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MO DAU

V61 xu hudng phat trién cua dién toan dam may va két ndi van vat IoT, thap
ky vira qua da ching kién su phat trién vuot bic cia phat video truc tuyén va chiém
phan 16n luu luong truy cdp Internet hién nay nho nhiing tién bo trong cong nghé
truyén tai, niang luc thiét bj dau cudi va cac phuwong phap nén 4m thanh-video va
chiém hon 60% Iuu lugng Internet toan cau [1], [2]. Thi trudng phét video truc tuyén
duoc dinh gia 1én dén hang ti d6 la. Cung voi sy phat trién cua thi truong nay 1a yéu
ciu ngay cang cao cac video ¢ chit lwvong, dd dugc chimg minh 14 mét trong nhiing
yéu t6 quan trong anh huéng dén trai nghiém chat lugng cua nguoi dung [3], [4].
Piéu nay tao ra nhitng thach thirc cho viéc cung cép cac video véi “Chat luong trai
nghi¢m tdt nhat” qua mang Internet, hé théng mang ban dau duoc thiét ké dé theo
kiéu “nd luc t6i da” — dé truyén tai cac dir liéu khong theo thoi gian thyc. Nguoi
ding c6 thé ding xem néu c6 cac van dé vai viée phat tryc tuyén nhu chat luong
video thap hay viéc dimg hinh, phat lai. Anh hudng truc tiép dén doanh thu cua cac
nha cung cip noi dung video.

V&i muc tiéu chinh 1a ndng cao chét luong trai nghiém ciia ngudi dung, von
bi anh hudng boi nhiéu yéu té nhu bang thong, cudng do tin hiéu, d6 nghén mang va
thot gian mang hoi tu sau khi c6 sy thay ddi, nhiéu thuat toan tuong thich tdc do bit
[5] duoc trién khai rong rai phia dau cudi khach hang va cac yéu cau vé mic chét
luong khac nhau dbi véi may cha. Trong nhimg nim gan déy, giai phap Hoc ting
cuong [6], [7] dang nbi troi va thay thé cho cac phuong phap truyén théng khac. Giai
phap end-to-end nay hoc cach cai thién chat lugng cac phién phét truc tuyén bang
cach sir dung cac tham sé dau vao nhu 1a chat luong mang va kich thuée video, véi
cach thue tinh toan don gian hon. Tir nhitng diéu trén, t6i chon dé tai “Nang cao chat
lwong phat video qua HTTP bing phwong phap hoc ting cwdng”, trén co so dua
trén cac nghién cuu trudc do, xay dung thuat toan ABR dudi hinh thirc hoc ting
cuong trong moi truong mo phong, st dung video thoi gian thyc va mang 4G. Sau
d6, hiéu suét cua cac thut toan dugc danh gia theo cac giao thirc danh gid da biét.
Cubi cling, xin dé xuat mot so hudng nghién ctru trong tuong lai vé van dé nay, cai

thién mot s6 thong sé anh hudng dén QoE ngudi dung.
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Luan van gdm 5 chuong chinh véi cac noi dung sau:

Chuong 1: Giéi thiéu tong quan vé k§y thuat phat video qua HTTP, hién
trang phat video truc tuyén hién nay, vai trd caa QoE trong phat video ciing
nhu cac yéu té anh huong dén QoE.

Chuong 2: Trinh bay cac cdng trinh nghién ctru c6 lién quan vé cac thuét
toan tuong thich tbc do bit cua phét truc tuyén video, cac danh gia QOE va xay
dung ham QoE.

Chuong 3: Gigi thiéu vé giai phap nang cao chit lugng phét truc tuyén
video bang phwong phéap hoc ting cuong (reinforcement learning). Pé xuat
thuat todn hoc tang cuong sau Deep Q-Learning (DQN)

Chuong 4: Trinh bay chi tiét cac cong cu mod phong s& duogc st dung,
cling véi bo dit liéu dén qué trinh md phong va danh gia két qua cua toan bo
qua trinh,

Chuong 5: Két luan noi dung da duoc trong dé tai, néu nhitng kho khin,
han ché trong qua trinh nghién ctru da gip phai va dé xuat hudng phaét trién tiép

theo.
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Pé tai: NANG CAO CHAT LUQNG PHAT VIDEO QUA
HTTP BANG PHUONG PHAP
HQC TANG CUONG

Tom tit luan viin
CHUONG 1. TONG QUAN VE VIDEO STREAMING

1.1. Pit van dé

1.1.1. 1.1.1 Truyén phét video hi¢n nay

Video 1a mot loai dit liéu da phuong tién quan trong trong linh vuc truyén
thong va giai tri. Luu luong truy cap video tang truong rat nhanh chong trong
thoi gian gan day, va dy kién chiém phan I6n luu luong Internet toan cau [1].
Vao thoi ky dau, video duoc phét vai cong nghé chuyén mach goi, du sau d6
duoc chuyén qua mang Internet, van gap nhiing yéu té bat loi vé bang thong,
d6 tré, va mat goi tin. Phét video qua HTTP [1] 1a mot ¢6ng nghé rat phé bién
ma ndi dung da phuong tién dugc phan phdi lién tuc tir cac may chia HTTP dén

cac thiét bi dau cudi nguoi dung.

May cha video N €DOITS | Nguoi dung

Hinh 1.1: M hinh phét truc tuyén truyén thong
Trong md hinh phat truc tuyén truyén thong khong sir dung HAS nhu
Hinh 1.1, ngudi dung s€ nhan dugc cac thong tin da phuwong tién dugc phat di
tir cAc may chu bang cach sir dung cac giao thire c6 thién huéng két ndi nhu
Real-time Messaging Protocol (RTMP/TCP) hoic khong két ndi nhu Real-time
Transport Protocol (RTP/UDP). Giao thirc chung dé diéu khién cac may chu
kiéu truyén thong chira cac file noi dung da phuong tién la giao thuc RSTP
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(Real-time Streaming Protocol: Giao thic phét truc tuyén thoi gian thuc).
RTSP s& chiu trach nhiém thiét 1ap phién truc tuyén va luén giir trang thai két
ndi, nhung n6 khong chiu trach nhiém cho viéc phan phdi that sy, ma nhiém vu
phan phéi 1a do RTP. Dya trén cac RTCP Reports (RTP Control Protocol: giao
thire diéu khién RTP) tir nguoi ding, méay chu cé thé thay doi téc do tuwong
thich va lich trinh chuyén phét dir liéu. Nhitng diéu nay 1am cho may chu c6
cau tric phirc tap hon va dit dé hon. Hon nita, c4c giao thic hoac cac cu hinh
can duoc thiét 1ap xuyén suét phién, ngoai ra cac ludng dir liéu da phuong tién
c6 thé bi chan lai trong trudng hop st dung cac thiét bi NAT hoic tuong lua.
Mac du trién khai theo cac giao thirc co ban nhu nhau, nhung ddi véi cac nha
cung cap dich vu khéac nhau, cac may chu c6 thé khac nhau vé cau hinh hoac
cach van hanh, khi cac may chi c6 15i s& 1am cho phién tryc tuyén bi gian doan
hodc khong duoc lién tuc trir khi cé giai phap sa dung may chu du phong.
Nhitng van dé nhu viéc phu thudc vao nha cung cip, kha nang mé rong va ciing

nhu chi phi bao tri cao s€ gay ra nhirng thach thirc cho céac giao thirc nhu RTSP.

