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Raft implements consensus by first electing a distinguished leader, then
giving the leader complete responsibility for managing the replicated log.
The leader accepts log entries from clients, replicates them on other
servers, and tells servers when it is safe to apply log entries to their state
machines. A leader can fail or become disconnected from the other servers,
in which case a new leader is elected.

TSSO raft PRE) TAR R EHEAT 7 S B EES : raft &6k %5H leader, leader 5E
41177 replicated log K& H,

leader 7 TT4E5Z T 2 Fim OHTIE K, ARG E 2 follower 55, JEAE "4 HIHHER
ITiIXEER . W leader #[&, followes 48 Hridk2é K] leader.

K I B raft BP0 leader election FI log replication

2. leader election

raft Ppillrh, — A AR ZIE T LR =N IREZ —

e |eader
o follower
e candidate

25 HUIR S F 72 B REAR BLU ) B 313X = ARSI IX 51
times out,

statsup timesout,  new election
starts election

receives votes from
majority of servers

Follower Candidate

discovers current
leader or new term

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.
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Replicated state machines
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i 2 log entries &l (replicate) B follower ¥ 5, SR J5 K%M RN 5 Capply)
log entry H11#] command, MR E £ —FH.

THEIIES E/R T X log-based replicated state machine

@) ) - .
@ ‘Server State Machine ] ||}
ient Consensus X3
Module y: 9
z:0

[Log ©)

\ J,
Figure 1: Replicated state machine architecture. The con-
sensus algorithm manages a replicated log containing state
machine commands from clients. The state machines process
identical sequences of commands from the logs, so they pro-
duce the same outputs.
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1 2 3 4 5 6 7 8 log index
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xe3|lyelly«9|x«2|x0
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Xe3|lyel|lye9 | xe2 | xe0yeT7 x5 x4

> followers

1 1
X3yl

1 1 1 2 3 3 3
X3 yellye 9| xe2 | x«0)y«T7|x<5 )
[ . |

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.

AHEF R, logs HNT4i5 M log entry 4k , & log entry B T &% command, it
Ere4i% log entry B leader term.

M EERTLLER], AN S HEIHA T raft 58 TRIESTTH, AR5
P, MRmRk&—8, leader £ AWIZiR4, follower & log entries, E.E|FTE 17 A log
entries #RAHE .



fE LR T, leader W% H EHE G HIBIK 200 s BPo] ) % g [B], — B %
sR A I S, ARG IRIE log (HS22 log FrE & H command) 7EAEf 5+
GO R E A S R A R

XEAPAE: commit (committed) , apply(applied), ®i# 248 HEWEHI T KL H
W AUE HERRA: W5 WG S0 B ERH EMRASHL, B IERm R URE .

The leader decides when it is safe to apply a log entry to the state
machines; such an entry is called committed. Raft guarantees that
committed entries are durable and will eventually be executed by all of the
available state machines. A log entry is committed once the leader that
created the entry has replicated it on a majority of the servers

4. safety

7E AR R EH SR E S 2] majority F1 8, BUAEIRIEA S HERIR, BIELE & Fh A5 1500
T, XM leader election $ER|HIEZZIR A R, X —H5, FEIE raft PrlAESFh %
FER 515 0 T an el TAER

e — Mo i NEE, A2 EM, W

e safety: nothing bad happens,
e liveness: something good eventually happens.

AR ARG T, HHEWL safety JE&IE, BIFEEMEI T, RGEHAGE LA AT
BR,  ANRE ) ) iR [ R N

Eean, raft PRUEHE S 62K Z2 500 A HEA SRR, a2 safety JE¥E. M raft
AL AT AIRE—8, XJET liveness JEH: -

raft Bhil S RIECL B



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.

Election safety

w2tk MME—(EMIN&RE — leader #kth . X— fARWEE, £ PMEHIERE
fariy Z) LT —1> leader

RGP FENEZ R leader, FFZ N (brainsplit) , XRZIFHETEHHE, <F
ORI E R Rk, fE raft o, B RURIE T IX AN E

o AT AATHINERZ HAER— 5
o HAENMA majority HIERT AA RN leaders

Hik, E—EHN—ERE— leader.

log matching

WA ER, log VLRCHFME, B2 Ut an R AT S ERIHEAS log entry 1) log index #H A H.
term #[H, IALEZ index ZRIIFTA log entry NiZ#l &M E K. WATEEI 2 48T
DL A



e If two entries in different logs have the same index and term, then they store the
same command.

e If two entries in different logs have the same index and term, then the logs are
identical in all preceding entries.

