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1 SessioniBIB SR

EZFintliE socket IEERE , SEER | MNREREAIIAIISEAZ] primeconnection FiZAARA
1X ConnectRequest IEEIEK , IXBERIRE session R , KT EFHCIESIERRAIFMAEXEM
WET | BAEEHERSS IR session RIEMIERIE.

1.1 IREixSessionB ISR

ZookeeperfRFBimSIEERFUITE :

SessionTrackerImpl ExpiryQueue

sessionsByld elemMap

sessionExpiryQueue expiryMap

sessionsWithTimeout

nextExpirationTime

nextSessionld expirationInterval

RS ImiEId sessionTrackerImpl ] ExpiryQueue SE{REFESessionSHEE.

sessionTrackerimpl BLATEM :
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1:sessionsById HKAf7fitConcurrentHashMap<Long, SessionImpl>

{sessionId:SessionImpl} 2:sessionExpiryQueue EXpiryQueue<SessionImpl>kuA%l
3:sessionswithTimeout ConcurrentMap<Long, Integer>fiffI Z{sessionId:
sessionTimeout}

4:nextSessionId [—“-sessionid

ExpiryQueue KBATIBLATEME :

l:elemMap ConcurrentHashMap<E, Long> f7fifi/2{SessionImpl: newExpiryTime} Session
SEAINS G, SR ]

2:expiryMap ConcurrentHashMap<Long, Set<E>>fifilfj/E{time: set<SessionImp>} KA
], AR A Sessiontf RES .

3:nextExpirationTime T —&A&%WH {(System.nanoTime() /

1000000) /expirationInterval+1}*expirationInterval 4§l RGN (A ZF0E
ms=System.nanoTime() / 1000000. nextExpirationTime=247i &SN A= {EH
+expirationInterval (RZIAIRG) .

4:expirationInterval ‘KRALMMIFG, ZRIAZ10s, wfLliliilsessionlessCnxnTimeoutf&ik. R/&id it
fi B SRt ckTime & ik

1.2 SessiongliE

B EEs I —ERGREST , BUNEFimAREKRE |, BiRiIRIES —XEIEIEXK ? EZa1RY
ZZ(5iERS NToServercnxn. readPayload () FERRIL , NIOServercnxn.readPayload() B <R
BT :

if (incomingBuffer.remaining() == 0) { // have we read length bytes?
incomingBuffer. flip() ;
packetReceived ( bytes: 4 + incomingBuffer. remaining()) ;

/MEBf I initialized=false, RavH—IRIERE FHEL|H#Session(createSession)

/1 FreadConnectRequest () J5, fEreadConnectRequest () FiEHF £ initializedi® & Atrue
if (linitialized) {
readConnectRequest () ;
I else {
readRequest () ;

}
lenBuffer. clear() ;
incomingBuffer = lenBuffer;

LbATUNER initialized=false , T"rEBE—IXNIERE EEGIE session(createsession) , HaMER
readConnectRequest()f§ , #EreadConnectRequest()/5ixF<LEinitializedigE Atrue , IBELIES
EFEERZ G4 2BinitializedigE Atrue , A LMEE FinEMGS.

private void readConnectRequest () throws IOException, InterruptedException, ClientCnxnLimitException {
if (lisZKServerRunning()) {

throw new IOException(”ZooKeeperServer not running”);
}
zkServer. processConnectRequest ( chxn: this, incomingBuffer);
Iinitialized = true; }

}

FEBEAERT processConnectRequest SMBEEIFEK, processConnectRequest F—IRMIEK
FIREXAY session1d=0 AT SIBEIFESessionfEA—MISS , V8 createsession) ik,
processConnectRequest JTiAERD RO ¢
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'/sessionId=0, Bl Z{lESession
if (sessionld == 0) {

/ /B Session

. v '’ _ =
long id = createSession(cnxn, passwd, sessionTimeout) | BliSession, SE—XIBRE(FA—PISEIRE
LOG. debug (

“Client attempting to establish new session: session = Ox{}, zxid = 0x{}, timeout = {}, address
Long. toHexString (id),

Long. toHexString (connReq. getLastZxidSeen()),

connReq. getTimeOut (),

cnxn. getRemoteSocketAddress()) ;

BIESIEVAM createsession() , A ESEMEIE—sessionld , #?E‘,lzsessmnld{’lijj 1EIDEY
E— ) BliEsession2IEANEK , HZIERZLLWSZHEHEN createsession() JEEBY0
T

* fil|i#Session
long createSession(ServerCnxn cnxn, bytel[] passwd, int timeout) {
if (passwd == null) {
/ Possible since it’s just deserialized from a packet on the wire.

passwd = new byte[0];

s -

Gl session A
[iEsess gliESessionlD

long sessionld = sessionTracker. createSession(timeout) :

