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RESEARCH ON ADAPTIVE BITRATE ALGORITHMS
FOR QUALITY OF EXPERIENCE PERCEPTION IN
WIRELESS ENVIRONMENTS

ABSTRACT

The Adaptive Bitrate (ABR) algorithm, deployed on DASH clients, dynamically
selects the bitrate for each video segment based on factors such as current network
conditions, client cache status, and local hardware processing capabilities, aiming to
maximize users' Quality of Experience (QoE) in watching videos. As a crucial
component of DASH technology, the ABR algorithm has long been the focus of
researchers. With the rapid development of mobile communication technology and the
widespread popularity of wireless terminals, the wireless application of video has
become increasingly common. Compared to wired network environments, ABR
algorithms face more challenges in wireless settings, specifically: 1. The randomness
and time-variability of wireless network bandwidth fluctuations, which lead to the
inability of existing throughput predictors to accurately forecast throughput in wireless
networks, thereby affecting the bitrate decisions of ABR algorithms and indirectly
impacting user QoE. 2. The severe and frequent fluctuations in wireless network
bandwidth cause existing ABR algorithms to frequently switch bitrates, selecting high
bitrate videos when bandwidth is high and low bitrate videos when bandwidth is low,
resulting in lower video quality and smoothness. 3. The phenomenon of multiple clients
competing for the same network bandwidth resources in wireless network environments,
leading to uneven bandwidth distribution by existing ABR algorithms, with some users
experiencing low bitrate playback or even buffering, while a few users are able to play
at high bitrates. Low video quality, low smoothness, and unfair bandwidth distribution

can severely affect user QoE. Therefore, research on ABR algorithms in wireless



environments has significant theoretical and practical value.

This dissertation first introduces the development of streaming media transmission
technology and the main content of DASH technology. Then, based on the current state
of research on ABR algorithms and the challenges faced by ABR algorithms in wireless
environments, research on ABR algorithms in wireless environments is conducted,
focusing on the following three aspects:

(1) In response to the issue of existing throughput predictors being unable to
accurately forecast throughput in wireless environments, a throughput prediction model
based on Informer (TPMI) was designed and implemented. Compared to predictors
based on HM, LSTM, and MLR, TPMI exhibits superior predictive performance, with
a significant improvement in prediction accuracy. Integrating TPMI into the MPC
algorithm, compared to the Pensieve and BBA algorithms, effectively enhances user
QoE.

(2) In response to the issue of existing ABR algorithms selecting videos with a low
average bitrate and frequent bitrate switching due to severe and frequent fluctuations in
wireless network bandwidth, resulting in lower video quality and smoothness, a QoE-
aware substitution compensation algorithm was proposed. The core idea of the
algorithm is to dynamically replace low bitrate video segments in the buffer that have
not yet been played with higher bitrate segments when bandwidth improves. Simulation
experiments show that the performance of the BOLA-E and THROUGHPUT
algorithms, which incorporate this algorithm, is effectively enhanced.

(3) In response to the issue of existing ABR algorithms resulting in uneven
bandwidth distribution and lower user QoE when multiple clients compete for the same
network bandwidth resources, a multi-client streaming media QoE optimization
algorithm based on COMA was proposed. This algorithm is based on a multi-agent
reinforcement learning framework with centralized training and distributed execution
(CTDE), models the multi-client bitrate decision problem as a Decentralized Partially
Observable Markov Decision Process (Dec-POMDP), and solves it using a
counterfactual multi-agent COMA policy gradient algorithm. Simulation experiments

show that, compared to the FESTIVE and SFTM algorithms, video buffering time is
\Y



significantly reduced, and user QOoE is effectively enhanced while maintaining fairness

among users.
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IR Y) R SIE RSN o IR eR BT 455 25 18 T P FE U5 &
TP W R AR O SR 2. AR, RAE R P B s N R — M
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— ARSI B ¥ LURF 3R, SR ik 8 R — ARSI 1 LURR 3 22l bR B0 % 1R T 22 i X
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BRIZ SRS S (DRL)SVE 3R 7 —Fh B 33T T 55 55 43 0 AR A o & 3 TR 1)
L, KT I S B S HE B o 12T R R T 26 I 45 v 1) 4 28 N ZE5R
&, AHR% B2 5T I SR 5 4 R AT (0]
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#. {0 qMDP {558 T RL VI 7E R 2015 0 T 7] e 75 22K & I B Aot 5 5t
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HI& R AR SR (ABRE B HE, B E SRR ) QoE. % H kil L = (1o vp
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SRR Rk . AERFIAEIF, MetaABR W 75 /0 B S2iR B AT i 2t o7 ST
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TEBCFACRNRE 2 FLIE N B PRIBUR e 15 57 N, AR AR IR &5 AR R B0 H
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bbAFs (ABR) SVEMEDLUA ROR %, somg 7 IS B AR OSBRI, kgt
AR FOERR R B ARFEE, DA TC R 5~ i k%, 327 H
FHAL:

R FHEXTCLIAEE R ABR FIEBHTHIS, @A ABR HIETE
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IR, ARSCH BT AL

(1) BEHE T E B st . £eIla it &N AL HE T
JCVE AT TR 1) A Ik B FOUN ) I 3, e I A0 BT JC 2R IR T 5 e e e TN ) A
7, WIFIFSEEl 7 —FhEE T Informer MF IR UM ZS TPMI, A4 H A B IA
[¥] ABR S, LLRTE ABR A TERE .

