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TOM TAT

Ung dung ctia hoc ting cedng vao cac giao thikc dinh tuyén trong mang khéng day
1a mot chu dé thu hiat sy quan tdm ctia nhiéu nhdm nghién cttu trong thoi gian gan
day. Ddc trung co ban ctia cac hé thdng mang khong day la tai luu luong bién dong
16n, t6-pd mang thay déi thuong xuyén do cac nat di chuyén. Vi vay, viéc ing dung
hoc ting cuong d€ tinh toan bang dinh tuyén tai mdi ntt sao cho hiéu qua nhat 1a
mot thach thitc I6n. Trong bai bao nay, chiing t6i tap trung khao sat va danh gia cac
phuong phap ting dung cua hoc tdng cuong vao viéc dinh tuyén trong mang khong
day hinh lwéi. Thong qua cac két qua mo6 phong trén OMNeT++, chung t6i dua ra
cac khuyén nghi phu hop d€ cai thién hiéu nang mang khi st dung cac giao thtc

dinh tuyén dua trén hoc tdng cuong.

T khéa: dinh tuyén, hoc tdng ceong, mang khong day hinh luéi.

1. MO PAU

Cong nghé mang truy nhap khong day da va dang dwoc ttng dung rong rai trong
mang ndi by ctia cac co quan, doanh nghiép, truong hoc. Thoi gian gan day, giai phap
mang truy nhap khong day t6-pd hinh Iuwdi (Mesh Wireless Networks - WMN) [1], [2]
da dwgc nghién ctru va trién khai trong thuc té&. WMN c¢6 nhiéu vu diém so véi mang
truy nhap khong day st dung diém truy nhap (Access Point) truyén thong, dién hinh
nhu giam tinh trang tac nghén do c6 kha néng can bang tai, thuan tién trong viéc trién
khai ha tdng do khong can phai két n6i duong truyén c6 day dén tat ca cac bo dinh tuyén
khong day. Hinh 1 la mét vi du cua mang WMN st dung 6 bo dinh tuyén khong day
(Wireless Router - WR). Cac WR trong vung phu song ctia nhau duoc két ndi véi nhau
bang mot két ndi khong day tao thanh mot t6-po hinh lwdi. Ngoai ra, mot s6 WR két ndi
véi bo dinh tuyén ctia nha cung cap dich vu vién thong dé truy cap Internet. Cac user
két ndi dén hé thong mang thong qua cac WR.



Khdo sdt va danh gid cic phwong phdp 1ing dung ctia hoc tang cwong cho dinh tuyén ...

- | ———— Wirelnk
W Router Y| s Wireless link
o r" GPON_FTTh, etc. «
” ' LT~
i, . B ~
\\ I : ] /él
NV el
pe NI P = i
I._. . \ “‘rRl \_.:_ ' \ ._‘ , . 1 :
£ e W
: 4 | WRA roe \ ~
K '/ __ JJ"‘- i m f‘l ! ' l ,;-@ \-'.
@' e m »- - . R -\_‘ . . -= —J "__\ ‘.:I\ \_\\% 7 '|I
-!5‘\ / \}‘ P '._“ “'rRﬁ\ ;
' AN () O AN \ S
N
< WRy Lo e
g Lo WRsN i
\\ '/) I'-yr —\\ I :ll
N &

- -

Hinh 1. M6t vi du cla mang truy nhap khong day hinh luwdi (WMN)

