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#eFQoERYKH: ABREL

% =3B IUDASH (Dynamic Adaptive Streaming over HTTP) fE A {ZHisn A,
BN ST ZEPE  (YouTube, Netflix, Bilibili)

< ZEDASHH, — ISR %R0 0 Z A RILEMNIRAR, M RAFFEIDAZ
MNEKIMHER (2~5s)

< DASHZ FimizfTABR (Adaptive BitRate) Bk, AE— ) IMIEIFLER,
Htrm i A QoE (Quality of Experience)
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| :2HQoERYXHE: ABRE XL

< DASHE FumizfTABREE, AE— 1 UHERIEFLE, BirERALQoE

» BEr: ghE, KT PREVK
> BN EEMNE, BNEPTXEKE
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| :2HQoERYXHE: ABRE XL

< DASHE Fimiz{TABRE L, AF—PIIREFBER, HirE&xAQoE
> Bir: 5RE, KT, PRET®R

> BN AN E, BREPXEKE

> Et s PUIRAVAD R /BT E

Client Network Server

“Throughput Prediction
ABR Algorithm

HD| 1 2 3

Playback Buffer
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' IRHQoEMXHE: ABREE

< DASHE FumiZ{TABRE R, AE—PYBRIEFIENE, HIRERALQOE
- Bir BRE, BRFH, PREVIR
> BN M ELE, BRENXEHKS
- Et s PUIRAVAD R/ BT E

Client Network Server

ABR Algorithm

HD| 1 2 3

Playback Buffer




| :2HQoERYXHE: ABRE XL

< DASHZ FimiZ{TABRE R, AE—PIMBREFEE, BirE&AHLQoE

> BiR &RE, BT, PREVik
> N ARENE, BREAPAXKNKSE
> i SRR/ AT R

Client Network Server

ABR Algorithm

HD| 1 2 3

Playback Buffer
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© B PIHABREE T4
C OREBIE GMEH. BB, NBEIE

Q EFEILE a EFEMR e ETRARE a ETHBES

FESTIVE [CONEXT'12]
PANDA [JSAC'14]
CS2P [SIGCOMM’16]

BBA [SIGCOMM’14] MPC [SIGCOMM'15] Pensieve [SIGCOMM'17]
BOLA [INFOCOM'16] PBA [HotMobile’15] Comyco [MM'19]



BBA [SIGCOMM’14]

A Buffer-Based Approach to Rate Adaptation: Evidence from a Large Video Streaming Service
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¢ BT EHMHEMNABRE AT HHETUN
* ik NAE (HTTP) EMEEMNST, EMERBIUN
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ll' Buffer-Based Algorithm
< B8 AREME, BRRIEFREZAXIKIERRLL

TN 70N -

ZEHMXIKERE T A TMNERZETILHNER
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A Maximize Video Rate
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il BBA-0:R5KiB4E

< B EREME, BRZRRFENRIEZE DX IKFERZ MR E
I FPNEPXRE, reservoirfllcushion

> Buffer Occupancy < reservoir: EF&{KIDER

> Buffer Occupancy > reservoir + cushion: EFHRESBER
> Otherwise: WBIT4: M & 578 2 58 M X K 0 Ry M A 22 48 531

Boundary of the safe area

Ri1 /
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ll' BBAZ K

BBA-0 BBA-1 — BBA-2

SHXTEERGZE (CBR) R SO LK (VBR) 30 ETFHHEFN
BUREZMXKEMNEMRE  BRRMRE R h R K/ R & S E BRI R R R

HRL: https://blog.csdn.net/LvGreat/article/details/131211119?spm=1001.2014.3001.5501
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' SSEHhRE

