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ABSTRACT

Video streaming has become the main application of the Internet. In order to provide
better network services for video users, operators need to understand and guarantee the
user's viewing experience. The user's viewing experience, QoE (Quality of Experience),
is the user's subjective feeling of video service quality. If there is no cooperation with the
end users, the operator cannot directly aware the user's subjective QoE. Even for objective
QoE parameters of the application layer, such as video frame rate, bitrate, initial delay
and stall, are difficult for operators to obtain. Therefore, operators often monitor network
traffic to estimate the QoE of video users.

However, this solution is currently facing new challenges due to the use of HTTP
Adaptive Streaming (HAS) and the increasing popularity of encrypted video streams. In
the HAS mechanism, the Adaptive BitRate algorithms (ABR) can adapt to network
changes and select the video chunks that match the network states for transmission, which
will obscure the user QoE information brought by network traffic fluctuations. This will
make it impossible for the operators to judge whether the user's QoE is improved because
the result of ABR adaptation or the improvement of network conditions. In addition, more
and more HAS video streamings are beginning to adopt encrypted transmission services,
which makes operators unable to continuly use deep parsing methods for network traffic
analysis.

This paper focuses on the problem of fuzzy traffic characteristics caused by the ABR
algorithm on video client. At the same time, it is also noticed that the ABR algorithm uses
the video chunk as the basic unit for adaptive rate adjustment. Therefore, different from
the traditional methods use 'package' as the granularity, this paper proposes video traffic
analyzing and mining at the granularity of video 'chunk’, and then evaluates the user QoE.
Specifically, the main work of this paper includes the following two parts:

The first part is how to reconstruct a video chunk series from encrypted HAS video
traffic. Firstly, based on the network measurement method, the transmission
characteristics of the HAS encrypted video streaming are analyzed. Then, based on the
analysis result of the video traffic transmission mode, a chunk series reconstruction
algorithm for the HAS video streaming is proposed. The experimental results show that
the root mean square error of the video chunk series reconstructed from the network traffic
by our algorithm is not higher than 0.132, which has good fitting accuracy.

Since the player's states directly affect the user QoE and it can be characterized by
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the application layer's objective QoE parameters, the second part of the work is to infer
the player's states based on the characteristics of the video chunk series. Specifically, the
thesis first proposes a new application layer objective QoE metric, buffer comprehensive
state, to characterize the player's states. Then, using the two-way video traffic between
the HAS client and the server, the video chunk series is reconstructed, and the time series
data mining technology is used to establish a prediction model between the network traftic
characteristics and the new application layer objective QoE parameter for real-time
estimation. The video playback state is predicted and measured in real time according to
the established model, thereby achieving cross-layer preception and prediction of the
video user's QoE. The experimental results show that our method can obtain better real-

time prediction results.

KEYWORDS: QoE; HAS video streaming; ABR; operator; encryption; time series data

mining; chunk series
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AT TSR R o AR Z VAL T SR S i (AT ke 2 (] S0k
PR HATTR YouTube SUATSCAF I — M GTit &R, Aseand i T HAl HAS M.

SCHR[30TA PG5 5 2T WA 2%, AR MBI IO AR HH 2% QoS S8t (JEIR . F Ay
L) MR ARG 2 (G X I FRBOE RS (DU tiLs k4 4 2 (1
NEE, HF QoE fRFFEA ke th 5 SR BHUE R, H ML M im iig R A
SEIVA AP

SCHR[26TREALAI P QOB JE I [ /U A1 RSCINT 1) F 57 T il AL, AT 7 2 i )
A RBERIRES (BIIn-RGT, AR DI 2RSS Xt P A S I TR 52 o 1
IR T — R FIIEIAph L 2 AR LAE B [T FIN  QoE #1745, FFGIAT
2B eR A, AR PR R S R VS5 A REE ), X R REAR LG
W IS R RS BT AR AR R . XA VE R B IR 1 M 1 2 Be i e B R
FIOME, ZRE % i B A A - B, T = miRaSs R B B0
QoE. B, ZICHRIF AR A AR AR %R UIHSEA B RIS B AT
HEAFRR, A8 FT R A R A R BOIRES -

ASCAERTI LAR[10] R S 1 — PSR R 0RO S0 o 12 SR P LA 55
R i 2 T O e, S R RS B 59, ST T, AR X 4530
B GE TR AL S TN LR BT e 75 2B R i e SCE AR TRF AL SR A
ARG AL B S R IN F EEARAE R — D r FEAT, AROIAER — M EA T
SIN T2 AL (B2, AT TAET, FAMKIREM T 2 X 5L
I o B R RAL SR (RN GERRAERED o BAh, SCE P AL
IR, JERA N FRLR QoS S84l 7 B — NI ZIFEAR il 2 5
gk, WA TR QoS ZHUF FIAERT 8] L4, 2 1 Hr i A 60 5 A
FPARALAE

1.3 WX TEFBELRLE

FARML, AR SCER T =7 LAE:

(1) FEHBIE W QoE fhbr. ARHEZEMM “Sm X EHER” , MALKE%MT
XS AT AR X AT ARG, SR D QoE K ETEhR:
XA, KRR ARG .

(2) XFRURLEEN “C” ML T B, s HRURLEEOY “ B (AL
P8 o F AR Py 51 RT AR 5080 AL 2R 2 1, S HY R 2 AL R o o
“BRIEK” T I0% i ABR PRIE(E B

(3) {5 F I 18] P B Bt A2 4 SR, B SR 2% i S RF IR 58 (25 L QoE [
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Tl

AR Z ALK TR A, - SRR e 7 s 8 J s RO IR S o AT A At
TG TR R A R AT GRS, S A T HAS MUSR (I R AL o
WIS 2T -
BB WRABT T SR, T ASCR R S AR ST
W FFRIAE TAESA L TAR A R Z AR EAT 1 70 L
BE AT UL AR T T B BOR MR AR OCHE 7E, 45 HTTP
H & MLUBAR A e, I 8] e 51 B P20 A R 48 A QoE M . HoRMEEE .
= AT IE R AT B S B . SR T Fhk T HAS
MU PR By 1) B S R
FVUE SRR ) HAS AU ™ QoE AYEFIATM . $2tH 1 —
P BN E 2 QoE F8 ks, FHAE I 8] Fp A BHE 2 B, S I 41
S B S R HAS FUS5H  1) QoE-
BHE REARCTIAR, IR TR A TERA L UL — B i T
AT T A
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2 HEXREAR

AT ARSI FCIERE A B B BRI BRRR AR OCHE 7E, (45 HTTP B &M
AR R IR 5 B2 38 AT 25 AL QoE A LS . BORMEE SR N &

2.1 HTTP Bi&NRFEAEmMBIA

HTTP Hi@&E NG /A (HTTP Adaptive Streaming, HAS) , &f§%&T HTTP )
W E & AR AR o IZF AR K TS mBEAAE AR HTTP #idkl T
BER MR R SCREF P 0 T BOA R RN 25, T B 51N T3 H a2 5,
i H 2 i3 g bR N RS SSRGS R B, B 7 1 2 1h 6 D) e A& BE I
WA THLHEAE TR SR R S EOR, HAS 45 7 T iR 2 1)« H 80,
A5 3RS v DURYE 4 a0 A W 2 RS FI R IS5 280, 8 & BRI AR (1) 7
KITE, 1EA BRI % BT TSR] setti 2 H P KA R .

AT HAS AR50 TAENLS . R TT SR 1SR HENIE R EIEEFH SN
BHATNA .

2.1.1 HAS E#e T/EVLH

s

Ut B
Immmmn
1Y b :DD: !
— —
i E O @ B .
L1111 W i £

I i
HTTP %25 %% P

Kl 2-1 HAS fih i TAEHL ]

Fig 2-1 General mechanism for HAS transmission(*!

& 2-1 /& HAS A&HbLi ) — B8y . 75 HAS H, PSS g s 9 2 M 22 it
A, ARSI IR R BEAR A AR R, (E R AR o B S e A AR 1
MR A — 2D 0 o — DA RF ST TR A (R RE S oy e, 3T T DASE T-6¢
Ao BAERRCA TR AT RAIG VI X T8 NEAAR TR, 55 a AR AT i AR (1
Tofe BAIA S, FR SCIF AR T ] SCRFUIMR I ARCAS S 400 BRIFEEI H] . URL %%
PR BUAME B o SR SR IOAEAE, WA T4 3R as S 0t 7 — i TR A A B RN

8
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B, ] AL RRBOAS AE BE RIS SO 1 A% i - Il B2 AT 3R 0 211237 3K B 4 Pr
AVEAE S, WG DU 50 R AR R 5, Tl Fo V3 O CE AL 37k
WA PSR Z 5 BRI e IR S AL S35 W IR 3 2 0 S 5 B 1 B 1
PR BLE R 5 RUEMUIAR KT A i o A e AE — IR IT R, RS B
Fe MR 55 4 T B KGR SR oo (s Btk SO, S5 ST &, IRYE M 2%
RISEi 26, (M HTTP/HTTPS BT 46 MR 55 45 12 HEBU¥ < i SR AR 73 Bk,

B ARG B T 2 SE B I T AR B A A 2 5 AT L AT HR . O T
AL I 5 9 AR s P, SRR e B <G X7, TR AT AR S BT, LU
THFE L RE T A W 2% S 18 55 5 AR Ty BRIV IS T4 T 3 30 R iU 72 B AL
S S AR R IE], R TS I I LAY AR SRR 2 SR A R 48 4 T A THE DA
R X I SEI A4, BE T — MR BURERES AR, R BEHREAT & 1542

AL

2.12 HAS fEHIMERBRAR

H AT, HAS Vo7 ARG HARSRAERI AR 7T LAy Ay =Hf . MSS (Microsoft
Smooth Streaming) « DASH (Dynamic Adaptive Streaming over HTTP) 1 HLS (HTTP
Live Streaming) . XX = E AR HE AT 2 5 T HAS A&+ AR 10— M AR s Ak 1 Sk 11,
BIR T 22 WA 3 SA7 A 0 [ 3 LS 220 SR AR S, (B A8 HAR I A4 7y B
AL A ) SRS _EAFAEANIA] . AHEL T MSS R, HLS R F1 DASH £AK H #if
(T VG R B B SCRF R B &y, AT TR 4 X P M o 7 22 A DX ARG 2%

(1) HTTP Live Streaming (HLS)
HLS /& Apple 2 5 ¥ it HAS BRI, W& 2-2 Fix.

AV M55 2% . R4 & P by
5 e I
: '\ fle mp4
| ' AN D\
B aee | Sl
MP4 file

4‘ L IR

2-2 HLS J5 ZEHFEAHEL
Fig 2-2 The basic framework of the HLS scheme
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HLS R RIEA N HTTP 30, 5S4 (RTP) AF, HLS W LA%F
AT SCVF HTTP 218 i i 0 Kb slE AR AR 55 4500, eAh, EWRE SN E
IR RA AR . HAET, Apple A7 2448 HLS Wl — A HIRP F 5
A ZE IETF A48, BONIERK RFC.

K 2-2 7% HLS M)A e, EEB =4 RS&AN. kA
PRI Fam L AR SR Y) HLS Mo, AR 55 4% i IS 2 A 25 12 28 35 - AL AT
RS SN, K H gD R 258 HEVC MUATRT AC-3 &40, 4t 5e B I AR
AR AL BN MPEG-4 i MPEG-2 #% s BRI 45 7 BRI 8% B
DIE R BEAR T B R B A SR TR AR R TS 7 BRSCIE A AR Web 5545 L
SRR, 73K S G IR — S BRSO SR A m3u8 K530, D
KA PUCHER) URL S5 HAME 2 %0 P i ARl HTTP U5 308 SRIF SR 51 5 fF,
SRR LSRR SRS 47 H R AR 7 BRI s

(2) Dynamic Adaptive Streaming over HTTP (DASH)

DASH 2% — 4T HTTP 1) H &N ERF R B AR )5 %, e —MiEslhs
#t. DASH #AH MPEG £ 5Kk, Wk 2-3 fis.

/- "\_‘ ’/ N
HTTPHR S 7% DASHZ% J*' Vi
% P h R
Wik HR ! {
THEY R T MPD
(MPD) MPDfftHr
PG R 2 Bk
A
THEYR3 YI P i
HTTP/
AREGA| | HTTPS ¢
— - http it
L J L J

Kl 2-3 DASH WM HI RGHESE
Fig2-3 System framework of DASH protocol
P 2-3 & DASH MY R G484 . 1E DASH EHIRAES, DASH & 5B
Je3REL )72 MPD SCAF, MPD S 2 SEAA SO IR SO (Manifest) AR FH AL
F HLS ) m3u8 3F, MPD 4Ll XML # X 4H4. DASH [ TAEJEF AL
25 HLS JEAAHE: BIh A #0275 ZoR AR AT 70 UAb 3, FE2ET HTTP il
BEATAR R, 25 P il A& E N E . 5 HLS A[FE K2, DASH 7£75 BRI,

10
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AFEFEIRF] —Fh oy He R B2 G % SREAT 73 Bk, DASH o A — S BRSO 2 A7 4
R PR RS ) Sy G . DR, AHEE T HLS, DASH MR IGEE R &, Al LUE
LR FH 375 5 BN FE32 , RE S To M IE MASWT AR AL N 28 2614, I HLUAEER b 1Y
U EE G S SR O I R . A 2-1 T HLS 5 DASH X i fif
HAS BRI 5 210 1 XA R 24T 2 5

#* 2-1 HLS 5 DASH 5[ 55
Table 2-1 Similarities and differences between HLS and DASH

WE DASH HLS
HAY TR, BT bR Apple 2l
VSR A0 R 2% H.264 % H.264
Y5 g % AAC %% AAC,MP3
73 Ptk MP4 #% = MPEG-2 TS MPEG-2 TS
B 5 HAE— N s s T EHE
oy AR % FrifE HTTP I A4 i 55 2% bR HTTP i 14 iRk 55 %5
e e 3GPP Rel9/MPEG % J7 iy R i0s/QT X
DRM {3 # RIEH (W1 OMA 5, UV) AES-128 Jin#
S 73 P K RIEH 10s
EpeavEEs & P i % P i

2.1.3 HAS iR HENIFRE X

TR /& HLS. DASH MR T 5, 02 —MH) HAS f4mbli], 5448 RSk
BORHALL, 5 25 10 DX i S 25 7 S AR 905 190 4% 25 AP AP 7 R 55 2 $ah 25 3t i
BRI R TR, XM Re iR SRR R, — D5 A Z) T HAS
il 55 48 i R AR SO R <2 o B A R oy B AR T 2, 7, BB T
HAS 7E%5 3 1 51 NS 2 H 1 BT R 552 (Adaptive BitRate algorithms, ABR) .