bdc diém vuot troi cua cong nghé WMN la vung phu song rdng, bang thong cao,
toc do dix liéu 16n. Vi vay, cac giao thire diéu khién, ma dién hinh 1a 16p giao thitc dinh
tuyén can phai dugc thay doi madi c6 thé khai thac hiéu qua tai nguyén mang. Yéu cau
dat ra voi cac giao thirc dinh tuyén 1a tinh toan nhanh, thich nghi véi cdc mo6 hinh mang
0 tai luu luu luwong cao, do bién dong 16n, co thé xét dén nhiéu diéu kién rang budc dé
dam bao chat lugng truyén dan, chat lwong dich vu. Véi cac yéu cau nay, can phai 4p
dung cac md hinh tinh toan thong minh, c6 kha nang du doan dwoc cac do do hiéu nang
tai cac ntit va trén cac két ndi, nham cung c&p thong tin trang thai mot cach nhanh chéng,
chinh xac cho qua trinh kham ph4, duy tri va sit dung 10 trinh ctia giao thitc dinh tuyén.
Giai phap httu hiéu nhat dé thuc hién diéu nay la s dung hoc ting cuong
(Reinforcement learning) - mot phuwong phap hoc mdy da dwoc ttng dung hiéu qua vao
bai toan dinh tuyén trong mang WMN. Day la mot chu dé thu hat sy quan tam ctia nhiéu
nhom nghién cttu trong thoi gian gan day [3]-[8]. Nhom tac gia trong [3] da dé xudt mot
thuat toan dinh tuyén cho mang WMN st dung hoc tang cuong, duoc ddt tén 1a RLBPR
(Reinforcement Learning-based Best Path Routing). Thuat toan RLBPR st dung thong
tin vé tai luu lwong tai cac gateway dé liea chon gateway tot nhat cho viéc truyén dit liéu.
Dé€lya chon 1§ trinh dén gateway, thuat toan RLBPR str dung phuong phap Q-Learning,
véi d6 do xac suat nghén gdi dix liéu duoc st dung nhu la “gid tri phan hoi” (reward)
dé Iya chon budc truyén tiép theo. Bang phuong phap md phong trén NS-2, cac tac gia
da chttng minh rz‘“mg thuat toan RLBPR thuec thi hiéu qua hon cac thuat toan khac néu
xét cdc dd do hiéu nang vé dd tré va thong lwong mang. Trong [6], cac tac gia da dé xuat
hai co ché€'lua chon 16 trinh dya trén phuwong phép hoc tang ceong d€ cai thién hiéu nang
ctia mang v tuyén da ching. Ca hai co ché st dung do do vé thoi gian kénh san sang
tai cac két noi co tai luu luwong cao lam gia tri phan thudng cia ham Q- Learning. D¢ do
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nay ciing duoc st dung cho viéc lua chon 16 trinh gitta mdi cip ntt ngudn - dich. Két
qua danh gia bang thic nghiém da chiing minh rdng, ca hai co ché duoc dé xuat thuc
thi hiéu qua hon cac co ché da duoc cong bd trude d6. Cling voi phuong phap hoc tang
cuong, nhom tac gia trong [9] da dé xudt mot giao thirc dinh tuyén can bang nang luong
stt dung thuat toan Q-learning cho mang WMN, duoc dat tén la QEBR. Giao thitc nay
hoat dong theo nguyén ly cua dinh tuyén phan tan. Trong giao thitc QEBR, reward cua
ham Q-learning la ning lwong cua cac nut lang giéng. Hiéu nang cua giao thirc QEBR
cling duoc dénh gia bang phuwong phap md phong, st dung ngdn ngit 1ap trinh Python
d€ so sanh vdi cac giao thirc dinh tuyén phd bién trong mang WMN.

Théng qua cac cong trinh nghién ctru da dwoc dé cap ¢ trén, chung t6i c6 nhan
xét rang, viéc ing dung ky thuat hoc ting cuong vao bai toan dinh tuyén trong mang
WMN la mot giai phap hiru hiéu nham nang cao hiéu ning mang. Trong bai bao nay,
chang toi tap trung khao sat va danh gia cdc phuwong phap ttng dung ctia hoc tang ceong
cho bai toan dinh tuyén trong mang WMN, dé€ tim ra giai phap phu hop tuy theo dac
trung ctia hé thong mang.

Céc phan con lai cta bai bao duoc to chite nhu sau: Phan 2 trinh bay nhiing van
dé co ban ctia phuong phap hoc ting cuong va ting dung cho bai toan dinh tuyén trong
mang WMN. Phan 3 phén tich cac két qua mo6 phong duwoc thye hién trén OMNeT++.
Cudi cung la két luan va hudng phat trién ti€p theo, dwgc trinh bay chi tiét trong phan
4.

