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Livepeer Z2EZ2 X0 B} 7t 22| BX|E 2F silZst=E dAEINCH, HIERAL XIS
SHEEIE AIZIO| Kol e 22 EF HHEHA 7|53 & MSeLtt

H|C|2 MM E (Video Segments)
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Livepeer LHOlM O|C|0{2] S A EFRl= MOHE(segment) YLICE MOIHE= AIZHHO|tEH= 2
C|Qe} HIC| 27} CHESHEl (time-sliced, multiplexed) HIO|Ef ZZtQLCH,

Livepeer WER 32| 2t OHE = 1R5tH, it MOHET EY #&EXH(broadcaster)oll 2[aH 4
NSS4 = = ¥EsA S7(cryptographic evidence)E Z&tEtLIC oLt AEE
(stream)= 0121 7H2| GILXQI MOAHEZ HE|D, 2f MOIMEO|= SHIE =ME A8 = U= Al
HA #HS(Sequence Number)7t ZEHEILICE
MIHEO|= Chaat 22 HEJF ZEtEL|CH

HIC|2 MOIMHE EE

(Video Segment

Field) MY (Description)

StreamID SHEH MIOHET &5 @I2 - EQF AERIS ARFHLCY,

SequenceNumber NIHET flE AERIM £5h= =AM E LIEFRILICY.

DataPayload MIHE L] @C| 2 /H|C|2E LiEfU = HI0|LH2| HIEIH|0|E] H C|O]

E{JLICH.
DataHash C|0|&f 0| 2= (DataPayload)2| siA| Zr&ILICt.

BroadcasterSignature &Xte| MHO=Z Priv(StreamID, SequenceNumber,
hash(StreamID, SequenceNumber, DataHash) )i Cist
MBULICE O] MHS SRt sliT MIHEES MX| C|o[B = =&et
2 @&ot= ol AFSELIC

Livepeer ZZEZ2 MO
(payments) & tHe|2 M|

glo|=21|0| EZ (Livepeer Token)

Livepeer Token (LPT)2 Livepeer HER3°| Z2EZ EZ0[X|2t w07 (currency
token)Z AFEE|X|= ZELIC

2r&XH(Broadcaster)= HEINA 42 £ 1 Ethereum?| Ether(ETH)ZE AtEstH, ™
A} HAES K| Z6e EE2 WEKZRE $42(fees)2| FYEHZ ETHE BAERSLIC

LPTE HER 30N XA S S5t nx} 5= Z0IXHE0] AH|0|Z(staking)ste X2 E2(staking
token)O2, 0|2 S3 U|EY3 L) &t 2HIZ TH5ID, Xt0| M5t 22 25T 2 HotS
HlSehlc,

o 2|& X|2 Y (Delegated Proof of Stake, DPoS) A|AE LA Q] 22 H|FL|&(bonding
mechanism) 9&S fL|CL AH|0|3= H|C|Q ERiATYH (transcoding) 2t 21 AE
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(validation)o| #0{st= E
Z2EZE Ut Al YMst= &2
OI|__||:_|.

o HESR3A LY AY 2HIE ZHot= 2t HIFLIE2 2 ASRLICE AH0|Z & |QE LPTS| 20
H|2|3H 2t2{0| HIEQAZ E3l 2HE!L|Ct.

o Livepeer ‘dEfA|0| E5tEl 37| TH2|(Unit of Account)EH 7| %E L|C}. 0]= SectorCoin 7H
=o| 7|8t2 0|, &% DVR, X2 (Closed Captioning), &1 42 2 #=2lsH(Ad
Insertion/Monetizatlon), =M (Analytics) 52 £7t iHIAﬂ Livepeer MEfA|0]| S&E
i AHO|Z= LPTE 7|BIO 2 §t HOMM S &85t o~ QUA| &LICH[4].

HA T (Transcoder) =& ASAHValidator) oA I LICH,
H4(Slashing)2 HEQYIE BHORHE H5517| QI atA @4

LPTe| x=7| 2tf(Initial Allocation)= CIASH ZHOIXI7FHER A L HetE +3lE 4~ Q=S H{ZE|
0, O|=0|= L2 [EHMo 2 =2 T2E 23l M=oy what =7 L EILICH X 2
(Token Distribution) MM& &FZx5HA

=]

=
O
a1,

Ethereum % Ct+2| ERC-20 E2 [16]2 Y57, LPT= 10/AM18 B9 2 28 7tsotH, 2 Ete
(LPT)= AH|0|Z S AFEX &2 EMAMO|, 212 thel= Z2E S LHE 3|4|(accounting)ol| AHEE
L|C.

z2EF Ll 21t (Protocol Roles)
rteoz, Z2E2S oshst| 2ot UIER Lo S8 Clorst Hate Holgh|tt,

St
= =]
Livepeer '=E(Livepeer Node)Z! Livepeer 2T EQ|E Mdlist= 2D E HHFHE 2|0|§iLICE

L& ofst
(Node Role) A (Description)

Broadcaster ®&2 AEES UlS= Livepeer ==

Transcoder AEZISCIE 3H H|EZ0|E, FE= 7|2 ZHOZ ERMA AT
(transcoding)st= Livepeer ==

Relay Node 202 H|E| Q9| HE H T2 EZ HAIX| HEOf ZHOISHK|Z, HEA ERATTS

Consumer AEZIS Q&5 Livepeer e 22, QALS A|H517{LE ¥ = DApp A}
Al 71|0|E$4|0| Eaf| 2ot olstS Asl

Qo L& At 2o &) Livepeer Z2EEZ0|M= CHE2t 22 A|AH 28 (System Roles)O0| &7H F2|
ELICE O] 2M0llME= E- AAEIZ o|A2 ER/UX|EH SYst 7|52 S ZHA EE(cryptoeconomic

