R EEZRIMIL 5215 0N T 8o BRLEERNBIGLINAT T EFENR.

BE

Raft@— T FREEZRIAHT (replicated log) B HiIREx . HEAS (multi-) PaxostBE. ME 5 Paxosit
R, {BZ&#5PaxosAE; XitRafttbPaxosERSIEAE, HRaft WMEIANARRRMET FILIHNEM, HTIRS
AIIERRM, RaftHIRMKBITRD BN MS%%. AEEH. 22t ; BHIEETERM (coherency) FF
1, BUBDARERAVASE . APZ2ISERRKRP, WFR24RN, RafttbPaxosBERHF ], RaftRBFFE— AT
TESHBRNFNG, HEAESNAZECRRIELZEM,

BiEL AXEERME coherency , HREZENFFR/EBIEN T -, ZFEEHS consistency JBE, —
HEEFE—EER.

—HEEENBETMERIESER LA T RERES—H TRENTHEST U IR E55. R
BAEELSRETRAS BN TRIEEHET T RS- MO TS EELRRSGMET K.

BRRST RMNPEEETRRAE S SHRIUANEEM T R LEERTS, XERSHECE,
AT REBIFEERN—HREERT.

MBIEREILITIE T ATFRE, BABLAAEEENHIT ALNRETED T RRETNEDNS B2,
PBLAEEMT R EXES W N ANIRFRAIETEARE.

WRBATAERAAE T RNE s LILENEHIT, MR ZRIEMENS e LEMBENT R_LREFN
B BREEMTIR? B—, (IXNATF— TP RAEES L, 5B MENT /4R —HINF - EE,

BT TRLREINERECHNT R ZXNAHT LN R IREERTS.

1.5|8

HIREEL—ANGEEE—TERA—FTEABIUSTR—ERGHE. ANX—KR, ENEWETENAM
RIRGRGPINEERRAE. Paxos[15, 16]ETENTERES THIREANITE: RSEHIRMIMELET
PaxosEZHEFN, HPaxosii Ay 7 AR AERRAIRAMIRNEETH,

REMNZ, PaxostHEMELER, REARSEHEZRZNEN. B, HEMBEERMNEUITIANSR
5, HERZE, RAMBRENZEERZPaxosHIf.

FEHANBE SR PaxosBIfG, FNFFHIETH—TEEB RN RFMENATIRMUEFNEMBFIREE. AR
REARTE, BARNNEERNE 2R - BNESEX—TAZTHARRITHHIREE, ARt
PaxosEBRZEIINANERE? I, BIAEEZEBILAREMEN, XINAFMEERKRESREEN, B
BNTAZEE, BBERTLEEELE.

R TERNRRE— TMEFR A RaftHIREE, TiRitRaftlt, FAUEB THHRNAERIRSFIIERE, 818 8%
2 RaftiMSEs. ASER. MIREMSBEAR) MHMREZE (5Paxostitt, RaftBlTAMEM, HizA
ERFRSWELA—) . MW TARERBTZERMRRA, RafttbPaxosEIFIEFS S EFIXMMEL
[&, XEFERR33REENS B IF S0 E A KRaftlE)=,
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RaftSIIAMLIREZAE RS A EERBEMN (RBZHRME, OkiFlLiskovAgViewstamped Replication[29, 22]) , 18
Raft AR ZH4T14:

o ifleader: SHEHIREAMELL, RaftfFR T EBMNTMSATER . HIE1, HEZEB(log entry){¥Mleader
REEERSSE . XELTHZEIAEENER, HERAESHIEME,

o WMSEE: RaftfEFFIBENLITATERRIEZ leader, XX AHIREEZ T EZA OB HI_LIEH0 T R/ NI
ll, {BaEUSIE B X RIRHDARIRIFPER,

e MEEE: RaftARTEEHPRSBESHNGENER T — T80 FEEHIF (joint consensus) 755, EHM
MMEREFHIASHRBZBZSEVREBEES, XiLEHEBERETENIEF AR EIRE,

BATAR, TR THAEENERENTIRER, RaftZBtbPaxosFIHEHIREEEMS; RafthHiR EBTE,
BEEHEERRANTER; RfBRZTMFEIIACER —LEREER; RaftILZEMERELBIINE XFILE
BF; RafthfOZARSHEREEM.

AXHRRPANAT ZEARSNEZE (BFZF) , 1THETPaxosIMBEEHE (F=F) , #RTHIIAT
AEREERNERLE (FHE) , (A TRAFKIREE ($5-8%) , WM TRaft (BENAE) , AN THEX
I (B+E) .

2. ZRIAIRTSH,

HINEERBETE ZSEIRKEHEET (replicated state machine problem) [37]R9 ETFXHHIN, @I XMAE, &=
—ZFIRS 2 LIRS R BERIRSHEERIAR, BEMEE—LRSBENESHTUBERE . ZRIAIRSHHEHER
R HAARFEPENSIFNTHEOD, G, BREE leaderfIRELRLE (ZIGFS[8]. HDFS[38]. #I
RAMCloud[33]) BE{ERMIINZEI ARSI REENSIAEHFZHELIEEE cader i RN EEFNREER., ZEl
AIRSHLBYBIFE B FEChubby[2]F1ZooKeeper[11],

"Replicated state machine problem" (S#HPASHLCE) BIEEDHRARRP, WAHERZTEIA (replica)
APRSRIF—EBEE, EoHXARP, HTNEIER., MEMHLAREEZRR, TENEIATTES LI
RSHA—EM, EMEENRYEEHERNIEIKRS.

ZRIRRSNERER 28 4A0% T, WELFR, BTRSBFEE-—TES—RINELHAE, KENER
FHTAE. 81T EEESERINFNEERES, Bt TRKSIELEBERNESF. BARSIERE
8, STRSNESTELERPRSHELERNELEF.
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Bl ZRIARENZRN, HREEEEARETEAZFIRIVASRIEQEARNZEIARE., KEIREHSELE
HENESFS, EefNa~=4HEanamgS .

RIFZEIZ HSH—HIEEAREENES . RS[ LNHINERZEECKEEFIRNES, ARERNEIENE
TEH. ESHERSHRLOHRERBERBRS T HSRLBSHEEINFEREX , BME—LRSHFIHEDRZWN
b, —BfESWiatithZalAat, STRSHFONSTIHMAILURATIRFLLEEN], FiRaLRELE ik, X
¥, FBERSHEINERINBTS A EEIPIRE.