T, leader fEH:— term MME—fE R =01 E# —4 log entry, H log entry &
append-only. %, consistency check. leader & AppendEntries & H# log entry
ZHI—A log 1 term F1 index, W follower 7EXTRifY) term index #HAFIHE,
25 leader A—E

ERASFHERITE T, log matching /2R 52/, (HIFHI 7 node crash, 1HHLAE
AT A

1 2 3 45 6 7 8 9 101112 log index
1[1]1]4]a]5[5]6]6]6 ey
(@) [1]1]1]4]4]5]5]6]6 :
o) [1]1]1]4
© [A[aia]al5[5]6l6]6]6 Sossible
@ [A]]aala]sT5Telelel7l7] [ """
@ [L]1]a]a]4l4]4
YN PP EE EE E

ER: FEM a-f & 6 4 follower, TR follower RJREAELEI/ANAIRES

leader. follower #FH[fE crash, I34 follower 43 M HES leader FHLLATREHILLL T
i

e [t leader HEA, W EEHH) ab

o [t leader HEZ, W EEHH cd

o U7 EL leader £, UL &L leader 2, W ef (/D REME—IAME)

YHIL T leader 5 follower AN—E1%HL, leader iEffil follower &l H CH log



To bring a follower’s log into consistency with its own, the leader must find
the latest log entry where the two logs agree, delete any entries in the
follower’s log after that point, and send the follower all of the leader’s
entries after that point.

leader Z4EH"—~ nextindex[] #4l, 8% T leader W LAk IESRE— follower I log
index, ¥4tk A leader HJi—A" logindex i 1, AIHItLHEE], leader LSRN 52>
SLEPY AT follower %&i% AppendEntries RPC (AL E T log entry, 782400 BkH ED,
I/ TW NS S PSR

s1 leader #4541k nextindex[x] & leader #tJ5— log index + 1

s2 AppendEntries H prevLogTerm prevLogindex K [ logs[nextindex[x]
- ‘]]

s3 Wik follower #| Wi prevLogindex fi & ) log term A % T
prevLogTerm, 41z [H] False, 503[E True

s4 leader Y| follower RIS, WiIRR[FMEE False, M| nextindex[x] -=
1, B R s2.

s5 [ nextindex[x] /5T log entries

leader completeness vs elcetion restriction

leader 5E#EME: WK —A log entry FEFAMMEIHHIEZ (committed) , BAXFKHE—E
SHBAERTA S term [ leader HYHEHH . XA leader election. log replication
A Ko

o  —AHEWEHF majority AR committed

o —/NTSIRE] majority MIEEARERCA leader, T A AT AL B BERILH
—ANATHRSE, B MHERGELL A MHEH. FHE 5] SCH AL T Qe 08 H &
IH

voter denies its vote if its own log is more up-to-date than that of the
candidate.

If the logs have last entries with different terms, then the log with the later
term is more up-to-date. If the logs end with the same term, then
whichever log is longer is more up-to-date.

T AEEER] T majority: commit majority and vote majority, A4l Quorum, XFA
majority — &2 B AN, FUILHEZ I leader —E B & T HBHTN committed [1HE.

raft 53HAHML (Viewstamped Replication. mongodb) AN, raft 4AZ4FAE leader 1
ERHERT M HE, Kt leader A2 M follower catchup H &, Xt kKL T 24
IR .



5. corner case

stale leader

raft fRilE Election safety, Bl —/MEMINHRZ XA —4 leader, HAEMZ 3% (network
partition) (15U, ATRES MBI leader, {HFE A leader FTACHEHIRARRA. W
TEFR

Node D
Term: 2
Leader: E
Node C .3 Node E
Term: 2 Term: 2

Leader: E l
. O

Node A
NOd? %_ Term: 1
Term: Leader: B

RAH 5 NI ABCDE 46k, 7t term1, Node B & leader, {2 Node A. B FiI Node
C. D. E ZIAHH 7 M4 2rE], Ktk Node C. D. E LU FSkH leader (Node B)
HE., 7E electiontime ZJ5, Node C. D\ E &/ iliE2¢, T2 majority %1, Node
E NT term2 1 leader.

Hitt, FERGETHRUUBI T HA leader: term 1 i) Node B, term 2 i Node E, Node B
) term FIH, HETHIES Majority 17 A0EE, NodeB iR\ NH T2 leader.

FERXFERITEOLT, BAPRFERS

BoE, W% KSR K% F] T NodeB, NodeB JEik¥s log entry Ei#ilE| majority i
m PUEAS SRR i 5 AR, XA AT L

XFFiEiE R, stale leader WAEIR A stale data, ELUNTE read-after-write H—FMEZR T,
ZPIRENB T term2 fEHA leader Node E, {HiZiHR&1%F] T Node B. 1 A RIE
AR A stale data, leader T check HCZEN T, IME A S KZHA SEE X,
AT RE MR . 7 —Fh7 2 A lease, (HIX A2 HCOmA BRI 4



M raft B8 SCH A LA E, leader #:4l follower 252K EE R term HIH S,
WIS W4 oy %) — EH R4, B4 stale leader wt & — HAF/E. WfE raft B —SeseBlok ¥
raft-like ¥4, leader GIRILAE] majority T5 A0SR, AR LLEC step down, H
ITEE I3 follower (IR .

