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LOI NOI PAU

Hién nay cing véi su phét trién cia Internet bing thong rong da tao didu kién
cho nganh truyén théng da phuong tién cé thé dich chuyén tir mé hinh truyén hinh
c4p sang Truyén hinh truc tuyén (hay c6 tén goi khéc 1a truyén hinh OTT Streaming).
Viét Nam duge danh gia 12 mot thi trudng gidu tiém nang cho dich vu truyén hinh
OTT v6i nhiéu nha cung cip dichw OTT Streaming ma trong d6 c6 Dai Truyén hinh
K§ thuat s VIC.

Trong qua trinh trién khai dich va OTT Streaming, Pai Truyén hinh K§ thuét
s8 VIC gip phai mot sé vin dé: Han ché bang thong din dén giam chét lugng Video,
gian doan trong qua trinh Streaming (Buffering), khong twong thich thiét bi,...

Do yéu ciu clia ngudi ding ngdy cang cao vé& chét luong dich vu truyén hinh
nén viéc nghién ciru d& xudt cac giai phdp ning cao chét lwong dich vu OTT
Streaming tai Dai Truyén hinh K§ thust s6 VIC larét can thiét, ¢é phat trién va canh
tranh t&t hon voi nhimg déi thii dén tir bén ngoai Viét Nam.

Xuét phét tir nhu cau thuc té ciing nhu su phat trién ngdy cang manh mé cua
dich va OTT Streaming, t6i chon dé tai nghién ciru “Nghién ctru gidi phap CDN nang
cao chit lwong dich vu OTT Streaming 4p dung cho Dai truyén hinh Ky thuat sé
VIC” lam d2 4n t&t nghiép thac si ciia minh nhdm mang lai sy hidu biét sau sic vé
viéc trién khai giai phap CDN-cho-dich-vu OTT Streaming va déng gép vao phat
trién, cai thién chit lwong dich vu truyén hinh truc tuyén ngdy cang quan trong nay.

Pé 4n mang tinh g dung thuc té, thong qua l1am viéc tai don vi va tham khao
tai liéu. Tuy nhién, khdng tranh khoi sai sét trong qua trinh phat trién, t6i mong déng
g6p tir céc thiy c6 va hdi dong dé dé 4n dugc hoan thién hon nita.

T61 xin chéin thanh cam on!



CHUONG 1 TONG QUAN VE DICH VU OTT STREAMING
TAI PAI TRUYEN HINH KY THUAT SO VTC
1.1 Gidi thiéu dich vu OTT Streaming
1.1.1 Khdi niém OTT Streaming

OTT la viét tit cta "Over The Top" trong tiéng Anh, 13 thuit ngft chi cc Ung
dung hodc dich wu trén Internet ma khong dugce cac nha cung cip dich vu Internet
(ISP) tryrc tiép cung cap. Pay 12 mot giai phép cung c4p ndi dung phim vi truyén hinh
theo mdt cach thirc hoan toan mdéi, dua vao dudng truyén Internet téc do cao chir
khong phu thudc vao nhing phuong tién truyén théng nhir truyén hinh cép hay truyén
hinh v¢ tinh [9].

Streaming d& c4p dén qua trinh truyén tai dit liéu da phuong tién qua internet mét
céach lién tuc va khong cin phéi tai toan bd ndi dung trudc khi xem. Thay vi luu trit ndi
dung trén thiét bi ngudi dimg, dir lidu duge truyén tai ngay khi né dang dugc xem.

Over-The-Top (OTT) Streaming 13 sur két hop ca hai khai niém trén va dé cap
dén viéc cung cép nodi dung truyén hinh hoic video thong qua Internet ma khong cin
su két nbi dy cab truc tiép ciia cac nha cung cAp nhu truyén hinh truyén théng. Ngudi
xem c6 thé truc tiép truy c4p ndi dung théng qua cic tmg dung hodc trang Web ma
khéng cén t6i cac dich wu truyén hinh truyén théng. Dich vu ndy cho phép ngudi xem
truy cap ndi dung tir bat ky thiét bi két ndi Internet nao, nhw smart TV, mdy tinh bang,
dién thoai di ddng, hodc may tinh.

1.1.2 Dichvu OTT Streaming

Véi 1gi thé do phu rdng, tinh tuwong tic cao, dich vu OTT Streaming dang dugc
nhiéu nha cung cip ha ting m& rong d4u tu, cung cip nhidu dich vu gia tri gia tang
kém theo nhu: truyén hinh truc tuyén, phim, game show, clip yéu cau, truyén hinh
xem lai, karaoke... Cac chuyén gia nhdn dinh phuong thirc nay s€ la xu huéng cap

nhéit tin titc va giai tri cia ngudi dung trong vai nam toi [1].



OTT Streaming Services
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Hinh 1.1 Dich vu truyén hinh trwe tuyén
Top 5 dich vu xem truyén hinh truc tuyén tai Viét Nam: FPT Play, Netflix, K+,
VIV Cab On & Zing TV

Top 5 Popular video streaming subscription service

Hinh 1.2 Top 5 dich vu truyén hinh tryc tuyén tai Viét Nam [16]
(Theo bdo cdo trang Q&Me ndm 2020)
Pién thoai théng minh (76%) va TV théng minh (73%) 14 nhitng thiét bi duoc

str dung nhidu nhét khi xem céc video truc tuyén.



Video streaming watch habit

Smartphone {78%) & Smart TV (7%} are used the most whenwatching video streaming,
Majority consumers watch video streeming sround 2 hours in avarage (42%)
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Hinh 1.3 Thiét bi xem trwe tuyén [16]
(Theo bdo cdo trang Q&Me ndm 2020)

Ngudi tiéu ding thich xem céc video truc tuyén vé cac chi dé lién quan dén
"Phim dai tap/phim 18" (60%), "Am nhac" (50%) va "Chuong trinh gii tri/ Tro choi
truyén hinh/ Chuong trinh thuc t&" (48%).

Cong nghé OTT Streaming duoc tin tudng s& mang lai cho ngudi ding sy tién
loi va thoai méi tdi da:

Linh hoat trong s« dung néi dung

Nguoi xem c6 kha ning xem ndi dung moi lic, moi noi, khdng bi rang budc bdi
lich trinh truyén hinh ¢ dinh.

Chidt lwong video cao va dm thanh mé réng:

Cung cép chét lwong video cao v6i @6 phan giai tir Full HD dén 4K, kém theo
&4m thanh vdom dé tao ra trai nghiém hép dan.

Trai nghiém nguwoi xem tiy chinh:

Streaming adaptive diéu chinh chét lvgng video dua trén téc d6 mang va thiét
bi cila ngudi xem, dam bdo trai nghiém t8t nhat.

No¢i dung da dang va néidung doc quyén:

Dich vu OTT cung cép nhiéu loai ndi dung, tr phim, chuong trinh TV, dén
video ngfn va su kién truc tiép. Nhidu nén tang s& hitu ndi dung doc quyén dé thu

hut nguwdi xem.



Tich hop dé dang véi thiét bi khéc nhau:

HS trg da thiét bi, cho phép ngudi xem chuyén dbi gitra cac thiét bi mét cach dé
dang.

M6 hinh kinh doanh linh hoat:

Cung cAp nhiu mé hinh kinh doanh, tir cac g6i ding ky hang thang dén mua 1é
ndi dung.

Hién nay, & Viét Nam co nhidu ung dung OTT Streaming dugc cung cép mién
phi cho moi ngudi sur dung. DE‘)ng thoi, ha t'?mg internet tai Viét Nam da dugc phat
trién kha hoan chinh vdi chi phi d4u tu vao thiét bi dau cudi kha thip. Diéu ndy da
1am cho Viét Nam c¢6 ty 16 ngudi ding Internet, 4G cao, dd phu rdng, ddy cling 1a mdt
diém manh dé gitp cho dich vu OTT Streaming phét trién va vmg dung truyén hinh
dd net cao trén nén tang internet t&t hon.

1.2 Téng quan vé Paitruyén hinh k§ thuit s6 VIC
1.2.1 Gidi thiéu

Pai Truyén hinh K§ thudt s6 VIC 1a mot trong ba hé théng truyén hinh phu
séng toan b lanh thd Viét Nam. Ban bién tdp Truyén hinh K§ thuat b, tién than cia
Dai nay, dugc thanh 14p vao ngay 19/8/2004 va thudc sy quén ly cua Tong Cong ty
Truyén thong Pa phuong tién VIC. Tinh dén thoi diém hién tai, Dai Truyén hinh K§
thuat s6 VIC da trai qua hon mét thap ky phat trién va truéng thanh.

Trong sudt qua trinh phét trién ctia céng ty, VIC d4 tién phong phét séng k¥
thuat s8 chudn DVB-T vao thoi diém hiu hét cac don vi cung cép dich wu truyén hinh
trong khu virc déu chi phat séng bing cOng nghé tuong tu. VIC ciing 1a mot trong s6
it cac Pai Truyén hinh sé hitu sb lugng Kénh phong phti véi 15 Kénh chuong trinh
dic sic. Bén canh d6, dai con 12 co quan chii quin ciia VIC News — Béo dién tir c6
lrong doc gid 16n tai Viét Nam.

Ngay 02/12/2013 khi Nghi dinh 132/2013/ND-CP chinh thirc thirc ¢6 hi€u lyc,
Pai Truyén hinh K§ thuat sé VIC dugc didu chuyén tir Téng Cong ty Truyén thong
da phirong tién VIC vé tréthanh don vi su nghiép truc thudc BO Thong tin & Truyén
thong.



Sau gin 2 nam hoat dong duéi sy quan 1y truc tiép ctia B, vao ngay 02/06/2015,
Thii tuéng Chinh phi da ky Quyét dinh sb 752/QD-TTg v& viéc chuyén Dai Truyén
hinh K§ thuét s6 VIC vé Pai Tiéng n6i Viét Nam VOV. Day 1a mét sy kién lich sur
danh diu budc phat trién méi ciia VIC khi Dai trd thanh don vi truc thude cia co

quan truyén thong 16n ctia Quéc gia [7].

<80 L0 JUAR TNG Done Ty

1.Ban Thichinh - KEhosch 4. Van Phing Téng Céng ty
2. 8an T8 chic 5. Trung tim Dich v CNTT
8 Ben Pl tar. 6. Teung tém Truyén théng

By K0 THA
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1. Cing by VTC intecom
2. Cing ty VTC Digal
3. Trung tiim VTC Pay
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1.Cangty 1 Céng  ).Céngty
2. Cimg 1y 2. Glngty “2.Cang ty CPCTC
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Hinh 1.4 So dd té chire VTC
1.2.2 Sén phim dichvu

Dich vu truyén hinh
VIC 1a don vi tién phong nghién ctru, ing dyung va phét trién linh vuc dich wu
truyén hinh trén nén tang cong nghé sb tai Viét Nam.

TRUYEN DAN PHAT S0NG

TARFTEN HINW VE TINH

TRLYYEN HiNH INTERNET CAC OV OtV SEANH XAC

uirm;pxntnu&

Hinh 1.5 Dich vu truyén hinh VTC



Pon vi hang dau tai Viét Nam v& cung cép tron goi dich vu truyén din va phat
song quang ba céc kénh phat thanh, kénh truyén hinh chufn HD trén ha tdng truyén
hinh s6 vé tinh.

-Sé lwgng kénh va ddi tac: chiém 75% thi ph?m toan quéc;

- Dién phu song: 100% lanh thd, tiép can t6i tit ca hd gia dinh tai Viét Nam va
mot sb quéc gia lan cén.

- La dbi tac tin cdy ciia gAn 50 Kénh truyén hinh thyc hién nhiém vu chinh tri,
thong tin tuyén truyén thiét yéu ctia Qudc gia va Dia phuong

- Hé théng xtr 1y tin hiéu trung tdm (hé thdng Headend) hién dai, c6 tinh md,
hoat dong dn dinh, linh hoat, an toan, tinh du phong cao, sin sing dép tmg tdi da va
ddng thdi nhu ciu truyén din kénh truyén hinh HD, phat séng tiéu chuén 4K (Ultra
HD), 4m thanh da kénh...

- 02 Tram phat séng ddng thoi tai Ha Ngi va H6 Chi Minh, dam bao han ché
t6i da gian doan dich vu. Pon vi tién phong tai Viét Nam trién khai mé hinh hop tac
“Mot két ndi — Pa ha tdng” Chi cin mot két nbi duy nhat t6i VIC, tin hiéu kénh
chuong trinh cta d6i tac c6 thé dugc truyén din v6i chit lugng t6t nhat t6i nhidu ha
tAng phat séng gdm truyén hinh sb vé tinh, truyén hinh s6 mat dét, truyén hinh cép
sb, truyén hinh Internet; qua d6 gitip cac don vi t6i yu héa chi phi va dam bao hiéu
qua truyén din ndi dung téi khich hang.