(2) BEIIET ABR BIEMMALHETT . 0RO ER I 267 58 il 20 H A 25 30
ZF, PUA [ ABR SIAEEE AT 1 LR 2R AR HL LU Rp e DI, AT 53
(RIRR A9 o B AT BEAR A e R, 42 H T —Fh T~ QoE B8 1 B k2 ik

(3) % it ABR FOERFL. EFXTILA I ABR HVETE 2% 5 b se. 4 7] —
W 2 ity B BEURA, S LAY S HA P QoE BURMIIN A . $&H T — kT
COMA W2 % P i AR QoE LAk,

(4) WA ST ) ek B T 2 A 4 SRV kAT SR B e A 45 SR 23

Lo Tk TR F Qo 8 5111 (1 52
MHR P A B A
! , }
U T LR T et B 4 5 T ABR £ % i
WFFE P 25 STt o AL ABRBIRA AL
3 y
T M 281 T P 2 H IEANEE 6 aili) M AR, SR
S ] B ARIRLIERIY 21k, KL%, G R ] 85 (A QoE i 1
. P T —#E T Informer e T — M IE T QoE BRI e T —FpELFCOMART £
il e v fl 5 i 28 R & PR PR QOE £ AL B 1

P 1-1 12 ST 7T S AR 2R ]
Figure 1-1 Framework diagram of the research idea of the dissertation
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TR BN FIRBAAF AR K R DL ABR BUARIA O 5o, AR5 ik
ABR R FUAE TO I T T I 1) o) @, BB AR 2 R R 1 A ABR B
WHARDR . BG4t T AT N 2 LK 24

N KEAMR . FEN VIR R L DASH BRI E:
LNE. BENA T REEMEmEAR, Hh e SR L msoR L T
HTTP [ EENREA . BENHT DASH BARMEENZ, HPaH DASH
BARZER] . MDP S, M) fr. LeRR s BE L ABR Bk BEN4H
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sk 2 ST HESE

RN E A TPMI. A% Jedt AT 1 i @itid, fREAaFrtE
TN A5 AE GG FHIAE . ok, Bk 7 AZRH S, Bot—MudE i
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—MEET Informer BEAYMFIEETINE . B5E 1V GV, T Z Ak &1
OVTTNPERE, JF B e MBIAE M ABRELF, DIETH ABR HILIMEGE.

VY FONFET QoB AN B i AME . LR T RLIMBHR QoE 5
M BE R . K, BEAT T AR, FEONIIA ABR BUATE A T HIA L .
SRIG IR T AR R E I, AL ABR BUELE RIS FIPERE. BHJS 4T
XFIAT ) ABR SR AETC 2k 9 4 0 Jol BRI AT, AU B P P AL )
AL, S T —MIEET QoE JERANH B MR B SRR BLIEHEAT T IERETEAY,
ot 7RI R

B NFET COMA K2 E P itk QoEMRALEIE . AT x 2%
i 9 5 5 I B UARR A TR SREEAT IR A . IR EA AR = IR AE E 1,
fiE R IAT ) ABR SEIRAE 2 %5 7 i 5, 5 [R) — DX 28 77 586 BRI, 7Y B8 0 O AN I 20 B
F P QoE BRI Al . SRJE4H X% R 1 —Fh3ET- COMA 120 % - s 46t
1k QoE fAbEik, HG/EMPLIT & EXTEVERAT TR, FE0sSetas ik T
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B2 F BRI

2.1 MR AR

TR AL R BE A & — Flg ik [0 28 S AR 00 RLAI5E 2 AR N B B .
ERARREREAR, HESENAGRE E S L BANFE T R4 w076 T
R4 2% b, 4RJ518i HTTP. RTMP. RTSP 259U 88 Py 25 LR H B AL i
BRI, G AR S IUE FIIT . SRS N EO R, R
BB ALy, F PRI DAL R 3G E A, T /R S A A SO R BT
TBARAL B FIESTE TR e @RI 5, RUTETELR B, W
B A5 AR R AR AT A BT N o T B AR GG I R A A R AR
BT HTTP ) HIE R AR .
2.1.1 G RIRE AR A

