NAB Show Las Vegas and Google Next
2025 HEHE

A NEW PORTABLE “C”VTR
THAT WEIGHS ONLY 15 POUNDS.

We started a revolution by
combining our talents with those
of Kudelskl SA, an innovator in
audio technology, to create the
pex Nagra VPR-5.
Al 15 pounds (including 20-min.
regls, battery and cover), the
VPR-5 is the world's lightest and
rvn_'qal portable one-inch Type "'C"

VPR-5 is as small as a brief-
case, measuring 44.2 x 21,5 x
13.7 cm, yet il delivers the quali
and editing capability demand
from any full performance
C-ormat VTR,

VPR-5 features: dual micro-
processors, two high-gquality
audio channels plus a
SMPTE/EBU lime coda
channel, dual-cue editing,
LCD display of VU and
PPM levels, audio conli-
dence playback selectar
indepandent ol video, and
a rugged aluminum alloy
casing.
Gat all detalls from
your nearest Ampex
International sales office.

ANMPEX

Arghe CoFfcmilim + One of Tee Sagra Comenrses

Europe, Africa, Middle EastH.Q.,
Ampas Inlermational

Acre Road, Reading, .
Tal: 0734, B75200 m;rsn
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Al
NAB Show £2 Google Cloud Next i& M{EE Eifll 47 EE 81T, B —ERKHOES, AIL—RET
—EFEEXNAIE. SEHRRK ARHEEERRATHRLSKEREREXNSHTBDERMRE, 1
Al &1 ¥ %1€ T2 (distribution engineering) B2 ;R R 24 4£ (content production) @ K #% 10> a1} 1 175 23 £l 22
E, EBB RN ETHENET 24T A NAB Streaming Summit 202581 & Google Cloud Next 2025, 315 LI B2
EREM. EWERETRR, TRSEESRFNERAZERAFER, AREFHEEREITHHNEER
BIMFETERE, TN MEHAG IAF+I10TT ERTFERKRBERMBEZEHAT,

][]

1. #E#BZEITFEAME, Streaming Summit FIE BhEE R H TS Q1F !

a. 1EIEE $ 7Rl (Low-Latency Streaming) : FEERE X B REA (MNEFTEE. BL5H
BOEBERZ)MERERER EEERATERFINERN, SREMEEERRRT
BHMNEIEE S RMARAE, HlanER WebRTC MB35 £, BLEE# 755 (40 SRT.
RIST) LA RGE#EE IR MTHIFER , S LR EEF I BMIEEREEZRRA, RIAE
RAEBERERMARTEEE M,

b. AED ML (CON)HEELEEHKIL: CON AR RFAREBE. SREH T EINEE
ZFHRAZEENAR, EERFAT CON WEELEESES, FIMER A/ML MRETEAREA
. BEATIE. URFRFMA B ERE. RF, SHEENBREFESETE
HEFFERERAERAER AR, E—PRIEILEE. R FERKE,

2. ERARE AT, Streaming Summit MEESF EEFEZIHERIERE. AIHMAZTEEURS
mERBHRBRLLEE:

a. EiRHE L4578 (Cloud-Based Production Workflows) : #izkik 2B/ T EH
FEERESH, BERTEMBE. EHERURBEEERANES ., ARGEBRETRT
DEEHTE. ZRFAGR. ERPFREELUREREEEERSESEMRRAE,

b. Al BN Z 4 E (Al-Assisted Content Production) : ATEZRMEESEIANEEL
MEEIRE, FINBBLFRER. ERFARIT. SETE. EEHIREABTMHERK,
AREEETRTSEERANIENRTS BERAANBTEENREELE,

c. EmEARABIEIRILLEE (Scalable High-Quality Content Production) : 7E 32 S 21/
OTT miZH, HERUESRENRIINERRSIMBEFEAEMRAR, AREGHIFEF T W0
flFl AW ARERSY, ERSREANBSHRABLEE, FlanERRERM. Bt ITE
RIELURBIETES.

3. GCPEBEIREFEmRHMNFARBEMEREDIE:

a. 2EKEMRLMEE CDN 28 EM2XMEN P LM, AiRES TR, BEENERE
HHEFER, G, CON #EFELTTEERES, AEOTT FEEELKEMNARTH
g,

b. BHUEREBEL: EWRFEASEMNEREREN, AIUBEBEREFZ REDRAEER
, EHERRETE, FF, BT E, AIEEEHRE. EHEEEERE,



c. BUENMTEIEEIE: GCPIRE T ARMEBIBE M EEET R, aTUER) OTT FE BRI

RIFKE. P ERETA. BILRARHEBURTEAEEMRE.
4. GCP ZRAREEAEmIREMEAREMEREDIE:

a. EM#TFHEESE: *&. H. MERMNEGETERE AE OTT FEEH#MEEX
ENEZERNREE, RN, TELNEEEEIER AERNEHNEER. HEBMHE,

b. Al B2 ERE: EFM Al BER2EBRE, flEhoi. B8 EXF. BREERE
BE UERARAREENKERE, AINBEBLFRER. ARIZH. BRONE,

c. BEHRITEREFEE: —RINMBIERIIERIETE, 0 Google Workspace, ERRE
HEEKETER. BEMEEEE, MERXBERMEIVEE I E Vertex Al Media Studio N
RER Al ABHE, REAMENE, FE—SREANTREMMISEIERR,

Vertex Al Media Studio

Generative Media models

2

Imagen Veo Chirp Lyria
Generate images Generate videos Generate voices Generate music

MR, ERAMURINERESR ERXIREANSTNEMAER, AP EME2H, FX
TEEMEZESRTR. AV RIS, E21t CDN LK 2K EEFRIMSHERE ARAERERE
BRMREES AT RFTNVEE ARHEMNEIRL. Al BB URFECEESRARBED,
EHAREEREMRENIRT.

UTHEBmMEZRESG YouTube £ TikTok, IN{ATLL R REBILEKE, RKIZABRREE. XENHE
Google#f Hi#) Dubbing Al AZ, AR EFRERERIEFZE,

Al T H.:ChatGPT, Gemini Pro.2.5, Gemini Deep Research
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NAB 2025

' OTT at YouTube Scale

Live Workflow - Sean McCarthy

Live Scale, Quality and Latency - Kirk Haller
Synthetic Experience Metrics - Chas Mastin
Stable Volume and Industry Consensus - Steven Robertson

FEE RIS EER TR RIREE R, OTT (Over-The-Top) BiREEREELHAERMERR
B3R YouTube EAZBRELEMNERTE, ARBMNEEXRE OTT RFFSERIE
TEEMNRE, SERE, HRADH YouTube 7 OTT FEEFZ BRI HREL, ¥
TR R F IR AR, UMER OTT EXMEMBRIEHRHBE.

2. YouTube OTT EEHE

YouTube EEEMTIEE, AKRABMIERAMMBAEEBEZ T FE IMMEE, hEl2ER, AT
EHR—S2HE - SENXEERY, EAL—EHRN(NERBERTEGE)  BEER
M5, YouTube MIDHRE R R BEHBEEHFE, OTT XBEE—KEH, BRNELEER
FARTS, G4

e YouTube TV: Z{EZEREERETEH OTT IR, HELUREHRMERERRE.

e Sunday Ticket: £ YouTube TV HIMMNARTS, URBIHEMER, RUEEE

EMER,
e Prime Time Channels: {2 24/7 £ X{&HE M 5HE IR



OTT Purpose

Provide a personalized destination for transformative media
experiences, connecting users with their passions on a global scale.

3 YouTubeTV

Team Mission

Deliver the highest quality and most reliable premium live video
streams to enable YouTube products.

AHXEEL OTT EMMEE, YouTube BIE T EAME M KRR, BEXZFRE. B
H., H8. BFSERE.

3. OTT EHEx e pYEHE

OTT Specific Infrastructure

f , 3 ay |
BRGOURE o can-esiessemsoocomEmonccoEscoson Transcode Video [------=--=---= > Deliver Video f, >‘ :
L _Video |
— e VIDEO
VENUE PRODUCTION TRANSPORT J , INGESTION J TRANSCODING r e EDGE S J J PLAYBACK

- — ~ ——=| _JO
| /26

YouTufe / Google | [ userise | [ 7 ciient

B : YouTube TV ZEEE.
BIERE
YouTube TV #IEHEEL I B £ iR E E B AR RABEEE R REERMEH L. LEMRE
B, :REATEASAZEREEGFIERETRE]: YouTube TV REEFMIE R, RAEKRREIAFE
BERTEEITERE,

SRR R (LB AE#RER)



MBIESBAT TERERMIEEE S #TEncode Video | (F2 K #RHE), #&@MTransport
(f=#) #0lIngestion] (3£1%), E| YouTube/Google ZHEZE#E R #II Transcode Video ] (82
%) .
EBRBETHEZARABSREEFERZ YouTube TV 2MMNEHEMEE 14!

o ZRMEARK: RERETRSEBAEMNSERABRIHE.

o TAIEMEEH: MRS MER A EMELE®RR,

o MEIREE: EEAEBMHF YouTube/Google 2 Sl HIHERE & & B @ FI3THE,

o KRERI: RFEEMZEKVXKENEFER,

3.1 BHARRE:

An OTT Timeline

OTA antenna on HQ roof First NOC established YouTube TV launches YouTube TV expands to 100
DMAs
started out, a 24x7 signal ingestion 5 DMAs - blog - DAl launches on YTTV
climbed onto it
headquarters Marquee monitoring - 750 Linear Channels offered
1antenna in order starts. EOG expands to

; ototype” - blog adjust schedules for EPG
/ DVR accuracy

overed 3 DMAs and head-ends

PSold DAl launches

2017

BiBRAGEHEREREEREER SE—EE#HEAKRMERSE, LIEHANRE F{EMmE
TRk, ZHMRE OTT £ R HARSER, YouTube mERE 58 2 HfiTHkEL :
o FEEBHRFSEMIZRENIREE: YouTube TV B UGC AR (Lt 2R M BRIt EE
EETR)MEEMRMZERRFEMN; YouTube TV 2 OTT &, EZRMBEWR
Hﬂﬂﬁmm
o KFAEMBUEERERMNERE: OTT FEFEXREREN 24/7 EXIFRMERZRR, &
HARMMBEMEMTEREHRE TREMNER (AR EETSMEBEERMN
YouTube B EEEMBARKHTRE)

o ZIKILRIFASRIE: YouTube TV ZERBEFRMFANBRERAZR, SF OTA Xz
BE. AHE EBMTRMEBESERL,



Growing the Service

NFL Sunday Ticket

Service Continues to Grow PTC launches - blog
launches - blog

YouTube TV goes Nationwide -

nillion subs!
YTV crosses 5 million subs
Multiview launches

)TW launches
: First SRT partner launches (BelN
Sports)

