Tap chi Khoa hoc Pai hoc Hué: Ky thuat va Cong nghé; pISSN 2588-1175 | eISSN 2615-9732

Tdp 133, S6 24, 2024, Tr. 45-62; DOI: 10.26459/hueunijtt.v133i2A.7492

PHAN TiCH CAC YEU TO ANH HUONG PEN HIEU QUA CUA
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Tém tit. Viéc ing dung hoc ting ceong vao diéu khién dinh tuyén trong mang khong day
hinh luéi dang thu hat sy quan tam ctia nhiéu nhém nghién ctru. Céc cong trinh nghién ctu
gan day da chira ermg dinh tuyén dwa trén hoc tdng cwdng mang lai hiéu qua cao hon so véi
cac giao thitc dinh tuyén truyén thong, ddc biét la trong cac mé hinh mang khéng day hinh
lwdi véi tai luu luwong cao, vung dién tich rong, st dung nhiéu bo dinh tuyén. Trong bai bao
nay, ching t6i tdp trung phan tich cac yéu t8 anh huong dén hiéu qua ctia viéc ap dung hoc
téng cuong vao diéu khién dinh tuyén. Tir d6, dua ra cac khuyén nghi phtt hop nham nang
cao hiéu ndng mang khi stt dung céc giao thitc dinh tuyén dya trén hoc tang cuong.
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Abstract. The application of reinforcement learning to routing control in mesh wireless
network is attracting the attention of many research groups. Recent works have shown that
reinforcement learning-based routing is more efficient than traditional routing protocols,
especially in mesh wireless network models with heavy traffic loads, wide area, and multiple
routers. In this paper, we focus on investigating the factors that affect the effectiveness of
applying reinforcement learning to routing control. Thence, we provide appropriate
recommendations for improving network performance when employing reinforcement
learning-based routing protocols.
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1 Giéi thiéu

Cong nghé mang khong day hinh Iudi (Wireless Mesh Networks - WMN) dang ngay cang
phat trién va dan thay thé mang khong day st dung diém truy nhap (Access Point) truyén thong.
WMN dang nhan duoc su quan tam déac biét tir cac nha cung cdp dich vu cling nhw nguoi st
dung mang. Hién nay, WMN dang la Iyra chon hang dau trong viéc trién khai mang cuc bd khong
day (Wireless Local Area Network - WLAN) ctia cac co quan, doanh nghiép, treong hoc vi noé cé
nhiéu wu diém. Trong cdng tac trién khai 1lap dat, WMN thuan tién d6i véi cac hé thdng mang
WLAN c6 vung dién tich rdng va st dung nhiéu b dinh tuyén. Vé mat cung cap dich vy, WMN
phtt hop véi cac hé thong mang WLAN ma tai luu lwong phat sinh thueong ngay 16n vi kha nang
can bang tai ctia cac b dinh tuyén. Vé mat quan tri hé thong, WMN thuong st dung co ché quan
tri tap trung dua trén giai phap mang diéu khién bang phan mém (Software Defined Networking
- SDN) nén rat thuan tién cho nguoi quan tri trong cong tac cai dat, cdu hinh va giam sat hé thong.
Hinh 1. cho ta thdy mot vi du dién hinh ctia mang WMN thuong stt dung trong WLAN. Thanh
phan chinh cia mot mang WMN 1a cac bo dinh tuyén khong day (Wireless Router - WR). Cac
WR trong vung phu séng ctia nhau sé tao mot két ndi khong day dé két noi gitra chung. Tap cac
WR va cac két ndi khong day tao thanh mot t6-pd hinh ludi. Trong s6 cac WR, chi can mot vai
WR két noi truc tiép dén bo dinh tuyén cta nha cung cap dich vu mang (Gateway Router - GR).
Céc két ndi gitta WR va GR c6 thé qua moi truong khong day hodc ¢6 day st dung cap xodn doi
CAT5/CAT6 hodc cap quang. Nhu vi du 6 Hinh 1, c6 ba WR két ndi truc tiép dén GR 1a WR1, WR:
va WRs, trong d6 WR1, WR2két ndi dén GR1 qua moi treong khong day, con WRs két ndi dén GR2
bang cap xoan ddi CAT6. Cac WR con lai két nSi dén GR thong qua ba WR nay. Mdi ngudi st
dung (client) két n6i dén mot WR trong vung phu song dé€ stt dung cac dich vu mang. Néu ¢6
nhiéu WR phu séng dén mot client, theo méac dinh thi client d6 sé két n6i dén WR c¢6 cuong dd

tin hiéu manh nhAat.

