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#Nominated Proof-of-Stake NPos, ShardChainfJ3£iR#/l#lEHoneyBadgerBFT, MainChainZFi7E B0 3 5 R0 AP 4k eE,
REETNTR, 8REEIATR. KIEATRMNPBATR, EFE—FWorkChain#ZEMainChaing [RAVFIIEA T RHATR
SFTEIMIEER, ShardingfIHLHINE @I KIEAT RS A 2 FEHTBFTHIRRTMA. AL, LambdaX 58NS
WABE., N7 ZUNEERERRNEE, LambdalB)xEE;&ﬂTﬁUZm?&, DR BN HIEIE KR (Request) 1T . 1EFKM
BEREERHIWorkChain . SYEHENNN (Response) BT ST XS SR E T Rt T HIREIEAIWorkChain2, RIS EIETTE
MEIERIWorkChain3, R3E, BEIXNEZFHHAMA, Lambdar] ASCHE ZRIINEE.

Lambda WorkChain & ShardChain
i~~~ I )
-1 [ S HNEaNnN:

/
W 181 - 7 \,\- W_1,s4 ,r/ \-w_z.m
]' Workchain_1 | | | - |
e e it

apEppn-.. O ﬁu_ A

____________ / - W_2,54
¢ Woarkchain_0 b
\ /
!

W_1,53
[ S /. — B
-~
e VN - \ O ‘em...

S -~
-~ S A -~~~
| Workchain_3 | \ Workchain_4

o B .. \ /AOEOBA

D e ] -’“ﬁw_m

W_3,34

Lambda=1"AMIRITHAIRRAA. WIEAMPEA:

BHEA: RIEABSESHMNR, TR T LambdaMEFHITIZZ T EMLIR, WIEAFTERMEBEZAITOKEN, HIH,
MR E RZORBABE—THE S TMRMIIOKIEA, AN, RIEANREANTEZECHAEN, BEloE2E TR
BB, I AR EME DI SRMNAOER, BHEREBRZHNCPUNZEL. ATF. SSDEE, JIEARINEZIMZIATR
aedH. BMEFRNURBEENER, MIEAEN EFSERNOINEAERBTRMNOPLABENZIKEAE K, B
MainChaintI& P, 8 TXRE, TREVESIIENITEELEF#E TN 7T HRNXKRNIERE. B, IWIEAT R




MO EEIAEAIWorkChain EHE, #1TFHERXZINEITEMER, FHMNFEHSEEEWVE—TR, 8131024 MR, IIE
ATRE#ITIHR., ERMNEENHREIET, ET—TRBETIRENRILA, NRE/AMENTER, RESMELHRK
f, EEENERSSEHUBSIEIANAE (BIMT) , FENERNNESSRIEFERLENNR, FHRZZIUEA
ZERORE, MR-, FRBREDERLHSERIEAFREERRNE A,

AEEMIEEL, EAFNESHNT EREM, BNABEAREZEHETIRIEIATR.

RBAAN: BRBRAZ—THRBN@EE, X MERESTRARIEA, IR TRAZEZUI, REEZHIIAEE,

AERMNNITH, B—FRETR/EEET RUAERITREMERENETE, B, 8—THEETRINEMET RIDEZ
’EAA.

RAAMESM AT TEM, MERTEENER., BIITHBHEMNEHRTRRERA

HEA: N8 ANMXRITENTRATEX, MNNASEMNTREHFRPN ZTRHBA", BIENNEIRMEARER
. BTHBANGEFE, HNTEBDERSITHNRE. NBARBTEZLNSRAERFED—TERFNS S HEFEIRETR,
i IFAEIRIS A . LEARIS B E R N RXRFTERZHE AT LITEE— TR, A8 ARNEKRE R,

ARG, KEXGHNESNE: T —TPOSHIHIRVGINR, — N AEERAY M S ERKIEAEIRE IS

MERERE, BAIETRIEARARENLI, RERIMEANH TS EREBRNKRNENZER ., ST RERGHRER, BTl
KAEM T PolkadotilCasperlE I E RALHI, 5 IN\32HIHEE £ (Finality) AUEEE .,

MBS HNNBEIN@GOREEETEASS, SOEEMAXLE !
T IPEENR = 2 e
2 IPLENK P FEAEHAM AT BAZZ RRERIEA
3 MPEENK N T 1RZIUEA MM #TT 7 TOKENF
4 BPRPEMTRS, SREKFRE. EHWASURES), HutyIRSE

MKANEEH . MainChainZLambdafRIRIKA, B WorkchainZFBiRIBEBATIBRATENFD SEH, BEBR F—1Work-
Chain&RIEFTZMERINK B IR D A 2 ShardChain, &1 ShardChaintyhA—&TEBAIXREE, N T FLambdafEIKAS D
F KA B 3IERZ B ROIR B IRIEZEH, B PMainChainlFTXIRAEE 7 ShardChainFi B fiXHRiOIE %  (FRIEER D Shard-
ChainfTE BRI [BIAREXER) , ShardChainBIFIXRE E T £ —MainChainfy XRfIHash,

fELambda®, S5IATFishManf@t, BMZT KA A HE KRBT L RRIE, MRQMENZXRITHE X RAR
TransactionZo, NME&REENHINKIEFXIHEXRFITIEE, FilLambda B — 1 XRA S Mzt H— T blockchain,
EERE T iZblockchain g — P XER, HiZXRATEENIHER T, SEIZXROEE 5 O£ KRN 7 £ K IRFITEER
BHRIEE R XRFE D TransactionfE B, BN SIAZARXRWEMXREFEEHTEEEEMBRSERERN
1, FiALambdaXRBIKANETE DX, BMEHORSERIKIA, Lambdar] IR EERHITEE, HENRET TAEHD
ERGNBENA T,




Lambda Chain Ledger

Patch Patch

wn, sh

[ ‘ !
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: W M FPatch M Patch '
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ShardChain n
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HAAREREBRRIEIE: KT WorkChainflEfA . B FZEVEEMIAT. p2pNERMIRTT. EEEIKA. BREE
RENFEMIRIT, MURWSEEFOBIEBRSGIT. BEMAST. BRIMAIK,. BEED RIIARS . IEET RE %R
Sb38. Lambda FSIFHIRITSE, BRTIREIE, BAIRRKLERBRMERN PSS, EEEREIRABRBH, BlIZFAHEDLE

K(e)-,

X TFHEGA R B R

Lambdafz < BH945 M, thRLambdafi FIPFSEH S, =X THIRNIFEMIERIIENS ., [EOFMEENINEH0E
16 LSRR ER A FURMAESFE EIERBALG), TR SSEAIIIENS], DATFEERESTIIRS . EEBNEMHEEIR
B, SiafiStorj&l @RI LA ERNHET, XBEXRAFIHECEERETXENEIR, SERERENEARE
SERIA, XFAEREERARIMNE, MAERRIMSEEINSEIERE, PFSRILEFMETSBEERSES, X
YERIEBRTS, MESERXMGIETEZIIMN, X5INTAENEXEE, LUTIMMREPEEE, TR,
HNBEEDUEARET, RE, ZXIERT R FE:

T AR FEET REESharding, BFLEN, TEEMEDRULTNERERIE—NXME, XERANZRER
%, B, RIFTRNTFRIFERER2R—SER, iR, BUBFTEMIIR, B4, XMAETHINIRFE
B—%Shardingf5%, M HSharding@ERIFIRNLEIZBFT, il 2s8—5EHIR,

2 BNFEBE—FHBIINMEESELIBEHEMNE, HANBDERNFENSEER R NETIAE, BERR, B
HENZR2EFT—PRMENBBRESL, MBIIB—FENS MIMEREEPL, XHEEvalidatorfaEh
S| AFIBFTHIHIR,

3 BMBEE—EENBIBET SMNIMAFSBUBET RIBLERIIR, HREADEBFT, XERENT RMEIEE
BT 2R —Truntime, FBHEETEEFSGXAIRI,

4 BNEE—FKERGITAPNBIBERSNIER, HEAXEHE—£51RHE,

FIA, IERENERE:

1 Sharding 2 B8 3 BEMIIEHHIZIBFT 4 8% E)E(E




/Storage

ERRTEIERASIRITIE R, AN TRIERSHARE. 15688, AT RIE, BALRBEUEESROBR, BEHROANAR
HAIRSS. SEREELambdafIEEN—TEAHRE, TRMERSHONE, SESEE—THEESERENESHATRIANET, ML
SHERRE. BN, SRR DMERBEMBRIIRE < LRIFHEXTAIE,

LambdafEigITEEE R FIRUZRMES, SO T AERMIME MYE o MEUENCCHDPE R, Bl AMoHNmEE ZEEEM
HEFEMERS, MEKMNNREEEERWIRE, AXEREPERLFHPBIRNEIE 2 —TEB TR, ~A5EN%
EMRRESEARENEFRTEARRE, MER-FERBEARS NN BT H TS KAHE B mAER BB IEEARNEMEZF0E
ALGPIERER, FHOEMEMRETE AT EI/ORE,

N7 R R FES MRENFMEEEN ESEFRARNEAREREREAN, LambdaZRIFIREFNT E AN T A T ECE
&, ME.BTETRASAERMNFNT R ARMBEAERIRE HERLETRINIRERERNF N TILFHEASNMEESR
A BEEM T MENE, LambdafEEARRRELNAPIEER24 N\IWEENITBAENEIELAT BRASNTEER,ZF
fRLambdaifEE AR RN N BRIRS e, EEXWETRARNAIRE. A TAEMAZRNFMERS, LambdafEIARIL Y HIX
ABEEER A gD, B, LambdafiEZERSNEIEMEE AREBNEE BN FREMIENEMN, ERSMET TR
R ] g DRV EUE. B, B RIE 7 BEEREBA BRI B EE ST EEE N BUENFILE,

Lambdaf{# FBRICCHDP(clustering—based and consistent hashing-aware data placement) EAF] NESMIIREES
RRIZFNINE L D M EE, B E N FEIENT A, A FEET R T &/ ONREE, M EEBERENN B AT EEIE
AL E (XNFEESINDEMNEIESE, AXNELD T FMHE=E, CCHDPR—TREM—NHBRAHABESNEEA.,

4/Lambda ##ESTE MIIERMEARRIE(EE)

AT ERARNRBRR, FAFRFEEIENTEIRIERMEE TR RNENEIUE, HAMETHEINRE., &
BN ENMES, BT ANIESEMSENEXRBENN AP A EREIE T HEFIEEER T R, ZRP FERLERD
ZIEROISN N BEEMARER MRS T F R USEEHRAN R EE SR, HENTFEREEOAP RIRI0E
BB RTAQ R IEIERA(POR) 3. A FF RIBIERIEUIEIFEIERR(PDP) 574, NECLIETR HIAIPDI(provable data integrity) /53428
HFIRS TPOR 73 ARIIEIRE AR INIEXS AU, HBEOS S F5r /A TTI0IE, Bt S RUAOIIERCR B3 Yun 5 AIR AR T FROM
TEEFIMAC Tree B975 %;Schwarz 5 AR BETREERRISEWang FAREETBLS @EERMRS WYEBRES.

EFOMNSFEINSEERE, BERTHROMNE, ERAXHIETPermissionlesstIFET R, HEH, TR AEE
RNEIEREAN, MRABTERENTPAT R, fELambdafVigitd, FTRANESIFAFRIENPDPHE AN T RIRTE,
BLS-PDPFIMF-PDP, ZATHENE Z MIIEAT REVFIREHRE -1 AETPANIIE, BHMETMBENFEENTEER
iE, FRRITERER5E, UEFisherManEl, AXRBAZT, HTHIERSESZBINENEEMNSE, =B EMHMM

— i — — — — ——— — — —— — —— —




FRAGZEE, BHERVESURIUNjust append, B, ACFMEHET, HXEISEEENEE KRR, oFEEH TEAFME
(AN RGO BIE EFEC B, HAREIE BRTR A EXN XN BB ASE S, MEFFS XM ENT A (BE NG,
ItE, FA TR BUSEIR ER = B SN B &S XA <.

Lambda3iilf /5 = FHIBLS-PDPEFBLSESE R E L, BLSE A EMBoneh® AR B —FhiEE B 2%, BtEB
HI g ® AR ZHEIRSA fl DSA ME, EEIEFXEFM TURAVAIECN 1024bit), BLS Z&1HI BB ERNZ BRI KD
9 160bit(RSA 27 1024bit, DSA Z&5320bit). Bk, BLS EZNFH EBRSH M, U2 N EBZRER—TER. XA
PFRUFF IS E T BLS &2 PDP &R BEREEDINFHEANTEMBE R, EF BLS £ POPHLHIZ—M2A
FFIIEANE, BB B LS E R EIR B ITES R HEIIWorkChaind =AY, SHE T SN RERISITENR, BRI TE
Fim. 56, BEEEAENEIMS, &6 R B NEEAETNSERHE.
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Algorithms of BLS-PDP scheme

ERIAESHe: G X G — GrRREMMmE:, aNGHAERTT, H:{0,1} — GHBLSIRER.
SetupB/HE&:
REHLEEFATE o — Z,, THEANNNATL = g% FhAfAIsk = (a) A8Hpk = (V)

I — SRR £ {0, 13{0, 1}7, BENEEEEIZE0 £ G WSXH#THR F = (b, ..., b, 3,

ERNETHREES: © = (o), . %Bo= (hw||) » u™)" % FRBAETAUROT L2 2
Challengef £ :

(1) I & M R 3l [Ln] BE# % We MR T3, #3841 H® T 3
IEER— MARKIREN Sy, & Z, BREBETERchal = (i1}, __ , FEHRBETAS
(2) IEEAEEKRIchaiERBEESITHO = I o = T H(v||)u"™ ;2 EiHH

J i=
H= Z‘;;Sl vim; = vimg + ...+ vmg #{o, pHENIHBEREATRE.,

(3) WIEIHEHEWRHITH{o, p} 5, REUNTEIAHSERBER2ET X B :
(T, H@I1i)" o w.v)

e(o.2) !