— 1O

guarantees)s HSsh= CHE A|AEIC 2 CHA|E == ASLICH
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A|AE]
g-
(System
Role) M (Description)
Swarm 2elx FA35H content-addressed) MZ& Z2HZQ] IEF SWEAR Z2&EZ [7,12]
2 &off 43 2 S HI0|E7 YAHe = 7H’“EI(H A= BHE £ JGLICE (2 24
OA= Swarm £ 2156 X[8 =2 S5 E Hf0/E 71848 B&et +~ Y& O ZE=
A5 KB} A|AEIOZ LTS~ QlLICH)
Livepeer Ethereum HIE®= H0|M H3l=l= ADIE A9f [1]
Smart
Contract
Truebit  H|Q! &0 ~EE Q14| YM S HEfot= SHUA HE Z2EZ (6] (http://tr
uebit.io)
CS2 ool A et =t H4E XN Work Verification Process )| A
ZH A0 M2 o Ao = MSEIEo=X|E AZX o= HOo{EL|CH

2. B sends signed segmentsto T

Broadcaster

3. T transcodes data.
Records transcode
claims locally. Claims all
its work on chain using
one merkle root.

1. B requests transcoding job on chain. T is as X
Livepeer

Smart
Contract

y

7. TB writes proof of
transceding onto
blockchain. 5. T provides proof of
individual segments to
LSC and invokes TB for

verification.

Truehit

..‘

6. TB off chain verifiers can use input Swarm '

data from SW in verification game.
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Transcoder

Relay Node

. 4. LSC reveals challenged segments. T
« writes these segments to Swarm.


http://truebit.io/

A28 E = Broadcaster 0ffA{ Transcoder £ & Consumer £ X EHE/LICY
Transcoder= &g ZZ Zp0l 01517 9/l A{ZF(Signature) 2 22 Z5(Proof of Work) £ 2=}
LcH

E2iA T (Transcoder)of| CHSt &0 Akst

SUARCHE Livepeer SEAIOIN 713 A2l 81 S SR, OISE U ASEE Hok, 018 0

— = !
Ust Zoio 2 A&3| #8510 M X[ (low latency) EHE0|M BHZE 4 Q=2 §hLiCt
2k EMADEE =2 718 4(High Availability), #8%0|1 225t 5t=910f (GPU 7t EaiA
A 2ZEIts), ARl TR HEQA AZ, A 0$t DevOps 298 s8It 242 ZUS AE+E [
Z0|™g P&LICH
Eelamn AEE|E ERATE K2 22 0, HIEYT0M 0|ZH(churn)sHs Yol 245{=l0{o} &

LICE ESATE S0 HIEX 20| O[H5HH MH|A ZZ0] XM5te|7| w2 iL(Ct.

=2 ORIV ERA R S =S 2y 4+~ 20, 0|52 10| E
T2l ERMATN AYE2 BE FHOXOA XZ2 = R0{== A0| &

Bl 2l (delegation)=|= St AL LICE 0]218 /1Y &= YSAI0A M=E = A= IZE HE
A= MHIAE 2F5H7] s EAEl ZYJLICE XMEE /1Y F2= 0= MMM CHELICEH

&l2| (Consensus)

Livepeere 27415 &2 A|lAEI(two-layer consensus system)s AFEELICH LPT &% (ledger)
ot ERHMME 7| SEX(QI(0: Ethereum)of| 2lalf o0 BEEILICEH &, LPT E22| MEO0[LE AlA
gL D= ESME ST 7| X Ao 2S5 H(Proof of Work) =& X235 Y (Proof of Stake) 2
SX|Qlnt SYUSt +F2| HOtOZ Sk0IFE Ao = ZHREILICE

= e A5 2 MEA MdE LPT2| 2tl(distribution)E Z&E&LICE 0| £22 Livepeer A0E 7|
of(Livepeer Smart Contract)zt Z2 EZ0f &0{st= CHst &|XH(actor)ol| fsH 22| E I—||1
ABOM= EEC| +E0|Lt ASS st o &o| ol 2t A2 ofL|X|oh Z2EZE2

2t
o A}, s +AMSHK| RS 2 HZE|(E21d, slashing)7t MEE|l= 712 HES| Fo gL,

HE2IA L A5 X} (Validator)Q| &2
D= AEXH= AR AHIO|IZE &
= UHER3 Lol ESHATE 2
£o{stH, X" E 7|0tk 2H(2l %*#(on—cham functlon)i SE3510] Xptlof 7%*%1% @%ﬁHOF 2=

.

EZiAAE(Transcoder)7t =S &L|CE.
A3 l1‘|01|71|TIO'(delegate) T‘RA'_D%TI SEEHAia

g
(=1
=

M
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TZEE2 o4E(fees)t MEA MU= E2S 250, 2EIE s £0iXHactor)2| AH|0|FE
e AEtLCt AS Aok(validation result)= TruebitS S5l 2X[C10)| 7|2 &|01, 0|2 S5f YAt

o
(broadcaster)et ERA T 7H| 2™ (dispute) 7tsdS HMZAELICE

£l ol 2|9l (Bonding + Delegation)

Livepeer0Oi A LIE®|3 L] X|2(stake)2 EAlst7| flal, cE= YEEC| LPTE 2%(Bond)sHof &
LIC}. Ol= Bond () EHMMZ Eai T°”E||31 22E LPTE Unbond () HE0| M&E W{7iX| AQE
Alekof =0(lock-up) QUA ElLICE,

Unbond ()7t 2&&H, === A2Y 4E(Unbonding State) = Mgtz|0§,

0| AEli= UnbondingPeriod OJ X|&ELCH UnbondingPeriod7t 2t2&|M LPTE 21&
(withdraw)g = Jq&LICY,

2YE LPT= EHATEOA 2/ (delegate)=l= Cll AR ELICE HEXI = SAIO N7HS| &4 EHA
A (active transcoders)E X250, N 2 =8 756t HES I nf2to|HYL|CH RE = E=
Transcoder () EMEZ Sl XI0| EMATL 7} E[7[E otCt BEAS 4
2F2E0| A[Zf A[FO| (KHAI2] AHIO|3 + THE L EE22H (Y |0]3)2] E. “Eé!%l N7H
EHA T E MEHSHLICE S Ci7 |G (waitlist)OlM RAIQI2 s ol ERiA R

HE2 AH

LivepeerOlMd MEH dME E22, 2EE L EJ Z2EZ0| M2t SHIEY| S5t EMAIY L&

off st 4L, O 2=l At 22k (work amount)of| H|2{5t0] (== X|Q|) 2HHE LICE THef 2|

22 EATCIIIZEZSS Q8oL HIH MR ASE 5HH, et EMATLO| (Ust 2 =9
|

C—- —L—-—

AH0|3= 2 H|2PHE £2i4(slashed) & LICY.