Mic du WMN da duoc trién khai trong thuc t€ nhung vé cac giao thie diéu khién viée
truyén d@ liéu qua mang con nhiéu van dé can dugc nghién ctru dé€ giai quyét, ddc biét la trong
cac hé thdng mang c6 vung dién tich rong, tai luu lugng 16n, bang thong rong, mat do nit cao,
stt dung nhiéu WR. Mot s6 hudng nghién cttu dién hinh vé WMN da duoc trién khai trong thoi
gian gan day nhu bai toan quy hoach mang WMN [1, 2, 3], bai toan dinh tuyén [4, 7, 8, 9, 10, 11],
chi dinh diém truy nhap [12, 13]. Trong s6 cac chu dé nay, dinh tuyén la cht dé nhan dugc sw
quan tdm nhiéu nhat, vi cac ky thuét dinh tuyén t8i wu cho phép cai thién nhiéu d¢ do hiéu nang

trong mang WMN.

46



jos.hueuni.edu.vn Tap 133, S6 2A, 2024

- . | ——— Kétnbi co day]
’ Gateway v | — s Wireless link
router 1 \

1 "‘j_’:-._ - -
1 l. 1 - ',’ .
/ ..\ ! @ay
o SN AT P
a S oan N " I, ) f .
# “ i P
.’I \:g ‘\.‘ \'..._“-" : - .-'1‘.*"&\ & :
/ :!(',’4\\‘ ‘. . \I ' ‘_\,,/ ” 122 :
’j "‘:-’i-. ' L\ ((l ﬂ) r'l: g ! Y\ < "‘\‘ '\ S
\ T WRs s~ Q) AN Az
\ Gateway ', ? u 2 ey | .
* \ ’
‘. router 2 5 \ A y I’VRI [ s \ [ si “\
~ @ YL \ ! .
S . & .. - = - -..‘!‘. y | R— F [ - f CE \
-____."/ C_'2 = — #=\y /i "“' ,". "“""\-‘:ﬁ Cl{]\‘e\.\(( ]) ll
3 ) R It cxken ,
L)

-.____-._...’Cl

Hinh 1. M6t vi du ctia mang khong day hinh luéi [21]

Dinh tuyén trong mang WMN thuong st dung cac giao thitc co ban cua mang khong day
tuy bién. Cac giao thitc duoc sit dung nhiéu nhat 1a AODV (Ad hoc On-demand Distance Vector)
[15], DSDV (Destination Sequenced Distance Vector routing), DSR (Dynamic Source Routing)
[16]. Day la cac giao thirc chudn cua mang khong day tuy bién, sit dung tiéu chi tong s6 chiang
(hop-count) d€ chon 16 trinh. Trong truong hop mang WMN c6 tai luu lwong 16n va bién dong
nhiéu, viéc stt dung cac giao thitc co ban nén trén bo 16 mot s6 nhuoce diém, nhu tic nghén cuc
b tai cac nit xay ra nhiéu do cac giao thitc dinh tuyén nay khong c6 kha ning can bang tai. Trong
truong hop nay, can phai sit dung cac giao thitc dinh tuyén thong minh hon, ¢6 kha nang tinh
toan nhanh d€ thich ting véi su thay d6i thuong xuyén caa trang thai mang. Ung dung hoc ting
cuong (reinforcement learning) vao viéc kham pha 19 trinh cta giao thitc dinh tuyén la mét giai
phap kha thi cho yéu cau nay. Diéu nay da dwoc ki€m nghiém thong qua cac cong trinh nghién
ctu da cong bd gan day [7, 8, 9, 10, 11, 14]. Két qua dat dwoc cia mot s6 cong trinh nghién ctru

tiéu biéu duwoc tom tat nhu ¢ Bang 1.

47



Lé Hiru Binh va Lé Dtrc Huy

Tap 133, S6 24, 2024

Bang 1. Mot s6 cong trinh nghién cttu tiéu biéu vé dinh tuyén dua trén hoc tang cuong