Algorithms of MF-PDP scheme

KenGen()—(pk,sk)
1. ZERLAApk=(N,e,g)F1FAtAsk=(N,d,g).
2. HytH (pk,sk).
Add(usk,F,a,GID)—(F,M,a’)
1. £(N,d,g)=usk, (B)=a.
g. 1?%1’# DEIR NHER, F[1],..., F[t], BN EUERAHKE AL (1.
. XJF1=ist:
a) I EEUESF i ERAERRE:Ali]= (H(GID) | |B +i) - g* ) mod N.
4. 1BRF XU HPRI TR EEIR=(B,B+t).
5. BRTHAR A RB'=B+t.
6. By (F=F,M=(A[1],...,A[t],R),a’=(B’)).
Challenge(a)—chal
1. A RRBENERERERSE k0 ko k, & {0,135 ky & {0,135,
2. IRIEEIRR e ERE G E R RIEUERAVE ZC.
3. Hchal=(c, k, k5).
Prove(upk,chal,F’;M,a)—P
1. ©(N,e,g)=upk, (c, k;, k,)=chal,(B)=a
2. 3JF1<j=c:
a) TR NSRRI TIME:; = 7[B], (/)

b) HHEIREL: b= ¢ () ;

C) ENERRNNREREESINNESIANIETT:
f[ij] - F[z]] - F’[{i—F’LR.start],a[l'J-] :M.A[z_']-’] = M. Ali,— F1.R .star(]
3. itga=ali]”e..eali] " modN , X/ EMS

(HGID| i) o ... « HGID| i) gblf[il]"‘--'+bcf[ic])d mod N 8.
4. iFEf=b,f[i,]+..+b f[i.].
5. BHP=(a, f).
Verify(upk,chal,P,a)—{0,1}
1. 2(N,e,g)=upk, (c, k, k,)=chal, (a,f)=P, (B)=a.
2. ¥ F1<jsc:
a) i =n[B], ()HD; = e,())
3. it8r=a*mod N;t, = HGID||i))" » ... « HGID||i)’ s g/ mod N .
4. W08t = o,NWigH 1, B NEHO.

5/Lambda RYZ IR RIEE I L ETh 8)12 6 75 S (1R %)

L], KRB AOBIBEE P ATS SR, SRR T SIBERHR, AT RERHR, LambdalRftTEF
S E IR MEAOTFIEH TR, FHEET SIRNENE, NRESRENEN BIEMBNEN . BIEEME attri-
bute-based  encryption, EIFRABE)HLHIAE 0 268 16 SO > FASA 5 B HESE Bk, BE 05 RB R i o) F o S8, A TR A0
166 7 SRR AL S ARA 5 ()5 5 SRA R 4 15 B AT A3 45 AR RO BEFT 8. Rt ABE TE4BMLEE VA I3 UL B SRR F AT 2,

FAREMENMZ (Attribute-Based Encryption, E#RABE) 5 =, E 2R S B & S 18X, B XM S TH0 M8 X MR E
MRS BEEHE B X PRS0 4544 (E ] IASRENBAS . ABE MYBEB—XZr045 =, M B A AT ARE B a0 E B 2
N BT o E IR AN E T )IES] . EEMABEMEITERMN A FHEITEFEBE L QS HE MM EAE Ik 1810,
FNEEHEENBTRENEFEERNENRN, FRNEESEXREMESERZER,

£ - B 2 (Online-Offline) M 4L B TAF A F] LUBII FRALIE K S B BR 2 R0 75 TUSK PR R A P im I M AR 2RO T BT 45, (BRI &
BEAEBLINEY ERMAE V0419, 5L hr AR IR RS FAEE, METIRAIRE, FE BT CREIE A T2 Er05E
=7 AERIEBRRERME REShao FARENSEZAUFTRIREIBE S DEHEZHAFNENEES RZE—TEERMNML
MEVEE, AF T RFNRRY 75, MEESBRILINERIERE. .

EXS LA ERIBEER, LambdaR Y — T Lk - BRI Z RANAEEEINZ(Online/Offline Multi-Authority Attribute Based




Encryption,B#00-MA-ABE) H =, E X B EREZ LA/ AL I ERNNERRA B M EREE RS LA D EZOEEMBA

T

1) LambdafBE L -B SN BBRERAME T — 1 SRS TR EEIE 0= H 75 = 2N EH LI

RNERVECXT IR IR BITRAGIE R 2B B IEEC X IR BN B SR MRS 25, B P im R BRIz (T B B Az B R ER A LAST AN
B, M AR R P imiE LT 8T .

2) Lambdaf i 7 —MIQUESME AR IEREIE RN T5 0A FEINEA RN ER, AR 7 Al R N E B2 1R A BA S A AU tE 7 (B (R 0 BUR AYIRUE < b,
TERRE M ER A P AL AR R R 45 RAVIEFR I, M S F M RSB E 2 S IE . B, A3 77 = 0] DUR I S8 MR AR

BREPNSHERMRIL T BF SR,
3) LambdaHIPAX 73 #1417 T RED TP ESLR, SR KRBPAL ZNL MM SNIE,

ABEALHIRIFZ L E X

EXIGHELGEN). B2 P, Py, Py, Py...P, VRS EHHES, =21 P20 Py PaPul) §ijsb AR (P, Py, Py, Py...P, }If1dEz:
T4, BIA CP\{o} 25 ] 5 A 2 BAiE 0, VB, C 45 BeA HBCC IR 4 CeA .

TES2(ENER). Welite:Gy X Gy — Gy #4# J F AV ERR R RN (1) WLtk va.beZ, v/ he G i

e(f% f0)= e (f, “PRrpite: Gy X Gy — Gy RWZEVER;(2) IEBMM:: 3G fie(f)#1:3) ATV he Gy FEE— NGNS Ee(fh). 1E
e (* Y XFRERE, Be(F, hD)=e(fi)e (f, h)*P=e(f® ,h%).

T X3(1T & Diffie-Hellman(CDH)[E)R). Ffitlik#Ea.beZ} 25 E =T (28", g it g,
E X A(HIEIRE M Diffie-Hellman(DBDH)). FfiHlift Fa.b.ceZ; ReGy 2 Tu4l(g.8% 87, 85, R). FIMi 4 Re (g, )P =R BAF L.

EXS(HIELAE(D-Linear). FitLESEH Fig HIEEG ()4 T e /v BN LR HE 8 a.beZ, Re G 4 E TLAL(g/v.8 of ¥ R, FINT v “HP=R 275
5.

TE X 6(E R B BT (IND-CCA)FRK). FFFIZ Pk ST 10 T 28 Ho(1) S2 Pkl X hn s 7 R34 T 2 40 g 57 4 S FA BT 45 S e 45K
F5(2) FF 0T DA 32 Phdf  BEAT — L AifR 25 100 10, 32 Pk A Ak 2 8 SR 1 45 SR ZG T T (3) T T BN SCM M SR JG R IE 4 2 IR 2 ik
HEHE— A PRETIbe 0,1}, %F B SCM, i 45 21 SCCHIF S 2 T TF5(4) T mT LARSE [ 32 Bl k47— L8 1R) 25 BR(2) H MO s 0 17 {EL 3 ]
W OCANRE A C*(S) FeJa, ZPRIRE WA 0 55 1GERb ), A Jhd 3 SCC* b S .

ob'=b U T e e . BT At 0 38 5 SAPIb'=b] - 172,

6/H BRI =17 = 2 YDEX

B SRR AR BRI CRIET, MENUIRRELRRE, B2, ERRFERETR, WEHENBEFEER
2O, bRy B, 22, MERBME., AMZEHRIXRENFAR R UBRYIEM SURAE 20, Ll SmiRm).
HEE®S, EMNLRERFE, MFHNEHTRZNTHREEENXE, MMAEERRRIBRE S HME,

B, MBNOEIE L, RZEENHIERA. MBNMEREEN . MRIZNENEIEN . SEIEEERNEIIER
(3R metric. measurement) #¥iE, EF-£ 3R DRIEBIENES Y, MEMIEASMNEE LRIZATEEN, BAE
EFEH. EREIXRBHSEEEXMBUEFRNEIEE, SRI0EFRINEERZEMETESBIEFMHUHBase.
Rethinkdbz I, JAHBEBXHRRFEFOMNEBIEE Z2F, XLELIERGESWANER, WAETESMENER.

