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THUAT TOAN UOC LUONG BANG THONG KET HOP
DUA TREN BANG THONG PHAN BOAN CUOI CUNG

VA LAM MIN BANG THONG

THROUGHPUT ESTIMATION BASED ON LAST SEGMENT AND SMOQTH THROUGHPUT

TOM TAT

Truyén video trén giao thirc HTTP Ia cdng nghé dang va s dugc (ing dung
rong rai trong c4c g dung xem video truc tuyén trén cac thiét bi dién tu. Tuy
nhién, mt trong nhitng yéu cau truyén video la dam bao chat lwvgng dich vu QoS
t6t nhét c6 thé cho nguoi diing bang viéc digu chinh céc thong s clia video kip
thoi theo sur bién dai clia bing thong duang truygn. Vi vay, wéc leong bing thong
duong truyén nhdm nang cao chét lugng dich vu 1 bai todn quan trong dang
duoc nghién ctu trén khap thé gidi. DA ¢d nhigu nghién ciru v e lrong bing
thong, d6 la bang thong phan doan cudi cing va lam min bang thong, nhung
moi thuét toan déu ¢d vu va nhiroc diém riéng. Bai bao nay & dua ra y trong xay
dirng mot thuat toan mai cd sty két hop tru diém clia hai thuat toan trén dé cho ra
mot bd dém 6n dinh va tdc d6 bit video it thay ddi. Két qua m6 phong cho minh
chitng V& hiéu qua clia thuét to4n mdi nhdm nang cao chét lrong dich vu.

Tir khda: Bang thong phan doan cudi cing, lam min bang thdng, bang thong
két hop.

ABSTRACT

Video transmission over HTTP protocol is being and will be widely used in
applications of online video streaming in electronic devices. However, one of
the video streaming requirements is guaranteeing the best QoS for users by
adjusting the parameters of video timely according to the variation of
throughput. Therefore, the problem of throughput estimation for improving
the quality of service is an important problem which has been studied around
the world. There have been many studies on the throughput estimation,
which are Last segment throughput and Smooth throughput, but each
algorithm has its own advantages and disadvantages. This paper will give the
idea of building a new algorithm that combines the advantages of the two
over algorithms to achieve a buffer stable and less volatile video bitrate.
Simulation results demonstrate the effectiveness of the new algorithm to
improve the quality of services.

Keywords: Last Segment Throughput, Smooth Throughput, Combined
Throughput.
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1.DAT VAN BE

Nhirng nghién ctru gan day [1] da chi ra rang sd lvong
thiét bi sr dung cac dich vu xem truyén hinh truec tuyén
dang ngay mot da dang. Trong d6, dit liéu cho dich vu xem
truyén hinh tryc tuyén, truyén hinh theo yéu cau trg thanh
dich vu dwgc st dung nhiéu lvu lvong mang nhat. Hinh 1
mo ta dv doan luu lvgng st dung mang théng qua cac
thiét bi trong moét vai nam téi. Dy doan cho thay lvu lvgng
két néi mang trén cac thiét bi dién thoai di dong tdng mot
cach dang ké, tlr 81% trong nam 2015 t¢i khoang 86% tong
lvu lwgng st dung mang trong nam 2021. Dit liéu cho dich
vu xem truyén hinh truc tuyén, truyén hinh theo yéu cau sé
st dung nhiéu lvu lvgng mang nhat trong cac tng dung
trén thiét bj di dong. Hinh 2 chi ra lvu lvgng video wéc tinh
tang nhanh trong vai nam téi, véi khoang 60% trong nam
2015 lén 78% trong nam 2021 va chi 22% cho tat ca cac
dich vu con lai.
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Hinh 2. Liru lvong céc dich vu khéc nhau dugc stk dung trén dién thoai thong minh
Hé théng HTTP Streaming la hé théng méi dwgc st
dung trong ky thuat truyén video. Hinh 3 chi ra may chu
HTTP Streaming [3, 5] kh6i cong cu dwa ra quyét dinh duoc
chuyén vé may khach nén sé gidm duoc khéi lvgng cong
viéc rat [én cho may chi. Trong may chd HTTP ¢6 khéi phan
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tich phién ban, do né c6 chira cac tap tin cung moét ndi
dung nhung véi nhiéu phién ban chat lvgng khac nhau.
D6i v6i duong truyén cham né san sang hd trg cho truyén
di nhitng phién ban chét lwvgng thap dé may khach van c6
thé xem dwgc. Néu duong truyén tét thi chat lvgng phién
ban sé cao hon. Tin hiéu truyén trén giao thiic HTTP la tin
hiéu phtrc tap va mang hd tro t6t giao thirc nay.