NEARFITHHIREERERUTEM:

o ENRRAE F FAREFHTH 221t (KEAZREHEIREGR) , FELENEBESEMNEZLEER. 2
X. Z68. £8. Mil.

HOERHEARERANERDTARAPEFE TE7S (BIFSETR) B, RAN—BE. EMRESFEE,

Byzantine fault: Fault in a computer system that presents different symptoms to different observers
o CLATERBWAZK SIS EETHRNGS
o QUMRKRIZBLIKREZEWN, BBAMADHAEK S SHEEETIIZRNGS

HOERHEANERANERDTARAPEFETETR BIFEAETR) N, REN—IE. ERESF0H
&2 (BliApk biRciflc2gs)

RizsaHARAHEETR, ARIBTAFGESETRTFEINE (h23m+1) , BHETHARTEE
I N S

« MAFFLETRERBENBANGESE, mERENSR. EXRERRFR, FTLIEEN, REEE
B, XKREEER. RKAERNEE, TEESREE,




o MRBWANERIER, BAMBIFFLIETROTUREXNMER, FITEHENNSR, EXRERR
B, AIRGERRN, FFLETRBENEFFNBERETITEFEMKIR,

o REXRZHUMS[AMNREIL2EMEINEH A, BB EEEERNSE L ImERE. Fit, BREERAS
MRS HFAMNSEEHEBBIBER2TRSHHNE, RSF[EBRIAESIEL; EMNBITEEREMIET
P IRE H EFINAER,

o ENTMEMERRMRIEESH -2 - ERANERT, HHSENRIRIE SRS SR AMEE.,

« EEEBERT, —FIESRESHIOASHINN—TEIERA (RPC) B DERRIEHRSSEFR
SRIMBENTRGAIMEEE,

3. PaxosE {14 [o)i?

EIETER, Leslie LamportfIPaxostMY [15]JLFF IR T E X158 PaxosfEiRfz P i ® MEURAIMN, 2
RZEHIRTIAVESR . PoxosETE X T —TEEBEIT B NRKIAM—ENIMNIN, WBENZRIABEERE. KR
XN FER B R Paxos (single-decree Paxos) ., PaxosiBENFIZIMINZ N IHIES, AT —RIIMREK, I
M—PHE (multi-Paxos) . PaxosEIRTHRIR T ZEMFEMY (liveness) , BEXZFERPMANTE, BHIEH
MHELZRMWIER, HPaxostE—itH= TESN.

TEMNE, PaxosEM N EENDSE, F— 1L EPaxosIEEMIAIERE, RFTEISN, PaxostTZEMBRE[151IEER
1, RAERVUAENERARHEZAERINERE. A, B TRSHEETEERNS X EREPaxosIZEIH
[16, 20, 21], XLEMBFREF TR EKPaxosX—F &, REXNMEREHLL. EXINSDI2012HFEIEEXBAEH,
BINERNMREEZVESHARE D, /LT REARBPaxosE S, BI1ECHZPaxosEf, EHEIEIET —LEE
HRIBREIHRNZIER T BN, FUEITSTT BB, X—IEBETERS—FE,

HANRIRPaxosHUFSRE ISR B TEIEIR 7T RIRK FEMENEEM ., FIREKPaxosRITFAEIGHE: FIREEPaxost DN

MTMER, HiABRNENFERBAERABIRER, B, AMIRESEREDICATARTEILI—TERIA

1R Multi-PaxosBIFLINERIENN T RAMIEIMOE RIS, BANARARZRRIIR (Bla, — T HEMAZ
BPMETHREB) NENOREAIROBAEENERROEMS .

PaxosfIZE — MEEZ ERB NMEIANTIMRHRFHNEN ., HREZ—RAMIXmulti-PaxosEiEZAT 7ZHY
—HEN. LamportAyH#IR L FH X T BIRHPaxos; filiiE T multi-PaxosBIFIBERIT5A, BRRIMFZMT, EXL
M T RZIVERAEMMH M PaxosHIZIH, UN[26, 39, 13], BXLEHEGEZ BEA—H B S LamportlEE R
B, RChubby[4XHAI RS T EKPaxosHE, BERZHMFM THATERRERERK.

LEESh, PaxosZRMIIMESLAMALHKIRIRES; RIPKEEDBNRRRNZ—TER, HlA, RHRENR—HAAE
MEITREHRBENEHA—TINF BSHREHTAEL: RFEHRASIEMERMY, RIT—TEXRANBEETEM
BEESR, HEiEERETMRBZARNINFHAOAN, B—TEBE, PaxosBIZMER T — M IIFREY
(symmetric) X335 (peer-to-peen/5iE (REE&EERE T —1TBUSMNAEENEREMNNL) . XENXFEH
RRNEROERPZEEXN, EENTEAXMAENLARARREXTKR, NRLITHE—FRIIREK, B
LTTIEEEE —Meader BB BAEIR, BE/EikixleadertMERER,

Eit, ERRGFSPaxostBIIZAMRD . BT ZAARARNIMESE S MPaxosTHR, RERKMREIINE, EEFT
RT—TMERERNEN, XREENBIESSHEE, BPaxos¥AIRMEINE T X—[a)@, PaxoshIZRAR L AJgEXS
FEREIBIC EFRMERIGRLF, BEREAEEIIISPaxos KIINE, XHEFEILIEBARMAE TME. KB Chubby
AUSCIEANITIE Lo e A :
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L RFRIF RIS PaxosBIARIEIA Z B BRANRBEA . ATHWEALNRS, TRJFEEADBESTHIXEH
2R, AMFE LR R, SETHERNT RZIFE S, RERAZET—TRBILBEITMIN.
[4]

Ry, BflB45EPaxosiRBARFMENH P RERIFONEM. SRAFRNAERERANEEL,
BATRE SR BAIRESMEL — 1 Paxosi) B LbPaxosHI B M B IFHIHIREE, Raftil 21X —TIAIRR .

4. PP IERR MM LA

HNERITRAII BT Z BN ELTNRFWEBIRHUTEAIANEM, XEMERERDTREMZNRITT
8, ELTERMBFRGTHRE, FRABNREFRETIR;: EOTREBRREFFRIESN. ERNZEENE
e IRARE, XWERMENRE. ELTERAEEZESHMIER. B, ELTEBEUNEENENELR,
BRERFMBETUNERTT R, XEEILIPERFERE.

EBANRITRAES, BREBRASIERENLE. EREGRD, BIETHERUEXNXERKLERIT W
i BRETEALEESE? (BN ERSEEZER? EERBENIHRXN? ) 2B TBERZSEH
SSMERSHB?