Cung cép tron géi gidi phap VIC, OTT dap ting nhu. ciu toan dién cia cac ddi
tac bao gdm:

- Hé théng nhan ludng tin hiéu (Ingest)

- Hé théng xir 1y ndi dung, tin hidu gbc (Transcoder)

- Hé théng Bao vé ban quyén ndi dung (DRM)

- Hé théng dong goi dir lidu truée khi phan phdi (Origin/Packager)

- Hé théng Back-end (CMS, CRM, SDP...)

- Hé théng thanh toan (Payment GW)

- Két ndi v6i cac ngan hang, vi diéntlr, SMS ...)

- Hé théng mang phan phbi ndi dung (CDN)



-Hé théng trai nghiém ngudi ding trén thiét thi du cudi (Web, Mobile, Smart
TV, Ipad)

- Hé théng bao céo, phan tich, théng k& cac chi tiéu ngudi ding va hé théng
(Analytics)

- H¢ théng tinh nhudn but (str dung cho khéi Béo chi va Phat thanh - Truyén
hinh)

T

DICH VU TRUYEN DAN PHAT SONG
KENH TRUYEN HINH BA HA TANG

—

Hinh 1.6 Dich vu truyén din phat séng kénh truyén hinh da ha ting
Giai tri tryc tuyén- Game online
VIC chién 20% thi phin game tai Viét nam

~20%
~g0% ok

Cac nha
cung cap khac

T00M+
300K+
So1
eSports

Tdng 4 tai khodn ngudi dilmg

Nguir chof onfine cling this diém (PCCU)

V& thé loai 8m nhac, vii dao va FPS

La thanh vién séng i3p H§i Thé thao Dién tirGidi tri Vist Nam (VIRESA)
Hinh 1.7 San xuét trd choi tryc tuyén
(Bdo cdo thong ké ciia VIC nim 2022)
Ngoai ra con cdc san pham nhu Thanh todn va thuong mai dién ti, vién thong,

cong nghé¢ thong tin va truyén théng cong cong,



1.3 Chét lwong dich vu OTT Streaming

Chét luong dich vu OTT Streaming 1a mot yéu té quan trong dé dam bdo trai
nghiém tot nhat cho ngudi xem. Duéi day 1a nhitng khia canh quan trong cia chét
lugng dich vu trong dich vu OTT Streaming
1.3.1 Q08

Chét lugng dich vu (QoS — Quality of Service) 1a mdt khéi niém kha rong va c6
thé hiéu va tiép cén theo nhiéu hudéng khic nhau: Dén tir phia ngudi sir dung dich vu
va phia c4c nha cung cép dich vu mang. QoS do ludng cic yéu t6 k§ thuét lién quan
dén hiéu suét cia ha ting mang vA anh huéng dén trai nghiém ngudi xem [4]. Duéi
déy 12 mot s6 tham s6 QoS quan trong:
1.3.1.1 Bang thong (Bandwidth)

Bing thong 12 mot yéu td quyét dinh chét lugng video. Trong OTT Streaming
bang thong 14 yéu t§ quyét dinh kha ning truyén dir liéu qua mang, cin c6 du bing
thong dé truyén tai dir liéu mot cach muot ma ma khong gip gidn doan hodc gidm
chét lvong. Dam bao c6 di bing thong dé xir 1y luu lugng video ddng thdi tir nhidu
nguoi xem, bang thong cang cao, cang co thé hd trg viéc truyén tai ndi dung chét
luong cao va mugt ma cho nguwdi xem.

Bing thong cao giup dam bao rang video duoc truyén tai & d6 phan gidi cao va
chét lugng tét. Bing thong thip hodc bién dong c6 thé dan dén viéc giam chét lugng
video, xudt hién gidt lag, hodic do tré trong qua trinh xem. Bing thong tbi thiéu déi
v6i mdi ngudi ding thudng phu thude vio loai ndi dung ma ho dang truy cép (vi du:
video, am nhac), chit lvgng mong mudn cta ndi dung d6 (vi du: do phén giai cao,
tidu chudn), va céc yéu t ky thuat khic nhur ma hoa video va giao thire truyén dit
lidw. Di voi video SD (vi du: 480p), bang thdng t6i thiéu ddi véi mdi ngudi ding ¢6
thé khoang tir 1 dén 3 Mbps, dbi v6i video HD (vi du: 720phodc 1080p), bing thong
tbi thidu déi voi mdi ngudi ding thudng 14 tir 3 dén 5 Mbps, d6i véi video Full HD
(1080p) va 4K, bing thong t5i thidu s& cao hon, thudng tir 5 dén 25 Mbps hodc thim
chi cé thé cao hon thy thudc vio d6 phan giai cu thé va ty 1& bit ctia video. Diéu nay
cho phép ngudi ding xem video mét cach muot ma va khéng gip phai cac vin dé vé

dém qua nhiéu.
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1.3.1.2 Db tré (Latency)

D6 tré 12 khoang thdi gian trung binh ma géi tin dugc truyén di tir noi giri dén
noi nhan. M3i thanh phén trong tuyén két ndi tir ddu cubi dén dau cudi nhu: thiét bi
phat, thiét b truyén din, thiét bi chuyén mach va dinh tuyén déu c6 thé gay ra tré, do
tré thuong dugc do ludong tir khi ngudi xem giri yéu cau (nhén play) cho dén khi ho
nhin duge dir liéu video va bit dau xem. Trong OTT Streaming, d¢ tré thép giup
giam thiéu thoi gian chd doi va cai thién trai nghiém ngudi xem.

Sir dung CDN dé phan phéi néi dung gin ngudi ding hon, giam bét d6 tré do
khoang céch vat 1y. Bing cach ndy, dir liéu dugc giri tir mdy chii gin nhét véi ngudi
ding, giam thidu thoi gian ma dir ligu mit dé di tir mdy cht dén ngudi ding.
1.3.1.3 Ti ¢ mit g6i (Packet loss)

Sur mat mat goi dir lidu c6 thé xay ra trong qua trinh truyén tai va anh hudng dén
chét lugng video. Viéc kiém sodt ti 16 mét g0i la quan trong dé dam béo dir 1iéu dugc
truyén tai diy du. Trong SLA ty 1€ ndy 14 1% hodc thip hon.

Viéc céi thién bing thong va giam téc nghén mang c6 thé giam ti1& mit g6i nho
ding gidi phap CDN.

V&i viée st dung ludng video qua giao thirc UDP (User Datagram Protocol),
mét 201 ¢co thé din dén mot phén hodc toan bo khung bi sai lac. Do m¢t khung video
thrdng bao gdm nhidu gbi va ludng video tiéu chuin thudng chita cic khung dugc
ndi suy, vi vdy, khi c6 mét g6i xdc dinh, ty 1€ mét khung ¢6 thé tdng 1én gép 6 lan so

v&i ty 18 mét goi ban dAu. (minh hoa & hinh 1.8).
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MPEG -Packet vs Frame Loss Rates
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Hinh 1.8. Anh hwéng ciia i 1é méit géi t6i ti 1é 16i/mat khung MPEG
1.3.1.4 D6 6n dinh két ndi (Connection Stability)

La kha ning duy tri mot két ndi mang manh mé va lién tuc gifta ngudi xem va
mdy chi streaming. Piéu ndy quan trong d& dam bao trai nghiém xem video muot ma
va khong bi gidn doan. Phai dam bao diibing thong mang dé hd trg video streaming
voi chét lugng cao déng thai su én dinh cda céc thanh phﬁn mang, bao gém dia chi
IP, router, v cac thiét b trung gian khic va véi nhimg két ndi c6 diy (cép quang,
DSL) thuong 8n dinh hon so véi két ndi khéng diy (Wi-Fi, 4G/5G) trong mot sb
truomg hop. Chét lirgng va hidu sudt ciia thiét bi ngudi xem ciing c6 thé anh huéng
dén 6n dinh két ndi.

Thuc hién kidm tra dinh k¥ va giam sat mang dé phat hién va xir ly sém céc vn
dé gay ra su khong 6n dinh trong két ndi, stt dung CDN (Content Delivery Network)
dé cung cip ndi dung tir cdc may chi gin ngudi ding nhit c6 thé, giam tac dong cua
cac yéu t6 nhw d6 tré va mét két ndi do khoang céch vat 1y.
1.3.1.5 D bién thién tr (Jitter)

Do bién thién tré (Jitter) do ludng sy khong 6n dinh trong théi gian giita cc géi
dir liéu, thuong 13 do nghén mang. Trong dich vu OTT streaming jitter 16n, vi du
nghén trén server thi ¢6 thé gay ra vin d thiéu bd nhé dém, dan dén viéc gidn doan

video hoic tao ra cac dot dong loat gian doan khi ngudi xem dang xem video truc
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tuyén, Trong trudng hop audio streaming, jitter c6 thé tao ra Am thanh chap chon hodc
mét mat 4m thanh.

Sir dung céc giao thirc nhr TCP, c6 co ché kiém soat 13i v co ché diéu chinh
dong dir liéu gitp giam thidu d6 bién thién tré, st dung céc giao thirc streaming nhu
DASH (Dynamic Adaptive Streaming over HTTIP) hodc HLS (HTIP Live
Streaming) c6 kha ning diéu chinh ty 1¢ bit (bitrate) va kich thudc cira sb dém, UDP
thudmg duge sirdung trong céc img dung yéu ciu truyén dit lidunhanh nhur streaming
video, kidm soét cac yéu té nhu tic nghén mang, d6 tré do khoang cach vat ly.
1.3.1.6 Phéan hdi thoi gian thuc (Real-Time Feedback)

Phan hdi thoi gian thuye (Real-Time Feedback) 1a qua trinh thu thap va xtt Iy
thong tin phan hdi tir ngudi ding ngay l4p tirc, ma khong c6 do tré dang ké. Trong
ngit canh coa dich vu OTT Streaming, phan hdi thoi gian thuc c6 thé bao gdm céc y
kién, danh gia, va dir liéu lién quan dén trai nghiém ngudi xem. Phan héi ngay lap
tirc gitp nha cung cdp dich vu hiéu rd hon v& nhu cdu vd mong mudn cta ngudi xem,
tir d6 cai thién trai nghiém xem cua ho.

Thuc hién giam sat hé théng va dich vu OTT lién tuc dé phat hién va xir ly sém
céc vin d& gdy rasu ¢, tich hgp cac hé thong tr dong phan hdi dé tw dong phat hién
va phan mg voi cac vin d& nhr thc nghén mang, 131 hé thong, hogc gidm chit luong
dich vu.

1.3.2 QoE

QoE (Quality of Experience): La mot d4nh gia tong thé vé trai nghiém cua ngudi
xem khi sir dung dich o OTT Streaming. QoE khéng chi chu trong vao cac yéu t6
k¥ thust nhu bing thong hay d6 tr&, ma con lién quan dén cam nhén chit lugng cila
nguoi xem, bao gém hinh 4nh, 4m thanh, su 6n dinh va thoai méi khi str dung. Noéi
cach khac, QoE 1a thude do sy hai 1ong ciia ngudi ding v6i dich vu ho dang st dung,
dya trén nhimg tham sé d4nh gi4 chu quan [4]. Nhu vdy, ciing c6 thé nhin nhan QoE
dugc tdng hop tir céc tham sé thudn tiy mang tinh ky thudt QoS va céc yéu t6 khac
kh6ng mang tinh k¥ thudt nhu cdc dic tinh cua hé thong thi gidc va thinh gidc con
ngudi, su don gian khi dang ky st dung dich wy, gia ca dich vu phu hgp, ndi dung
dich vy, tinh s3n sang hd trg tir nha cung cép. QoE thudng duge biéu hién b?ang nhitng
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danh gia mang tinh cdm nhan cta timg c4 nhan nhu “xudt sic”, “tdt”, “trung binh”,
“tam chép nhan”, “kém”.

Ngudi dimg c6 thé dédnh gia chét lugng hinh anh, 4m thanh, d0 tré va su lién tuc cla
dich vu truyén hinh hodc kha ning xem lai chwong trinh ua thich.

1.3.2.1 Chét hrong hinh anh, 4m thanh

Bitrate va d6 o nét cta hinh anh: Mic lugng dit lidu truyén tai mdi gidy. Bitrate
cao thudng ddng nghia v6i chét lugng video cao hon. Do phan gidi clia video, thudng
duogc do bing chidu rong X chiéu cao (vi du: 1920x1080 cho Full HD). D3 phan giai
cang cao chat lwong video cang tdt.

Tuwong tu nhu video, chit lwong 4m thanh cfing dugce danh gid théng qua bitrate
va dd rd nét.
1.3.2.2 Do gian doan (Buffering)

Su gian doan trong qué trinh xem c6 thé 1am giam trai nghiém ngudi xem va
gdy kho chiu, vi ngurdi xem phdi dgi mdt khoang thoi gian trude khi video tiép tuc
phat. S5 lwong va thoi gian gian doan déu 1a céc tham sb quan trong.