HR, MBEMBIEEESBTZEHNEEKXR, FENIEAZEZUTBEZZPBRITE, EEEMHIENEN), BEHE—
ENRZHENEER, MBIBFRENESERSANIE, XTEREMEE, MEXFEAENEFRRZREAREENITER
R

BN B FISETENER. A5ZE EAFREDXM MG, RE T BKIREEAR IR W EIEF (8 S 2
RIFENNMME, XREERITokend] MEERVNIMME, BRI ANKZN ST EARFEERSREMC AR . XU
ENBRTEEHZEARR, bR DEEREE. KXEIE. KHES, BUERSWENEIEI MZRNEER, thiE, IS4
TEFAR, BUERSUHELRTOUZTEMRAXBIAUARANA,

ER, EXREGE, MEFNELMTENNAKHEDIOHRENEEEFES DR TRIFIOER, REVEFHEENTIELR
ERHETIEMOMNY, ESRKERBEIMN, tbalSiafiStor], EMKIBEMIGRITHAR, TEZERMNEERERNEK,




HLEXS FERABSLIERIRZ, NTHENHAZSERD, FETERBEERIBIEELENEX,

Lambdall B2t 7 — PN E @D EX WIS A EIEUL S . BUEER . BUEFM. BUBITTENMBIER SRR, XTNMEARH
Lambda Agent. Lambda CEP#lLambda DB#IMarketplacePU&B 4. EF, Lambda DB XIREERA FH9E—1 B8 F5
HIEEZR S, AETBigChainDBIXEMNEEET £S5 EIEERethinkDBAYSEI], Lambda DBETFAmazon DynamoitX, HI§
RENHBEXHSRAIETTR, HREREEFEMIIXRE L, Flambda DBZEMZE, YEBNEIENEFIEZENES R
B —FEE, MEEMBRT AT B, A, R24FE@, Lambda AgentiRfE TN ARFRRIE. k. WiEH
T EREERES, FiBNARREFEREITIAELambda Agent3k(%iEE E%Lambda DB,

-9-0-0-

NEREFREFIRR BRI EFFMENE, LambdaIli BB £ A ERE T RAXRENCryptocurrency (LAMB,
BRIttR LMENELRSBHEERAETRIITERE S, B8FEI0T. I0E%E, ABBASURSMRITHUNERR, THEEK
REEIE, BEHEERHY TRIEMH, LambdallBIRHE T S/ —MLAMEN ZHBAS R, HR MBI TERMNIZITIS
DA EEB R LA R(ERALAMB Cryptocurrency kg Ath 1IBY)FENITEREN R, MH, PAAENERKRMNAFE R EdHEE
TTE B RALAMBIE FIRS A BIBTAIUIN .

155000, LambdaIl BEMEITERMEINER TMEMNIZS, loT (EXK) /IoE (FFYIEXK) , 1ERIIEHR EEKMITERE
HEZRAMED, RNBELambdallBRRANABIERS B, RNIRENA T SENENETEM AR ERARARANNES
W8, STIEMEL, ZTEMRANRNEEDHIl, BERINEDNS, Z1TERNE. TRGENNBRERSETENZD5HN
RER, MARTHEBERENIFE2EREFEST. BENFERIEERHAMIRE, MIFRSES,

NEXMUse Case

o

Edge—-driven

Data plane

Figure 1: Data plane and control plane of Fog networks enable different applications

7/ BRI RZ ATERE

AT EERANEELZTMARNIKFERNA TEE, B 5. 8. B, &, Ba18%. 8Bk, sRlnF
T, F2025%F, ATLERERABXNIHENIRSIFEAEIC00{ZETNME, BER20MTIMN1650ZMIER, ALERERNH
STHEBBIENSS, RAEIENE, ATERNERBREIERIE, mige 7/AERE, EREAIEEEEZTKEIFR, =5
AL BRI MAEAE], BFEGooglefFacebook, #EHMARELIEFZIRNAE],

FEATERESE, HaltHXRZRRENERLREXNRSE, AWM, ATEEMUENRFE— T RERERRSHZIES,




FENIRZ, BRE T ATERTWARE, Z51, ATRZEE, EEASTZHTENERER, BERMARERSERHESAL
BEERANAEE, MBEEHUENEWANE ZBE R ENFEREREEUE.

Lambdall B &AZ SN —T2KPIA B F BRI —AEME, LWEAHEE A UELambdaF 2 fIMarketplace L1&
TEESARLEECFTNE, F32, NEFIBENMEET 2T ZENRES, BMEk, HENHEELTHELERA

G, ABZHENTHENDTER, B

z= ==
=, Fl\ﬁ'ﬁ

—p

BHENTHIED T4 REVE

)

AF, Lambdall B BEEFMRERFRA, #H—FRKERXTEERZIZOIGRBROEBESLIRAK,

— . Lambda DBEARFEE(EMIRIT)

Lambda DBEVfFREFTEMEFROME. 2. P EXFHENNENT BIE.

Lambda DB MAIN CHARACTERISTICS

Distributed

EROME: RERLTR
MEME: FIE T REENFM

Problem

Fault
Tolerant

AR RAEMEY R
R T RAOL RS T DA

Technique

Scalable

Advantage

Partitioning

High Availability for writes

Handling temporary failures

Recovering from permanent failures

Membership and failure detection

Consistent Hashing

Vector clocks with reconciliation
during reads

Sloppy Quorum and hinted handoff

Anti-entropy using Merkle trees

Gossip-based membership protocol
and failure detection.

Table 1: Summary of techniques used in Lambda DB and their advantages.

Incremental Scalability

Version size is decoupled from
update rates.

Provides high availability and
durability guarantee when some of
the replicas are not available.

Synchronizes divergent replicas in
the background.