ABR FHETAET HAS %/ i, @IS M v . B CPU PERE. ML
AR 7R Jo1 AR i W S EOR VR AL P I 48 JE B RDIRES, TR X L S 4 sk
IS PR Y B R AT RV SR D B, AT 0y b 7 1 TR 2 AR TR A B AR AT AR AL
ABR BFERHR M. BAH . SRRt AR, AR5
FEINAT BRI 56 A T R AT e 1 2 P KDUWE R SR,  SX kR 2% 1 i 2 N
ABR FUEIF1E R IA — 58 S 2 f s o S AR, H A — g 2 B A2 2 i A
AR R 2 B Y5 P AR TS R) Bt v o R PO

11
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DA K ABR SBVERBOHE R 23 MR He T g2pb X 7 AR 67481, [R] i
TP 2 Ak B TN AN Z2 i X G P R34 R p SR IE AR A Bt i ABR
Sk i B A RN R 7 %2 7& : MPC (Model Predictive Control) - BOLA (Buffer
Occupancy based Lyapunov Algorithm) « HYB (HYBrid) -

(1) MPCB4 CH: T B NI G2 IX o5 FH s 383 SR g s DI A4, 1) Rk AR AT Bk
HIEEHFED « MPC PASRII T KB T/ T ot SR RS, 1R — A
DLy P g Ak B, JRHE T iz B ) NAE 12 AR B 1 SR AT R o XA AR Y
Seat b, 74 H T B MPC A : FastMPC A RobustMPC. FastMPC ikii5| A
T YA T A A T A & RobustMPC Sy IE I ZE IR A 71 + d PRIk &
HOTREIAE , e d oo 25 AN BT B A i B ) B R T iR 22

(2) BOLAUSICHE T2 pir X oty Y22 5 3 3 SR Ak e I A bR BSOR s FEAN AR A RS )
BOLA j&—fh5: T 22 X (5 %1 ABR 5%, HATC&mIE & TR 1 DASH
MBEARIRTIES Dash.jsB>%¢H1, BOLA 7ERFAT 653 P I AN 75 BEEAT A i 2 T,
T A AEAN [F] ) 22 0 X 5 FH 2 S 3N [6] (RS 22 2 2 ok, AT R AR AR 1 5 2 i
PR R AL B — N R AL R R . BOLA R X i A 2 i SR AR R B B FLAR B4R f
1) B AR BRI < 1] ) ELAB y VR BRSPS 8, R e A B AE 2 i ) X 4%
FARMGE P XK, BOAZIEFEZ KA AMAERL, 7 REf8 )X AT e U 22 b X o5 H
RYEFFEHMBE 2 FIF AR KA. Eiahil, yfRF%E BOLA fHEk
Fo G PEA R R A B R R AR, p(EBE, BOLA MRS PR S
TR5F o

(3)HYB G At BRI Z2 o X 5 I3 A R A sURR IR #6054 - HYB
se51A] hybrid FOTETRR, (A3 A i B X O AN 22 v X o5 FH 3R s B AR () v
SRIGZ TR — MR 15 RIS R, HYB 7638 G B b F A R AE IR T,
EFERES IR I B ) e i A . B, HYB H4.S;(0) € NSRRI 28
ARSI RN, BRI IS 25 B T B &0 24 7 90 4% A ik B A IR, L2
BT ZIH G2 0P X 5 AT 3 (RIS D o HYB 72325, (1)/B < L x BRI
f& T Fem KRR, Wi fAEID 3. X BEKBZ0,1)Z [ H—4
HUE, BBURASET DA B i AR BE R, SEi i HYB A gk St B K
I EE LB AT B, R DAAE — € R BE L AR A e O T R 2 O HoAME iz SR
TSR AR () Bk By, A AR RN T A 1 ) 248 v I 2 R R 2 R SR P G S A SR () 5
M) ¢

12
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2.2 HEEF5EEZE

B 8] 51 B 424l (Time Series Data Mining, TSDM) , & f8 MK & KIS 7] 7
FIEHE s B2 IR RS T b . SR A SCHIE R, S B A
ATER SR, T =P M2, EEMAEG SRR . a7 14
PEAZI A — P KA 7 2] Gt 2 A s R BAR 58 OB DRI P s 28
Ry AT 2 VA E M, IR B R A2 B A R E BN 3 s R A
X, HATC&MAEIRZ IR sz —

AT T S I TR A AR I B 42 4 1 2 AT 55 I e T ) D Ak
RN S EITNA .

2.2.1 BHEFESIAIHEEE

ISF T Py 70 s 1 42 S A ] 5 HE 5 P — 25080, o — o A B ) iy 4 i R A
WUk, ] 2% A 8] P 82 X6 [ — N2 SR A [R] — PR, 2 S TR PP 3R 47 R
FEHHRIALS I — 2R 81 o DAL, TP i 4% SR 1053 O RUE ) LAAT fid i []
Feol, LRanesemts . RS M RESHRL . P RS0, fril,
IS 1) 7 50 J LA AL T BT RO RE S A S R AR o I T PP 21 R] DL B AR &Y, BIANAD
KRR AR, Wn] LR 2 AR Y, RIE R — A 8] sk B AN R R
W —HMEHATIL T, HEVENIZRGIZN Z AN — MEARME, KX A4 f ) [H]
i SR 38 1 Bt SRR O 22 Tei 8] 471 o

222 BIFHIEEZRENEEES

BT 8] 7> 51 B 42908 (AT 55 1T DARE SO MBS 77 04 s 46 & PR ICH B UIE B
RIEHEFH AR, AT y: 7038, R, Tl 2r JIFIARALLRE 73 s . AR5
ST RIS TR 51 5328 BRI = Fh £ AT 55

(1) B4R

IS 18] F7 51) 3 S S A B AN I [R] 7 41 24 RSN I 31X AN 7 91 A B bR 12 1
AR FESCRS I, I EER A AT R TOAREE Y, I RT DU R B SRR T,
S HB 4y I (8] PP 5 EAT B 2K 0 i, K T T TR — AN R I 8] PP 81 2R AT R AE B ) [R)
I HEXT RN AT AR AL, SR 5 AR 2 i B PP B AR NI S8 TE U205 2848
I AR, K ARPRE I P EAR AR IR AR, 5N ZRER (I [R] 5 471 T o P
FEBFRFR AT AALEE 34T, T 58 S I o I6F 8] PP 510 43 R A 5% vh s FH =432

13
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FE: K-l R ENL (SVMD) LR R . K-l AR5 2K H AR [A]
A g E e e b 5 H AR 1 K &I AF 5 2 508 T 200 . BENLARAL
F—Fh T BRI A EE S B0, TR SR R 3 2 25 W i, I 25 & 25 FE R AR b
H I3 GG R PR EAT 0. B TR =MEE, N THEMZ (Artificial
Neural Network, ANN) . DIFFHr4s. KBEHCIZMHE M4 (Long Short-Term
Memory, LSTM) S8 5% >« IR EE S S 5%, WmT LU SR i [8] Fp 31 iR 4T 73 25

TR W —A o3 K%, R EXT HARK 75 ORI A 2 T M R AR in it
ATARACABE 534, D7 T HEAT BE R i i I W, it DLZE RS R 20 3 S el il b, R B S
BB IEDUC A EE . X B TR ER AT LA T I R 21 (R TR AL S AR AR A
. BIanREE S, shASKIEHAE (DTW) ; tHA] PR 3ET T 51 Fh 32 B2
fiE, Bl MR, RIS Ak, IR P51 7 AR 55 1 — A i 3 B AT Ak A2 1%
e HE ST I TR R I v ) 1R R, DK 22 BB 1) 910 0 AT 55 1) 1 2 0 Bk o X I
FrbATIR4E, WA BIMEEA W R E S (SVD) £ (PCAD

(2) P EEER

IS 1] 1) 8 2 1R H A A2 6ok 28040 8 v (0 INF T 270 AR 40 25 6 I3 DU gk AT 70 e Bl 4K
BIEAE L) H AR RN GE K o 53 RATSS 2R, 5] —AN A5 v (R (8] 21 0 2R 4 2
PR B8 ST R AR PR BT A AR 04l o ARSI R FEA B A S (SOMD | Fa /R
AI R (HMM) BCHERIENL. HATR )2 KRR E %2 K-means (K-
i) , K-means 5 5c NEHREE P REALIERE K ANBTRFZUE R RO, RER
P E e H RIS P 2] oG N R R R, e Bo B B R, XA
THE G T2 E S K AMEAE,  RIE Sk (RIS 507 2218 B i K BIE .,
6] — /MR N BRI P 5 2208 B B /N R o 1% s8] P B A B 1 R AN ], 7R 34T I
BRI AFAEA R R ERAE 7 2K, 00 ol T 18] F1 () i 4, 76500 ) P B0 iR 4T 3R
KM AR S R B AT V) v A B, Wm0 e— NS K BT R 81 o T 2R 1]
FEBAAAE RS0, i mT LS s e 258 20 B K B S5 T I FE R 2 V) v, R
A8 P R SR SRR L AT 40 s 4 INH1) 2 B AN B A JE SIS, 40 SR R P AR
HBYI T ITTE, IRTT R 270 R0 P B B B A B, B 7 2 M Z AR S5 A
Sk, g6 It ot i) /R e R0 R s 3R A BRI PP S AT S V) Ab 3, filtnfE
XPOHEE (ECG) AT Y 7 i o

(3) I Fin

I 1] 51 T AT 55 7 4 10 25 (R R B A v I B2 I 8] F1 (R R SRAEL . EE AR
P 22 J LR i sR, T B R SR A UAC A8 F8 i X R v (4 o BSF T 75 2710 T3 5
B ST LI AR 5 6 A I 1A AR A AT A A o e ] B EDWL S A 2 (Rl ARV, DA— 08
()% 22 ) ] Re HUADL & N [R) PP 21 B BBl AR AR it 22 . SR BEAN R B T — MU R %
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MR T 2 BT BUE AR AL, BIHnfidEE R, LSRR &itgserh e E P8, 5t
AT Z 7 #5883 BlHBIA (Auto Regressive Integrated Moving Average
model, ARIMA) BEATISFETI, (HZ, XFhJ7% i Zn Al R -FAart, B%
RSB AN T ZAER A 4EE EABE R a8 B4R, SRIMILSE IR 2 37 5 T I [A]
JPANHEAS R R, L2 m A0l . A& b 5 5, sy, mT RSB A
PEIR L 2% (Recurrent Neural Network, RNN) S5y 2% 2] 751k, i Hahfbis
FZHRIT PP AIE S B 2 R IE P 91 R A S5 AR AR SR kAT I e T

AR SO b 32 SR I R A2 A 55 T T i) @, A7 G T R T AR LA B
FERATRAE 2.2.3 AT RN 4.

223 BTRFRFUNAE LAIBRAE

B TN (70 A P o L A 3R SR T DA R B0 = e ANGETE 22 0 B . IR AL
B E ) EVE MM . W R 42 I 448 S R P 2 ST AL I A S

(1) \Geit-241 f

BT 3 A2 A2 G v 2 T T e T e 8 Y R BTV, R SR E R — AN (]
FE 5 Ja 0 AT RIS A B FL AR e LR 7 vk . X i A REM N &
AR . JREIAES BB (ARIMA) « T X E &7 7 Z
(GARCH) . Dy RAT REERL (MC) 25, IR AR A B KR s 2 E e TR A2
A B Y (1 A A ST (B VAR AT TN 5 LU A TR0 17 e, FRAS T B %0 B By (T »
5T B i 25— B TR AN i S04 By (), ..., y(8), o, y(T — 1}, MiEIIZ 22
oy EAEIC RS A T St b, B DA R ENE SR A O S 8, W iidid B
ARG N BT Ty (T) o ARTTIX AN BE I FEAFAE = AN 21T 5 D (1) i o

1) R AU TINAR S A B (I P AR ARHAE, TR & 2% 18 2 H AR it AR
EARII M 2, QBN o0 i) R BCR R R  A BRE A

2) K FAETERT AI4EE B ST A TR, H U A0 AR i 2 AR LA 1
sk, Ty (T), y(T + 1) ..., FEEA B IEZS S X S 1 AR 5 A £ [ i (]
FHIGAE

3) TR GRS 428, RAS A E A RN KA P51, nl DL
A 2 AR .

(2) \N&BLHLEE ) BIE R M

SRR LG, MMLAS 5 =) B0 A B dEAT B 18] 3 20 T, mT DA ] B 25 R 3
5 I AR e A DG (1 At 5 e DR 2% o e e () Ske 00 AR R A E A R e R 2R 11 5 sl
ST HEATRAE SR AL, AT DLERE— AN ZI 2 R IRICE“ 2 Je RHIE &, AT
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B[R — Jo i 7 TR A 4R 22 o R O . 5 TR ALAR LY, MLER A 2] FE T DUk
F 5 IR TR B, KT 18] 21 (1) B 56 A5 2R AT e 2 AR AE B — MR AS s
FRAE, ANTRZEHEAT & L S HLHI B0 B [REALE], AR 1 Ze vt 880 v R Dy B 18] e
F1) ) v 4 P A s SR P[] 52 4 BE 1) 10 il o AL, X Fh 92 SIE B b 2 MRS (1] L 4
— AN 2 SR T E A TR0 1] R e Sy AR B T e R, AR — A
FEAR R NFE Z RS S RN, 7 R 9 R o«

1) 28 TRHE TRERA 2, AN NHEIR | 751 2 (Rl s TR]AH SGHE

2) BIRIAEAWANE, REW LB E AN KA PR, PRSI TR] R B e A A
MU B B S Bk

(3) MAEFA 22 X 248 S5 5 2 S A B 1) 4 i

FEE T Gi it 2 07 ik Mg B L 38 57 =) B0k, T 4 SR IR AT I 1 26 42 Y 4%

(Recurrent Neural Network, RNN) 5535 B 2 ST RUAN 0] DLZE BRI Z1 25 [ e

FIEZ LR 2, 38 AT LIS — AN 1 i RHIE A I S TRMEOR OC R 147 i 20
R, WESLECEB B F(X(),X(2), ..., X(T)) - y(1),y(2), .., y(T), HH
X(T)AETH 2T ) 2 4E2 0 R R R S, y(T) 2T ZI T Az & M EE,
&l 2-4 i

One to One Many to Many Many to Many
A A A A A A A
> > > > 9]—)
A A A A A A A

Fl2-4 RNNBUEMESIALRE

Fig 2-4 Common task types of RNN

K] 2-4 j& RNN BRI 8 WAL 2R, ZREME & RNN IS o, Z0EHE
RRIANX, BOHEZMNH Ry, HA One to One fE55 258 1] AR & LM LA 5% )
SRR 2544 o A FAMLAS 2 2] SR AT I e U N, S 0 Bf o F300 ) 0 2 6t
T AR FETI R) R, AN ZIREAS AR B AN R, XA BT T AR
RIS IE) 5 4] ALY A B — 11, B SE AW AL . F(X(T)) — y(T): ThifE
RNN #1, AJLL# I Many to Many 445 45 E 3D (sequenceX, sequenceY ) Z |A]
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)k 5, IX B Y sequenceX Fl sequenceY Bl 43 H A% 48 X (1), X(2), ..., X(T) 1
y(1),y(2), .., y(T)o FH., AHXT T3 18 0 20 0 28 1) AT 545 R TR A BT 1
A, RNN [ — N EE5UZ I v 545 AR5 2t A DL B — IR BRGR 2 1 45 S AH 5%
X A7, RNN BIFE S FTIS 2T (s B B & 79012 2 1 JLik &S R fe

2.3 MLEHLSR QoE

ASSCHA) F LR A2 X P 28 AT 7 QOB JEAT IR AR TN , - 28 B 81 W 28 AL A
QoE VAL HIARRIBT FEAIGT L, A, AT & xR 56 o B B2 . W2 AL Aot
VPG RIBES X ZAII 5T DAl AR AL APV S A O T T AT A el BRI 7T
JTAE AR T ARG A 5 DY B2 34T 138 o

23.1 BAPEAFERENES

P AREE & (Quality of Experience, QoE) & F -7 & FH F* 7E A4 56 3 10 Al 5%
CELan P o3 b . A S 55D I 35 1 Bl U AR FE 4845, S 6t 1 F P SRR E e
b~ ARG BN OSBRI RARD G R AR ),

QoE KT QoS (Quality of Service, ARZJHE) , (H2& N5 QoS A, HIR
QoE P o G s A2 IR 55 A 5 P SCHE AR S5 I 2%, AL VPATT AR AR 24 40 22 24 g
P, T QoS ML 322272 MR ZE 1) M FE AT W 55 PEAL AN I i F P 1) 32 00Uk
2.