1.4 Két ludn chwong 1

Dich vu OTT Streaming v6i nhing wu diém ndi trdi so véi céc chudn truyén
hinh truyén théng, cung cip su tién 1oi va linh hoat cho ngudi xem, cho phép ho truy
cdp ndi dung gidi tri moi noi va trén nhidu thiét bi khac nhau d3va dang dugc phat
trién manh mé trén thé gidi cling nhu & Viét Nam trong d6 c6 Dai truyén hinh k¥
thuat s6 VIC. Sw da dang trong ndi dung, tir phim truyén hinh, b§ phim, dén chuong
trinh thé thao va ndi dung gbc, giup dich vu OTT d4p tmg nhu ciu da dang cia déi
tugng khach hang. Véi viéc stir dung cong nghé truyén dn tin hiéu truyén hinh, truc
tiép,...viéc st dung dich vu truc tuyén hién dai s& dé dang va tién 1gi hon so vdi xem
truyén hinh truge ddy. Nhe d6, ngoai cic kénh truyén hinh truyén théng, ching ta s&
c¢6 thém nhitng kénh truyén hinh, ndi dung truc tiép riéng biét, tvong tac truc tiép dé
théa man céc nhu ciu khac nhau cia timg khich hang.

Trong khi dich vu OTT Streaming mang lai nhiéu lgi ich, viéc duy tri va cai
thién chét luong dich wy, 14 nhimg thach thirc lién tuc ddi véi nha cung cép dich vu
dé dap ving ngay cang cao ciia khach hang vi duy tri sy canh tranh trong thj trudng
ngay nay.
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CHUONG 2 MANG PHAN PHOI NOI DUNG CDN
2.1 Téng quan vé& mang phin phdi ndi dung CDN
2.1.1 Khdi niém CDN

CDN la viét tét cta Content Delivery Network nghia 13 “mang phan phéi ndi
dung”. CDN bao gém mot hé théng may chu trén toan céu lam nhiém wvu luu ban sao
cla c4c ndi dung tinh trong website, tir 6 phin tan ra nhiéu may chi khic (goi
12 PoP — Points of Presence) va tir PoP dé giri t6i ngudi ding khi ho truy cép vao
website [8].

Mang Iuéi phan phdi néi dung (CDN) tén tai dé cung cip ndi dung thong qua
internet. T dang van ban, hinh anh, live video va nhiéu hon nira. Thong thudng, céc
doanh nghiép sir dung CDN khi ho mudn phén phdi s6 lugng 16n nguoi ding.

Bdi ngay ca mot video ngén, d6 phan giai thip ciing can nhiéu khéng gian lru
trit va bang thong. Thém vao d6, ngay nay hau hét cac hoat dong hoc tap, lam viéc,
sinh hoat hay giai tri déu thong qua Internet. Pé giai quyét didu nay, cic nha cung
cip CDN ra doi.

23 P (@

Hinh 2.1 Mang phin phdi ngi dung CDN

Mbi may chil dugc goi 1a mot PoP (Point of Presence). Cac PoP ¢6 nhiém vy
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luu trit cac ban sao dir liéu tinh (nhu hinh anh, ndi dung,...) tir mdt may chi gbe. Khi
ngudi ding truy cdp vio Website, hé thdng s& x4c dinh vi tri clla ngudi ding va giri
phan hdi tir PoP & gn vi tri ciia ngudi ding nhit. Do d6, thay vi phai chd phan hdi
tir méy chu gbc & xa, nh CDN, ngudi ding c6 thé rit ngin thdi gian phan hdi cia
méy chi, ting tdc d6 truy cép voi cac PoP & gan minh [3].

Thyc té hién nay ngudi ding Internet s& méit 80-90% thoi gian dé trinh duyét
hién thi ra cac thanh phén tinh trong trang Web nhu: hinh anh (image), cac dit li¢u dé
dinh dang tai liéu HTML, céac doan script, flash. Vi vy viéc str dung dich vu CDN

s& giai quyet dugc vi€c nay.

& ppa— .ti:_-;.:-bml
b EIIITIE Con PoP Hiy i dung 10 miy chll (et )
. - s —]
. Céc PoP ct;u iy chi cdia website
Ay
Khich truy cip

Hinh 2.2 M6 hinh truy cdp vao website ¢c6 CDN

2.1.2 Nguyén ly hoat dpng mang phin phdinpi dung

Hinh 2.3 cho thiy méi truong mang phan phéi ndi dung dién hinh, noi cic cum
mdy chit Web dugc tai tao duge dit tai canh ciia mang ma ngudi ding cudi dugce két
néi. Nha cung cip ndi dung (tirc 12 khach hang) c6 thé dang ky v6i mot nha cung cép
dich vu CDN cho dich vu va ¢6 ndi dung cia né dugce dit trén cac may chi ndi dung.
Noi dung duwgc nhédn rdng theo yéu céu khi nguoi ding yéu cau, hodc nb cé thé duoc
nhén rong trude, bing cach ddy ndi dung dénmay chi dai dién. Mot ngudi dimg duoc
phuc vu voi ndi dung tir may chi Web dugc nhan rong gin d6. Do d6, ngudi ding
giri yéu cau lén giao tiép v6i mot may chit CDN nhén ban gln no va 14y cac tép tin tir

may cha dé [11].
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CDH Cache
{ checia image In #8 cache)

Hinh 2.4 Phin phéi ni dung CDN cing mang
Céc nha cung cip CDN cin dam bao viéc phan phdi cac ndi dung k¥ thudt sb
mdt cach nhanh chéng nhit. Cac ndi dung ciia bén thir ba bao gdm:
- Nbi dung tinh: Céc vi du v& ndi dung tinh bao gdm cac trang HTML tinh, hinh
anh, tai lidu, va c4c ban v4 161 phan mém.
- Phuong tién truyén théng tryc tuyén (vi du: 4m thanh, Video dugc tao béi

ngudi dung)
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- Cac dich vu ndi dung khac nhau (vi du: dich vu thu muc, thuong mai dién tt,
dich vu chuyén file).

Céc ndi dung bao gdm cac nha cung cép dich vu Web, truyén thong va céc dai
phat thanh truyén hinh. Ngudi ding cubi c6 thé twong téc voi CDN bang céch x4c
dinh ndi dung/dich wu yéu céu théng qua dién thoai di d9ng, may tinh bang, mdy tinh
xé4ch tay vd mdy tinh dé ban [11].

Contents and

rvices Table tab
e able ta Clients

Hinh 2.5 Ni dung va dich vu dwoc cung cip béi CDN

Ngudi ding khi truy cdp vao céc website c6 hd trg CDN, thong tin ma ban nhén
duge s& dugce truy xudt tir may chii gén nhit véi ngudi ding, viéc chip nhan yéu ciu
ndy ciing twong tw nhu vy, nghia 14 ban khong cn phai théng qua méy chu gbc dé
truy cép website nira. Méy chi gdc trong CDN gi& diy dam nhén tuong tac v6i céc
may thay thé gin nhit. Co ché ndy d3 gép phan khong nhé trong viéc gitp ban truy
cap nhanh chong hon rét nhiéu vi khoang céch tir méy tinh c4 nhan cta ngudi ding
vA méy chi cung cép dit liéu da dwogc rit ngén mét cach dang ké [11].
2.2 Cac k¥ thuat st dung trong giai phap CDN
2.2.1 Ky thuit dinh tuyén(Routing)

K§ thudt dinh tuyén nay gitp cho viéc lwa chon méy chi sao lwu mot cach hop
1y, Iwa chon mdy chii cé kha ning cung cp ndi dung & vi tri gin ngudi sir dung nhét

trong mang. Viéc dinh tuyeén y€u cau cta ngudi sit dung dén mdy chi sao luu gin
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nhét s& gitip giam huu lugng bing thong trén toan mang, ting kha ning déap img yéu
cau tir ngudi sir dung.

Hé¢ théng dinh tuyén yéu céu dugc st dung dé lya chon may chi sao luu phl
hop ma c6 gift ban sao ndi dung dugc yéu cau va dinh huéng cho ngudi st dung lién
két t6i may chu sao lwu d6. Khoang cach gitta ngudi st dung vd mdy chu sao luu
duoc lya chon va tai cia may chi sao luu 13 hai tiéu chudn quan trong duogc st dung
dé lya chon méy chu sao luu phi hop. Céc k§ thuat dugce sir dung dé xac dinh tai cla
mdy chi sao luu voi ngudi ding: 12 “server-mdy chu day” va “client khao sat”. Theo
ky thuat “server dy”, c4c may chil sao huu truyén thong tin tai téi mot s tac nhan.
Theo phuong phéap thé hai, cdc tac nhin s& thyc hién viéc do tim trang thai cla céac

may chi sao luu dinh ky.

Hinh 2.6 Ciu triic dinh tuyén yéu ciu.

-Tinh toan dinh tuyén: tinh toan & ddy 1a xAc dinh vi tri d& lya chon server sao
luu t6t nhét cho c4c client dua trén céc thong tin dwoc luu trir trong co s& dir lidu cdu
hinh ndi dung, thuit toén tinh toan dinh tuyén, va céc cach dugc dinh sin.

- Co s6 dir liéu c4u hinh ndi dung: dir liéu céu hinh & ddy bao gdm céc thong tin
thong béo chi tiét nhin duge tir cdc CDN 1an cén va cac théng sb c6 san lién quan.

- Trao dbi théng bao: chitc nang cua khdi nay lay chiu trach nhiém vé viée thuc
thi giao thitc trao d6i thong tin dinh tuyén yéu céu

- Giao thirc trao dbi théng tin dinh tuyén yéu cau: Pay 1a cach thirc dugc sir
dung dé trao ddi gifta cac thong bdo ndi dung va théng bao ving ndi dung.

2.2.2 Ky thudt sao luu

Pay 1a mot hinh thirc phan tén ndi dung, dua ndi dung dén céc may chi sao luu
gn ngudi sir dung nhdm muyc dich gidm bang thong luu chuyén trén mang va dép
mg yéu cu cila ngudi sir dung mot cach nhanh chéng.

Server: Mot chuong trinh g dung c6 thé chip nhén céc két ndi dé phuc wu céc
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yéu clu bing céach giri céc dap tng tro lai.

Server géc: Server ma trén d6 tai nguyén da co sin hodc 13 duoc tao ra.

Server sao luu: Mot gateway duogc dat cung vi tri véi origin server, hodc tai vi
tri khdc trong mang, dugc ty nhiém dé thay mat hoat dong, va hoat dong déc trung
voi mot hodc nhidu server géc. Céac dap ung co thé dugc giai thoét tir cache ndi bo.
Server sao liru ¢6 thé 14y dugc cic muc cache tir server gbc hodc tir Gy nhiém cta

server goc khéc.

g
Server [Ealm®  Server \ Serve'
ndi : ) ' "

dung
goc

e Content
* client

Hinh 2.7 Méiquan hé giita client va server sao lwru

Client c6 thé giao tiép thong tin v6i mét hodc nhiéu ban sao server goc gin déy,
ciing nhwr 14 véi chinh cac server gbc d6. Trong trudng hop céc server sao lru ban
hodc qua tai thi client twong tac 14y théng tin mét cach truc tiép v6i server gbc nhu
trudng hop binh thudng
2.2.3 Ky thudt cin bang tii

Trong qua trinh hoat d9ng, khong phai ltic ndo cidc mdy chu sao luu trong mang
CDN ciing hoat dong dn dinh binh thuomg, s& ¢6 luc dién ra cac sy kién thi s6 ngudri
dung truy cap dén mot may chii qua nhiéu, qua giéi han cho phép s&lam cho may chi
bi qui tai. Vi vdy ma k¥ thudt cén bing tai s& duge dp dung muc dich giam tai cho
may chil. Mot s6 k¥ thuat phd bién nhdm giam tai: nang cép phan cimg, dudng truyén,
md& rong node bi qua tai bang cach chia thanh cach node nhé hon.

Cén bing tai 13 mot phwong phap dé phan phdi tai ddu qua cac phan tir trong
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mang. Muc dich cla cén bing tai 12 cung cip mot dich vy tir nhiéu may chu bang
céch chon mot mdy chu thich hop, 1a mét k¥ thudt dé phan phdi khéi luong cong viée
déng déu gitta hai hodc nhiéu mdy tinh, két nbi mang, CPU, b cumg, hodc cac nguf“m
luc khac, dé c6 duge sir dung ngudn lyc t&i v, toi da héa théng lugng, gidm thidu
thori gian dép Umg, va tranh tinh trang qué tai. Sir dung nhidu thanh phin véi c4n bing
tai, thay vi mot thanh phf?m duy nhét, c6 thé lam tang kha nang lam vig¢c. Céc dich vu
can bang tai thudong duoc cung cip thoéng qua mdt chwong trinh chuyén dyng hodc

thiét bi phan ctmg, nhr mot chuyén mach da tang hodic mét may cha DNS.

