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CAI THIEN CHAT LUQNG TRUYEN TAI TRONG HE THONG MANG THE HE MOI
SU DUNG CONG NGHE SD-WAN
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Tom tit: Mang dién réng dinh nghia bang phan mém (SD- WAN) cho phép diéu khién va qudn Iy mang théng minh, dong
thoi st dung hiéu qua tai nguyén mang thong qua ky thuat diéu khién heu lvong trong thoi gian thiee dé cé mang WAN hiéu
sudt cao hmz dap vng duoc Yéu cau chat lwong truyen tai ma khach hang mong muén. Bai bdo nay dé xudt mét he thong
dinh tuyen ndng cao, diéu khién viéc chon d‘u’ong di toi wu cho SD WAN bang cdch danh gid déc tinh dg tré két n6i WAN.
Hé thong theo déi cdc dir liéu ndy dé chon tuyén dieong gitip truyén tai do tré mang thap cing tinh kha dung va do tin cay
cao. Téc gia danh gia hé thong ciia minh trong mé hinh Lab gid lap Két qua thir nghiém cho thdy cdch tiép cdn ciia nhom
tac gia da chieng minh kha nang lwa chon dwong di t6i wu hon bang cach dp dung ldp trinh ciia SDN cho mang WAN.

Tir khéa: SD-WAN; Ky thudt diéu khién; dg tré; thong lwong.

IMPROVING TRANSMISSION QUALITY IN NEXT-GENERATION NETWORK
SYSTEMS USING SD-WAN TECHNOLOGY
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Abstract: Software-Defined Wide Area Network (SD-WAN) enables intelligent network control and management while
efficiently utilizing network resources through real-time traffic control techniques. This leads to higher WAN performance,
meeting the transmission quality requirements expected by users. This paper proposes an advanced routing system that
optimally selects paths for SD-WAN by evaluating WAN connection latency characteristics. The system monitors this data
to choose routes that offer low network latency, high availability, and reliability. The author evaluates the proposed system
using a simulated lab model. Experimental results demonstrate that the proposed approach effectively selects optimal paths
by applying SDN programming techniques to WAN networks.
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I. PAT VAN DE

Ngay nay, sy m¢ rong nhanh chéng cua mang
1u6i va sy xuat hién cua cac tmg dung 4o hoa, IoT,
cac yéu cau hoat dong dua trén dam may can dap
ung nhanh chong, thuan tién lam gia tdng thém
cac doi hoi ngdy cang 16n d6i véi mang WAN.
Nhung do chi phi xay dung, quan 1y va xu ly 16i
trén mang WAN rit cao va mang dién rong truyén
thdng gap kho trong viéc nang cap mang nén viéc
xay dung mang dién rong voi thiét ké mai 1a can
thiét. Mac du, cong nghé chuyén mach nhin da
giao thire MPLS (Multiprotocol Label Switching)
trong mang WAN van dam bao chat luong dich
vu QoS (Quality of Service), nhung no cling dua
ra mot s6 thach thirc, chang han nhu chi phi bang
thong cao, khong thé trién khai cau hinh tap trung,
thoi gian can thiét dé chuyén doi/nang cip mang
hién hiru. Mang dién rong dinh nghia bang phan
mém SD-WAN (Software Defined Wide Area
Network) dugc coi 12 kién trac ddy hira hen cia
mang dién rong thé hé tiép theo, dugc thiét ké dé
thay thé cho mang WAN dua trén MPLS truyén
thong. Voi SD-WAN, cac doanh nghiép co thé sir
dung dich vu linh hoat hon, dé du doan hon véi
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chi phi thip hon trong thoi gian ngin hon so
v6i cac dich vu MPLS. Thiét 1ap mang tré nén
nhanh chéng hon; tan dung bét ky dich vu duong
truyén dir liéu c6 sin nhu MPLS, truy cap Internet
chuyén dung DIA (Dedicated Internet Access),
bang thong rong FTTH (Fiber To The Home)
hoic khong diy 4G/5G; Va c¢6 thé ciu hinh tu
dong cac khu vyc tir xa ngay lap tirc. SD-WAN c6
thé cung cap céc cai tién vé tinh dy phong va tinh
kha dung vuot trdi so véi MPLS. Doanh nghiép
c¢6 thé chuyén doi nha cung cap dich vu Internet,
dung chung hay két hop cac nha cung cap dich vu
khac va tao mang SD-WAN/ MPLS két hop dé c6
thé dinh tuyén luu lugng qua mot co ché truyén tai
khac trong trudng hop c6 két ndi kém hodc nging
hoat dong.