Paulistéo launches - blog

AEHRE TV BIBEL, YouTube £REX T FEH TV FH/RI—RIEHE, 2iE:
o FEIREFIM OTT EHEERIE: YouTube TV B8 T —EBI M UGC FEEMERERE

, UIXHE OTT XFBFMERAFR.
o MEZHRALMFRRERE: & THEBKREFRIFEMAZR, YouTube TV E&HAE

T OTA X#R. B2 UERRESE.
BIMER: ATERSREMFAS, YouTube TV EABIRBEREIL T KRENN

e,

Legacy Infrastructure

Infrastructure Sites:

e 3NHE's&8RHE's
12 IHE's (international)
101 OTA Sites
30+ Direct Fiber
Installations
270+ Network Switches
215+ IRDs
3 Satellite Sites
200 Appliance Ecoders




3.2 EMEEX RIS :
B OTT RIBAIREHE, YouTube TV BHIMER S EER A EAFTEHNES B
AR HE XM RRA:
o RXE: RHARFRMERREFE —ERRME, PINERA T EREIRIERE.
o EFEMMN: HMESHMAIKNELES BT RIRAIMEEHRNA.
o HHERM: RAMERFEHLIGE OTT XHRFBRMFR,

SHE Stop Gap to Reduce complexity

US Infrastructure Convergence

6 Super Headends

2 National Headends

Winnipeg T A

i

uuuuuuu

ooooooooo

nnnnnnnnnnn
wwwwwww

Converge 300+ sites to 8
Improved Q&R o S (NN
Significantly less maintenance
Lower infrastructure
management costs

\ORIDA

B2 : YouTube TV & B2 fRATIRETEE (SHE)

HIRRELME, YouTube TV RBRABI AR ERRERE I ER, EZREHEER
H, RS IRFBHEMTAI B 1.
o EEHEMATIMETRL: YouTube i§ 300 ZE S5 RIRILAREEE & & 6 BB AR ATImEREA (
SHE), EEHMEERESMEERENMEXMIRR,
o RAJSHOER: FMERSEEERBLHMERRKEAANS, URSEHUENRG

H.
o RERMEOTIRIE: FOERBEERI LEHEET B UERRANETA
'l‘io



SHE Design - High Level

6 Geo Diverse PoPs

2 PoPs (one cluster) per
stream

2 Zones per PoP

4 redundant copies per
stream

High capacity
throughput

Fiber circuits from media
co’s and 3PAs

& A &2 BA: TSHE | : Super Head ends

H#kaTim (SHE) & YouTube TV (LTS8 YTTV) R ERMZ DT, EREARERE

RIS R ERERTNR. EREBEME Z1b. SHE ZERAS TEFEHIEAMALE
#I%Z{& PoP . YouTube TV MINASERB+ 2 RaER, AREKZFIR . 818 PoP A

I'YTTV Video Devices | [RIE & H BRI TS,

Inside a PoP - Spine-Leaf Architecture

Redundant X,Y Paths
Border Leafs for
external connections
(3PAs, Cross
connects)

Access Leafs are for

internal devices
(monitoring,

normalization, etc)
Spine Nodes connect
all leaf nodes as well
as Border Routers
Border Routers are
direct connected with
Google Prod network

[Blz7 : Spine-Leaf Z24%



&2 YouTube TV {M#IT Spine-Leal 224, B R — R LMMERRE, BRARIH D
D, UEREMEAARE. Spine-Leal 2iEHNBBIER

=SSERHIELEE: Spine-Leaf RIEEAERSHAEMELELET, SHNRE
PoP FHIXEFZREMNEREER,

AHREN: ATUERIEE S Leaf XMHBLUBILERMKEHE, NIFIBES
Spine XBZLUBMME R E , 51T PoP AILURIBEFEEF.
TLERMEFNAREEAE S : TUERA X 71 Y IRIELIREBAR S RM T H s fErIR1ERE
AITRAIRIEE . M ReE M AR 5 HIRM AR E XM RETELL, Spine-Leaf 525t
B TR B m TERI AR e

SHE Assesment YTTV
Acquisition Landscape

The good

The not-so-good

Maintainable and supportable, heterogeneous

Lots of headroom in terms of capacity, bandwidth and server
expansion capabilities

Extremely redundant and able to support high quality streams
Fully capable of video normalization/processing

Expensive and timely build outs (18 months design to install)
Non elastic/finite scaling, difficult capacity planning

Fl.b.er IngeSt On!y acquisition_type Percent Total
Difficult to monitor sz e
Strong network engineering expertise required for design, ST o
implementation and maintenance 3 satlite i

4 HLS 0.33%

B : Spine-Leaf &34k 514t

MBayzkER, 5140 SHE RBEER D HIEERKKRR, EHNMENXE REXRNEE
FERERXERNZ ARG RZER; ER UGS EILER (redundant), AIHEREES MERN

i,

TARERNGEHER ATURTRLEMNEZREEREH .

HEERANLE, Alth R RIREMRES BRI LUTELREE:

FUANFNBE . @31 SHE BE R & XK .

AIER MRS . #83E SHE MEENEIRMBRR A EMREFENL .
BWERS] . ©F ERBER K, SrTRERHEEE .
EirEMT: BERRRrTReEAREN .

HEEMEER: cFEEEXRMIHERITEE .



4. ZREBE®BE

4.1 REHE:
YouTube B OTT FEXIRLELZ FEMIHE, BIE:
e SRT(Secure Reliable Transport) : —i& § &84 7l S R E#H = M E 52 5 115
Eo
e HLS(HTTP Live Streaming) : B Apple BIZAIER HTTP AR LR EEMHE .
e DASH (Dynamic Adaptive Streaming over HTTP) : —i2EfR1Z# 1L 1Y B W FEAL
TLEBRERERIE,
e RTMP (Real-Time Messaging Protocol) : —f@&#)H8 Macromedia A1 E,
AR EEmEA. 2 MNER.
HEEMERD, YouTube EiZ2Z:
e SRTHERFZEEGTHEIBEREG R N 24/7 £2XEMNEEERE, SRT MIERHE
gD,
e RTMP hAWEZMER: &% RTMP 2—EHEZMHE, (BEHMNEE UGC fEiE1
& X, YouTube WA FEXIRZIHTE.

Format Pros

Physical vulnerabilities (fiber cuts)

MPEGTS Multicast e Most widely used in broadcast
e Typically high throughput and low latency e Not supported in cloud ;
e Easy for multi-partner distribution environments (can explore direct
connect w/ multicast support)

e Expensive, fixed bandwidth

Internet native e More difficult server to implement
than HTTP

SRT 0
e Resilient (FEC)
e Open Source e Multiple modes/implementations
e  Strong ecosystem support/tooling e More expensive / difficult to scale
e  Strong adoption for live events, growing support for e No video encryption

linear |
\
e CMAF packaging not ideal for \

Passthrough opportunity for distributors (no
transcoding 1

CMAF over CDN for
Syndication ‘ transcoding required)
New Codecs already supported (AV1) [
Full DRM support f
Extremely cost effective and simple to implement J J
Can converge D2C and partner distribution processing
Better geo targeting/content replacement control

| & @ e e e

Low latency, target latency e New emerging standard, low i

Media over Quic (MoQ) ‘

Head of line blocking, better congestion control & tput adoption
Multi-format support
Secure, Scaleable
Advertise media metadata

B SEE A EMGE 2B S RLR

4.2 REAM:
BimE OTT £FBFEEEMER, YouTube TV EEEBERMNEETNS FEEIRTE

10



e CMAF over CDN: CMAF (Common Media Application Format) 2 —f#1Z# LA
284 =, ATLLEZ CDN(Content Delivery Network) $& &, BIRE = 3 A0 B EE
i, (CMAF th 2 TikTok AR —EERX, ZEERT,)

e Media over QUIC: QUIC 2—F&H Google RS MEREMEBIGE, A2
BIRMEEME =S HME,

YouTube 24, 5L rIEEH1HE N

o REFEHMA: FNHER LMK I EMLEER, MR EERMBAR,

o IREEmME FNHTREMNTIFHAARRKRER, REERWE,

o IERETEIEM: FRIGEREMIRETE RMEEM, 51005 571 3215 B 8 FE AL T = B R
NERRE,

5. Metadata & &1E

51 HBEAE:
7 OTT FEH, metadata EfH (FINETBEMEF) HNEREREBEFEEER, Bl £5R
# FA# metadata EHEEAEDE:
e Grace Note: —f&1Z{f metadata BRI ARTEHIHLIER,
o ABRIZMEM APl —LARRUEFIRHB DK API, LU OTT F & SR
metadata E#},

The Metadata Challenge

g gracenote. —— How TV Metadata is shared today

A NIELSEN COMPANY

e Expensive

e Based on a linear data model , not good for discrete live events
e New services and providers aren’t in the ecosystem

e Time to propagate data/changes

OR
@ WARNER BROS.
®‘§NEP + * W piscovery
SCTE 224 OR
e Event-driven ESNI E I D R

e Flexible metadata + e Registry for a Universal Stream Identifier
e Real-time signaling e Metadata reconciliation
O Youlube e schema.org open spec

AT, SEAEFE—LEME:

11



52 REKAE:

BAS S £ Grace Note FHEBMRFEEEA RS AR,

BHBARET. WAMNAETRELZRIFHTIE OTT EE5 K metadata BEHE
EMERER,

B EHIEE: [ Grace Note FHFEREMARTS, EX BEHTREEELE,

ATERRIBAAENREIRE, YouTube EFEFE R M metadata BRI EEHAE:

SCTE 224: —fEAR{EHE B metadata EHIIEZE,

Universal Stream Identifier (USID) : —#&@ A ME— A 22 i B RAIESE, AE LR
— BN G R R EEMNE —RE, LB RN EL S EALRAER.
EEFARE R RN BEAL MBI FRE - #EMNKFENFRECERERLRR
FAE. BRRE-FEELLBERNA R KREENEHIEES LR R ELIEEH
metadata B}, IR OTT HisEMmF R IEZRBIER, EMMERAEHNSTEER
. BEEIEREBLUREREH# OTT £ERMIMER ERMHEHEE. CEH
UTHRETFEREESE, NEBERE (EPG): MREREREEEN, EHEE:
BITAREMNRRES, ES FEEEESIHERESHUER LREHS T : KERFH
YR30 QoE (f2BemBE) HEM,

YouTube 8%, #55 M MASLERE, ZHE—ERKE metadata BEHEEAE, #iM:

FEARRLA : $R B ZZET] LIRS K B — (L FE RS ROIKFE, IETMIRIERLA,
2o LK metadata BERE X AT LIRS B AN E,
EREEEN: RARBIEER LUE R AR RK 2 BRI E RS,

12



Challenges

Observability Challenge Ry

N—— - Correlating ingestion events
with QoE playback issues

Monitoring the bitflow of a

channel/stream — distributed

request tracing

Differentiating component,

transport level and content leveg

issues

Realtime Raw log collection

A Need for End-to-End Monitoring

NUCLEON
Goals

Q Q Q\% Q - Realtime — high volume, high
oo dimensionality, high cardinality,
s real-time data pipelines (sub 3(]
-re seconds)
Fast querying
Curated, well understood

Metrics/Alarms metrics for operations

End to end observability

-DCM
- Slurp Logs

0 OTT l ams

6. AIER A%

6.1 PREk:
£ OTT £ E@Eth, BB SERBERERRCIEETEE, AN, EROER
FUERIREA N, fMRRRBEIKEMEETR T #ESHRE:
o ZHRMMREAN: ANFERREATXNZHRL, REBHBEFEMEIETR—AIEE

5T

o [RZEBRHTI(Stream ID) : TR Z BERFA, EHHLUBHEE F BiREREEMBIE
YK RE

o EMEABIE: IRRETNMIE M A2 LI A F in B m B 1543 (BN #E & . S kB0
B, E— B FRBLEFREMERARAESEHE,

6.2 fRIRAZE:
BT RRRELYE, YouTube EFEIFERUTRRAE:
o EIUEBMIM: ZBEIEHM, ATUBESKEFRKRMEEEN BHHEBEER
BEER AU — BRI,
o IXAM—RIEIRAAI (Stream ID) #H : F@ B R AN FEHI, T LLUBHES FiREEE
HEnBiE P RIKEER,
o EREIZIEIR: YouTube EEIRRIEREIZIEAR, LIEF it RERSZ & &, 5140

VMAF #1 PSNR,
13



Diversity and Scale

YouTube Live: from casual mobile to '
i Streams range from Mobile
prOfeSS|0na| 4K HDR N to Gaming and Desktop to

Broadcast.

Beyond YouTube TV, sports

are a big international
presence on YouTube.

YouTube Live Streams can
be running for years

. ERERTE  YouTube BIEBABRMPIBMER

7&K B YouTube TI2E B & R A 8 MIZEE Kirk Caller thi2ZI T YouTube NI GRIE % B Al
EFHEREAS, URTFEERMEE L mERREMNBRRARE, £, BIEENEEZEZLA
&, R ESHE MU RIMFEAEE, #RZIMFZEZE YouTube HIFRMTRER,

e RTMP t#iEEBEEMER
Kirk Caller 5, RTMP {%:&1EA—fEiRER. /X Flash MIERX, MACKEETHA, B
MARHLZEMFEERAMNIZERRGE. thdil ZZAEEREMMERLEERN RTMP
BRELE MRS, —EBE KBTI (B0 YouTuber MABE & T & & S E
FEEH SRS, MEIENAEENEERAMaRRFEMMESES, RETRMFEERIE
NE, BHEMEERR), LEZFRISHIEHEEME 9%, Fit, YouTube 71T R
BREY, WEARKEEIHIAG RTMP #HEMNXIE, UREFRMNER, 55T,

e Enhanced RTMP E##fiThZiE
ATEXERRARMEENRER, Mt EIFREMTAEE, YouTube FEiZEL Adobe
Amazon &1E, £RFBA% T Enhanced RTMP 3%, 2 —HIREERE T RTMP EAZE
BrIER, DA T % AV1. HEVC, HDR & — RGBT MMUZIE, EEFEESE
BESERA N RE TEREMNRMRT, et f AR A EMBNRIRABERARTHRE.,

o FEEHEERFIMNEZE
Kirk Caller #2122 T BIF B EEITE B, ARG ZEHERFIMMEIRE, FZRMEE IR
P THEEETER, SLEREMARGHARETNERNUBEE, BERERESER

14



MEEZRKKHERE T FLt, YouTube HIFMTERET L ZERESIME], BIMEIET RIHEERIE
HT, MEEMBIANEER, WIRELEFRIIRE THMEERRAE, flinEBEEHERER
, LIERE MBS E B RIGNEERE.

e YouTube F& AR S MEEFE
Kirk Caller 35T YouTube & RRM LA MERIE, EthEFEERM L @R — Xk
8. YouTube LHEBAR, TMEHEREXR MARK LK AHEHFNRIIER 2R
FRANEMNETERDE. A\ ENELVHLOEER BEFHRIEEMNEES R, hEEXR
{E# 4K HDR R, EFERNBMZHME, ER YouTube M HTEB VL EE S EMEEHE
MEHEEY, TREAGMMREERETRAEENSERNE,

o RIEETIHZHE N
Kirk Caller 2%, BIFER—EEFEXEB AT, BEERFRMMNT RINERE, Bkl
ZHEIEEFRRER NS REMNERAE, SHhFH T HELENTZERMMERFENT
Ko Eitk, ERMPLFLEEAN OTT MIHFHHERERR, RIEFER—EFRS2ZHENEERH.
IR, ERBEMMAEMES, REMHABMENSHIEEE R, DITETISEXES ]
HIETERREAAR, YouTube TV #L7ERES —B23R A, ETNER—EB KM EE, E2W
5EE.

YT Live
— AL
y Play
[E Encode | e aae e - o -~ PHETFANSCOOBN ORI En s m mm=m s = 2n 2 g Dehver\eo f ideo |

| LT -
] e PLAYBACK
PRODUCTION ” TRANSPORT INQESTION J TRANSCODING flogetos EDGE STREAMING DISTRIBUTION
Ass1564 g AS15169 ; —

|

S5} @ “Switch 5
;L\: - E"D'D _SLURP o557 /
= T | .. X
A :
/ o
;
0 1/
¢

S

PARTNER J YouTube / Google 7 USER ISP ' rYTCIient

Bz% : YouTube LIVE Z24&

71 EZR1RE:
#*EHIB, YouTube B9 OTT F AW BEREXESEZ HIREK, 2 SRT. HLS, DASH
1 RTMP, £/, RTMP hA 2 UGC RIBEMEEIFRER K,

15



AT EIFHTIE RTMP, YouTube B Adobe 1 Amazon &1, #H T Enhanced RTMP 1%
E, ZHELIE AV1,. HEVC., HDR E#HrIE FiREE R,

7.2 N
YouTube E#HREMF FEITHE, LLERET RMEREEMMBEGY, SBENEER:

T E . EREE, LRSS R AEME SR,
PHEMERIHFE: ZBEE, FTUEETRACITERN AR, LLEET R RRERSRIEYE,

Quality

Video quality drives viewer B Living Room

accounted for >50% of
Coachella's total livestream

engagement
watchtime, the highest of

any year to date.

In 2025, we will also be
using “Watch With”,
allowing creators to
commenting on the stream.

7.3 A MEFHY:
ATEHMITGEEZ R REHIFEE, YouTube BE T —F84 A UVQ(YouTube User Video

Quality) BIBE B AR 2 ERE,

16



Quality

Measuring Audio/Video Quality

In 2022, YouTube and Google
S C o research opened source UVQ
learning e ML Model trained on Mean
| YouTube UG Opinion Scores (MOS)
oIl o oianoud e Based on content, distortions
= = and compression data

N 0 ; e “No reference” metric
4 ‘\ fine-tuning

.| Concatenated | |
features

2) Supervised Learning

lity Indli Ie
; 2 : e contentlabels
1 Self-superwsgdlLearpmg with o distortion types
Millions of training videos e compression level

B AR GREFFERRE UVQ

£ 2022 4, YouTube #1 Google Mt Z A FIRMIRIAHE UVQ, :ER—BRIEST I/ FE R RE
AL ARFEERAEEERNS (UGC) ERMRE.,

o ML BEILITHERSE (MOS) H1TiIfE: #2523 (Machine Learning, ML) 1&%!
FERATHER 98 (Mean Optional Scores, MOS) #478llf%, MOS 2 AERA R E
MBEEE, BEESRAEHERNIHTLPESHN,

o HMNAR, REMBEEN: BEGRE=RELMEHNKRTEIRE,

o RNBEEM: EMRRBRNVEATZTAEHKRE, (B0, ik, 5l

o XKEEH: BHEEZAREATMEMRIISEET (a0, B, FA) .

o EfEEMN: EOEAREAMBERM RSB (B, fITEE, ik
fREGER) o

o ERE IEIF EREMEENHHE. EEKRE bTMTLﬁ!EE&%ZHE’J'Iﬁ/R'FEF
hmE, FEEESRETE UGC, SRR IR 145 h 2 B B
FERT, halFHERE, EHMN UGC G2EREE, I%ﬁ&ﬁ%ﬁﬁﬁ%’fjﬁﬁo

uvQ =&AL

o FHAIRAFMEE: UVQBEREALUIEAAFHNERREWN %’éfio

o XEREZEFL: UVQERER—RBESEFNMLAL EEKRZETTERIBERE

o ZFEABHEMN: UVQREEZERZAARMENE, FIINESE, (&M EEMhTE
whmE.
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SEEFAMTER YouTube FEFELEMELER It B ABNBE (retention) REAIFHEE
AT LASHEEE RN ORE, B0 A 5 B R A RITE,
BlLE K REEE.

Quality

Measuring Audio/Video Quality

uvaQ score Perceptual quality
[1:0,3:5) relatively low
[3.5,4.1) fair
[4.1, 5,0] relatively high
0.05~0.1 UVQ delta Just noticeable difference (JND)

MOS score on Satisfaction Resolution
TV
4517 95% 1080
40 , 95% 720 '

B A AR E TV R mE

EREEE TR RE IMER, HL UVQ 2B S AER, EER S LSRR &
BMHREEWEEBREER,
£45): FEHR LK MOS 28, imE EFMAERTE:
o EMMREIFFEHERSE (MOS), BEEREENZABNE I ILERER)
FREREE R,
o FEFfi LRI MOS HE:
o 4.17 #J MOS 732 Ed 1080 fEHTE R 95% mE E R
o 4.0 ¥ MOS 7 24Ea 720 fEHTERI 95% im = EAERE.
o MEE: ERTHERMEIATARENBREERT L,
o MRITE: SERIEFHMEEMTE (1080 &R 720 BF).