Cong , Do do sit dung cho gia tri|_ |
. Phuong phap hoc L Két qua dat dwoc
trinh phan hoi (reward)
. ..| Ty 1é tin hiéu trén nhiéu | Dé xuat thuat toan dinh tuyén cai tién tie
Hoc qua goi ACK, cai o R . . B .
[71 . , (SNR), tai leu luong trén| AODV, ting thong leong mang, giam d6
tién tit giao thec AODV | | <
cac két noi tre.
Dé xudt thuat todn dinh tuyén can béng
B Nang luong ctia nut lang | ndng lwong dwa trén Q-Learning, tang thoi
[91 |Hoc qua géi ACK e e e e
giéng gian ton tai cia cac nut, giam ty 1é ton that
gobi dix liéu.
» o A Dé xuét thuét toan dinh tuyén dya trén Q-
[10] |Hoc qua goi ACK Tai luu lwong trén cadc kénh . o, . -
Learning, cai thién xac sudt nghén mang.
Hoc qua géi Hello, thay . . o
. P R .. .. ... |DPeéxudtthuattoan dinh tuyén cé tén QGIR,
d6i linh hoat hé s6 ty 1€ | Ty 1é truyén géi dx liéu| | o e .
[11] . o~ . R giam ty 1¢é nghén gdéi di liéu, tang thong
hoc dé x4c dinh diéu |thanh cong
. . Iong mang.
kién rang budc ctia QoT
. . . .. |Pé xuat thuat toan RLBPR, ting thong
[14] |Hoc qua géi ACK Chat Irwong duong truyén L . x
Iwong, giam do tre.
Stt dung kién trac SDN, . L . 5
R . . . Dé xuat thuat toan dinh tuyén IRSML, tang
[18] |hoc tap trung tai SDN | Xéac suat nghén gdi, SNR R Cen %
SNR, thong lrong mang va do tre.
controller
.. . So sanh hiéu nang ctia phwong phap hoc
Hoc qua gdéi ACK va|_ ., . .. B . e
[21] Hell Tong s6 chang (Hop count) | qua goéi ACK va géi Hello, xac dinh duoc
ello
wu nhuge diém clia cdc phuong phap

Nhém tac gia trong [14] da stt dung hoc tang cuong dé€ dé xuat mot thuat toan dinh tuyén

c6 tén RLBPR (Reinforcement Learning-based Best Path Routing) cho mang WMN. D¢ lia chon

16 trinh dén GR, thuat todan RLBPR st dung phuwong phap Q-Learning véi gia tri cia ham phan

hoi (reward) 1a xac sudt nghén géi dit liéu. Do do nay dugc luu trit trong bang gi tri Q tai moi

nut, lam co so cho cac bo dinh tuyén khong day chon trinh d€ truyén dir liéu dén dich. Cac két

qua md phong str dung NS-2 da cho thdy rang thuat todn RLBPR mang lai hiéu qua hon cac thuat

toan khac vé do tré va thong luong mang. Ciing véi phuong phép stt dung hoc ting cuong, nhém

tac gia trong [11] da dé xudt mot thudt toan dinh tuyén thong minh dam bao chat luong dich vu

(Quality of Sercive - QoS) cho mang WMN vdi tai lru legng cao. Cac tac gia da xay dung mot

ham phan hoéi véi d6 do 1a ty 1€ truyén goi dit liéu thanh cong dén dich. Ham phan hoi nay duoc
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stt dung cho viéc cap nhat bang dinh tuyén tai mdi ntt thong qua thuat toan Q-Learning. Ngoai
ra, hé s6 ty 1& hoc ctia thuat toan Q-Learning dwoc thay ddi mot cach linh hoat dé€ xac dinh diéu
kién rang budc vé thoi gian tré tir ngudn dén dich. Bang phuong phdp md phong, cac tac gia da
cho thay rd thuat toan dinh tuyén duoc dé xudt mang lai hiéu nang mang cao hon cac thuét toan

pho bién.

Két qua cta céc cong trinh nghién cttu duoc khao sat ¢ trén da cho thay ro hiéu qua ctua
viéc ap dung hoc tang cuong vao diéu khién dinh tuyén trong mang WMN. D€ nang cao hiéu
qua cua ky thuat dinh tuyén nay, viéc nghién ctru cac yéu t6 anh huong dén hiéu nang cua thuat
toan dinh tuyén la diéu can thiét, nhdm dwa ra cac khuyén nghi phi hop dé viéc 4p dung thuat
toan dinh tuyén dua trén hoc tang ceong mang lai hiéu qua tdt nhat. Day chinh 1a muc tiéu nghién
cttu ctia bai bao nay.

Céc phan tiép theo ctia bai bao dwgc bd cuc nhu sau: Phén 2 trinh bay cach thirc ap dung
hoc téng cuong vao diéu khién dinh tuyén trong mang WMN. Céc két qua md phong thuc hién
trén hé mo6 phong ma nguén mé OMNeT++ va INET framework dwoc phan tich chi tiét trong
phan 3. Cudi cung la két ludn va dé xuat hudng phat trién tiép theo cua chu dé nghién ctru nay,

duoc trinh bay trong phan 4.