Random( seed: sessionld superSecret) ;

Random r = n
r. nextBytes (pass
ByteBuffer to = Byte
to. putInt (timeout) ;

fer.allocate (4);

RiEBIIERI SessionI DEER— M YR SR RIILSS

cnxn. setSessionld(sessionld) ;
/ /Bl —~0pCode. Cl‘eateSessionE‘J\‘Lﬁ B iERE %)

Request si = new Request(cnxn, sessionId, xid:0, OpCode. createSession, to, authlnfo:null);
/RN 5

submitRequest (si); | dkSZ4MBSERNZRIRI—1E

return sessionld;

FmEAEEZIR sessionTracker. createSession(timeout) T 2 MNMEED BIZERIE session|dFOAEDR
BsessionldBIREMER , FIABRBUT :

|#Session

.L'-D

public long createSession(int sessionTimeout) {
//3RELF —~SessionID

long sessionld = nextSessionld. getAndIncrement () ;
[//Sess10niR irAC &,

trackSession(sessionld, sessionTimeout);

return sessionld;

SEEENRIEESLHM 2SR ERRNZEATIF |, A LRESIE DREISIEER |
trackSession J53ESLI T SessionBlEE. SessionpAFITEiE. session iITHARAFITFENE , tracksession

T3iEIFRSANT




* SessionfREFACE
@0verride
public synchronized boolean trackSession(long id, int sessionTimeout) {

boolean added = false;

/ /3R —Session, M AZ, NLLSessionIDE)E —Session
SessionImpl session = sessionsById. get (id):
if (session == null) { Elsession

session = new SessionImpl(id, sessionTimeout);

sessionff AFsessionsById™®, aJLIARIEIDFELF|Session
Sessionlmpl existedSession = sessionsByld. putIfAbsent(id, session); REIEAZ

if (existedSession != null) {
session = existedSession;

} else {
added = true;

/ /5 Sessionds INE 2 BN T

updateSessionExpiry (session, sessionTimeout):

TRINE) L BIBAF R

return added;

7E prepRequestProcessor A9 run 5758 prequest2Txn , FELIBAT :

/create/close session don’ t require request record

casel OpCode. crea teSession:I

case OpCode. closeSession:
if (!request.isLocalSession()) {
pRequest2Txn (request. type, zks. getNextZxid(), request, record:null, deserialize: true);
}

break;

case OpCode. createSession:
request. request. rewind () ;
int to = request. request. getInt():
request. setTxn (new CreateSessionTxn (to)) ;
request. request. rewind () ;
only add the globhal session tracker but not to ZKDb
zks. sessionTracker. trackSession(request. sessionld, to);
zks. setOwner (request. sessionld, request. getOwner()) ;
break:

{E syncRequestProcessor XJtxn(glzEsessionfR/E)iH{TIEA M, , £ FinalRequestProcessor X4
SessionH{TIEAS , HELFEE session BJIDF] Timeout 72! sessionswithTimeout 2,

T FinalRequestProcessor FiEFEHEEAEZY , HINCABEIEEHR , ARTLUZIRX/MIRFER

i

1:FinalRequestProcessor.applyRequest()
J7iEAHS: ProcessTxnResult rc = zks.processTxn(request);

2:ZooKeepersServer.processTxn(org.apache.zookeeper.server.Request)
FiEAY: processTxnForSessionEvents(request, hdr, request.getTxn());



EEARSEER R processTxnForsSessionEvents (request, hdr, request.getTxn()); J3i&ABUN
T

private void processTxnForSessionEvents (Request request, TxnHeader hdr, Record txn) {
int opCode = (request == null) ? hdr. getType() : request. type:

long sessionld = (request == null) ? hdr.getClientId() : request.sessionld;

OpCode. createSessiom\l %

[if (opCode == OpCode. createSession) | ]

if (hdr != null & txn instanceof CreateSessionTxn) {

CreateSessionTxn cst = (CreateSessionTxn) txn;

//Fisessionld. TimeOut#27 #lsessionsWithTimeout

sessionTracker. commitSession(sessionld, cst.getTimeQut());

} else if (request == null request. isLocalSession()) {
LOG. warn ("#¥++%>>>>> Got {} {}”, txn. getClass(), txn.toString());
}
} else if (opCode == OpCode. closeSession) |
sessionTracker. removeSession (sessionId) ;

FEGEFELIET opcode.createSession FHIE sessionid. Timeout IE3ZE!
sessionswithTimeout § , TIIR3ZE! sessionswithTimeout AYJ5%
SessionTrackerImpl.commitSession() {XEBE0T :

public synchronized boolean commitSession(long id, int sessionTimeout) {

return sessionsWithTimeout. put(id, sessionTimeout) == null;