Complex signaling
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Hinh 3. Hé thGng HTTP Streaming

Mudn cé dugc chat lugng hinh anh tét nhat cho nguoi
dung thi véc lvgng bang thdng la bai todn quan trong
dang duoc nghién ctu trén khép thé gioi.

N6i dung bai bdo phan tich hai thuat toan udc lvgng
bang thong dudng truyén moi hién nay do la Last segment
throughput [3] va Smooth throughput [4]. Tir d6, dé xuét
mot thuat toan moi dwa trén wu diém cla hai thuét toan trén
nham cho ra mot bd dém &n dinh va téc do bit video it thay
d6i d6i vai nhitng bién dong clia bang théng duong truyén.
2.KIEN THUC CO BAN
2.1. Thuat toan uvéc lugng bang théng dva trén phan
doan cudi cung

Céc co ché woc lwgng béng thong dé thich (ng voi diéu
kién mang dugc dé xuét trong [3] thuc hién theo ba yéu cau:

- Phét lai thi khéng duoc dirng lai (téc 1a bd dém tran
dwdi nén trénh).

- Str dung tdi wu tai nguyén mang, trong khi cé thé chon
mrc tdc do bit cao nhat dap ('ng mot yéu cau.

- Chuyén sang mttc chat lvgng pht hop can duoc thuc
hién cang nhanh cang tot.

Poan ma st dung cho thuat toan wéc lvgng bang thong
dwa trén phan doan cudi cling

privatevoid aggressiveAlgorithm()
{ if (currentSegment ==0)
estimatedSegmentThrps[0] = 0;
else estimatedSegmentThrps[currentSegment] =
segmentThrps[currentSegment-1];

}

Cac dac tinh clia co ché diéu khién nay nhu sau:

- Phan doan dau tién duoc tai vé ludn cé mirc toc do bit
thap nhat.

- Luén chon phan doan cé murc t6c dd bit thap nhat khi
b6 dém bi tréng.

- Thuwong xuyén thay doi mirc toc do bit clia phan doan
duoc taive.

Do co ché nay chi dva vao lvu lvgng bang théng mang
do dwac cudi cing nén tée do bit thwdng xuyén thay doéi néu
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duong truyén mang khong 6n dinh. Khi lvu lugng bang
thong mang do dwgc cubi cung cao hon muc téc do bit clia
ludng hién tai thi phan doan tiép theo dugc tai vé sé cé toc
do bit tang lén. Nguoc lai, néu lvu lugng bang thong mang
do duoc lan cudi nhé hon téc dd bit cla ludng hién tai thi
phéan doan ti€p theo duoc tai vé sé co tdc dd bit gidm xudng.

Loi thé clia thuat toan nay la viéc st dung tot nhat bang
thong c6 san. Nhing téc do bit cia moi phan doan thay dbi
qué nhiéu, lam cho chéat lvgng hinh anh trén may khach
lién tuc bi thay déi néu diéu kién mang thay doi.

2.2. Thuat toan véc lvgng dua trén Iam min bang théng

Déac diém clia thuat toan nay [4] la 1&p di 13p lai va c6
gang dé suy ra téc dd bit c6 thé dat dugc tir cac toc do bit
do duoc trong cac lan Idp trwéc doé.

Viéc wéc lvgng dwgc thie hién nhw sau: Tai 1an 1dp i, dé
tinh toan téc do bit hién thoi B, khach hang nhan sé byte
nhan véi tam va chia s6 nay béi thoi gian tréi qua.

B, =Bytes*8/ elapsed (0]

Toc do6 bit hién thoi nay duogc loc théng thap dé xac
dinh mdt wéc lwgng dang tin cdy.

avg,, = (1-a).avg; +a.B )

Trong d6, B; la toc d6 bit do duoc, avg; la toc do bit
trung binh cho lan 13p hién tai va a la trong s6 téc d6 do
duoc cho cac bit hién tai.