2. HOC TANG CUONG VA UNG DUNG TRONG BAI TOAN DPINH TUYEN
2.1. Co ban vé hoc ting cuong

Hoc tang ceong 1la mot dang ctia hoc may véi nguyén ly co ban 1a hé thong hoc
ttr cac hanh dong trudc dé dé€ chon hanh dong tot hon trong twong lai. Nguyén ly nay
duwoc minh hoa nhu 6 Hinh 2, trong d6 cac thuc thé thyc hién nhiém vu hoc duoc goi la
c4c tac nhan (agent). Tai mdi thoi diém t, tdc nhan nay twong tac voi mdi truong bang
hanh dong a:. V6i hanh dong nay, moi truong chuyén tir trang thai s: thanh trang thai
st1, dong thoi tdc nhan nhan dwoc mot gia tri phan hoi (reward) r:. O cc I4n hoc tiép
theo, dua trén cac gia tri phan hoi thu duoc ¢ cac lan hoc trude, tac nhan lea chon hanh
dong sao cho gia tri phan hoi thu duoc la tot nhat. Tong gid tri gia tri phan h6i nhan
dwoc khi thiee hién hanh dong a: tai trang thai st la Q(st, ar), thuong dugc xac dinh theo
thuat toan Q-Learning nhuw sau:

Qs ) = U-)Q(s, &) + elR(s, &) + 7MX Q5. &) ®

trong d6 a € [0, 1] 1a hé s ty 1€ hoc, xac dinh mtrc d6 gia tri phan hoi méi duoc cap nhat
cho gia tri phan thudng cii. Néu « = 0, tac nhan sé khong hoc duwoc gi, gia tri phan hoi
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gitt nguyén nhu gia tri hién tai. Néu o =1, tadc nhan chi xem xét thong tin mdi nhat ma
khong quan tam dén thong tin trudc d6. Trong treong hop cac trang thai cia moi truong
hoan toan xac dinh, hé sd hoc « =1 1a t6i wu. Néu tap trang thai cia moi truong phu
thudc nhiéu vao cac yéu t6 ngau nhién, hé s6 hoc anén dwoc thiét 1ap nho hon 1, thuong
1a0.5. y € [0, 1] 1a hé s6 chiét khau, xac dinh mirc 46 anh huéng cua gid tri phan hoi trong
twong lai. R(sy, ar) 1a gia tri phan hoi nhan dwoc khi tadc nhan thuc hién hanh dong a: tai
trang thai s:.

Hanh dong a

> Trang thai s;

- -
o0
~ e

Tac nhan
(Agent)

< - Trang thai st
Phan thudng r

Moéi truong

Hinh 2. Minh hoa nguyén ly ctia hoc tang cuong

2.2. Ung dung ctia hoc ting cedng cho bai toan dinh tuyén

Hoc tang cuong da duoc tng dung rong rai trong cac bai toan ky thuat, dién hinh
nhuw diéu khién r6 bét, tro choi dién tt, diéu khién 6 t6 khong nguoi 1ai. Thoi gian gan
day, phuong phap hoc may nay ciing da dugc tng dung vao bai toan diéu khién dinh
tuyén trong mang khong day [1], [4], [5], [6], [7]. D€ thuc hién diéu nay, qua trinh dinh
tuyén trong mét hé thong mang khong day can dugc mo hinh héa thanh mét mé hinh
hoc tdng cuong v6i 5 yéu td dac trung, d6 la tac nhan, moi treong, trang thai, hanh dong
va gid tri phan hoi.

2.2.1. TAc nhan

Trong phuwong phap hoc tang cuong, tac nhan la thuc thé thuc hién viéc hoc dé
dua ra cac hanh dong phtt hop cho hé thong. Véi bai toan dinh tuyén trong mang khong
day, tuy theo phuong phap dinh tuyén ma tdc nhan c6 thé'la cac thanh phan khac nhau.
Cu thé, néu hé thong mang st dung ky thuat dinh tuyén phan tan, tac nhan chinh la cac
nut can phai thuong xuyén cap nhat trang thai mang d€ tinh toan bang dinh tuyén. Néu
hé thong mang st dung ky thuat dinh tuyén tap trung, tac nhan chinh la khéi chitc néng
thue hién thuwc hién viéc dinh tuyén. Vi du, ddi véi cac giao thiee dinh tuyén tap trung
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dua trén mang diéu khién bang phan mém (Software Defined Networking - SDN), tac
nhan la by diéu khién SDN (SDN Controller).