GBS MER B IET HTTP BT i AL 5 A s i AL
BT HTTP BT 8 A% 0K 2 A e (1) LA S A 42 1 i R A 3 3801 25 7 i »
A LS R B R KRS, DL R C A N EAI A 2. S i
fe et DU T ) 448 Sy 5 AT SE I PR AR S e, SCRRBEALUG IR, P RT DAEAT
S WG, RENEIE T AR A B . BRI T7E S 2 — Bt e B iz as
H, G EE . T HTTP R S AL A SR ALY A, FOdEH T s
R, WS SERARE, IR K HLA S AR SR AL Rt I 2% R
TEREE, TERE MRS SN L5 0, I FLLE RSB 25 5 2 27 KA
2.1.2 &£F HTTP BB & R E A E iR

F£T HTTP 1) B 3& RO BRI B 2 — Rt i R %, el
AT FOVFRE AR 24 I ) I 8% S A RN 22 bR 0 S 7 TR BE AL 1 o B, TR
WH PR EXFERI I, EBRA T AR SR T HTTP (I A%
7 AE A 58 R 28R T R U 30 AR T TS 2 o 5 AR AE W 2% 2 A A Fa
SERIEIL T, WL IREE, HTTP H &R FAL I H AR AE A R ERUATR i
Rk, B 7 AR O R A R R . Rk, JEF HTTP (9 H &R
FR B3 DAk £ 32 ) KR 55 7 AT 90 3 550 o 22 AN 44 BHE A L AR 4k
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HEH T EET HTTP (M EERHEAR, REERARGREE R AT W HTTP SER R
& (HTTP Live Streaming, HLS) . A A HIFIE A EEA (Smooth Streaming,
SS) \ LK Adobe A ] HTTP #ha ik (HTTP Dynamic Streaming, HDS) .
EAE BB AR AL T FE R TT R, TR AR AR 55 1
KN, A3 RROEARE B O A% IO 4 S A 22 52 3 S8 i (R RSO R 56

ORI, BEE ISR 1 K, BT B AN P (o) R G IR, X0
PR IR S5 T AN 2 3 F P& A T IR, PR T IR SeROR I EE 2 B . O T e IR
—Hhik, EBhrtEH L = RAEEIKFEIH (3GPP) 7E2009 41 kB2 72T
HTTP 8has HiE MR (DASH) WMES:, JRiEd S EBrbrdEib 442 MPEG 5
ZHEAE, T 2012 FIEHMEHE T MPEG-DASH ARiEH), X —FbrifE B 7E B it —
ANGgi—¥ HTTP HIGRIAEINELE, AR R F) I LR AR 22 1] (¥ e 25 1 i) R
HESAT W IFRAEAG K o

MPEG-DASH {Fy—/NE BRI\ AT AR #E, RS A 25 (4 SR Al 1
EIRITE S, BT SR EIHGR (MPD) RIBEAR N 2 (R Ve . BB,
AR HETERf IR — D I R B T R 10 RS 1, R VF A BRIk SS r A%
£ G AR B SRR T SRR A, ARG RS . AL 4 i DL A & P
i ) [ 3 L LR R SRS 3R AT B g MM . IX Rl AT R 143 MPEG-DASH AN
I RERE I 2 M BT T3 T 2R, [R] It 5 4808 A SR A R J R8T . 3 55 1) B
ap
2.2 MPEG-DASH B REERZE

2.2.1 MPEG-DASH ${RHESE

DASH HiAR 1 RGAMELL I 2-1 FizR, B DASH it 44 i 25 % Fl DASH
P AT 4L . DASH IR R 55 25 A7 AR 1 SO AT MPD SO 3
H MDP SCPFHERHR B A R RR S 1] LURR RS AN, WU IR G — %
U5 5E ST FF(Uniform Resource Locator, URL)ZE(E BE.. ML) A AL P 245 by
A BA AR RPN RRAS, AR LLRr 2 1A R 4L T 2 3 A
BAE R ARA . X RRAE— BRI oy A T T N, BRIRIY)
DG AR 48 19X 28 4 A2 3 A5 VR B R 05 o o LURR 36 AL D) 1 T R B s 11 1
FUEE RSO RN, AT SEBIL T 7E 728 440 P9 10X 28 R 358 wh AR A T P WL A4 380 1) I 1
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K HTTP-GET 115 K LAZREX MPD (SR LI ) SO, o rediic st 74l
PSRN, ks, R LoRRge . RRRI R LA R i) URL Hbhik
R 45 A IR BTG R G, MR LS MPD SCIRA % M . 2 P AR MPD SO
Ja, AR 2T ORI G AEAT O, SR S SR B0 A5 17 SR i B LU R
RS s CAAICAR IR 2% 5 58 45 FH O CR AR AR R I e i, e SR8
KA R, QR ROl RUFIF BLBAF TR AL, 555 i o e 3 SR A v LU G
VIR o MRS 4B 5 %k BTl SR ALAD) 2 P o, 7% 7 i AT AR B T8
X ISR R —— N RS RS Fr A R R LU AR R, DASH #
AR T AN 25 (P A2 3 T