Ngoai toc do bit trung binh, thuat toan con uéc lvgng
téc do bit phrong sai.

A=|Bj—avy, | 3)

var,,; = (1-B).var + B. 4 )

Treong hop A la sy khac biét gilta téc dd bit do duoc va
tdc do bit trung binh cho 1an I3p hién thoi, var, 1a phrong
sai tinh toan cho cac lan Iap hién tai va p la trong s cho cac
phuong sai do lwdng hién thoi.

Trén mai lan 14p, wéc lvgng hién tai (hoic téc do bit dat
duwgc) tinh nhw sau:

B, =avg, —cvar (5)

Tham s6 ¢ la mot hang s6 kiém soat cac hanh vi cla
khach hang. Néu phuong sai Ién thi khach hang duwgc st
dung bang théng it hon nhiéu so v6i bang thdng trung binh.

Boan ma str dung cho thuat toan véc lvong dua trén lam
min bang thdng

privatevoid simpleDynamicAlgorithm()
{if (currentSegment ==0)
estimatedSegmentThrps[0] = 0;
elseif(currentSegment == 1)
{estimatedSegmentThrps[0] = segmentThrps[0];
estimatedSegmentThrps[1] = segmentThrps[O]; }
Else
{ doubledelta = 0.2,
estimatedSegmentThrps[currentSegment] = (1.0-delta) *
estimatedSegmentThrps[currentSegment-1] + delta *
segmentThrps[currentSegment-1];
if (PRINT)
System.out.printf("estimatedSegmentThrp=%f\n",estima

tedSegmentThrps[currentSegment]);} }
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Thuat toan nay giai quyét dwgc van dé téc do bit thay
déi lién tuc nhwng bd dém lai giam manh khi bang thong
dét ngot xudng thap, tham chi ¢ thé lam cho bd dém bi
tréng rong khién man hinh bi déng bang.

3. THUAT TOAN UGC LUONG KET HOP DUA TREN PHAN
DOAN CUOI CUNG VA LAM MIN BANG THONG

Muc tiéu clia co ché nay la xac dinh mot gia tri lvu lvgng
duoc st dung dé lam chuan danh gia sau nay, cé gia tri 6n
dinh d6i v6i nhirng khoang bién thién nhé va cé kha nang
dap (ng nhanh d6i v6i cac bién thién Ién clia lvu lwvgng qua
mang [5].

Chiét xuat

|—* dac tinh 2| Dicu khieén —[

Udc lugng

R z >

Chudi théng lrong théng lugng [Théng hrgng
phan doan wdc tinh

Hinh 4. M hinh xéc dinh lwu lvgng dung danh gid cho mang

Trong hinh 4, kh6i chiét xuat dac tinh chira thdng tin
clia mot vai phan doan da duoc tai vé tir trwéc. Dya trén
nhitng théng tin nay, khoi diéu khién sé thuc hién cac ham
tinh toan, két hgp véi théng tin lvu lwvgng mang do duoc
trong lan gan nhét roi dwa ra muc lvu lwgng dung lam tham
chiéu dé chon tai phan doan tiép theo ph hop.

Luu lvgng dung tham chiéu cho mot phan doan thi i
dwoc xac dinh dya trén biéu thirc sau:

Ty @ OT(-2+6T (-1 >0
(0= (-1 i=12

)

Trong do: T(i) Ia luvu lwgng gi¢i han cho phan doan thi i
duoc truyén tai. Puoc dung lam ngudng xac dinh muc toc do
bit cho phan doan s& duoc truyén tai ti€p theo vé may khach.

T.(0) & day khong xac dinh, do dé ddi voi phan doan dau
tién, hé thdng thvong mac dinh truyén tai vé phan doan cé
mrc t6c do bit thap nhat.

T, 1a lvu lvgng phan doan tht i. Luu lwvgng phan doan
duoc tinh dua trén khoang thoi gian tir IGc gui yéu cau toi
khi nhan xong thong diép phan héi tir may chu.