QoE M EMIEIr, M EMEZ A e XA BENMRS RA T &S
B, X R AR YR SCRF IR SS AN R R4, AT L3 PO 2K

(1) &Gt FERZMWBIRSPEARRG TR R, bR, En,

LA RS (RIIRADN. BERE) , HEsrgrJr =

(2) 5i: HAPTRAEER 2, Hoant s, i TR 4%

(3) WA : MRS AGWIRHE, tingmhdig U, Wiz, WARAT RS

@ HF: HFaSresRE, tmdE=ag. Wk = FeE.

2.3.2  OLEAN 55 B =2 1AL AU =
WX 28 AATAR 55 | V2t S F T A2 8 . AR S 4% I FE BRI T 25455 . QoE R A

M A1 B B R B B R A AR 55 o 5 T A, I ALl 55 S e T DA B ek 1
J* QoE Xf H CLAY AR S5 b kAT M 4%, IF3ET QoE BN SS RAE F 7 R B I T
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5 Z AT PRI RAT O . H AT T AR QoE AL A G L L BN T
— ARG

[0 28 JAL A o3 2 VPl A o0k PO 28 AT R AR A, AP B AR 6 H O 1P A
BRI TR DA B AA QoE it & vFl EE /A MiFh: U
i BRIEANTE

(1) FWAEE

FM QoE VAN 77 i i i ik ik P el 45 i = WP BB SRR P I R
B2 N TR P BN, 7B e EE A 7, e Sk bR
5 FH IR S5 B AR B3 T 20 5%, FEXHE ST QoE 7 8uE &, 33 H -~ X R4 1
FMAT 7o EMTTEEEMNH P B S M A, B ELRRS 5, 7 LA KA GeHh
SN PR 32 AR B

HZ X P 7 R St AME BE LAUKoA 2 SR IR PG, BAR T DUA &0 1t iz
PARRIR S 5 SLI0 1sem R 22, (E R B FI s ok T St b IR 2 L RN K. TR
AL 22 () 1) ), e DAEAT KRR I S AN G UE,  FF B2 il TN 53 4% & (1) 22
ST AR, ARFEHME. TR ZE.

(2) BT

5 EWOPAN T ERESRAN ], BN 0 B G R O 7R B P B AN
A I Ml 55 N 2 B 5 KT IR 55 B SR 4 o 1) R EL KA R PRI R 451, 45
£ HAS WAIR S5 H, A2 R 55 B AL 7wl DLad e by A e 7 0k A2 R P3RS 2. R
WIREL JESIAERT S QoS 55 F P QoE Bk ALK, HESL (A2 s AL
KEZR, W EMREXES QoE MR I QoS fahr, [FIHZ W S B F 44
US i

AL, 2PN G B A T . D7 (B SEit . Il AR IR . Hag, N T
ST B A b I R0 S BB ARG, T B[R] B RAIE QoS #EA5 5 QoE 3%k
ZAVEU R EOC B B I A R AR, TR AN 75 2 R 08 (1) T R, 0 75 50
J 25 B SS TRRT ) A4 A ) iR A T A LB R

A 1) IR 28 AU 8 DAk R BIE 70 KSR D 2079, i s R Ay A ik o AR ST
55 B AR I VAT HAS AU 1 QoE BEAT BN AN T, Fir LA
AT DX 28 KU ot VA XA O3 BT B IAE 2.3.3 T HEAT PRI 4 .

233 MEIMREHERERE DA

BRSO D R PEAIE, & — R PRI AN 2 DL PP AL Al fe ke
REVEBPFN 5, B GIN T B 7 i R 2 e b 1) AR, i B
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B i N g 1 i = g VA e ESEEN

BEATIAREA S, g 3TN AR AR 55 1 EWVE 73 AE 9 QoE FERAndE, TR
Eﬁrﬁﬂ‘%?ﬁ RN ZRANGRAIE o Py LA R E AL T 5 2 F A IR, S B Bms A
TG AR B o AR 73 A3k B A I 28 AT B VP A o i 2 ED IR, Tl 2-5
I

FM QoE fihs

T
ML BE BT 4R A
%3 OoE $5k7 SEK
: B
AR — B it —

* HTTP
SR R H i
—

& i Hie 55 % B CEL
K 2-5 RIZEALIT QOB #R AU PPtk
Fig 2-5 Network Video QoE Model Evaluation
(1) MRAEAIAR S5 B0Rs /. CnERR AR B S EAE M QoE K &Efkhs
(BRSPS RS

(2) MRAEL S IEHAIN 28K, e 5% W QoE FEEARIRAH I M e il s 5%
# QoS 28 (BlmZwAsbl]. MR, HEZ

(3) B M7 RANFRE MAIA L, N 53 AR 55 BEAT AR 56 PP 70+

(4) BEHIFTRILEN AT QoE V43 IUFEA K

(5) WEHLEFAHFTTE, THHE QoS ZHEE M QoE fibr Z 1A MIBET K&,
ST QoE A

(6) BEHE LTIk, ditals, MEAFZEI QoE bR E, ¥
T2 WL QoE 455 FH 7 A QoE 173 2 8] 5 pR 4L

HI AT I, X 28 WS B DAl (R R e Bk P A7 4 PR R R (R3S, 0 ) 2
M QoE HEAIAN LW QoE e& 4. Ay, FATTMIHT 7L B+ %M QoE #EAY AL,
M5 HAS WU (1 S i 7 R E B JZ 200 QoE AR R, UL S d8 bk
I 2R ALE, LA 22 50 o PR SE SIS, XA ) QoE #E4T S Jak
AT o

19



B i N g 1 i = g VA e ESEEN

2.4 KENG

KRBT A FOS R AP 2 B0 1 B AR DS 7%, £ 45 HAS
AT~ B 18] 7 S B A2 4 . 28 AL QoE

B4, AT HAS AP I — B CAENLE], IR T B AT HAS A& 4HoR th =F
TR I72: MSS. HLS. DASH, M /rBe@iss Mty HLS 5
DASH Z [E i R, ik 7 =g A RE MR ABR &i%: MPC. BOLA. HYB.

SRIE, I TP ANEARIZIRROR, A TR R AIRNES, A T IR
PEAZIEA D) =P B BALS: 025, T, SR2E, FEHELIRIR T I 5 HAE 55 1
LA A T

WG, AT AT B PP AL I — BORE S, B AR T S A QoE AR
oy Hride

ARSI TEARE . BT W R S e R 8w T i AT VRN 2
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3 ETIMEMSURYFE T TR FHIER

HAS WAL RHLE T, i3 JERIE R EE (ABR) BIEH, 47 7%
JA S ARAE X 28 R BN R RE D, SOVEZS P o AE P 2% SR A R BRI T, dl I Bha
VBT E K T B CANFEAG R AT, SEIRN F% IS T R A B, 7T
DA, IZBEIECRIEZ P m e 8 5 & B N 28284k, A R RRE T A 1 QoE. {H
B, MTIZER R, B/l ABR FIERM 7 e ML RS H 0 H ' QoE (1)
A, SEUSE R ERERIX 2 QoE T AR R RIR TR S i ) ABR 4%
BL, 302 B OXF T TR E . )i, %74 ABR BiEZ T8 B,
M TS E R AR 2 ROE T, 2 —2 “Sll TR | Hik, 8%
Pef o AR A MBI 7 QoE, 1 Sl 75 L RE 5 M X 28 VL B R 72 0 HA 7 P i )
ABR W#EE, HT1ESHHMENRRRES PERES, PO B pe s A
Wi PR SR QOE 1 25 SR A% ) 1 i) R

BATRIL, SLhart, ZFumiRiE ABR SEXT AR A 2842 I8 < e ” (PR fE AT
TER, AT MR 87 A, PR R E 31 AT LLSE BOULHE S B2 P i £
ABR (5 B DRth, A% & S B TR Wa OIS 1) HAS AATA & v B A
Flo NT BRI F, AT 15 503 T WX 2% W0 & 1R 75 VR I s AT P4 S e
HAT T 00T, M2h T HAS BORTE LR N H B F AR IR E,  FEARE 74 45 SR 4
tH—Ff HAS AR L 71 B g 7

3.1 [a)RRtER

Jie 55 4% o 2l

KI3-1 HAS LB S fal A A 1Y
Fig 3-1 Simplified model of HAS video transmission
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&l 3-1 & HAS BAUE ) MG . il s, HAS MG mpLSIH, kg%
45 i 0T KL A 25 4% R < He R R B EAT A7, 25 7 i AR A ABR BVE RS0 P 5 44 18
“HOWDRLEE AT IR K o (2, ARSI 76 X 28 rh i EAT AR S B I, T 28 05
REAEAL R TT A IR A, WA i — 1> TCP il kA7 A 5,
XA By R TE— PR LR B 2 e U ot I 248 7 7 971 AR SR, 15 IR P i
ABR (58 (BIUHIAIEGE RIS 2. fDRE&Eg .. BRYHKTFE , HasE
i 2 T R 2% B VA FH P QoE -

TATRIN, FRECT R RLRE, “Ho LB R & 7 41 B % B8 K T B 1 Hh (R B
% i) ABR REEAE S, J7 S E R 7R s RS R s L, 1R
LR RO BN 3R TR P RIRAS A T i P A RS . PR, AT, 7EEE
T BB 7 QoE AT, 1 e 78 EEXT AT gk AT < Huer 5 8 e 15 2 LA
Pp 5, AP 51 ] DUESE AL B SR T b, B A (D
DL “or2H” B “TCP R 3C” RMORI FE Rt D AREE Bk 1 B2 7 i 3% 45 5
A BT R R BOR BRI . 257 QoS-QoE MIALATH J- 4 56 Jo e B A 7Y

B2, TEXTAUSI S AT W R B B i, 7 Bk = AN

(1) € s PAE i . A2 EAPARF I, 1 2 75 B R ST 41 b R
R BINEE— I3 P i) A8 i 5 CRIAE— M 7 At g R d Hi SO 2 1B 40
SR A AT DR 7y BeAR i AT IR B RS CRIEARJE T 7 — A B A
R mME—i) , /B I, 3Pt i 5 5t e IR N B %
R FR B dpe AN 7 471 1) FE A Jo

(2) X7 B SERFIRATE . HAS HLEI o, AT H 2 05 ZR A AT A7 A
SRIGHLSER, [R]— AN ) AEE o A — B X EEAURE R 51, & AT
FN B ANE DS A S i FH P ARS8 R 52, P DL, FRATT 75 2 M R 1 L 31 vh 4k 3
IR B A, 13 BN AR AR 7 41, 77 18 5 BI85 I e 40 AT 16 7 ik ont kAT
Fo DRIRL,  Gnfar AARATTA & H X 73 SR AN A R A o — A 7 2555 R ) L

(3) MR EINE . HAS W SN F AL T A, EORY - B AL R B
SRR X 45 3t B R L AU SCAE . (LU IR STk R PN 25 IR 2R T L AR
), R T EATT DU B ] SOE B B IE YT A TAER AT REE,
N MNP 2 3 B v B A AR P B — 2D B OR TR

AR T, CEAFEMNATR & b = @A 7 51 AR OC AR . SCHR(3]
HrEI 8 T =4 (HTTP request A 2 AFE20 7] B {E 45 £ - TCPRST/FIN
PR FRIGE S ERIERIL T, Ha S B, K — N RIS
5 —SE G A O N——XE R, AT SE IR 23 R (1 2K 7N AL B X 79 5 A0
PR, R IXFhOT ik A B EBIAR “ XOR T A« HaffE” (3.2
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TR AT T VR ) X PR i TR A B, E AR PRI ) X
SRR R T[] — S s AR IS oL, ARAAEAYE. SCHER[14][15]F1
[591[60]+ i F “FHe[F] ACK 5~ B (F5sr H Rl — A FUSTER 1 R 254 S 1) ACK
SHFED , MR AR P R AT IR R R A, H2, BV %M
W HAS WA & e T YO BE B2 iy, 3982 K8 HAS FRATUA (1) 5 brA% S ke vk
177 A B .

DRI, AT SR G A ke b T B B 0 = A 2 e R, 5 A Rt M N S AT
LR EE AT 4, FRAT1 Se T M ST HAS IS i |4 1 HE4T 204
TR AT 4 AR T — PR B B .