EEREHEBRLEER (MOS), THBEETN (REE) MER LMEABITERERE
FREIEEGEF , PREEARAT EE R K2R IR B - B MOS N RS E T, BHEEREHER
£ #1080 1 720 T EEBIEERE (95%) . FTAtWFLR R, REMFELLIBZSF/E, Batis
FRAFRARRMMERE, ELIEEFERAENSRET RERAZERIMEEE, LUERRES
e
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SLEEMAIUA LT AEMRRREHRER:
o BEEMITE: ATRMNKENBEFREZESENENE,
o MEHEf ARTRETFERE.

L EFAE T YouTube TV RIREMMEE, AILL:
o B mEAEEMBFE,
o RELEAREMER LURAREEMRESHEEMNREE.,
o HHEIEMTENMEHEMEHATIIRE,

fR LA, FMmiel AR, BERAIKIRBEEEMIE, EREEMIKARTHE, KK
AR AR, RERTEYouTube & £, TR2MLL,

8. AFiekasi®

8.1 FARRIEAZ:

TAFEEEE], REE OTT FEMMEERRESETEE, YouTube BT HIRASE M F BBE1EED
R

o RAENEE: {EFF BB EIE FFRBERA R,

o IBIKRE: & RIEMKMIELE,

o REZE: ZABMBREDNRELERENRE,

o fIE: EABMMLTE BEFAEZFMENKEER,

Quality

Measuring Bad Minutes

e Use Sampling w UVQ

Acquisition 1 Acquisition 2
00 OE0E ONEE OEOE @@ e Aggregate by minute

(] S o o5 O e Count bad minutes

Daily UvVQ Daily UVQ
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8.2 FHML 7T A:
ATEEHERAMFGASEER MAESHERT, XTRNERENEZAZAZERE
THREBURRRG LUEEEE, FittYouTube FRALITAIE:
o SMESERIER: YouTube & AESERTELR, BIANT RABNEEE G 1 FPAIREM LA,
REE RS,
o 4TFSHT: YouTube ERAFS T AL, REFEAFEESIRE (B ANEE) REE
BET ARIATREE,

Latency

The tradeoff

e Stream Latency

@ A s e Video Quality

e Playback Quality

8.3 BILRHL:
A THERIEAPRER, YouTube FREVLL T 5REK:
o FTEHAMMNEBIR: YouTube B EHMMAF 2R ICER R LHFEMA
OKR (Objectives and Key Results) 82 &,
o ETHEMASMTAFREEEEN: YouTube EHHEEREMSTAFEEEN, LIAERE
R SER S,
o EBILEFABMIRIE: YouTube EREREBILE FIEBURIE, HIANREDRBIBIEE. FIELR
Bx, LIRFAAFiEE.
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Latency

Personalization

Adjust tradeoff to fit viewer

Signals:

e Content nature
@ T AR\ e Viewer signal
. o Interaction
o Preference

e Client bandwidth
e Network health

@ e Stream health

9. OTT E & HH QoE 7 ATELFFHI A%
7£ OTT (Over-The-Top) Fif A2 AR 755818, QoE (Quality of Experience, FIFREERE &) 21
ERBHVEEHNEREZEE. ETERTERNRNERZ ESRAFPEBEBRETHN
BRERZIMAREE., YouTube EALRIKMEEAMERTE, SEEH QOE, TiI¥RE—ETE
HI7 EREHEFE L A P B ERRE,

9.1 QoE M= AE%IE
e QoE MITE
QoE 22— 1IE%TA'I$E’J 2 ERBRTHAFAFEARBHMERREREE, £ OTT £
H, QoE FMEERRNE AFMNEHEESH(GINBENTE. k), EXINLEIHRRY
=&, AiE:
> ERAR: AIBREREIA. EEFERFPFHER,

> RFZANE: TEMIRERSHEE. EMEEEM,

> BEABE: ARFHRIRENIEE,

> FREZR: AFMEBRERE (BIINEE. @i,

e QoE MIEEM
AR OTT hish, IZMHERM QoE EFEE, 5 QoE aILIHREZITE, B1F:
> REAFPMEE: mEMAFEAEEEF AR,
> BURAPTK: BESH QoE EEHAFEREMTS,
> EAMERER: BEH QoE AUMREIERTFHSREES,
> @Mk & QoE AR ERFHEEREMESRESE,
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9.2. YouTube # QoE HIFEHIF %
KB YouTube TREEKMIEEM, Z2RIZR QoE, MiFFMMAT YouTube AR ER(EFNEK
# QoE W% &A%, 38%E Chaz Masten 7LiEEF1REI T —7& "naive view" B QoE FF{h A
&, EREAERAIER - EEROEMTEE

e

__J* Streaming 0sS,

SYSieIms; Internet, ISP Client,
transcoders, Player,
| CDN, etc Media

Source of Most Fixable Issues

EERFREE:
o FEHAMENKRME: FHEEAMBRIBRERAILS

o BMKREE: ERERMBEPREERERMEIERLES .

o RER FRABNBRERRERENER

o fIE: FLRABHMATER BEFAZFMENNKEREE,

o RMFNILE: (AP BRERENEIZ H B IEMAIERE .
SRR T 2 BN ENIBEN, 2 QoE MEZEMAERS . M, FEEthigH,
BRI ELEEETAN, RAEMBEIEERMAFMIRRES

9.3 &Rk ARERIEE
A TE2EMEE L QoE, YouTube £ T —F8%E4A "synthetic experience metrics" (& &
ER1EiR) AL . EBREAZEMZRDBEERBTEM QoE 1512 E TR —1b, LUEM LB
o,
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Synthetic Experience Metrics

A Synthetic Experience Metric is a metric
built out of QoE metrics time-normalized in
some way to allow comparison and
improvements. It can include combining

multiple categories of QoE, or showing the
likelihood of a bad experience.

Simple: % of video starts > 1000ms 7DA
Complex: Survival-based

Hire a Data Scientist to build these

B RREERIE IR F g
o REFLEHEBRERBEHRLS: Fl0, FERBEERS 1 WHBRIGREREN
LBl o
o —ERFERMAMNTIRERI: fiu, FFEESERE/NERHTYEERH,
EiB{E A A RESEE E1R, YouTube RILIE A EMLL A RIRHEE . FRIAER. TRIMAF ke
Z[E#) QoE, &M i 3 IR BT A ERR

94 {tEEZ SLO?

SLO X% Service Level Objective (RFFEZEHRBIE) ,

SLO # B B DhgE
SLO RRAMEENMEEMB AT EMMNURENEELE,
EMAREMIERERE T BESER RAFEZSHEALHNEE,
MBIRFEHHNEEENR EEM SLO, IR REFEEEER TN,
SLO EMRERMETE T/EER, LRESIEME ARRTEIEMIRE,
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Synthetic Experience Metrics - What is an SLO?

3 Yo YotTuereres

»  Engagemnt Satat Views

9.5 gnfa]{E A SLO
o SLO AILERMEIEER, FIINIEE. FERSTAIEMERE LRI RRERIK
HIFEAR.
o BEEEHFAE N SLO BIRKAE, BERKAI B IEARF5PEE Fr i HER A AT S 14,
o SLO hATAMEEIERER ] ERXRTHABRMENAIERRESE.
o HBHEREEAREHRETHAFTERIMF TR HRARIBARME.
SLO f=ft T —REAEAM BRI Er A XK E . EMMEFIRBIIENSEMAISENK.
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Synthetic Experience Metrics

Metric SLOs either protect user experience,
or allow you to set improvement goals.

Rebuffer is an excellent metric to set defensive SLOs on,
but it's difficult to set improve goals on due to changes in
audience and networking conditions.

You end up having to spend a lot of time comparing
things by hand, not a great use of engineering time.

o MTBR slightly better
Likelihood to rebuffer within x minutes the best...

o

9.6 £EFNHT
i&#& Chaz Masten 8T —fEE 5 # A QoE 44 i%, BN "survival analysis" (£7F %

. EFENMERYVSESEGEANARBEATETRENAGZE RRGERANSERE, 21F
QoE §$1Eo

Synthetic Experience Metrics p2

Metrics based on Survival Curves let you make
intelligent tradeoffs with other Defensive Metrics.

Survival metrics measure the likelihood of surviving a Bad User Experience
event over time (latent startup event, rebuffer, fatal error)

-

o

o
(|

Create a human perceptible threshold
o >Tsis ‘slow”
o % of playbacks per day going over
that threshold

Probability of Survival
3
1

Sessions with a Slow Playback Rate

o
o

25



£ OTT e AER#H, £HFELMAILEMAAFEEIAEmER (FINBBEERS . #4
RE REEBENTRE. EFESTHEREEL "EFHR" IR ER, ZHBRETRT

AP EATRRFERE "FER"(AEERE LG .

It's Latency All the Way Down

Latency is the best proxy for Experience, and the secret
of improving the long tail, on device and server-side.

You don’t need Survival metrics, you can set appropriate user
threshold % playbacks (ie: % of playbacks start > 1000ms)

You may find that diagnosing shifts in your latency metrics take a lot
of engineering time - tooling becomes important.

Opportunities for Al analysis of trends and opportunities.

Problems will show in latency before they show in experience.

Improvements will make your product magic.
1) Set Improve OKRs 2) Task engineers with improving

performance and not just building features

EFSTHESZER ERUESEMRRAF T AEXMEZE, #1E R TWN
QoE., #ltn, INRAFSE TR, RERFEMBIEERER 5 R EZHME, BEFEMU

FEELEBILRAEE

9.7 UVQ t&H
AimE (%7.3) B3|, ATEREEREHMEIGFAEE, YouTube 3EA"UVQ" (YouTube Video

Quality) FIET B K 25 2T 1= .
o THAIFAFHEZAE=MEM: UVQ BEEREZEEEZHFMRNBRREMEGESE,

BEAFHEZREEMNHRERE
o ZNIEEMBEI(L. UVQ BT E—FE "no reference metric”", EEKEECIAEERIAE

FEAZE, UEEEEKIINZ AETEEFNMN .
o FEARHEM: UVQ BEEERBEZF BN (FIINEFHE) BETEIEE, LU

IRE AR R .
UVQ 122 % YouTube =it T 28, EHEMNEZ A EEFTMEFR, AUNEBLE FRBES

g, RIAAFMEERE. AL, UVQth 2 QoEMEETI B2 —,

9.8 Hfth QoE E*&
BRT Lib 5%, BEMERRETHM—E2E QoE WEERFR, 2f&:
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o JILE: HNERENTS, KIEEEMREE, EH Kirk Caller #®if T LEETRIERSZ R
THARIEZEZY, flin, ZRAEET EERREEMNRSR MERFERED, AIF
BEREENME A EE 2

o TEIAME: 8% Stephen Robertson 5, BN EHMEEHNAFEREE
FEZZ, YouTube B# T "stable volume" ((8E B &) WAL, LIiRREEXEIE

BEBKMME, #MiRAZAAEH QoE ,

UF

Experience Codecs

Start Fast, Play On.