1.3 SessionfflFh

IRSimTTiCEZHAERKMS (B pingZiEK)EB=E#TSessionAUD HARTE] . A IS EE ping
SRR |, #FS420d RequestThrottler , RequestThrottler BrunjgiEhiER
zks . submitRequestNow() , 1M zks.submitRequestNow(request) FiIFAT touch(si.cnxn); , 1%

T3iRRISANT

void touch (ServerCnxn cnxn) throws MissingSessionException {
if (enxn == null) {
return;
1
long id = cnxn. getSessionId() ;

int to = cnxn. getSessionTimeout () ;

if 4!sessionTracker. touchSession (id, to)b EaiEid ERnE

throw new MissingSessionException(”No session with sessionid 0x”
+ Long. toHexString(id)

+ ” exists, probably expired and removed”);

touchsession() 73 & #HsessionExpiryQueueBAZIFRRILZLETE] , JRRSUIT :
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public synchronized boolean touchSession(long sessionld, int timeout) |
//FiHiSessionId3k Ml Session

SessionImpl s = sessionsById. get (sessionId) ;

if (s == null) {
logTraceTouchInvalidSession(sessionld, timeout) :

return false;

if (s.isClosing()) {
logTraceTouchClosingSession (sessionld, timeout);

return false;

/ /B #Hrsessionid BHHT ]

updateSessionExpiry(s, timeout);

g ERE (A

return true;

update ) FiESTELRIRTERYERM _EIENtimeout , FFEFEET A InewEXpiryTime , FEERIZAN
T

public Long update(E elem, int timeout) {
Long prevExpiryTime = elemMap. get (elem) ;
long now = Time. currentElapsedTime() ;
MBI [A]FE N 1 timeout i [A]

Long newExpiryTime = roundToNextInterval ( time: now + timeout) ;

if (newExpiryTime. equals (prevExpiryTime)) {
/ No change, so nothing to update

return null;

/ First add the elem to the new expiry time bucket in expiryMap

Set<E> set = expiryMap. get (newExpiryTime) ;

1.4 Sessioni3Hj

SessionTrackerImpl B—MEFEZE , 487K T ZookeepercriticalThread , AT LIEEHIrunAs
%, BEGRNT T "RESHAE , FHMAIRESSIESEERIE |, AT EFinsias
BFBIAKA , IRESA0T
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@0verride
public void run() |
try {
while (running) |
/IREL T — SR 8] waitTime
long waitTime = sessionExpiryQueue. getWaitTime() :

if (waitTime > 0) | 1
P, N TF—/ N i EREE
fRiRwaitTime FHAEZ SRR

Thread. sleep (waitTime) ;

continue;

SREUR M B P i A
for (SessionImpl s : sessionExpiryQueue.poll()) {
ServerMetrics. getMetrics (). STALE_SESSIONS_EXPIRED. add (1) ;
K2l
setSessionClosing(s. sessionld) ; ﬁﬂ!ﬂiﬂﬂﬂﬁ?ﬁ%ﬁ%%
AL P B HERRAEE

expirer. expire(s) ;

LTESEFREBT sessionExpiryqueue.poll() , XA ERBEERARBUI AR BN NAEFinals
&, BT

public Set<E> poll() {

long now = Time. currentElapsedTime() ;

long expirationTime = nextExpirationTime. get()
if (now < expirationTime) {

return Collections. emptySet () :

Set<E> set = null;

long newExpirationTime = expirationTime + expirationInterval;
if (nextEypirationTi jSet (expirationTi ExpirationTime))
{/FRIUR N R B P I SRR R A, X R expiryMap R G AT E .
set = expiryMap. remove (expirationTime) ;

}
if (set == null) {

return Collections. emptySet () ;
}

return set;

AR setsessionclosing() FiEEELEHESessionSIEHY isClosing SRESIRE N T true, 5 RREAN
T

public synchronized void setSessionClosing(long sessionld) |
if (LOG. isTraceEnabled()) {
LOG. trace ("Session closing: 0x{}”, Long. toHexString(sessionld));

Sessionlmpl s = sessionsByld. get(sessionId):
if (s == null) {

return;
1

s.isClosing = true;




MiLEFPiRAKAYTIE expirer. expire(s); HSLHR—MNISIRE , TERAT
ZooKeepersServer.expire() J5i% , Mz iEskESessionldfg , XEI@ET—
opcode.closesession BUIESK , FHALEUVSSHELMIE |, FR{JEE Zookeeperserver.expire() J3iAIRRD
T

* SessionZeif

# @param session

public void expire(Session session) {
long sessionld = session. getSessionId();

close(sessionld) ;