BARIRFZHN O ERANEN S REWLL, BAIERERTRMEEEESSRARIEZNAE. -1
FERRMEAMBRES A BINRETREMISEAYN D HEERER, BRHIEROBENMIIN TR , Fli, &
Raftdl, BATEED NSRS, HEEH ., REEMMAEZE,

BN BB EREDAOFTEZBIRSECRBURASZE , FRAEBRERMHRAIGEERTHEL. 55l
2, BETAwAER” (FE: XENIEAEENZIR, MCephiitX, ) , HRaftfREl T HEER[SHER
—HEN, REAXRSZHIERT, BINIEIERAREY, ERELER TAWE MR LRI RS FIEREM,
AEXES, BIANTGESIANTARENE, BRE(IREZETABENT ABAMERENERE, FLmD TIK
S=ME, BAMERBEN AN EBNL T RaftilIN SRS E A,

5. RaftHIRKHE

Raft@ —MAREE £ - FHRNTANZEIARSNEZE. ERMRENEXSE T EENMESES, E3dIL
AEENREMER XEEPTRBESER THED D FKITIL,



. state RequestVote RPC

Persistent state on all servers: Invoked by candidates to gather votes (§5.2).
(Updated on stable storage before responding to RPCs)
currentTerm latest term server has seen (initialized to 0 Arguments: .
on first boot, increases monotonically) term candidate’s term
votedFor candidateld that received vote in current candidateld _candldate rquestlng vote
; lastLogIndex index of candidate’s last log entry (§5.4)
term (or‘null if none) ) lastLooT £ candidate’s last | 54
log[] log entries; each entry contains command astLogierm term of candidate’s last log entry (§5.4)
for state machine, and term when entry Results:
was received by leader (first index is 1) term currentTerm, for candidate to update itself
Volatile state on all servers: voteGranted true means candidate received vote
commitIndex index of highest log entry known to be Receiver implementation:
committed (initialized to 0, increases 1. Reply false if term < currentTerm (§5.1)
monotonically) 2. IfvotedFor is null or candidateld, and candidate’s log is at

lastApplied index of highest log entry applied to state
machine (initialized to 0, increases

tonicall
ugniolonically) Rules for Servers

Vol‘attllle §tate on Ieadgrs: All Servers:
(Reinitialized after election) . ¢ If commitIndex > lastApplied: increment lastApplied, apply
nextIndex([] for each server, index of the next log entry log[lastApplied] to state machine (§5.3)

to send to that server (initialized to leader * IfRPC request or response contains term T > currentTerm:

last log index + 1) set currentTerm = T, convert to follower (§5.1
matchIndex|] for each server, index of highest log entry ? &

known to be replicated on server Followers (§5.2):
(initialized to 0, increases monotonically) * Respond to RPCs from candidates and leaders

- ¢ Ifelection timeout elapses without receiving AppendEntries
AppendEntries RPC RPC from current leader or granting vote to candidate:

convert to candidate

least as up-to-date as receiver’s log, grant vote (§5.2, §5.4)

Invoked by leader to replicate log entries (§5.3); also used as

e ). Candidates (§5.2):
Arguments: * On conversion to candidate, start election:
term leader’s term ¢ Increment currentTerm
leaderId so follower can redirect clients + Vote for Sel_f )
prevLogIndex index of log entry immediately preceding * Reset election timer
new ones « Send RequestVote RPCs to all other servers
prevLogTerm term of prevLogIndex entry » If votes received from majority of servers: become leader
entries[] log entries to store (empty for heartbeat; . If AppendEntries RPC received from new leader: convert to
may send more than one for efficiency) tollowgr ) }
leaderCommit leader’s commitlndex ¢ Ifelection timeout elapses: start new election
Results: Leaders:
term currentTerm, for leader to update itself * Upon election: send initial empty AppenfiEntrles RPCs
success true if follower contained entry matching (heartbeat) to each server; repeat during idle periods to

prevent election timeouts (§5.2)

prevLogIndex and prevLogTerm ! :
* If command received from client: append entry to local log,

Receiver implementation: respond after entry applied to state machine (§5.3)

1. Reply false if term < currentTerm (§5.1) « Iflast log index > nextIndex for a follower: send

2. Reply false if log doesn’t contain an entry at prevLogIndex AppendEntries RPC with log entries starting at nextIndex
whose term matches prevLogTerm (§5.3) * If successful: update nextIndex and matchIndex for

3. Ifan existing entry conflicts with a new one (same index follower (§5.3)
but different terms), delete the existing entry and all that « If AppendEntries fails because of log inconsistency:
follow it (§5.3) decrement nextIndex and retry (§5.3)

4. Append any new entries not already in the log * If there exists an N such that N > commitIndex, a majority

5. IfleaderCommit > commitIndex, set commitIndex = of matchIndex[i] > N, and log[N].term == currentTerm:
min(leaderCommit, index of last new entry) set commitIndex =N (§5.3, §5.4).

Figure 2: A condensed summary of the Raft consensus algorithm (excluding membership changes and log compaction). The server
behavior in the upper-left box is described as a set of rules that trigger independently and repeatedly. Section numbers such as §5.2
indicate where particular features are discussed. A formal specification [31] describes the algorithm more precisely.

B2 SRaftHIRFANRESLE (FEERARENRGESE), RS[NTHEL LBNRSFRRIEN—RTIR
Y HAEERMA IR, Be5. 2 XENETSRAETHEEER—THITE, ERXNEXBIKZERH
hiEnEx.



Election Safety: at most one leader can be elected in a
given term. §5.2

Leader Append-Only: a leader never overwrites or deletes
entries in its log; it only appends new entries. §5.3

Log Matching: if two logs contain an entry with the same
index and term, then the logs are identical in all entries
up through the given index. §5.3

Leader Completeness: if a log entry is committed in a
given term, then that entry will be present in the logs
of the leaders for all higher-numbered terms. §5.4

State Machine Safety: if a server has applied a log entry
at a given index to its state machine, no other server
will ever apply a different log entry for the same index.
§5.4.3

Figure 3: Raft guarantees that each of these properties is true
at all times. The section numbers indicate where each prop-

erty 1s discussed.
E)3 RaftEEFI NP RIBREM RIS —RPMIL, SHSERESRERBSEN—FHTE,

Rafti@id J¢ i — 1 Ehleader ,fAIGLH FizleaderBIE S Tl HERIANE THERBREBI AN —EE. XleaderiZlX
KEEFPIRNAERE, BEMNEHZHEERSSL, RAESFRSFTAMRITNZEMRXLEREFBNAEE
EATRRSHE . {ERleaderf] LABIE I 2L BN EE, B0, leaderf] ATER BRI HERSHRHIER TRE
¥ EGRFZRERER/L, BEUERRE S MleaderRMEEMRS2S. leaderaBEREMELRAEEEERS
hARENHENER, EXMERT, SEMNleaderfifastik,

ZSleadertV737%, RaftiFHIREAM D A=A MILAYFE)RE, & TREVNTRI XL EHAITITIE:

o WMFEE: HEHNleadertFERTNIIAHRIleaderfliEZEHE (ET5.2) .