DASHiUIRIRARSS 25 DASHZEFuniBH=s

MPD3Z{# s ESA

MPD3Zf4
* > YRRHERL
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HTTPHY R4

[ 2-1 MPEG-DASH Hi AR R GHEL
Figure 2-1 MPEG-DASH technology system framework

2.2.2 MDP 3

£ DASH AR Y+, MPD (B 2HHA) ST BN A
t, e MR T XML AR RSO, T VRAR IR Ik 9% o L mT A AR B s A5
B @I AT MPD ST, %7 I Ae 8 SR GAR AR Y) i 1) URL stk &-Y)
R, g KRR DL R gmtt s NG E2E 0 . X L/(E BAE1RE
s B A AR 22 1 X 28 SR AF AN A R 0L, B BEIR IR SR E S ALY v, ki
SEELAR P 25 (0 R R AR % . MPD SO BRI T XML 1 5
BEVEFINLAS AT AT, D9 DASH BOR 8 B & ROAL AR it 1 98 R B SR
223 MY R

f£ DASH JREEAREAR A, RSP 28 B AR S A R TEOHORE T T LT G B 2R AL g )
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B STEAN SRR TEOT U I 0 38 TR 2% AT D B, SR A T 1R 7809 75 I A A
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FEWOLRE A WG RAME ) TN, BANEAARY) @ s s — ek a]
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SCHRAR O AR P R V)4 . IXSe ) SRAILRIMI R T DASH It B4 A% A 10
filt, fE45% 7 Ui RE G AR N 4 IR Dl Zh A PRSBSOS &, R A I SR pR AL
2.2.4 EEAFRITHIEL

HORE R ) SR AE M AUE S A2 h R R EEAEH . BUUE T
P il 5, DS AR CRIFAILII T 5 1) (R I, i O PR FEE b 9 /D B30 A% o 1) oy
TR LERFRIHI AN H AR R AL € MK T, SRAL SR MR &
7 3 7, X 26 41 2 FOALATURE T P B G2 0T

bUARR 45 ) B 1) R S I AR AT LUIB IR 20 tH40 80 4FAX, 4B 3- 22
R TR E RN RS ARSI . AT, XL T7 V75 BSR4k 1 W0 24 21455
ORI S TR IR R R ARSI AR BRI e 28, LURR 45 B4
KRBT BERR. 18 21 W], BTN RIFIETF R H T B A 303 Lh R 2
PE GRS, X LRBRE RE A AR W 2% 2 A (1 AR AL B A T B AT ) 2 B LU AR 8

EAESR, ABR HVECAHUN T R R H ks . Hal, e
SR AN EAR W R e, B FC N GOEAE PR B anAer R AL 48 2% 2 R0\ T8 R
BR, #—DiRT e R sl Gk e RE .
23 BERNERREE

HE R LERF 2 (ABR) B3k 2 — Fhah s 1 LU Rr e s o g, SR B AE
DASH % P Ui 4% 7504, ARAE AT 20RO 2% 7 i 92 AR RS R0 2 P i A b Al
PR AL B RE USSR R, B HEHENMRY) R, BB R R P
FIE RES BT &

ABR 5EAE N DASH HORFIE ARG 5y, B FH P G AL .
HATH ABR WRFZR AR B NI BT RAFITNE. TRk, 5
T TE AR AE R R R A I DL T4 3 052 FUARTF SR ARIEA S 1.2 7y
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HEAT T IR
24584 F SR

SRAL 7 ) B S ST CTEARN T4 2 AT A BOIRAS BRI BAT ) A Refli %
DNRGFIFI BRI E (reward) FRAH), BRALSE: 5] RENS FE A H01TE BRI A
AR IARIRE TR T, BEEE (Agent) T ST RS B 28 X Fe i Simg . 3
BERAT R BRI R . R R & BRI 2B, IF 53R
AT H, RN R GHE T 5 228 N, GEiR 22 R I AE 248 Be AR 5 3
VER AL 2 R4 RIS 22 )50y, tHosgmn T — N3R5, A2 5 222250 .