Server Nguwoi dung

Hinh 1.2: Mé hinh phat truc tuyén HAS
So véi md hinh phat truc tuyén truyén théng, mé hinh HAS sir dung
HTTP nhu 13 mét tng dung va sir dung TCP 1 giao thtc cho 16p truyén tai, va
ngudi dung Iy dit liéu tir may cha HTTP chuan nhu Hinh 1.2. Co ban, cac may
cha nay chi chtra noi dung da phuong tién. Giai phap HAS trién khai theo co
ché twong thich dong tly theo nhiéu diéu kién két ndi mang khac nhau dé cung

cap trai nghiém phat truc tuyén lién tuc, chi it ciing muot ma hon. File da
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phuong tién nhu video hoac ludng dit liéu phat truc tuyén nhan tir ngudn phat,
trude khi dugc phét s& dugc chuan hda tai may chu HTTP. Céc file nay s& duoc
chia nho thanh cac phan doan (con goi la chunk) véi muc thoi luong twong tng.
Cac phan doan dugc ma hoa véi cac mic toe do bit khac nhau, twong tng véi
chét lugng khac nhau, bing céch st dung céc bo ma héa hoic chuyén ma. Theo
d6, may chu tao céc file ddu muc, day 1a danh sach bao gdm dia chi web may
chu HTTP, cac phan doan video kha dung dé xac dinh cac phan doan thuoc
may chu nao va thai gian kha dung. Trong sudt mot phién HAS, dau tién nguoi
dung s& nhan bang ké chi tiét bao gom di liéu cua video, &m thanh, phu dé va
cac tham sb khac, sau d6 sé& tién hanh thuong xuyén do dac cac tham sb bat
budc nhu: bang thong mang kha dung, trang thai boé dém, pin va tinh trang CPU,
v.v. Nguoi dung dau cudi sé& lva chon chét lugng cac phan doan s& duoc tai
xuéng tiép theo trong sé cac cac phan doan duoc luu trir tai may chu tly theo
cac théng sé do dac duoc.

Truyén phét video qua HTTP c¢6 mot s6 loi ich 1a co sé ha tang Internet
da phat trién dé hd tro HTTP mot cach hiéu qua. Ngoai ra, hau hét tat ca cac
tuong lira déu dugc ciu hinh dé hd trg cac két ndi cia HTTP. Thém vao d6, voi
phat truc tuyén qua HTTP, dau cudi ngudi dung sé quan Iy viéc truyén phat ma
khdng can duy tri trang thai phién két néi trén may chu. Do d6, viéc trién khai
dich vu vai s6 luong Ién ngudi ding khong gay ton kém tai nguyén may cha
nén hién nay chii yéu st dung cac giao thiic hoat dong trén nén tang HTTP dé

cung cap cac dich vu phat truc tuyén video.
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Hinh 1.3: Téng quan phét truc tuyén twong thich téc d bit qua HTTP
Theo d6, video dugc luu trix tai cA&c may chu video, chia thanh nhiéu phan
doan, thuong 12 vai gidy. Mdi phan doan duoc ma hda thanh nhiéu mic téc do
bit khac nhau. Phan doan c6 muc téc do bit cao hon dong nghia véi chit luong
cao hon va c6 kich thuéc I6n hon. Muc téc d6 bit cua cac phan doan video
duoc can chinh dé truyén phat duoc muot ma, lién tuc, nghia 13, cac chuong
trinh phét video tai nguoi ding c6 thé chuyén sang cac muc toc do bit khac
nhau cua cac phan doan video ma khong tac dong dén cac doan du phong hoac
khéng bo qua cac phan caa video.
Hinh 1.3 mé ta tién trinh phat video truc tuyén qua HTTP hién nay.

* Dt liéu video dugc chia nho thanh cac chunk — cac phan doan video,
duoc ma hoa véi cac mic chat luong khac nhau va luu trir tai may cha
(streaming server).

« Phan mém tai phia nguoi dung (media player, web browser, ...) can két
ndi dén may chu va xac dinh tép video trén may cha streaming mudn
xem.

« Nha cung cép dich vu s& gui lai cho ngudi ding danh sach cac may cha
chira video va danh sach tdc do bit cua céac video sin cé

« Nguoi ding s& yéu cau timg phan doan video, bang cach sir dung cac
thuat toan tuong thich téc do bit (ABR: Adaptive Bitrate Algorithm).
C4c thuat toan nay sir dung nhiéu thdng sé dau vao (nhu 1a tinh trang caa

bo dém, do thong luong mang,...) dé lya chon muc te do bit caa phan
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doan video tiép theo. Khi cac chunk da duogc tai vé thiét bi nguoi ding,
s& duoc luu trir trong b dém, duoc giai ma (decode) va sau d6 hién thi
thong qua cac chuong trinh choi video (Vi du: VLC, KMPlayer nhu da
ndi & trén),luu v rang phan doan mudn phét phai duoc tai xudng hoan
toan.

Lich sir caia truyén tryc tuyén cé tir 1au va hinh thirc nay dugc xem nhu

lan dau vao nhitng nam 1890, d6 1a khi Am nhac duoc phét truc tuyén thong

qua mang dién thoai . Tinh dén 2020, thi truedng phat truc tuyén cé tri gia hang

ti dola va udc tinh tang truong mé rong hang nam tr 21% tor nam 2021. Cac

nha céng nghé khong 16, nhu 1a Facebook, Twitter va Youtube dau tir manh mé

va gianh giat thi phan béo b khong 16 nay.

Phét truc tuyén video dugc su dung rong rii trong cac ang dung mang
nhu: cac phan mém (cac ang dung nghe nhac, xem phim nhu VLC,
KMPlayer; hay cac trinh duyét web nhu: Internet Explorer, Google
Chrome...) trén cac may khach truy cap va xem video tur cac may chu
theo md hinh may chi/may khach; cac ang dung hop truc tuyén, dio tao
tu Xa.

Vi phat truc tuyén video dong vai trd ngdy mot quan trong trong mang

Internet nén di c6 nhiéu giao thirc phat truc tuyén video duoc phat trién, phuc

vu hi¢n nay, bao gom:

Real Time Transport Protocol (RTP)
Real Time Messaging Protocol (RTMP)
HTTP Live Streaming (HLS)

Adobe HTTP Dynamic Streaming (HDS)
I1S Smooth Streaming

MPEG-DASH

Trong cac giao thuc trén, RTP va RTMP hoat dong tbt trong cac mang

IP dugc quan ly. Tuy nhién, trong Internet ngay nay, cac mang duoc quan ly

da duoc thay thé, nhiéu mang khdng hd trg truyén phat RTP. Ngoai ra, cac goi
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RTP va RTMP thuong khong dugc phép thong qua tuong Ita. Cac giao thuc
con lai déu dya trén nén tang HTTP.

Phat truc tuyén video 1a tng dung chiém phan 16n luu lwgng Internet
ngay nay. Cac phuong thirc phat video ngay cang dugc cai thién va nang cao
chét luong. Bén canh d6, két ndi bang thong rong clng véi sy phét trién cua
cac thiét bi di dong 3G/4G/5G, do d6, ngudi dung cd thé sir dung nhiéu loai
thiét bi khac nhau dé truy cap kho noi dung da phwong tién khong 16 bang nhiéu
phuong thic két ndi véi toc do truy cap Internet khac nhau. Tuy nhién, ciing
chinh diéu nay dit ra thach thirc cho cac nha cung cap dich vu trong viéc dam
bao nguoi dung nhan duoc céc video vai chat luong cao va xem lién tuc, khdng
bi dung hinh.