SAAACI0] 2 U SIS BB St SULACYFHERIT Yol SUATY RIS B 22
242 (fees)o] YRS S LALITL 5, UK HUS 231 T SATIZEE 2 Ke) 2482

%OH Hys A gL,

0|F 2 EMOIM “Delegator (X 2t= &0, XHile] AH|0|ZE EMATH TEHOAH 9/
(delegate)st 2d& L EE o|0|5tH, Atilg EMATLHE SEot= Ol Ef =20 Qs &O{XE
K& gt

QOFSIAIH, FHO{XI7E AHele] AH|0|2E 2E5t= Olf= TSt 25U T

o HE®RA0| =2 ZEZ| MH|AE HSst= &850 ERHATL A 2st0], ZEX|A XIS
NSstr HES(Z| AMzlM8E =0[7| &
o AH|O|3 H|E0 [}2t HEH(reputation )t &= 24 &ef(future work allocation)2 27| ¢

[ |
o EMAFCII MMSHL4E (fees)E 3RI0] =22 A7 Q&
o XM EHATEHI} L0 HEJIOM EHAS £35H7| &t
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LE=Transcoder() EHMMZ NSO =M XAO| ERMATEHZ S8 QA JSE BEAIRIL
Ct. O] Exi™MoOf|= CHS M| 7HX] 40| S7HELICE

e PricePerSegment: H|C|Q9| &t IIHEE ERA TS i 2t THSS £ A 7HA
e BlockRewardCut: 2E% =E7t ERNATEHO|AH EBHARY MH|A CH7I2 XS5t 22 B4
O| H|Z(%)
(0l 2%. 25/& ==7}100 LPTE £2 HACZ gherfpl, EGIATL0)7 2 LPTE X/E)
» FeeShare: EMATNI S Qi (broadcasting jobs) 22 2H B2 248 & 2 2|
XA S HIZ(%) (0 25%. EHATL 7100 ETHS &5 EH=CfH) IS 25 ETHE
2/ IXFolA] £HH)

EMAIHECHS EMATY 2IR2E7FAIRE|7| ™) RoundLockAmount 7|ZHERR =9
I.

ol

=

10% = 2.4AI12F) St XLl 718 H FEE YH0|EE 4= JSLIC &, EMATE=1Y
H2=7 =

(RoundLength) St X|&E|= 2F2E7F ARE|7| 2.4A |12 RIEK] 71 2 Q) B2 HEHE HES &
UAELICL 0] 7|7t Set 2HE L ES2 Z EMAIAMS a2 HIE Y EE HY H|E, EHATLHILA|
A7t L HEYZ 20 2 oA 222 | HESHS ZQ A| 2|E AHO|ZE CHE EMA RN

2 0|=5t 2 9JA LT},

SEJFAIREH (InitializeRound () E2HMM SE2 E2|7HE),
gy ERNATNE Z} EH*:'HOHHI AE & AHO|ZE 7|E2 2 AYELICE O] AI™0
ol f

2(Price/Reward H|2)2 aliE 2t2E S+ THEL|CE

_— —

RoundLockPeriod S0t 3%k

=
Z(PricePerSegment)2 1Y |0 HAE & glELICE
HEsgeoznt aEY

29 ot S5
. —_— o = [} )

HIO|2 HISO| ME HIER R 2 SYs 228 4 ASLIC 0] 7|2Hofl= 7t el 2 518 EIX| kel
Ct.
CHE2 fIYAE ERA DL S (Eeh m FHosth o QU= EAMATE FM9| oA LT,

Transcoder ID PricePerSegment BlockRewardCut FeeShare

1 22 wei 1% 25%

2 30 wei 2% 40%

3 10 wei 4% 1%

N 14 wei 0% 2%
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JtAoff CHet &1 Afet

2 EM0IME 7t /M OHE(price/segment) THRIE AFESHA|EH AX| Livepeer= 7tA 3|A|(gas
accounting) 7iE2 7[Rt 2 5t BHIS ALEE AZIJLICE o] ZEOA = MIHES| HEZ0|E
(bitrate), 2|7 (encoding), =2 37|(frame size) S ¢ Oi7HH0] w2t L $H 7tA TR
(gas units)7t MlELICE S| “THA/MIHE” ®7|= 0|2 thestsh FEHO|O], AX| QIME|E 1=
= 7tA /7t~ (price/gas) YElilz HEE o LICh

LHEQIT0|M ERHARL MH|AE XM|BE =H|7t &l EBHAIEHE TranscodeAvailability() E
HMMS Iﬂ%%fO# Xl 7188 E 2|0, M2 MEE &Y(Job)2 e = Y= EMATL 20| =

ghElLCt

HSXF RHLlel AEZIZ Livepeer HER| 30| HEstH, it AEZI2 DR StreamIDE F£0i8Hs
LIC}. O] StreamIDE 1R AEX; Aetg o #okOofL2L, &2 =2 F4(origin node address)E
ZE5Hn QO CHE L ES0| e AERIS QESILE HECE 2tRE S WS & = A== FLCh

2t AEZI2 H|C|Q MITHME(Video Segments) M0j|A dYSH ZAXE 0124 7H2| ALKl MIHE
(Segments)= +MEL|CE,