BREAR SR 2RSS B 5 A 2-2 Fion. BREARTE t B 2R 24 i 1934
BOIRAS,, M E—BZI K i, ik B 4w 2 B 83h Ea, . $uAT8Ea,, IR
TEFER BB R MZBIE M B 2 i, M SR BRSNSy o
BREARTE 1 I 2 B R YE AT RS S M 2R 22 85 S E IR AT, XAt
FEM B AT

A 4

— I —
RSe[| 2hph Te-1 h1E Qe
Tt
St+1 ﬂ:iﬁ <

K 2-2 BRI SR T

Figure 2-2 Interaction between the agent and the environment

X H T LT SR 2 i U R AR — A B R B] SR P FE (Markov decision
process, MDP)*l; MDP A] AR N — " Fmdl (S,A,P,R,y), HH, SERH
REARFTA IR EOIRES s ARG, s R tIN 2R BEAR IR BRIRES . A R B REIA T RE
WM BEaES, a RnB A t NZEFEREIE. PRRPUTIIERERR
BRAEFERIIMSE, RURSEBME. RERHELrfES.

re RN BARAE t I ZIAT I Ea BRI 5. y € [0, ) R &%
FH RS 487 24 50 RO AR 1 22 A ST, 76 MDP Hh ARSI E BV (s) Fon B REAA
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ERE s IBERIIME, BERMESE T RIRHE . BARREAnQ2-1).
V(s) = E[G¢|S; = s] 2-1

Gt =Rt +YReq + VZRt+2 +oee = z )’th+k (2-2)
k=0

H G Rk, RRMEFIHRRIER, Az . G.rHERE
R 2-2) 7R .
HUIR A R B 1) R T AR B A 5, ns2-3)Fr
V(s) = E[ry + YV (s¢4+1)|Se = 5] (2-3)
BB BPIRSOME A AU DUR 25772 :

V() = () +y ) p(sIV(S) -4

SAEE B 1 ( action-value function) Q™ (s;, a,), %~ & RERIEIRE s, FHAT
HifEa /3 B IR BB, ERARE RETE RS s, F AT B Ea, IETEMNE

AEIEu=t (2-5)
Q" (spap) = E[ry + Arpyq + A21p4n + - | sp, a]
= E[r + Q(St+1, Ar11) | Sty ]

FE 5L 2 3] Fh I ARAE RS U B b8 BT & — AVIRES ISR, ARYE s E i E
PR Bt B — BRI AR, RS E e& B S O o B0 [ 35 Bh A RE AR P
ISR MR Z 5, SEERRGAAELGT R . XL 5

(2-5)

EARTZEER, FaERM. B GEMPLE N EERTE . fEIX LR R HH
Birp, R RE AR SRAL S 2] AT AT M DL RAORxT 2 R A 2 18] R 52 AT B AR

el PRI, O LR 2 2 R AR A B L,
2.5 ZEBEARILES]

LR (MARL) s25fbaE>] (RL) QU — AN H 2 7y 57PY,
AR DR FLAE A P 2 24 A2 AN S A B 1) R T )9 0y S B2 )T . Sk
G0 HR e MR AL A 5] T BEORTE B R B AE B P SR MRS, 2
RERSRAL S ) B E T 2 R RERAE R — 3858 T B ELAE AP . X0 AR B4R
R 2, Do SOLSe AR S R E NG5, (45 MARL BN 7 WL R
S 5 2T IR A% O AE T I8 I B R IR S5 P 3R A ) SR 2l R 27 ) 58 AT 55 0
LSRG . BEE R BRI AR, RS >] (DRL) SIEALE 2 Fh i,
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PEREPY . SRTH, R R A R AL ST TE SERR N PR T R sk, 2R R
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AT 55 RIS« LA A0 R] 75 52 5 AN B (10155 558 o~ 4874 R 2 A B AR 2 56 i)
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FE TG« LA N5 1 45 5 o 2 FH 450t e L R I LR g BB HR 1
BB R FIRN, 28 REAR R )6 SR B 2 A p R 3 G, HES)
R RGIMR P,
2.5.1 BB REIRRKITIE

J& BB 5y R AT R e 50t B2 (Partially Observable Markov Decision Process,
POMDP) &l F IR fE AN 5E 415 BIAEE N I PR i B AE S . 5 58 4] W
TSR] Kt 2 (MDP) AN[H, POMDP % & 1 Wi & ik o8 & WM 52 5]
HEDRASMITE L. £ POMDP 1, ek R Be el BIPR B30 0 W, 3 280
S BT RETCE 782 R SRS . Bk, B AR 7 20 T PR o wL
FERAEWTFA RS, JRAE Al B S 5K . POMDP RS R 5] A UL B8
BOE 2RSS, R VF & R E A IRAE BB al BT I M. (B8
R T BT s I B T B PR e AR RS B Al v, 8 R AAd i S B 15 &Ik
AT SIS, AT ZE AN 7 P o R P 858 b Al SR & B R 3R . X
Pl R 7E AL BRI S b5 BN e A iR ) U R R, RHER T
SRMZEaek R, HAN R AR T A R BRIREUR EE S, B Rk
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Figure 2-3 multi-agent interaction with the environment
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Figure 5-4 centralized method