2 Ung dung ctia hoc ting cuong vao diéu khién dinh tuyén trong WMN

21 Co ban vé hoc ting cuong

Nguyén ly co ban ctia hoc tang cvong duoc minh hoa nhw 6 Hinh 2. Thanh phén chinh cua
mot hé thong hoc téng cuong la cac thuc thé thuc hién nhiém vu hoc dugc goi la cac tac nhan
(agent). Céc tac nhan thuc hién viéc hoc thuong xuyén bang cach tuong tac véi mdi treong thong
qua cac hanh dong dé'lam thay d6i moi treong, dong thoi thu dwgc cac gia tri phan hoi (reward),

lam co sé cho viéc lya chon hanh déng & cac Tan hoc sau.

4 "\ Hanhdbd
Tac nhin
(Agent)
Q-value j & trang thdi s+
-

Hinh 2. Nguyén ly co ban ctia hoc tang cuong
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Xét mot thoi diém ¢, gia st moi truong lac dé dang ¢ trang théi s, khi can thuc hién nhiém
vu hoc, tdc nhan twong tac véi mdi truong bang hanh dong a.. Véi hanh dong nay, mdi trueong
chuyén tir trang thai st thanh trang thai s, dong thoi tdc nhan nhan duoc mot gia tri phan hoi r«.
O céc Tan hoc tiép theo, dua trén céc gid tri phan hoi thu duoc 6 cac lan hoc trude, tac nhan lya
chon hanh dong sao cho gid tri phan hoi thu dwoc la t6t nhat. Chinh séch nay dwoc goi la chinh
sach e-greeqy. Goi Q(st, a) 1a tong gia tri gia tri phan ho6i nhan duoc khi tac nhan thuc hién hanh
dong a: tai trang thai s, béng cach ap dung thuat toan Q-Learning, gia tri Q(s, ar) dwoc xac dinh

nhu sau [7]:
Qs ar) = (1 — )Q(se, ar + a[R(se, ar) + V\%g’iQ(Srnx Ary1)] (1)

trong d6 a € [0, 1] la hé sd ty 1€ hoc va y € [0, 1] la hé s& chiét khau.

D¢ sém thu duoc gid tri Q t6t nhat, thuat toan Q-learning thuong st dung chinh sach &
greegy d€lwa chon hanh dong tai mdi thoi diém. Goi A(si) 1a tap hanh dong kha thi khi méi truong
0 trang thai st, z(ay, st) la xac sudt ma tac nhan lua chon hanh dong a: tai trang thai st. Theo chinh

sach &-greegy ta c6 [17]:

€
1 - néua, =a;
|A(se)l
n(as, sg) = £ (s2) i 2)
nguoc lai
|A(se)]

trong d6 ¢1a mét gia tri dt nho, thuong thiét lap béng 0.1, ai dwoc xac dinh nhw sau:

ar = g%?:)( Q(as, st) 3)

2.2 Ap dung vao diéu khién dinh tuyén

bé€ ap dung hoc ting cuong vao diéu khién dinh tuyén, chung t6i mo hinh hda hé thong
mang thanh m6 hinh hoc tang cvong nhu cho thdy ¢ Hinh 3. dua trén y tudng nhuw trong [14].
Trong truong hop nay, tac nhan la cac nut mang, cu thé 1a cac bd dinh tuyén khong day (WR).
Moi truong la toan bo hé thong mang. Tap trang thai doi voi tac nhan la tap cic nut lang giéng
tai thoi diém xem xét, tinh trang ctia cac két n6i dén cac nat lang giéng d6. Tap hanh dong la gui
goi dit liéu dén mot nut lang giéng va nhan goi ACK. Bang gia tri Q tuong tng voi bang dinh

tuyén cua mdi nut, gia tri phan hoi (reward) chinh la trong s cua 10 trinh tuwong ting.
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Hinh 3. M6 hinh héa bai toan dinh tuyén thanh mo hinh hoc ting cuong