#* KHSessionk 5%

private void close(long sessionld) {
/B #—4~0pCode. closeSessionll % i&E R
Request si = new Request ( cnxn: null, sessionId, xid:0, OpCode. closeSession, bb:null, authinfo:null);
/N F R A R

submitRequest (si) ;

£ PrepRequestProcessor.pRequest2Txn() J5i%H opcode. closeSession H{EEEREERS{CIERHE
B&iESessionflisClosingi®&E A T true , JRIGENT :



case OpCode. closeSession:
/ We don’ t want to do this check since the session expiration thread
/ queues up this operation without being the session owner.
/ this request is the last of the session so it should be ok
//zks. sessionTracker. checkSession(request. sessionld, request.getOwner()):
long startTime = Time. currentElapsedTime() :
synchronized (zks.outstandingChanges) {
" need to move getEphemerals into zks. outstandingChanges
" synchronized block, otherwise there will be a race
/ condition with the on flying deleteNode txn, and we' 1l
'/ delete the node again here, which is not correct
Set<{String> es = zks. getZKDatabase (). getEphemerals (request. sessionld) ;
for (ChangeRecord c¢ : zks.outstandingChanges) {
if (c.stat == null) {
/ Doing a delete
es. remove (c. path) ;
} else if (c. stat. getEphemeralOwner () == request. sessionId) {
es. add (c. path) ;

1
for (String path2Delete : es) {
if (digestEnabled) {
parentPath = getParentPathAndValidate (path2Delete) :
parentRecord = getRecordForPath (parentPath) ;
parentRecord = parentRecord. duplicate (request. getHdr (). getZxid()) ;
parentRecord. stat. setPzxid (request. getHdr (). getZxid()) ;
parentRecord. precalculatedDigest = precalculateDigest (
DigestOpCode. UPDATE, parentPath, parentRecord.data, parentRecord. stat);
addChangeRecord (parentRecord) :
}
nodeRecord = new ChangeRecord(
request. getHdr (). getZxid(), path2Delete, stat:null, childCount:0, aclinull);
nodeRecord. precalculatedDigest = precalculateDigest (
DigestOpCode. REMOVE, path2Delete) :
addChangeRecord (nodeRecord) ;
1
if (ZooKeeperServer. isCloseSessionTxnEnabled()) {
request. setTxn(new CloseSessionTxn(new ArrayList<{String>(es)));

}

|zks> sessionTracker. setSessionClosing (request. sessionId) ; |

}

ServerMetrics. getMetrics (). CLOSE_SESSION_PREP_TIME. add (Time. currentElapsedTime () - startTime) ;
break;

I SSHEAMEITER FinalRequestProcessor.processRequest() A EART
ZooKeeperserver.processTxn() , 7B processTxn() FiEFHITT

processTxnForSessionEvents , [T processTxnForSessionEvents() JEIEFBR TSIEER , A
RIERSANT ¢




iprivate void processTxnForSessionEvents (Request request, TxnHeader hdr, Record txn) {
int opCode = (request == null) ? hdr.getType() : request. type:
long sessionld = (request == null) ? hdr.getClientId() : request.sessionld;

/OpCode. createSessionl %
if (opCode == OpCode. createSession) {
if (hdr != null && txn instanceof CreateSessionTxn) {
CreateSessionTxn cst = (CreateSessionTxn) txn;
Fisessionld. TimeOut$Z73EF|sessionsWithTimeoutH
sessionTracker. commitSession(sessionld, cst.getTimeOut()) ;
} else if (request == null Irequest. isLocalSession()) {
LOG. warn ("#x%£1>35>> Got {} {}7, txn.getClass(), txn.toString());
}

} else if (opCode == OpCode. closeSession) {

I sessionTracker. removeSession(sessionId) ; I B RAIE

IR STEAYT X sessionTrackerImpl. removesession ) SR EIEIDIANISEISIENIS | RIBA0
™

public synchronized void removeSession(long sessionld) {
LOG. debug ("Removing session 0x{}”, Long. toHexString(sessionld));
SessionImpl s = sessionsByld. remove (sessionId) :
IsessionsWithTimeout. remove (sessionld) ; I =FIDEBK
if (LOG. isTraceEnabled()) {

ZooTrace. logTraceMessage (

L0G,
ZooTrace. SESSION TRACE MASK,
msg: “SessionTrackerImpl ——— Removing session 0x” + Long. toHexString(sessionld)) :
}
if (s != null) {
sessionExpiryQueue. remove (s) ; HBISiEBE
}