Do ASAI7E XS] AERIS HERIV NSO R EMATISI0], 2= 7|7|2f AFEXIOA &gt Chef
SF I H|EZ0|ER HEtE|7| S YBHHH, X tHAl= 2FeloM EMARY Xf(Job)E HEst= A
olL|C

(=]

ofmf MME|= 22 1R7SH Job IDE 7|0, 213 H|0|E = CHE21t 20| &Lt
Job(StreamID, TranscodingOptions, PricePerSegment)

TranscodingOptions2 &3 H|EZ0|E, =8l IR S2| dH 2 HolgiLICt
PricePerSegment2 W&X7E MOMHED X|2& 50| QU= 7HAS HAIELICH

O] ERNMMO| EZ0| Z&H(mined)=H, CtE 252 oH)KI(Blockhash)7 SfiE AHE A EdiAR
CE 2lAts=(pseudo-random) YA 22 2= O AL ELICH YEX7EHAISH 7+ 0|5tz =t
= AL 20| = B= EHMAIL 2 E V250, SE Al ¢ (mod) S5 EATAEO| 4+ (AH|
0|3 7= x| =2 ef)of et HEE ERMA Tl QIH AT AFELICE

AEE|USH [ AR = Qol ) Ol Ot ZEEZE H
EéJ, 0l EEEZ—% 7%*?:. %(Work\/erlflcatlon) ngI URE

AMH % 2] (Preprocessing)

1. Broadcaster — Livepeer Smart Contract
WEX = M EUATE X0l H|ES Sot7| fls 2H|lof| ofx|Z(deposit)S MEL|C
O| fX|22 ANIEX| 7t ST (refill) et = UX|TH, ERHA AL 7t 0[O0 2bZ T ZRA0]| CHEH EAS
HTIMoZ HA(cash in)ste &2t 0i|X|Z0] *IlE' 4%, EMAIANE= 2SS SHE = ASL
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Ct.

Ztoi 23 (The Job)

2. Broadcaster — Livepeer Smart Contract
Job(streamID, options, price/segment)
o 2x|2lol 2t 2F(Job Request)é st
A B82S XE5H| flsl FEEe ETHE OﬂﬁEE(ESCIOW) HEH = Of| X|ZHL(Ch.
3. IEEZ2 L3 259 sfAl(Blockhash)E AHEot0] sliE 2fs 3t EHAILHE 2HEH
(deterministic) &alo = MEHGHL|CE,

4. Transcoder — Broadcaster

o &3 AEZI [D(output streamID)2t 0| +EEUSS SHot= H
S ®MashL|Ct

= L——od

&

S(receipt)

5. Broadcaster — Transcoder

o MY(signature)0| Z&tEl AE ME(stream segments)E M&ELICE O] MHE
1= 7 L
E

e EREERERELE
6. Transcoder

oo
> =
0l
-
n

MEA MdE £ AEE (output stream)2 HER I M0l AFE

o EMARCE 2t MIIHEO| Cief ERMARE P4F(Transcode Receipt)S XMAEILIC,
EMATE ALF0l|= CrZ BEJF ZabELC
EMAIC AT EE
(Transcode Receipt
Field) M (Description)
StreamID SiE MOIHMETH &5 RIE L EQF AERIS AERILICE
Sequence Number NIMET} I AEE LHO|M £5t= =AM S LIEFELICE.
Input Data hash 2 MIHE H|o[E HO|2=2f A ZERILICE

Transcoded Data hash E@ATCI=l £21 [|0|E{Q] SHA| ZLIL|CY

Broadcaster segment EXP7FPriv(StreamID, Seq#, Dhash)of il 4445t A
signature D"QE, of MIORET} afiEt Bl A Cl0|EiY S SHFLICE,
Transcoder segment EiAAETE 9 2= HE0f thsl ddet MEez, £ ¢= H0lH
signature of tisl E8 EAMATE Z2NE SAFSS ST
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10. Transcoder — Livepeer Smart Contract

ClaimWork(JobID, StartSegmentSeq#, EndSegmentSeg#, MerkleRoot) &
£ EdiAINE= 2H|QI0A EF MOHE He|of Ciol 2= s SS HAELICE ofu ERHA
AE J+F(Transcode Receipt) HIO|E| HA|of Cist 112 FE(Merkle Root)E &1 M|E35t
o, afi QIRHE MIOIHESS| LES i“'(commit)é.“—l'i .
11. sief EsHMMO| 250 =&t W7tX| ch7 (st =, L2 22| 25 siAl(Blockhash)E #t& &L
Ch Z2EZ2 VerificationRate gfoll M2l O NIHESO| 23S CHAO| EX|E BEEL
Ct.

12. Transcoder — Swarm
AS(Verification)2 s MEHEl | IHESS
ol SWEAR u}EHJIEE * t&3st0q C|O[E7+ &4
oh) S&35| FX|= =5 EEELICL

13. Transcoder — Livepeer Smart Contract

AE0| Z2Qst 2t N IHEO| Chelf 2|2l EMATE HF(Transcode Claim)E MEgtLCt.

o|mf ZH MaHES| H+F(Receipt)oll Chst HZ SH(Merkle Proof)= &4 H|SgfL|Ct At
E J|of2 WEXH Broadcaster)2t EMA TS| MHS HEBot0] AS0| 22§t 2= H|0|E{7t &
et =elsta, ClaimWork () oM ®EE E FEO| Cis] {2 SYHO| SHIEX| = =telgtLCt,

14. Transcoder — Truebit
Verify() 2&, EHATEHE Truebit AOLE AH2fofl 2H|Q! SES 860, A5 it 2™
E9o| Swarm &= aiAl(Input Hash)E MS&LICt.  (XAfet ZE 2HE2 CFS MMM S E
Lict)

15. Truebit — Livepeer Smart Contract
Truebit2 2ie| A5 Z1E 2|10l 7| S LTt Livepeer A0tE A[of2 0| Z1tE ERMAT
C7t XEot ERHATE F Z0te} H| W gfL|Ch