Tham s6 & dugc diéu chinh dé diéu khién su phu thudc ctia
Ivu lvgng giGi han va luu lwvgng phan doan véi bang thdng lwu
Irgng hién tai dé tir d6 chon tai mirc téc do bit tiép theo. Tir
cong thiic ta c6 thé thay khi & nhd, T,(i) phu thudc phan I6n
vao luu lvgng dugc uédce lugng trude dé. Do do, chat lugng clia
cac phan doan trong lubng nay c6 tinh déng déu cao. Nguoc
lai, khi 6 cang lon thi lvu lvgng danh gia cang phu thudc vao
Ivu lvgng mang lan gan nhat do duoc.

Trong khdi chiét xuat dac tinh, mot tham s6 xac dinh do
lech luu lvgng chuan duoc xac dinh theo cdng thirc nhu sau:

T.(H-T.()
e (1)
Khi p cé gia tri Ién, téc lvu lvgng két néi trong mang c6
mot su thay doi I6n, may khach can phai nhanh chéng dua
ra mot phan hoi dé diéu khién ting, gidm muc lvu lvgng

tham chiéu, diéu nay twong dwong véi d I16n dan t6i 1. Khi
mtc lvu lugng két ndi khdng thay doi nhiéu hay gia tri nho,
thi gia tri lvu lugng tham chiéu cling khéng thay doi nhiéu.
Ldc nay, gia tri p cling ti€n dan t6i gia tri 0., (khoang 0,05 ~
0,2). M@i lién hé gira p va & dugc thé hién theo nhu sau:
1
RS ®

Trong do: gia tri cta k va Py la cac tham s6, phu thudc
vao cac diéu kién mang cu thé.

Tir bi€u thirc (7) va (8), két hop vai cac doan ma dugc st
dung trong hai thuat toan trén dé cho ra mot doan ma mai
duwoc st dung cho thuat toan véc lvgng két hop.

Boan ma s dung cho thuat toan voéc lwvgng két hop dua
trén phan doan cudi cting va lam min bang théng

privatevoid dynamicAlgorithm()
{if(currentSegment == 0)
estimatedSegmentThrps[0] = 0;
elseif(currentSegment == 1)
{ estimatedSegmentThrps[0] = segmentThrps|[0];
estimatedSegmentThrps[1] = segmentThrps[0]; }

Else
{ doubledeviation = Math.abs((segmentThrps
[currentSegment-1] - estimatedSegmentThrps[current

Segment-1]))/estimatedSegmentThrps[currentSegment-1];
doubledelta = 1 / (1 + Math.exp(-k * (deviation -
PO));
estimatedSegmentThrps[currentSegment] =
(1.0-delta) * estimatedSegmentThrps[currentSegment-1]
+ delta * segmentThrps[currentSegment-1];
if (PRINT)
System.out.printf("deviation=%f;delta=%festimatedSeg
mentThrp=%f\n",deviation,delta,estimatedSegmentThrp
s[currentSegment]); }

}

4. KET QUA MO PHONG VA THAO LUAN
4.1. Cai dat hé théng

Dummy Net

Web server %
Hinh 5. Kién trlic chung clia hé thdng
Bang 1. Cau hinh may chii va may khach

May chd HTTP durgc céu hinh trén may nhu sau:
May | CPU:Intel® core™ i3

chi | RAM: 2GB

HTTP | 0S: Ubuntu12.04 LTS

HTTP server: Apache 2.2.22

May khéch durgc chay trén may tinh cd cau hinh nhu sau:
May | CPU: Intel® core™ i3-2348M véi téc d 2,3 GHz

khéch | RAM: 2GB

0S: Windows 7 Ultimate, 32 bit
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Hai phan quan trong nhat trong hé théng la may cha
HTTP va may khach c6 cdu hinh nhv bang 1. Giao tiép gitta
may chd va may khach dugc thuc hién trén giao thirc HTTP.
NOi dung truyén thdéng dwgc ma héa & nhiéu mic khac
nhau va phan chia thanh cac phan doan dé théa man cac
thong s6 ky thuat clia tiéu chuan twong Gng.

Pé tao ra cac kich ban mang gia lap, hé théng st dung
mot céng cu md phdng mang DummyNet [2]. BE chay
chuong trinh trén may khach st dung eclipse SDK v3.7.