Nhiéu nghién ctru di chimg minh, nguoi ding s& nging xem cé4c video
khi ¢ cac khi ¢ cac van dé xay ra, nhu 16i ngay tir lGc khai dau xem video
hoac chuyén d6i tir mic chat lugng cao nhat sang chat luong thap nhét,... va
anh huong nghiém trong dén thu nhap cua cac nha cung cap dich vy. Piéu nay
bi anh huong tir nhiéu yéu té nhu chat lugng mang, thiét bi dau cudi va phuong
thire truyén.

Pé giai quyét cac van dé nay, cac nha cung cap dich vu ndi dung trién
khai va téi wu cac thuét toan tuong thich toc do bit (Adaptive Bitrate algoritms
— ABR algorithms) nham muc dich chinh 13 nang cao trai nghiém ngudi ding
(Quality of Experience — QoE) trong cac diéu kién két nbi khac nhau dé nguoi
ding cha dong lua chon chat lwong cac cac phan doan video tiép theo véi mic
QOE 6t nhat — dya trén sy giam sat cac diéu kién kha dung nhu thong luong
mang, tinh trang bo dém phat lai,...

1.1.2 Vai tro ciia QoE va cdc yéu to anh hwéng dén QoE

Quality of Experience — QOE trai nghiém nguoi dung la sy danh gia
cam nhan ctia nguoi dung vé chét luong cia dich vu, ¢ day 1a chat luong video
ma nguodi dung nhén dugc khi st dung dich vu phat truc tuyén. Do ¢6 nhiéu

giao thirc phat tryc tuyén, nén viéc danh gia QoE kha khé khan.
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Lua chon tdc do bit dé téi vu QoE 13 mét nhiém vu ddi mit véi nhidu
kho khan, thach thirc khac vi c6 nhiéu van d& ma mot ABR phai d6i mat: (1) 1a
su bién doi théng lugng mang [12] (Zou et al., 2015), (2) mau thudn giira cac
tham s do ludong danh gid QoE, nhu 14 cdc phan doan video phai co mirc tc
d6 bit cao hon - ddng nghia cac phan doan nay c6 kich thudc 16n hon - dong
thoi phai dam hién tuong rebuffer & mirc thap nhét va (3) 1a su phan cuc trong
khoang thoi gian dai, nghia 1a video duoc ma héa va chia nhé thanh nhiéu phan
doan, thuat toan ABR phai dam bao t6i da hoa tham sé QoE cho tat ca cac phan
doan video nay.

C6 nhiéu ham dinh nghia cac tham sd do ludng QoE, nhung c6 hai
nguyén té quan trong nhat anh huong dén nguoi dung da dwoc nhiéu tai liéu
chting minh, céc yéu té nay quan trong, anh huéng truc tiép dén nguoi ding,
hau nhu quyét dinh dén viéc khach hang co tiép tuc st dung dich vy hay khéng
d6 1a chét luong cua cac chunk- phdn doan video ma khéach hang nhan duoc va

tong thoi gian video bi diing hinh do hién tugng rebuffering.

1.2. Két luan chwong

Chuong nay di trinh bay cac co s& Iy thuyét can thiét khi nghién ciru vé
phat truc tuyén video. Vai trd ctia QoE ciing nhu cac yéu t6 anh hudng ctia né
dén qua trinh phat tryc tuyén. Chuong tiép theo sé& trinh bay cac cong trinh
nghién ctru ma luan vian tham khao, nhitng cong trinh nay da goép phan dinh

huéng nghién ctru cho dé tai.
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CHUONG 2. CAC THUAT TOAN LUA CHON TOC PO BIT
TUONG THiCH TRONG VIDEO STREAMING

2.1. Téng quan

Dé danh gid cac hiéu qua ctia cac giai phap di co, phai str dung mot thudce
do tong thé dé danh gia chat luong video vi trai nghiém ciia nguoi ding bi anh
hudng manh mé boi mirc chét lugng nhan dugc. Voi muc chét lugng cao hon
rd rang mang lai trai nghiém t6t hon va nguoi dung khong hai 10ng véi chat
luong video suy giam mot cach dang ké. Ngoai ra, gia tri QoE ciing c6 thé bi
suy giam dén muec t6i té do hién tuwong video bi gian doan thudng xuyén vi sy

bién dong bang thong kha dung.
2.1.1 Céc thugt todn tiwong thich téc dé bit hién cé va xu hwong sdp téi

Trén thuc té, muyc tiéu chinh ctia cac thudt toan tuong thich tdc d6 bit 1a
nham t8i uu hoa chat lugng video nhan dugc tai nguoi dung, tdi da hoa QoE.
Céc thuat toan nay duoc trién khai tai dau cudi ngudi ding va ty dong lya chon
murc chat lugng cua cac phan doan video dugc tai tiép theo dua trén viéc quan
st cac thong s6 nhu ude luong thong lwong mang va tinh trang kha dung cua
bd dém. Tuy nhién, viéc udc luong ndy gip nhiéu thach thic do thong lugng
bién dong, mau thuin trong cac théng sd danh gia QoE (chat luong cao, it dling
hinh va video phai mugt ma,...).

Cac thuat toan tuong thich tdc d6 bit ban dau c6 thé duoc phan thanh hai
16p chinh dugec mo ta nhu trong Hinh 2.1: thuat todn dya trén thong luong mang
va thuat dua trén bo dém. Va sau do dugc phat trién thém thanh thuat toan két
hop cé hai thuat toan co ban ban dau.

Ddi véi nhoém thuat toan dua trén thong lugng mang, dau tién thuat toan s& ude
tinh thong luong mang kha dung bang cach st dung cac thong sé c6 thé thu
thap dugc nhu chat luong ciia phan doan di tai xubng trude do, luu lugng mang

trude d6 va sau d6 yéu cau muc chat luong video cao nhat ma mang dugc du
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doan co thé xir Iy. Vi du: du doan thong luong dya trén gia tri trung binh cua
thong lugng trudc do ciia mat $6 phan doan da duoc tai xuéng. Mic du ¢6 nhiéu
nd lyc nhim cai thién hiéu suit nhung thuc té, thuat toan dua trén thong luong

van kho thuc hién

Bandwidth
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|

| |

| |

| |

I i

| Bitrate I ! (" Segment HTTP
1

| |

| |

| |

| I

Selection
Algorithm I | Downloader

Media Playback

Hinh 2.1. So' @6 m6 phéng cac thuat toan ABR phé bién ban dau

Cac phuong phap dua trén bo dém xem xét viéc st dung bd dém phat lai
ctia khach hang khi quyét dinh muc chat luong cta ciia phan doan tiép theo.
Muc tiéu 1 giit cho ving dém duéi mot ngudng sao cho cin bang giita muic
chét luong va thoi gian phat lai. Thuat toAn BOLA t6i wu hoa gia tri QoE bang
cach st dung cong thirc t6i vu hoa Lyapunov. BOLA ciing hd trg viéc bo qua
tai xudng phan doan tiép theo, khi d6, trinh phat video c6 thé tai lai mot phan
doan ¢ muc bitrate thap hon néu nghi ngd rang sip xay hién tuong dirng hinh
(rebuffer).