3.2 HAS &R ES

3.2.1 MEIfE

i AR

L i BB 55 25

Al3-2 sSEies
Fig 3-2 Experiment environmet

/ST T T T T T T T T T T T T T T T T T T T T TN

N T I 28 N R AN MR R A% SRR MR AT b, FRATTIE R T s sk
IR KA AT, il 3-2 Fvm . ATTHISEIR PRI 32 B B =AM VR
B, mERIMALL, 5 %8RGS, FAEH — &31247 Ubuntu Kylin 16.04 LTS
EAE RS PC AE N 3, @I NEE Firefox W 2% SEELARAR ) S A SR, Al
F Wireshark [ 4% 46070 M R A i i A B, - X AR AT B 00 AT R 4
Fo#rs @i AH Linux WAZTH) TC (Traffic Control) ZHA4-1E A 58 MR Hill#5 k.,
FH DU I B ) PC I (I B AR s 2, 425 | F 0t LR AL ) Y 28 3R 855 . 3R
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M9mE 7 BIMGEAT A, AR X =AM D e, SCIALATR ik £ 5
AR JRH ERTCH S 1d5% . P2 B IR 5 IR A AE DI RE -

oAb, FEEAANRIARE, BT AFP HAS &7 i A7 EAS [ S 26 5 il NG
KIGHR, PrLAAESEBR S, 8 AR 28 7 o 0 3 1) HAS PRATGRA% S 14 v e
S —ERNESR . RCHEHT HAS PR F i o IR LA #8545 DASH
Reference Client 2.9.305%-361,

LN 2 AL By B XA TLS/SSL ( Transport Layer Security/Secure Sockets
Layer) . PCT (Private Communications Transport) 2. AS3CEFX #7223 TLS/SSL
A1 HTTP ik K ¥) HTTPS (Hypertext Transfer Protocol Secure) N[ A% 4t
Wo HTTPS 82 i HTTP+SSL W3 i i) u] BEAT N AR S5 O DAL R X 2%
W, BENE (HTTP) ML (TCP/UDP) Z[AIINA SSL/TLS 2, K
P2 HTTP RCHIBISCE R, R P AR IR KBTI, Amsesi i P
t] SERVSia

No. A Time Protoc Length Info
10206 1530003061.698077 560 |GET /akamai/bbb_3@fps/bbb_3@fps_1280x720_400@k/bbb_30Tps_1280x720_4000k_5.mdv HTTP/1.1
13164 1530003064.638685 |[HTTP 56@ |GET /akamai/bbb_3@fps/bbb_3@fps_1280x728 400@k/bbb_30fps_1280x7208 4000k 6.mdv HTTP/1.1

|GET |«——— (RN f<— IR/ W/ BB RS —> HTTPHRA|

K3-3 HAS RINEAR L
Fig 3-3 HAS unencrypted video stream message

MNo. Time Protocol Length Info
76859 1530004936.714646 [TLSv1.2 562 pplication Data
77199 1530004939.563217 [TLSv1.2 562 pplication Data

Kl 3-4  HAS Jns Ltk s
Fig 3-4 HAS encrypted video stream message

3-3 FHIE 3-4 43 Al [R]— ANIUATULE A 0 2 A% a0 A N 25 A% S ()i SR #C . 1
3-3 RN, ERMEALMETEI T, B 7FRAERE . PR BALAAh, 53R
ARSI A TARRKIGRNAERHSUE R GRATE AL R S 13I8
1P itk H § 1P Hidik) , 5 Wiz AR IR 55 45 HH QA7 45 14 s AR ER (1) it 6.
SRR, MR, pEES DL RS R HTTP Wil LR 3-3 B 102064504
FRB, ASURIE SR BAR S B — A mav B GARIEE 5 A8, ZA0U0 it
& 30fps. 7 HEE L 1280%720. A ER 2 4000kbps. FATT, X T+ [A] — AN AR SO
Iz kA, WK 3-4 H) 768594, 7719945 HE A, FATATLLE B, R0 EREAL
B AL IS B Application Data” % & -

ARFER G BN, FRATA HAS A0 AU A& SR MEde AT 2 dr, g
FIH HAS WA DUMAL R BURITAR . 70 Bffe . [EERE] ACK 5. 70
f .,
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322 MURFIZ4HE

72 5] — BT b, 5 B A R T 4L CEDYEAN H (% 1P Mkt J5R1 B s 1
IO IR —2% TCP Wite TE— KSR I FEH,  FRATTRH 3R 2 AL
ARAZ IR TCP MRIE H AT G0, MERE] HAS PUAIIE B e i 2 Hh o e 2 i
%% TCP iit, (HARATER BRI, Wik E A SFEMis% TCP mIH T &4,
SCHR[60] K X AL G A HAS AT IR DURAL SRR AE” . 1B 3-5 S FRATTN [F]—
2% HAS HUATUD B [ DR 288 308 B 255 TPty 115 R G i 45

WKl 3-5 i, ARUGREE| R ERET, KA P il 219.242.247.210 1
PTG B 7 i FR S I B 1 50.82% (B4 ekl A HE) , HAh 99.87% A4
& LA TCP it i 77 2058 J5 458 FH 25 7 3 (14 DY A B 11 (339724, 33978# 33980#.33970#)
BEATAE 4. 1 T AR, FRAME R & P s T R B S AR A TCP I T 5,
ANk 38 e % 7 o 33970#u H -5 k95 4% Z [A] () TCP it &= KN 33970#TCP it

Topic [ Item Count Rate (ms) Percent ¥ Burst rate Burst start
v Destinations and Ports 83282  0.1375 00% 3.5800 52.995
v [219.242.247.210 42324 0.0699 1.7900 52.995
42270 0.0698 99.87% | 1.7900 52.995
27317 0.0451 64.63% | 1.7900 52.995

8795 0.0145 20.81%
3313 0.0055 7.84%
2595 0.0043 6.14%

0.4800 105.404
0.1300 123.137
0.8700 29.322

61 0.0001 0.14% 0.1800 491.742
3 0.0001 0.07%  0.1600 605.983
24 0.0000 0.06%  0.2200 606.034
15 0.0000 0.04%  0.0200 491.201
13 0.0000 0.03%  0.0400 24.607

13 0.0000 0.03%  0.0300 104.421

1" 0.0000 0.03%  0.0100 10.205

K35 s
Fig 3-5 Traffic Statistics

Kl 3-6 FIEl 3-7 7351 & 33970#TCP i fl 33972#TCP JitfFIE a7 41, ik 7
& (TCP HEMFH5) MANAPAL AL B 3-6 FIE 3-7 iz n &7
Hl, RIFET% P uifEE K [F— % HAS MALE R I E BIP % TCP fii. FATTLA
600 F& A — A IR 1, Sz AR SCAF I I 29 s AT, R I P i 5 J& T e
T VY% TCP i TSR A, Foh A 2% TCP im IIHFZE A 65s F1| 5008
ANGE, LB AT AT ASRAG4E 5% TCP ARSI (LI IA]: 28 339704#TCP it A\ 2 7
FREER| 117 ¥ (] 3-6 HHARFRBERIT ), 5 33972#TCP i\ 2 #4725 67
B CanfE 3-7 FRRARERIEFIFT ) 5 55 33978#TCP MM 80 FbHr&:E] 600 #b, 55
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33980#TCP it A 122 Fh#r4:3 600 70 HRIFFTH TCP K E S AL B v &1, A
SREEA I R AL St F2 rP AR 4R T 8 T D 2% TCP i, (H 2B Z R 2 546410
TCP i H 2 R AW %

Sequence Number (B)

Sequence Number (B)

9000 | -l
7500 | ™
s e s
6000 —
4500 L S
3000 | o
1500 H*
ol 3
1 1 1 1 1
0 15 30 45 60 75 90 105
Time (s)
K 3-6  33970#TCP il ] 4]
Fig 3-6  33970#TCP stream time series
-N'.
.-
12500 | ™
- .-.
10000 | =
7500 H -
T
=
e
5000 H —"
--
-
2500 H ™
0 H
1 1 1 1
0 10 20 30 40 50 60
Time (s)

K 3-7  33972#TCP i [fl)7 41
Fig 3-7 33972#TCP stream time series
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N T BGAERT TCP T JE IR, AT Z HAS AT I 2 RN S A
T 80s AR L, Wil 3-8 AR

K 3-8 1 5993044 H1 4R SL[TCP Previous segment not captured] & 7~ P 2% H Hi B
T EA, ROREEAIE] 59920#2 BiEIREG, TEMTEREH, BN
5993 1#1 5] 5994 1# L& % it S9O920# B R M Z, E5 5 IRERMNE )G,
B i B A B T 4k 33970#TCP it A& far, H HAESE 59942460 4b JT 4R
33978#TCP Jito FHULAT L, W28 55120 22 R IR 22 AU, 2 P e EP&EJ%"%@
B, B EE s UET 2% TCP R4k & 5 ilif& o0,

No. A Time Protocol Length DPort SPort  Info
i 59929 80.132531497 TCP 66 80 33970 33970 - 80 [ACK] Seq=6690 Ack=2807983 Win=983936 Len=@ TSval=1706727 1
80.164633678 1 3 [TCP Previous segment not captured] 80 - 33970 [ACK] Seq=2810719 Ack=f

80.164647959 8 [TCP Dup ACK 59929#1] 33970 - 80 [ACK] Seq=6690 Ack=2807983 Win=98393f
80.205694644 219.242.247.221 is at 00:25:11:5d:e0:cf

59933 80.210787298 TCP 1434 33970 80 80 - 33970 [ACK] Seq=2812087 Ack=6690 Win=46208 Len=1368 TSval=1096273

4 80.210801115 [TCP Dup ACK 59929#2] 33970 - 8@ [ACK] Seq=6690 Ack=2807983 Win=98393

! 80.210901462 80 - 33970 [ACK] Seq=2813455 Ack=6690 Win=46208 Len=1368 TSval-109627E

i\ 59936 B80.210906392 [TCP Dup ACK 59929#3] 33970 - 8@ [ACK] Seq=6690 Ack=2807983 Win=98393

i 80.212465036 Neighbor Solicitation for 2001:da8:205:20b0:1::615 from dc: da 80 25: €

59938 80.254701160 80 - 33970 [ACK] Seq=2814823 Ack=6690 Win=46208 Len=1368 TSval=109627:

i 59939 B80.254715049 3 [TCP Dup ACK 59929#4] 33970 - 8@ [ACK] Seq=6690 Ack=2807983 Win=98393

! 80.254814365 80 - 33970 [ACK] Seq=2816191 Ack=6690 Win=46208 Len=1368 TSval=109627:

i 59941 B80.254819647 8 3 [TCP Dup ACK 59929#5] 33970 - 8@ [ACK] Seq=6690 Ack=2807983 Win=98393

80.273012829 80 - 33978 [ACK] Seg=1 Ack=413 Win=30080 Len=1368 TSval=1096273064 TSe¢

59943 80.273025782 TCP 80 33978 33978 - 80 [ACK] Seq=413 Ack=1369 Win=32128 Len=@ TSval=1706762 TSecr=

59944 80.273129211 TCP 1434 80 80 - 33978 [ACK] Seq=1369 Ack=413 Win=30080 Len=1368 TSval=1096273064

K 3-8 HAS A SEAE i S5

Fig 3-8 Retransmission sequence of HAS video packets

Zr EPTid, HAR HAS YRR qaid R b e R vl RE S B 2 2% TCP i, (HA27E
Al — B Ta) T, P iR R AFAE P 2% TCP JiiIF4T 64 . HAS FLAIY “ XA
&7 HFIE, N3R5 H AR 3 51 BEAT 0 BRI ISR A 1 R 3

323 STERFAREHE

4

HAS %Mﬁ%ﬁ%ﬂ%ﬁﬂ%iﬁﬂ%ﬁ y BF— BN 252 5 o R AT AN 5 AR AL
B, oit L— /NI SR IFARRFIE”, BATRIL, [F— BN & AT A & 40
o) L;Léj\ﬁw&’ﬁﬁzﬁﬁai% TCP JtH FEAT (6%, I HARAT— 5 TCP iy n] A& H 4
PealR S, FHEAAAAE DA B E A RS TCP B2 & 43 TCP R X 47
TRATHEX PP GO e 73 I ARRHAE o 8] 3-9 F1 3-10 52 [A]— 2% HAS ARAAEAS [F] i
6] Bt R AE =K 7 1m] i 5

R R S RIRSCII S B, AR, B 3-9 1, M 11s £ 30s 1% B[],
33970#TCP it (ZRELX I8 T RS G #1565 SRR SC R B S0 B3k
D, 33972#TCP it (FEXIg) & KM, P~ TCP JAE Rl — Bt A~
HAT AR, 5E AR N R IE R K 3-10 1, 7F 30s-63s X B[R], W& KA

>
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£ 33972#TCP it (i B DX 4 ) [) B S%of 8 A R R AR A R i A7 R AT I 3K, BBy 11
33970#TCP i AR A Z 5L E R B RWIF SR EHEM 63s-122s X
B IE], 33970#TCP it X HEHT T4 TAE I8 Jyid SRR, 5 UG AT, %2 P S g2 o
7 33978#TCP L5 33970#TCP VilC & TAF, FHATIHRAHRE N2 B & A

Time

219.242.247.210

61.213.189.241

Comment

11.333067123 3072 PSHAACK-L g Seq = 2655 Ack = 4848126
11.337212460 33970)% T Seq = 3098 Ack = 6806793
13.516468671 @3072)f L Seq = 2485 Ack = 108091
13.613398989 (33970): - :[30) Seq = 3541 Ack = 8850140
13.772257621 (33970 i Seq = 2896 Ack = 142010
15.423692548 @3072)" I 0) Seq = 3307 Ack = 175885
17.718456005 a72): ! @0) Seq = 3984 Ack = 10422807
17.733603801 (33970)" ) Seq =4427 Ack = 12655179
17.871726382 (33970): = :(30) Seq = 3718 Ack = 209933
19.945265736 (33072)} Lo o) Seq = 4129 Ack = 243780
22.354596778 @3972). ! 80) Seq = 4870 Ack = 14767007
22.377137133 @33970)" T Seq = 5313 Ack = 16762101
24.679846491 (339,2,: :(so, Seq = 4540 Ack = 277647
24.841782917 (33970 “(30) Seq = 5757 Ack = 18776912
26.976537021 @3072)} e e Seq=4951 Ack = 311545
27.467534601 (33970), ! 5y Seq = 6201 Ack = 20408011
30.946006061 (339,2): = :(80) Seq = 5363 Ack = 345548

31.742426241

(33972)

(80)

Seq = 6613 Ack = 20441853

3-9 HAS #LAUE RIFTEE—
Fig 3-9 HAS video request flow graph 1

Time 219.242.247.210 e
61.213.189.241
30.946006061 307 PSHAACK-Loy Seq = 6613 Ack = 20441853
31.742426241 P L) Seq = 7025 Ack = 20475890
34.656832688 @072t L) Seq = 7469 Ack = 22447954
35.713181911 @3072)" “(80) Seq = 7881 Ack = 22481799
38.017813426 az072) “a0) Seq = 8325 Ack = 24826612
39.426775227 - L) Seq = 8737 Ack = 24860676
42.197139507 a39072)1 - Seq = 9181 Ack = 26872845
43.577391343 e e Seq = 9593 Ack = 26906614
46.313586276 (33._,72,: - :(80, Seq = 10037 Ack = 2852649:
47.394739324 L Loy Seq = 10449 Ack = 2856032:
49.807516066 @3072)) - Seq = 10893 Ack = 3058808
51.515119155 — . Seq = 11305 Ack = 3062194;
54.274839539 (33972,: :(ao, Seq = 11749 Ack = 3301954
55.636367679 - ‘a0) Seq = 12161 Ack = 3305354
57.745450254 @3072)! Lo Seq = 12605 Ack = 3483122!
59.463470120 @3072)) L 50) Seq = 13017 Ack = 3486507
62.220418173 (33972,: - :(ao, Seq = 13461 Ack = 3703815!
63.265065247 = Seq = 13873 Ack = 3707215

(33972)

(80)

3-10  HAS YU R I B —
Fig 3-10 HAS video request flow graph 2
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[FIFEHL, FRATERT LU TCP i 5 B, R SRR (1«73 I A% R AIE
FATEE B 3-6 A1 3-7. IEHGOLT, W5 TCP MAMEHEREE, HHAK
A, AL KRINSE B, I8 ALER P B BRI — B E ETHRT AL,
R MR S T B FEI B ARk (138 5 . 33978#TCP i Fl 339804TCP i 7E [/ — B¢
I (8] P9 FF-AT 2 5 Bt i, FH T A8 808 SRABTEURI Z ik, | TP 26 i SR (1)
ARG 2 B AR FEAAS, B LATERS 7 [ b2 S0 A3 (b B 34 R [ () 9 25 R
Bk, WK 3-6 H11 33970 #TCP i F1 & 3-7 H1[1) 33972#TCP i, 45HIX P&
(R BASCEEL, HiT 30s, 33970#TCP i EE 4k FORIG SR B A, 33972#TCP i FH K
VE SRR, T B SIS 1R R /INAN ], it DU A% i 3 b 500 ke ) I ] 48
HREZESR, B 30s F, 339704TCP A 339724#TCP i 43 75 2 I H & — 3% R
B LR S AE R L. 7 30s-60s X BUASIA]H, 339704TCP it & A= b W,
33972#TCP it FH R B AT AR ST AT R 25 0T, e (B P S 0 M — 2 R i
LR AT BB RR P 51 o TE 655-90s X BE ], 33970#TCP it % 1M FF 418 >R &
PR AARER,  RARAR ) e B SR AR 5 247 40 S 22 1) TCP R AT AR, 7E M 2%
H AT A S, BT DL BEI T 33970#TCP it e B L B & — 45 K1
K.