Céac phan doan video dugc ma héa véi 13 mic toc do
bit tir 200 Kbps dén 2600 Kbps. DO chénh léch clia moi mirc
la 200 Kbps. Cac phan doan video déu c6 do dai thoi gian
phat la 2 gidy. Kich ban gia lap bang théng clia mang ban
dau la 2,5Mbps, sau dé tang Ién 3,3Mbps, roi tiép tuc tang
dan va bién déi theo thoi gian. Bang thong nhoé nhat la
217Kbps, bang théng Ién nhét la 4,2Mbps, RTT = 100mes.
4.2. KEtqua mo6 phéng

4.2.1. Thuat toén uoc lvgng bang thong dua trén phéan
doan cudi cuing
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Hinh 6. Két qua do duoc theo thut toan wéc lwgng bang thong dua trén
phén doan cudi cting

Hinh 6 cho thdy dutdng uéc lwong bing thong ludn tré
sau duong bang théng phan doan mét chit va giéng véi
duong bang théng phan doan. Loi thé cda thuat toan nay la
viéc st dung t6t nhét clia bang théng c6 san nén bd dém
lubn cao. Tuy nhién, dudng mirc téc dod bit cia mbi phan
doan lai thay d6i qua nhiéu, lam cho chét lvgng hinh anh trén
mady khéch lién tuc bi thay d6i néu diéu kién mang thay doi.

4.2.2. Thuéat toan uéc lvgng dua trén lam min bang théng

Hinh 7 cho thay thuat toan nay giai quyét duogc van dé toc
do bit thay déi lién tuc clia thut todn dva trén phan doan
cudi cung nhung bd dém lai gidm manh khi bang thong dot
ngot xudng thap. Thuat toan wéc lwgng nay co6 dwgc dya trén
viéc cdng trung binh nén dwdng uwoc lugng bang thdng
khong thé theo sat v6i dudng bang théng phan doan duoc
ma na ludn la gid tri trung binh clia nhirng diém trwdc do.
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Hinh 7. Két qua do durgc theo thuét ton urée lugng dya trén [am min bang thong
4.2.3. Phuong phap wéc lvgng két hgp dya trén phan
doan cudi cuing va lam min bang théng
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Hinh 8. Két qué do dugc theo thuat ton rdc lwgng két hop dva trén phan
doan cudi cling va lam min bang thong

Hinh 8 cho thdy rang bang thong danh gia qué cao tai
thoi diém tir 80s dén 140s va 227s dén 278s khién cho bd
dém can kiét rdt nhanh chéng, tir 17s xuéng chi con 6s.
Trong khi dé, theo hinh 8 uwéc lvgng két hop st dung bang
thong t6t nhat c6 san nén bd dém ludn cao, chi giam tir 17s
xudng 13s do ldy wu diém cla thuat toan wéc luong dua
trén phan doan cudi cung.

Puong woc lwgng bang thong ludn tré sau duong bang
thong phan doan mot chit va giéng véi dudng bang thdng
phan doan, do ldy wu diém cuda thuat toan woc lugng dua
trén phan doan cudi cung.

Hinh 6 cho thay rang tai thoi diém tir 125s dén 160s,
260s dén 275s, tlr 365s t¢i 400s cac muc toc do bit thay dGi
lién tuc thi véi thuat toan wéc lvong két hop da gidi quyét
dugc van dé nay do lay wu diém cla thut toan wéc lugng
dva trén lam min bang théng.
5.KET LUAN

Bai bao nay nghién clru viéc st dung moét thuat toan méi
voi tén goi la woc lvong bang thong két hop dua trén bang
thong phan doan cudi cting va lam min bang théng. Thuat
todn méi do ldy vu diém clia bang théng phan doan cubi
cuing va lam min bang thong, nén né cung cap chét lvgng
t6t nhét c6 thé cho nguoi dung trong khi van duy tri mot bd
dém on dinh véi nhitng thay déi lién tuc tir bang thong
duwong truyén. Nghién ctiu ti€p theo sé ti€n hanh thi nghiém
hé théng dudng truyén véi nhiéu may cha cting phuc vu, két
hop si¢ dung k¥ thuat dy doan tdc do bit dé cho ra mot
phuong phap chung cho céc thé loai ndi dung khac nhau.
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