Bén canh cac phuong phap doc 1ap, mot sé nghién ciru nham muc dich
két hop hai cach tiép can nay: sir dung két hop hai thong sb thong luong mang
va tinh trang by dém dé quyét dinh lva chon mtrc chét luong cia phan doan
video tiép theo. MPC 1a thuét toan dién hinh cho nhém nay. Thuat toan MPC
st dung céc thuat toan diéu khién mo hinh du doan sir dung cd udc tinh thong
luong va thong tin dung luong bd dém dé chon chat lugng ciia phan doan tiép
theo duoc tai Xuéng, véi muc tiéu chinh van 1 nham mang lai chét lugng video
cao nhat cho ngudi dung, t6i da hoa gia tri QOE. Tuy nhién, viéc tinh toan van

trén két qua du doan, do do, thuat toan MPC t6n tai nhugc diém 16n, d6 1a phu
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thudc rat nhiéu vao d6 chinh xéac cua két qua du doan thong luong, dan dén
hiéu sudt cta thuat toan co thé bi suy giam dang ké néu két qua du doan khong
chinh xac.

Mot hudong nghién ctu khac 1la ap dung phuong phap hoc ting cuong
(Reinforcement Learning: RL) dé phat truc tuyén video. Cac cong trinh cua [14],
[15], [16] sir dung hoc ting cuong & dang bang tim kiém, thay vi mang no-ron. Di
v6i dang bang tim kiém, hoc ting cudng s& hoc ham gia tri cho tat ca cac két hop c6
thé c6 ctia cac trang thai va hanh dong rd rang, tuy nhién, giai phap nay khong thé ap
dung khi khong gian trang thai tang 1én. Pensieve la giai phap ap dung Deep RL, giai
phap nay str dung mang no-ron thay vi sir dung cac bang tim kiém. Thuét toan lua
chon toc do bit tuong thich ctia Pensieve dugc tao ra bﬁng cach st dung cac quan sat
vé két qua hiéu suat cta cac quyét dinh trude diy qua mot sd lwong 16n céac thir
nghiém phat truc tuyén video. Piéu nay cho phép Pensieve t6i uu hoa chinh sach cua
minh tuy thudc vao cac dic diém mang khac nhau va tdi uu cac tham sé QoE mot
cach truc tiép tu kinh nghiém dat duogc.

Tir nhitng phan tich trén, chiing ta co thé thay, cac giai phap truyén théng gan
nhu dua trén sy “du doan”, va tuy thudc vao két qua cua du doan s¢€ thu dugc két qua.
Néu két qua du doan khéng chinh xéac, s& lam hong ca qua trinh tinh toan. Va tir
nhitng ton tai d6, hoc ting cudng voi nhitng wu diém vuot trdi da dugce chimg minh
trong cac nghién ctru gan day trd thanh xu huéng nghién ciru chinh trong viée toi uu
va nang cao trai nghiém nguoi ding trong dich vu phat truc tuyén video — dich vu

dang chiém phan 16n luu lugng mang Internet.

Reward QoE metric

andwidth

o 4
o
W

t Client-side network and video player measurements

state

Hinh 2.2: Ap dung hoc ting cwong trong viéc lwa chon chat lwong video
theo giai phap Pensive
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Hinh 2.2 tém tat cach hoc ting cudng c6 thé dugc str dung dé trién khai
viéc tuong thich tbc do bit trong phét truc tuyén video. Theo d6, chinh sach
huéng dan dé thuat toan tuong thich tdc do bit dua ra quyét dinh Iya chon tdc
dd bit cua phan doan video tiép theo duoc tai xuéng khong phai thuc hién mot
cach tha cong. Thay vao do, quyét dinh cta thuét toan c¢6 duge tir viéc huin
luyén mdt mang no-ron. Tac nhan hoc tang cuong s€ quan sat mot tap hop cac
chi s6 bao gdm trang thai kha dung cua b dém tai phia nguoi dung, cac quyét
dinh veé téc do bit trude d6 va mot sb thong tin vé tinh trang mang (vi du: cac
phép do thong luong) va cung cap cac gia tri nay cho mang no-ron lam di liéu
dau vao, dir liéu dau ra thu dugce 1a quyét dinh lua chon téc do bit cua phan
doan video tiép theo duogc tai xuéng. Két qua QoE sau d6 duoc quan sat va
chuyén trd lai cho tdc nhan ABR nhu mét phan thudng. Tac nhan sir dung chinh
thong tin phan thudng nay dé huan luyén va cai thién mé hinh mang no-ron cua

7

no.

2.2. QoE va cach danh gia QoE

Nhu da noi ¢ trén, Quality of Experience — QOE - trai nghiém nguoi
ding- 1a sy danh gia cam nhan cta ngudi dung vé chat luong cia dich vu, ¢
day la chét lugng video ma nguoi dung nhan dugce khi stir dung dich vu video
tryc tuyén. Theo yéu cau thuc té, QoE cang cao cang tét. Tuy nhién, QoE bj
anh hudng boi nhiéu yéu t6 khac nhau nén viéc xdy dung cong thirc cho QoE
cling 1a mot thach thac 16n
2.2.1 Cong thirc QOE phaét truc tuyén video

Doi véi video streaming, mot video dugc chia thanh nhiéu phan doan N
vai thot lugng béng nhau t. Mdi phan doan dugc dugec ma hoda vdi cac mic
chat luong L khac nhau va duoc phan bd thanh cac ludng riéng 1é véi cac cap
d6 va tén quen thudc: nhu 720p, 1080p, 1080p @ 30fps. Pdi véi cac phan doan
c6 cung chi s6 n, mirc chit lvgng cao hon déng nghia voi kich thudce 16n hon.

(c(n, ) < o(n, ) va(q(n ;) < q(n,1y), 3 < l,. Theo d6, nguoi dung
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yéu cdu mot phan doan tir may chil va phan doan dugc tai xuéng may khach.
Céc doan d3 tai xudng dugc phat lai tai phia nguoi dung.

Thay vi ghi tryc tiép phan doan di tai vao bo nhd ciia may khach, phan
doan tai xudng s& duoc luu trit trong “Replay Buffer” — bd dém phat lai Q trude
khi duoc phat, sau d6 s& duoc luu trit trong RAM (B6 nhé truy cdp ngau nhién).
Kich thudc bd dém phat lai dugc xac dinh trude tuy thudc vao may khach,
nhung théng thuong no c6 thé kéo dai hang chuc gidy. Bé dém phat lai st dung
quy tic first-in-first-out: cac phan doan duogc tai xubng trude sé& duge phat
trudc. Phan doan phai duoc tai Xuéng dﬁy da vao bo dém phat lai va moi bat
dau phat.

Trinh phat video yéu cau mirc dém phat lai ban dau Q,,;,, truéc khi bat
dau phat, tic 1a cac phan doan P duoc tai xudng tir trudc trude va s& khong
duogc st dung trong muc tiéu t6i wu hoa (thuong 1a P = 1). Khi bd dém phat lai
vuot qua mic ngudng trén Q. ,,, trinh phat video s& dimg yéu ciu cac phan
doan mai. Nguoi dung phai doi mirc bd dém giam xudng dudi Q,,4, dé g lai
yéu cau phan doan méi. Trinh phat video bi hién tuong rebuffers (dtng hinh)
khi chi sé phan doan sép dugc phat tiép theo khong c6 sén trong bd dém. Sau
d6, trinh phat video tam dirng phat va doi phan doan méi cho dén khi né dugc
tai xudng hoan toan va giy ra hién tuong dimg hinh. Theo danh gia, hién tuong
dimg hinh khi dang xem tac dong manh m¢ dén trai nghiém chat luong cua
nguoi dung.

Cac thuat toan tuong thich tdc d6 bit nham toi wu hoa chat luong trai
nghiém QoFE cuia ngudi dung trong cac diéu kién khac nhau dé tu dong chon
chét lugng cho timg phan doan (1a cac block 4 gidy nhu d3 néi & trén) dya trén
viéc quan sat do kha dung, chéng han nhu udc tinh thong lugng mang va kich
thudc cua bd dém phat lai, nham gidm hién tuong ding hinh.