2.2.2. Moi treong

Moi treong 1a nhitng gi ton tai xung quang tac nhan, noi ma tac nhan hoat dong
va twong tac. Voi bai toan dinh tuyén st dung hoc tang cueong, moi treong chinh la hé
thong mang, la tap hop cua tat ca cac nut, cac két ndi c6 day va khong day, cac yéu to tac
dong 1én hiéu nang cta hé thong mang nhw nhidu nhiét, nhiéu tan sd tir cac thiét bi ngoai
hé théng mang.

2.2.3. Trang thai

Trang thai la nhitng gi ma tac nhan cdm nhan duoc. Trong treong hop tac nhan
14 cdc nit mang, moi trang théi dwgc xac dinh boi tdng s6 nut lang giéng, tinh trang ctia
cac két ndi tlr ntt d6 dén cac niat lang giéng, trang thai cua cac bo dém trong cac nut, v.v.
Tuy theo muc tiéu ctia thuat toan dinh tuyén ma mdi trang thai c6 thé duoc xac dinh boi
cac tham s6 khac nhau.

2.2.4. Hanh dong

Hanh ddng la cach thttc ma cac tac nhan twong tac véi méi truong d€ cap nhat
trang thai. Voi bai toan dinh tuyén sit dung hoc tang cuong, tac nhan la cac nat mang.
Do vay, hanh dong ma mot tdc nhan twong tac vi méi treong co thé 1a gii mot gdi div
liéu dén nat lang giéng [1], glri mot goi xac nhan (ACK) khi mot nit nhan thanh céng
mot goi dir liéu, giri quang ba mot goéi Hello hodc gdi Beacon dén tat ca cac nat lang
giéng [4].

2.2.5. Gia tri phan hoi

Sau khi thuc hién mbi hanh dong twong tic véi moi truong, tac nhan sé nhan
dwgc mot gia tri phan hoi. Gia tri phan hoéi cua cac hanh dong trude la co so dé tac nhan
lwa chon hanh déng tiép theo véi muc tiéu dan dan thu dwoc gia tri phan hoi t6t nhat.
Tong gia tri phan hoi nhan duoc khi mot tdc nhan thue hién hanh dong a: tai trang thai
stla Q(st, ar), dwoc xac dinh boi thuat toan Q-Learning theo phwong trinh (1). Gia tri Q(st,
at) chinh la muc tiéu cua cac thuat toan dinh tuyén st dung hoc tang cuong.

2.3. Hoc bang dinh tuyén théng qua goéi dit liéu va géi ACK

Vi cac thuat toan dinh tuyén st dung hoc tang ceong, bang dinh tuyén ctuia cac
nut dugc cap nhat thuong xuyén thong qua hanh dong ma tac nhan twong tac voi moi
truong, cu thé 1a hanh dong ma madi nat twong tac véi hé théng mang. Mot phuong phap
pho bién dé thuc thi hanh dong nay la st dung goi di liéu va géi ACK [1], [8]. Quy trinh
thuee thi thuat toan dinh tuyén trong mang khong day stt dung hoc tang cuwong thong
qua goi dit liéu va gdéi ACK duoc trinh bay nhu ¢ Thuat toan 1. Trong treong hop nay,
thuat toan dinh tuyén stt dung trong s6 pho bién nhat cua cac giao thiee dinh tuyén trong
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mang khong day, d6 la tong s chdng (hopCount). Vi vay, gid tri Q trong ham cap nhat
phan thuong theo thuat toan Q-Learning 6 budc (11) duoc tinh toan theo tong s6 chang.
Gia tri Q tot nhat dé tac nhan lwa chon hang dong twong tac voi méi truong trong truong
hop nay la gia tri Q nho nhét, nghia 1a 10 trinh dwoc chon dé€ truyén di liéu la 1 trinh c6
tong s6 chang nho nhat.