Hinh 2.8 Hé théng CDN sit dung co ché cAn bang tii trén nhi¢u miy chi

Hoat dong hé théng cén bang tai thudmg thu thap thong tin tir cdc may chi nhu
tinh trang hién tai, tai lam vi€c, va kha nang xir ly. Dua trén thong tin thu thdp dugc,
quyét dinh can bing tai duoc dua ra. C6 thé str dung cac phuong phép nhu Round
Robin (Vong tron), Least Connections (it k&t nbi nhét), ho3c cac thuft toan phirc tap
hon. Yéu céu tir ngudi ding dugce chuyén dén may chi duge chon théng qua co ché
dinh tuyén. Co ché nay c6 thé st dung DNS (Domain Name System), IP (Internet
Protocol), hoic cac phuong phap khac. Méay chi nhan dugc yéu cau va xir 1y cong
viéc tuong Ung. Céc mdy chi hoat dong ddng bd dé dam bao lam viéc déu din. He
théng lién tuc thu thap phan hdi tir cic mdy chii dé cap nhat thong tin vé tinh trang va
hiéu sudt. Dya trén phan héi, hé théng c6 thé didu chinh quyét dinh c4n bing tai. Cac
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m4y chii méi c6 thé dwgc thém vao hodc loai bo khoi hé théng tity thude vio nhu cau.
2.3 Hi€u qua cia gidi phap CDN
2.3.1 Tang toc dp tii

Cac giai phap CDN duoc da duge d& cdp & trén c6 thé gitp tranh phin nghén
mang néu cé dé c6 thé dap tmg yéu cAu cla ngudi sir dung tir cac nut thay thé. Vi cac
PoP CDN trai dai trén khip c4c chéu Iyc nén sé giup website truy c4p nhanh hon abi
v6i céc ngudi ding & xa méy chi. Néu CDN cia nguoi ding cang c6 nhidu PoP &
céac qubc gia khac nhau thi s& cang c6 1gi trong viéc ting tbc website toan ciu. Bing
céch phan phdi ndi dung gin hon vé6i khach truy cép trang web, thong qua viéc sit
dung CDN server gin d6 (ciing v6i céc bién phap t6i wu hoa khéc), khach truy cép co
thé trai nghiém thdi gian load trang nhanh hon. Vi khéch truy cép c6 xu hudng thoét
ra khoi trang web load chdm, nén CDN s& giam ty 1€ thoét va ting lwgng thoi gian
ma moi ngudi danh trén trang web. Hay ndi cach khac, mot trang Web co tbe do
nhanh hon c6 nghia 13 s& c6 nhidu khéch truy cp vao va & lai, gén b6 1au hon,

Tbc @6 truy cdp vao website nhanh hon dii & bat ky noi dau. Ding co ché xac
dinh vi tri may chu ghn nhét so véi client gitip cho viéc truyén tai dit liéu nhanh hon

giup website ban c6 téc d6 truy xuét nhanh hon dit & bét ky noi déu.

Hinh 2.9 S dung CDN ting toc d9 tai

2.3.2 Giam tii cho mdy chii goc
Céc file tinh cia Website s& duge bd tri trén céc cum mdy chii CDN Network

gitip cho cac may chi giam tai trong qua trinh van hanh hé théng. CDN phén phdi tai
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lam viéc déu din dén céc may chu gin ngudi ding, giam 4p luc cho may cha gbe.
Diéu nay gitip cai thién thoi gian tai vA trai nghiém ngudi ding. Bing céach dit céc
ban sao cla ndi dung trén céc mdy chil phan tan, CDN gitp giam 4o tré trong viéc
truy cép dir lidu. Ngudi dimg c¢6 thé nhin dugc ndi dung tir may chu gin ho, thay vi
phai tai tir may chii gbc & mot khoang cach xa. CDN luu trit ban sao tdi wu clia ndi
dung trén cic may chil cache. Khi mdt nguoi ding yéu cau ndi dung di duoc cache,
CDN cung cip truc tiép tir may chi cache ma khong can tai lai tir may cha gbe. Khi
mdt ndi dung hot duge yéu cau, CDN gitip bdo vé may chi gbe tranh khoi qua ti.
Céc mdy chii cache trung tAm c6 thé xir 1y nhu clu 16n ma khong anh huéng dén may
chii gbc. CDN cung Cép tinh sén sang cao bing cach phén tén ndi dung trén nhidu
méy chii vd dia diém. Ngay ca khi mot may chi gip sy cd, ngudi ding van c6 thé

truy cép ndi dung tlr cac may chu khéc.

Hinh 2.10 Tinh sfn sang phan tin ndi dung trén nhiu may chi
-. Tinh hiéu quéa ctia mang CDN phu thude rét nhidu vao ty 18 dép img thanh cong clia
méy chii thay thé. Pay 14 ty 18 dap tmg thanh cong 13 xdc suat ma yéu cau ctia ngudi st
dung dugc dap img hoan toan. VGi nhimg (mg dung dich v déanh gia c6 ty 1¢ dap tng
kha ning thanh céng cao thi hé théng CDN s& cai thién dugc vé thoi gian dép tng.
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2.3.3 Cdi thién trai nghiém nguwoi diing

Mot trang Web nhanh hon dwong nhién dan dén trai nghiém nguoi ding duge
cai thién. CDN gitp giam d6 tré khi tai ndi dung bang cach cung cdp cic méy chia
cache dia phwong. Ngudi ding c6 thé truy cdp nhanh chéng thuin tiénma khong phai
chdr doi 14u. Cac méay cha cache trén CDN cung c4p ndi dung video nhanh chéng,
gidm thoi gian dém va gilp ngudi xem trai nghiém video ma khong bi gian doan.
Thong qua viéc tin dung mdy chi cache dia phuong, CDN gilp gidm gidn doan trong
qué trinh xem video, nang cao lién mach va chit lwgng trai nghiém ngudi dimg dong
thoi cung cip céc tinh ning bio mat nhu SSL/TLS, gitp bo vé dit liéu clia ngudi
ding trong qud trinh truyén tai.

2.3.4 Tiét kiém chi phi bing thong

Gia str mdy chi hodc goi host ma ban déng ki hosting chi hd trg khoang bing
thong nhit dinh thi khi hét ban cAn mua thém hoic ning cép bing thong. Gi4 bing
thong trung binh hién nay 13 khoang $0.88 cho médi GB. Nhung gi4 cia céc dich vy
CDN hién nay da phin 13 khoéng $0.05 hoic ré hon. Mot s6 PoP & Chau A néu ¢
d#t hon thi cao 1im ciing chi khoang $0.1 cho mdi GB bing thong, Nhu viy, thay vi
ban mua thém bang théng & host thi str dung CDN s& tiét kiém hon rat nhiéu.

2.4 Két luin chuwong 2

Trong chuong niy da néu dwoc tdng quan v& mang phan phdi ndi dung CDN,
kién trac téng quan va nguyén 1y hoat déng khi ¢6 CDN.

Véi su phat trién ctia céng nghé va Internet, téc do tai trang Web trd nén quan
trong hon bao gid hét. Sir dung CDN 13 mét trong nhimg giai phap hidu qua nhit dé
tang toc do tai trang va cai thién trai nghiém ngudi ding. CDN cé mot vai trd quan
trong trong viéc tdi wru héa hiéu suit va gidm tai cho mdy chu géc cua trang. Viéc
phén phéi ndi dung, luu trir va k§ thuit nhan ban dang dugc chi y nhidu hon dé dédp
{mg yéu cdu vé k¥ thuit va co sé ha tAng méi cho cac CDN thé hé tiép theo. Xu hudng
hién tai trong linh virc mang phén phdi ndi dung cho thdy hiéu rd hon va giai thich

c4c khai niém thiét yéu trong linh vie ndy 14 cén thiét.
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CHUONG 3 TRIEN KHAI UNG DUNG CDN NANG CAO
CHAT LUQNG DICH VU OTT STREAMING TAI DAI
TRUYEN HINH KY THUAT SO
3.1 Dich vu OTT Streaming tai Dai truyén hinh K¥ thuat s6 VIC
3.1.1 H¢ thong OTT Streaming tai Dai truyén hinh Ky thudt so VIC

Hinh 3.1 du6i day 1a md hinh hé théng OTT Streamingdang trién khai tai Dai
truyén hinh K§ thuat s6 VTC, trong md hinh nay hé théng bao gdm céc khéi:

viv AT=M=
N TMOMSON
W pTSReT SAOADEAET
o WEADEBND
/7O
OTHER |——>
\mm#

Hinh 3.1 Téng quan hé théng OTT Streaming tai Dai truyén hinh k¥ thuit s6 VIC

- Sourse Live: Cac ngudn tin hiéu ddu Input Signal dugc 14y tryuc tiép tir nha
dai, 14y ngudn tryc tiép tir sin bong, noi dién ra su kién,...

- Headend: Noi xir 1y tin hiéu dimg giao thitc mpt/spts tir mot profile chét
lwong cao (khoang 30-40Mbps) thanh nhiéu profile nhé dép tmg biang thong
internet cia ngudi ding 1.5,2.5, 3.5, SMbps. Khdi headend c6 cac thiét bi
trandcode mua tir cac hing khac nhau (nhu Titan, Atteme,).
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Hinh 3.2 Nguyén tic hoat dong

Hé théng Headend bét dAu voi viéc thu thap tin hiéu du vao, thudng 1a MPEG
Transport Streams (MPTS) hodc Service Transport Streams (SPTS), dugc xir ly va
chuyén dbi thanh cac profile chét lugng thip hon dé dap tmg véi cac yéu chu bing
thong va thiét bi cia ngudi xem [11]. C4c ngudn da phuong tién nhu ngudn tir cac
nha dai, camera, may quay, tr san bong, noi dién ra sy kién, va céc nguf‘m khac dugc
tich hop tai headend. Noi dung dugc nén dé giam kich thude trude khi chuyén dén
céc budc tiép theo. M4 héa video v 4m thanh ciing thudmg duge thuc hién dé chuén
bi cho qué trinh truyén phat. N6i dung c¢6 thé duge chia thanh nhidu luéng v6i dinh
dang khéc nhau dé dap tmg nhu cdu cia nhidu thiét bi va két néi mang, hé théng
Headend cin c¢6 hé théng hyu trir dd 16n ¢ chirta vd quan 1y ndi dung trude khi né
dugc phan phbi.

Sau khi qua trandcode tao ra ludng muticast tiép tuc dugc dua t6i hé thong server
dé xir 1y cho tin hiéu OTT (& ddy dimg Wowza Streaming Server).

- Origin/packager: La ngudn géc (origin) ciia tét ca cic ndi dung dugc phat
s6ng. Luu trit tAt ca céc phién ban va dinh dang ciia ndi dung video, 4m thanh,... Déng
g6i lai ndi dung video va am thanh thanh céc dinh dang khiac nhau dya trén yéu cau
cla ngudi xem va thiét bi ho str dung. Chia nhé video thanh céc doan (segments) nho
dé ¢6 thé phat séng theo hinh thitc phan tén (streaming). Pam béo ring ndi dung duge
chuyén ddi thanh cac dinh dang nhu HLS, DASH, ho#c Smooth Streaming dé co thé
twong thich voi nhidu loai thiét bj va tmg dung phat séng. Hb trg d6 phan giai va chat
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lwong video khic nhau dé phan anh yéu céu va kha ning k¥ thudt clia ngudi xem.

Hé théng nay bao gdbm cac mdy chi duge cai phan mém Wowza Streaming
server, Sigmalott,... noi xir Iy cho tin hiéu OTT, chuyén dd1 tir tin hiéu trong tu sang
tin hiéu sb live HLS/DASH (giao thirc streaming) phit hop voi céc loai thiét bi
(mobile, Web, smart TV, STB,...).
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Hinh 3.3 Giai phap may chi orgin server

Wowza Streaming Server 1a mot ing dung streaming v0 cung manh mé€ va ndi
tiéng trén thé gi6i dwoc cac cong ty 16n trong linh wvire truyén thong sir dung ngay
nay. N6 c¢6 mit ¢hon 150 quéc gia va hang trim ngan cong ty. Tinh ning clia Wowza
Streaming Server co thé thue hién duoc. Streaming 1a mot k§ thuat truyén dir liéu
duoc sir dung khé phd bién trong céc tmg dung trén Internet ngiy nay. Mot trong
nhitmg tng dung thyc té rit quan trong d6 14 video streaming, audio streaming, live
streaming.