Thuat toan 1 la ma gia 1ap cta thuat toan cdp nhéat bang dinh tuyén tai mdi nat. Tai thoi
diém khoi tao, mdi nut tao mot bang Q-value véi mdi ban ghi ¢6 cau truc {Gx, N, Q}, trong d6, G«
la GR dich, N la nut tiép theo doc theo 16 trinh tir ntt hién tai dén Gx va Q la trong s ctia 1 trinh
twong tng. Vi do do dinh tuyén dugc st dung trong thuéat toan nay 1a tdng sd chang (hop-count),
nén 6 thoi diém khoi tao, trong s8 Q ctia mdi 16 trinh {Gx, N, Q} duoc thiét lap bﬁmg 1 néu nut
hién tai c6 két ndi truc tiép dén G, bang o trong truong hop nguoc lai (cic budce tir 1 dén 9 trong
thuat toan 1). Xét vi du nhw Hinh 3, bang Q-value ctia nat K ¢ thoi diém khoi tao gom c6 3 ban
ghi, vi K ¢6 3 nut lang giéng, trong d6 nut G la GR nén ban ghi twong ting véi nut lang giéng nay
c6 gia tri Q bang 1. Hai ntit lang giéng con lai khong phai 1a GR nén gia tri Q béng «. Bang Q-
value ctia mdi ntit dwoc cap nhat thuong xuyén trong qua trinh truyén dit liéu thong qua cac goi
dt liéu va géi ACK theo cac budc tir 10 dén 26 cua thuat toan 1. Tro lai vi du ¢ Hinh 3, xét bang
Q-value ctia nut S, 6 thoi diém khoi tao, tat ca cac ban ghi dén nut G déu cé gia tri Q la co vi tat ca
cac nut lang giéng cua nut S ¢ thoi diém hién tai déu khong phai la GR. Sau mét s6 [an cap nhat
gia tri Q theo cac budc 10 dén 26 ctuia thuat toan 1, gia tri Q sé hoi tu dan vé sd hop-cout nho nhat
dé di dén G. O trang thai hién tai, 10 trinh t6t nhatdé didén G1laS - K- G.
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Thuat toan 1. Cap nhat bang dinh tuyén tai mdi ntt st dung Q-learning

Dau vao: Mot td-pd mang WMN va cic tham s ky thuat ctia hé thong mang, hé sd ty 1& hoc (av),

hé s chiét khau (y).

Piu ra: Bang Q-values ctia tat ca cdc WR.

Cac budc thuc hién:

11:
12:
13:
14:
15:
16;
17;

18:
19:
20:
21:
22:

23:
24:
25:
26:

For (mdi niit I trong mang) //Khéi tao biang Q-value cho mdi node
For (mdi nut [ la lang giéng cia I)
If(JIaGR)//]=G
Thém ban ghi {G, G, 1} vao bang Q-value ctia nut [;
else
Thém ban ghi {G, ], ©} vao bang Q-value ctia nut I;
End if;
End for;
End for;
//Cap nhat bang Q-value
For (mdi niit I trong mang)
If (I nhan dwoc mét goi dir ligu)
Chon mot ban ghi trong bang Q-value theo chinh sach e-greegy st dung (2);
Truyén goi dir liéu dén nut lang giéng duoc chon ¢ bude 11 (gia st nut J);
Chuyén sang budc 18;
Cho nhan géi ACK;
End if;
End for;
//Tai nut ]
If (J nhdn dwoc goi div liéu tir )
Tim gia tri t6t nhat (Qmin) tir ] dén GR trong bang Q-value;
Tao goi ACK, luu gid tri Qminvao géi ACK;
Gui phan hoi goi ACK vé nut I;
End if
//Tai nat 1
If (I nhin dwoc g6i ACK tir ])
Doc gia tri Qmintrong goi ACK;
Céap nhat bang Q-value theo phwong trinh (1);
End if;
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3  Cac yéu t6 anh huéng dén hiéu ning ctia thuit toan dinh tuyén dya trén
hoc tang cuong

Hiéu ndng cua thuét toan dinh tuyén dwya trén hoc tang cvong phu thudc cha yéu vao do
hoi tu cua thudt toan, cu thé la thoi gian ma cac WR hoc duoc bang dinh tuyén. Ttr nguyén ly
hoat dong ctia thuét toan dinh tuyén nhw dwoc trinh bay & phén trén ta thdy réng, d6 hoi tu ctia
thuat toan phu thudc cht yéu vao tai luvu lwgng phan phdi dén cac WR, tong s6 WR trong mang.
Ngoai ra, hé s6 ty 1& hoc (a) va hé s6 chién khau (y) trong phuong trinh cdp nhat Q-value (phuong

trinh (1)) ciing c6 anh hudng dén dd hoi tu cua thuat toan.

3.1  Anh huéng ctia tai lwu lugng

Theo nguyén ly hoat dong cua thuét todn dinh tuyén dua trén hoc tang cuong (thuat toan
1), cac WR cap nhat bang Q-values mdi khi né nhan dwoc mot goi phan hoi ACK tir mot nat lang
giéng. D& mot nut nhan duoc gdi ACK, nat d6 phai thue hién viée truyén dix liéu. Vi vay, s6 lan
cap nhat bang Q-values phu thudc vao tai lvu lwong phan phdi dén mdi ntt. Cé hai dac trung
cua cua luu luong trong mang anh huong dén do hoi tu ctia thuat todn. Mot la mét d6 luu luong,
ddc trung nay xac dinh tan suét cap nhat bang Q-values cua cac WR. Hai la déc tinh phéan bg cua
tai luu lwgng. Tai luu luong phan bo cang dong déu cho tat ca cdc WR trong mang thi thuat toan
cang nhanh hoi tu.