1.5 Zookeeper&iEillizt
AT ikZookeeperfIIERMEERZI , FHiIWSEREM— MU | BlidsEelE , BldSiER

.
1)&iReIEER N
A FTFF NToServercnxn. readrayload) /5% , IREFEVRBIEZSTE , WidERWOT :

if (incomingBuffer.remaining() == 0) { have we read length bytes?
incomingBuffer. flip() ;
packetReceived( bytes: 4 + incomingBuffer. remaining()); incomingBuffer: “java.nio.HeapByteBuffer/p
/R N finitialized=false, T —iRiEH TEG|H#Session(createSession)
/ /il FreadConnectRequest () J§, ffreadConnectRequest () FiEF ¥ initializedi% B Ntrue
if (linitialized) { initialized: rfalse
.- stem. out. println("1: Z=ihARERE, AT IKEESE
readConnectRequest () ;
} else {
System. owt. println("1-1: 2i§ &, FHREESG. ... K

readRequest () :
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A S EE iR EEF ElEE SessionID |, FA1EIRE] NIoServercnxn. readConnectRequest() /3% ,
bR 5ERE | FFE18%IRYsessionld=0,

@SuppressFBWarnings (value = 7IS2_INCONSISTENT SYNC”, justification = “the value won’ t change after startup|
cnxn: “ip: 127.0.0.1/127. 0. 0. 1:}

public void processConnectRequest (ServerCnxn cnxn, ByteBuffer incomingBuffer)

throws IOException, ClientCnxnLimitException {

BinaryInputArchive bia = BinaryInputArchive. getArchive (new ByteBufferInputStream(incomingBuffer)); hia: A1
System. out. printIn(”2: #EF i fEER. ... .. WE
ConnectRequest connReq = new ConnectRequest () :
connReq. deserialize(bia, tag: “connect”); hia: BinaryinputArchive@2413
L0G. debug (

“Session establishment request from client {} client’s lastZxid is 0x{}”,
cnxn: ip: 127.0.0. 17127, 0. 0. 1:24465 sessionld: 0x0”

connReq: "0, 0, 30000, 0, #0000000000000000 \n”~

cnxn. getRemoteSocketAddress (),
Long. toHexString (connReq. getLastZxidSeen())) ;
/B LVRHE
long sessionld = connReq. getSessionld(); sessionld: 0 connReq: "0, 0, 30000, 0, Z0000000000000000 \n”~
tem. oLﬂn‘int In("2: /1K FEEM sessionTd="+

eperServer ) procest—oJnectRequest()

%, sessionId=0

' ZooKeeperMain
Ihe T 33 2% %@

Variables

> = this = {ZooKeeperServer@2305}

> P cnxn = (NIOServerCnxn@2288} "ip: 127.0.0.1/127.0.0.1: 24465 sessionld: 0x0"

> p incomingBuffer = {HeapByteBuffer@2293} "java.nio.HeapByteBuffer[pos=44 lim=45 cap=45]"
>

>

o m

.Y +7

Juest:1398, ZooKeey]
st:460, NIOServerC

= bia = {BinarylnputArchive@2413}

10ServerCnxn (org.
= connReq = {ConneciRequest@2433] "0,0,30000,0,#0000000000000000\n"

Ysessionld=00Y , £H11TSessionBliE , SessionflE<iEH
SessionTrackerImpl.createSession() F5iASLIISIERE , FHIESIEFENIRERNG , DEBUGLR AN

:

//sessionld=0, FTLATZ (I Session

if (sessionld == 0) { sessionld: 0

/ /| Session
long id = createSession(cnxn, passwd, sessionTimeout); Id: 72061099907219457 cnxn: “ip: null

System. out. println(”3:sessionld=0, H.F 6] H sessionld="+id) ;

LOG. debug (
“Client attempting to establish new session: session = 0x{}, zxid = 0x{},

timeout = {}, 4

Long. toHexString(id),

Long. toHexString (connReq. getLastZxidSeen()),
connReq. getTimeOut (),

cnxn. getRemoteSocketAddress () ;

AR T -
public long createSession(int sessionTimeout) {
/ /3R —/SessionID
long sessionld = nextSessionTd. getAndIncrement () ;

//SessionfREFED &
trackSession(sessionId, sessionTimeout) ;

System. out. println (" flSessionTrackerImpl I # 2%, FHH b MAIREEAFIF ) ;

return sessionld;

-

RERINAS | AR ES :




AcceptThread---------- BERERRSS TP 127.0.0.1

1. SiliRER, MREEIOEESTE. .. ..

2 IERRIER . ... ..

2: H1RER session1d=0
ffiflsessionTrackerImpl Q& &k, IS iEINANEREZAZI
3:sessionId=0, i flEsessionId=72061099907219458

2)iERIFFA

AT get /zookeeper $§< , AEEFCIRERZE RequestThrottler.run() /5% , HUTUOT :