16. Livepeer Smart Contract
O] A|”OllM Livepeer ADME AH2f2 ERHATLO| 10| HBE[IU=XE Littot= o 2ot ZE

| 2124 H|0|5 H|O|2=2 Swarmoi| Y2 =L Ct,
0| &t ZE W7tX|(VerificationPeriod S

AN - = L0

YHE 257 €L ot A3 M3 Al E2 g 2n2|E(token allocation algorithm)of et
HAS A ASED ) o A3 2(Escrow)o| EPE' >42(fees)E EUMA T A X|ZELICEL HS
A A EHATE 2 T0j|7 AH|0|YSH IR (delegators)=
FailedVerificationSlashAmount2= &2l (slashed)=|H, W& A= g2 (refund)
= gh5LICH

YEX= A=A MIHE HEE ST £ U2, 0l=
LICt. O] A|HO|IM ERHARAT ] ZYO| 2|0 =AU,
7t ENERSL O 2= 2 2= 2HQ0 7[FE[0, ser R EE Hi 2,
off chet 2¢ &= el 0{FE 2T & ASLICE O[H X2 Z0| oEAH d5&
LT},

AA& EndJob() S&3t st 202 718
1, 45 A

rl_rr

bal

ol 4= (Verification of Work)

J
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EMATETFRRIO| ERMATY XA g 3ROt S 0 TEEZS2 offT /0| AN 2 SHIEA
HE|A=XIE =2 &E(high probability) 2 ETHe 4 Ql0{0f &L|C}, 0| Z 2|3l Livepeers

Truebit Protocol [6]2| ¢1+& &&fato] &&&tL|Ct

Truebit2 §t &7IXHEH], solver) 7t A 2{1(0]| 4@ EHMARL)Z st CHE &S (ES
Xt, verifiers)o| 11 ZE ASst0] LFLI 2RI E BX|5H= A= ZFHILICE 22 0 &2
CHA| 2 2250, ABXIS2 &2 Autet 7|tighol M2 2 SUX[st= tHAIE FoFHLICE o EFA R A
OHE A|F(EHAL DS St judge)oll 2o 2H[Ql0lAM TS =0, O Z0| SHIE AME I =XIE
IHHSE 2~ QISLICE

GHA QIMIE|E MA| =5 5|0 QIO ) ABAEUA YR LFE YHA7|= ‘LA 2F (forced
errors)’E Sdll 4352 +Ast= W7 GHE2E 0]0] F|= & REELICE o= Qlef HRE AEO0|Lt
HEHRIE ot= A2 0|20| £|X| kony,) CHil MESHA HES s3st= 40| 7H 2N Q= ME10| &

Truebit T2 EZO| tHH2 D E XS HEsT 2l 2 H[E2| oF 5~508H2| H|&0| AQLEICH= M
2L|Ct Livepeere TruebitE S3#tA AZ A|AI(black box verification) 22 &&35HX|

E MOHEE ASSHK|= 25L|C

CHAL BEEQI2 AR N OHERE
(Slashing)2Z 29ot2 |X[§tLCE,

=
Ho

Livepeer Lie| VerificationRate Il2t0|E= £ MIMETI Truebit A4S CHE 2 MEHE &t
S ZFELICEL 210l 2EX|2lof HSE 0|=, 0|2l E22| siA| 2t(Block Hash)2l £%t¢ H
AS Y MOIHETE MEREIL|CY,

o|E =01
40| E=ENoM ClaimWork () S&5& Solf 7Bl =RICHH, CF2 218 BEste MOIHE= S O
20| LT,
okl Sha3(N, BlockHash(N), Seg#) % VerificationRate == 0 ,M1HE #Hs
_|

(Segment #)7} 0] 42 OHESIHH Truebit 25 &l 0F &HL|Ct,

EATEHE Verify () EHMMHEZ $&5 |2HEO| st ERHATE H(Transcode
Claim)& 2|20l MEZ&LICt Livepeer AOtE A2F2 LHE AH(Signature) ¥ HZ Y (Merkle
Proof)2 S3dfl 0| 72| ZI?|(authenticity)E A5t =, i MOIHEE Truebitol ©E5t0{ &K

|

N

|

[o)

[m ol
HT

>

Truebit2| £Het ASAIESS Swarmit 22 2H=X F4 7|8k ME A|AEl(content-addressed
storage)OllA MIHE 2= H|0|HE 7P SLICE EMA T E Swarm LHOA s M1 E C|0[E{ 7t
&5t EAetS &telat Aelo| lony, MEiMoZ SWEAR Z2EZ [5]9 P4-Z(receipt)S &It
0f CllO|E{7} Truebit AE0| et2E WX fX|E AU E&E + JEL|CH £t EMA TN = 2H
Swarm =EE 2Ys}01 H|0|E{7} Truebit A3 2HHOIM B2 7IsoteE B & QISLICH 2t O
O|E{7} Swarmoi|A 0|8 7550t Bte|H  E2HA T E X H|0|HE M&5HALE 7| &0 SHEEl
HIO|E{E 7|=2 & ClaimWork ()& &&% 4= U&LICL

No. 14 [ 26


http://truebit.io/

Truebit2 A4t Z2 AI{)E Livepeer ADIE AU = CHA| 7| SRILICL O| §E= Z2EF
Lo M Ea H el dd AlLtof A8 ELICH EMATEE= O MOIHMETZL AT thelo] XIS Aol o5&

o-d
- glon, BEe| t= EMARE Hilf A| LSt 22 TEE|E 2| ELIT

0
O
=
rr
Jls

e FailedVerificationSlashAmount: Truebit ZZ0jA Almjst A< 0] 2HTE Sl Al
=

e MissedVerificationSlashAmount: ZAZ CHA MOHEO| CHE EMATE H 7 4l
Truebit &2 #3olX| AUS AL SeiAE.

o HISXIZHE BIS 2T A

o EZHATC|E OIL[2}) ST EHATHOA AHO|USH 2= 2| delegators) = &M S A&,
IUXIE 2 ol2fst /IEH LAE I'_Eﬁf { 912 CH S MEISHA |0, ERMATILHE MEIE 2 82
oy =2 &MU 7|3 E AT = UB.