3.2 Anh huéng ctia tdng s6 WR

Tong s6 WR trong mang la mot yéu t6 c6 anh huong 1on dén d6 hoi tu cua thuét toan dinh
tuyén dua trén hoc ting cueong. D& cdc WR c6 thé hoc dugc 16 trinh t6t nhat dén cac nut dich, mdi
WR can phai c6 thong tin vé Q-value cua tat ca cac 10 trinh tir WR d6 dén dich. Biéu nay chi ¢6
thé dat dwgc nho viéc trao doi thong tin gitta cac WR. Véi thuat toan dinh tuyén dwa trén hoc
tang cuong, viéc trao doi thong tin vé Q-value dugc thuc hién thong qua viéc truyén géi dir liéu
va goi ACK gitra cac WR. Vi vay, tong s6 WR trong mang WMN c6 anh huong dén do hoi tu cua
thuat toan dinh tuyén. S6 WR cang 16n thi thoi gian hd tu cang cham do mbi WR can phai thue
hién nhiéu [an cap nhat Q-value hon d€ tim duoc 19 trinh tot nhat dén dich.

4 K&t qua m6 phong va thao luin

Trong phan nay, chung t6i st dung phuwong phap md phong dé phan tich cac yéu td anh

huong dén hiéu nang cua thuéat toan dinh tuyén st dung hoc tang cvong duoc trinh bay o trén.

53



Lé Hitu Binh va Lé btrc Huy Tap 133, S6 24, 2024

Cac m6 hinh md phong dwoc cai dat trén hé diéu hanh Ubuntu 22.04, sit dung phan mém ma
nguon mé OMNeT++ 6.0.3 [19] va INET framework 4.5.2 [20].

41 Kich ban m6 phéng

Céc tham s6 trong Bang 1 mo ta céac kich ban mé phong duoc thiét 1ap. Cac mé hinh mang
WMN duoc cai dat trong vung dién tich 1000 x 1000 [m?], tdng s6 bd dinh tuyén khong day (WR)
thay d6i trong khoang tir 30 dén 50 tity theo kich ban m6 phong, ban kinh phu séng ctia mdi WR
la 250 [m]. Giao thitce MAC duoc str dung la IEEE 802.11ac véi tan s6 song mang la 2.4 [GHz], t6c
dd dir liéu ctia mdi kénh 1a 54 [Mbps]. Tai luu lwgng phét sinh trung binh tai mdi nut tir 1 dén 10
[Mbps], st dung cac ludng UDP. Vi tinh ngau nhién ctia thuat toén, nén d& dam bao do chinh xac
ctia cac két qua, mdi kich ban mo6 phong dwoc thyec thi 1ap lai 10 [an, cac két qua duoc trinh bay
trong phan nay la gia tri trung binh cua 10 Jan chay.
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Bang 2. Cac tham s§ ctia kich ban m6 phéng

Tham s6 Thiét lap
Tong s6 WR Tt 30 dén 50
Giao thiee MAC IEEE 802.11ac

Tdc do dix liéu

Tan s6 séng mang

Ban kinh pht1 séng ctia cac WR
Cong sudt phat ctia cac WR
Do nhay thu ctia cac WR
M0 hinh suy hao

Heé s6 ty 1¢ hoc (a)

Hé s6 chiét khau (y)

Tai Iru lwong

Loai lvu lwong

Vung dién tich mang WMN

S6 Tan Chay/m6i kich ban

54 [Mbps]

2.4 [GHz]

250 [m]

12 [dBm]

-76 [dBm]

Free space

0.7

1.0

Tt 1 dén 10 [Mbps]
uDP

1000 x 1000 [m?]
10
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4.2  Két qua md phéng va thio luin
Panh gia anh hwéng cia tii luvu lwgng

Trudc tién, chung toi phan tich anh hwong cua tai lvu lwong dén hiéu qua ctia viéc 4p dung
hoc tdng cuong vao diéu khién dinh tuyén. Két qua thu duoc & Hinh 4 cho thiy rd anh huong
cua tai luu luwong dén thoi gian kham pha 10 trinh trong treong hop tong s6 WR 1a 40. B9 do vé
thoi gian kham pha 19 trinh trong kich ban nay dwoc xac dinh ttt khi mang bt dau hoat dong cho
dén khi tat cad cdc WR tim dwoc 16 trinh dén GR.