Preserves symmetry and avoids
having a centralized registry for
storing membership and node
liveness information.
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PARTITION IN Lambda DB

__ — Hash(key)
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NODE SELECTING STRATEGIES
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Lambda DB READ/WRITE OPENATIONS
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VERSION EVOLUTION IN Lambda DB
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Ei%: DHTop

Input:Q:top-k query;
f:scoring function;

A:set of m attrbutes used in f
Output:Y:list of top-k tuples

Phase 1. For each scoring attribute o do
Create a list Lo and add all sub-domains of o to it;
Remove from L« the sub-domains which do not satisfy O's condition;
Sort La in descending order of its sub-domains;

Phase 2. end-condition := false;
For each scoring attribute a do in parallel
i=1;
n = number of sub-domains in La;
While (end-condition = false) and (i < n) do
Send Q to the peer p that maintains the o values whose sub-domain is
Lafi]. p returns to pin its values of o which satisfy Q’s condition, one
by one in descending order, along with their corresponding tuple
storage key;
v ;= the first o value returned by p;
While (v = null) and (end-condition = false) do
Retrieve the corresponding tuple of v and compute its score. If it
is one of the & highest scores, then record the tuple in a list Y;
If there are k tuples in ¥ whose scores are higher than the
Threshold then set end-condition to true and return to the user
these k tuples;
If end-condition is false then set v to the next a value returned
by p;
If v is null (i.e. all values returned by p have been received) then
setit==i+ I,
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Group Lambda features Incentive to participate

Tenant get access to affordable and scalable
Lambda offers tools to execute compute- ) ) )
Tenant solutions, which combine hardware and
intensive tasks.
software.

Lambda combines and utilizes (almost)
Users _ o _ Users get paid for renting out their hardware
any kind of existing computing hardware.

Software developers use Lambda as a

Software Lambda is a flexible platform to deploy S _ .
distribution channel, associated with access
Developers and monetize software

to hardware
Data analysts can search and subscribe data

Data analysts Lambda DB is a time series database source from data producer,and then they can
buy and analyze this data.
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o BHRZHMBCPIMYAENUCERFARIKENM A, HIMNZITHEEBCPINY, HEXIFEUCERRZRNMNRE FIEHER
SMETFEHIRS.

o EVMAIERESY): HTEER LM ERESAOMNE, HiIRRTENEAFMIIIEEED.

e BE: Lambda Coinf9R2E=210012K

o FiR: IMIFAFIRBAZERELAVB, RHRENETLAMBREEAIS~12%,

o MB: B, 40%MTokenAEHFHIRZER), 20%HITokenBiEEEESNKS, 10%HIFPATokenF120%NFAZEH
EARGHAEARBRY, TEDRBATokeniz ALY 10%,

o THA: A T=IHLambdaIBEMNAFPEEAERZMEELAMB,

o R5: TEMarketplaceRSHIFBIAN, LHFEERZFIMWELAMB,

o MM: Lambda CointIMIDECHINIE, BItAEIBA10%, H5330%, BEER20%, HRA0%NHEER), 20FE5E, 20
Fla, AMEHRGEELN0.5%MEEILIK,

3/XIRF=A N
MainChainXiR#1ShardChain[X1R

BRAMXHRA/NRZ2%1076(32e6)F T, hFlE32M, R Z(transaction) K/ NEBIRF, (BEEDTEEBH S M T XK
2, WIEAFIBTRBIKR/N,

FPMXHEE— &/ VEFREE, TEEIEEIEI 0N XR S E R EBEEEN ., MR ZBINKRAZ101, NEE
BEF BRI E)E(genesis timestamp).,

IRIDEIF=AEFNE : HRXRID + 64NIFENLE+ XikMerkleitRT /).

JMFAMOXIR, BIRIDATR T EMNMEE BT,

MainChainFIShardChainf i IR FRERER 2 57D &,

MainChainf 8l & 7 Fi A ShardChainlI XiREIEF, ShardChainB®3& T _E—"MainChain X R X Rk,

RS
— 25 (Transaction) EZH AT /L NI RAEM :
o LAMBHIA(LAMB Inputs)
o LAMBHHE(LAMB Outputs)
o XHEX(File Contracts)
o YHELXNEIT(File Contract Revisions)
e TFfiIERR(Storage Proofs)
o I TEMZ (Miner Fees)
® 5% &(Transaction Signatures)

FRBLAMBE N (LAMB input) B9 2 M E T AN LEIZ (miner fee). LAMBEIE (LAMB output) I H& A3 H(file
contract payout) 92, &BEFIFK, ELANRPEFEREYhash{BE(unlock hash), FEHIEZIER ‘@IS (unlock condi-
tion)" N RAIMerklefiiR, RIS HEES—PMITEPEUE(time lock). ETFNENRZZURAIESZEREERN—A A, Bl
Z1#(unlock condition) I &RAEIMerklefifR T =, AT EHi(timelock). A (B TAANNMIPHFTR) URFZNEEM
M HIMerklef IR, TERMEHZNZTR, HEXRBNSEZR/DETIBEBi(timelock)IE, 7 8E#HEBEBIFM (unlock

condition),




fReZ A (unlock condition)B&—HAH, BT ARREEREERNER—IX, HRNAMHAAINUKEEMR, XEIK
BEFILMERMIR, FIBERZNHERTVIERZDAH EELEEHJ)\(mput) MRFIFBNERZEERN 07, J”U?Fﬁl)\(lnput)%
YERIAHPIDUBER", WIRAMFBNERMEART AHONE, W (nput)2RRIEERR.

HIEFMENRIIEFMRERSESS BN, B EELambdaiR RV EMEIET RRFMEEEE, AHITHENAY
PREENRFRE, ERPTNEMREHBZEZITHE— TSR, FRE-—ENFEHTOBIR. RETHEEFMHER
2, BEEGHINEIERIREIERM, Eit, EFRETTRIVBIEERSBNEXMTREIE

BERT LERFER * SREMNEFEZEIAR/) SIF5EE * BRAETE

RUB R BUR T ROEA T R BHEF 6 T R T EUR A IR A,

— MRS AN EBIEFE X FFIMerkle DAG, .

4/Lambda @F R4

LAMBDA ECOSYSTEM

Digital Asset Exchange

— . —_

L4

-

Sell Token r Sell Token

Sell Token Buy Token Buy Token Buy Token
"
[}
im
CPU/Storage
; Data
Heers of SE—— S der : ang%;gts
software Agent l Pay Token H
‘ Deployment
Developers q— e
{eeeesssssm) Lanbda_saas | Gecntea
Platform Exchange
Reward Token ——
edger/Search/Confirmation edger/Search/Confirmation edger/search/Conftirmation

Lambda BlockChain

Lambdaf& K RSB EHIA T LEAMN:

BT R

o BTNRENDRMIEA. BRBANPEA, BTREERETXRSHONEEE. BIK. HREEFINZNEES.

o PN RMNEESZHRE FTPOSHIStakingRSRIZH AN, S5, P AR UNRIEARCIKESMEFMET SFEER
HITHIIE, FHREZH

FET R

o FRETRINEZEWRANRBBFZTHIEER

o FRETRBEMSTRF—EoRSE, HIREBPOSH D KZ i

* FRTAFTEETHORIEALZOHKESR, EFNZEZETRE—LERE, XMETEERN T EMEFEMHET RIEL

P

* AFEXRBHAEREMETRIA, BERR, SEHEHMNATEMDapp
SEA

o FWHRA®BEFLambdallE, HHZELAMB Lk RS

RGHR

* MFHEMRHA

5/FaHET]
3.5.1 THEGAIRIbUGHIZ LS

RIFNABPEEAT RTINS, RBFEURKRRBU, HEORBIEARRERABUGNPINEENEERE
B, HREEBUg. 882 EMBUgRMPatchiITE MR ES, REHKHEP TH,




EXMEET, BT EREAER, FERBbugEEXIMKIT A, SBHRZEMREEIZIBEBHREIRITMRAE, 4
RO AN, M2 MHR TIRATI, Lambdall BEBIBESHNAN, AFPAMNEHEER, BE—TENLAMBE
SKAEARIEE, 188 2 ERBug patch& B &)iEidLambda Agent Release AutomationtfRIREZEFAF RAZN, THF
1R1E,

RAERBUgAF, SiRIERSNEMBEF{ERPatchiVIER, SRILAMBER.