C6 nhiéu phuong phap [6], [12] danh gia chat luong cia cac thuat toan
tuong thich toc do bit trong viéc cai thién va nang cao gié tri QoE, diém chung
1a cac phuong phap nay tap trung vao hai yéu t6 chinh d6 13 chit luong tong

cua doan video ma ngudi dung nhan dugc va thoi lugng video bi dung hinh.
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Nghia la tdi da téng cac gia tri cuc dai chat luong q cua video duogc tai xuéng,
trong khi van dam bao video duoc phat lién tuc, khong bi gian doan (ttc 1a
phan doan video thtr n phai duoc tai xuéng hoan toan trude khi phan doan video
thr n-1 phat xong) nhung khong gidi han kich thudc b dém phat lai (ttrc 1a
Qpax = ©).

Theo [6], [12], cong thirc cho ham QoE dugc tinh nhu sau:

N N
z q(Rn) —a 2 Tn
n=1 n=1

N
= ) 10(Ra) = 4Ry )| (1)
n=1

Trong biéu thirc (1) gdm c6:

e N la tong s6 phan doan (chunk) cua video

e R, latdc do bit cia phan doan thir n

e q(R,) la ham do loi twong Ung véi gia tri toc do bit R, ciia phan
doan thtr n v6i mac chit lugng ngudi ding nhan duoc. Gia tri
q(Ry) = Ry,

e T, la thoi gian ding hinh

e |q(R,) — q(R,_1)| 1a @6 sai léch mirc chat luong cta hai phan
doan lién ké.

e «avaf lacac hé sé giam trir do 16i diing hinh va 13i chuyén doi
muc chat luong tuong tng. Gid tri @ = 2.66 va f = 1 duogc sur
dung theo [6]

Tir cong thie (1) ta c6 thé thay, nhim ning cao QoE, nang cao chit luong
trai nghiém ngudi dung, d6 1 nang cao tong chat luong video nhan duogc, giam
thiéu hién twong dimg hinh va giam chuyén doi mic chat lugng video tai cac
thoi diém twong Gng, va day ciing chinh 1a muc tiéu ma cac thuit toan ABR

huéng dén.
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2.4. Két luan chuong

Trong chuong nay thong qua viéc nghién ctru tim hiéu duge mot sb thuét
toan hién c6 cling nhu xu huéng trong tuong lai, dong thoi ciing trinh bay cong
thirc vé QoE cho phat video truc tuyén. Tao nén tién dé va co so ving chic cho

nghién ctru cua dé¢ tai luan van nay.
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CHUONG 3. GIAI PHAP NANG CAO CHAT LUQNG
PHAT TRUC TUYEN VIDEO: HQC TANG CUONG
(REINFORCEMENT LEARNING)

3.1. Phwong phap hoc tang cwong
3.1.1. Téng quan vé hec ting cwong

C6 réat nhiéu giai phap cho phét truc tuyén video, véi muc tiéu chinh 13
nang cao chat lugng QoE, dem lai cho ngudi dung trai nghiém tét nhat. Tuy
nhién, nhu d3 néi, chat lwong thu duge cua cac giai phap hién co tiry thudc vao
két qua dy doan. Néu két qua dy doan sai, két qua thu dugc c6 thé khong tot,
dan dén chat luong video kém, kéo giam gia tri QoE. Va tir d6, dé khac phuc
cac han ché cua cac giai phap trudce do, giai phap hoc ting cuong duoc dé xuat
va da ching minh duoc hiéu qua trién khai thuc té.

Hoc tdng cuong l1a viée huin luyén cac mo hinh hoc may dé dwa ra mot
chudi cac quyét dinh. Trong hoc ting cudng, st dung mot tac nhan (agent)
tuong tac véi moi truong (environment). Tai thoi diém t, tic nhan ldy thong tin
tir moi trudng dé tim ra trang thai s, , tir d6 tac nhan s& thyc hién hanh dong
a,. Tac nhan s& nhan dugc phan thuong (reward) r, tuong (mg véi hanh dong
a,, trong khi trang thai ctia méi trudng thay doi tir s, sang s, . Gia trj cia r, s&
cho biét tinh trang hién tai ctia méi truong 1 tét hay xau. Muc tiéu chinh caa
no 1a toi da phan thuong tong, goi la loi tac. Hoc ting cuong 1a cach dé tac

nhan hoc céc thao tac ndy va dat duoc muc tiéu dé ra.

™| Agent Il
state reward action
S. R, A.
i R.. [ ‘
i S.. | Environment ]-1——-—-—-——

\

Hinh 3.1: Se' @6 tong quan RL
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Hinh 3.1 m6 ta cach tac nhén thu thap trang thai s, cua moi truong, thuc

hién hanh dong a, va thu dugc phan thusng .

Hai thanh phan chinh cua hoc ting cuong 13 tic nhan va méi truong. Mai

truong 14 noi tac nhan ton tai va tuong tac. O mdi bude twong tac, tic nhan s&

quan sat va thu thap thong tin tinh trang ciia méi trudng va quyét dinh hanh

dong tiép theo. Moi truong cd thé thay doi khi co tac nhan tac dong hoic tu

thay d6i, khong can tac dong nao.

Dé hiéu rd hon thé hon, ching ta can giGi thiéu va 1am rd mot sé thuat

ngwr str dung trong hoc tang cuong:
— khong gian trang thai,
— khong gian hanh dong,
— chinh sach,
— quy dao,
— phan thuéng va loi tic,

— va cac ham gia tri: Q-funtion, V-function.

3.1.2. The RL Landscape: Cac mé6 hinh RL

RL Algorithms
( . B
' A}
Model-Free RL Model-Based RL
',—/ k__\
( ’ N r~ ' 2
] A} \} l
Policy Optimization Q-Learning Learn the Model Glven the Model
Policy Gradient < > DQN » World Models > AlphaZero
» DDPG <
A2C / A3C C51 > I2A
» TD3 «
PPO j— QR-DQN MBMF
> SAC « {
TRPO « . > HER > MBVE

Hinh 3.2: Cac md hinh RL
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3.2. Q-Learning va Deep Q-Learning
3.2.1. Q-Learning
3.2.2. Deep Q-Learning

viét tit 1a DQN. DQN Ia thuat todn hién dai trong ho Q-Learning, 1a su két hop
ctia phuong phép hoc sau va Q-Learning, va khi trién khai trén DASH nhiam dat duoc
chinh séch t6i vu cho mé-dun diéu giao thirc twong thich DASH. Hé théng hoc may
nay da duoc st dung trong céac hé thong phuc tap trong cac cong trinh nghién cau va

thé hién hiéu suat vuot troi, di phuong phat nay méi xuat hién gan day.