20



Serh A TE: W 2-4 For, AT E A B R I RS AR AR 2
AR R g, R SR A B AT RS ST R R R R BRI AT B X R
JTR I EEARSAE T RN 2x i 5 S8 Py B R AR RS s 1, AN DL AL B A 11
RAMIPERAR . il B A BEAT 73 By, AT LUSE 75 ) i S R 2% SRS 11 113 348 A
Pl JCHRARERHEMERIES . 2R, S XA RS G s v RE R
THEIE MECLYT B R GE, LR o S g il 5% 1 s i I, X ] e R
M 28 4 (48 A 1 A R 1

ERER 1 Brefk 2 ERefE n
Eﬂﬂfall ‘ﬂl@ol. £l 311 ‘[ o, r a’ l ‘0“, r
785

K 2-5 A X ITE
Figure 2-5 distributed method
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Figure 2-6 centralized training of distributed control method
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X4 Joy MG BEAT N ZRAALAL o AE AT AATBT B, BB R A 7R EEAR P51 25
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Figure 2-7 Multi-agent Actor-Critic method
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Figure 2-8 Multi-agent value function decomposition method
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$F3E HHEETTNEE TPMI

A BB 0T AT 1) A e T S AE O IR EE T TG R AT A A 1 A e R T [

A, Bk ISR T — ML T Informer ) AR I B T2 TPMI. i F50 25 (¥ H A%
e REE SN TC LIRS T Ak BT TN,  DARFHIA ABR BUATE LM

BN RGeS R P AETTLIAEL I QoE. AT H kT 1 ) ik,
HIRANA T Informer B, BAEBEAT 1IN a8 i, b O R RAEG £ AL T
Informer fFFM-ETRIMIEE, SRJEH TPMI 4EREIBLA ABR 5k, DUETHILA
ABR FUEIMERE ABR FLEH I PEREEAT 1 SCI0T0E,  JFRT SRIR 45 IR AT /i
gh. BUSTEMI RSP G b, AT T TR AR 0 v A PR AN OB I
3.1 [E)RERT IR

TEDLA ) ABR Bk, JTar 5 FVR & 7 VE M ABR BIEMKHE T #2100
Mo Ak R E AL AT SE ABR SRR m AR, NI SRR, #
i B AR 2 330 ABR SR IBCE R SF I T7E, BB LE R R A )
XA F BT RS, IR 1 5 R X PR LA SR 1R P
[¥] QoE. JET-ZRAEMZ I EEL RIS T, AT EFLERE SN,
B, BOLA HikFEMIEEZALE Bk RrR. i, ELRbRMEN, RH
T DYNAMIC Ji%, FEERKEAN BOLA HIEIEFE U SIM B AE R B .
DYNAMIC £ J5 Z B B H A ik & 00 2315 BT Lo Re e e 2%, R B — e
Zerhk P fE V48] BOLA Hik. 2, JET2 3] Pensieve J7iokid 2 K A
AT v 1) 35 B N BR BEsiA 22 ) A rh, 2254 1D-CNN AR B 5 [R] T3
Mk, Fih, ARG ABR SIAEOCE T, R A L E 0 AT DL
FHEE ABR HILHIMERE

SR IC LR RN 2845 w8 sl AT BEALYE . A AR, 78 LR 3R BT b Sl AER I 7
B TSR A — A B P AT 55 . B 3-1 R, AREETE LR 4R R B
MW7 MPC B EORR R e £ . IS5 R IB/R MPC 1 b3 1% 48 5 st brm] H
W RAFAE R E 7, 5OCHR[62] T IR — 5. AR F W 5T R X ML R A
fAET MPC Hik, I HAERZHIA R ABR FiEP AR, X2 T
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FEERINTFE, RobustMPC H R — M) Tl Fr ik St 282D s ST, 24
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177 5 SO I 28 A i DR PR 3R i

—— app_throughput
17500 bitrate

4 10000 -
Q
4
7500 -
5000 -
[ J

0 20 40 60 80 100 120 140 160
chunck Index

B 3-1 MBI B p e AR FH e
Figure 3-1 video Slice bit rate and application throughput
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3.2 Informer $&2 8!

Informer #2&2& T3 = JIHLHI IR B 2= SRR, B LUE/E/Z Transformer!®
B ERN AR, B84K _E 1 Encoder Al Decoder #8702 /. rb 4 fidh 2% F T4l 3%
JE UG fa N 7 41 2 () B AR G R, RS AR R RSB A . 5
Transformer #H Lt Informer 584 1 2403t = EARILAE — T LA

Transformer 115 self-attention B 75 B4 — M %1 5 HAb BT AT 1 20 f AR AL
B, MM FES R 44 8 O(N?), %FXHX— # Informer $2 Hi T prob-sparse self-
attention HLfil|, 45} 8] 52 2% %N O(NlogN).