Thuat toan 1. Cap nhat bang dinh tuyén tai nut I sit dung hoc tiang
cuong thong qua goi dix liéu va goi ACK
//Tai nut 1

(1) DPocbang dinh tuyén, tim 10 trinh ¢ trong sd nho nhat dé truyén
dit liéu dén nat dich (D)

2) if (tim dwoc 19 trinh {D, |, Qijaq}) then
/1D, ], Qija}: D la niit dich, | la niit tiép theo va Qijala trong s6’

3) Truyén goi dit liéu dén nat J;
[/Tai nut |
@) if (] nhan dwoc 6i dir liéu tir niit I) then
5) Doc bang dinh tuyén, xac dinh trong sO nho nhat tw |
dén D theo phuong trinh: Q' = \me'ﬂ, (Qjna);
(6) Tao g6i ACK, luu Q' vao géi ACK;
(7) Gui géi ACK vé nut L.
6) endif
/I Tai nut I
9) if (nut I nhan dwoc goi dir ACK tir niit J) then
(10) Nut I doc Q;Tj” trong g6i ACK;
(11) Cap nhat gia tri Qij« cia 19 trinh {D, ], Qija} trong bang

dinh tuyén theo thuat todn Q-Learning:
Qi,j,d =1~ a)Qi,j,d + a(Ri,j + 7Qjmzljn
(12) endif;
(13) else
(14) Chon ngau nhién ntt ] € Ni
(15) Quay lai budc (3)
(16) endif;
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2.4. Hoc bang dinh tuyén thong qua goi Hello

Mot phueong phap khac dé€ cac ntut hoc bang dinh tuyén véi thudt toan hoc tang
cuong la st dung gdi Hello [4]. V&i phuong phédp nay, tdc nhan la cac ntat twong tac véi
moi trieong 1a hé théng mang bang cach giti quang ba goéi Hello dinh ky dén tat ca cac
nut lang giéng. Véi mdi ntt nhan duoc gdi Hello, no sé thuc hién cap nhat lai bang dinh
tuyén theo thuét toan Q-Learning. Quy trinh thuyec thi thuét toan dinh tuyén trong mang
khong day stt dung hoc tang cuong thong qua goi Hello dwoc trinh bay nhu ¢ Thuat

toan 2.

Thuat toan 2. Cap nhat bang dinh tuyén tai st dung hoc ting cuong

thong qua gdi Hello
(1) while (true)
(2) wait(Interval Time);
(3) DPoc bang dinh tuyén cua nat hién hanh (ntt K), xac dinh
trong s6 nho nhat tir K dén nut dich (D) theo phuwong trinh:
min __ H .
kd = gnie'h';: Qi)
(6) Tao gbi Hello, luu Q,in Ln vao goi Hello;
) Gui quang ba goi Hello dén tat ca cac nut lang giéng cta K;
(8) for (mdi niit nhin dwoc g6i Hello (niit I))
® Doc gid tri Qyy trong géi Hello;
(10)
Cép nhat gia tri Qixa cua 10 trinh {D, K, Qixd} trong bang
dinh tuyén theo thuat toan Q-Learning:
Qua = Q=a)Q 4 + (R + VQST)
(11)
endfor;
(12)
endwhile;
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3. KET QUA MO PHONG VA THAO LUAN

Trong phan nay, ching t6i st dung phuong phap mé phong dé so sanh, danh
gia hiéu qua thuc thi ctia cac thuat todn dinh tuyén stt dung hoc ting cuong bang hai
phuong phap nhu duoc trinh bay ¢ phéan trede, mot 1a hoc bang dinh tuyén thong qua
cac goi dir liéu va ACK, hai la hoc bang dinh tuyén thong qua cac goéi Hello. M6 phong
duoc thyee thi trén OMNeT++ [10] va INET Framwork [11]. Kich ban m6 phong dwoc
thiét 1ap nhu trong Bang 1. Chung t6i st dung kich ban ting dung dién hinh cta mang
WMN gbm c6 17 b dinh tuyén khong day (WR), 50 ntt truy nhap chinh 1a cc user. Mbi
nut truy nhap két n6i véi mot WR véi cuong do song manh nhat d€ truy cap cac dich vu

mang.