HULRT U, HAS 484577 A, BESAFELE 2% TCP it B AT AL Sl s Al o
AR, S AELE RN S22 TCP 2 Bl AU AN & S AT 47 e, IR H
F32% TCP JXT T2 S AE SR A F A B « 20 2R BRI T T HAS
PRATIE R 3% XS PR 288 5 26 A IR F0, AELZ E 23 2538 5 P M\ 288 3 i mPoRG v 1R )
B B SO R ALE B, BARNS, BATSE R EE S # T4,

3.2.4 [E¥R[E] ACK %F1iE

HAS WAL RIHLE] A, AR 55 4 o 0T A0 P 25 4% R Ho (PR FBE E AT A7 6, &
i Ak 2R TS 5 2K ) R 55 #1 SR — NS0, ER KA TCP )= R AR 5 o
BERG], RSS2 vk B AR, FEZRad X 28 (R I i 2 7E TCP JZ 445 4>
R — AN RN R S AT A . 454 HAS MU B M SUE B, BATIE
2, K H T H—A TCP ¥i I [F—/MAAHR 0 W 28 B 1) ACK S AH[F], X NMRFIELE
OV 226 SCHR[14][15]FA[59][60]H A ik . FRATHEX PRI G U HAS AL 1)
“[EHe[E ACK™HFE. a1l 3-11 Fiom.

B 3-11 J2 MU 73 R AE I 28 TR AR ST AT RFAE o TR DA R 55 485 i AR 35 4D i R i SC
SRR b — A RIRSCHIEIRE, BRI RS EE ACK 5 Tl R IA -
ACK 5 (Wi N3 30) = Sequence 5 (1K) + HWEKGERIR). HT TCP JZX#

29



ABSTAEE KA A AR 3 SEFhn s PR RS Ak M B 31 LAY

PEBHEAT IR B SR, X S dE B S B AR R — S L3 SR A5 J2. (i
B2, BrCAE iR EX SR AR N B A MR ACK 5

& P ik 55 4%
T
1. Get video chunk_1 HTTP/1.1
T

2. video ACK 440
3. video ACK 440
4.videoACK440  _ _ —
-
—_—

2. Get video chunk_2 HTTP/1.1
i

2. video ACK 883
3. video ACK 883
4.video ACK 883 _ _ _ —

-

< -~

311 MBI AT A0

Fig 3-11  Video stream network transmission behavior!!#%

AL HAS WATLE SI2 by 3 it 2 4l 2 20 10 J0 0 2508 X X PR AR 64T T 568
WE, ik 3-12 Aros.

No. Time Protocol Length Info
2.271975693 GET /akamai/bbb_30fps/bbb_30fps_480x270_600k/bbb_30fps_480x270_600k_1.mdv HTTP/1.1

67 2.400421182 TCP 1434 8@ - 33972 [ACK] Seq=1 Afk=440 WinF30080 Len=1368 TSval=1096195187 TSecr=1687262| [TCP segment of a reassembled PDU

69 2.400476044 TCP 1434 80 - 33972 [ACK] Seq=1369 Ack=440 Nin=30080 Len=1368 TSval=1096195187 TSecr=1687}62 [TCP segment of a reassembled PDU]
71 2.400618928 TCP 1434 8@ - 33972 [ACK] Seq=273] Ack=440 Jin=30080 Len=1368 TSval=1096195187 TSecr=1687§62 [TCP segment of a reassembled PDU]
73 2.400730166 TCP 1434 8@ - 33972 [ACK] Seq=410} Ack=440 Nin=30080 Len=1368 TSval=1096195187 TSecr=1687§62 [TCP segment of a reassembled PDU]
75 2.400835664 TCP 1434 8@ - 33972 [ACK] Seq=547} Ack=440 Nin=30080 Len=1368 TSval=1096195187 TSecr=1687§62 [TCP segment of a reassembled PDU]
77 2.400950384 TCP 1434 80 - 33972 [ACK] Seq=684] Ack=440 Nin=30080 Len=1368 TSval=1096195187 TSecr=1687p62 [TCP segment of a reassembled PDU]
79 2.401070141 TCP 1434 80 - 33972 [ACK] Seq=8209 Ack=440 Nin=30080 Len=1368 TSval=1096195187 TSecr=1687p62 [TCP segment of a reassembled PDU]

81 2.401186997 TCP 1434 8@ - 33972 [ACK] Seq=957] Ack=440 Nin=30080 Len=1368 TSval=1096195187 TSecr=1687§62 [TCP segment of a reassembled PDU]
83 2.401304457 TCP 1434 80 - 33972 [ACK] Seq=10945 Ack=440|Win=30080 Len=1368 TSval=1096195187 TSecr=168[262 [TCP segment of a reassembled PDU]
85 2.401420047 TCP 1434 8@ - 33972 [ACK] Seq=123]3 Ack=440) Win=30080 Len=1368 TSval=1096195187 TSecr=168]262 [TCP segment of a reassembled PDU]

87 2.401537856 TCP 1434 80 - 33972 [ACK] Seq=136§1 Ack-440 Win=30080 Len=1368 TSval=1096195187 TSecr=168[262 [TCP segment of a reassembled PDU]
89 2.401653475 TCP 1434 80 - 33972 [ACK] Seq=150439 440} Win=30080 Len=1368 TSval=1096195187 TSecr=168

v Transmission Control Protocol, Src Port: 33972, Dst Port: 80, Seq: 1, Ack: 1, Len: 439
Source Port: 33972
Destination Port: 80

[TCP Segment Len: 439]
Sequence number: 1 (reldtive sequence number)
[Next sequence number: 440 (relative sequence number)]
(relative ack number)

1000 .... = Header Length 32 bytes (8)
» Flags: ©x018 (PSH, ACK)

3-12 AR SR 31
Fig 3-12  Video stream message sequence

3-12 1y R Bl HAS MARERIISUE S, TR EEY 61#rIiE
o BIEBNE KT M i TCP ACK #d B AR se i v 5 2, A
“tcp.len 1=0 and tcp.len!= 17454 X11E K J7 M2 4 TCP ACK HLEAT 1k, Jr
LL, X EB S HME BAER 3-12 hiEoR. B 3-12 B BEH, 61#6E 2% 7 b IRk 55
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RIERNE RIS, WX Info FURTHET, ZROCE 1A IE R M. 67#00-
O9# 5 Il 55 #i X0 25 iy (A W B4R ST, AT LA B B B ik SRS BRI
T [TCP segment of a reassembled PDU], & B 1 ) )37 4z 32 X 7] —AME R S
AL, EITE B EoN, 61#6Lf1 Sequence number =1, TCP Segment Len =
439, T_E K 67#-99%# 611 ACK 51474 440, FFE W N R ACK 5 T T,
25 EITIR, 6T#-99# A& XS 6 I#FILATELIE K 3 A oo B s, 7 X R e b7 /6, S L
AMFER ACK 5. FIFEHIHRFE, IEATEA TCP JHII Fr b 823, nf&l 3-13
I 3-14 Fiows

80000

70000

60000

50000 et

40000

30000 -

Sequence Number (B)

T

20000

10000 [ SRS S

=
-—
—— -

(I) 110 210 3I0 4I0 510 6I0
Time (s)
K 3-13  33972#TCP Jih /7 1€ —
Fig 3-13  33972#TCP stream time series 1

8000

7000

6000 - 1

T
—_
|

5000

4000

3000

Sequence Number (B)

2000

1000

1 1 1 1 1 1 1

1
15 16.5 18 19.5 21 225 24
Time (s)

Kl 3-14  339724TCP iz Fr P —
Fig 3-14 33972#TCP stream time series 2

K 3-13 /& 33972#TCP I P& K 3-13 /1, kB2 R AL 24 H1
IS ZI TCP & 1K/, FHERERZLAAER T U8R ACK 5, L F 7R E4m
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— AR SRR M AT 2 OB EEE . B 3-14 2 XT A 3-13 H 15s-25s X B
[ ) ACK 5 2T HORMIEE R vLVER], FEFH ACK 2 2L
TH#ES, &P KR — IRAUE R E, #afE TCP w541 ok
BRI E, BREW EAEZ M EEE, RIX R K ACK 54
5], HOEwIEn, RN o 2 S ACK 5 A [R] B HicHs LA T A5 4

AN, BABERTLIE R, K 3-13 H ) TCP & 2R3k LI B ik ETHr
#, HERHREGH IR EARME, 1X&FNFE—A TCP AT LA B FH AL 5
ARHURIE AR, AR S & Ak RS 2 AN ], I HLRIE AT 2 AR, A2 AN [ )
MR KM 2RI B EN Z R, FEEMIRE (BEMEE0 AR,
PR AR Sz S BRI B E s AN, TR 7E TCP RIS 751 &2
Peprh BT S AR, SF AR A R RE S A T IR
T HAS PSS 28 B BN A AR R AR BT 3R AT TR I o BRI AR R

LRI UE H, HAS f£4 720, 40T [J—AN TCP it [ — MU i)
R R BOES: 2 A ACK SH R EEE T Bz EH, ATSRIEXA
HBRHE, SRR AT 73 B SR AR B R S, K T E — AN s e £
PSR R, SRS TP ki AT P 5 Bk .

3.2.5 SHREEIFE

HAS USR5 i RE 7, 2 i 2 MR =4 AT A R 4 R DL PR AUIBR )35 SR A,
FEARGIX ARG AT AF AR S h X, T AEARORIN Z SR R BEAT RS, (H
e, T2 BB TE, MRAEE 2 W28 15 DUE KIS LIRS 3, A€ 4 H AT
P28 26 A BRI .

FATEER], HAS ARSI HIE L BRI AR Ja M 25 AR A, B SCRERLAN
BRI FT R, Lhln, AORER = USRS 12 200kbps FIPLAIER, Hi+ 24
RIS VERERISRTT, )7 3 AT 25 PR AR R AT Y 28 (X AU R AT B B 5 (1 e 5 »
T EHTE RAL R T =AY 600kbps ABFRAUA, 3 28 P i S 4 i
12 600kbps =5 MR, JFHFL247 4 200kbps H) = SR 3% EFF 5, £X
AR, BT R ) i AR T AR =S B, (B2
RIB 2 5 J A I A [ P 28 R AT 1 P 5 3 AR ISOT, XML SR PR O HAS AL
TR BL AL R .

& 3-15 /& HAS PSS SKRIFSCHII A B o 20 7 i 12 1 1 3 A AR SR IE 4
RAE A7) B AR 58 i I X AR BEAT 1 5K T 2
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No. A Time Protocol Length DPort SPort Info
55439 59.463470120  HTTP 510 80 33972 GET /akamai/bbb_30fps/bbb_30fps_1280x720_4000k/bbb_30fps_1280x72¢_4000k_20.Jndv HTTP/1.1
59083 66.991661328  HTTP 507 80 33970 GET /akamai/bbb_30fps/bbb:30fps_768x432_1500k/bbb_30fps_768x432 1
1500k _21.94v HTTP/1.1

59901 79.841252052 HTTP 478 80 33978 GET /akamai/bbb_30fps/bbb_ab64k/bbb_ab4k_21.mda HTTP/1.1
60638 93.791856924 HTTP 505 80 33970 GET /akamai/bbb_30fps/bbb_30fps_320x180_200k/bbb_30fps_320x180_200k 0.mdv HTTP/1.1
60791 96.795326968  HTTP 478 80 33978 GET /akamai/bbb_BOfps/bbb_aﬁ4k/bbb_a64k:22.m43 HTTP/1.1
61018 99.927328368  HTTP 506 80 33970 GET /akamai/bbb_30fps/bbb_30fps_320x180_200k/bbb_30fps_320x180] 200k_24.m TTP/1.1

L x _23.m4a HTTP/1.1
61276 103.857074304 HTTP 478 80 33970 GET /akamai/bbb_30fps/bbb_a64k/bbb_ab4k_24.mda HTTP/1.1 ’

58663 62.220418173 HTTP 478 80 33972 GET /akama1/bbb_30fps/bbb:aﬁdk/bbb_aGdk_ZO.Ma HTTP/1.1

58732 63.265065247 HTTP 510 80 33972 GET /akamai/bbb_3@fps/bbb_30fps_1280x720_4000k/bbb_30fps_1280x72¢ 40800k 21.JMv HTTP/1.1
00k _0.mdv, ATTP/1.1

59101 67.117183994 HTTP 508 80 33970 GET /akamai/bbb_30fps/bbb_3@fps_768x432_1500k/bbb_30fps_768x432

60648 94.262953987 HTTP 506 80 33970 GET /akamaS/bbb_30fps/bbb_30fps_320x180:200k/bbb_30fps_320x18 200k_22.mpy HTTP/1.1

60789 96.700295848  HTTP 506 80 33970 GET /akamai/bbb_3@fps/bbb_30fps_320x180_200k/bbb_30fps_320x180 200k _23.mpv \HTTP/1.1

61024 100.209507647 HTTP 478 80 33978 GET /akamai/bbb_30fps/bbb_a64k/bbb_ab4k

61342 104.933139233 HTTP 506 80 33978 GET /akamai/bbb_30fps/bbb:30fps_320x180:200k/bbb_30fps_320x180 200k _25.myv

61505 105.922884142 HTTP 478 80 33970 GET /akamai/bbb_3@0fps/bbb_a64k/bbb_ab4k_25.mda HTTP/1.1

61545 106.680843358 HTTP 505 80 33978 GET /akamai/bbb_30fps/bbb_30fps_640x360_800k/bbb_30fps_640x360_800k_0.m.