DQN loss function

gradient

wrt loss maxzQ(s',a"; 67)

Q eval network

argmax,Q(s.a; 9)

Environment

Hinh 3.3: So' @6 hoat dong ciia DQN

Hinh 3.3 mé ta so d6 hoat dong cua giai phap hoc ting cuong DQN. Néu
xem ndi dung video dudi dang mot chudi cac canh véi thoi luong duoc phan
phéi theo cép s6 nhan, dich vu phat truc tuyén video c6 thé dugc mo hinh hoa
nhu mot mot chudi quyét dinh Markov voi khong gian hanh dong A, khong
gian trang thai S va ham phan thuong p: S xS x 4 — R. Tuong ung, & day sir
dung qt dé biéu thi hanh dong tai xudng mot phan doan t véi chat luong hinh
anh qt. Hanh dong qt € A, dugc 1ay khi hé théng & trang thai cho trude st €S,
xéac dinh phan phdi théng ké cta trang thai tiép theo st + 1 va phan thuong p
(st, st + 1, qt) dat dugc & bude t. Ham ton that L tai bude t duoc danh gia thong
qua bd bdn tham sé e; = (s, q;, Tt Se+1), duoc xem nhu 1a trdi nghi€ém cua tac

nhan tai budc t va duogc tinh nhu sau:
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2
L(st q¢, Tt,5t+1) = (Tt +a m;‘X Q (Se+1, GelWe) — Q({se, q¢lwy) ) (8)

Vi 1, 1a phan thudng tai phan doan t. Déi voi DASH, khi trién khai
DQN, c6 hai mang no-ron sau dugc st dung. Mang thir nhat, v&i vector trong
s w,, duoc cap nhat sau mdi phan doan (thuong 1 sau budc thoi gian t), va
duoc dung dé xay dung bang gia tri Q-value Q({s;, g¢|w,). Mang thir hai,
thuong goi 1a mang dich, dugc su dung nham tang tinh 6n dinh cta hé théng
hoc may va vector trong s6 w; dugc cap nhat sau K phan doan, dugc thiét 1ap
bang v6i gia tri ctia mang thar nhat va dugc gitt ¢d dinh cho K-1 budc tiép theo.
Nghia 1a w, = Wy sau K phan doan. Mang dich duoc dung dé tim kiém gia tri
QUse qclwy).

Ta dinh nghia mang no-ron st dung dir li¢u dau vao 1a cac trang thai va
dir liéu dau ra la cac gia tri Q-value. Thé nhung mang no-ron dé bi hién tuong
tran néu lién tuc nhan cac trang thai giéng nhau hoac c6 tinh tuyén tinh, khi do
can phai 4p dung k¥ thuat Experience Replay dé ting tinh 6n dinh cta thuat
todn va tan dung cac dir licu da thu thap trudce do.

Thay vi véi moi trang thai dau vao, mang no-ron sé cap nhat magt lan, ta
lwru lai cac trang thai nay vao bo nhé replay-memory. Sau d6 thuc hién 1ay mau
cac trang thai nay thanh cac batch dwa vao mang no-ron va thuc hién viéc huén
luyén. Viéc nay giup da dang hoa dit liéu dau vao va tranh mang no-ron bi qua
tai. Tuy nhién, bd nhd dé luu trir va cac mau nay cling can phai du 16n dé giam
su bién dong.

Diéu nay dem lai céc loi ich sau day: dit liéu dang tin cay hon, céc mau
huén luyén it bi tring lap, chinh sach va qua trinh ldy miu doc 1ap, khong phu

thudc.
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Q-values

St ~‘ ek
AR > i oo — Choose action
i State Network - (Softmax or e-greedy)
: L
[
Clone + v qt
(Every K steps) UPDATE
Target } T
Network

St

Replay
Memory

Hinh 3.4: Lwu d6 tién trinh cap nhat

Toan b qué trinh c¢6 thé duoc chia thanh 2 giai doan lién tiép nhu Hinh
3.4, thuc thi khac nhau nhung c6 cung s6 budce thue hién, duoc goi la giai doan
huén luyén va giai doan kiém thtr.

Giai doan huian luyén: Tham s6 thim do, cu thé 1a & trong trudng hop
ctia chinh sach epsilon e-tham lam duoc giam dan. O mdi lan lap, trong s6 mang
duoc cap nhat dé giam thiéu ham ton that trong (8). Phuong phap Adam duoc
st dung lam thuat toan tdi wu hoa gradient giam dan: thuc thi tbe do hoc tap
tuong thich dé viéc hoi tu dién ra nhanh hon.

Giai doan kiém thir: Tham s6 tham do dugc dit thanh 0, do d6, chinh
sach epsilon e-tham lam thwe hién cac hanh dong duoc coi 1a tbi wu twong tGng
v6i trang thai hé thong hién tai va 4nh xa Q (st, gt | wt) tir mang noron dau tién.
Déi voi giai doan ndy, trong sb Wt d bi dong bing va khong con duoc cip nhat
trong sudt thoi gian kiém tra. Mang muc tiéu khong dugc sir dung trong giai
doan kiém tra va tit ca cac danh gia hi¢u suét déu dua trén két qua thu dugc
trong giai doan thir hai nay.

So dd qua trinh cap nhat duoc hién thi trong Hinh 3.3. Pau tién, trang
thai hién tai ciia méi truong s, dugc dua vao mang no-ron, két qua dau ra 1a gia
tri du doan Q cho mdi hanh dong co thé c6 g € A, tirc 14, cac gia tri khac nhau

cua tap tuong thich A. Sau d6, mdt hanh dong q,; dugc chon theo chinh séach e-
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tham lam hoac softmax. Khi thuc hi¢én hanh dong a;, h¢ théng chuyén sang
trang thai méi sy 4 va phﬁn thuéong maéi r; duge danh gia theo cong thirc:
r=q) — Blql) — qi—)| — y@; — 8[max(0,B™* — Bi]]* (9)
Trong do:

- q(1;) 1a ham d¢ loi, twong (tng mac chét lwong I; ctia phan doan video
thir i.

- |q(ly) — q(l;_1)] 1a d6 sai léch mirc chat lugng cua hai phan doan video
lién tiép. Muc chat luong cua video dugc xem 1 6n dinh khi d6 sai léch
bang 0 hoac rat nho. Cac phan doan video nhan dugc c6 su thay doi lién
tuc muc chat luong s& anh hudng nghiém trong dén cam nhan cua ngudi
dung.

- @, la thoi gian bi ding hinh khi phat phan doan thir i, @; duoc tinh theo
cong thuc @; = max (0,d; — B;), voi d; la thoi gian tai phan doan thir i
va B; 1a kich thudc cua bo dém (tinh theo giay).

- [max (0,B™3 — Bi ]? giam trir khi bo dém video c6 gi4 tri thip hon
murc ngudng cho truéc B™* cua bo dém. Tuy nhién, gia tri nay co thé
b6 qua trong cong thirc QoE.

- B,y vaé la cac hé s6 cho céac thanh phan giam trir do ding hinh, giam
trir do thay doi mac chat luong va giam trir khi mac bo dém thap hon
ngudng cho trudce.

Thuat toan DQN dwoc m0 ta nhw sau:
Initialize replay memory R with fixed capacity
Initialize action-value function @ with random weights w
Initialize target action-value function § with weight w;,,. = w
For episodem = 1,...,M do

Fortimestept = 1,..,N do

_ random action, with probability €
Select action a; =

arg max G(s;,a’;w), otherwise
a

Take action a, and observe reward r; and new state s, ;
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Append transition (s;, a;, 7;, St41) to R
Sample uniformly a random mini-batch of B transitions

(Sj, aj,rj,sj+1) from Rk

j for terminal stepj + 1

Sety; = {rj +y max q(Sj+1,a’; Wear ) for non — terminal step j + 1

Perform a stochastic gradient descent step w.r.t. loss function

Jw) =232 (3 - alsp aw))
Every fixed C steps, update target network w;,, = w
End for
End for

3.3. Ung dung DQN dbi véi Video Streaming

Nhu d3 noi & trén, DQN 1a phuong phap hoc két hop hoc ting cudng Q-
Learning véi giai phép hoc sau, str dung cac mang no-ron, va thuc hién hoc mé hinh
thong qua mot tap hop cac hanh dong do tac nhan hoc tang cuong dua ra.