% SLISIREE . Netflix
> JEBBAZRE T & T N SR a3 AY B i es
» 201398, —ES50WH

< XTI IE
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> BMMYETEAXFTHREFENEE
> BBA-OIRITSSKELE R, ETHEF
> BBA-OEESXEH=HFRARMRIFRIMMLFE (Learning in Situ [NSDI'20])
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¢ ARKEHFEMR
> EREMETERAR T HLEESE — MPC [SIGCOMM'15]
> RDERY)IRER A — BBA-Others
> LR MRS R MBI — BOLA [INFOCOM'16] / Stick [INFOCOM'21]
> R BRI QoEft4k B #x — MPC [SIGCOMM'15] / BOLA [INFOCOM'16]
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BOLA [INFOCOM’16]

BOLA: Near-optimal bitrate adaptation for online videos



ll' BOLA

<« B BABREX U AMARAKLEE, ETFHEERMLMKRE
> WEMA RSFHIWHREYy, FEXRWASE (BB E S sy)
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il BOLA-BASICHA%E Z1%5

B4 KBE(Vvy +Vyp - Q(t))/SmfIRKE, AT —MBIERERD
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ll' BOLAZ{E

o] fE 38 S AD 4
BOLA-BASIC BOLA-FINITE TRARMRI

if

BRRAMIRERT T LS % ZIRBRUIKE

REJBERTTA A

HRL: https://blog.csdn.net/LvGreat/article/details/130487156?spm=1001.2014.3001.5501

19


https://blog.csdn.net/LvGreat/article/details/130487156?spm=1001.2014.3001.5501

' SSEHhRE

% SCISEIREE: Trace-driven Simulation

* XS A&
» ELASTIC. PANDA
> BLEEL (BTFHENR, AFRES3H)

> HIRE
» Z&trace: Norway 3G/HSDPA. DASH benchmarks
> A Big Buck Bunny (10min) , f3MERK/N\3s, 10FALRE H, Z5HX _EFR25s
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' BOLA-O & BOLA-UiEHER

time-average utility
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> BOLA-OfEAdash.jsH B STIB AR IIAABRE A M IRy, EES =T EIUN A
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S FAERKEEHR
> REMBRABREHE{EE — MPC [SIGCOMM'15] / BOLA-E & DYNAMIC [MMSys'18]
> RZ Z—aIQoEfL{k B #&x — MPC [SIGCOMM'15]
> ARIE THRILSEXE U E — Oboe [SIGCOMM'18]
> BRTABREEIMEIZ R MARIERFZE, KMEDBRIENL, HTERAEXE
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MPC [SIGCOMM’15]

A Control-Theoretic Approach for Dynamic Adaptive Video Streaming over HTTP
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Model Predictive Control

o BIE BABRIETL N BENL AL HI 5, FIERTNES (MPC) KR

% B strawman solutions

> teBl-FRor -t (PID) @ BiREREMMmIEM, BEERATEZRGEMIFEHRSR
> QRO RAREIRE (MDP) | REFHETURMNE R XIRE, KEPA—EESNI
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ll' Model Predictive Control

o RIE FUNXRREE, REBALAILER
> FUNE R BN ETE
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ll' QoEH%R
< FQoE B FREIR A Z M EIRAV LR T4 R &K

> WHRE: q(R,) (OJfE{k AEEE: Ry)

FIRASIE): max ((d";R") ~By), o)

k

» REUI#: [q(R1) —q(Ry)| (TELAEEYIH: |Reyr — Rl )
> BEIEIR: T, (BEZAE)

N-1
di(R
QoF = Z a(R) — i z max (( SO Bk) , o) =2 ) 1a(Ryer) — AR = T
k=1
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QoEmx Kt [a] &

o B
> u A us, q()

* WA
> ASURAT G L
> SRR N di ()
g %/FPEJ:BE Bmax

> FERRE: Ry, Ry (KARKM
> BEIFEIR: T
> NEEFEE At

max QoE{* (6)

Ry, Rk,Ts
di(Ry)
Ck

1 tri1—Atlr 5
Cl = C, dt,
* tk+1—tk—Atk/; ‘ ®

s.t. tht1 =T + + Aty, (7)

JBl — TS? Bk € [0: Bmam] (10)
Rhc€R, Vk=1,--- K. (11)
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' MPCZ{K