- Midcache: Hay con goi 12 Shidcache 13 mét thanh phan quan trong trong hé
théng OTT Streaming, c6 chitc ning 1am giam 4p luc ddi v6i origin server va ting
hiéu sudt bing cach lwu trit va phat lai (repeat) tin hiéu tir packager dén CDN.

Midcache gilt mdt ban sao cla cac tin hiéu video dd dwgc xir ly tir packager.
Khi ¢6 yéu cdu tir CDN hodc ngudi xem, Midcache c6 thé phét lai (repeat) tin hiéu
da Iuu trit thay vi phai tai lai tir origin server. Piéu nay gitp giam bang théng va ting
tdc d6 phuc vu. Bing cach luu trit ndi dung trung gian, gitip giam rii ro lién quan dén

viéc truy xut truc tiép tir origin server, ddc bigt 1a khi c6 lugng truy cdp 16n tir ngudi
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xem ddng thoi giam 4p luc dit ra cho origin server bing cach cung cép tin hiu da
dwoc xir Iy ma khong cin truy xudt lai tir origin server. Diéu nay gitip giam tai cong
viéc clia origin server va t6i wru héa sy phan phdi ndi dung, quan ly bd nhé cache mdt
céch thong minh, quyét dinh cach luu trir va x6a bd ndi dung dé dam bao sw hiéu qua
cao nhét khi repeat c4c tin hiéu. Midcache lam cau ndi gitra packager va CDN, dam
bao ring CDN nhan dugc tin hi¢u dd duge xit Iy mdt cach nhanh chéng va higu qua,
t6i vu héa quy trinh phuc vu ndi dung va dam bao d6 én dinh ctia hé théng OTT
Streaming

- CDN: Chuyén ma video va phin phéi ndi dung. Noi phan tan dit liéu truyén
hinh, giao tiép truc tiép voi user theo quy tic node gin nhét/t5t nhit s&tra data v& cho
user. Trong c4c nén tang phét truc tuyén, chuyén mad déng mot vai trd quan trong
trong viéc phén phdi ndi dung. N6 cho phép céc nén tang luru trit va truyén phét video
& nhidu dinh dang va d6 phan giai, d4m bao ching c6 thé cung cép ni dung hiéu qua

cho ngudi xem bing céc thiét bi va tdc d6 két ndi Internet khéc nhau.
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Hinh 3.4 So @b kién tric phat trire tuyén CDN
Hién tai, hé théng CDN cua hé théng OTT Streaming Dai truyén hinh K§ thuit
$6 VIC dugce chu troc d3t 2 mién nhu sau:
- 1 node tai Ha No6i
- 1 node tai Thanh phé Ho6 Chi Minh



28

M&i node bao gdm c6 thé 1a mot hodc nhidu céc may chii quan Iy va mét vai
méy chit VOD. Tir cic may chi VOD trong mdi node c6 thé duoc lip thém dé dap
{ng nhu cau khi s6 hrong truy cép ting 1én. C4c may chu VOD thudng dugc sir dung
dé Iuu trir va phuc vu ndi dung Video On-Demand (VOD), bao gbm c& ndi dung phat
truc tiép (live TV), giri cac ludng video dép Ung yéu cau cta thué bao. Céc may chit
trong cing nhém co thé chia sé b nhé.

Ning luc phuc vy cua timg Node tai cac khu wirc nhur sau:

Node Ha Noi: 30Gbps

Node HCM: 30Gbps

Tuy theo khu wire nhit dinh, khi ngudi xem sir dung dich vu OTT Streaming
(client) s& dugc dinh tuyén vé cac Node theo khu virc dé c6 thé xem dugc. 02 Node
ndy hoat dong theo co ché can bang tai (Load Balancing) dé dam bao phuc vy t6t
nhét. Tirc 12 khi 01 node c6 d4u hiéu qua tai, khach hang s& duge chuyén sang nhitng
node khéac c¢6 ning luc dir thira dé dap ung chét lugng phuc vu tot nhét.

3.1.2 Tén tai ciia hé thong khi dich vu OTT Streaming phittrién
3.1.2.1 Bang thong va hi€u nang

Tang lwong ngudi xem dong thdi va sy gia ting v& nhu céu chét lwong cao ¢6
thé dit 4p luc 16 1én ha tAng mang va yéu clu bang théng di 16n dé duy tri hiéu ning
cao. Khi sé luong két ndi dén may chil ngoai qua 16n, cac dich OTT Streaming lai
chiém dung bing thong khong nhd nén mot may chi khong thé dép img duge nhidu
yéu cau tir phia nhidu client ciing lic. Pidu nay din t6i viéc nhidu yéu cau phai doi
cho nén thdsi gian dép vmg yéu ciu cho ngudi ding 1au hon.

Han ché bing thong din dén tinh trang giam chit lugng video. Dich vy giam
chét lugng video dé giam kich thuéc tép va tdi wru héa bing thong. Pidu ndy c6 thé
din dén video c6 d6 phan giai thip hon, nén manh hon, va do dé, trai nghiém xem
video khong dat dugc chit Irgng mong mudn. Ngudi xem c6 thé trai qua tinh trang
dém lau, video giat lag, hodc tham chi mét két ndi. Didu nay anh huéng dén trai
nghiém ngudi xem va tao ra an tugng ti€u cuc vé dich vu, lam ting thoi gian phan

hoi tir hé thong, 1am giam kha nang dap Gng ctia dich vu d6i véi yéu cau ngudi xem.
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Néu hé théng khong c6 di bang thong dé xir 1y ddng thoi cic yéu cAu, thi thoi gian
dap tmg s& ting, gy tré va kho chiu cho ngudi xem, dic biét 1a khi co nhiéu ngudi
xem ddng thoi truy cdp dich wu. Pidu ndy din dén viéc giam luvong ngudi xem va
giam doanh thu, 1am giam kha ning dich vu OTT Streaming dam bao chét luong, dic
biét 1a trong céc diéu kién mang khong dn dinh, hién twong méo hinh anh (pixilation)
dén giam dd phén gidi. Video s€ xuit hién nhoe, méo, hodc mét do phén giai cao, lam
giam trdi nghiém xem cuia nguoi.

3.1.2.2 Gian doan trong qua trinh streaming (Buffering):

P tré trong viée phat séng va sy gian doan (buffering) c6 thé 1am giam trai
nghiém ngudi xem. Ngudi xem s€ phai doi d8 tai du dir liéu trude khi tiép tuc xem,
1am gidm tinh lién tuc ddng thoi 1am mét di s rd nét va chit lugng ciia ndi dung, mét
két ndi voi dich vu hodic ngudi xem c6 thé bj roi ra khoi tran chiéu, 1am mét toan bd

trai nghiém xem, mat niém tin clia ngudi xem vao kha ning cung cép cua hé thong.

®
.0
L
L
L

Buffering

LS s vz 2 HD
Hinh 3.5 Buffering khién qua trinh xem video ciia ban bi giin doan.
3.2.1.3 Tuong thich thiét bi
Dich vu OTT Streaming hién tai chwa hoan toan tuong thich v&i tét ca cac thiét

bi va nén tang, din dén tinh trang mot sb thiét bi khong thé sir dung dugc dich vu.
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Nguoi xem ¢c6 thé cam th'fly thét vong va mat niém tin néu ho khdng thé st dung dich
vu trén thiét bi mong mudn ciia ho. Piduniy c6 thé din dén giam sy hai long vi ddng
thdi giam long trung thanh cua ngudi xem.
3.2 Tinh cAn thiét ciia gidi phap CDN cho viéc ning cao chit hrgng dich
vu OTT Streaming tai Dai truyén hinh K¥ thuét sé VIC
3.2.1 Hién trang hé thong dip vmg dich vu OTT Streaming
3.2.1.1 Ning lyc phuc vu hé théng

Hé théng CDN tai Dai truyén hinh K§ thust sé VIC dugc md ta nhu hinh 3.6
dudi day:

Mo 5 > PROXY APi l——oed!  BOX
v g .-'.”‘,, H B §
: ANYCAST Hoeinnapt b .. ANYCAST {
cientsremingewn | {PSABASEL et reamingatcaetio |
¥
CON
T | CACHMING | CACHING | CACHING CACHING | CACRING | CACHRIG. | [
HOMOT | HCINO2 HOHLO3 N1 HNIOZ. HNID3
ipe vk . =
J . i N
UNIFIED ORIGIN UNIFIED ORESN
HOWMOT S HNRGY
3 3
4 i, S
| STORAGE £C8. | ol STORAGE ECS |
. HOM Ha ol

Hinh 3.6 Hé théng CDN tai VTC
Hé théng dap Gng dich va OTT Streaming ctia VIC hién c¢6 2 nit CDN, bao
gbm:
« CDN Ha Ndi Zone: Ném tai Ha Noi, c6 kha ning d4p tmg t6i da 400.000 user
cung ldc.
« CDN Hb Chi Minh Zone: Ndm tai TP.HCM, c6 kha ning d4p tmg tdi da
600.000 user cung ldc.
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Nhu vay, tdng kha ning dép mg cta hé thong 14 1.000.000 user cing Iic.

Tuy nhién, kha ning d4p tmg thuc té cla timg nit CDN c6 thé thay d6i tiry theo
tinh trang ctia mang Internet. Vi dy, néu mang Internet tai khu vuc nao do c6 duong
truyén kém, thi kha nang dap Umg cta niat CDN dat tai khu virc d6 co thé bi giam xuéng.

Pé dam bao chit luong dich vu OTT Streaming, VIC dang tiéptuc dau tu ning
chp hé théng CDN, nhim tang kha ning d4p tmg ctia timg nit CDN.

Theo sb liéu théng k& ciia VIC, tinh dén théang 12 ndm 2023, dich vu OTT
Streaming cta VIC d4 c¢6 hon 10 triéu ngudi dimg, tang trudng 20% so vdi cung ky
nim ngodi. Trong d6, sé lugng ngudi ding truy cap trén thiét bi di dong chiém ty 1&

cao nhét, dat 70%.

Thiét bi st dung

70%

BWeb @ Settopbox SmartTV Thi€tbididong

Hinh 3.7 Théng ké thiét bi sir dung dich vu OTT [17]
(Theo thong ké VIC tinh dén thang 12 ndm 2023)

- Théng ké s6 lweng ndi dung cia VIC trén dich va OTT Streaming:

Hién nay, VIC cung cp hon 10.000n6i dung trén dich vy OTT Streaming, bao
g(‘A)m cac chuong trinh truyén hinh, phim &nh, ca nhac, thé thao,... Trong d6, ndi dung
truyén hinh truc tiép chiém ty 18 16n nhat, dat 40%.

- Théng ké chit lwong dich vu OTT Streaming ciia VIC:

Theo khao sét ciia VIC, ty1é ngudi ding hai 1ong véi chét lwgng dich vy OTT
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Streaming cia VIC dat 80%. Trong do, cac yéu t6 dugc ngudi ding danh gia cao
nhét 1a tdc d6 truy cép, chat lwong hinh anh vA 4m thanh.
3.2.2 Ly do can giaiphip CDN

Pai truyén hinh k§ thut s VIC 1a mdt doanh nghiép cong nghé 1én manh véi
tang truong hang nim gin 200%. V& hoat d6ng san xuét kinh doanh, VTC tép trung
vao 4 miii nhon gém: Dich vu vién thong; Dich vu ndi dung s6; Dichwu truyén hinh
k¢ thudt sé; Dich vu quang cdo, tai trg vi xa hoi hod céc kénh truyén hinh. VIC 1a
doanh nghiép c6 thé manh v& san xuit ndi dung, cac dich wu truyén hinh, dichvu truc
tuyén... da dinh hinh huéng di dot pha v& dich vu multimedia, ndi dung trén co s&
mang vién thong. Ngoai ra, khong chi d4y manh cong tic nghién ciru ing dung cong
nghé va diu tu chidu sau, VIC dang tiép tuc wu tién nhiéu hon cho ddu tr xdy dyng
ha ting, thiét bi cong nghé méi. Véi cac dich vu ndi dung OTT Streaming da dang
dang va s& cung cp, néu thiét 14p dugc mang CDN thi trong twong lai VIC s& chiém
wu thé cavé cosd ha t?lng va vé& c4c dich vu ndi dung, dem lai hidu qua kinh té to 16n.
Nhu vy viéc trién khai giai phap CDN cho VIC 1ahop ly.

Thir nhét: Khi sb luong két ndi dén may chi ngoai qué I6n, cac dich vu OTT
Streaming lai chiém dung bing thong khong nhé nén mot may chi khong thé dap img
dugc nhidu yéu céu tir phia client ciing lic. Piéu nay din téi vide nhiéu yéu céu phai
dgi cho nén thoi gian ddp tmg yéu céu cho ngudi ding l4u hon.