HEISHA &= ECH H0{|A| LPT {l0|Z5t= Zd0| EHSMQ(Z Ist SelAl /I8 S Z4stH A
s E Bhe AEC Y O 22| 40| ZO0tof ghL|Ch, m2tA &S24 Tt2t0|E{(slash parameters)2t &
% H|Z(verification rate)2

A&E3| 2H35t0] ol2fst #&EE RX[5t= AO0| SL2LICY.

T 2522 Truebit2 %%3P01 st Az 22 (trustles ) A5 M35t E HA = AK|E
TruebltOIOP‘I e o| gtHst EHME| HAS S HF5HX|

3|_:| - Oo=
RO, &H A 7%& Chx| S £F8= %‘%EHOF %* T AL

Ch=

rlo
r=

2| 22 Q4(trustlessness)2| Frof w2t FEE 2 I1X| Chetuch

1. Livepeer API 7|4t 22}2 (Livepeer API Based Oracle)
Livepeer XtA[0f| ALt HEE 2|5t HAIRILICH O SASE|0 2D, HIAE 2H4 0|42 8
T 2= Myotx| edsL T

2. Oraclize A2t MH|A (Oraclize Computation Service)
A4t 28 (proofs of computation)g H3sh= SAIE Al2|5H= HAIRQILICE e 3|ArS| HEL2
Q[F H|0|H E S5A|2lol| /= glo| MS3MCH= SHo| 2| EetL|Ct.

3. Hot3ESof 21220|E (Secure Hardware Enclaves)
Intel SGX = TownCrier2t 22 AH|A = Mg O'E A#e 2t (trusted computing
environment)= M3gLICE =S 71910 SZHIED QHHGICH= 7HE S A =[s0F 5HX|TH Of
2ot A2 & F5ASIt 7HSSHH 2| F ZHAE S 7*"%' = ASLICL

E3 MM (Token Generation)

Livepeer= Q1Z20|4 2RES 7[RI = 510, MZ2 EZ0[ A[ZH0] X| o =} BRiE| 1 e EL|C
sl U™ oteff E2 #Hl (Token Distribution) 4401 HA|El A |E0f w2} ZIYE LY.
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D= HOA Z2E S0 met HYXoz SAY 42, M2 ddE E22 2 E 2H|0[3(Bonded
Stake) HIZ0| w2t ALK EHELIC (= X1I9-I) Edi~3H(Transcoder)= 242! HIO[EE
7giez M2 B39 g 3 seljelg Atshk= Reward () &8 2535101 B2 L&l 2tg s E2|A
C

|
(trigger)st= A2 BHYRILICL

ﬂl

2t EAMA T = 0f 2k2 =(Round)0tCt & #14 Reward () &5 SEH0F LICH.

o>

Reward() & A| a3iz[= X OS2t €5LICH

1. M EasiATC(Active Transcoder)?t S & =X| &
= EHATEVE S 2H2E0[A 0|0 Reward () E =

ationRateo| M2t YAl EZ +E Aldtstn, O

Pl
—h
r—l

2| BlockRewardCut H|g0] 2t ESHATE S| HAF H|SS A AL CE
HA DM RS EMA DO BEE AH|0|3(Bonded Stake)oi| 2HiELICE
22 X (Delegator) 24 Z(Reward Pool)oll 2HHgfL|Ct.

el 2dE EE +ES YHl0[E&LCY.

Reward() g4+E S&5HX| 9*% A EfAIANE U8 EZ szk(token allocation)2 &HAlsH|
L5

AbAIS
He(Reputation)O| 5t2fst0{, &t 2|AXH(Delegator) EE8H E

. ZB0| M Z2
. 750l 27" o2 55

o ?AYE AH[0|=20]| H|25t0 SHX| 8%

2 ol
i
>F|J
O
I
=
>
:
iy
mn
rr
Nl
12
1o
1>
o2k
5
rlo

L= Truebit, Swarm/SWEARQ} 22 Ct2
P O[2{St I AJARI(2f219] F o|Fut 2l
Xl

F|eFd0| Livepeer Li £2f& 22 0|0fZ

Ethereum MEHA fI0IM 2ZECZ2M FE=0|H F 5
TZ2EZ Q0 25 4 U= HEYA SalL|Tt, a2
MEIEE 7HE)0f| o|&&tof| 2t sie T2 EZo| ATHo|L
ST =XHEt|C,

_|_l—_l_

€ S01, Truebit #5 20| L& A|ZH 70| IR =0 OH ML HSXt: 0|2 HF5HK| BF=Chd,
Reward ()7t 2&&|7| Fof| Livepeer?} siief 4& 2ot MM &hQlstA| & 4= JSLILH =
Swarm HE{30j| ZtE|H0]| L245t0] Truebit ASXAH0I|A| ZtU0| H|wf Hut=|X| Z5h= 20T =X

7t 8 & AL

iﬂ"* SZ(in-house) sliiE at2 st = QIMIEIE
X7t Truebit ZASXM} Swarm = E2 &535H= 20|
. = o=z &efd mheto|Eof ZHEA A2t (probability
l5H= ZdULICE ol 0, VerificationFailureThresholdet &2 M

_I.I._|_

—t
-y
L
10
wn
=
o,
a.
L =
=
rII
rulof”

No. 16 / 26



LETHAS2 99%S SifetttH sl dEX| FEE o = AUFLICE 0=

=
Mol =7 AL st gojoz HaL|C)

ol

AS & Mufofl chst £e2id =2 Livepeer Z2E 29| (i £0{Xl2tx &0l 2l Mgt 4 QUELICE
ol d3Mo= safjd] ZS Mot Z0{Xt= 2eiA| 2| Y™ HIES EAHC = 8= FinderFee?t
MgELT