« BEEH: leaderhTHRKEKBEFIRIAEFRE, HIFENEFZEHFR, BHEECATHEECHNARE
ER— (E753) ,



o ZT2M: RafthxXEBNZEMZBEBFRPRESHLZ M (State Machine Safety Property) : WIRFEEIRS2IE
—MIENBEEBENARE T HIRSNA, BATLSENRETEHEEBIndex (FR3]) WEMIESHWBATEEN
fRZ28. ET5.4 A T RaftWlalfffRIX— I, HRRS REIEX E755.2 RIERAE S HIB— D EIMY
AR,

AREHIREERRE, AEITCT JRERENERNEEARATNAEE,

5.1 RaftE A
— PRaftEEEEBIEZ T IRSEZR; BEHNERS5, XUMNLERREBRIE 2RSS 2B(HE. ELATENEAN, 817kRSE
WFIUAT=MNRESZ—: leader. follower. Scandidate . £ EE HIRIEP, SHMIF —leader , FiG

HERSHR#MEfollower , followerZEoIlY: EAIFRESBECREEIER, MIXMARXBleaderfcandidatefyi’
Ko leaderfMEFREMNEFIFER (WREFIGEKRT —follower, ZfolloweraEHEE @ Elleader) , B=1
JR7Scandidate, 7E E755.2 PHEANIEZE FleaderfHER ., B4RR T IRSIRSENER,; REERBEREXH

Wie.

times out, receives votes from
startsup  timesout,  new election ity of Sorvers
starts election O jority

R
Follower) @andidata C Leader)
>

discovers server

with higher term

Figure 4: Server states. Followers only respond to requests
from other servers. If a follower receives no communication,
it becomes a candidate and initiates an election. A candidate
that receives votes from a majority of the full cluster becomes
the new leader. Leaders typically operate until they fail.

E4 RS5EIATE, follower(RIMA KB HEMRSFAIIEK, R followerZBIENEE, AESLT Ncandidate
¥ Fa—RiEE . KB T REBRNMERPASH T RARENcandidatealAFNleader . leaderBERIFEEIHE
&

discovers current
leader or new term

RaftiG RS EXI D REREKENterm (fEHA) , WESFIR, termiZfRS HELZMBE, S termhiiz
(election) #& , ARBHR—TEHZ McandidateRIXEIAL A leader, G ET5.2 PRI, MR
candidatefR1SIEE, BATRKEXtermR FAIAIE T EMleaderiRftiRS . HERLBERT, —RIEHEFESEIRE
RE, IERTiXterm R&FEEE A leader , BARRZFIE—THTEterm (FERE—IRFAVILEE) . RaftBfR— T4



ERtermPRZ R E2H —"leader,

term 1 term 2 t3 term 4
T 4 >
\ / _ terms
election normal no emerging
operation leader

Figure S: Time is divided into terms, and each term begins
with an election. After a successful election, a single leader
manages the cluster until the end of the term. Some elections
fail, in which case the term ends without choosing a leader.
The transitions between terms may be observed at different

times on different servers.

5 BT D Hterm, SN termMERFE, E—REINERE, B eaderRBBER, HEZterm&EE,
Uk RAKRN, EXMIERT, trmaTkiEleaderfi s, term 2 ARG AT AR EARSS 38 b AR EIRT (4%
UL,

AEIARSZ 23 P BEEA AR BN M EItermBOEE R, BE—LEERT, RSZAIEEEE WINE L E =% 0NIZIEE
term , term7ERaftif}® ZiERTEh [14]M0FAE®, HtermBEILIRSZB/IOMZIIAIH (obsolete) 152, KA
(stale) leader, BT RBBEFMHERINtermS, HEER B RIEREIE, HpiltermSEEMIRSF[BENE S
R, HZRSBLUINterm\THERSHRN, BLTCSEHEtermSERKAE . WRcandidateFleaderKILE
MtermdHR T, ERIUZEEfollowerR7S., MNRARSZZH/UE T BRI termSHIIER, ERELIZIEK.

RaftiRS523EMEZTT2IHA (remote procedure call, RPC) &f5, BEARNHIRBANFEMIFRPC,
RequestVote RPCTEIZZAIHcandidate ke (ET5.2) , i AppendEntries RPC#fleaderkitc, FAREFIH
SREMRHEOM (E15.3) . EBELEMATE=TRPC, ARE BSREEHRE , MRRS2IZE KITKE]
Rz, EMISREIHRPC, BENISHITHAERPCAIRGREFMEEE.,

5.2 Sk

RaftfE /OB HISRAL R NS iEEE, HRSBEMN, BIHRBUTAXAR. RERSREEWEISK B leaders],
candidatefIBIERIRPC, EMERIG ollowerR7S, leaderaEHAAIE O (RIEH M HEZBIAppendEntries
RPC) #aFfiAfollower, AHIFEMNE . R followerfEdBd —EZA(BfE (XERETBI#EFR D IEZEBAIETE], election
timeout) I%ZERE, BAERBIZHANZE I1THeader, FHFIE—IRIEZEEE— " Hleader,



RTFB—/RIEZ, followers EAE LRI term , F ##Zlcandidatelis , EMENBECIKRE, HH1THE
ERMENEHTEMNRS R A ERequestVote RPC, candidateRRIFEIAS, MEUT=#EBEz—KRE: (a) ER
BTEZ; (b)) B—1THREBF[BEA T leader; () —BRNMEEMNEEME. XEEREEEXHDFNITIE,

NRcandidateliE| T BN EEHHPAZ HBRItermRZ B[RS, BAECEmFEE ., E—THEEMNterm, 1
RSB IR 55255  (first-come-first-served) BIAR & Z—candidatelfZ (FR: ETNSAMREEMT
—PEIAR) , “RZBFCHNAR T EHFENtermP R Z RB—candidateBEm SIS (EBEREMANE3FR
n) . —HcandidatemSit%, EaTMleader, MEERMAMA MRS SR &IEOBE B DRILENE, FFH1E
MERRE,

£ EF5ER, candidateFJ8EIREIE B HERRS 235 A E C =2 leaderfiJAppendEntries RPC, 1SR leaderfterm (€2
FEEHRPCH) Z/D5iZcandidateHaifterm—iFA , BBARXMcandidate2fE AT AN leader, FHIR[EIF]
followerA7S, ERPCHEItermtbiZcandidateHFitdterm)y , BBA1ZcandidateRIELBRPCH 4L P candidatedR

SIBIT .