RobustMPC

FastMPC

RTFNBLEION, #HRFM

BHMEFINTZE, AZLER
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' SSEHhRE

< SCUEIALE . Trace-drivenfhE
> Emulation (MEBETE(L) : Linux tcfRiE, EHTdashjsEmResH{TLLE
> Simulation (88U 47)

* XML TTiE

> RB. BB (BBA-0) . FESTIVE [CONEXT'12]. dash.jsERIAZKRBE %

> &.m%

> W Z&trace: FCC. Norway 3G/HSDPA. Synthetic

» M3 Envivio (260s) , fREERK/N4s, IR F{350kbps, 600kbps, 1000kbps, 2000kbps,

3000kbps}, Z&H[X _EPBR30s
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RobustMPC & FastMPC1E(L LR

R
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< RBMARES
» ETREGEEHNABREZNRRIE, ¥R T7TABREZEMNEITZ(E
> BT RS EET, MEBEIRRIE
> MPC5RobustMPCSEEIR A&, ETERE
> Gi— 7 AEIMNQoELIk BAr, =EEM R TIERER

-

¢ AEQBEMR
> REERPEHEHN — CS2P [SIGCOMM'16] / Fugu [NSDI'20] / Lumos [INFOCOM'22]
> MPCITEFFEE K — PiTree [MM'19]
> LM QoEA—EMEELH A — ITU-P P.1203

-
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Pensieve [SIGCOMM’17]

Neural Adaptive Video Streaming with Pensieve
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< MPCRYM BRI T EFRMEL=T0N, ESINSMEINE TRMESSIN
% RobustMPCR A ERSFIEHETN, BREMSIM KL ERE

t+T
Throughput

Lo B —

=
S 1.2
Q_ —~
< % 8
c) L O 09 & IIVF T 1 Vv’ T1 N Messssssssssnnnns
o ES
=% T os o : RPHELETN
— Video bitrate :
0.3 L 1

Basic idea: MRS TE T2 MK IMELZ L



ll' Pensieve/fIE: s®{LES

* fEZR: RIB (Agent) +3fEE (Environment)
> RIBETURARS (@ESFFE) | BE1Ts @ERRRAK) | RE5ER (QoERE)

Reward 77

Agent

Take action Gy

-

Environment

Observe state Sy

Bfs: mARUERER Y
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' PensievellllZk

ABR agent

Neural Network

policy
Tig(S, @)

Observe state s Take action a

next bitrate

Y

State NS00
Z0 20N

N/ )\ .
parameter 6

NAKR
87 i‘g

Collect experience data: trajectory of [state, action, reward]

Training: § < 0 + aVyE,, [Z T estimate from empirical data
t



ll' Pensieveilllé5%& % (A3C)

Large corpus of
network traces
cellular, broadband, synthetic

Video playback
Fast chunk-level ssmulator

r
=/

r
=/

Q

Pensieve
worker

Pensieve
worker

Pensieve
worker

Model update
lensorFlow

{state, action, reward}
experiences

Pensieve
master

updated neural
network parameters
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% SCISERIE: Trace-driven Emulation & Simulation

* XS A&
» RB. BB (BBA-0) . BOLA. MPC. RobustMPC
» BLEBRE (RFMEELR)

> HIRE
> W Z&trace: FCC. Norway 3G/HSDPA

> M3 EnvivioDash3 (193s) , sk A/\4s, #BERZE F{300, 750, 1200, 1850, 2850, 4300}
kbps, &M X _EFR60s
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Pensievel ¥ 4% R

% B{KQoE:
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Pensievel ¥ 4% R
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* AREEMR
> FlasFEIME@A (BREMSTUEEMNSE) — PiTree [MM'19] / Metis [SIGCOMM'20]
> BAHERREEELINBRGFAERE — CausalSim [NSDI'23]

> Hh: BELIFEERZE (ABRL [ICML'19 RL4Reallife Workshop]) . #{5% > (Comyco
IMM'19]) . 7%= (OnRL [MobiCom'20]) . ¥EF 3521 (A2BR [JSAC22]) =
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https://github.com/hongzimao/pensieve
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