Céc biéu d6 hop trén Hinh 4 cho thdy rang, tai lwu luong cang cao thi thoi gian kham phé
16 trinh cang nho, nghia la hiéu qua ctia thuét toan dinh tuyén cang cao. Xét treong hop tai luu
luong 1a 1 Mbps, thoi gian kham pha 1§ trinh tir tat ca cdc WR dén GR trong khang tir 0,77 dén
11,47 giay, gia tri trung vi la 1,69 gidy, trung binh la 2.60 gidy. Khi tai lvu Ieong tang 1én 10 Mbps,
thoi gian kham phd 19 trinh giam mot cach dang ké, chi trong khoang tir 0,19 dén 1,36 giay, gia
tri trung vila 0,19 gidy va trung binh la 0,27 giay. Nguyén nhan la do viéc cap nhat bang Q-value
b:lfmg thudt toan Q-learning & cdc WR phu thudc vao mat d goi dix liéu dén tai mdi nut. Theo
nguyén ly hoat ddng cta thuat toan dinh tuyén dya trén hoc tang cvong nhw da trinh bay ¢ phan
truedce, viéc cap nhat bang Q-value dugc thiee hién thong qua cac géi dir liéu va goéi ACK. Vi vay,
khi mat d6 géi dit liéu dén cang cao, s6 lan cap nhat lai bang Q-value bdi cac tac nhan (WR) cang
nhiéu, dan dén thuat toan cang som hoi tu. Két qua cting hoan toan tuong tu cho kich ban 50 WR,
nhu cho thay & Hinh 5, thoi gian kham ph4 16 trinh cang nho khi tai luu luong cang 1on.
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Hinh 4. Anh hudng ctia tai leu luong dén thoi gian khdm pha 19 trinh khi téng s8 WR 14 40
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Hinh 5. Anh huéng ctia tai lvu lugng dén thoi gian khdm pha 16 trinh khi tong s6 WR 12 50

Tiép theo, chiing t6i phan tich anh huéng cta tai leu luong dén thoi gian tré tir ngudn dén
dich (end-to-end delay - EED) cta cac goi dit liéu. Cac két qua thu duoc nhu cho thay ¢ Hinh 6
va Hinh 7, tong ting véi cac kich ban md phong 40 WR va 50 WR. Ta thdy réng, tai luu luong
cang cao thi EED cang nhanh tién dén gia tri 6n dinh. Xét truong hop t6-p6 mang st dung 40 WR
(két qua 6 Hinh 6), néu tai luu lwong 1 Mbps thi can dén gan 7 giay EED mdi tién dén gia tri n
dinh. Trong khi d6, néu tai luu luong 8 Mbps thi EED tién dén gia tri on dinh chi sau hon 1 giay.
Nguyén nhan la do tai luu lugng cang cao thi thuat toan dinh tuyén cang nhanh hoi tu nhw da
phén tich 6 cac két qua trudce. Diéu nay dong nghia vi viéc cac WR sém c6 16 trinh t6t nhat dé
truyén dir liéu, dan dén giam EED.
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Hinh 6. Anh hudng ctia tai leu lwong dén thoi gian tré trung binh khi tdng s6 WR 1 40
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Hinh 7. Anh hudng caa tai leu leong dén thoi gian tré trung binh khi tong s6 WR 1a 50

Pénh gia anh huéng ctia tong s6 WR

Mot yéu t6 khac cling ¢6 anh hudng 16n dén hiéu nang caa ky thuat dinh tuyén dua trén
hoc tang cuong la tong s6 WR. Ching t6i cling da phan tich vdn dé nay thong qua nhiéu kich ban
mo phong khéc nhau. Hinh 8 1a két qua thu duwoc khi thuece thi 5 kich ban mé phong véi tong s6
WR Ian luot 1a 30, 35, 40, 45 va 50, tai luu lwgng trung binh tai cdc WR la 3 Mbps. Cac biéu d6 hop
trong Hinh 8 cho thdy réang khi tong s§ WR cang nhiéu thi thoi gian kham pha 16 trinh cang 16n.
Cu thé, xét kich ban 30 WR, thoi gian kham pha 16 trinh phéan bd trong khoang tir 0.02 dén 3.13
gidy, trung vi la 0.46 giay va trung binh la 0.71 gidy. Véi kich ban 50 WR, thoi gian kham pha 16
trinh tang 1én khé 16n, phan bo trong khoang tir 0.02 dén 5.98 gidy, trung vi la 0.81 gidy va trung
binh 1a 1.19 giay. Nguyén nhan dan dén diéu nay la do khi tdng s WR nhiéu, c6 mot s6 1§ trinh
phai di qua nhiéu budc truyén va nhiéu WR trung gian, mudn tim thdy cac 16 trinh nay thi cac
tac nhan (cac WR) can phai thuc hién nhiéu lan hoc d€ cap nhat bang Q-value, dan dén tang thoi

gian tim ra 19 trinh.