SD-WAN duoc hinh thanh bang cach thiét 1ap
cac dudng ham duge ma hoa (“16p phu”) giira cac
khu vue. Mi khu vie déu dugce trang bi thiét bi
SD-WAN nhu trong hinh 1. Mbi thiét bi SD-WAN
duoc két ndi v6i mot tap hop cac dich vu mang
(thuong 1a MPLS va mot sé dich vu Internet) va
giam sat tinh kha dung va hiéu suét hién tai cua
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tung dich vu ndy. Luu lugng di ra ngoai dugc
dinh tuyén theo duong dan t6i wru dua trén cac
chinh sach tmg dung va diéu kién mang theo
thoi gian thuc.

Bai viét dé cap dén xdy dung mot hé thong dinh
tuyén duoc goi la dinh tuyén ning cao (Advanced
Routing) trong SD-WAN. H¢ thong lién tuc theo
ddi trang thai mang thong qua mot may chu cuc
bod duoc két ndi véi cac thiét bi SD-WAN cling
nhu thong tin mang thoi gian thuc dua trén SDN.
Nhom tac gia thiét ké mot thuat toan hoc co giam
sat (supervised learning) dua trén cac thong sb
duong truyén (do trd).

II. NOI DUNG NGHIEN CUU

2.1. B¢ xuit phwong phap diéu khién luu
lwgng trong mang SD-WAN

Chuong trinh véi tén goi dinh tuyén nang cao
ciia SD-WAN duoc dé xuat ap dung. V& cac chi
tiét thanh phan cta khung chuong trinh trong
Hinh 2: Thanh phan Giidm sat mang (Network
Monitoring) va Quyét dinh duong di (Decision
Making). Thuat toan dinh tuyén d& xuit can mot
tap hop cac tham s dau vao va dau ra dé xac dinh
duong dan toi wu nhit co thé. Cac dau vao cho
thudt toan nay dugc hinh thanh véi sy trg giup cia
mo-dun Giam sat mang, thu thap s6 liéu thong ké
tir thong tin cdu tric mang WAN gdm cac tham sb
dudng truyén (do trd).
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Hinh 2. P& xuat mo hinh diéu khién luu lugng.

Giao thirc két ndi va truy xuat dir liéu cua
chuong trinh téi thiét bi SD-WAN Controller 13
su dung Application Programming Interface -
API. API 1a mdt tap hop céac quy trinh, giao thic
va cong cu dé xay dung cac tng dung phan mém,
n6 quy dinh cach cac thanh phan phdn mém tuong
tac va chia sé thong tin v&i nhau.

2.2. Thuit toan dé xuit

Pau tién, ta chi dinh khoan thoi gian ban dau
dé thu thap dir liéu quan sat vé do tré cua tat ca
két ndi WAN tir mang SD-WAN va tinh toan gia
tri trung binh ctia do tré dé thiét lap gi tri ngudng
vé do tré cho hé thdng. Sau d6, véi mdi chu ky
thoi gian duoc thiét 1ap tir nguoi quan tri, mot gia
tri trung binh méi cua cac két nbi WAN duoc tinh
toan lai va so sanh v6i ngudng. WAN nao c6 do
tré nho hon hodc bang ngudng thi s& dugc chon
lam duong di, cu thé cac yéu cau cua thuit toan
nhu sau:

122 | Tap 31 s6 04 (thang 04/2025)

- Ty dong tinh toan thiét 1ap gia tri ngudng hé
thong vé do tré cho hé thong.

- Luu lugng san tai qua cac WAN khi co
cac gia tri do tré thdp hon (hodc bang) muc
ngudng hé thong. Néu khong cé két ndi WAN
nao thoa diéu kién trén, c6 thé tiy chon san tai
déu trén cac két ndi WAN hoic chon WAN c¢6
do tré thap nhat.

- Thong lugng trén WAN duoc chon dat téi
mirc nghén (mic dinh cdu hinh 90% bing thong
cua WAN) thi luu luong dugc tu dong san tai sang
cac két ndi con lai.

Ngoai ra, thuat toan nay con c6 tuy chon két
hop murc d6 wu tién theo do tré theo yéu cau dé
c6 thé dat duoc dong thoi do tré tot nhat co thé.
Luu lugng san tai qua cac WAN phai dong thoi
vira c6 do tré nho hon (hodc bang) ngudng do tré
ciia hé thong. Néu khong co két ndi WAN nao
thoa diéu kién trén thi WAN c6 do tré nho nhat
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s€ duoc chon.