Bang 1. Kinh ban mo6 phong

TT Tham so Gia tri
1 Vung dién tich mo6 phong 1000 x 1000 [m?]
2 Toéngso WR 17
3  Tong s6 nut truy nhap 50 [nut]
5  Vung truyén dan cia méi WR 250 [m]
6  Giao thic MAC IEEE 802.11ac
7  Toc dd dix liéu 54 [Mbps]
8  Cong suat phat 12 [dBm]
9 Do nhay thu -76 [dBm]
10 Hé s6 ty 1¢ hoc trong thuat toan Q-Learning 0.5
()
11  Heé s0 giam trong thuat toan Q-Learning (y) 0.5
12 Loai luu lugng UDP
13 Kich ban di chuyén cua cac nuat truy nhap Random Waypoint
14  Thoi gian m6 phong 500 giay
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Hinh 3. So sanh thong luwgong cta thuat toan dinh tuyén st dung hoc tang cueong thong qua goi

ACK va gdi Hello trong cac treong hop tai luu lwong (a) 1.5 Mbps, (b) 3 Mbps va (c) 5 Mbps

Cac két qua md phong trong Hinh 3 cho thdy théng luong trung binh trén toan

mang véi cc truong hop tai leu leong 1a 1.5, 3 va 5 Mbps. Ta thdy rang, véi truong hop

hoc bang dinh tuyén thong qua goi Hello, thong luong thu dwgc luén luén 16n hon so

voi truong hop st dung goi ACK. Déac biét, tai lvu luong cang 16n thi chénh 1éch vé

thong luwong gitta hai phwong phap nay cang 16n. Diéu nay cho thdy phuong phap st

dung gdi Hello d€ hoc bang dinh tuyén mang lai hiéu qua cao trong treong hop tai luvu

leong 16n.
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Hinh 4. So sénh d tré ctia thuat todn dinh tuyén st dung hoc tang cuong thong qua goi ACK
va gdi Hello

Tiép theo, chting t6i phan tich dd tré ctia hai phuong phap st dung géi ACK va
g6i Hello. Két qua thu duoc nhuw cho thdy & Hinh 4. Ta thay rang, phuong phap st dung
g6i Hello mang lai d6 tré thdp hon so véi phwong phap stt dung géi ACK. Xét truong
hop tai luu lwong 4 Mbps, phan bé thoi gian tré ctia cac géi dit liéu d6i véi phuong phap
st dung gdi ACK trong khoang ttr 0.186 ms dén 27.045 ms, gia tri trung vi la 2.78 ms,
trung binh 1a 10.442 ms. D&i véi treong hop st dung gdi Hello, thoi gian tré ctia cac goi
dtr liéu phan bd trong khoang tir 0.186 ms dén 18.354 ms, gia tri trung vi la 2.087 ms,
trung binh 1a 7.99 ms. Nhu vay, phuong phap st dung géi Hello mang lai do tré thap
hon phuong phap st dung goi ACK ca gid tri 1on nhat, trung vi va trung binh. Do tré
trung binh gidm 2.452 ms.

Su phu thudc ctia do tré trung binh theo tai luu lugng cling da dwoc khao sat.
Két qua thu dugc nhu cho thay ¢ Hinh 5. Khi tai luu luwgng tang tir 1 Mbps dén 4 Mbps,
d6 tré trung binh ctia ca hai phuong phap st dung goéi ACK va goéi Hello tang dan. Tuy
nhién, phuwong phap sé dung géi Hello ludén mang lai do tré trung binh thap hon so véi
phueong phép st dung gdéi ACK. Ddc biét, tai luu lwong cang cao thi phwong phap st
dung gdi Hello cang mang lai hiéu qua.
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Hinh 5. So sanh dd tré trung binh theo tai luu luong cua thuat toan dinh tuyén st dung hoc

tdng cuong thong qua goéi ACK va goi Hello

4. KET LUAN

Dinh tuyén trong mang WMN st dung hoc tang cwong 1a mot chu dé thu hut sw
quan tam cta nhiéu nhém nghién cttu trong thoi gian gan day. Mot s6 két qua nghién
ctru da cong bd cho thdy rang day 1a mot giai phdp mang lai hiéu qua cao trong viéc cai
thién hiéu nang mang. Trong bai bdo nay, chiing tdi tap trung khao sat va danh gia cac
phuong phap ting dung cta hoc tang cuong vao viéc dinh tuyén trong mang khong day
hinh ludi. Cu thé la tap trung vao hai phuong phap, hoc bang dinh tuyén thong qua goi
ACK va hocbang dinh tuyén thong qua goi Hello. Cac két qua mo phong trén OMNeT++
da cho thay rang phuong phap st dung géi Hello mang lai hiéu qua cao hon vé mat
thong legng va do tré, dédc biét 1a trong truong hop tai leu lwong 16n.