Not everything has a clear user experience metric:

ie: Audio quality...

QoE 2 OTT FHE MRS, & T EMTMLMFFERIL QoE, YouTube fRAT $1&H %,
SEEIRE QoE 51R. ARERERIER. £F AT, UVQ EE, URHEEMS M EME
T ESEAEMEEMRE, XABET —E£@E. FEHA QoE MR,
EBRAERMEREE QoE, OTT LR URARFREE, IAFMEE, HiEH
SNSRI,
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10. BEFAmEEE

How to improve Experience

for >2B Users?

ZERFEENS—EEERR.OTT FAEEERLU T EERMRE:

RE: TRARCHENEBEEVRFEEZE, SHAFFERKRGEE.
FEBX: BEEMEERESNER, SEHRAFFRIE,

HplEE/F IR—EEERR, ERMNERE, ATRIIBROIEN BEEBATEERT
REE, EEEEREBEUEERR WEETEEEHEX BMRRIEESHERZIKIMER
M B, EMMZEEEEN, BME—mMthiT,

EX

10.2 fEIRAZE:
AT HRELERTRE, YouTube $RER T LA TFHEHE -
o ZEEIFEX(L: YouTube EHSAHETEEZEL, UERTRIABTZHEMEERE

—3.
o IBEMTEYAE: YouTube Mt TIREME BYME, LADRHSE, Ao EERS
HHRIOEE.

o RFHEH|: YouTube SREFAFRFREMEETEE, UinRAFMEANEERK,
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Table D.1 Reference Sound Pressure Level

|Categories Room Volume in Cubic Feet SPL in dB re 20 uN/m? ,
> 20,000 8s* |
10,000 < 19,999 |82 3
LI 5,000 < 9,999 |80 |
(Mix rooms)
1,500 < 4,999 |78 |
<1,499 76

s ; Depends on room usage. For editing purposes, may be controlled by the editor for use
Il (Edit rooms somelimes with the material at hand. For final program mixing, follow the recommendations for

used for mixing) categories |, Il above.

IV (Booths, vans) <1,500 76

V (Headphones) Use 2 cc. Coupler and set 400 Hz level to 78 dB.
* Per SMPTE RP 200 [6]

10.3 FHiBE:
YouTube MO MRIFHESESTAREEE:
o BHHEIEMERE: YouTube EERBEEEMEE L LIERBHEMZEHHSTAEE,
o FEZLFFEIA: YouTube 51814 FAFIRME L HHERMEE, FliNEEEIE4,

Client-controlled DRC is not new

(especially in Living Room).
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1. INEE
YouTube ZEEEFLEXFIE OTT IRESE, B T LS HRMIRES, BB BT EMA

#AEE, YouTube BN ARFREEHRE. /IR OTT £ &R AMEFMAT

#87T YouTube 7 OTT &R, EHEWIHE. cEHMEE, AIRAME. ZHKRERE. A
FREEFNTNMAEEEFAEMZIMNER, FE6ks OTT EXMNENRERREEARMN

¥

fBes,

Stable Volume .

D Ambient mode .

Personal, b -
Annotations K]
transparent, W & subuesicc o) o >

user controllable. D o

(}) Playback speed Custom (1) >

= Quality 2160p K 3

2128 -w.. > G B O full = F2




FF OTT FEPESEEEM R TERE

Playback Experience (Px)

The Best Experience Per Bit

1.518
# OTT (Over-The-Top) &, &R EBMNBIIHE. AT, EET BN EELE

AFER, BXMESEEEIERAFRE REAFERREE (QE) EEHESHEE
AREFEE. Jit, NMEEEESREMAFRRZEIRGTE, KIFENESEE 2

=)
OTT FEELEHNEERE. AMEFEAD YouTube EESEEEEHEAIEKE, LKk

T RERSEENTIA.
2 BEEEEHAFRERNEE

21 BRBENEEFE
YouTube TFEE[X5EE Stephen Robertson BAfEfEH, BAMESSESHAFEREL
BENAEFE  ERKRR BANESSEEER
o AFPFE: ERAMEERAEZTNHAFPNESR, SIBTHER RIEHERR
BAEWREHHABSHEE Y ZERFHRBHIRRE
B

=]
o ARTHE: BEEE
o AFRE: REEXBRESTENME EXRGAFHRTENESAE. EEE

EEEERBIERE .
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Loudness variation was
a top user complaint

22 HRRAFPTANTE
FEEMZE BAMESSETEECEAREREENTE, EBEETZERAFPEFEMT
% , Stephen Robertson 2%, YouTube BIEIE EMTHhEE R, BANES T EFTEE:
o ELEHIB: AFEEERANKBETEBRNES, ZEME, BRIETESHWENLEN
B
o RNAME: MEEEELNE AFTREEENEREENAS, EE/ATS,
ERRAPREK .
o TIFMEERME: AFEBREMNIERT, AFURSEEREZELNIERE, BOEES
FEEEBRANES

28

R

= o w PA
3.EBEE A

HESHRHM

Gl

3.1 EEBkE
METETR, BAMESEEGBMAFREEEHTREYE . EHESHEELAEENAR
2E A
o RAEMRE: EEHMBERERFZETBMBEIESAS, KMRETESH
o FEFEELXW: BEEMNIZEMEREMAFEEERIRBIAR ., MEESHBE,
BFAREELN, BEEEEEELEH,

3.2 mEMRZIR
BRTEZMNBALERE BXMESEEEEHMMBERERIEE . S2RA:
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o REEE: AAMEESERFHESHE mIIREER, FIINER. TE, E1&
AEBEEERIRESTEENAME L BEREER,

o EREERE: AFARERAXRABREERRSITE MMM, RZEHAFEREN
BE, tmEHZMEIEEE,

3.3 EEMRIFE
REULAR BRXMESEERREERESHRNRE . E2RA:
o BMEXRTR: RMMRAFHESHREMBBTS BEENIERTRE TR,
o HMR[ME: BIEMIAFBETES AEMGEER LA RREMMMERESRE
, e S E SR ERRER

Stable Volume

4. HHIREBESEENAE

4.1 AFEEE
Stephen Robertson 5345 T FAF EGREE L EEXEHRBPHEZY . RISk, AILES
UTAXIKERFEEE:

o ERE: AFFMLUEBATEMRFEE EERREESE

o MRATAN: AMAFABREESRNTS, flMBER, B
FERAFHESEENRE.

o MBNE: THETRAFHEBNE KEAFHESEEMNRIFNEZE,

EMER,
FRF, EMmEET
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42?535&"5'&‘
PR T RFEEE, ErLEBEE—-RIEERIEESEEHAFREBNESURNTE,
S EFEIRCE:
o EHEBLAR: BIERAFHBREEMILE, LFHEEEEREEHAFRE,
o ARMEXR: BEFRAFARSHEANBBREREATHILS, UFAMEEEERER
ERFBE.
o AFEFEERM: BEERFETS LMNTHEERRE, LEMESEERER
BRERTA.

&

4

6
g

RFE/

o EEHEXR BIFEEMEERR LFMESEERETERFNEYERE.
o EEHRR HIEFREGMNEMR LFMESEERERRISERSNERNSR.

4.3 A/B HIEK
AB AlFEZ—EERMNELRE A UANTHRERESEE, Bi0KR, ATLLSRAFRE
Ho AR, BHEAFBEETRETEMNES ARLBRSHEAFMTATRE, M
BHRENESEE,

4.4 BEEREL
AT EREHIEHIESSE, YouTube EERBEEENER L  EEHEEERLL:
o HEFRHEE: RETRMNABTMAFRE BEHRTESEE LEIREMTE
1,
o EEIDERE EZEAEHBETHRMNEE (DVEBRE) FINEFEMR, KMEER
iR A P E 8 SR RA,
o BEANLEBERTE: AFAFPFREECHESEERIT, LIRHEEACHITRER,

5. IME
EOTT FE&h, BEEFEENN N R ERFERIIESHENEEZERR, BAMESEE
FolEAFPRE BREESUE. ATHIRENESEE, OTT FEEEREEERFE
g5, EREEE. AB AIERMERE A EBLEZEAE, EAFMILHE EEFKE, OTT £&
AUEESZEWIAFER G TS, BERAFERRE,

2 =& TikTok{E HCMAFBYE i SERR B
HIRIRE:
TikTok ZEEBETIGHEERN 1.7 EXERAF. 2024 £1 A 19 B, £BEREXRREETE
TikTok FIZEGHF 4, SSE K TikTok £ & RIGLBHE D ERIRTS, MREXRBNERIE 14
INEF

1B1E Kentik B9 OTT RIS EEHBUSEFET  TikTok £ 1 B 19 BZEE 03:30 F1iiFEEE
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9, LEB, [RATIKTokFTE ARIE A R FEIBKBIR) CDN , fIETEHK, E— &L FMHthE
IE,T_ Kent|k §&*§” ’ IJILEE’JH B yulﬁl”ﬁﬁEJo

- CORE » Data Explorer

Top Src CDN by Average bits/s

Internet Traffic for TikTok in the US

L
@ Akamai
@
®

CDNs stop
delivering
TikTok traffic

at 03:30 UTC
(10:30pm ET)

bitsfs

12:00 18:00 ona 06:00 12:00 18:00 011a 06:00
2025-01-16 to 2025-01-19 UTC (60 minute intervals)

pe 3

REEINM BE/NEFZ2RIIE, LLEBFAUER, REEB0EE TEES L EEHBLE
FEIBkE) CDN BRI KE 2=, TWE# Akamai, Fastly #1 CDN77 %% =75 CDN FrE
RETEZR—ERMARE BELE TKTok )M EB AT EREMNEESER,

- CORE » Data Explorer

Top Src CDN by Average bits/s

Last Tw 8 272 of 272 data sources InternEt Tra ffic for Ti kTOk in the US
" CDNs stop delivering TikTok traffic
P at 03:30 UTC (10:30pm ET)
@
®

CDNs began delivering TikTok
traffic at 17:30 UTC (12:30pm ET)

12:00 071 12:0 19
2025=01=14 o 2025-01-21 UTC {60 minute intervals

35



BB MER, TikTok MREYRIRZEHRAF ERCE, REYVRESE =7 CDN, EK
Z TikTok ZEE i ZEE L, EREE—D AL, R AREFREBREHEBIFERBIAMER, L
FEEBIBAFER, EFREth B ARKBILELH FHFHEBE AL ES KBRS ES