State Machine Safety

RITHZES 41 safety HUIHEA —SFBYEEA A4, TFmi2 State Machine Safety:

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.

WA SRR — A BB log entry S 2 7R, AB4 Hopth 5 SAE R — 67 B A GE R FH AR
FIH &, s ARY, Fra S ER —ALE (index in log entries) %N FIFE) H &

(BRSO 2 3 1 XA U

12 1 2 123 1
st [1T2] [1[2] [AIz 1
S2 112 112 1|2 1
s3 |1 1 1 1
54 11 1 1 1
ss [1 113] [1]3 1[3
(a) (b) (c) (e)

AR BB L. FERTZ (a), sT1 42 leader, fF term2 #RAZHIHERRES] T
s1s2 PANTIAEE crash 1

R Z] (b), s5 BN T term 3 K leader, HERIMES] T s5, SRJ5 crash. ZRJG7E(C) B
Z, s1 XA T term 4 1) leader, FFUAMRMEHE, T2 term2 WMHEEHE T s3,
Wz, ATRAEH term2 X HE A EHIE T majority, HitkZ committed, A LAHE
REHLS -

AFEHE, TR (D) WZ), s1 X crash 7, s5 EHi4iE, REH term3 K HEEH
BIA T A, AL T A REILR . PRHRIRZHCT A (BEE W R DN D 1
HEH R .



FHHARA, N termd B leaders1 #£ (C) WZIIRAZ T2 term2 FMWIKH &, A
TR X P L R A

Raft never commits log entries from previous terms by counting replicas.

Only log entries from the leader’s current term are committed by counting replicas; once
an entry from the current term has been committed in this way, then all prior entries are
committed indirectly because of the Log Matching Property.

WEE T, A leader 2SI Z G, NEHEPERZHAT leader BFHAMIH &, &t
P M RE M H E R RF B2 a HERRE T, AREASLIT, £ log
matching #B7 A HE4EN4 .

IRAFREA T, R leader #k2¢Jm BeA R M imiERKE, WA RS, EAENDT
SR AL R S B ] $RAC— 2= log

Raft handles this by having each leader commit a blank no-op entry into the log at the
start of its term.

BRI, 76 BRI, APl (O BZIKE, B term4 (R leader s1 A48 term2
MHER] s3. MiZuFE (e) FdRMHELN, WEEH - #2528 termd FIHBEIEIEE term?2
MHE. R termd HHERZ KL, B4 term2 [ HE W — @RI, BB
slcrash, s5 WA HEF ik,

leader crash

follower [#] crash Ab¥ 77 sCAH XTI 8L, leader R EA{=H45 follower KIHEEIT . 4
leader crash [R5, FiEM BB E ., AXE CER, FEHEREG T —DEHiE R
A

4.1 FIMEW v=3

P
- ~
- ~
- ~
~ ~

@ 142358 v=3

4.2 FEIRA v=3

\\2.1 24 v=3

N

~
~
S - -

3.2 FRIAEI v=3

TATAT LT leader fEARENIZ] crash HITEML, AL TRFAE raft SEMIAEME.


http://www.cnblogs.com/mindwind/p/5231986.html

6 N lé é:l:

raft B 3L IR ) B i R 9 S A ST ) 1] B, leader election, log replication. iFEAE2Gi%k
% leader, #R)5 leader M 3TE M. 248 log (log HfL% command)

N T AT TGO REA A, B2 safety JE %, XF leader election, log replication
PR T ) A 15 22 200K

leader election ZJ:

o [F—IEMINEEZ A —5, SkkA
o EZEALIIHHCHIEREZ (HAL term, log index)

log replication ZJ%:

o — log #WEBRIZIKZHA N, B2 committed, RIEAZENR

o leader —E M EFHHN committed log, Kk leader R&BINH&E, AaMiprE
mHE

o RFETIA, FEAIE FHBEAMM, IAXANEZATIETA HE— A

e Raft never commits log entries from previous terms by counting replicas.

ANRAEF raft WXEACKERS, A —E2Mm. MRS, R raft il
— AR T, BIXANSEEREEN T, MR TR, SR EEWR S, W Figure
2 Xt raft BESHT 7RSS

W5, ERER—AEIT raft HERRGKER LI,


http://thesecretlivesofdata.com/raft/
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