FE=MAEMNSERE, candidateBLRBARSFABMIZER: WRIFZfollowerEERIEER T candidate, %ZEAEE
RE XTI EEIR B candidateSREVA Z VIR E, HXMIBRAER, S 1 candidatefligaiBaHiEidgAE
termfIFFE B —%RequestVote RPCHRFFIAFT—40i%E . AT, WMRARENEIME, RERZAESTRR
s,

Raft{EF 7 Mt autasEn iy e MBREERRRIORE, BEREBREAURIRIERR, 77T EVRIZERA LR
TRA, BB ESA—TEEOEE (fi7, 150~300ms) FEEHIEER . XEFAERSHE LI, XFEXS
YERATREBTRSHSEN, ESETAHERSFENIRSEEARZOH., FEFNNGIEE HEks)
HNER (B ZBANANERLERERR, ETRIELERFRAR) . 8T candidate RN EEHE
FLIAEBITATEIADITESER, HERE T RIREFRRIFHmZEN N ERE, KR Tt ERERRERE]
HEVPIREME, E199.3 IRBAXM S IAREIR Ik Hleader

RE IR MRS EESERITPMEITEN—I6., FOBANTIER—THER (ranking) RE:
RIZE McandidateBE— T HE—HIEER (rank) , XRTHIBRSEEREREFEHHcandidatelH{EA, 1R candidate/ KT
TEESHEN S —candidate, ERiREfollowerlA7, XEBESHRMcandidateBEBE R ZHmE T —IRIL
¥, BIAMXMAEFNIE T BXRATAMMNIRBHOE (NRIESRESNRSHHIE, HFRRENRSRATEES
EIFBIY 7 BEB IR N candidate, {BRUREH R NcandidatelI R, TRIAESEEMSHEHME) , 11X
ZEEMTRZORARE, ERESRAREHMRLIMI/N G, RERNEEE, BNERNAEEEMZLE
5FIBR,

5.3 HEEH

—BleaderffiZZE 3R, ER/FRANEFPIRINIERREERS. 8T EFPHEREE —FKFERZETRSMITN
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1 1 1 2 3 3 3 3
X3y llye9xe2|xe<0|y«T7|x<5]|x<4
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< »

committed entries
Figure 6: Logs are composed of entries, which are numbered
sequentially. Each entry contains the term in which it was
created (the number in each box) and a command for the state
machine. An entry is considered committed if it is safe for that
entry to be applied to state machines.
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Figure 7: When the leader at the top comes to power, it is
possible that any of scenarios (a—f) could occur in follower
logs. Each box represents one log entry; the number in the
box 1s its term. A follower may be missing entries (a—b), may
have extra uncommitted entries (c—d), or both (e—f). For ex-
ample, scenario (f) could occur if that server was the leader
for term 2, added several entries to its log, then crashed before
committing any of them,; it restarted quickly, became leader
for term 3, and added a few more entries to its log; before any
of the entries in either term 2 or term 3 were committed, the

server crashed again and remained down for several terms.
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s3 [1 1 1] 2] 1] 2] 4]
sa [1 1 1 1
s5 [1 [1[3] [1]3 1]3

(a) (b) (c) (d) (e)
Figure 8: A time sequence showing why a leader cannot de-
termine commitment using log entries from older terms. In
(a) S1 1s leader and partially replicates the log entry at index
2. In (b) S1 crashes; S5 is elected leader for term 3 with votes
from S3, S4, and itself, and accepts a different entry at log
index 2. In (c) S5 crashes; S1 restarts, 1s elected leader, and
continues replication. At this point, the log entry from term 2
has been replicated on a majority of the servers, but it is not
committed. If S1 crashes as in (d), S5 could be elected leader
(with votes from S2, S3, and S4) and overwrite the entry with
its own entry from term 3. However, if S1 replicates an en-
try from its current term on a majority of the servers before
crashing, as in (e), then this entry is committed (S5 cannot
win an election). At this point all preceding entries in the log

are committed as well.
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AT HHIEX—[B), HARSBERIANZRIE leaderZER, Ef1272BERequestVote RPC, E{fihR, MNR—PARSER
£ X Bileaderf /) EZFBATALULEI T RequestVote RPC, EARSEFHEHtermIIRE, XASFIMIEEIES, £IE
BHNEEF, SPRSBEEFRIZEFSFE T R ERBITE, X RSHRERNRSEZNITIH: R
leaderBES LA HLEERE RIADEK, BBAEASHWEARItermS KRR,

7. BEEYSE

Raftl) HERHEE ERHRIFIER, MEHESNEFHER, EREIARAR, ETEAZRIMIEK, BEH
GHRERK, E5OREREBNNTE, #AREEERNNERER. &L, NRKENHRERF AEFRENTE
HER, X=SHATREEE,

RERBEEREENERSN. ERBRED, SENBTRAFTRTEREANIREFM LN —TRER, REE
HRX—RHE HERZEREER. REBRIEKERTEChubbyflZookeeperd, AEHREBH RHERRaft-FATIRER
REE,

AREREBESE (MBEFFE (log cleaning) B6]M1HELEMEHMIB0, 5]) MEATH., XEREGRE

SEE—TELEFIEE, FAAENRSED IO BERENRE., B, ENRER—TELRRE T IFSWMERIEK
EENNRIOEIERSE; AE, BT TREFEFRENNREZEMERN, HEBZKE., X5 REBRIGAEL,

FERZFIMIBISERE, RERBEISENBMESRENS BT X—0E, AEFEEFENRaft
HATIER, TARSHLEEER 5 IRIRRISIEE A O STHLLSMAN,



El12 lRSFHMEAMREBRAEATHERRNFZE (index1~5) , RERFRZF T HEPAE (EARHIH
AEEoxHlyyy) . ZRBEENRENindexfltermARLZEREHEMNHESRE6