3.5.2 I EREFR FHRISREHHLHY

Siatus Pricrify Bummany Lasi Changed By Created D dtign

m 5 sy WY ITURTELE D] ey o | |..".:.~'I F Lmi 15

3.5.3 2 RAB AR

Lambda AgentiREZMLZEEIE, AERLZEHXIRE ., BIMERAREEE, HELEHIERTLE., REHNIER
WL, BEpATAESLZEERKRE . IRBIASZ 2O, F—"MINMCVER AT FEINER, F—TMIREEBR
=YL AMBM,

| e Finkicire
JOSLFIPTIC

E3

Timeline
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1/EHA

B2 — BN EEMRER AN RCX —%LNEF AEHE, Ffl@ApahceEERE FNZ NHIRIE R, W
Camel. Akka. DrilZEmB, #HEBHNBNLRBRESS, HNBEFERNIEDFHRCX LR, WAL 7 DruidhERBF
#BFNClickhouseRE A4,

BT R FBA KRR —E O F A A FEBAgentiB N INEBESHIEHFE. DIWANRINSRG, IENEE, FHA
BEFRHRARRINAS T LR, Cloud Insight, Application Insight, fE/EEMNEIE, BATETHESENARRE R
FAZlLambdaliiB .,

MEE— Lambda¥iRNiCIES#HR (E1E17F Q4)
* REMRXRPEZ D LM IMINEIRANESLR, ZOEAREE T AERBNIE(S IR
® iPiEPermissionlessM R THYEEEIENTTEMFEIREL
® ICIEOASENMAR N F TokenZ2 FTN A& R

MEE— LambdaiiRNiLIES#HER (185 Q1)
® EREBEHXREHIRNGI, T T KAShardings RS EREEIZTT, UKk F8ErHoneyBadgerBF THIRE A
® HfTE K FRequestflReponse ) BIEMKAY Z FHEiRIT
® SEENEEEMN D BRSMIRT
® ffaTE K FBPDPRYEIEIS A L BB RN ABERY A B3R HIFN AN AL
® MERARENIARFZER
* ERIABES

FrEg= Lambdatz/0AGF A (18%F Q1. Q2. Q3)
® 3tlibp2pHldevp2pty Mt BEIFTIFEMNN, (CA31EK
o SLIRENEIRIRIE RS
® [fJSEFF &Lambda Chain
® XfLambda FS#{TH AL
® XfLambda FSIHITH XA KF LR
e EFLambda FSELHILambda#iEZE

FYEXPD Lambda ChainflifM4&FF & (182 Q4)
® P2PWEFF &R T RS XIREEIKA AR FEEIRRES .
o EIMMNFEUKRRNEESNNF &SI
e AP, RPCIEO. <17, MEIEAER
e fFELambda Chain

FrERf MIAMEEEZSETFLambdalEGIFFAR (195 Q1)
® ETHXEBEZEANERINAME, #HITE AN,
* RIMLAMBERR) R I X E 1FE TR E T Lambdafy N A <5l
o ETMNANEN N ARAI#HTREMES WS KEEENLHEE,

BrExss EEURARSEENIT REEIER S (19F Q2)
* HEZRRICHME ZAVEIEELI S5RSSEEN A LambdaE
o REETLambdatSHHIER 5EEN




2/ B IRVEES
AR EOASER RN ERMRARRNERFFR AN, ELRHEER THCryptocurrency BN, BRI

WRIRANZE, EXBOASIEAE M, OASHI EXREEFETEMESNATEREAREIEA.

OAS: the next wave in software @ elastic
more widely distributed and driving greater IT value than anything before it Gi “ "
b docker
_5 :: onfluant
T @ unity
E _'f?' MESOSPHERE
E m ra Ml MulaSoft
= F] * Raks
E__,-' F1 Adobe @ I mongo DB
5 QED B Microsoft CoucHBase
- o
T Sihconraphics vmware T ®databricks
IBM. ORACLE workday. cloudera
Mainframe ApplicationS/Client Server Saas Open Adoption Software

Each phase enjoyed eosier deplopment and end-wser distribuion

HAEARSHNARIMBAZERE -T2, UMK EECS, BEEENKFHSES, /b, RHHEMREHBE
SHEBENEIDRMRN, LCIREEROMREZ@ET. N2, XHEFF, XTNR, BASMEEN, E2RNIXTIEH
AR, FERAMIZALL, ITMEFESNEE, SBH 7 S XKRENEN, H0IXTIERAMUGEE X IR I
ITRORBIET, EZERACF. BRI CFHMNZFTARAAN—TEE, NREEHHNRZRASIAZTIRE, BBADMIARS
H—Et KR T A B#draft, paxosflpbftiER, PAlA, MRMUXMBEARBEERZEFDHIVSIEESLI, o, XME@

E—EFEFIL. HNHAAREEZM—TEEEREAS), HNEEEL KR,

BNEZENER/RHAZXRBENR AR, EZEXTUNCAEFENEMPRGITETL M 0ZETU LGENEAS
4RIXZ

NE], DKELREINETRILEFR, MEETHAXOASIEE, OASHIETEE0pen Adoption Software, IFAIEEAFHIELZ RS
SINT ofNanE, OASKEREZEIKRE—RAMAEME TR T —THNR1E, MENERN,




A change in requirements and attitudes

there's a real shift in how end users think about and adopt technology

—

A

® @

developer power need for speed (& control)  everything's web-scale  innovation through
networks
USers are taking an “open- IT leaders need bo movwe the requirements of today's powerful contributos
first® view of the world, faster than traditional global, web-scake applicatioens nebwrks and web-based
dirheen by 3 newly viendors allow, wihile dwarf the capabilithes of comimunities are driving
emposened front |ine having the freedom to traditional software wendors; steep innovation curves.
deveioper who pulis bost- touch and modify code on many Open projects ane OpE Dropcis Sprng up
of-breed solutions off the the g0 — minmmizing founded from these exact around critical-mass pain
shpdt unkndwn depondencies chalienges with scale points and attract

thouwsands of contributiors

BNAERIXMEFRI, EPENEMREGIE, ELE—FEMBE,

. Lambda BEE

1/Lambdatl]i#

Lambda Foundation was established in Singapore. The Foundation will dedicate in Lambda project. Oversee the

project development. The General Meeting of Members shall be at the highest authority of this Association.

2/Lambda E£4

The Council consist of 5 members.
The Council:
1) To carry out the Rules of this Foundation and the resolution of the General Meeting.
2) To appoint or to remove the sub—committees.
3) To take a lease of any equipment or premises or any place in the Republic of Singapore as may be required on .
behalf of this Association.
4) To determine from time to time the amount of entrance fee and monthly subscriptions.
5) To manage all urgent and important affairs or matters.
6) To manage the Foundation’s properties and shall file a list of members with the registrar, whenever changes

occurred.