ERBRRETKTokM —HEZXH, IR ERMNE=ACDNzH, haiET —RE Al
CDN77 |t FEBE R iR It MO AR 75 . ¥ A R IEE BRI L A RE S/, 11§ 5 FLITHE
AIARZEEAMRIEE], & 1 RLUTHEAABERABIELEE], S8 LH8FEHZRILL

TREEREHER Z@ HTTP ETHNERERIEERE A 20 3 40 ¥, MBLERE
BRHNEE4 S 6 FaeIEHM, £ —LX=hh, BRIEERREREE, HlaNtL KIS
FREFEEAEIR b REFEE R ML RE, NRFA 30 MOEE, BEFRFFRREEHM
WEINEFATRER), KEBEEEEFHE N, REAREERINMENETE2RTHIRE
Fl| Xk, CDN77 3318 CMAF X pE L1 1iT, 19BN TikTok RS M EM eI ET A KA,

Jr gTLJRE’IAm I |H$ l NFSHOW‘ | o E::Ii:STTHEAM!ﬂ.GSUMMﬁ

including those applied at the origin,
CDN edge, and adjustments made to

the player to manage CPU load. Tomas Baclk YingAn Wang

VP, Client Solutions, CDN77 Engineering Leader, Live Streaming
Infrastructure, TikTok

QcoN77  (JrikTok

1. 515 :TikTok WERERES

B TikTok LIEEEZEHBEARTMEA A, BERRMBRXMERESRRINE.
o (KIEESEL: TikTok Eff &R —ERBRFRZHREILE BERER 4 WUT
RIBAEIRAIEIE, A EREBEYFHERAS RSP, TikTok AN EHREEMEE (ER
3 ), LUBREBIEMERE R,
o ARZHKM TkTok MERRERTAEASSHRILMNAR, SEERBEY. &F. .
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EREEE FREIESEMMNBRERINERES ZHEBATELZEMN
EfAR, ERERBEHERMNEIRALE T ERRBRHR/NMMERNE B2

 FAE AR A E R R AR IR ERAIR BB UL

ZNERMEAR T HUER: NTESEARRMEERARAS MNERMAR T

BREHMERE—EESE .

2. RFEERIBREEE CMAF IAE
EEBETRRFERENEGE BAIREUTHAERETE:

RBEM AT EAETHEENSR.
IEE B REREERSHRESRGAER 2 RIEE,
A EEXHEERERENEREER,

TikTok HHEEEMER, X ERBEMFERARGILURMFEAESRENTRESR, &
/T ERBIRMTBREL o

FLV 88 R FLV X ER/IMEEFFE A EmAIZE, TikTok BE—EFEH
Flash Video (FLV) #&RX#EITEE, AW, FLV # CDN HREBUER T #E, RAT &
BRI, N BRMER, HRRINFIEREBRVIFESND S SEE

CMAF {EAfRRAE  RE S BAF MR A CON EEESZ MK, CMAF RS
B EFARIR, ATEE S (REER) el (FEREE R .

CMAF HIFR®I: 2T, 1R%# CMAF BEFER AR EREMBEREMEZ ANEARE
ZHISEEREARERERE (Hbhage NS RMERES) Mol ALE, S
ZOGERGIBMRABIRRE, MRS Z TikTok IS QoE &51%.,

3. CMAF &1t : TMedia First] A%

AT EHIEAE CMAF FIFEHIIIE IR TikTok M{EZEEBZ, TikTok #1 CDN77 &1EfRS% T —
25|Et, HhHEFEERZMedia Firstl1 5%,

2 S (file bundle) : Media First #94%:0 B8 45 %) 48 1& R Fr RO A 18 = HHE
—EExH, SRFENFE. ERAMBTADBLESR, URFE—EZLRMEAFKX

BAEEK BBE—FREEFALEME, Media First JHBR T £ RIFREIREA
AEMKRERRFERRIEE .

MIREMER: ERHERETE, Media First BIL T EERAMRBRARIATE, Tt

IRMEER 2 &, #5E AREER CMAF EX#EH| (BFUFTEMAERFER) .

4. PREkE R
CMAF M E R AL T A S
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o FLV #EeE % : TikTok 89— ERASE R EL T HERIBIL B CMAF 2K AEREST ZE RSk @ th
MIRAR FLV EXFTERMNEE. L9k, TikTok Z£E1L FLV AEIEAT KEHR N
, B CMAF BEEI TREMEE,

o KIEEERE: X CMAF 1l LEEAER IR EMBTIBEE (REEN 18),
{B7E TikTok MXBREBTFEhERMEFERELER —HERMIT/F, RIEH
BAMEWMI CON EREEFRRFEEZMERZNER,

5. QoE B4 BEIEAE
SEREEN BT CMAF 21t ¥ %&38 QoE (Quality of Experience, FIF B2Es &) FI%kEETS

Giil B2 48R
*77: M 5‘5%0

e QoS 512 : TikTok #H M HEEIRIE S A QoS (Quality of Service, RS E) F81E, BiF

o RREN B - B HE BALR B I AT T R B R
o ZHRBEEESE (Latency) : #ERIREIER MO BB EE,
o RERRE B E R E P ERIEE,
o M CMAF BILEEERETLITAE:
o BT BB
e (&1 T 262 FhLatency,
o HREAMEMNRIRIETNEN/EZR RERRE, B THEERE.
o ERBADBRATRNGERBE, BLELTITHRELMENERE,

6. HEBIEENEZE
EEMRE, BiiELthE TkTok EETEMNBAREBIEEEE TREBEZE,

o EREER NIEERMTIEELERABHEES, RIEMBEFFEIEMT ERAE
BEMBHEBERENEE, EMESTERESEE,

o EREFERR UEGRGHECRAEHEERTERERNTYEM, B EE(
buffering) ¥l Z %42 QoE AR ERERE AL

o A/BHIE: TikTok ZE 2 ERLEBFEFEST T EZH A/B BIEK, LIEIL QoS 51% (&
el IESE | #E1E) BAE LR R T5 1545 < MRV BARE R

7. INEE
TikTok #1 CDN77 2 EERR T HERBILMBIFHR AR BRESREEFEERENE
ZE 1%, Media First A28 E1RS T CMAF 3488, MG T QoS Mi ¥t TikTok FIBAHE XS
BIZEL TEEEE, # RTM 1 Media over QUIC EHIFERIFEER, BETHE—IH
EEFBITIERAE SRS,

38



S ME YouTubekd TikTok7E QoE EHIERREZ R

1. 51§

IR H OTT(Over-The-Top) Rt T E T &, EETAEBMRGRARERAERE
EFARE, ETER, LREZELMTFES YouTube 1 TikTok FrEEFARIQoE A X #EATHLE,
LR EIRRARREEMRMRAEFEREBHMERBE . BAWEHE OTT HEEES,
HEMMER. ARERNEAESARBER T HATRMETNEES X,

2.1. YouTube

YouTube {4 LR FE0%ER ERER—EXZELUEREERRS (UGC) HHHIF
BRRMA—ELEHN OTT k7%, HBERMEREE UGC 5 HARERAE,
BIEERRAFEAEERFRAREINAR, FINRHNKELZRE, HER
YouTube TV, & —i2ZBREHAEIRRERHERREERBEMNERERRS. ZTE
EMERERE, Aff RTEX. HENEREY, aFRLFTESE,

Eit, YouTube D EREIER  RRARE A EN, HARERB T EEREE
EFEF BERARSHKNE BAEXESEATEANRE. AFIRERESEN, &
HESMETREASEKA, I HEFEEEFER.

2.2. TikTok

TikTok AR BER TR FHRIMERZEL, 2 OTT S EMNRER A
SREREIR. SIAABNE A, ERRRRTNAFRE, wRER (real time) WA
gk hiBCkEEREHAERAE. HRNEESHEZTHEHE, FEBHAELTE
BEREARD, HTHREREETEE,

i, TikTok D ERLZ  EAEB RN, ELHFHERSIEREESNETE
LREBE S, UGC RAEZRR, EiBEANMEpIEEE RIS ERBEABTHER. R
BARBEN, LMEERFEER MM EE . FLt, TikTok BEZEHAERERE
BEREEMNRERER 2R

o REKME BAREREEATBRHERPRBNT S, KRREMEEERHF

IRIE MM RRE —EEEER,
o BIEE BRELEEMEE, HIRHNERBYEFEIXERSR.
o RENME BMOBREHEHNRAGEREMER.
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o BMFERE ZRIZTEMTREERNE BLTHRELMWENEREZ -

gk Youtube TikTok
BRIDER | RE.ATEE. REZKE. EF ERESHE, ARER. B Ex. 17
F}EL
AEKKX | 2 (UGC, EE. 1%, VOD) FEEERTHER. TEHREME
%
HiEEE | BEXBDODFEE +OTTER). ¥ | RiE/LKEE. 7%5F CON BEMAFin
B E BIRET I ET =IEE
BRI E Z 11t (RTMP. SRT. HLS. DASH CMAF (&x{£1t) . #£% QUIC 1 RTM
). #£%& Media over QUIC
QoE A% | Big. SRR, hTISEE BE | E3RNEARBZE(RIRGMH. CE. &
o tE #&.EMERZ). AB AR
metadata | SRFAIEELFIAEE M —
EHEHE
B | EENEE. ZPED EXEE BiER . REEA. MEEEER
EEEE | EE BEEHMWARZERNEGTEE SEE FHEHERNERNEREZ
& BIEME
latency
priority
EE&E *RPBEEMEEN, BFHEEHNE | *HEEEFAEERETESMZDE
LA E | BIEE, KEBEEBE,
*REBEEAEERINZ2EERA RS EHEEEMEEHAER
B AEBEEBZ, EHEREEE,
*EIRMIMHEE E=22EE * {21k CMAF ERITEERFTHE
BEE, (RTM, Media over QUIC) LIz KR E
FREIEERE R MENMEE | #EAEE,
HEHEME R Z ERIES, * 3 RUED B R E A RR SR RO T E AR R
58, ERHRAREEH BT IFER
BT AREREIM,
TERE |EE BFZEEZIKIENEE FEFR REIFFSRAMREK
it
BIFRE | REREFE.BHEXIZE B BETMRRAE. ERFE
FHAEFE | YouTube ZHLMABREEZEEFTET | TKkTok HiER. ENBEERNEE
FER I EEBAE M, EERBHMETHRELLUE
Hi/MERENEE.
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2.4 IMNEE:

# R YouTube 01 TikTok #3# OTT fEEEE, BEMBATEM T ERZHEKDESS.
RARBIEREZHEERXFTEEN, YouTube BEZEERIZ. ZHREMNH R TEMEN
BAE, M TikTok BISREAEEEE. MeEMITEIRELL, THELZEMLUARMIRHAR
OTT Hifi TNE R R HHHUIEEREZENERERME,
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%r

AT HEmAR+ OTT 5.2 QoE ERETHERE: A HFRRFRA

1. 515 :QoE & OTT FEMEE B N IZAS AR IAE

7£ OTT (Over-The-Top) £ iRiEa2ARFEEE, QoE (Quality of Experience, #2858 mE) B/
AGETFERESHHAREE. ETERTHRTEEMETEE ESRAFPTHEBRE
PHERRZEREE  HRBEEOTT FEME, BXE QoE MEBEZRERIZAAFA
EE.BRERFPREE, BNESKESHEEEREMRE,

R, AR+ EAQXKIEEMBHMERTS EROEERTRUEBENEZTABH, BB
BEEBAHREE., REXERR. REZTHBEHEET. Blt, IR+ IHAR,
TEERET QoE fEIZEABITRIEE, WAEBEEZEE 2N, MA L KIFSREFEME, LE
SEMEHLERRA AP B ERER,

2. NHIFIRIRFFRA TH QoE REtE =

[& 53T AR & B 1 (Quality of Service, QoS) #1T 5258 & & | (Quality of Experience, QoE) fi#&
FMER, SEEEE, EMETEE S BEEELR TikTok B2 YouTube TV HIIREINHBIE T o
QoS BEIEMIREMRAMREIEE MEE. IEE, HBMNHaELr—ELBHEFEHER
LEEEHE, B, QoE RERKInEAEFHERERERRENEZIEEN T ERRM, &
R QoS ARG E QoE, H QoE BETHEEZ. EEFEFRAEN TR, S ARERN
. REPE. ERNBETRE. BNEEEHLURS AN TAE, BERERI AR+
Al LR HIFR A LIE R EEAE QoE MMTEE S,

EIFEERAEFRINREZE, EEEZHAR+ T & LRFHHEN QoE HrEk:

o BHMARE: HAERHMEMNEEPRE(—EHEE ) UEBRPEEIMFLIIE
HE—FEGRNFLD)  EEMBEERIERR A EIE. ABR BHESERFIEE LS
E AR RE,

o IBINERVIAEERFE: A a5 BRARAREME RS L REERGERE (TR ME 2 ATHY
BRCEE ), SR LHEERE FRAEES REF TR HEHFFthE2IRHE, 2
E— LR ESHBNSRERE(HYML—TEE% i —EHEE . ERMESEE %
H) . eR\BMMFREEE LR BRR5 I NEE T EFERE.

o RKMHE: HAFEHNEIRBUSARTRBEIXRERRTFm (MFFRAREXERE
RARERERMVIE? D SERAEERKATEMEAE, HBEHE (40 Google Cast 2
AirPlay) RTRETFE R RE.

o FERBEXBEMARMEMRE: AERHERMEERK FNTHERAEXBBREERKR, B5

FASRMEREETAN—E/NEES ((HREEEPEREAEER, BEFZHBK
42



MERHER—R 2MEETAD ., thEEAERHERZE Android TV MRAEXE
BEAFEBRLKEMRRENG X, NBRMERERFR AREE TR
EE T TERRMEHNRATAEHIEMASERE , XA EKEEHER, BB
MEASK LEIMTEMEREHE RETASHRNEREREPHEREREXIE
SEFNE B, FEETEZENEENEILIE,

Ak B R BT OTT 2 7T & 0 P P EEREREE AR T ook, AR+ AL S IRBE T B Y
OTT T4, 75 QoF FEMEEHITHIES, 1A T 8% YouTube SHET LIRS, HIE
MALUT A S I BE R N B B

2.1 IR ZMETA RE
AHERMATEEEASENZENE BEHE. BB, £ikF. Z5585B8. REFHB. &

N =

=

XEBFEARAE, BEAERBAREHE. FTRER, FREERMOER. Bk, 287 +89
QoE XETHEE X :
o FRIARIEEN QoE FREE: Hlin, HEERREIERIEE, Mk r6e
BIESEE,
o T RIEMAFIEH QoE FREE: Hlm, EREMAIREFEX/N BEZALERE
=HIER,
o ARAIRY: HASUEBRATHRIRFBREAR INREFS. FENE. BT
T PUIES I8
22 NHBEEEE

AHABERRREERALEE., REMEELSHET. 218+ QoE KETEZED:

o ARMHEFMEMEM: AR RTRETCLEZME. (REEE. BBERK.
o ARMHETEN: FMEAREERSIBHEHR. RELKBH, HBHELEE,
o ARMIIEAKRM: FENEEERRREE S THSERSR. (EEXXERR,

2.3 R AFEEIER
AHBEREERBLELR, TETRBMzEAEEEAK, 248 +1 QoE REHEEEE:
o RAFRMRE: HARAFNEAEHMFIIZERE BIAFHTANEE,
o THEHRE: AHTEMEZEN. ABSERES, BINTaHAEN,
o AFBHEHH RUETMEEERHMB U ERE. RS REER, EIRBMHM
HE,

3. 2R +#J QoE f51RE% &t
EREdREE, N8 +H QoE FEIERGFHEA S U TR EEE:
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3.1 FifisnE

1813

S EIEIREEN QoE IRREN, ETERFEAERMRLE. BREMNES:

w2 RN D 3R 52 B AT FABR R R A L 451

BICRR R 22 R BRI 3 A SERTMIF LRI LB,
BEE: LHABRCAE TR EREMERN TR ERRE,
FRITER: FHERTEMTE,

RRBNEEE : 1€ R P BAE B IN RS2 A B In 1B i M e
EESR: MEBEEREREEIEREE,

PRER AR BN AR RMER,
BAMBEREER: AINEERTEE. SABMES.

3.2 NAERRAIEE
E‘é?a#?&l%?liw%?%’rﬁﬁ)ﬁ T8, ERaOHERNEE:

BAESTHE: AFBRETEIEZ FRILEA),

HERRE: AFETREREEE L THRERRE,

BER: AFHERMERTS, fINEE. B5. 2FF,

REEED: AFHE R REEES

WEREER: AR H‘W@E’Ji%:‘iu EHEEE,

MR R: SHMABEEH B HAF MBEKFEHZE (FIaNEE88).

BRI E : OB EE B AP IRRINEE (BlINEBFERE D).
CEERE : FHESESEE B A F XERRMFZE (FlinEBREHRE).

3.3 TAMAEE
SRR AL BT A B R R

FEERERE: AFAETE LMBERARR.,
DIREERE: AFHTASEYRENERER,
BERUE: AFRUHKEIFRERABTLES,
Bz AP EREFENDERMER.
T EZRAEES : AFHTESTEZ AR
AIRMEDIREE AR flanF s, FEMFNERE,

3.4 NHE(EEEIEZ
EEEEEAENRTGTEHAEMER:

SHABEER: FEARMRAEFEHRE. FREE, FRXIEEREMAILLH,

NHEBEBEE: FTERNRSIRAME QBB RIEE,
HELENER: FEARHMETA. BE. BEREENTE (HINEALEHR

5),
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o EREHS: BPHTANELETS.
bR REL L AP HAMR+ AR,

4. N8+ QoE #HIEHIT AR

4.1 BRI R T
NR+FERISTEWHBRERR, UER LT QoE 512815, BBEKES X aE:
o AFmEIRIE: EHERBPHRAERXE KEBKERNEKE (BINEER, BE

o fAMR=FImEIRILER : K AMR=RINAY B S, SCERAF MIEEREIFE (HlanfIT®E
).

o FAFiTALEH: BHAFATSE LMAE. #2 EHFETA,

o AFHERUE: RS THNEEEZEAFIRHEREIE (BlIanfEE. . FR).

o SNEMBBEES: BN ERERE. ADRARIESF, LEGTEHEEMNE
288

[= )

4.2 A/B RIGREREERERE
HE1T AB BRI EERERET, LT E QoE BILRISMNER, B FRERIKES, 6150, BTLL
HBEARZFRESHHEGRNEE, NERTRMERTHERRRNZE,
QoE Bt T —EFFErIERE, FEREMILEEE. 28R, FAZRE. T BRKEHRE
, R —EEKTRIR.

5. N HIEESARTE1R A T I QoE 1T RES
BEAR+HEELEEZR. EREMNAKEBEBABULAENBUER BRELREEMR
HE T QoE hHEREEZE M B, FREREREEREEN. BREVRERBETaHEE
FLHEAFEME SETTEMRMER REEREXFRE AT, FHEBESBEE. it
RANBBEITENRAERRNERE, MEARZEEEIE QoE FTHEMIFEH. B F tnkd
RiTEiE.
AFEHELEHREM IR EAERRE, BALTRERRELZERKDEITEE
o EEHEEERIL: HLEMRES X (CDN) KRS, #5H B EhFH B A TEE (ABR
)RR, BLRIEI/ERE HAERBRIBERILERE
o BFEIBMaAIARIL: ?mﬁ*%lb\%fi&%%%l%‘éﬂ’ﬂ%mIiéﬁixﬁl$~ Bl e s iRmIER
il R AT SEMBRURREE I, BB IR (casting) %8, iR %X ERIBEREMRL
BE.
o MEAEXBTEMUERE BERRRAETEEREAEX, BRHTBERAEXMIERE
BB, Wb ERE T EEEREIRE,
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o MEMAXE: BELESMEFZRRTELRE (HD., 4K) ., 858 HDR ix, MHERAISE
SEEEIRIE,
o HEBEEMLERNE: EUBRMNERAERERERR LERAREFSHRENRA

BHEESIZ,

o 2 QoE EifE: MEFFinE LT B LUK BT REHEAT (RRENRFRE. EH

&8, $HR

), WBITEIBE S ITIESR LBREN R E

BEegtEeiEs TESNEARBEHRRBEDNEL ARSEZRAERERE
E.@NBERREATER. ZEAR+ESE OTT miGMthfy, BHEEZTERE
AR AR RRBETEALRAER.