El12 B/R T RaftAIRIBROEARTRE., B 7TRSF[IHIIMEIERE, REBNEEZRSZF[EHSCHERRNEZR., K#H
N TEERSHEHISRPASEANEIIRBARK ., RaftiRfERBHEIFET VDENTEIE: last included index ZIRER
ERNRE—EE (RSHTNBNSRE—15%E) Bindex, lastincluded term 2iX—% B Mterm, XL IRIFE
A5 B R i Z R R BB EEAIE — N 5 B AYAppendEntriesfd—EMEAGES, B RiZEEEERI—5% HEMindex
fMterm, NTEAEHKATE (MERE) , REEASFEBEEHREERlast included indextI&FHVECE., —BEAR
SRTMTREBEN, ©EMEREZRast included indexBIFE H 755 B F{E Z BIAVIREE,

REEZIER TIRSB[MILIBIZRIRE, leaderf@B/RUTIGIRIR L IELFEMIfollower, XRTEleaderEEERTE
TEREGfollowerfI T—%HEZBR AL, FENE, XMBERAKAIREELERREFLI: EEEBRT,
IR I T leaderfdfollower B2 B 7TIX—FKH. A, FEEENfollowerSiFiIIAEEPHIRSZE (WERE) &
BEX—5%E, Mleader ki, XM follower TR EM B BT MR EE K IR,

[E]13 InstallSnapshot RPCE4E, 1REAH 2 BIRIRFE M, XA LAET fAfollower RIXF MRIGEIEIFE,
XHEfollowerf] LAEIRIA A E BT 2R

leaderfE A —FH#EFR A InstallSnapshot AUFTHIRPCIRSE E R Z Mfollower & IX1RAR, W E13FR, Hfollower@id XM
RPCULEI—IRERRS, EMTUREUEAMEEEENHSELRE. B8, RBRSE2ERKSENESHEZENME
B. EXMIBEAT, folowerREREEIHE, ENXLHEHAFHIRBEK, BESHIESESIREAR
HRRERWBGEE. Bk, WRfollowerllZIFREBIANEEHEWEIE—HD (BTFEERIEIR) , BBAHE
REBEENHTEESEMR, ERRBZENZBENENELAKIRE.

XFPREBERER S RaftlBMSRNABLE, EFfollowerr] LA E D leaderfIENIREBIZIREE, AT, FHAPANX—IR
=0EN., REBE T leaderf] LU GRIANFEIRISAAR PR, ERHATHIREREIRBAHBART, FMAFEE
REERIE . FUR{Y Mleaderii@follower, S E2IMERBfolloweriNIREIEUE.

BAIZBRT B—METleadertV 5%, XD AEFR R WivileaderaBlIZ— PRI, ARERBRBRLENED
follower, A, XEMTIRR. B, EETfollowerKIFRBEREME TR, BERILRBOIBNHIEZIE, 8
TMollowerEZ B T RIZEHCHRBMENES, BEERSZHFREAFNASLIZRRBEET NERIENIEZZ
REBFHRRZ, £, leaderfIIMETRFEEZR. U, leadermaFmEHTHIHIT @ ollower KIXIRIBAVIRIEA]
RENSEHEERERIRE, SETETEERNEFIRER.

FIRBIEEENEBEE RN T, F—, REBB[DOIRETF L2REIERR, WRIRSHFEBRBROINE, €
DRBAWEFTRENEE; NREIZBRBXD, EcARFPEEEFMEENNN, BEXENESNERAEAE,
— R BRREN S S NAZIBEF TR EIEZIRR, WRRENANREEREZNREBRNARS, BAEL
BIREBRRIEIMER TR T HERAN,

BT MREEEZENRBAGEFERS I ZHE, BERNABILXMBESIRE. ERRLEZERSANE

#l (copu-on-write) XK, XEFEFH A UENLIDIREE NIER THIER, HIA0, ATHEEMEURSMWIEN
NENAEHZITE—R. B, BERFNSANRNESIT (BlalLinuxifork) FIEAENEMIRSHEIZRE

XIRE (BAINZIER T X—7E) .



8. BEFiIm3ZH

REHR T EFIRINQSRaARE, BFEEFinQHEIER leaderfRaftAIAI ST F A& 1B X [10], X—BJAFET
FIEMETHIRNAS, HRatMNBRAAESHERSEM.

RafttI B PIn G BRIER K iESleader, HEFIHEIRSEN, ERMEINIEE—TRSHRER. IREFIHE
IRIREN RS 2R N 2leader, ZBRZBEELIZEFIRNIER, HAOHREEMMEN RN eaderfIHEXER
(AppendEntriesiE kB EleaderfIM & HhE) . MR eaderfiin, BEFIFIIERSBN, BEFIHSBE/RBENIHLE—
MRS ERER,

BT RaftI BAREEIMEMIEN (B MREE L ERETNIRE RN S HA B A9 FE — IS ZI BT

(instantaneously) . Z/D—)XI1T (exactly once) B9) . A, BB ERMIRaEIERREZ I RMITS—1E
20 a0, RleaderfEIRR HESZBERRENNEFIRINMREER, BFHESEMNeaderEidiZIES, X5
BIZIELSWTRIT., HBRARZE, LBFPIHRASMELSSE—TH—NFIIS. RE, KSNKIEZETE
Pis TN &I FIISFENMNIEN ., REKFINIERNFETISELERNTE, BAERSNITIEKR, HiL
Bl& BIaRL,

W RIERMEABEQHSENEARA. A, NRASIAZGIIMIGE, ELBRERIBEEOXEK, E AL
ZIA KM leaderA] BEE A — TN E R FAFTleaderEXX . LMIZE™ 2R CIFRIHROEIE, RaftBEEMDAERHEH
RIMOFRBEHEFERIARIX— M. 55—, leaderdh MBXFHLERBRRR THRMER. “NSTEMMEHRT
leaderBFIBEIRRMNEE, BREENterm AR, EAREAHEMLEZERFRRTH., ATEMMERXES
Wi, ELIRR—TREBTEMtermiV&E., RaftBIIILE MMeaderfE EMtermFHIAR @ H RIRR — P =HY no-
op XBMAXNIEX—ER, EZ, leaderdh TEMBERITEKRFIOEHRESWER (MRBEFleadertiiifzs
B3k, ZHiRleaderfy(S B ETRERRIHAY) . Rafti@iditleaderfElMR RIEIERATS ERAIA S ET mHUOBEE B
RAGEEIX—[E, 55, leader®] BAKRE OB FISRIZETELY (lease) [9], ERXFEMBERRKMIELZEM (ERR
B R] (clock skew) EHFRM) .