Tai thoi diém t, twong Gng véi trang thai moi trudng st, khi tac nhan thyc hién
hanh dong a,, s& twong tic véi moi trudng, moi trudng sé chuyén sang trang thai s;,,
, va nhan duoc phﬁn thudng 1,1 . Muc ti€u cua vi¢c hoc 1a dua ra chudi hanh dong

nham dat dugc gia tri tdi da ciia tong phan thudng nhan duoc.
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— reward (QoE)

I S |
trang thai: ! e chat
- b%’mgthéng = a luong cua
. tocdobit —* , —> h;‘gd
- bddém - - | phan doan
Y o :

I DRL agent

Hinh 3.5: M hinh hoc ting cwong cho van dé phat video
twong thich téc d bit qua HTTP
Khi 4p dung giai phap DQN vao phat tryc tuyén, nhu Hinh 3.5, khong gian

trang thai , CAC cdc ham phan thudng, hanh dong, ham phan thudng, tac nhan hoc
tang cuon dugc dinh nghia nhu sau:

Trang thai (trong ung vai gia tri st) dugc dinh nghia la tap hop cac quan sat
tr moi truong hién tai nhu udc tinh thong luong mang, do tré, chét lrong cua Cac
phan doan video vira tai vé trudc d6, kich thudc ctia phan doan tiép theo twong tng

v6i cac muc chat lwgng khac nhau, s6 phan doan video con lai,...

Hanh dgng (tuwong Gng vdi gia tri at): hanh dong dugc dinh nghia 1a lya chon
chat luong phan doan video tiép theo, tiy thudc vao két qua cia viée quan sat trang
thai cia moi truong.

Tac nhan hoc ting cwong (DRL agents) trong hudng nghién ctru ctia luan
van la thuat toan DQN.

Ham phin thwéng (reward) 13 gia tri QoE tong thu thap dugc, 14 sy tong hop
gitra d§ 191 mang lai tir chét luong cua cac phan doan video lién tiép, gia tri nay s¢ bi
giam trir néu hai phan doan lién tiép c6 murc chat lwong khac nhau va giam trir khi bi
dung hinh. Theo d6, ham phéan thudng cia phan doan video thtr i duoc tinh theo cong
thuc (9)
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Sau qu4 trinh huin luyén bing cach st dung thuat toan DQN, két qua thu vé
1a gi4 tri QoE tinh toan dugc tir cac hanh dong lya chon muc chat luong cta phan

doan video tai tiép theo.

3.4 Két luan chwong 3
Chuong 3 d4 néu 1én van dé ma luan vin s& d6i mat va dé xuat quy trinh nghién
ctru. Trong chuong sau, luin vin s& trinh bay quéa trinh cu thé qué trinh xay dung va

danh gia két qua dat duoc.
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CHUONG 4. CAI PAT VA THUC NGHIEM

4.1. Cong cu mo phéng

Ttr c6ng thie danh gia QoE va két qua chuong 3, luan van tap trung xay
dung cdng cu md phong bang viéc sa dung md ngudn mo nhu Pytorch,
Stable_Baseline 3 va OpenAl Gym.

4.1.1. PyTorch

PyTorch [18] (Paszke et al., 2019) 1a mot framework hoc may mé ngudn
mé , giup tang tdc 16 trinh tir cic mAu nghién ctru dén trién khai thuc té.
PyTorch cung cép hai tinh ning cao cap: (1) Tinh toan tensor (giong nhu
NumPy) nhung vé&i kha ning ting toc manh mé thong qua GPU va (2) Mang
Deep neural duogc xdy dung trén hé thong phan biét tu dong theo phan loai.
PyTorch dang thinh hanh trong cong déng nghién ctru do tinh ning dong cia
n6 va hau hét thu vién RL duoge xay dung trén PyTorch cho phép toan quyén
tuy chinh..

4.1.2. OpenAl Gym Environment

Gym [19] (Brockman va cong su, 2016) 1a mot bd cong cu dé phat trién
va so sanh c4c thuat toan Reinforcement Learning. Ho trg day céc tac nhan moi
thir, tir di bo dén choi trod choi nhu Pong hodc Pinball. N6 khong c6 gia dinh
nao vé cau tric cla tic nhan va cé thé tuong thich véi bat ky thu vién sb tinh
toan nao..

4.1.3. Stable_Baseline 3

Stable_Baseline3 [20](SB3) (Rafn va cdng su, 2021) 1la mot framework
ma ngudn ma trién khai cac thuét toan deep RL khong theo mo hinh di duoc
stt dung pho bién. Thu vién rat cha trong dén tudn thu cac phuong phap hay
nhat vé k¥ thuat phan mém dé dat duoc céc trién khai chat luong cao phu hop
v6i cac két qua trude d6. Mdi thuat toan da dugc chuan héa trén cac moi truong
chung va so véi cac lan trién khai trude. BO thir nghiém bao gdm 95% ma va

cing voi véi cac thay doi dang xem xét ky ludng dya trén ngudi dung dang
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hoat dong, dam bao rang bat ky 16i trién khai nao duoc giam thiéu. Vao thang
11 nam 2021, SB3 ¢6 hon 800 sao trén GitHub, hon 100 van dé da duoc xu 1y
va hon 80 yéu cau hop nhat, lam cho SB3 trd thanh mét trong nhiing thu vién

RL pho bién nhét.
4.2. Tap dir liéu dung cho qué trinh mé6 phéng

Déi v6i video, qué trinh mé phong sir dung tap dit liéu video Elephants
dream [15] (Blender, 2014). Video dugc ma hoa thanh 20 mirc chat luong khéc
nhau v&i moi phan doan c6 thoi luong 4 gidy. Bay mitc ma hoa bitrate sau:
[700, 900, 2000, 3000, 5000, 6000, 8000] Kbps dugc chon, tuan theo cac chu
tric ctia (Google, 2021), 1 cac murc chat lugng pho bién, than thudc voi nguoi
dung la: (240p, 360p, 480p, 720p, 720p @ 60fps, 1080p, 1080p @ 60 khung
hinh / gidy). Do d6, tic nhan c6 7 hanh dong riéng biét cho mdi budc. 60 phan
dau tién cua video (N = 60) duoc st dung, c6 thoi lugng 240 gidy. Chat luong
mic dinh ctia phan doan dau tién 13 mirc chat luong thip nhét.

4G LTE: tap dit liéu 4G LTE [16](Raca va cong su, 2018) bao gom 135
doan bang thong, véi murc trung binh co thoi luong 15 phat cho mdi doan bang
thong, & mic do chi tiét 1 gidy. Tap dit liéu nay da thu thap doan bang thong
tir cac nha khai thac di dong Ireland, voi 5 kiéu di chuyén (tinh, ngudi di bo, xe
hoi, xe buyt va xe lua).

FCC: Tap dit liéu FCC chira hon 1 triéu doan, & mirc do chi tiét 10 giay
mdi mau [17] (FCC, 2019). Tbi tao 1.000 doan bing thong ngau nhién (mdi
doan kéo dai 320 gidy) cho tap dit 1iéu huan luyén va kiém thir ctia chiing t6i.