J

final long elapsedTime = Time. currentElapsedTime() — request.requestThrottleQueueTime; e/apsedTime: 0
ServerMetrics. getMetrics (). REQUEST THROTTLE QUEUE TIME. add(elapsedTime) ;
if (shouldThrottleOp(request, elapsedTime)) { el/apsedTime: 0
request. setIsThrottled(true); request: “sessionid:0x100034029430000 type:getData cxid:0x2 zxid:0xfffffri
ServerMetrics. getMetrics (). THROTTLED_OPS. add (1) ;

zks. submitRequestNow (request) ;

F System. out. println("a. Muj i RIFARTH, A% EMER, HEERHSE") H

PUTIEFEIX zZookeeperserver. touch() , BIEFHAERRIFISIET | BATUNZERAT -

void touch(ServerCnxn cnxn) throws MissingSessionException { caxn: “ips 127.0.0. 17127 0. 0. 1:25408 sessionld: Ox)

if (ecnxn == null) {
return;

}
long id = cnxn. getSessionld(); 7d: 72061168142974976
int to = cnxn. getSessionTimeout () ; ‘o 30000 ecnxn: “ip: 127.0.0. 1/127. 0. 0. 1:25408 sessionld: Ox100034029430
PLE Ear
System. out. println(“b. #E % i/ SessionTrackerImpl. touchSession () il 2i%") ;

if (!sessionTracker. touchSession(id, to)) {

throw new MissingSessionException("No session with sessionid 0x”
+ Long. toHexString (id)

+ ” exists, probably expired and removed”);

& sessionTrackerImpl.touchsession() FIIMERCHIMIRIERENZ. REERBCEXA , Wl
RERE | THUTRIFTIEER(E , DEBUGIRERINT :



public synchronized boolean touchSession(long sessionld, int timeout) { session/d: 72061168142974976  timeout. 5000,
//fR#fESessionId3kHlSession
SessionImpl s = sessionsById. get(sessionld); s: "0x/00034029430000° sessionsByid: size = 1

if (s == null) {
logTraceTouchInvalidSession (sessionld, timeout);

return false;

if (s.isClosing()) { s: “0x100034029430000”
logTraceTouchClosingSession (sessionld, timeout); sessionld: 72061168142974976 timeout: 30000

return false;

/5 Hisessionid BN [E]

System. out. println("c. ZiEANE, SiGHALH, HEH FHupdateSessionExpiry O RlH£i57) ;

updateSessionExpiry (s, timeout);

return true;

RIFF SR ELR R ST EIEIN |, EINSiEdEIDEBUGERERANT :

lpublic Long update(E elem, int timeout) { elem: "0x/00031029430000° timeout.: 30000
Long prevExpiryTime = elemMap. get (elem) ; prevExpiryTime: 54700000 elemap: size = 1 elem: “0x100034029430000

long now = Time.currentElapsedTime(); now: 54761348
YR TA]3E 0 T timeout S 8]
Long newExpiryTime = roundToNextInterval ( time: now + timeout); newfxpirviime: 54792000

System. out. println("d. # 4l BRI E]: “+now+”, It B[R] :  “+timeout+", W< ik Jo id AW ] : “+newExpiryTime) ;

if (newExpiryTime. equals (prevExpiryTime)) {
/ No change, so nothing to update

return null;

WA EREERNT

a. UATERIFARS I, AFEMEG, &R

b.#E% i sessionTrackerImpl.touchSession()fl#i<ih

c. AN, SUEtARIH, HAIHHupdateSessionexpiry QhlH &1

d. R A IAN E) . 54572178, 3 i R [a]: 30000, il 37 43138 5 ik Wi ). 54604000

2 ZookeeperEE B BEITIE

Feli1At8@E ZookeeperEERt | BROMEEHEX,

2.1 ZookeeperEER¥tic B
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EF Project M = | %~ 1| & zoo0lcfg ‘ g zoo2.cfg ‘ 2 zoo3.cfg 2 zo03.cfg ‘
v 1 tickTine=2000 1 tickTine=2000
> Iz dubbo
> B zdock 2 initLimit=10 2 initLimit=10
v I zookeeper [parent] 3 syncLimit=5 3 syncLimit=5
> b'"f 4 dataDir=D:/project/zk/zookeeper/data/zkdatal 4 dataDir=D:/project/zk/zookeeper/data/zkdatal
v con
42 configurationxs! 5 clientPort=2181 5 clientPort=2183
1i1log4j.properties 6 autopurge. purgeInterval=1 6 autopurge. purgelnterval=1
£ zoo.cfg = .
Zoolclg i N i N
b zo02.cfg 8 2 SN 8 2 SN
E zoo3.cfg 9 server. 1=127.0.0. 1:12881:13881 9 server. 1=127.0.0. 1:12881:13881
. :tl"“fs"’mp'*"dg 10 server. 2=127.0.0. 1:12882:13882 10 server. 2=127.0.0. 1:12882:13882
ata
> Bmzkdata 11 server. 3=127.0.0. 1:12883:13883 11 server. 3=127.0.0. 1:12883:13883
v zkdata.l g zoo2.cfg ‘
g myid =1
v i zkdata2 1 tickTime=2000
@ myid =2 2 initLimit=10
v I zkdata3 N Limit=5
2 myid =3 3 syncLimi
> dev 4 dataDir=D:/project/zk/zookeeper/data/zkdataZ
> b target 5 clientPort=2182
> I tools . . Int -1
> [y zookeeper-assembly - autopurge. purgelnterval=
> I zookeeper-client 7
> Iz zookeeper-compatibility-tests 8 SERAE
> keeper-contrib
e 9 server. 1=127.0. 0. 1:12881:13881
= zookeeper-docs
> I zookeeper-it 10 server. 2=127.0.0. 1:12882:13882
> Iz zookeeperjute 11 server. 3=127.0.0. 1:12883:13883
L " il