Thit hai: Hé théng OTT Streaming cta Pai-truyén hinh K¥ thugt s6 VIC phu
song trén 64 tinh/thanh, cac thué bao cé khoang ciach rit xa nhau v& mit dia ly. Vi
thé néu ndi dung chi giri yéu cdu va quay quanh & mt mdy chu thi céc thué bao & xa
mdy chit s& c6 thoi gian tr& 16n hon, thdm chi ludng dit liéu c6 thé khong con day di
khi t6i nha thué bao, didundy c6 thé dén t6i céc tinh trang nhu gidt hinh, nhoe hinh,
den hinh, ....

Thit ba: Véi tinh sin sang cao va mot hé théng méy chi duoc lién két va phén
tai cho nhau, hé théng mang phén phéi ndi dung luén dam bao hoat dong linh hoat
va lién tuc. Khi mdt sé node gip su cd, ching c6 ‘thé giri yéu cdu dén céc node khic

trong mang dé tiép tuc cung c4p dich vu cho céc thué bao. Tuy nhién, néu str dung co



33

ché may chu tdp trung, khi may chu gdp su ¢d, toan hé thong s& ngung hoat déng.

Thir tu: D& dang néng cép hon néu ding co ché mdy chi tap trung c6 thé s&
khong cung cip dwgc cac ndi dung d¢ sic nét cao (High definition) hodc néu cung
cip dugc thi phai ting bing théng cho mang 1én rét 16n. Thuc té khong phai lic ndo
chiing ta ciing c6 thé ting bing thong mang 1&én duoc. Vi vy CDN that sy 12 mot giai
phdp kha dung hon trong trudng hop nay.

Thir ndm: Viéc st dung hé théng CDN hién tai cho cac dich wi OTT Streaming
13 rat khé khan trong khéu quan 1y ndi dung béi vi cée ndi dung duge dwalén hé théng
CDN hién tai cin phai nhap ca vao hé théng quan 1y ndi dung bén dich vu. Diéu niy
c6 thé dAn dén viéc khong ddng bd dir 1iéu & hai hé thdng.
3.3 Trién khai g dung CDN néng cao chétlwong dich vu OTT Streaming
tai Pai truyén hinh K¥ thuit s6 VIC
3.3.1 Mé hinh hé thong mé rong CDN

M5 hinh hé théng m& rong CDN duge minh hoa & hinh v& 3.8 dudi day:

Update Stream Rule "_'"" Request Link Stream 1
- Y.

Users OTT Box, mang Vistiel + VNPT fonward | ® | cevereoormceemasecenenonncenaae
ld-tivecdn. iptplay.net

A
S, ssponss Link Sueam

Bydance Offload

Hinh 3.8 M6 hinh hé théng mé rong CDN
Hé théng hién tai dang dugc xdy dung hoan toan 100% tai VIC dé giam chi phi
thué ha ting tai céc nha mang khic do ngdy binh thuwong thi user khéng qua nhiéu.
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Khi ¢6 su kién 16n theo danh gi4 13 s& vuot kha nang ha ting va céc két ndi lién
mang (peering) thi cdn thué thém CDN ciia céc nha cung cdp nhu Akamai, Bytedane,
Zenlayer,... 1am ha ting phuc wu cho cic user tai cdc nha mang khic (ngoai VIC)
theo 2 céch:

- Cach 1 Chuyén toan b user ngoai mang' vio céc nha cung cdp CDN c6 ha
tAng tai c4c nha mang khac.

- Céch 2. Theo doi hé théng va chuyén céc user ciia cac nha mang khéc sang
CDN ngoai khi hé théng da dén 80% tai.
3.3.2 Strdung CDN dé toi wu héa viéc phin phoi npi dung va giam dp tré.
3.3.2.1 Mé rong CDN VIETTEL

Dy 4n mé rong ha ting CDN sang Viettel do duong peering giita VIC va Viettel

luén & muc cao.

vitte e .
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Hinh 3.9 D 4n mé rong CDN ra nha mang Viettel
Nguyén 1y hoat dong cua hé théng phan phéi ndi dung (CDN) gitta VIC va
Viettel.



35

VIC 1anha cung cdp ndi dung, c6 ngudn phét ndi dung gbc (origin). Néi dung
gbc ndy duoc truyén tai dén CDN Node G-N, 1a mot nit trung gian cia CDN. CDN
Node G-N s& phan phdi ndi dung dén cac CDN Node GO1 va CDN Node GO02, 1a céc
nit CDN dit tai cac vi tri khac nhau trén mang lu6i cia Viettel.

Viettel 12 nha cung cép dich vu truy cép Internet, c6 mang ludi cép quang pht
rong khip ca nude. Khi ngudi dimg Viettel truy cép ndi dung ctia VIC, thiét bi clia
ngudi ding s& giri yéu ciu dén CDN Node GO1 hogic CDN Node G02 gin nhit. CDN
Node GOI1 hodc CDN Node G02 sé& tra vé ndi dung cho ngudi ding.

Dé dam bdo chit luong dich vu (QoS), CDN sir dung cong nghé DNS (Dung
cho ca ndi b va mang ngoai) va Anycast. Anycast (chi ding trong mang ndi bd) la
mot k¢ thuat phan phdi lwu lrgng trong d6 mét dia chi IP c6 thé dugc 4nh xa dén
nhidu mdy chi khac nhau. Trong trudng hop nay, mot dia chi IP cia ndi dung VTC
c6 thé duge 4nh xa dén ca CDN Node GO1 va CDN Node G02. Khi ngudi dung
Viettel truy cap ndi dung VIC, thiét bj cta ngudi ding s& duge két ndi vé6i CDN
Node gin nhét, dam bao tdc d6 truy cép nhanh nhét.

Ngoai ra, CDN consir dung cong nghé Midgress Group dé giam thiéu Iuu lugng
truy cép gifta cac nit CDN. Midgress Group 1a mgt nhom céc nat CDN duge két nbi
v&i nhau bing dudng truyén riéng. Khi mgt nit CDN nhan dugce yéu cau truy cap noi
dung tir mét nat CDN khéc trong cing Midgress Group, yéu clu nay s& duoc truyén
tai truc tiép gitra hai nit CDN d6, khong can phai di qua mang 1uéi Internet.

Nho st dung céc cong nghé ndy, hé théng phan phéi ndi dung gitta VIC va
Viettel ¢6 thé cung cdp ndi dung VIC dén ngudi ding Viettel voi tbc d6 nhanh chéng
va 6n dinh.

Chi tiét cic budce hoat dong:

Bu6e 1: Nguoi ding Viettel truy cdp ndi dung cua VIC.

Bude 2: Thiét bi cua ngudi ding gl yéu cau truy cép ndi dung dén CDN
Node G-N.

Buée 3: CDN Node G-N xé4c dinh vi tri ctia ngudi ding va tra v& dia chi IP
ctia CDN Node GO1 hoic CDN Node G02 gin nhét.

Bude 4: Thiét bi cta ngudi ding giri yéu cau truy cdp ndi dung dén CDN
Node GOI1 hodc CDN Node G02.

Bude 5: CDN Node GO1 hoic CDN Node GO2 tra v& ndi dung ngudi ding.
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Bang 3.1 Dik li¢u bing théng do SCC cung cip

372.7 93.2%
DNG 20 12.7 63.5%
HCM 520 473.5 91.1%

Bang 3.1 14 s6 1idu thdng ké sir dung bing thong clia ngudi ding sir dung mang
Internet Viettel ludn & mirc cao trén 90% khi bing thong téi da cho phép & Ha Noi
khoang 400(G) va HO6 Chi Minh 520(G).

Phuc vu cho nhém khach hang tra tién cho dich vy OTT Streaming tai cac khu
wvirc hay bi anh hwdng sit dung internet cua Viettel.
3.3.3.2 Orgin/packager

Trong hé théng OTT Streaming, cac khdi "Origin" v "Packager" déng vai trd

quan trong trong viéc chuan bi va phan phéi ndi dung video dén ngudi xem
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Hinh 3.10 Téi wu origin/packager
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< Latency ~ 4-6s >

| Fix GOP LL-DASH buffer
_____ LL-HLS 25
[=_ >
_____ » ‘Oﬂg!ﬂ R U
| = TITAN - - - > 24 gy o=
DashJS, Sharka

’ ENCODER/ TRANSCODER PACKAGER CDN Player: ExaPlayer, THED,

Hinh 3.11 So'dd d tré thap
Packager: Ding thiét bi clia Wowza, SigmaOTT, Broadpeak
So d6 nay s& bao gc‘A)m cac yéu td céan thiét trong h¢ théng dé dat dugc 46 tré

thdp trong qua trinh déng gbi v truyén tai ndi dung video trong mdi truong OTT

Streaming.
TEST CASE
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Hinh 3.12 Thit nghiém

Results delay 3.516s

Hinh 3.13 Kétqua chay thir
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Production K+Sportl, K+Sport2 on OTT BOX delay ~4s
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Hinh 3.14 Két qua tré k
3.3.3 Pinh tuyén OSPF
Ap dung cong nghé dinh tuyén trén ting network (OSPF), dam bao két ndi ngin

nhét & t6t nhét tir nguoi dimg cubi dén node cache twong tmg.

OSPF (Open Shortest Path First) 12 mdt giao thiic dinh tuyén link-state duoc sir
dung trong c4c mang IP. OSPF sir dung thuat toan Dijkstra dé tinh toan duong di
ngén nhét gitta cac router. Node cache 14 mdt may chi luu trit ndi dung cuc b, dugc
str dung dé giam d6 tr va céi thién hiéu sudt cia dich vu phét truc tuyén.

Vi tri dat node cache 1a yéu t6 quan trong nhit dé dam bao két ndi ngén nhét va
tdt nhdt. Node cache nén dwgc dat gin ngudi ding cudi nhét c6 thé. VIC dang co
mdt mang IP v&i hai node cache, dwoc dat tai Ha N6i va Thanh phé HS Chi Minh.
Chiing ta c6 thé tao hai ving OSPF, mét ving cho Ha No6i v mét ving cho Thanh
phd H6 Chi Minh. Tiép theo, chung ta c6 thé sir dung giao thirc RIPE Atlas dé thu
thap thong tin v& d6 tré va bing théng gifta cac router trong mang. Thong tin ndy ¢6
thé dugc st dung dé t6i wu héa ciu hinh OSPF. Cu thé, chiing ta c6 thé dinh c4u hinh
OSPF d8 wu tién dudng di di qua céc router c6 d6 tré va bang thong thip nhét. Véi
céu hinh ndy, nguoi ding cudi & Ha Noi s& duge két nbi voi node cache & Ha Noi, va
ngudi ding cudi & Thanh phd HO Chi Minh s& dugc két ndi voi node cache & Thanh
phé HO Chi Minh. Didu ndy s& gitip dam bao két ndi ngén nhit va t6t nhat tir ngudri



39

ding cudi dén node cache twong {mg.

{ [NglnxCache} {Nglnx(:ache\ J { [Nglnx(:adw‘[ iNglnxCache] }
=)

==

Hinh 3.15 Cum phét truyén hinh truc tuyén VIC
3.3.4 Thir nghiém, két qua

Hé théng VIC dang dap tmg 1.000.000 thué bao ddng thoi & thoi gian thudng
ngdy khong c6 bién dong.

Mo rong CDN sang cho don vi thir ba dugc tinh phi theo luu lugng vi vy tinh
toan wéc luong ciia hé théng khi c6 sy kién dién ra cin khoang 300.000 CCU.

Vay tdng s& vao 1.300.000 CCU(Concurrent Users).

VTC s&mua thém 300.000 CCU tir c4c bén déi tic ma minh d4 c4u hinh cai dat
san hé théng dét tai noi cung cép thém CDN. Khi ndo VIC cén sir dung thi mé ra chu
hinh ddy ngudi ding truy cép sang ddy 1a duoc. Piéu ndy ddng nghia vdi viéc VIC
chi cdn thué theo sy kién chtr khong cin phai ning cip chinh hé théng cia don vi
minh vi chi phi ndng cép rét cao va thudng ngay khong st dung dén gay lang phi tai
nguyeén.
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g.
user
Hinh 3.16 Céc thué bao truy cip ddng thoi khi ¢6 sw kién

Khi ¢6 sy kién 16m anh huéng béi céc liénkét gitta céc ISP do luong ngudi ding

di qua peering (anh hudng truc tiép 1am nghén peering, gia sit duong peering giita

Viettel va VIC thp hon giita Viettel va VNPT). Cén tinh todn lwong user s& vuot

ngudng dap tng ciia hé thong tai dai ciing nhw ti trong peering bi anh hudng, ching

ta s& sir dung CDN da duoc cai dit va set up sin sang don vi thir 3 dé phan phéi nodi

dung va lwong ngudi ding sang don vi khéc (cu thé & ddy s& chuyén 300,000 ngudi

ding Internet ca nha mang VIC sang CDN C dit ha ting tai VIC IDC wira lam ting

trai nghiém nguoi dung vira 1am giam énh dp lyc 1€n dudng peering gilta Viettel va
VTC).