To1 stir dung tap dir li€u trong thang 9 nam 2019.
4.3. Qua trinh mo phéng

Huin luyén va kiém thir: Trong ca hai tap dir liéu, t6i chia ngau nhién
tap dit liéu thanh 80% cho huén luyén va 20% dé kiém tra. Dé ting tdc qua
trinh hudn luyén, t6i két hop bo dir liéu FCC va LTE dé huan luyén tac nhan
hoc tang cuong. Tac nhan duge huan luyén trong 590.000 budc véi 10000 tap
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deé tim ra mo hinh. Trong qua trinh huan luyén, cdc mo hinh t6t hon so v1i mo

hinh trudc do s€ s€ duoc giir lai d€ so sanh va tim ra moé hinh t6t nhat.

#Training DQN va luu mé hinh tot

, params, save= )

.env, file_name)
()
.model = ("MultiInputPolicy”, .env, verbose=1, params, tensorboard_log=logdir,device=device)
for i in (10):

.model.le (total_timesteps=NUM_STEP_PER_EP .EVAL_EPS, reset_num_timesteps= ,tb_log_name = logdir)
train_reward= .env. OL- .EVAL_EPS]
train_reward += train_reward

(train_reward)
if best_reward < train_reward and i > (2%10/3):

best_reward == train_reward

.model. =(f"{model_dir}/{ .EVAL_EPS * 1}")

Hinh 4.1: Poan code huan luyén va luu cac mé hinh tot

ass DQNEvaluator(B tor):

eve e(sel _name, params, save= )
.name = "DQN
.env = (( .env, file_name)
.env. E ()

model_dir = "models/DQN

model_path = f"{model_dir}/180@.zip"
.model = DQN. (model_path, .env,verbose=1, params, tensorboard_log=logdir,device=device, tb_log_name= lo

def test(self, file_name, bitrate_list_test_fcc, bitrate_list_test_lte):

("Evaluating on FCC...")
env = h (bitrate_list=bitrate_list_test_fcc, train= )
info_keywords = ("reward_quality_norm", "reward_smooth_norm", “reward_rebuffering_norm")
env = M (env, filename="./test_monitorFCC" + .name, info_keywords=info_keywords)
avg_reward, = = ( .model, env, n_eval_episodes=config.system_config["EVAL_EPS"],
return_episode_rewards= )
(f"Algorithm evaluation average reward: {avg_reward}") # Kieu cu

df = pd.DataF ({"eps_id": np. (¢ (avg_reward))
S /test_monitorFCC" + self.name + ".monitor.csv")
("./test_monitorFCC" + .name + ".csv")

reward": avg_reward})

Hinh 4.2: Code danh gia két qua thu dwoc theo tap dir liéu test FCC

Sau khi huan luyén, tac nhan DQN duogc danh gia kiém tra trén mot tap
thir nghiém (dugc phan chia nhu mo ta ¢ trén) trong 200 tap va ghi lai gia tri
phan thudng trung binh. Thir nghiém dugc 13p lai 10 1an va sir dung gia tri trung
binh. Dit liéu dau vao duge ¢ dinh trong qua trinh danh gia, tc 13 tai mdi
budc, thuat toan quan sat dir licu dau vao 1a nhu nhau.

Cac thuw vién ma nguf“)n mé: Su dung cac thuat toan da duoc trién khai
trong thu vién ma nguén mo Stable-Baselines3 ma khong stra d6i bat ky phan
nao cua thuat toan.

o va f: theo [6], dat =1 va st dung gia tri & = 2.66 dé kiém tra.
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4.4. Panh gia két qua md phéng

4.4.1. Cac thugt toan khéc
So sanh phuong phép tuong thich toc do bit dua trén hoc ting cudng, &
day 1a DQN, so vo1 céc thuat todn da c6 trudc d6 nhan duoc két qua nhu sau:

e Ngiu nhién (RAN): v6i thudt toan nay, tai mdi bude, mirc chat luong
video duoc Iya chon mot cach ngau nhién.

e Cddinh (CON): thuat toan nay s€ chon muc chét luong nhu nhau tai moi
bude, cu thé 12 3000kpbs, twong duong chuan video HD 720p.

e Dua trén thong luong (TRB): Muc chat luong cao nhét duoc chon nhung
phai nhé hon binh quan mirc chat luong ciia ba phan doan duoc tai xuéng
gan nhat.

e BOLA: thuat toan tuong thich dua trén thong lugng, st dung phuong
phap t6i uu Lyapunov dé giam thiéu ding hinh va t6i uu hoa chat luong
video.

4.4.2. Két qua md phéng
Két qua duoc thé hién nhu trong Bang 4.1 khi gia tri o = 2.66 va bd siéu
tham s duge lua chon sin. Thuét toan DQN co thé hoi tu sau 250.000 bude

huan luyén.

Hinh 4.3: Biéu d6 gia tri phin thwong tich lily ciia DQN khi huén luyén
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Khi so sanh QoE cua giai phap QoE véi céac thuét toan cua cac giai phap
khac khac, thuat toan dya trén DQN dem lai gia tri QoE cao nhat.
Bang 4.1: Két qua QoE khi thuc hién danh gia véi a = 2.66

ECC QoE Chgzéé?lg(zinlgﬁc Rebuﬁi;(;]rh()ﬂﬁ’ng
DON 0.821 0.19 0.06
THRB 0.726 0.20 0.03
BOLA 0.785 0.11 0.09

RAN -1.142 0.606 1.38

CON -1.686 0.044 2.8

e | e | Combdmic [ Rawie oing
DON 0.485 0.17 0.141
THRB 0.417 0.186 0.208
BOLA 0.455 0.152 0.265

RAN -2.2005 0.604 2.380
CON -3.14 0.044 4.251
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CHUONG 5. KET LUAN
5.1. Két qua nghién ciu cia deé tai

Lu4n vin “NANG CAO CHAT LUQNG PHAT VIDEO QUA HTTP
BANG PHUONG PHAP HQC TANG CUONG” da gi6i thiéu vé lich sir ciia
phat video truc tuyén va cac giai phap hién co. Tiép theo t6i phan tich cac yéu
t tac dong dén chat luong dich vu, tic dong dén trai nghiém ngudi dung va
danh gia cac tac dong nay. Sau cing, toi dé xuét giai phap, 1a cc thu vién va
cac framework dugce dung dé mo phong, danh gia két qua thu dugc. Két qua
mo phdong da chirng minh tinh hi¢u qua cua giai phap hoc tang cuong sau DQN
khi ap dung cho thuat toan twong thich toc do bit. Véi két qua 1a thuat toan
tuwong thich téc do bit dua trén hoc ting cuong thé hién uu diém so véi cac
phuong phép truyén thong.

5.2. Han ché caa luan viin

Moi truong thuc: Do quy thot gian han hep, to1 chi thuc hién viéc danh
gia thong qua két qua md phong va sir dung mot thuat toan ap dung hoc ting
cudng dé so sanh v4i cac thuat toan truyén thong ma ma khong thuc hién viéc
mo phong trong moi truong thyc nhu dash.js. Trong moi truong thuc s€ cod
nhiéu van dé hon can dé giai quyét.

5.3. Van dé kién nghi va huéng di tiép theo ciia nghién ciu

Tur két qua thuc té va dé dap ung han ché, toi xin dé xuat hudng nghién
ctru tiép theo cua luan vin 13 thuc hién trong méi trudng thyc, st dung da dang
hon nita c4c thuat toan hoc tang cuong khac, sir dung céc thu vién ma nguon
mo nhu A2C, PPO, day la cac thuat toan hién dai, cho phép thuc hién qua trinh
tinh toan song song, giam thoi gian huan luyén tac nhan. Cac thuat toan nay

cling da duoc nhiéu cdng trinh nghién ctu dé cap dén.