9. SLIRFNIF(L

HMNELXI TRaftE R, HEHIEJIRAMCloudRAMCloudFRFECEE B ZEIAIRSHIN—30 5, FHARAMCloudtf
TESRIEEFE RS IR R EE B . 1ZRafte LM B E 7 £9200017C++K18, EAREFEMIL. EB. H=ZBE1T. ZFEBAILAME
=iaa[23], WA, EEN25 1 RaftiIE = A FHRIIBARAEABNALIE, EMNETFREXNER. B,
RZNEVEHHE T ETFRaAMEAS[34].

AEHERBOEM=TAERITERaft: AR, MM, FMEE,

0.1 A IRAE Y

N T ErERaftl R IBER M H 5 PaxosITEE, Ffi17EStanford University#Advanced Operating Systemi®F2
U.C.BerkeleyRYDistributed ComputingiR 2SS FRARIAEFAREFHE T X, B9 5IFKH T B XRaftfl
PaxosHIRTE, HREE THEXIV/NNLK, RaftAIIRIZEBE T AN T HEEHIAIANS; PaxosERE 7 BEBIERFNNZ
BIARSHEIAS, BIERARKPaxos, ZiRKPaxos, EfE. MTHPZIENRIDON—LEMME (FINHSIE
), NUIERARN T N BIANEARIERE, HERFAWIERRERL. STZ24EMEE— WM, MEXAE, A
BEEZNMM, BHEZ NN, AT ERFEINGEINFN RN, ARFRNS5ELMT
PaxostER D, B—H5TM T RaftiER D . BB LERSE5EEM DNRPHNDECRAIMSE5 BER S XIRaftE B
HIIRRE,



HATRATBE A FE PaxosFIRaft[B]# EEEE, LGOI Paxos B M A ERE: 43855 FaY15 MR Z BIXI PaxosE —
TELZ5, HPaxosHIMSMEERaftAIMMSTK T 14%, WRIFAR, FAIREN T —LEiERRBEBENRL . FEMREN
MRIER R E E(28, 31],

K1 #5HATREN PaxosTHENIR L. REMIERRIMIEH. FTRNEME,

FHRE, S5EERAMNLIEPLEPaxosHINIIE S T 4.9 (S99 860%, RafthIFigE25.7, PaxosHIF =2
20.8) . Bl4AERTHAIE D ANDE, ttt-10I8RKRB, TISNHNESET, RaftnEMNEX S HEbPaxosIE DS

2.5%,

Bl14 LE#R43R 5 5 & ERaftilPaxosBUNIL RRVRMATH R E .. FLMU ERINR (331) RRRaft D BESHY

BATERET =T REREE T — T AEFUNFZ LN S IR ERVIRE, X=17REZR2: T L.
i1 Z AISSPaxosHIRRRIZE . FMEMZESIEIENIIT . RIFZAREATUN, MILANEFRERaft 12.59), XEESE
IRERIN4ITNERSRS, BATSEAEXLMREZATEBPaxosIZL, XIS EPaxosREFE), MXIIEERRaft
AIZEENIENTER D . FIRMNR, ZREETN TSI PaxosllIRAS 5 FLL A S MRaftNZNN S 5 & K6.3D, BR
BAITREE N A, BRESIT LAIREE,

BES5FMETNRGE, BITEMATHTHRER, UEMNRESBMBEEESHINNBERE, X—ERNE
15fR . BEARSZSHNZE5EREMRAEDZLIUSHER (SN EBELFILAFBTRERT) . A, X
LHCIRESNRRAERBESSENNASEI 4R E, BES5EFERNBAIXRatHE 5 R BRI LR
IR

KT RaftEA P E I A EMNITIEA R [31],

Bl15 25FRBISTEEGEMITEEESZEENE. Ef. SRNRFHPII () MW-HIICsaIfh
REKRESZHERE (A) .

9.2 1B

BB ERE WA EIRNEET TR CHSESIER. X CHNISERIMER T TLAHHLEIES (17881 B2

FRENEETEER. EEAME4001TR, HAILAERIER, EXERISIIMRaAMAFRBRER, HIEBEITLA
R R TIACHEIERR 7« H S SRR M MR, fAT, 1ZIERRRER T BT ARIRMNAERX (BF, HEIEE
BIERALEAREZ M) , W, BIIARSNRZEMMRRE 77E (EUREHNEAS) BEXERIIE
FZVACRYIERR(31] (HEARMEA3500MEBRAK)



9.3 4 HE

Raftfy4RES HfthHIREIE (UPaxos) 1AM, HMHEERY, REER—TERILMleaderE HllFT HEKBRIRE.
RaftfE Al 7 RDEVE S HERIMEZ—R (MleaderFIERFRIFHRRAFTE—1) . RaftBVIEREE I INHE—F1R
Fto G140, RaftPIIARMASIFTOHE (batching) FA/KLZLALIE (pipelining) 15K, DREEFILENRILER, £H
ERENNET, ELFEMMATERRL . JEMHT, FSEAILAMKAERftR, BBITGLELETRET
%,

HAVERFEAIMIRaASZIINE T RaftASE L BIARERE, HEIETM T, F—, NFEETIEERIEULL
13?2 =, WSHREAIZMOS/NMEHREZSD?

[E16 10 5 &k ad ik leaderfVRT B, EEIFIZRE T AEMelectionTimeoutBEHSEE, TEIFIZRE T AR
8/ \electionTimeout, BREREXRE N TFEMelectionTimeAISEEAI1000FEE (Ff T “150-150ms”, E R A 100
R) 5 IEN“150-150ms” R R X electionTimeout?£150msE155ms[E]fEHl B S AL E R, XLNEEREE
5 ARSERAMMIERHS A, LR B EAMEL msAR ., 9IRS SRAEMIEEFSTINEE RBIL.