Thir nghiém: M6 phong lai hoat déng cu hinh va 14y dir liéu ciia ngudi ding &

céc vi tri khac nhau khip ca nuéc ding trén céc nhd mang khac nhau. Tao ra céc IP

thuéc nha mang VIC va ngoai VIC sau ddy 1y dit liéu cing 1 link live.
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Hinh 3.18 Link live dang phit
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Souse 14y tir nha dai di qua hé théng truyén hinh VIC Encoder: Bén VIC lép
dit s&n thiét bi Encoder & nha dai bing SDI (DAy truyén tai video ), l4p thém

switch ditheo ha tAng mang minh & quy hoach v6i nha dai vé server dit tai trusé

dit DC. Tir server d6 tao ra cac ludng live bing céc dai IP.

CAu hinh VPN @8 tao rauser & Ha Noi va Hb Chi Minh

Hinh 3.19 IP Client HN

Hinh 3.20 IP Client HCM

Cung moét link live nhung tai cac vi tri khac nhau s két ndi léy ndi dung & céc
CDN khéc nhau cy thé trong bai ndy thi cac IP Client & cac diém HNI s& két ndi t6i
CDN dit tai VIC IDC HNI con cac IP Client mang ngoai VIC (& day 1a VNPT va
Viettel) s& chi dong két ndi toi CDN dit tai Viettel IDC.
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Hinh 3.21 User sé nhin thong tin tir sever CDN A
Mo t4 thong tin hinh 3.21 thé hién viéc nguoi sir dung dich vu dang sir dung
mang VIC khu virc Ha Noi da cha dong két ndi téi CDN IDC dit tai Ha ndi nhan
duge chi vé ding IP gateway ctia VIC.

Hinh 3.22 User s& nhdn théng tin tir sever CDN C

Mo ta thong tin hinh 3.22 thé hién viéc ngudi st dung dich wu dang str dung
mang Viettel d3 chii dong két ndi toi server ndi dung 14y tir CDN IDC tai Viettel
nhén dwogc chi v& dung IP gateway cia Viettel.
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Thue té: Duéi day 1a két qua thuc té do duge vao ngay 30 thang 12 ndm 2023
trén kénh VIV3 khung gid 22h bit dau phat séng tryc tiépsu kién “Chao nim méi”.
Tai Pai truyén hinh K§ thuat s6 VIC c6 hé thong theo ddi sb Iwong ngudi ding truy
cap su kién dugc thong ké nhur sau:

Biang 3.2 S6 lwgng ngudi dimg truy cip thoi diém 20h dén 23h16 kénh VTV3

Thoi gian Théi diém cao nhat | Thoi diém hién tai
Location
CCU CDN HNI 397.000 176.000
CCU CDN HCM 602.000 202.000
CCU CDN VT 277.000 167.000
Tong 1.270.000 545.000

(Dit liéu do SCC cung cdp nim 2023)

Tir s6 licutrén Bang 3.2 ta nhin thdy duoc s bién dong rat 16n vao gid cao diém
dién ra su kién, moi ngudi tap trung truy cip vao ung dung dé xem truc tiép man bin
phdo hoa va chiic mimg ndm mdi trén kénh VIV3 khién cho luong ngudi ding ting
vot tir 545.000 CCU (Do duge sau khi qua thoi gian cao diém) 1én dén lic dinh diém
12 1.270.000 CCU. Néu khong céu hinh dé chuyén 277.000 CCU sang CDN Viettel
thi thoi diém ddy chat luong dich vu 14 rit thip mang dén trai nghiém ngudi ding vao
Itic cao diém 12 té nhit va nguy co rdi mang sau ddy rit cao. Viy CDN mé rong sang
nha mang khic da giai quyét dugc vin dé vé s lugng dong théi ngudi ding truy cép
16n cu thé 13 gin 300.000 CCU, giai phong sb lugng ngudi dung 12 giai phong bang
thong va giam d¢ tré dén mirc t6i da diéu nay giGp ting chét luong dich vu OTT

Streaming ctia Dai 1én déng ké.
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Hinh 3.23 Hé théng monitor s6 lweng ngwdi dimg truy cip
(Dit liéu Idy tir h¢ thong System VTC nim 2023)

Trén hinh 3.23 13 théng ké sb rong ngudi ding tai thoi diém ngudi ding truy cap
cao nhit va sau thoi gian cao diém tré v& binh thwdng, Kha ning dép ng yéu ciu ngudi
dimg da dat mirc nim trong kha niing cia hé théng, chit luong dich vy mang ki trai
nghiém ngudi xem tot nhit vi khéng bi qua tai va doi lAu.

Hinh 3.24 Téng s6 hrong ngwdi dimg thoi diém cao nhét
(Dir liéu Idy tir hé théng System VTC nim 2023)
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Hinh 3.24 d3 tong quan va cho ta thiy 6 duoc viée quan trong cia CDN mang lai
cho hé théng bat ké trén CDN trong mang hay ngoai VTC déu mang lai hiéu qua t6t. Cu
thé nhu biéu dd déu tang va déu gidm khi cao diém va khi tr& lai binh thudng.

Hinh 3.25 C4u hinh ngwdi dimg chuyén vé cac CDN phii hop
(Dit liéu Idy tic hé thong System VIC néim 2023)

Viéc phéan phéi ndi dung ra cac CDN dugc dit & cac vi tri khac nhau trén mang
VIC hay Viettel déu nham muc dich ning cao chét lugng dich vu va mang lai trai
nghiém nguoi xem t6tnhat.

Thyc té cho thiy, voi hé thong trién khai theo phuong é4n truyén thong 1a dit tai
1 Datacenter duy nhét s& khong thé dap img duoc lugng 16n ngudi dimg, do:

- Biéng thong cta 1 IDC khong du.

- Rui ro nghén cuc bd trén céc link 1ién két ngang hang gitta c4c nha mang,

Trong trudng hop phan tan hé théng ra cac nha mang;

- S8 lam ting chi phi dau tu ban dau.

- Tang chiphi van hinh hé théng.

- Kha ning mé rong mang tinh cp bach kho khin.

Thong qua hé théng CDN, céu hinh dinh tuyén truéc s& phan bd s6 lugng ngudi
dung két ndi truc tiép t6i cac cac may chu hru trir gin nhét, bao dam tai nguyén hé
théng cho viée xir 1y video tir trung tAm phét truc tuyén t6i thiét bi ngudi ding, Dai
truyén hinh K§ thuat s6 VIC d4 dp dung cOng nghé mang phan phéi ndi dung vao hé

théng streaming dé truyén tai noi dung tryc tuyén qua mang Internet.
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Nhan xét: Két qua thue t& va thir nghiém da cho thdy ding voi ly thuyét va higu
qua cua gidi phap CDN mang lai 14 wu viét va d& trién khai, ddng thdi v& bai toan
kinh té dwa vao thdi didm c6 sy kién thi day 1a giai phap t6i wu nhit dé co thé tiét
kiém tai nguyén va chi phi nang cip trién khai.

3.4 Két luAn Chwong 3

Dai truyén hinh K§ thust s6 VIC cung cip dich vu OTT Streaming d4p tmg
nhu céu giai tri va céc su ki¢én 16n. Dich vu truc tiép duoc trién khai trén nén tang
intenet téc d6 cao va truyén dir liéu théng qua hé théng CDN (mang phin phdi ndi
dung), k&t néi v6i mang 15i ctia VIC phi khip ca nuéc. Thong qua hé théng CDN,
c4c médy cha liru trir s& giam sd lugng két ndi tryc tiép, bao dam tai nguyén hé thbng
cho viéc xtr Iy video tir ngudn phat dén nguoi ding. VTC trién khai gidi phdp cong
nghé mang phan phdi ndi dung vio hé thdng streaming dé truyén tai ndi dung truc
tiép qua mang Internet. Trong chwong ndy, toi da tim hidu va moé phéng mot phin
nhé dé thdy dugc s hiéu qua khi 4p dung gidi phap ndy vao dé ning cao chit luong
dich wu, t6i vu dudng truyén va giam do tr& t6i muc thép nhit tranh qua tai h¢ théng
dam bao cho qua trinh hoat dién ra mot cich an toan va thong sudt. Mang lai trai

nghiém ngudi ding t5t nhat.
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KET LUAN

OTT (Over The Top) ndi chung hay truyén hinh truc tuyén noi riéng dang 1a xu
huéng twong lai, 1am thay dbithéi quen sir dung. Tir viéc phai theo doi dung khung gid
phat song, cac chuong trinh truc tiép vao nhing thdi gian kho tiép can (nira dém, gids
hanh chinh 1am viéc), thay vao d6 c6 thé xem lai & bat ctr dau, bét cir thiét bi ndo (trinh
duyét Web, dién thoai di dong, tivi, Setup-box,...) ¢é két ndi internet, ngay cd céc
chwong trinh tryc tiép da két thic. M& ra co hdi tiép can dugc dong ddo ngudi xem.

Tuy nhién cling 14 thach thirc 16n khi lugng nguoi ding ngdy cang tdng vao cac
khung gid/ thdi diém cu thé (su kién 16n, khung gi cao diém,...). Viéc dau fur tir dau
cho hé théng dé dép tng t6t lugng ngudi dimg t6i da nhung chi ding vao céc khung
gidy nhr thé s& tidu ton rét nhidu kinh phi. Do vdy, chi nén thiét ké vira di cho lugng
ngudi dung & didu kién binh thudng va ddn luc thué CDN cho céc s kién vuot
ngudng dap img ctia hé thong ndi tai.

Hé théng c6 thé ddp tmg dwge nhimg yéu ciu khit khe nhat v& lugng ngudi ding
d6tbién voi hang triéu, chuc triéu, thdm chi v6i bang tram triéungudi ding cing lc nhu
Youtube, Tiktok, Intergram, Linkedin, Zalo,... voi khé ning san sang cao.

D& 4n cia t6i dua c6 tinh tham khao vi con phu thudc vio dic tinh ky thuat va
cong nghé trién khai dbi voi cac don vi dang c6 ké hoach xdy dung mot he thong
cung cép dich vu OTT Streaming.

Tir nhitng vu didm v& tinh ning va tinh kha thi trong ky thuat, gidi phap CDN
c6 thé phét trién nhidu va tng dung hon nira thong qua céc san phdm trong nuéc va
nuée ngodi. Piéu ndy tao nén mdi trudng canh tranh khic nghiét cia nha cung cap
dich vu lién tuc cap nhét cai tién dé thu hit ngudi ding dimg san phim. Dong nghia
vi viée lién tuc phét triénva cai thién giai phap va phat trién hon trong tuong lai.

Do thoi gian nghi€n ctru con ¢é han nén nhidu vin dé trong dé 4n c6 thé chua
sau sic va ddy di, vi viy t6i mong mudn nhin dugc sy thong cam va déng gép quy

béu ciia thiy ¢6 dé bd sung cho nhitng nghién ciru sau nay.
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Huwéng phét trién ciia dé 4n

Cung v6i su phat trién manh mé& ciia céc dich wu truc tuyén, mang téi su tién 1gi
thuan tién va hién dai cho ngudi ding. Day ciing 12 yéu ciu dé phat trién cac gii
phdp nhim néng cao chét hrong dich vy, cu thé 1a giai php CDN tdi wru va mang lai
hiéu qua hon nita. Giai phdp CDN t6i dua ra trén day chi 4p dung phu hop véi tinh
hinh kinh doanh ctia don vi hién tai, mbi nim doanh nghiép, c4c don vi cung ce"ip dich
wu s€ cang ngay cang phat trién va s6 luong ngudi ding phat trién thi cin phai trién
khai ning cip hé théng dé dap tmg ngudi ding chir khong thé méi chi m& rong mdi
CDN sang céc don vi ddi téc cung cip khdc duge. Tir nhing diéu nay d& t6i phat trién
du 4n giai phap CDN thong minh sau ndy st dung tri tué nhan tao (Al) dé phan tich
va dy doén nhu ciu ni dung, t8iwu héa viéc phén phdi ndi dung, gidm tai cho mang
Iudi va tiét kiém chi phi. CDN két hop véi 5G dé tan dung tbc @0 cao va do tré thip
ctia 5G truyén tai ndi dung OTT 4K/8K.
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Tén dé tai: Nghién ciru giai phap CDN néng cao chét lrong dich vu OTT
Streaming ap dung cho Dai truyén hinh k¥ thut s6 VTC.