FEE T QoE kM BB W FE—[EEAAEETIEFIRE TR TREE
T ZIEEE, HIRHEEIERFESR:

EERE BEi21TE FEMFBE QoE KRB EEEEk
5E
QoOE EE#EEA AT BER P ingEE HEHEEMAH it &R =
SDK; B3 BES stz
BINHEE B
BEZH, E%E AB
BIEIESE
Bas/FEAER EEZDERE EFRELEF | QoE BEFEIE =
ST R BERE. B TEEER . BUBhRFRE
EOERER W
EHRIRRE/RE
B TIRE BEEBERER FRERSE.§ | BERSRLEL =
F NERSAIE | EEFERE
% IR R ThaE
[REEEERIE RS/ MmERAR fakE FHER STE B AR h-5
ARl FRERTEEHN BE (BREM). i, BT &R
Fem*Ek B AR ERSE
(Android TV,
tvOS %)
EREEEIL SRz ABR &g BWREELE | QoE EEERE. h
BILIRS BiE% F&E. BMERF EERiEE
CDN (FI#); #0E | M. L (EH)
EIEE (EHE)
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HREE FRZEMTE | TiRETAM. R | BEERS/IE H
Y ER D BAWEE (FrE# | FEX.DRM B
#2) &

m B EEA R T HDMAKER | EARE. Ba | WEERRE. & | f-E

EAE; B HDR/ = ESEED
ZEEEH (EiE
)
g E{E AL BIAFERERE ABTIER, B FBInERERE. & | P-E

E/ERRMR B . GREHERRE | 1BEMESE
/TR S

1 BEBA1E QoE &¥E
6 QoE FHEF AR, BTN EN, HERBRTHTEERARFREAEN
5N,
AR+ ERUEZRBAMILEE A BB EMERREPRFHEMATAFERHVTEEME

, RESREMNEMERTEIHFEY BIRELRER, £, ARASRENRERR

REFER AR RS RIWEE AL ABENIRS AR BIRER, K2, FEEAR
QoE—flnE AR B K. SMEEE. BREERIEREXRE—SERERERIIE
®ROBMESE IRKEBRTFEAENETEAKLRBEES, Dt F8 2 SRR R
EMEMEEMERAERRE $NERAB+HHNREEREEREE.

5.2 ERZ T8 QoE FR
HETRFHE. TRERMWER, RETT R QoE BEREE. Hlin, SHHERER, 7T
RUEEXMFER. EREMRENE, #HE S OERA L BREARTSNAIRIME,

53tARmMmEENREE
BRT HAiTBmaY QoE &B1t, RIEERANSMAEHEA#EE, REESRE. FX
BMHNAS, TRREERARAFHEERRIIHESEER,

AR

X

5.4 B EE B BT
R ZTHEEEE RS UL H R, RUESEREE, BEBRERRMER, ETERIER
FTRFHMZBERE, thaeEE ?’ﬁ‘%ﬁ-ﬁ&ﬂﬁ?ﬁ*ﬁﬁ)ﬁﬂ’ﬂ QoE &K,

5.5 S{EEAIH
EEMR, EXEBHEE EXREHE QoE b A:EfEM, WIERHH QoE EIL KL, 4l

n, eI LARRZR An{al F AR AN T E i1l 1R EE AER QoE &1k,
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6. /MG

ERBAERAERRESR, OTT FERHEMNZMTAESHEEARIRBAEE . HRA18
+ME, BEREMEETEERATREXRREHS ERE 21 HiAKBITH A HIRE
EanpI R, 5 QoE e BHAEEE. HBERAMBEABENLKAE. HRERZ
RURT R i, T miae B A EREREEETN ZMIOER, QoE 2 OTT F& MR
B, HRAKEEMEMNSERTEIAE+IME, QoE MG B EMA LN KIERRB S
Wt

BiEErEEERBEN. ERMENER, TRAEKTERIGRALIMEESD, AE+H
U RERTRIBREL . BRI S BMFHERE, BEABKHAREZMAHRAFEEER 1 4
HBE TEHNRERAEREILEN, HRR5IHERLEZEAE+HELAHEE. ERE
FEAAISRMEE OTT TRt ERER, MIARNSERERAR+ERE. £
TIEEEAEXEEEMRBTEEEE N, SEMEH MR,

NE+HEEI—ELE. T8, BEALAHEEERK QoE 4R, HEBAERL. ET
. BBk, SELCLEFRRE, FERARFNEERR BREAHEEMNEEER.
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=&k
FNE: ZEEFF AR Dubbing Al MIHUEE R

B A T EaEER BRI BC B R M 4

Build an Al
Video Dubbing
Pipeline on
Google Cloud

AR —EAHE A MZELE S S EES RN, FARERSBEREMATER. E
MBEIITHESER ERAEREESWEIREAMAR—BESER. TERRER
HTEEFTR BT SEHE ERTERELFURSD,

BRIEFAIERF S HE, SEERMMA. ANBHERERTR, LUk HMZFEMEIER
REHIER,

BAUHETAIFERUTRY S, RE. ILMERE, RERERRE., AHERE. K
A ar. A EETIE. ATEEES RN,

A& LLGoogleiz #HEHFI T B IDubbing Al1&ERE, 2 T ATER(ADAEFZFESS
HIFER, BtaR T —EEAEBCERETERENTE . ASMITEEERES PEA K
B ATEHRESFRRAEMNRMER. ATERRIMNETEEmS XM IIERE, Uk
BERMEEEE,
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Google Cloud

Agenda Consulting

01 What is Video Dubbing

02 Traditional Challenges

03 Technical Requirements
04 Architectures Overview
05 Key Takeaways

Google Cloud Next ‘

2. BB BRI PR
BREAES, ATRESWHERATRREENMNGEE KR4 —BARMASEN
5N,
21 BOER

AXETHHEERRREE. BERL, WXLk MHE RETE20%89 ANEAEIL
REE ATEERZNZMEEZENFEFESFENER, WRRABER—E
R, EEAMR S —EES, REAEEMER. BEEAMAIER, "TUEEE|
BEMRM. —UIEA A6,
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What is Video Dubbing

Q Replacing original dialogue with translated
speech synchronized to the on-screen
visuals.
Q Use cases:
o Global entertainment content distribution
e Multilingual corporate training
e Accessibility improvement

Google Cloud Next

BRERFEEHFSHE. B ER—EFESENERF — 2% NEEK H—ERHER

BERRENRTALRE NMREREMBFRES P, H—E—2ENRKEE 8FE
FEEX+Er. SRiERE FERCBRSHIOREBERIE, FREXF. BEEMFEHEE
HERS . MEEEAEMORE, RTESRESH:HM EEFTEHEBEFAEFES MA
BRREAILEHE. TEEERIEEBNTR. BEERRANES.

BERRKIGLFEARHNES ATEETER UKBEEERUMARER FEEHE

S EHEERRFES AREOEES  MRRARRBEFRM<AOREE BE—12
TEMEEE. BEZ AR AERAZTINEENRERS,
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; A To exit full screen, press esc Google Cloud
f Consulting

2.2 TR EL

INREFELLSLEBE, AES EPLRMEEER 7

BE, BEEMNMAE. XFIEMERENE, HHanRELERK, FTUXE#mER,
B, BMEAN T, FESAETERE, FRATRMERE HTRNEERE SEEELI

FEHEEARMIEARE, -85, = MRZEZLA—E/NRKITRETES, BERE
RAARK, ATREREREREEE R,

s EERNRE SEAFREARKMEE ? URDBAEE ? UTREAEEMSHE
BT, AERAETETERIIMSERS, 2FEF:
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Google Cloud
Consulting

Traditional Challenges

Q Manual Dubbing Process
e Expensive

e Slow
e Human intensive

e Key Challenges

Accurate Transcription

Accurate Translation

Voice and emotional tone matching
Precise lip synchronization

Google Cloud Next

A EMEIREC S RN E SRR, IR AZZ S HE:

o BARK ETSFTEXEMANBE, EMENNRIESHNRL ., EERE
S0P Nl 0%

o FMEESK EEH FHRMAHREMFMFTERANTEEERX, BT EE
= gc

o BRI FHAMFAEERNESREERA—HEEERIMBRE, XK
BAfEtE, BIERERMMESTAE (Bl, —28) hEEARETHMR
Ao

o i EREST 2 —EREBIBEE BT RSHEENEST, UHEREEENMAE.
SEERMABKEHNETEREEBERZRHARRMEENRITERRAIESR
— BT,

o ITERE @R, ARESHETEHEARMTHE:

o EMMOHN  EHEEFIAEE QUERAREENRE, S ERERERH
ME—D,

o FENMAML  ERBEMMERN. EENEENEHGRESHERBRE
e, e—EEMNESHE., —EESANTRAASIEERE-SFEE
E:BEEH#L.

o BEHANMEREE ERRKNEFENETLEBRESHEEEENHER
, R LA 2 E A BN,



o NEEL AEETTHEMEENERFCRBEREERMOERS, HNEA
MeEMEBERRERER, BFEREMNTENRHEE,

3. TAIELE IfE R 7T AR ER

EHERMET ATERESNETARRAE, AR EHRERBRMER, LUERER
R ERRE IR AT ITHERAE,

Google Cloud
Consulti

Technical Requirements

Q\ Accuracy & Quality @ ' Latency & Scalability Q Cost Efficiency
High transcription/ translation Efficient processing of Economical
accuracy transcription, translation, and per-minute dubbing
Natural-sounding speech dubbing Clear pricing models
o Cultural nuance Ability to scale automatically and predictability of
p ; : operating cost
Q\ Customization & e Compliance &
> Control >~ Ethical Consideration

Flexible to tailor content Data privacy and security protocols
Compliance with licensing, copyright and IP regulations

Responsible Al policies, including explicit consent for voice

cloning modeling
Google Cloud Next

o EREMMMAE:
o HERREREM YIIRERMERMLEREE, BRTPHERSSEFEEEE,
HERRTERMAEELAEZE,
o FNEREMMMMMEN ATES R /AEENERES RNRE X LHlME
B BEMEE. EREEHMBERESRENLP)EE, g BRI EET
FIMES RIR.
o HHRE LARHMNETHRMLERIW. BR.ZEHE,
o EEMBENMRE: AT EEREMARR EEEEHREE THEERME, BHERMN
REXRMIETINE, BERREBCERREIISX. 8k, EEANEE,
o FIERM HMAAELARAFTVHBER UREXENBEXFLERRES,
MmERERMEMRESREE,
o AIAMEE: NTEREIFMERSEZLERAEFERAUE, BIESENMETER
7 38
o EHEULINEN ZTFEEARAFIRMEHETBEMIZHIEE, RFtMREASEIEE
HERETTHE UERSRE.
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o *"ﬁ#ﬁﬁzﬂ’lﬂ EEE
=,

BHEAMNEEREHNBREAFNERMEERE

o HERMIMZE RKEHRERE. PRERNEKRAHMEBIANTE,

o HEARFIARIE B SPETEIAIRE RS, I ANER B B AL AR FTAR AN TS

BRARHER, EFREE,

4. TAIREE I TIERE
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