wnEE :

1:6/##zo0l.cfg.

zoo02.cfg. zoo3.cfg

2:flgtzkdatal. zkdata2. zkdata3
3:fE#3 myid, EHaHANL. 2. 3

BCE3NEEE  IRE

+ - FEt 4w

7 Application

QuorumPeerMainl
[FQuorumpPeeriain2
[FQuorumpPeeriain3

QuorumPeerMain
ZooKeeperMain
> #g Spring Boot

> % Defaults

Name: QuorumPeerMainl

Conﬁgulation‘ Code Coverage‘ Logs‘

Main class:

VM options:

Program arguments:

ID:\pruject\zk\zuukeeper\cunf\zuul. efg |

Working directory: D\project\zk

org.apache.zookeeper.server.quorum.QuorumPeerMain

[[J share [] Single instance only

FT—mF T ¥ 8 >
v [ Application
[FQuorumPeerMaini
m QuorumPeerMain2
[EQuorumPeerMain3
QuorumPeerMain
ZooKeeperMain
> g Spring Boot

Name: |QuorumPeerMain2

Configuration  Code Coverage‘ Lugs|

Main class:

VM options:

Program arguments:

|D:\project\zk\zaukeeper\:cnf\zcoZ. cfg

org.apache.zookeeper.server.quorum.QuorumPeerMain

LI Share [_[Single instance only

= Application
FQuorumPeerMaini
= QuorumPeerMain2
m QuorumPeerMain3
QuorumPeerMain
ZooKeeperMain
> ¢ Spring Boot
> % Defaults

Configuration  Code Coverage| Logs‘

Main glass:

VM options:

Program arguments:

ID:\pruject\zk\zookeeper\conf\zouS. cfg I

Working directory:

Di\project\zk

org.apache.zookeeper.server.quorum.QuorumpPeerMain

Weorking directory: D:\project\zk v
> % Defaults

Environment variables:
+ — o % 1 »» Name: QuorumPeerMain3 [] Share [ ] Single instance only
v

2.2 SSEERTNTES
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QuorumPeerMain

Zookeeper A/ EREH SRR

QuorumPeer

ZooKeeperServerMain

NIOServerCnxnFactory

main (args)->zoo. cfg

initializeAndRun ()
D: Bl EREE TR

runFromConfig()
MFINX
): fillE#MetricsProvider
) PR A
W EServerCnxnFactory (NI0)
%5252 M AL # - Quor urPeer

nxnFactory ()

runFromConfig ()

@: fil#MetricsProvider

VIR AR

il ZooKeeperServer SEH
adrinServer. start ()
L7738 BiZookeeper
containerManager. start()
shutdownLatch. await ()

initializeAndRun ()

main(args)->zoo. cfg

startup 0
IO/ B0 A PIEkAE
:In#FZookeeper HIE
: B 31Zookeeper

rver. start()

i 4

®: B

SN EE , EERZookeeperB/ERFEENIME , S METATMIVSIBEE LERREE , FE TR
R B RAGE T DT,

BEFEH  BITREEMERREL  ITE

[ GuorumPeerMain java ~ | © QuorumpeerConfigjava |

115 /R FRR BT
6 @ lif (args. length = 1 && config. isDistributed )| { R, SEBHERET
117 runFromConfig(config) ;
118 } else {
119 /BRI EAT
120 ZooKeeperServerMain. main(args) ;
121 }
QuorumPeerMain ? runfromConfig()
€ QuorumPeerConfigjava ~ ‘
14 public boolean {

15 @
16 }

QuorumPeerConfig ! isDistributed()