Transformer % A\ ET 8] /7 51 5 EHE S 24> 2 ik L], M5 80 5]
BN R, Informer £ %1iX— f$EH T self-attention Distilling AL, 4% 5 —
JZRVRNFIIRE, A RO/ T T A i

Transformer {§fF B FER TN, SR ZEE TN, X AFAFE K7 51 I [
J£ 7 TR F50EE B2 R B, Informer $i 1 AE BGECIK) Decoder AL, 44 F5 i) ]
HAREH OS] T 0(1).

Informer R [ 3X B8 2348145 & 7 LSTF(long sequence time-series forecasting)
I B AR T AN A RBOCR o A i T = A I AE I TE — S N [R]VE FLA f
ek, PR A B N T LLE AR R — AN LSTF fl . A 23T Informer 14 2 75
BTES, B RE S AT (A R NS B L A OC R, SO0 45 AR B T
R BT R TIOE E o
3.3 FMER st
3.3.1 $FEIRSE

A B A E B AU E TSR] A R O VB AR R R X R R
ARG MM FATH %6 P sh ki ARG HARUI KRR R &
H T R 5% 25 6 AT Y B0 2% P g oA AR IR, BRI I S 5 (R A S8 AN AN A T
A NARFAIE . A HIBETE 3 B OGRS R SR RN IEHRIRAS, W DR ISP
AS 1 CDN [{5 BT, SR, 25 P i Gk BRI S5 B . (R, A=k
P FERR RIS 5 o B R F P N 4545 5. AR4E WiFi RSSI Al 4G RSRP
A5 T omAE N, TORIES. BhAh, BIRISERE o AR Mg, faE R
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SR, MR T RmY) A ET E R, G EAE. BRI K
N EBRM, (E TR IR IR . ARTIERE T I B T R N R A A T
TS FIRFAERTN o

3.3.2 &F Informer R &ML E TN R

Output:Predicted throughput
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Figure 3-2 Informer-based throughput predictor

BT Informer [ It B TR AL AN 1] 3-2 fls,  H DU 2E . RRAE AL 2
R, Gifidds. RADEMEERR. N 7 B IR RAGE RN SR G E L
F R, TN R S A PR IR a6 M SR A BEAT P L AL B . 3K 5 A3 LR R Ak g
R 7 iRl /D T S 18] - 578 e A 2R Y T R B 1

Xt

enfi] = (connection_type, signal_strength, chunk_size,
throughput, player_stat) B3-1)
u; = Embedding(Xgn[i]) (3-2)
Xfeod enfi] = auf + PEq x(e-1)+i) + Z[SE(Lxx(t—1)+i)]p (3-3)
p

Egmigsr, FIF T prob-sparse self-attention I self-attention Distilling #1
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JRAGRHIE I B A ERE R F55RA. U Kb, FHEEMEBESRE.
Xfoeq eni R B FHAEAL B S RFAE A . PE ARALE RN, HAAE s
(3-4)Fi7. SEAREHITERA -

. pos
PE(pOS,Zj) = Sln —2]
(ZLx)dmodel

3-4)
pos
PE(pos,2j+1) =C0S\ /37—
(ZLx)dmodel
P B S P K BE N Lx BURHIE ST 51
Xfteed_en = {X;eed_en[l]' ""X]Eeed_en[Lx]|X]Eeed_en[i] S Rdx} (3 - 5)

B Informer [FIgmIBELMH, M HERFE 7 F1 % A\ 5 it 2 18] 1 1 A
M. JRIGH NISAE A X, = Concat (XL, jon, X&) FE AT 38 o IREAE AL 32 TE
NG gmtDEs P A . B8 Decoder FHI N EUH N

Xfeea.ae = Concat(Xfeeq coxen Xfeca on) € RUEtokentby)<dmodet (3-6)

Xoed toxen BANTT IR Token, ‘& 25ET T H A5 M5 N5 51 vh 20 25 A )50
B4 embedding J5 B o Xfoeq on = TN ML 5, WILGILA 0.
Decoder % H 8 I 4 4R EARE L R, Ronh:

Your = {Y1,, Y, |V; € RV} 3-7)

XE, VRN TN R . A CRENCR R LI TR,
FEIR T LR
3.4 EF TPMI #9 ABR %

ARSI A i B RS, dr 440 TPMI. TPMI AJ LASE ST
ABR FEHT, i EEE A A TN 9 R Bl & RO P A R TR . A
A A2 40 ABR 572 MPC 1 9] 53K J 7 TPMI 2 anfel N2 A T30 7 2 1 o