S MEl LIHX| Xt 22 CommonPoo 12 RYUEILICE 0] 29| XAt22 TZEZ9| HHHAA Hj7{L| S0
2f AZHE| AL, HERA JHE 2t 22 S8 A 2EE 4+ JASL|CE

E3 24l (Token Distribution)

DPoS AH|0|Z 12|52 Soll HIE}Z0iA Fofstll 2elg e +~ = SHE LIEs EZ2 4
A&, =7] Livepeer E2 FHll= S 24t MU A HEHE 2+5t= CHE DPoS A|AEIS| Ii#H S I}
SLICh

HERIT ®MUA|A A- =] EEA ol ZHFLIE[Of Chet =7| &2H0| O X|0d, = O|E A1Esf EZHA
FH(Transcoder) L= ?{QXH(Delegator) Q&2 AH|0|ZAE 4 JUSLICE YF = HUA|A ofFHof =

=
EEE0| 7[0{(ARH 2 R AtF)e AE0| YD, YRE T Z2HES| FY| WS 2l SAEL

Ct.

HEXI HE A™EE = QIZ2)0|M A 20 et E2 U0 AZEH, 5 EZ Tl cisl 22 =0t

Ct InflationxxRate HIEZ EZO0| MMEILICH EE2 T2EZ | 2EE B E F0Xte| AH|O|2

HI20 et Ytz 22 ) 2 £0{E REFILICH #0XH= XHAQ| HIZTE S &l56tE 2 QIE|0|Me =2
.|

FE “HESVELCH BN EZ S HRE ot 2ESHA| gf= HIEH F0oiRh= 21 E|0[MeZ Qs HIEY

)
= W &5 HIZ0| 3| MEL(Ct.

InflationRatel 7| 2EX|= 2 ParticipationRate H|&2| LPT7} 220 &4 ZH0{5t:
Eoror2 MYELICI[19]). o€ 01, ParticipationRateZt 50%z2tH, K& EZ9| AHio| £
e S R0 AELICE QlZ20|ME2 2 2FREOIC ENE|EHOE YL SH Ho{gs Fe
LICH =2 QlZeo|Mg2 ¢ B2 298 REdtl, H2 /Z80|H22 F{EL R34 MSE S7HA|
ZLICE HES T L CHYst ZHIA 0102 Qlo R5d ME vs HEY I X2 At0|2] #¥F 0| FME|

O{OF gfLICE,
7{HHA (Governance)
Livepeer Z2EZ L HH{HAL| Aeh2 CHZ M| 7K ILICE,

= UEXHI |XIE 2lo HESH3 nt2tofg =F
CIOIE &

8 xtgo| A% £ ASH B
| -
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O] EM0lIM ¢1Z2E UnbondingPeriod, RoundLength, Part1c1pat10nRate
VerificationRate & Ck=2| HESZ ml2i0[E= =F 7hsRLICE O[2{gh mi2to|& =F H|h=2 H|
C}

S o0, UE AH0|Z0|| H|2Et EMATE S EHE HeSt HHHA T2MHAE Sa, i H
42| e {27 Z2EE Lol XSS 2 B ELICH MAMISH AEHA HaMls HE M0 ASLICH Xt
M5l E7].

ﬂ

=72 (Attacks)

2 MME ofo|™ SiQIXt7} Livepeer UEXIE 345t & 4 Q= CHAsH HAIS JHRBILICE 22| 3
AR A BRIA 0| 7|EL 2 QMBNE ot E2|X 3AXL ZES ABELICE 02 342 9
0| U= M=o 250, HAF =2 H0| gl= 30| X[EEHEH: HER 3 Ml §lo] & Kot
Z0| IR == E&fotauXt gLt

82| 32 (Consensus Attacks)

2tN AF3MK0|, Livepeer HEfAI2| &el= 7= EEX|2l Z2HZ(0|: Ethereum)O| MSELICE 51%
54, Livepeer E22| 0|SX|2, UIEH 3 23 = Ethereum AtH|ef SEet A1t 2 H|E0| 2!

Livepeer= AH|O[2 7[gt T2 EZ0|0, EAMATHE Y AF Z2M|A EZ B ZHi ZZ A0
EO{oHX| 2, CHE EMATHO| HUS S5t L Selots A2 OFgLITt Ml Xtx|ef 7HE ol g1, O]
M =59 A5k +ASHA| 5L 2t HOfAt= Atilo S dEsta, ALle| xfaf|of Xpilo] E2 &E

=S 2hliot7| fIet ZHH QUME|ERF EXHSLCE W2tA PoS Z2EZ0|M &35| /ER= Long
Range Attack, Nothing at Stake, Bribe Attack 2 M&%&[X| &&LICt 012 S0/ MHSEALL
A SEHOIM & 2E MelE S 712[7t gi7| W= IL(ch CHEE 7| = E2H(QI0] XA 25He 2 Hetet 32,
Livepeerdi|A2] 0|50| Ethereumoi|Ae| 4 H|E2 Z=1lst= 4&0| ECHH 0= S40| f[&io| & =
UASE QUX|SHOF BhL|CH.