Trong trerong hop tai Iru Iirgng 16n hon, thoi gian kham pha 10 trinh ¢6 giam, tuy nhién
truong hop hé théng mang cé nhiéu WR hon thi van ¢ thoi gian kham phé 16 trinh 16n hon. Digu
nay thé hién rd nhu cac két qua duoc trinh bay trong Hinh 9 va Hinh 10, so sanh thoi gian kham
pha 1§ trinh cuia 5 kich ban mé6 phong véi tong s6 WR Ian luot 1a 30, 35, 40, 45 va 50, tai luu luong
trung binh tai cic WR la 6 Mbps (Hinh 9) va 10 Mbps (Hinh 10).
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Hinh 10. Anh huéng ctia tdng s6 WR dén thoi gian khdm phat 16 trinh khi tai luu lwong 10 Mbps

Ngoai viéc anh huong dén thoi gian kham phd 19 trinh, tong s6 WR cling ¢6 anh hudng
dén thoi gian tré trung binh ctia cc géi dir liéu (EED), tuy nhién anh huong 1a khéng nhiéu. Cac
két qua trén Hinh 11 cho thay rd diéu nay. Chang t6i da phan tich cac kich ban véi tong s6 WR
1a 30, 35, 40, 45 va 50, tai luu lwong trung binh la 1 Mbps, 3 Mbps va 8 Mbps. Khi tong s6 WR thay
d6i, su khac nhau vé EED la khong nhiéu. Chi khi tai luu luong thay ddi thi EED mdi c6 sy khac
biét o rang. Cu thé la tai luvu lugng cang cao thi EED cang giam, do thuét toan dinh tuyén hoi tu
nhanh hon khi tai luu Iwong cao hon.
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Hinh 11. Thoi gian tré trung binh theo tong s6 WR khi tai luu luong la 1 Mbps, 3 Mbps va 8 Mbps
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Qua cac két qua md phong dugc trinh bay trong phan nay, ching t6i két luan rang, hai yéu
t0 ¢6 anh hudng 16n dén hiéu qua caa thuat toan dinh tuyén dua trén hoc ting cuong la tai luu
luong va tong s6 WR. Cu thé, tai luu lugng cang cao thi thuat toan dinh tuyén hoi tu cang nhanh.
Vi yéu td vé tong s6 WR, thuat toan hoi tu chdm hon khi hé thong mang WMN c6 tong s6 WR
nhiéu hon.

5 Kétluan

Viéc 4p dung hoc tang cuong vao diéu khién dinh tuyén trong mang khong day hinh ludi
(WMN) la mét giai phap kha thi va hiéu qua d€ nang cao hiéu qua cua cac giao thiee dinh tuyén.
D€ c6 phuong an st dung ky thuat dinh tuyén nay mot cach hiéu qua, viéc nghién ctru d€ cac
dinh rd cac yéu t6 anh huong dén hiéu qua ctia ky thuat dinh tuyén tién tién nay la diéu can thiét.
Bai bao da tap trung thuc hién cong viéc nay. Két qua nghién ctru ctia bai bao da xac dinh duoc
hai yéu t& c6 anh huong 1on dén hiéu nang cua ky thuat dinh tuyén dya trén hoc tang cuong la
tai luu leong va tong s6 WR trong mang. Tai luu luong cang cao thi thuét toan dinh tuyén hoi tu
cang nhanh. Nhung nguoc lai, tong s6 WR cang nhiéu thi thuat toan héi tu cang cham. Vi vay,
ky thuat dinh tuyén dua trén hoc ting cuong nén 4p dung cho cac hé thong mang WMN ¢6 tai
luu lwgng 16n. Trong truong hop mang WMN st dung nhiéu WR, néu tai luu luong 16n thi st
dung ky thuat dinh tuyén duya trén hoc ting cuong van mang lai hiéu qua cao.

Trong hudng nghién cttu tiép theo, ching toi tiép tuc khao sat viéc ing dung cua hoc tang
cuong cho cac hé thong mang khong day khac véi dd bién dong cua trang thai mang nhiéu hon,
nhu mang khong day tuy bién (MANET), mang khong day tuy bién véi cac thiét bi bay khong
nguoi lai (Flying Ad-hoc NETwork - FANET).

Loi cdm on

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