3/F R KaIERERD

Lambda$§RIEL X R A AN ES TR A REITLAMBERD, BEZREMNREN O X RMERS
HFEAR, Lambdall BRURXHEZE— TS ERE. BEERNER BHMEPMEHE S T2 B SAZ/ ORI ARHA A I
I\RZRIE O HEEFEMNENEE U EARNERE MR EZERRZEH, BRENBEMEMN 7 LhRREE
RO, N T BRLRZEHALXGER HIMAIF ARG, Bl IRABHARUR A NESLHE AN, H B RRANHRAT.

BATRYRB AN E TN T EL: AEHANNERGT R, SRRNTREBS AT ORARE 2 &0, H#Hix
KA B AN AT BT R BIHEAE—MRIT R E L ERRZEA AR 2 BRSTIL, AN X BRI S HEK, ZFFE TR
AN RAOFRIEERARNERN ., BATHERES I RIRESET 90%XHEAIMBENZOX4HE, ZREIFTEER D E/FEAH AN
B BRIV FAER B8, 408 R B A Z 89 OISR SR, Bl DT & B 56 — IR R SRR (B S 300 XA DI\ TRE RORY




8], MR INE B X AE B £ BEFRNomIEAUNLRES ST, BUYNRZHRIMEND ], AN EER
73 R E w5 B HIRY RS ER (BTN AT B 2 [E B9 AE AT (8] AR IR 13 32 32 AR B 0 SR 2, P] BUATE B 9 I B B9 AR S
. Lambdatt ORI BB — MO X G2 IR RS A KBNS . RIRIE REENITRER B MO RIS BT
XHRM D EE AT EESIRKES SR ALERN ST D E R &, URME TR B RO X PRI &R fl . XE8—
MO X M RERTHENRBMOERETESHE MR OXHENNNEM o ERE, XN ERKFIE S FHREPEND T E
MNPAB TR E SR OGBSI A/, H BN T I=6AI A, B KR 20/80  JAENIZFEF BN S SRR/ NS A0 H]
80%BITT R ENIZOIT R E EHRNESCAINETFTRE

EDITRRIBENZOXHAR, Lambdaft BASHORNS & X EHFRERMLEERHTON . FREXG TR D EEE
WHE SR PRV AR ST, R A B SO FE R BA 48 2 (BN 5 | A Sk 28 SR BN RN S I R B RO TTRE AN, R AT R 5|
NEZEHZ SR IETMBERERTIA . EMKENERY EoN=F, BUTERENXERETREBNTEDEILE TR
ML PO (EE AN REANEHE—E IRBUERIZPOXHHIIARE X4 dk (1<k < s ,sHAXXHHITE) D REXMERIE
B EHPERE T XNE - ER O T T AR EA A O ST O X, IR Ak R BB IR B HOE N O SR
NP (1< <t, tAXHR MR KENENE=R,

B X REANE 2[5, #TTRE LB E, SR T RIRZOXEPOEM NMT R EHE A {ai 1< i< m),m
TRAX4PORIFIE XM ESHND={dT , d2 ..., dn,} FiIBD RNXHERNXHESEX P ={ P1, P2, .,Pn}, A LEXH
KEASIRES REDEAERT FERTR TINEARMBTLZaERKERXG PIPNEIE., XENTMEARTLRERZ
NHAEERRTARIACKLL, M REBREXGMREELZ—, WEEAN 1/2, BRBSE5TEXHRITTR AEERN 0, Y
ITRRIME A RE JIKKDESEABINNXMH; sIN@EESs = ( S0, s1,..,5n )T  ExRsiNREESDRNSHERPIERE, FF
RE X HPORZAETTEAE CIlNITEAT:

HIERERZ VA c: = Z T.S.

75 IO BA

1/#&]R

B2 TEEMHEGH AN REX—%i0fEF AR, FilmApahceEE=IE FNZ P AIRINE Bt iE, w0
Camel. Akka. DrilZEmB, #HEHENBENLRABRESS, HNBEFERNESNFRENCX LR, ML 7 DruidhERBF
2BFNClickhouse R [EIFF 4.

BA1EERTOneAPMA S HENHZEMEER, OneAPME—Z APM SaaSAE], ZIRFAMMBVCEZRIRT, OneAPMIIILSS
SRENAMEERE, A, 28 8ENBIBRERR7X24NTME TN, HEETRS 2 CREIOneAPMBIARSS i,
RS mFEIZESMIENINEAN . ITENEN., ESERNE, OneAPM SaaSRALHFEZRUIE—TZFREUE.

NTHITXEHIENLIE, BIHRET 2RMEE TN DM RIEEdruidsE2E, SRE NS T ClickhousefiEZE, £l
BT HEdruidFPEE, RE 7T ZARAPE, AEINHEE TEBERUEINOMNIRAR, HANFHBRELmEE TS E
Z BRI E M commiterflmontor,

M2017EFIR, BARIEE ML BIER, FHEBARAEXNARNREIE—TTEEZR OIS ] BEUEELR
., LI REAH, B3I T ApacheE® R . AkkattX . Druidtt X#ClickhouseZIRARIA I EERD, HH, OneAPM. {2h=. E
PRIRE =ZRERANRG LS UESERARNAININAER, TS RELambdaln g,

LambdeIMIBAARL L, FRELBHARXMAENSARKIEBTT, EMBUTFLinux, Docker, KafkaFZ&R#ITRINE. ~E
NE, 2HBNNSHTXRENGS, FERKBERTRAXARME R QREEBEZN—TBEIEZRNT, XEXR5ER
YLt




2/ RN

{eB%RH

Alex Lototskiy

Bl K&

= 3 E

Oleg Lyamtsev

RiER

PEZEZEMPEHESR, VMR, Z7EBEA SystemsHlOracletB{ER A T2,

2008F B IE BT IBONeAPM, HF2014FHHETFSaaSERHIN BIHEEEE ™ M. OneAPMIE2014FE—FW
SRESEHE. HARATERCIRREMNNRES, RIT={ZTARM. OneAPME Ni&ForresterfllGartneriiz
&=, BTN T KX BERS HRITOM B, OneAPMIISaaSFf™ @RS THEMN/ L+ AFLERFIHTFRE,
AEZRL. BE. . REGBEMIEAT 22NN, B8R BTF2016FEFEH=REIFE, BRERB
838699, fIEFAKIRA “REAPMITILE—AN",

EBEFE201 5 NI B ZR 35 under 35158, FEANS “EERMIEBEIL HERF A XKMNE RSB H
MIE = EERVIRER,

RETNRFER 7, CoreseekHlLog InsightBgBIa A

ERBRSIENHRS. BRAS. HERARER, ZXmMEIIEINCoreSeekP X DIRARS G ZATH X EEX
MBBSH X, BEARARNIGAZRMEBHKMASRMEARZOSMEIARS, FBMIRERGAZEN TR RN
BENZERAK, IEXKMER. OLAPEUERE. HiFEL. EEWIRIT. XHRAANIEEREETENELET
BEK, BREEMR D HAEEFM.

senior principal security engineer, has been worked for Symantec for 17 years. More than sixteen years’
professional experience in designing and developing software. Strong skills in Object-Oriented design, knowl—
edge of database schema design, and development of Client/Server applications. Major specialization in com—
puter and network security, integration, and creation of systems for detection and prevention of malicious and
spyware attacks. Through years of work, acquired excellent practical experience in all phases of product devel-
opment, starting with taking a business task description, doing analysis, creating requirements and functional
specifications, research, and prototyping. Then designing optimal technical solutions, creating a framework,
and technically leading the engaged development teams through sprint development cycles, providing good
quality with automation coverage.