61562 106.806271186 HTTP 506 80 33978 GET /akamai/bbb_30fps/bbb_30fps_640x360_800k/bbb_30fps_640x360[800k_22.myy/ HTTP/1.1
62141 114.565593389 HTTP 506 80 33970 GET /akamai/bbb_30fps/bbb_30fps_640x360_800k/bbb_30fps_640x360|Ba0K 24,08V HTTP/1.1
62228 116.546973263 HTTP 506 80 33978 GET /akamai/bbb_30fps/bbb_3@fps_640x360_800k/bbb_30fps_640x360] 880k 26.mjv HTTP/1.1

62712 122.677715141 HTTP 478 80 33980 GET /akamai/bbb_30fps/bbb_a64k/bbb_a64k_26.mda HTTP/1.1
62968 127.085546801 HTTP 506 80 33978 GET /akamai/bbb_3@fps/bbb_30fps_320x180_200k/bbb_30fps_320x180[200k 27.mjv HTTP/1.1

G w1 St W e T G
Kl 3-15 HAS fA 5 K4 L
Fig 3-15 HAS video stream request message

WK 3-15 iR, & ise 2 7E 5873240 A0E K T 4000kbps () 21 SA4HH,
BEJG BT IS AL, N TR 21 ST SR & R Rifa g, T
JEAE 591014440 B HE K T —¥k 1500kbps () 21 SR, [FIFE, 2703450 5
£ 60648#ELFN 61010#ELALFEF) T 22 SHSELAN 24 SR 200kbps A% R A<
R, ZJEH T MK, oAl 61562451 62141400 AL B HTE R T g%
9 800kbps [ 22 ‘AL 24 SALAR, ALK L EHIE RIMELS G, L2 X
A N T RSP 21 SRR 22 5. 24 SO SR
L RE T

M PAE ., BT MRS, HAS MUATR A 50 A5 20 5 ML £ i 1)
FERATGAR 8 R I <o e AL RRAIE

3.3 WSRFIIERE L

AT, JATHE T R ILHIRFAL, Xt HAS RUARF 5 <ok BEgEAT I B
FREAUF AP TR RERE . XU

14,

3.3.1 E&ESI

BT BT R« [ B R ACKTHFAIL , FATRT LIRS ACK 5 Xt S i AT 70 Bk
Re, ERALPKMA SRR IR B — T

(1) MR WA R A BT TCP WAk, H T M AT EtE, 1%
2 E MO KENER. EE, ST ACK T TR R & 1E TR0,

(2) RGERPFFALRAL”, HAS IR AL AL 4L RE o = A48T )5 2 2% TCP it
TR SRR ZRIROLR, BV TCP itk B e ar B i a4 TAE. (H2
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M T4 % TCP il ACK 52t &, Bk, &K TCP i)k, #(ER
BT HELIE ACK HIHFE

(3) MRFE P HIAERFAE", [Fl—HF B R, EAERFIR AR 2% AN [F #) TCP i
S FEAEY, SRR — BRI, AP EGR 2 MO R 2R B HUA R ACK 51 TCP
Je R AE—i, MEIRERA G PSRRI

v
Y FAR
HAS HEA HAS

M i
il ‘ Wi
W A i e W
£ l, B
7 I5g
7| S PRI IE %l
PN IS =PBEN T

|

P 3-16 YIRS P A AL
Fig 3-16  Video stream chunk series reconstruction process

5 J8 B AATAAE SC b A% fay i R P ] e 2B B A B ELFP . TCP V) #5 [7] ,
FATA“ACK SAEN7 8 ID BEATHER G ELMM P FER, SN T 25658
W, TR AN 7 e iR I 53 5T, Al B Wi 23 DA A i SRS

FARML, AR B o AL, HAEAEARR, B HAS M
BIUAL AL Py B BEAT U B T 25 BRI 7S Bt s AR kT R <[ B A ACK 577K
B o P B AT R R A, RIS v S S PR i et v L, U S i
PRRMHATIX 9y, I TSR I 3 BRI, fJm BP9 b K B i i,
WIS A HAS AR 51 . SR B i F & 3-16 ron:

(1) MAR R IE. B, RIS P X (AR S S & R & A
W7, R R S i TP ARG 4 1P, JERRTT Sl . AR)E 2k TP+
g R AT Ge it AR TR 1 S, Gkt 2 TCP . I H.
MR TP X Z [ LA A A% a5 1], REAIIEAL X 70 3 SRILAN N Bt «
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() PN FEN SR A . H ACK SE R ID MR EHIT RS, (A% 8T
HAS MU it 2 v 221 8 2 %% TCP A& 4, 5% TCP i) ACK 55
M E T RE LA ACK 5 LRI PR boln, &P ude 57 A T 1#TCP it
A1 2#TCP WAL 1004 AERAN 101#A L, B T4 5% TCP i) ACK ‘T2 Hphit
B, mET 101 ACK 54 AT REFL 22/ T 100, I Bsf 4 SRA AN
RHE ACK SXTAEMATERS, EENITIIT 1012 HILLE 10041 Hif
[0, FTELARSERT SIS G T o BT CA, FRATTE e e X B A i) da 4 4 R 11 1 [ gk
1THES, REFET ACK S TIRER S, JFHBE— M RS - a3k
I TRV E XA BT a8 RIS [B] o IXFEA, AT RAAT R0 4 22 TCP AL Ha i ] e
218 PRI L I )

(3) PR AUN . NREFEREPPUTS, ETHEN AT RE A, X
AR AN G A . HAS WS B 25D 2N L1555 — AN R 2 A7 2 Ppis
FRER, ANEZREFAI I EIE KN H REAR. B2, [Fl—2% HAS M4
T S A R S —Fi R, Jf Bl TaRIBARNARE, F—&08H, BE
Fe B IAD R A AT B B LB AT RIS 2 o [RIk, FRATTIE I X RRATAR [ B 51 42 R
Pum RN T BCEHE T, ARSI AU e AR AN 5 AR () 43 SRR Ey
T X PR AT HIWT . T KBy, BAE T —/DN1iie.

(4) PR IE . FEM 2% S5 A SO T, 25 7 ol i )4 TCP i 4
RO A4 . FEIXFE LT, AXUSUEIS ACK 5 28 B/ AT SR A A
HRALHNWr, TS SR A% 1 3 BUR A 0] B8 22 7 N 2138 404 B K B R 3 Bl
(601, 3% B 73 BRI R H W 5 %

100#3 101# :102#

|
|
. |
|
|
|
|
| :
| :
1# ‘ t :
: | | :
1100# 11014, 11034# | 1044
2# ( ] _ ;
| !
|
| P
|
|
|
| o
3# . : ;
| | ' |
11024, 1103# ! 1044
o 1]

K 3-17 TPt g
Fig 3-17 Chunk retransmisson diagram
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B 3-17 & e siton s i, FLrb e ) AR AR Al 75 B[] b 4% XF 55 1 3 2% TCP
Q1 24, 3#) [RFIEN, 2 RIFRZ N 14, 2#. 3#AAARGH; 25 1A] B3 T 2 I a0l
REL RIS N B EE K (HAS U RS B i) A 2 82K
FHED 5 TR0 3 FRh_E RN — R g 5 BRI/ B (640 1004, 10148
B, KR AT 2% 56 TCP Wbk T A&, 2#AL bRl E oK/ N R Rk
AR E A E (B0 103#. 1048 &) , Fox METH Z1% %% TCP itk H
TR A B R B AT B AR 102457 BB IR 1% 50 B AR R RUANH 52

W 3-17 s, & PSRN TFE T 1 2#TCP i 50 sl i AT RN & 4
BAEs, 24 IHTCP JAE e 1028 I, 28 25 AR 6 8 Ak, & i D)
He B 3HTCP B 14 1028 I [ 58 7 ACK 5, i 3#TCP fsAE 1)
1024 AT 3 BAR A H R/ NG IR FN 10245 30U, I 530 2#TCP b IE WAL 4 &
AT o BRI 0 O 103435 AR, ¥ 3#TCP i b 4k 8L 5 i 7 HLR BN 103#41
BREL, PR T AR Sy SR Y

3.2 71, RATHER], BT HAS MG H) “ X HAL " RAER <o Heafie”
RHAIE, [ — B 8] R, 2 Hh i 2 2 A7 AR P 2% TCP I 730 70l 1 SRR A 3 A,
HHA LT R E R AE R . Bk, % L2 2% TCP ik, 8411
A URR 5 [R] — 2% A A S5 10 2 B W R B N T ds AR B i R) 0B 47 8 2 i O o L, 7R
BIFRIHLF S, ELEEIL T 102480 103#F5 N4k, 1B ANAEAE R A E, T
FE X6 5y BLR RS AT 90 ) 5 (O 45 SR b, 2#TCP 3 78 3 B R 1) 4% i (1) 1 2 355 AT ke
3#TCP LAt 2 5 I — Bt [l & ) # R AL, I HL 103438 SR (1) 46 4% S st ]
FE 1038 2 B/, VEHILE 102# 3 EURAE T aRHAl, T2 KX &R 70 73 B v w9
25 102, FEX B SEH T HI AT I ST, KU SEHE, XA HUT HI
Iy PRI SE SR IE

(5) EBRE . X PSRRI R T FI AT B A B, 3R R A S A
S SRR 41 o

3.3.2 SRR R S

N T I R R DX H B AR AL, = — S A i (R B A ACK 5
IR BEAT RPN SR L E S S, 3RATT 76 XA i & (B8 B3 540 2t
TGt SRAGPUBAN & SN 50 R {Hy -

HAS BB FP AL AR 22 05 4 3047 4 5, i v FELALJL 1 kbps 21 J173 kbps
ANEE T SRR B A R BEAT G A, 2R Vi FELIE 2 200kbps PA R . JFHH1T
D N A LRI, [F)— AR, RIS B AR 2 R A A i Bt B b
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TG BIANR] (5 72 vty CEARAT S 3R A o R R SR — PR 2 (1 & ik, #0mT LLidd H
& MR EE YT, R 2 MO FRD ), AR AN RS S A A
HHEMAERZNZES, Hln—RSERS AT 65Kbps (I F ML T EH K,
{H& 1.5Mbps HIRAREREIT 6 K LT 1 R, RESESTF IS TSR, H
PR YOR BTG T An, AN 2 FH A MEA R PURE T,
RSN EMERSGZ, W 3-18 s,
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Fig 3-18 Distribution of the number of chunks
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Bl 3-18 & — A ESPHIE R S5, MR MR (FEKRKDN) Trak
HHBTRITMER . B 3-18 1 B R 11X SEAWATI IR AT ST A 25 1 PP AL AT AL
#: 2500kbps. 4000kbps; —FfE AL 2: 96kbps, WL, & 5o P ih sy
A7 30KB AT IR IEE N, I HAE 25KB A5t %, EBhEIN—14
e AR s T AL B ZE U] 20 A P N SRUE BT 625KB A1 1022KB, It Ak ATt
ROAZARI A FAFAE R P AR A 2 . AT 3-18 1, FRATTE R DLW 2], T
NN IARRE, F—iBR 5P p) L hrii &S E — g rES (B, RIEZ
FHIFIS 2R (1) B A 2 A AR — € R B SN, FEAH R R — R E) , A2, B
{6 72 B I A 20 (AT 20 Bt 2 L 35 AR R B R AR 2

Zx FRTR, T AEIX S B ORI (R, A [R] — B 26 4 BAELE B &
BB, AR AT FI it 45 B, R i 2 10 B & B0 1 56
fili B3R —f%, AE A E A o R Ay, DL 3-18 Jfl, X S R4 Y
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YR K B{Hy = 50KB. 3£ 3-1 251 1 AT AR (1 SRR ANAH

* 3-1 ICHE R
Table 3-1 Video file information

SCHRE S pEES RERK
B2 1 4 Fhfi% 2 (150kbps-750kbps) 72kbps 10min
B2 f 2 5 B % (386kbps-2773kbps) 131kbps 12min
B fr 10 P % (254kbps-1493 1kbps) 65kbps 10min
ag 2 % (3000kbps-4000kbps) 128kbps 5min
el i 2 Fhfi% 2 (2500kbps-4000kbps) 96kbps 6min
PREH 6 FifidZ(2859kbps-19683kbps) 194kbps 3min
FLAL T IR 1 %2 (1144kbps) 191kbps 5min

FAIS 36 2L KTUANR . WEARL R EA R RREF 5], R

PEFAIPE M VAT TR S, R B A B 51 5 A2 s HICE ) AR 4L
BREAE R P AN EAT LU HU A SR A 3-19 PR

Bitrate(kbps)

14000 S Ultrate 6000000
i B chunk flow ]|
12000 - 15000000 _
Q
10000 }+ 2
14000000 &
8000 | §
413000000 ©
6000 | 3
2000000 £
4000 2
2000 | 41000000
OF 10
0 100 200 300 400 500 600
Time

319 PLBIH ST R )

Fig 3-19  Video chunk series and bit rate request sequence

K 3-19 2 Al — A R R, AR 200 B o e S A AR PP 1 5 5 g
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(RIARATERAE SR 1) o 21605 2 e il FHFRATT BV M A A3 . b 25 2 Ay 21
10 SR 2 IR SR AU T I 25 P i T 38 AR A B SR P 81 JRAT A P
fatr RMSE (Root Mean Squared Error, 3 7Hi%%) , HEEFAMBIERFH] 5%
i AR SR P 51 BRI ARABLRE 5 2% 7 21 v B A DL A A SR~ F 35 3E B RMSE A
10,132, R IRATEE NI E i b B A8, AR A&
T & AR AR 3K A1 (R AR AL

3.4 FRENG

T DT L B B AR e 81, A B T R % N R ) R T AL
SR A SR EREAT 20 M, JFIRGE 0T R ISR T —Ah T HAS BB A B e 471
HER.

o, WA BT R S PRI T BB A B, AT L i
H I T A0 T2 E A QoE K EEE, DLAEERE B R
BB =T E A W o BARRI T DX B PRI AR | X 28 B s
JfaE B A28 HAS SR SE R I ARSI SR, AT LA R 48 Jii v B
ARy 55 G 2 .