Chuyén nganh: K§ thuit Vién thong
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Ho va tén hoc vién: Lé Thi Lién

Ho va tén ngudi nhdn xét:  Nguyén Thiy Anh
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Co quan cdng tac: Trudng Dién — Dién tir, DH Bach Khoa Ha N6i

Sé dién thoai: 0912.612.826  Email: anh.nguyenthuy1@hust.edu.vn

NOI DUNG NHAN XET
I/ Co s& khoa hoc va thue tién, sw cin thiét Ira chon deé tai

Hién hay cing véi sy phat trién chia Internet bang thong rong da tao didu kién cho nganh
truyén thong da phuong tién co thé dich chuyén tir md hinh truyén hinh cép sang Truyén hinh
trie tuyén (hay c6 tén goi khac 1a truyén hinh OTT Streaming). Viét Nam duge dénh gia 1a mot
thi trudng gidu tiém ning cho dich vy truy 3n hinh OTT v&i nhidu nha cung cdp dich vy OTT
Streaming ma trong do ¢6 Dai Truyén hinh Ky thuat s6 VTC.

Trong qua trinh trién khai dich vu OTT Streaming, Dai Truyén hinh K§ thust s6 VTC gip
phai mét s& vn d8: Han ché bing théng din dén giam chét lugng Video, glan doan trong qua
trinh Streaming (Buffering), khong twong thich thiét bi, .

Do yéu ciu ciia ngudi dimg ngdy cang cao v& chit luong dich vu truyén hmh néh vide et

nghién ctru dé Xudt cac g1a1 phap nang cao chét luong dich vu OTT Strearmng tai Dai Truyen
hinh K§ thujt s6 VTC 1a rht cAn thiét, dé phat trién va canh tranh t6t hon véi nhitng dél thu dén
tir bén ngodi Viét Nam. Vi thé, giai phap CDN dugc nghién cim dé phat trién, cai thlen chit
lurong dich vu OTT Streaming. CDN glup giam do tré trong qué trinh truyen tai Live Streaming. .
Thay vi phai truyén dit lidu tir Server goc truc tiép dén ngudi xem, CDN stz dung cac may chti
& khip moi noi dé phén ph01 ndi dung. Pidu ndy lam giam dd tré va dam bao rang su k1en lee
Streaming s& xut hién gin nhu ngay 14p tiic trén man hinh ngucn xem

Do vay d& 4n “Nghzen crru gidi phap CDN néng cao chdt luang dzch Vi OTT Streamzng
dp dung cho Dai truyén hinh ky thudt $6 VTC” phit hop v6i doi hoi nhu céu thuc tién hién nay



tai Bai truyén hinh K¥ thuét s6 VTC, va déng gbp vao phat trin, cai thién chét lugng dich vu
truyn hinh tryc tuyén ngay cang quan trong ny.

I/ Néi dung ciia lufn viin, cac Két qua da dat duge:

Ludn van dai 59 trang véi 11 trang ndi dung phuy trg va 48 trang ndi dung nghién-ciru bao
gbm 43 hinh, 2 bang bidu chia lam 3 chuwong nhur sau:

Chuong 1: tirtrang 1 dén trang 13, tAc gia giéi thidu téng quan vé dich vu OTT Streaming
tai Pai truyén hinh k¥ thuat s6 VTC, bao gdm cac ndi dung vé gidgi thiéu dich vu OTT
Streaming, téng quan vé Dai truyé‘n‘ ‘hinh k¥ thuét sb VTC, va chét Iwong dich vu OTT
Streaming dugc tic gia trinh bay rd rang va chi tiét.

Chuong 2: tir trang 14 dén trang 23, téc gia nghién ctru vé& mang phan phéi ndi dung CDN.
Bao gdm céc ndi dung vé tdng quan mang phén phéi ndi dung CDN, céc k¥ thuét sit dung trong
giai phdp CDN, va hiéu qua cuia giai phap CDN.

Chuong 3: tir trang 24 dén trang 47, tic gia d& xudt cic giai phap trién khai tmg dung
CDN néang cao chét huong dich vu OTT Streaming tai Dai truyén hinh k¥ thudt sé VTC. Bao
gbm céc ndi dung vé dich vu, OTT Streaming tai Dai it'fuyén hinh K¥ thuét s6 VTC, tinh cin
thiét ctia giai phdp CDN cho viéc néng cao chit luong dich vu OTT Streaming tai Dai truyén
hinh Ky thuat s VTC. Tir d6 téc gia d& xudt trién khai img dung CDN néang cao chit luong
dich vu OTT Streaming tai Dai truyén hinh K§ thudt s VTC, va tién hanh thir nghiém, dénh
gi4 cho giai phap d& xuét.

Cc két qua dat duge ciia @& an pha hop véi dé cuong 83 duyét. D2 4n trinh bay logic, 13
rang. Noi dung khoa hoc phit hop v6i dé 4n thac s§.

I/ Nhitng vin dé hoc vién cin giai trinh thém: Khong

IV/ Két ludn:
T6i dong ¥ @ hoc vién Lé Thi Lién duge bao v d& an 6t nghiép truéc Hoi ddng chim
dé &n Thac s¥.

Ha Ngi, Ngay........... thang 04 ndm 2024
NGUOI NHAN XET
(Ky va ghi 16 ho tén)
PHO HIEU TRUONG }t 1y ?
TRUCGNG DIEN - DIEN TU Stal

PGS.TS, u@wgm Goie Hoayy

PGS.TS. Nguyén Thiy Anh
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dich vu OTT Streaming dp dung cho Dai truyén hinh ky thudt s6 VIC

Chuyén nganh: K§ thuat Vién théng

M4 sb: 8.52.02.08

Tén hoc vién: Lé Thi Lién

Ho va tén ngudi nhén xét: Mai Hdng Anh

Hoc ham, hoc vi: Tién si

Chuyén nganh: Pién tir - Vién thong

Co quan ¢dng tac: Trung tAm Nghién ctru va Phét trién MobiFone - TCT
Vién théng MobiFone.

NOI DUNG NHAN XET

I. Co siv khoa hoc va thwe tifn, tinh cip thiét caa aé tai

Hién nay, internet bing rong (mang c6 ddy, mang khéng diy va ha ting
dién toan d4m may) dang ¢ céc budc tién v& cong nghé ciing nhu trién khai thyc
1in tai Viét Nam. Vi vy, céc ntha cung cip dich vu OTT Streaming d& thy hudng
duoe 101 thé v& cong nghé va mang ludi cla cac ha ting sb nay dé phat wién néi
dung da phuong tién va cai thién trai nghiém cho nguodi dung mét cich dang ké.
Ngudi viét phan bién, voi hiéu biét ciia minh cho ring viéc dua giai phap CDN
(ndng cao) vao khai thac tai VIC ciing 13 mét bién phép ting cudng cdng nghé
cho nén tang sb @& dat dugc cac muc tiéu phuc vy nhidu thué bao va ting trai
nghiém cho khach hang OTT trén.

Chinh vi vy d& tai ¢6 tinh thuc tién va cling ¢6 tinh cAp thiét khi d4 néurd
dia chi 4p dung cu thé 13 Dai truyén hinh VTC,
II. V& ndi dung, chit lwgng ciia luin vin, cic két qua da dat dwge (so vai dé
cwrong da dwge duyét)

Luén vin duge trinh bay qua 51 trang viét A4 bao gdm danh muyc tai ligu
tham khao v6i td chire thanh cac chwong chinh, cu thé nhu sau:

Mé ddu



Chuong 1: Tbng quan vé dich vy OTT streaming tai Pai truyén hinh k¥
thust sé VTC.

Chuong 2: Mang phén phdi ndi dung CDN.

Chuong 3: Trién khai tmg dung CDN néng cao chit luong dich vu OTT
Streaming tai Dai truyén hinh k§ thuat sb.

Két lugn.

Noi dung nghién ciru ciia luén vin phil hop v6i tén d& tai va phit hop véi
chuyén nganh K§ thujt Vién thong - ma s6 d4o tao 8.52.02.08. Luén vin da duoc
kidm tra tring 13p va da dap tng yéu clu v& ty 18 trang ip.

IIL Nhiing vin dé cin giai thich thém

Mot sb ¥ kién cu thé nhur sau:

- Cén chinh x4c héa lai viéc chuyén ngit Anh sang Viét cho cdc tir viét tat
va thufit ngit k¥ thuét. (vi du nhu VoD, ISP, ISDL....)

- T4c gia cin bd sung trong két ludn Chuong n6i dung két ndi, chuyén t&i
c4c Chuong tiép theo. '

- Luan van chua thé hién rd rang déng gép khoa hoc (du & mirc cac thiét
ké, d xuit 4p dyng), Chuong I va II, tic gia mdi chi dua ra céc khéi niém rét co
ban vé OTT streaming va CDN.

- Trong Chuong HI, dé thiét ké kién tric va thiét ké mirc cao ciia mang
CDN tai Pai truyén hinh VTC, téc gia cAn dua ra dugc cdc yéu ciu (cac QoS
hoic cic QoE hoac KPIs). Cin duoc lugng héa (theo chuan) tai Chuong I céc
chi s5 hay tiéu chi k¥ thuit cho mang Iu6i hodic phia ngudi ding da duge dé cap
vé khai niém tai Chuong 1.

- Tac gia chua co bai toan dinh ¢ hé thc")ng CDN khi th nghiém tai Dai
truyén hinh VTC. Cac 1y do dua ra c4c con sb dinh hrong v& CCU tai muc 3.3,4.
Téc gia cdn bd xung céc tinh toan thiét ké cu thé cho cac thiét k& d& xuét trong
Chuong ndy.

- T4c gia can d4nh gid c4c két qua dya trén cac hinh 3.23, 3. 24, 3.25.

- T4c gia can trich din ngudn cho cac hinh v& dugc dimg trong cic
Chuong d dam bao tinh liém chinh vé& khoa hoc.

IV. Két luin

Luin vin Thac si ciia Hoc vién L€ Thi Lién dap ung dugc cac yéu ciu vé
ndi dung va hinh thirc ctia mét ludn van Thac si theo nhu quy dinh cia B Gido
duc va DBao tao.



T6i ddng ¥ @& Hoc vién L& thi Lién dugc bio vé lun vin truéc Hoi dong
chm ludn vin Thac st.

Ha Ngi, ngay 26 thang 4 nim 2024
NGUOI NHAN XET

;MTS?M:& Hong Anh.



BO THONG TIN VA TRUYEN THONG
HOC VIEN CONG NGHE
BUU CHINH VIEN THONG

CONGHOA XA HQI CHU NGHIA VIET NAM
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BAO CAO GIAI TRINH
SUA CHU'A, HOAN THIEN PE AN TOT NGHIEP THAC SI

Ho va tén hoc vién: L& Thi Lién

Chuyén ngénh: Cong nghé k§ thuat vién théng

Khéa: 2022 dot 1

Tén dé tai: Nghién ciru giai phdp CDN nang cao chét luong dich vu OTT Streaming 4p

dung cho Dai truyén hinh k§ thuit sé VIC

Ngudi huéng dan khoa hoc: PGS.TS Lé Nhat Thing
TS. D3 Trung Anh

Ngay bao v&: 26/04/2024
Cac ndi dung hoc vién da sira chita, bd

g6p ciia Hoi ddng chdm dé an tdt nghiép:

sung trong d& 4n t5t nghiép theo ¥ kién déng

TT Y kién héi dong

Sika chira cia hgc vién

1 Chinh xac hoa viéc chuyén ngir
Anh Viét céc tir viét tat

Pa diéu chinh chuyén ngli Anh Viét tir viét
t4t dong 16, 18 trang iv, dong 8 trang v.

2 Bd sung lam rd cic thong so ning

cao chét lrong dich vy

D3 lam rd timg tham so tir dong 18 trang 9,
tir dong 8, 15 trang 10, dong 11 trang 11

3 B6 sung phéan tich giéi thich céc sb
liéu trinh bay trong chuong 3

P4 bd sung phén tich giai thich s6 liéu trinh
bay trong chuong 3 tur dong 8 trang 36,
dong 19 trang 44

4 Panh gi4 cic két qua dua trén cac
hinh v& 3.23,3.24,3.25

D3 bd sung danh gia két qua dua trén céc
hinh v& & dong 3 trang 45, dong 1 trang 46

Trich din nguén cho céc hinh v&

b3 bd sung ngudn cho hinh V& trang 45

Ra sodt chinh stra 18i soan thao

P4 chinh stra c4c 16i soan thao nhu dong 17

trang 12, dong 5 trang 40,

Ky x4c nhin cia

CHU TICH HOI PONG  THU KY HOIDONG NGUOI HUGNG DAN

CHAM LUAN VAN

PGS.TS. Nguyén Tén Ban TS. Nguyén Viét Hung PGS.TS. Lé Nh3

Ha Néi, ngay....... thang .... ndm 2024
HOC VIEN
KHOA HOC “ \L
Wl —
g Lé Thi Lén