OneAPM  Ex&BItBA & CTO, SLRIBSER, 2013FEEKEEITZOneAPM, fATRONeAPMAZL=mApplication
InsightfFF % .

HENFER, ANSRFINATEEAEEBI10FNEN, BAEXERIMNCNSEST ASBESIERFEIE,
BN E WM™ ERFETRACNRERZINE, AT ahEr8FTE40005%7T. HGNSZ
B, MAXERRRIAZEHISE, MAEKERZHENMREE T EEBF6007 =T,

WEMIMTE, TEFUTRERE. ARGAEUENR, EEMRABAPPRERITSNL, BEMLS
AR SEFRENEARB S, 2015FHKEEIIZONeAPMIIL L F/AF]0OneASP, 1BIEEE . OneASPTE2015%5F
RR=ZATRAGR, K. A BIRRRNI5005 ARMRE.

Talented engineer, has more than 26 years software development experience.He is very passionate about soft—
ware security and is always looking for ways to improve the product that we are working on. He is a fast learner
and he is a very good team mate to have. He is a very dedicated, and talented C++ programmer. He has excel-
lent problem solving and debugging skill.

OneAPM ARBNZH, SLEMERTEM/LNFZH/, F2013FEIMAONeAPM, FEBHAHEE™ R AR\, A5~
mEERM A & TIE,
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BMAN

'R T+ TR SR8 Owen Yang XK

Lucy Wang Patti Lin

M.S./B.S., Tsinghua University, Distributed Systeminvestor of Bitfinex & Limited Partner of BitfundConsultant
of FBG CapitalConsultant of Zcash

Jia Tian has served as senior dev at Baidu, Inc. and Alibaba, Inc. During the period he has developed large scale
computer systems including the technology behind so.com, supporting >100 million page views per day, and
large scale recommendation systems.

Jia Tian is also a serial entrepreneur. He has joined the founding team of several companies focusing in Al and
related areas. The first company Wolongyun has been acquired by Alibaba, Inc. Then he has joined the beijing
machine learning information technology company as CTO, designed and built Al systems including recsys,
chatbot, medical image recognition system. After that he has joined pony.ai to build an autonomous driving
system, invested by Sequoia and IDG in angel round.

Serves as the Chief Scientist in bitfundpe.com, a bitcoin fund dedicated in supporting the bitcoin community
since 2013, founded by Xiaolai Li. Jia Tian is also advisor to multiple blockchain tech startups.

[REEEEFARESR, Z{EOneAPMFIONeASPRIFZ ARG, ROKEX CTO

ERNRIMANBEERREER, NBLENEIBA. CEO, HEATIIEZE, SymantecHFiHE20{ZERMSEPF
mBlia A, SymantecEIRRHZRSHEARARERZ—, FRARDEYIE

EFTIREBKSEIIBA. CTO
BIIBM DB2Z2 MO EZR, S5IRKITIBMFI—ITEF A, RIBMItERIEEMRTOR & DG

CH el AL CEO
BAEEEBOXH AT

BMAN starts his career in global investment firm Blacksmith Global Ltd. Having a wealth of experience in both
secondary market and venture investment, BMAN entered the area of blockchain as early as 2013 as an active
investor in early—stage technology companies.

BMAN also has a wide range of entrepreneurial experience. He cofounded Lijiaoshou (Shoujiao Technology, Inc.)
In 2015, which was the top marketing content company in China and was acquired by Baidu, Inc. in 2017. Com—
bined with artificial intelligence and big data technology, BMAN has developed Baidu AOD platform and served
more than 500,000 business customers.

BMAN served as consultant of dozen Internet listed companies, such as Alibaba, Inc, Lenovo, Inc and Qihoo, Inc,
etc. and has accumulated strong relationships with some of the most promising entrepreneurs and top investors
in both blockchain and internet industry.
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fi§s%—: Event Souring

We can query an application’s state to find out the current state of the world, and this answers many questions. However there are times when we don’t just want
to see where we are, we also want to know how we got there.

Event Sourcing ensures that all changes to application state are stored as a sequence of events. Not just can we query these events, we can also use the event
log to reconstruct past states, and as a foundation to automatically adjust the state to cope with retroactive changes.

The fundamental idea of Event Sourcing is that of ensuring every change to the state of an application is captured in an event object, and that these event objects
are themselves stored in the sequence they were applied for the same lifetime as the application state itself.

Let’s consider a simple example to do with shipping notifications. In this example we have many ships on the high seas, and we need to know where they are. A

simple way to do this is to have a tracking application with methods to allow us to tell when a ship arrives or leaves at a port.
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Figure 1: A simple interface for tracking shipping movements.

In this case when the service is called, it finds the relevant ship and updates its location. The ship objects record the current known state of the ships.

Introducing Event Sourcing adds a step to this process. Now the service creates an event object to record the change and processes it to update the ship.
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Figure 2: Using an event to capture the change.

Looking at just the processing, this is just an unnecessary level of indirection. The interesting difference is when we look at what persists in the application after
a few changes. Let’s imagine some simple changes:

® The Ship ’King Roy’ departs San Francisco

® The Ship ’Prince Trevor’ arrives at Los Angeles

® The Ship ’King Roy’ arrives in Hong Kong

With the basic service, we see just the final state captured by the ship objects. I'll refer to this as the application state.

it
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Figure 3: State after a few movements tracked by simple tracker.

With Event Sourcing we also capture each event. If we are using a persistent store the events will be persisted just the same as the ship objects are. | find it useful
to say that we are persisting two different things an application state and an event log.
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Figure 4: State after a few movements tracked by event sourced tracker.




The most obvious thing we’ve gained by using Event Sourcing is that we now have a log of all the changes. Not just can we see where each ship is, we can see
where it’s been. However this is a small gain. We could also do this by keeping a history of past ports in the ship object, or by writing to a log file whenever a ship
moves. Both of these can give us an adequate history.

® The key to Event Sourcing is that we guarantee that all changes to the domain objects are initiated by the event objects. This leads to a number of facilities
that can be built on top of the event log:
Complete Rebuild: We can discard the application state completely and rebuild it by re-running the events from the event log on an empty application.

e Temporal Query: We can determine the application state at any point in time. Notionally we do this by starting with a blank state and rerunning the events up
to a particular time or event. We can take this further by considering multiple time—lines (analogous to branching in a version control system).

® Event Replay: If we find a past event was incorrect, we can compute the consequences by reversing it and later events and then replaying the new event and
later events. (Or indeed by throwing away the application state and replaying all events with the correct event in sequence.) The same technique can handle

events received in the wrong sequence — a common problem with systems that communicate with asynchronous messaging.

A common example of an application that uses Event Sourcing is a version control system. Such a system uses temporal queries quite often. Subversion uses com-

plete rebuilds whenever you use dump and restore to move stuff between repository files.
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