Trong hudng nghién ctu ti€p theo, chung toi tiép tuc phat trién cac thuat toan
dinh tuyén st dung hoc ting cuong dé xét dén cac diéu kién rang budc vé chat luong
dich vu, chdt luong tin hiéu truyén dAn nhdm cai thién hon nita hiéu nang cta mang
WMN.

LOI CAM ON

Cong trinh nghién cttu nay duoc tai trg boi Dé tai Khoa hoc va cong nghé cap
DPai hoc Hué, ma s6: DHH2023-01-204.

11



Khdo sdt va danh gid cic phwong phdp 1ing dung ctia hoc tang cwong cho dinh tuyén ...

(1]
(2]

[3]

[4]

[5]

[6]

[7]

(8]

9]

[10]

[11]

TAI LIEU THAM KHAO
L. F. Akyildiz and XudongWang, Wireless Mesh Networks, John Wiley & Sons Ltd, 2009.

Y. Zhang, J. Luo, and H. Hu, Wireless Mesh Networking - Architectures, Protocols and
Standards, Taylor & Francis Group, LLC, 2007.

M. Boushaba, A. Hafid, A. Belbekkouche, and M. Gendreau (2013), “Reinforcement
learning based routing in wireless mesh networks”, Wireless Networks, Vol. 19, No.8, pp.
2079-2091.

Thuy-Van T. Duong, L. H. Binh, and V. M. Ngo (2022), “Reinforcement learning for QoS-
guaranteed intelligent routing in Wireless Mesh Networks with heavy traffic load”, ICT
Express, Vol. 8, No. 1, pp. 18-24.

Z. Mammeri (2019), “Reinforcement learning based routing in networks: Review and
classification of approaches”, IEEE Access, Vol. 7, pp. 55916-55950.

A. R. Syed, K. A. Yau, J. Qadir, H. Mohamad, N. Ramli, and S. L. Keoh (2016), “Route
selection for multi-hop cognitive radio networks using reinforcement learning: An
experimental study”, IEEE Access, Vol. 4, pp. 6304-6324.

Thuy-Van T. Duong, L. H. Binh (2022), “IRSML: An intelligent routing algorithm based on
machine learning in software defined wireless networking”, ETRI Journal, Vol. 44, pp. 733—
745.

Mai Cuong Tho, Nguyén Thi Heong Ly, Lé Htu Binh, V5 Thanh Tu (2022), "VAQR: M6t
ti€p can hoc tang cuong trong dinh tuyén FANET", Ky yéu Hji nghi Khoa hoc Quéc gia lin
thit XV vé Nghién citu co ban va Ung dung Cong nghé thong tin - FAIR’2022, NXB Khoa hoc
Tw nhién va Cong nghé, trang 51-58.

M. Yin, J. Chen, X. Duan, B. Jiao and Y. Lei (2018), "QEBR: Q-Learning Based Routing

Protocol for Energy Balance in Wireless Mesh Networks," 2018 IEEE 4th International
Conference on Computer and Communications (ICCC), Chengdu, China, 2018, pp. 280-284.

Andras Varga and OpenSim Ltd, OMNeT++ Simulation Manual - Version 6.x, Copyright
©1992-2021. [Online]. Available: http://www.omnetpp.org/documentation/.

A. Virdis and M. Kirsche, Recent advances in network simulation - The OMNeT++
environmentand its ecosystem, Springer Nature Switzerland AG, 2019.

12


http://www.omnetpp.org/documentation/

TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué
Tap 22, S8 1 (2023)

SURVEY AND EVALUATION OF APPLICATION METHODS OF
REINFORCEMENT LEARNING FOR ROUTING IN WIRELESS MESH
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ABSTRACT

The use of reinforcement learning to routing algorithms in wireless mesh networks
has recently piqued the interest of numerous research groups. The fundamental
aspect of wireless mesh network systems is that traffic load varies substantially, and
network topology changes often owing to node movement. As a result, using
reinforcement learning to efficiently compute the routing table at each node is a
significant problem. In this paper, we survey and evaluate reinforcement learning
application methods for routing in mesh wireless networks. We propose relevant
recommendations based on simulation results using OMNeT++ to increase network

performance while employing reinforcement learning-based routing algorithms.

Keywords: Routing, reinforcement learning, wireless mesh network.
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