SRR A T BRATIEE T R 2 I Xt N AR AR S I EAT 0 A R I . TEIR
1 HAS SRFESBR L AP iR DU AR AL B A fanir 1k - ORI FA% 73 R IFA% L R B[R] ACK
T oYL,

RHE, A TSGR AR 5 B S . AT RE B R TR R
BAFELF . TCP RIS, 7E6IE 1 LA“ACK 5 4508 ID #HA7 R B R & 1E N £ 4
R EI R, SIN T 2 26 SCERFN, 22X RS 70 B IR 0 H B0 i, i A
Wiz 7> ARSI NI . FIE R B 5 AP IR MR ELIE. 7> Bl iR
AEEEG PSR PSRRI IE. ERREHL

e, BAMERE 7 SR B R IA L, PP T PR 41 B 5 )
ROR o SEUR A5 R, s I BATT S5 A 2% 7 6 v i 2 () LB e 471 45 25 P B ) e
TH R PP A B IREAR S TT R ZE A T 0.132, X R W] H ALk e A1) AR e (1 4
-t ISR GRS A =r: PR ISP RIS
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4 EFTmEZRER HAS #35H P QoE B4

fE b, FATEM L “ B ROk AR A & 7 51, A FR R AL
Py <7 GEfIRD FralEEAT T2, A AR IERT LA S OCE R . dnETRTA
FHP IR RS T RS (RZHYZ ) 2 WL QoE i dx, B RS Rk,
U AL MR SR o 25 R8BI P AE AN R R BCIR S T 2 AN [F AL
BREW. AT, WAVEXL T —FHINEN QoE fibr, AN “LZiXLia
&7 FREEM QoE, BT UL HRAE £ X 25 (UL 5= 2] (1 RSPy 51 K HE W 22 o
XEREIRA, HEMPPAG ™ QoE.

4.1 |o)FRHEIAR

% e i %

| P ! | FEWMQOE
O o D O wm

B
Py R iﬁ§m<%ﬂﬁﬁ*>
ﬁjCDCi][jCDCJ]CDCDEJ ik
D1 2# : 34 4# 8% O 1 10# 11# |

i s' 4%

. i 6t 8% 9% 10# 11#5

I ]
Bl 4-1 M2 QoE VAl

Fig4-1 Network video QoE assessment

Y

Bl 4-1 2 IS E 7 LA AL I 2 045 B QoE IR LAY . QoE J2 Wik
%, BSREAT DA P RS R AR 1 IR s i CanfE 4-1) , (HJ2, B
DI, #am, BUA R AR E W QoE SEERIEA F i EM QoE, H
DA 2 SBT3 B AR T Ar o i I e s . AR RS AT R
ML . X LR E2 M QoE AR ARG, S B tH 7R TS A T A [R] T R IR
A WIAZEME. IEHERE. EHE (RUD & (WK 4-1 “FFERRE” D o N
THEHU A BL B 8 Gl Bl S B AR BEEL R, HAS MU S E A
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Ge X, SCRFE T i 2 Al B SR L) S HUE R T — DU A8 RS2,
R X LER AR IR AU A AE S X, A ARORIS S B R AT HR A58 (2o
X QBRI IR e 7, Wi 4-1 oh 1423 O# KO AIER ; RIETI
MR 5 ZEAE G2 rh X h e B e B, FRSCEs 5 vl BT R s G i 4-1 T
LO#AT 1#ER B ABER) , FrBAt, 2P X APIRES, & ERSEMR s AR IR .
M3 T, ) AE W 2% s SRR i, JF I8 I % 2845 70 BRAEERE AR SIS
BT ORI HEAS RIS (ANl 4-1 g 2 R S AR
VA RUIRI AR SR OSCA A R > H RS T2 7 i 2 o DX PR AU SR TS IR
A&, HVZER XIS, BE RN HR B A IR o BhAh, HAS 25wt “ 1Al
TR M2y ” MAUIBUR SR, 2 380 i 2 5ris sk (s 5 /- 0
B IAUBAEAER 22, W 4-1 HiR MR, BERAMEMNS T L% m “FH7
TE 12680 I3 IEAEIE SR R 48, (B X R 75 2255 31 5 4 R 3B g2
X 2 S 2 s A R AR ARORIS ZI$R U SRk ez F P G - #eAg s, A =
RIS 1) QoE A2 2 2% i id 25K kAL i s (X5, BITBL, 188 R 4 A8 2K
KO AE AT Z000 QoE, 2 “[mlSkE ™ Hot T AU & 1 1 S 2R A O o
CAT IR, AT A FEFRRBOIRE 20 A R e
—EH, BARE 1T HAS MR By S R Sk, nT R InE AR
B RO AP S . AR, AT AL R e i e e A AT AR, H
A A I 2% it PR R e 27 HE B 8 T OB IR S, BE T IESRIALATUH B Qo
R AR, BATACURYE HAS %) o (AR RRAE, SR 07— Fh B & B N
JEZ WL QoE fabR, JFHAEH] 7 i& M T e i S AR R AT BT, R, AR5
SCHLR, 25 RS2 T IsE A B IR EE 5 2 a0 B S R A A I TR 22

Y ] AL

4.2 FHEYZEM QoE 1E#R

FRATH H AR R AL AL a7 o 0 2 0y - it O e (5 8., SR J
o s AR BCIRAS AT SEBI MRS 7 QoE I8 [ 8RN o BAT TRE W4 44401 1
TS BARIR QoS 24X, K& | i R BUIRZS € SONAREY « NI
BRRACHE FAT 56 R U HEZ I TAVRRAE, & SR FR N (] e 4], m] DAASE P I e 2080
FEPR RO S ITEREAT oo BRI, FRATHIWT 7T H An T DRSS . AT 18] 271 3
eI TS, UXONRHES L YO Ebr, FHRXEY 2P HEEM: X -
Y, (G432 RITE M L A BT 20RO X, R DL M SER TR — Y, RIS
I I 25 s ) AL AA - o FCRS
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N, FATEZEAAAZG AR ZE W QoE fEhr.

FEMRZ M A RS IR R, <R R EEZ W QoE fitr —,
BUA B AR AR R R R PP H T QoE. R il # e SON: R ia gzt
XA EMRTIRANTTR AR TTR(E= 00 I, MBS, Ak, 9y
FRIAH SRAIT T A R AR W R 2 0 X AT R PP LA ' QoE, et X G A &R
HtH AR TR BN ™ QoE AL & W ik FE I MR bR, B, JATEI, 1
WP R S RE T, X S EREREH BT T REREIIERS, fTgmf X b5a
BT, RIS R MR S A &, Mg XA T AR T,
LT ETHEGR T R AR, AR EOE R3S AR 1 . BT ZR G2t XIS A
EAERARES, R T A N R 2 QoE R AR <SR X LR
A HURARAFEPZEMXORES . B 4-2 #iR T IEFEFLE PR X 5H &
ARAG I — M

A X o R

S R A ~
IS 6]

. FhIx BbX % GWIK G

Ptk Higs 5E Ve BaIX FRKBUE kit
i il
>

AR

K 4-2 2 IX A R — i A
Fig 4-2 General model of buffer occupancy

A 4-2 108 E AN 2 T — YCSE S BRI A o, SR X TR SR B Y
Rk TeHE, R W R, ENRSERE T, I R T
FLBUBO M tmax: SRR T, G0 IX 447 B A RO Emax e fmin
LIRS A T SRR AT RS DV T2, (H R L T A
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BEminIf AR ORI 8% AEREIGETS, X S ERFAT. K 4-
2 HFE N BoR T S DORES — — X MR RS, Bl 4-2 i % 5 7%
B h XM R TR0 % EIRZS Z I B B <S4, i, e 2o XX A FA4t
KRR, et X A SR B N R IRES, XN, R R st it
AN T RERE

ATV i DA Y <22 o [X £ 45 RSk 23k T i R0 4 JICIR S 5 7 RO BRAT TR B
JRCE B CRES A P BOOUE RS AU S Gt X I S A BT R, 5% XL
AR ATTAA K.

Nl 4-2 o, Geib X A EARRIN, XS G2 XCIRAS M USRS A /]
REAEANFEY, U P BRI E R 30 R BARA R R fln, =2 5HE NI,
G P X R DLAE T @B RS B Wi KA o B X AL T IR, MU HE
JBUES AT BE IR ARAE L UG 2 o B EEUB 22 Y B, AR NN BT, BT RR S IEAE
AT BT ARAE, P LA (0 WU i 1 A i AN h o AR B, AR RIS g2 X AL T
RIS, MU [ A0 2 R, RO, e IR R U, AR
B0t X (1 5 A 2 O AR T /MR Emin, B2 REANE, YUHE AL 2R
Hr. SZ2RML B X ESA BN, Zerf X AT UL T RB RS Bt 4R
WA, BRI PR I3 S 70 A Ak T2 05 2 A I B AR RS, 3 AN IR X I
FH P AR 36 o Bt 2 e A AN RV K o bl DL, 5 fl Bt UL SR 2 o X o A B R U
JURSS IR AN, Nzt X et X E A B ES . Hk, AR T
Fh BN Z 20 QoE R AR R: L2t XERE IR, T 5 & BN 2 m 22
RS IR REHIRES -

43 35 P QoE ISR %
A BN BRATHIRB S QoE S W, BN BEEm A

BRI ANGRE, SR 2 R R AL SE B ) 20 R AN AR TV, X SRR ik ] T I e B 12 90
LA P TN AU R APy, DASEZIIUR T 308 T8 e R 1 S B 000

4-3 A P QoE S TN A% K KB AR «
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{Yt+1}
{ B  fE
(Ye) ) t
(e}
BRA |- > BB PP
{ FEAE RIS |
BEE TR
| X (X WA g
AL
Tt S —

|

K43 SRR
Fig4-3 Algorithm flow

W 4-3 s, BAERHNE HAS P I 28 s At o OV 3R T8GE B 22
MRS, BVERRARZ TP B, B A T2

(1) Bdahb B, PR e HAS PUHE IBCE 2 2 - i 5 IR 55 4 22 18] B ] 4%
B AR, MR A a5 1), W] LUK B i 7> 9 HTTP 15 5RX, A1 TCP F #iiX, »
HIX = (X, Xa}o FERIEARY SRR G2 P X LR GRS, MR IR G b XCRAS R 73 HY
VUSRARZSAA «  H T RUATR TS B TR, 9 2% b L et X MR TR 8 G i DX RS Y AT
Fe RIS AR Y, PRI, ] DL XANY RAENI R F A TR . teah, JATEHR
F0F TCP T B AL e 71 4 FR < Jeor B s, 49 SRR 7 91 o 80 8 S 2 B
I I35 AP S B 2 ), JATFE S AL FE R B AT 2 A TR 751 (X,
HINAR

(2) FETAE. 275 HAS MR I — AR, X AT R, 3R
B T AT BN AN B 48 . FRATITE 4.3.2 15 HOCHRHAIE (1 3 U A2 AN 4
WHET T E4EIA .

(3) BSZdt. IZAR A BT B, R0 A H] -0 S e 2 i DXOIRZS 2147
SEIS I, B B TR — AN 2 BRI s G DORS AT T . XA A
A B, FATTR B 27 0 I R A AE 2k [m) 20 2 i 07 BEAT R . SR I
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B | i N 7 e VA KT IR R HAS P 7 QoE B

MR A, ORI A MRS, FSRE ISR SR A 170 2845 Rt i
BRY B M AR, AN T R R PEA, FH DA dR S S U T IR B2
Tte ZHFE 519 3 1) S AR AL R T 25 .

(4) TELRN . RIS TR &5, 75 28 T 2 70 8s 2% b [X [ S IR A
M — R IR S BIART, B S BE AT SR bR BT S R ST
AbERERAE, SR 5 I RS R 2 H B[R] 7 X, P R J U 6 B — A B 1 )
X MRUKIENIETL A, B A KT 2056 N OREAEX AT HIWT, 15 20 2 BT 20 R
BHWERY,, WY, SERAZIE ST, TN LZEEE X o B ZI B P RRE
X Xeonsrs o X PFIBAS A BRI S LY, 0, Vicngr, o0 Ye)s TR —NESZIMY
RS g1

432 YHERER

AT R AENE A S ST AR AT AR 30 S DXOIRZS 2 TR) AR 5% 28, AT AT BA
BT W 2P B ) QoS S8, SEIUXS 2% ARSI 7 QoE s /2 A . 1%
S, FATATLGE 4.2 PRI AT W QoE fibR: Lt XLREIRA, Xa)
e P X HPIRAS s SRTIEMI 28I, A 1A 7 B P4 I B BEAT RFAES2 30, JE A&
QoS ZHUF Y MUSAFAL » FH MRS AR (R I ZRANII K o A/ 3RAT TR A 4 e
WAL P 51 o 32 URFALL o

PATEESR], d1T ABR BEVERIET, HAS MR 7 din o iR s Z2 b [X 5 A A
AT 2% AT, B EE T — MR (TS SRS . AL, B S e AR i
T8 SRAB O (I AniE R IE RS . TSR g  AYFRYJIRAREE) f& — i m] DAR I e iz v
DR HIME B o XS T2 E KL, BIRASAE BRI E 2 7 i 0 AT F) A 2 37
RGO, AHZAMRYE E—Frh g iy« T HAS MR ISP 91 5007, kAl
AT BLA IS R B APy 51, O HLSIR AR B, A A BRATT R E s A
Feal, al DRSS AP & %5 7 i ALATER I SK e S AR A 5 . A, J2 8 m wl Lo
X X 28 i B H AR e 9 SEAT R AL T2 0, ) AT T 8 ) 22 0 DXOIR S

N, BATI K HAS PUSE bRy, 20 im 24 GRRSR . ZnfX
A8 5 ERF S H (HTTP 35K N2 i 216D Z B AR R,
Ut I 28 00 B AR e 87 P2 3 22 0k DOIRZS B BRI W REME . W&l 4-4 A& 4-5
IV

4-4 72— AR I RE A, 207 S SR A 4 2 b X AT M 2% HT TP
TRRIRSCARS 1] 7 81, i 2R th S22 25 7 i (1 250k X AT B il 28, S0 B 22 %
S SRR A B 51, LR R Mg T HTTP 36 SKRICSCRI B HUT 51,
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K 4-4 flzs, {E 10s-35s SXBUN ] A, S22 P XA BFEMIII AR, 207 im0 1 fR
IR, $RTHH BOWE R S, ST TE SR S R LR 7E 355-45s
KB TE], Hgemt X E A BB Z IR, 2wy T ORESR S, 4ERF T
WUE A Ser, SEATIA T3 SRARAS SR A AR s 20 7 i SRAN RIS R (R AL B, (45
e X AR AR, 105 BRI, ) i (BGRB8 T 2%
X G E-HEE BT T RN AR . 1EAk, 1E 10s-35s X BN TE, KDY
JFURI 2 b X AT B e, &) T da M s iR SR sy 5 (AR, DRIk, S BEm
(][ 2% o HTTP % SC A SKIBIBE BCK s MIAE 35s-45s X B[], PONZEMIX S A
BB, 2 w7 ARBREEE S, TR DUICRS SR A 135 SR AL, R ) o 4%
L T AR HTTP 15 5K 3

200 T T T T T T
Il buffer 14000
17.5} B bitrate |
B request
1501 412000
125} 410000 =
—_ o
= 100k O\ e 18000 £
g g
5 ©
@ 75| 46000 S
_____ m
5.0} 44000
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0.0} {0
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Time

K 4-4 R, P EA RS HTTP i5RICOFF
Fig 4-4 The relationship between bitrate, buffer length and HTTP request message sequence

P 4-5 2 — M ATEFRE FE A, 2507 i i SR A 26 15 X 4% mp AU B 22 0 i o O
6] 7 40, JHG A 20 8 R 20 2 70 P i U SR T 6 B N [ 7 471, 8 S 48 2 X 26 AR AR R A
MR R B 2GS . B 4-5 11, 0-40s. 140s-180s iX BLNFIA],  HH T2 ) s )
T SR A5 ZE MR B2 () T BT B, X B i B ) 22 (8 5 I LR BB S ) v
W T Z AN, 1E 200s-400s 1X BRE (], K9 P o ff SR EARAS 28 R AT 15 218
SRAIe, U X 28 dr AR I e 2 A AR /N B RSP 2% . k] W, &
i 175 TR PR AR 2835 SR I B EAE JE. (9 WA A E 3 4218 5K | 15 SRID 2 S0 B 40) ,
Ho 2= 1E WX 28 308 2 BB 51 AR AE R I H oK
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14000

12000

10000

8000
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6000

4000
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i 15000000
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Fig 4-5 The relationship between bitrate and chunk flow sequence

FAT7 M HTTP 35 RFA TCP 4L B 7 DYZRAFAE: 15 KA

BE BRE. BUAZE. drbikz, ML B WE 4-1 Prs.