ATMNEFNSEZ, FIREMILS RS BAM M leaderfiiR, HillE 5 R S AT BIREMNZ B8 SSRHE S B R
leader (TLE16) ., ATRIERIFER, BRERPNEHEREEARRE, FIA—LLcandidatel2B K leaderfJ 53
. B, ATRSREARRNTE, FNWMHEASERIE eaderfIHZRIALE — TN EIFZHIOBERPCT 1 (X
I FleaderEEH T #HX B EHHRINIER) . leaderTEOBKET BN S BREN MRS, XTFEREMNL, OBKRS
|8 2 8=/)\electionTimeoutfy—, Ak, FIEEFEMR/IVENEEFAREL ZelectionTimeoutdI—,

El16#9 EEIZREA, electionTimeout RE/NEEIMIBEN L B ATEIR S P R IR AR, RN, WR=Z
AR, TSEHESFEBI10Y, ZREATETHFSHRFRRE., (UEMsmsAIREHL I thEE R & & X—8)
B, HEHENEEI287ms, FRABEARNBIECERENESAERNRIN: (EBIT1000/REHH) 50msHIfE
HSEE R R TEAATE A513ms,

El16 89 T EIZR AR electionTimeout Al LURZMEALATE] . HelectionTimeout 912, p. #e2¢leaderty FLIB IS
35ms (BEM—RH152ms) . AT, BHELRIITEIT AR EERAERNER: leaderE LB MRS S FHARTHORAAI RIS OB 45
. RITESHTAENRSEEHEER RANTME, BIEEERRFMelectionTimeout, 41150300Ms; XFFAIEBIIA
AAJRERTLENNSEE, BINERERIFNATRIE,

10. tHR<T1E

HIRBAEXNERNERS, XEHRMAZHETOTEIZ—:
o LamportXfPaxosHI[RiatAR[15], FIGEMBERFMEFMIRIZH(16, 20, 21],
o PaxosBVIFiA, EIEATEEMEREK, FHNEEMEBERAN IR E IFRIEML (26, 39, 13],

o SEMTIINEEMARL, WChubby[2,4]. ZooKeeper[11,12], F1Spanner[6], Chubby#1SpannerfI&&%H 1%
M NFRR, B_EHERE(1ET Paxos, ZookeeperfIE LR RISHE M —LE, {BESPaxosiRAE,

o BENFEEIPaxosHYMEBEMLTL[18, 19, 3, 25, 1, 27],



o OkifllLiskovEViewstamped Replication (VR) , X@EHB—1"ZIMHIRMWAGIE, EFMPaxos KIRTEIERAIAT [B]#
FERE. ENRHERRFFEER, HERT—1T2HABSMIN, EB2ZOHEIRMMNERITNEF22]F
WHBTHEE, VRERTETFleaderfV 575, ESRaftBRSIEMZLE,

RaftflPaxosir KRR EFE T Rafths&MSIN : RafthIMSF IR AR HIRMULERNIF S, BRaft RETEEZHGTHEES
FE| T leaderd, XEEEEEE, BFERZIEME, B, EPaxosH, MSEHFSEARWIIIMNZIHIN: E
RERMEEMMA, MIMHIRHATEE, AM, XSHEELIIINSG: PaxosEARHIRGIER EX MY TR
SIRZAIMIZ NG, BR, RatERIHMSEEEHETEEF, FREEAMELIRNE . X{ERaftAI
i EbPaxosE /D,

&Raft—#¥, VRHZookeeperth ETleader, FHULEfIMPaxostHlL, BRZS5RaftIEEIAIME, SR, RafttbVREY

ZookeeperfIHHIE L, FEAEIMID T IEleaderhVINEE, HIEN, RaftPAIHESKEBEXERIAEN: B@idAppendEntries

RPCMleaderdhit. VR, HEZBEEM MMENAT (leaderf] AEREIEHFEWAERE) , XEEHMIMNY

MEFE M., ZookeeperRRIVIHIAR, HEFKBERMFEE(EHLEcaderthBEMleaderfEin, (BERERTIMIIFEER
Raft[35],

Raft A B IR FRAYE BRELEEMBMNAMENE T HEERINEIEE D, Fa, FA1E T VRHIZookeeperIE

EARHRMAREEREREREN (FEEAETEFHNNARE, BAE(VFSEEEERIRL) , VR

Zookeeper#IE X T 10FF AR EHVH S LR, MRaft{RB4FHERE (MIPRPCIERMEMNINNEGA) . RaftdERLE

HESRNERE—=, B2 LEERE, B0, 7EVRHZookeeperfiiike, TfilfEleaderT BRI R{EMEED
B, EELRERT, BEEGINHE S RERMAIXLENS,

RaftBIsBMENGIE M T BiE, BEWMIHS 7 —EMEEfift. B2, Egalitarian Paxos (ePaxos) AJIATE—LERKM
T BT Toleaderfy 5 AL ML B IFAY I BE[27], EPaxosFI A TIKSHIE SRR, EIfRS2E, EEHERSH

RWHESEREIESGREY, fJMXA—RBEMERR—TES. A, NREHERNVIESEREEHERER
¥, EPaxosTiBEEINI—HEBE. ENEMIARSZEPAIEEIRRIES, EPaxosTEfRSBeRBMNNEIIEELF, BEN
WECE T 8ELHLERaftERAVIEIR . 23T, ElbPaxosMXIBR THANE 2.

FEHEIFHR, BREAEANAEEERATENSERRETIN, BifLamport&x#IAIIRIN[15]. VR[22].
SMART[24], FATARaftitiZF TEHAEHIRMNAE, BRNEFRBTERMHEIRMIN, EtRFERDZIIMILGIRSE
WA RATE, RaftiRBEFELamportfiJa\alphaa/sik, EANERIZRFEIRFVIAMAF Eleader, HEEVRFISMART, Raft
NEREBANNE R, RATENATERIINIERBEROLE; Bk, VRERELTEFHEREIEMBEEN
IR, SMARTXIRFERAVIERENER La\alphaafIPRH, Rafthl) 5 AR EEVREESMARTAIN T B /DHIZRIMILH

11. &1ig

BEREEENER. B, M/EHEEZAEEEMRITHN. REXELZREMENER, EBRITANATERLEN
REEM—FEE. AFRBEREERANTANIIZE, REBRTIESEN, BXANIIAT BRIt
By REZARNOTN. RIEFAENEEFERAVEBRARBIIARZEZNER, SUMIMREESZIIRE
PREBEIRHENMER,

AXH, FARRT HNHIRER, ZIUHE — M ZIRZ B IERE APaxos, EELMETHE
MAREBRZE, BOFRT —T#EZERaft, HNBERRIPELLPaxosEIFIEME, FATEINRaft REHEIR M
TEIFNEM, EAEREENIRITNERBERERBATIRITRAMEE, EIRITAERES, HMNERBINRE
WER T —LERK, Mo REEMEMIRSTE, RERATMERS T RaftAUrR IR, EILFAIEEFHIERE
AYIE Bt
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