reinforcement learning model for routing in MANETS to enhance network performance. Simulation results
using NS2 indicate that the routing protocol incorporating reinforcement learning has improved performance in terms of data
packet delivery rates and network throughput.