2.3. Két qua thir nghiém

Khéi tao chuong trinh Advanced Routing véi
TE Hard thresholding, dé truy van tinh gia tri
ngudng hé thong ta tily chon cau hinh thoi gian
thu thap (span) gia tri do tré cia cac huéng WAN
va dua ra gia tri ngudng tuong Ung. Vi dy, véi
span = 10 (twong mg 10 gié tri ban d4u trong 10
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gitip hé thong xir Iy hiéu qua tranh tang tai hoic
xir Iy cham khi c6 thay doi.
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Hinh 3. D¢ tré cdc két noi WAN (a), P tré khi ding TE mdc dinh (b), Do tré khi ding Hardthresholding (c).

Hinh 3a miéu ta d6 tré ctia cac WAN thay dbi
trong qua trinh do kiém. Hinh 3b chi 1& hé thong
mic dinh quyét dinh luu luong nguoi dung duoc
san tai déu nén co6 két qua dao dong 16n twong ing
v6i ba huéng WAN. Hinh 3¢ thé hién két qua sau
khi 4p dung thuat toan Ngudng cung. Trong do,
khoang 10 gidy dau tién (span = 10) thi hé thong
dang thu thap dé tinh gia tri ngudng nén toan bo
két néi WAN déu dugc chon lam tuyén duong
di, do tré luc nay dao dong cao qua ca ba hudng
WAN. Sau méi 5 giay gid tri do tré dai dién cho
mdi WAN duoc tinh todn dé so sanh véi ngudng
va tim ra WAN tdi vu nhat dé cap nhat lai myén
duong t6i uu. Tir gidy thir 10 dén gidy 30, WAN1
duoc chon. Nhung sau dé, khong c6 két ndi nao
thoa ngudng nén chon cau hinh WAN ¢ do tré
thip nhat, hé thdng s& tinh trung binh 5 gia trj gin
nhit (interval = 5) ctia cac WAN dé so sanh va
chon dudng di tir gidy 31 dén gidy 65. Trong d6
tir gidy 31 dén gidy 35 d9 tré ting cao theo WAN1
1a do WANI van dang dugc chon Iam tuyén chinh
trong khoang thoi gian phai cho 1a 5 gidy (interval

= 5) dé thuat toan tinh toan va dua ra WAN tdt
hon. Cac khoang thoi gian tir gidy 100 vé sau thi
lwu luong san tai déu qua hai WAN1,3 do thoa
didu kién ngudng hé thong. That vy, trong kiém
nghi¢m khi ap dung thuat toan ngudng cung da
gitip do tré tir ngudi dung duoc cai thién hon tir
trung binh 32.375 ms xu6ng 28.387 ms.

Két qua thuc nghiém déu da dap tng dugc yéu
cAu tr thuat toan Dinh tuyén nang cao dugc dé
xudt dé cai thién chat luong truyén tai luu luong
trong mang SD-WAN. Dbi véi thuat toan mic
dinh cta hé thong SD-WAN la can bang tai, tat
ca hudng WAN déu duoc sir dung trong qué trinh
truyén tai luu luong gitp tang tinh kha dung va du
phong cao nhung din dén chét luong dich vu QoS
bi giam sat néu c6 cac két ndi chit luong kém vé
do tré cao.

1. KET LUAN

Mang dugc xac dinh béng phén mém 1a mot
mo hinh dang ndi 1én nhanh chéng trong cac mang
cuc b va ciing dang trd nén phd bién trong cac
mang cong ty 16n. Khai niém SDN phan tach mat
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phang dit liéu va mat phang diéu khién trén mang,
diéu nay 1am tang kha ning kiém soat mang trong
lap trinh va thiét ké linh hoat. SDN c¢6 thé cung
cap mang WAN véi tinh linh hoat trong lap trinh
va kha ning ciu hinh cta cac cu hinh mang khac
nhau rong rii, diéu nay khong thé dat duoc theo
cach thu cong trong mang WAN truyén théng.
Trong dé xuét nay, tac gia str dung loi thé nay cua

SD-WAN d dinh c4u hinh cac tuyén duong trong
WAN mot cach tu dong theo cach co thé tranh
duoc cac thoi diém hoat dong kém cua céac két ndi
WAN va bang cach do, cac tic dong trong truyén
tai lvu lugng anh huéng dén QoS co thé duoc
giam thiéu. Pay co thé 1a co s& tham khao khi
trién khai mang SD-WAN thuc té cho cac doanh
nghiép hién nay.
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