= 4-1 R HIRHE

Tabel 4-1 Characteristics of video chunk traffic sequences

RAER R FHEHIR KR
TR K18 b 2 BT ALAIER (T SR Z1-5 B — MR 1) 22146 HTTP i# K
B & AN P AR 5 1 1 4K TCP it
YR P 7E 2 RTALIER A3 R S AT MR 450 224 TCP it
Bk 72 LRI R S AT MR 2, 2

ALVRIEE. AR 0, ZEOEARETHS  1ep Fauk
PSSR 1 TR A

H AN [ B SR MR K R/ 22 7 U AROR, 3 SO RS AE I RS 2 B qb ) i P 4
EZABCRIRAE (Blangui) SRR R DIk, 307 206 pr T 1Ry
AEEAT T — A AL B, AR O BUE G — B — A KEH R AL X TR o A,
AL ()52 3 — A 7 iR < LR M iR B — Ak, K5 R — Rk T i BT A e 3]

[0, 117,

SEEL T R UG RFEBUE SR EL 4. T — 4 A0 4-1 Wi R
X — X,
X —_ - Tmn (4-1)
merm Xmax - Xmin
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4.4 BIESLIIN LGRS
441 HEFESI

PATEE R EEAER CAAE 4.3.1 WHHAT A, BARSCILRS, HEZErPAY A Al
B B o] DLk A R AR AT I ZRe AR, AL FH BEHLARMRAE oA Y
A fFRHKEHCIZMZE ML (Long Short-Term Memory, LSTM) 1E N B,

BATHE 4.2 irp$Eth 7280 QoE R EIR: R XLREIRE, FHda ik
WERMXBPREAMUNEZ XK EEEA X, 55X HA MBI A
K, Wit £ — BRI X 5 A BB, R, OIS EAEX T4
WAL AR AL, 4 28 O JE RS N — B Z 22 o DXCRES AT B e, At £ —
BRI IR AL B A5 S, AN B B AT i Z R R, erg il ud, X TAEARTS, %
B RIAE I (A5l b B <l Sk B BE T [FIINF, 2 A5 R AR50 24 By i) 20 4 48 o i T
2R BT R A R IR B RE RIS N I ZI R, MRS R e
TCIPRAS TR, RIIZ A A6 TR 00 25 SR 2 B A (RAF AN IeAL I RE ST o X T
PIFRAR R, KRR Ao 2 I 28 R T LR It 2, Bt AFRAT I #2125 LSTM ]
28 FAAARAT T R0 v R TR0 S A5 R

(1) R EERENARAR > KR

BENLAR RS — N B 2 PSR AR i I v, Hoan s S8 ) 72 e T A
B B R B ARBBR E () o <M UIBH L DR M 22 B0 B FAE ], A4S BEATLAR AR AR
BT HAh o R BATAT B T = R W B . FRATTE FHBENLAR AR ALY A

FEINGHT B, AT — N 2 R ASIGR BRI E N — AR R R
KT ZAHE GERIAIRG . JUiis . Yok, dantdikz) Ham— 4%k
2, SR 5 i RS TR] R A R AR R R AR AR B A AR N BEHLARAR, BEALAR AR RFAEAS:
A RTINS, RS S SHERAT R R R EES B R R AL .

5P 2 43 KA AN ], AT & 7 91 E I 8] B B 5 5 Bk 1 RE
PE, AHEFEAS fZ (A AN S8 AT, A SR T B R K 97 58 SR 3 1) 7 Xk
AT 2R, 2 B0 GBS AR £ 2 8] AN BRI R AR OG>, 5%
Wi R ) W 5 2R, B ansdad K 4 V)70 5 B 4R, 78 SEBR I ZRA e IR ik F v
H T I AN X o B AR AERS (8] BRI 5E 50, WA Al Be IR AR A Y I 2RI
D2 P B AR AE IR 1A) B 5 AR B I 20 FH B B P8 SR A 25 T, BIRE Xy AR SR it
I T I 2B AR PR A MR 15 2 IR, DROA A 2 T LB AR B AR I SR Sk B Rif
R 7RREIEE S, AN H S 2505 BT AL, St 15 2 R
sl WA, IEH, FEESGN K g e Bk, K il 5 a4 2k
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ELTE K BRI PR A NN GREE SR, X PRI 5o i R AR TR A
HEAZREL N RSP AEARENE S, MR MEARE RS 255NN, H
SETERT AT AV EAE b, XA ERAE 7 NRARRAGIEN, BN E S SRR AR UIZNT,
TERS 7 F AR AR RO AT LEBE AR B8 &, A CAREZ AT LA Il ghrb gk
B, P24 TE B, TP 7B p .

HIEMEE R, B TR BN 0 o B B 1% 7E DAAE IR ER T R
KB F 20 s . Rk, FATEH TimeSeriesSplit 777X AT & - 41 13t
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Fig4-6 K-folding and timing segmentation
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Fig 4-7 Model training strategy
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Table 4-2 Video file information

SCHRE S p RS FERK
B A1 4 Fhfi% 2 (150kbps-750kbps) 72kbps 10min
B2 f 2 5 B % (386kbps-2773kbps) 131kbps 12min
B fr 10 P % (254kbps-1493 1kbps) 65kbps 10min
axh 2 Fhfi% 2 (3000kbps-4000kbps) 128kbps 5min
el i 2 Fhfi% 2 (2500kbps-4000kbps) 96kbps 6min
PIREH 6 FhfidZ(2859kbps-19683kbps) 194kbps 3min
HLALE DR 1 Ffith 2R (1144kbps) 191kbps 5min

XA SR LA W 48 000 P A AN ) i H S 81, 3RATTEAE 1) MPD SRR
SRESZI A 41 (1 35 [T AG B %, DL 0.25s (1B [ A1 B o) PR AN P F1 kAT B 07 RAE
(7] IR A P 7 3 1) 5 PP SRR B P A REAT B A, R AN e 91 B B[R] — i
(AL 2B AT B A AL B

443 SR

PAMETHER 2 KETR . AR F1 28AERR, PPSBIBATERE . S
BRI e A BRSO A, HLARGE (T
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(1) BENLERAR > 25 BIARAS 73 2R 45 o i

FAVE Sklearn 1 IBEHLAR AR YN G vh XAR S 40 2, TR ZIK
O 28 7 S AR AAE X 97 TS 2 2 DOIR A AT S W o FLARHI I, B 2 75 B R A AT
() TCP PR PR EER, {3 RIUTH, FERIEEE MK/
CEL B 2180 A SR R 75 2 AT & 1 DU ZH AR AE 7 51 . i SR IFIRR 741 7
F PIRZEFF IR Pk Z Fe o1, f Ja ¥R o MPD ST () 1 SR I TR 4R
FRHERTARET 2, FELL 0.25s o RAFERIFE, KR — %A 1 2 - o H &7 51 Cf
FORMIX BRGSO E I VU RRE P 5 AT I R 5, A R
M2 IR, FEARYEZE M X A BRI S, bR aE NI ZIREA S22 vk X
AR (b, BAUEFAUMZEMN X AR 04 1. 20 3 AEAFEAR SITHR,
X PUFRZE P X 25 A RS 20 B B vh X I DU FORAS : @I PR WIS )
NI R A I 0] 550 P D 28 38 B AR AL 45 R TS 22 vh XK S — — X R R, 58 il
P bR AL AL B

T BB Y R0 (0 2 AR, SR v PAl S5 R UIR 77, FRATTEXT B LR AR
BRI ZRid AR, ARSI T AN FESRBUAN A A 25 10 22 S0 A8 « AT TR
4-2 Ty 7 PSR AU I TE N O T AR DL R R, A R A AR A
KI5 — LA E 61042 MFZI A, HEHRIRES 3833 ANy #RZGIRA 51454 4~ ¥l
TRAS 3761 A\ FhPIRES 1994 Ao RFEAR 72 IR K] 4-6 tho At 8] Fe 5101) 7
75 s AT B o B R AR B SRRV A o 3R 4-3 R BEHLARMARL K PEAh 25 2R

M EHE AT L, @I IR TR 5 RAS IR RS A 2 (B HERD =1 T 80%,
H2, A T IX PR IOIRES , <P RS Tl RS OGS B S R 64% 1 71%.

R 4-3 FEHLARMAE R PP 45 R

Table 4-3 Evaluation results of random forest models

ZWXRE K5 kS BREIZE  F14% WAFEA S
€3 0 0.81 0.95 0.87 1166
I 1 0.99 0.94 0.97 15413
Wi 2 0.64 0.85 0.73 1133
i 3 0.71 0.94 0.81 601
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FA i i 2 H BEH LRV 25 R AR IE MR i LR A, ek 4-4 P

A4 BENURRMAG Y PG 25 SR A VR R

Table 4-4 Confusion matrix of random forest model evalution results

o TR bR 2
HEhr%E B o \
Jeds Einsy] Wi il v
e 94.59%(1103) 2.83%(33) 1.03%(12) 1.55%(18)
IR 1.52%(234) 94.37%(14545) 3.3%(509) 0.81%(125)
W 0.794%(9) 6.71%(76) 84.73%(960) 7.76%(88)
Kt 5 2.33%(14) 0.49%(3) 3.16%(19) 94%(565)

K 4-4 FURBENLARMRVPAL 45 R PIRIE AR, KA RE PR g e &’
SERRREN A IFEA R TIONN B FIREEE, BIRGIHER R (LSRR A FEAH
BTN B FIREAANED .

LRER 4-3 MR 4-4, WTLLER], BARBTIREKEAMNEHE R A 64%, (HZ
RS N RRBIUER R AL 84.73% (BIZ 5 1133 NS IRSREA RS
960 MIIHIEMHIIND , Z BT LL2 = AR BURBIIR ARSI 2, £ A2 5K 15413
MRGIRSNARFEAR T 509 MR IRAAMARE,  BARIX I/ Bl 8 15
R RGPS B 51 3.3%, HEMNEREE BE, A Y T
RN A SH—F DL b, SRRz 1R R IR S I 2 P4l . [R5,
il RS VP AL 45 S o A RS RIS A AL 71%, (H2 2R N R AR 2
HE 94% TGN ZE LRI, AR A IR T BRI B R AE AR
N R AR KM Z R R, 2RSS 5 IIGAR A B & A7 E )
KIIATAET, DLARTBEIYIZ 0], SRR 61042, DUMUARZASHIFEA & b 23
H: 6.28% () | 84.29% (R « 6.16% (W= + 3.27% (khdd) , Bkl
WL, FEAREE RGPS ARSI i T HARSFEAR L, B ARG RS VP Al 38
B R sz B AR R R Z, JCHE W RE, BN R IRES
5 Wi RS AERRIE G X LR GRS AT IRGS R i), B B AN HADIRAS T3, 78
MRE Gt X 5 A AR TT M) A TIRESTTARES , &b T X 5 A &4 2KilG S A i
X MRS AR B2 5 72 AR TR

B2, WK 4-3 rEFERTLUE B, BEHLARBR > SR80 DU Ah G2 o DOIRAS 1R 51 A
[l (EER) 0K 85%, FHWET 90%, It HE&&TIR F1 0% CREfRmd
[F 2R AP IE ) 208 73%, “FIET 85%.
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(2) LSTM TR 2% FEPRAS F00 285 5 70 #r
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4-8 F1 4-9 435 LSTM T 25 )11 25 AR Lk By 2R A5 1k il 28 AR B 453 2k
A2 . WIEIFR, BAEERAR S G SEHAHIRT, 1R, SR AL )
RERETRFIL 908%, HAEMEIKT 0.1,

BATEIN G A ZIREA PSS RS, SRS KR ARSI R
MAFEZR, Wk 4-5 fios:

* 4-5 LSTM R PPk 4 51
Table 4-5 Evaluation results of the LSTM model

S IXOIRES i LS [EIEES F1 53 DA S
€3 0 0.97 0.96 0.96 1197
I 1 0.98 0.98 0.98 10398
Wi 2 0.87 0.88 0.88 1387
i 3 0.96 0.93 0.95 692

* 4-5 & LSTM BERY PR VEAL 45 R . BRI AE AT SR A7 AE W S R 25 AN
AT, AERDUR SR PR TR R (AR & T 87%, ARFE (B2 &
T 88%, F1 7340 88%, EIRMACIRZS 1% TPPAL 4R n /598 B 25 (K T HARIRES
F, ABFEAE T REHLARR 73 58 28 A VPG 45 RAFAE T R TT . AL B AT BAR A T
Bk

45 AKRBINGE

N T WNBE TR HAS AU (1) QoE #EAT /K1, AT HAS ML
s, $Em T AU QoE il 5ik.

B, ARTIATTHERAMAT I ER QoE, AT PFL N ZE
W QoE fihx, FALM I M QoE, A EHLI AT EA QoE ik, HAY
=W R

UeAt, 5 IA 0T o B <G b X A B D R BRI IR S AT R b
AFE, BATRI, 2w RIS A P X B EA O, 5% XL
A RN TAT K B, AR SOGEFRH T — P28 N E 2 W QoE EEF8bx:
Gt X ZR GRS, AR AIN SR G T S2nf X A B S E R, AT DU AEL.
A BRIERR AR -

Hk, 91 RAE AR S R e s M B itie (0 g i3 5, S 3
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