18y B & SR AR TR AT D) 1y 7 i S TR 2%, TPMI A LASE s T AT £ )
B ABR Skt . N7 PEAl TPMI £E4E BB I Sk kg, Az
W HAE R E] MPC Bidirp, X8 — P T nk 8 Y ABR 59k, MPC MG
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MXCHEN HM FEs G2 5 ANFEARBRAIE D TR 7 i & FRARAE, A
KA BE) QoE, ARJGIEFR AR . MPC BRI M AEHE TI L5 75 vk B2 9900 1) v
PERGIEEE . AFR TPMI B2 E] MPC Bk, SRy RS ansE 3-1 fros, @il
¥ MPC H ) HM TN 28 8 #e ol TPMI R U A RN A BB k&, FEF R,
THET7 N G-8)FB-9) iR, £ 325 T $ N EREKFIR.

k+n-1
Ry = argrjrlrég;écm Z QOE (R”rj) (3-18)
=k
~ d (R”Tj)
QOE (Ryy) = Ryy, — max (u(——>— B),0)

Tl|rj (3_9)
) Rl|rj—Rl_1|,kS I<k+n-1

% 3-1 2T TPMI [ MPC HiE RS

Table 3-1 Pseudocode of the MPC algorithm based on TPMI

Algorithm %1 TPMI [1] MPC 1%
1 Initialize
2 fork=1to K do

3 i RRIGEAL T EMIRES then

4 Titwteon] = TPMI(Tye, ¢ EHERAL, [BE50REE, HURN, SEBCRE)

5 [Ri Ts] = finpe(Ri—1, Bios Tty tipnt) [ HERS 2R A AN T SRR TR S5 45 I 1]
6 B TADIT AR

7 else if #&THAR AL T F20E R4S then

8 Titrteon)= TPMI(Tre, ¢ BB, (5550, PR/, HRBCRE)

9 Ry = fmpe (Rk—lr By, T[tk,thrN]) IR 2k

10  endif

11 DAHURREER, F#CE K /MDA

12 end for /N #E S

R 32 AR SR

3-2 Variables and their meanings

R X
R B K U)FrERaR

m AP B
Rur, 55 K AU ES e
T Hk s, T 5 B T
di(Rijr) RS2 s 88 K ARV P KN

30



3.5 LW 52
3.5.1 LW E

SCIGIAEE: PC HLACE N Nvidia 1080ti 11G+ 32G WFE. 64 £ Windows11
V£ R G NSLE T4, Python3.8. Pytorchl.8.0 57 & T. M.

MRS VERRE: AT Lumos i 4, IF7EbILRt bt 17 £id
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MPC+TPMI HIPEREVEMS: N T -G MPCH+TPMI FItERE. Amig ittt S
MPC. BBA Al Pensieve #:4T [ PFfitic FARPEUTEARUTT Fros:

(1)QoE #8#5: AN VFAG = Fh 5 I& M LL4F % (ABR) LM H PR 56 7 &

(QoE) , A#RHM T MPC & X JESEhritt, HARMWT:

N N . (Ry) N-1
QoE =2 Rk—.uz max(( kT i _Bk>’0>_/12 |Ri4+1 — Rel (3—10)
k=1 k=1 k k=1

Forf N SRR OB B, RJEZ SRR K ARSI 1 e,
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Table 4-1 Algorithm pseudocode

Algorithm 5T QoE BN & kb2 Rk

1 Data: Bcu‘rr; Bmax; Blow: Bhigh: K%%%ﬂﬁﬁﬂﬁ%‘%%l ’ Qki%/j——\‘ Hﬁ’*%%%é&
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3 JHA
4 DA/ EORR 2R N SR — M)
5 fori=1to N (FiBi] &) do
6 SRINGZ P X 5 EByyyer
7 if Boyyrr <Bjow then
8 4 new segment download policy 3KHX K F1Q, /AT i T
9 else if Bjoy<Bcurr<Bhign then
10 THE M X M) P35 LU 2 b g e
11 FRAE AT 22 P X o EE AN i B3R AoV N 3 e LUARR 26D
12 if byye< b then
13 if B A 5 EE LM then
14 FR4F replacement policy 3RHX K F1Qy /738 #e 22 v X M AR B I RRA 1)
15 else
16 HR¥& new segment download policy $H K F1Q,
17 end if
18 end if
19 else if Bpign<Bcurr<Bmax then
20 THE M IXAIRY) o ~F 3 LU 2 b g e
21 MR HE AT 22 R X o FE RN ik 3RS AoV ) e s LUARE %R b
22 if bgpe< b then
23 if B A 5 EE 220 then
24 T3 replacement policy FRHL K F1Q,
25 else
26 EXL VAN X B R, HEHRIIRS 5 R -R i
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28 end if
29 end if
30 end if
31 PAQg FEAMYIF K AT T 3K
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33 end for I 8 R
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Table 5-1 QoE optimization algorithm for multi-client streaming media based on COMA
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Table 5-2 parameters for the simulated environment
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Figure 5-6 trend of the reward function with the training process
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