AANO =2

o K

7| & 22R|elo| Heto o st U2 Bl 3AS WX|shs ol R83X|2F, 1 Q0= Livepeer HIEY 3
of ZR 58X SIA 4 Q= 22 R0l ExELICt
DDoS

1. EUADCITHEINS 245§ EUADYS 72510}, YSXH DY H AL HEST0| Lf
BL= 2 WaEhLE KIRAIF|E B2
2. WATIE NOUE HES 75109, EMADLIZL KHAIOJA| SEHEIQICHD T Kolg A85ix] 2
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R uinf 22, EHATE = 2H210M 718d E+ 1|82 X[EsHof LICt S 5HX| 0F =& X
XA, O|l= 2 ETHE dH|sts A|LICH 2EXt= 22 M E510 ME2 ERMATEO|AH| 2
2 o+ UELICL SN SHeR Z2EZ0| tHY EYUATLET| OHL 2 U= &2 2 0{2] f& EfA
IO E AESIE = 5104, YEXER7L 2A|0] ERiAM glo| Cf2 REE 0|5e &= A & & JELIT
CES 2Rl XHQY 4 RQiet W EBIA AL M OME £ 59| E7= 2|2 H|0|EZEE HAHE 4= QU2
0, IYXS2 O|E & 5t0] Y CHats MEHRL|CH E2E0| I Aot S 247 EL|Ct

T o 4(UEA EMADMO| &S U= 42 ) = 8 /El(capacity planning) X LIC.
EUMATN LE= XO| SA| XM2| 7Fs 21 4=, £1el0| &d /H[2d Y &t S2 7|52 2|50, Xjtd
Ol 375t 2IdE X[ = U= SHE S HHESIEE & = JSLICE MOIHEE BELUX| = EE R
Alst7Lt EndJob () & E&dt= A2 EHMAILO| 2 L[sHE =X EELICE

)
=
o
In
o
=
ll

S22t AHO|3E 7t ERHATAEHTL 0|EXMOZ BlockRewardCut2 100%, FeeSh =
2851, PricePerSegmentE 0 =7 HEst0] 24X %Y gl0|= E2 2= 22 & + sl

0
E Q7LICH st T2 EF F0{0]| [HE EMMM H|ES n2{stH
E Sl =

— =
22 AH0|Z5t= HO|, =55 2X| Z5h= £2|0|

A
<
i
M
N
Hi
i)l
)
ljo
10
Bl
ol
N
T

|8 ERMATE = 22| S2fd=|0] AH|[0|2 7}
f

ISRPF ERATE 2 HIRS 37| S2|nAtSHtH B4 E0l MOHE MBS M 4 QAL
EliATCIE 012 wo|o| NI E| CisliAlS CHl 2RO R Ktolg M7t & QIX|3H Rxte| #olo|
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Livepeer Z2E & L}2|0|E{ #= (Livepeer Protocol Parameter Reference)

Parameter Name Description Example Value
T Segment length in seconds 2 seconds

N Number of active transcoders 144
RoundLength Length of time between electionofa  1day

new round of transcoders

InflationRate The current target inflation rate per .04% (equivalent
round of LPT. (Moves to 15%/year)
algorithmically).

ParticipationRate The target percent of token bonded 50%
vs liquid.

RoundLockAmount Transcoders rates lock in for this 10% == 2.4

percentage of around at theendofa  hours
round so that delegators can review

and delegate accordingly without

worrying about last minute rate

changes.
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UnbondingPeriod

Time between entering unbonding
state, and ability to withdraw the
funds.

1 month

VerificationPeriod

The deadline for verifying a job claim
after submission of the job claim.
This also serves as the minimum
period that a receipt of data
persistence must be provided in the
decentralized storage solution.

6 hours

VerificationRate

The % of segments that will be
verified.

1/500

FailedVerificationSlashAmount

% to slash in the case of a failed
verification (beyond the potential
allowed failure threshold)

5%

MissedRewardSlashAmount

% to slash in the case of missing a
block reward round (Maybe only do
this in the case of n consecutive
misses)

3%

MissedVerificationSlashAmount

% to slash in the case the transcoder
didn’t call verification

10%

CompetitivenessTolerance

If all transcoders were always
available and set the same price and
fees, they would receive work in
proportion to their stake. This
parameter sets a % that they have to
be within this target work % to be
eligible for token allocation. This
prevents transcoders from doing
very little share of work relative to
their stake.

90% (extreme
example. With
100 transcoders
and 100,000
segments, this
means I am ok if
I only did 100
segments (10%
of the 1000 I was
supposed to
do)).

*SlashingThresholds (TBD)

Placeholder to indicate that we may
not slash on all failures, only if they
exceed some threshold % of failure

rate.

VerificationFailureThreshold

% of verifications you can fail
without being slashed. Useful
because of external dependencies
like Swarm/Truebit that could cause
sporadic failure.

1%

FinderFee

% of slash amount that the finder
will receive as compensation.

5%

SlashingPeriod

The deadline for invoking a slashing
condition after the
VerificationPeriod has
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completed.

(Livepeer Protocol Transaction Types)

Transaction Description
Bond() Bond stake towards a transcoder.
Unbond () Enter the unbonding state for the fixed

UnbondingPeriod.

Transcoder()

Declare your intentions as a transcoder.

ResignAsTranscoder()

Resign your intentions as a transcoder.

TranscodeAvailability()

This transcoder is currently open to accepting
another job. They’re in the pool to be assigned
randomly on new job submissions.

Job() Submit a transcoding job on chain.

EndJob() End the job to relinquish transcoding
responsibility.

Deposit() Submit a deposit on chain that will be used and

drawn against to pay for jobs.

Withdraw()

Withdraw from deposit and unbonded stake.

ClaimWork()

End the transcode job and make the claim of
which segments you can prove you’ve
transcoded via segment range and merkle root.

DistributeFees()

Transcoder claims the fees for a particular
claim after verification.

Reward() Does all the verifications on chain to either
slash or distribute token allocations. Can only
be invoked by a transcoder who is active in the
current round, once per round.

Verify() Transcoder provides the transcode claims for

segments which will be verified along with
merkle proofs for comparison with merkle root
from ClaimWork (). Explicitly call Truebit to
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perform verification.

InitializeRound() This transaction needs to be invoked once after

the new round's start block to initialize the new
active transcoder pool.

UpdateDelegatorStake() This allows a delegator to claim their fees +

token allocation from previous rounds. It's
invoked automatically through unbonding and
bonding, but it serves as a failsafe in case the
delegator would like to update without
changing state.

xGovernanceTransactions() TBD

=}
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