R
Al -REE

* Variables by -
E- = this = {QuorumPeerConfig@941}

| v & quorumVerifier = (QuorumMaj@945} "server.1=127.0.0.1:12881:13881:participant\nserver.2=
> (® allMembers = {HashMap@1205} size = 3
f- votingMembers = {HashMap@1206} size = 3 I
> = 0= {HashMap$Node@1210} "1" -> "127.0.0.1:12881:13881:participant”
= (HashMap$Node@1211} "2" -> "127.0.0.1:12882:13882:participant”

o W RPN PP A NP Pt e Rl LIRLE Bo v 2 Yo R R o -2

return quorumVerifier != null ¢ quorumVerifier

S ol

.0.0.1:12882:13882:participant\nserver.3=127.0.0.1:12883:13883:participant\nversion

= == o LD

quorumPeer.start() BEoIiRSS , WIS :

P39 runFromConfig ()// /571

o © [

p41 ZKAuditProvider. addZKStartStopAuditLog () ;
P42 quorumPeer. join() ;

quorumPeer. start () ;




quorumpPeer.start() A CEBAIT :

public synchronized void start() |
if (lgetView(). containsKey (myid)) {

throw new RuntimeException("My id ” + myid + ” not in the peer list”); mvid: 3

Ik R FEEURE
loadDataBase ()

2 3 %

startServerCnxnFactory () :
try {
J& 5] AdminServer
adminServer. start(); adwinServer: JettvAdminServer@l9583
} catch (AdminServerException e) {
LOG. warn(”"Problem starting AdminServer”, e);

System. out. println(e):

HEHSERAG

start]vaauseMonitor O
B Ehek

super. start () ;

quorumpeer.start(Q) FABNEELSE :

1:TloadbpataBase () h#Edk .

2:startServercCnxnFactory HiKJfjGacceptThread. SelectorThreadfiworkerPoolZEfEi .
3:JF)f LeaderikZéstartLeaderElection.

437 IvMili 2k startJvmPauseMonitor.

5: MK super.start() ;#4TLeaderikzé,

startLeaderElection() FFigleaderi&Z/5iAM T 2145 | BLEIEVIANIERIERC |, EECEE
ZFREF, RIBAT -

public synchronized void startLeaderElection() |

try {

Bl SANES, BalfRRERERAH
if (getPeerState() == ServerState. LOOKING) { b =

I- currentVote = new Vote(myid, getLastLoggecZxid(), getCurrentEpoch());
}
} catch (IOException e) |

RuntimeException re = new RuntimeException (e. getMessage 0);
re. setStackTrace (e. getStackTrace () ;

throw re;

il 1% % F AcreateElectionAlgorithm
this. electionAlg = createElectionAlgorithm(electionType) ; R (EREE)

createtlectionAlgorithm() BURGEHEZREHE3 M , Afth2fICKF  75ERBAT



hprotected Election createElectionAlgorithm(int electionAlgorithm) { electiondlgorithm: 3

TODO: use a factory rather than a switch
switch (electionAlgorithm) |
case l:
throw new UnsupportedOperationException(”Election Algorithm 1 is not supported.”);
case 2:
throw new UnsupportedOperationException(”Election Algorithm 2 is not supported.”):
case 3: 3775 HHelectionAlgorithm=3, HbtHEES

|Qu0ruanxManager qcm = createCnnganager();|

QuorumCnxManager oldQcm = gcmRef. getAndSet (gem) ;

if (old@em != null) {
LOG. warn("Clobbering already—set QuorumCnxManager (restarting leader election?)”):
o0ldQcm. halt () :

1

| QuorumCnxManager. Listener listener = qcm.listenerd

if (listener != null) |
listener. start() ;
|FastLeaderElecti0n fle = new FastLeaderElection( self: this, qcm);
fle. start() -
le = fle:

I else {

LOG. error ("Null listener when initializing cnx manager”);

1
break;
default:

assert false:

}
return le;

}

EXNTEE T T =15
@. BlEEQuorumCnxManagersgs:
®@. QuorumCnxManager.Listener

(). FastlLeaderElection

3 ZookeeperfEEfLeaderikst

3.1 Paxos&ix/ 48

ZookeeperifZ FE(KEf T FastLeaderElection&Ej% , EfthELXIYTEK , {BFastLeaderElection&%
X 2B PaxosEIE , FILARAIZELF I TPaxosEHiE | XFERBTEEFastLeaderElection&i%.

1)Paxos{48

PHERESPENNESERIBG2PCHIZPC , TieE2PURERIARIPCIR TR R D TR —E
MERIRRLAR: T AR AR T RSEMARIF, Google ChubbyAJfE& Mike Burrowsiitid , t ERE—
M—EMEEL | BBEiEPaxos , T H—EME I LZEBEPaxosEIANATTEMR., PaxosEIARATARIE
2, RYEHERE BRI LRSI, LGRS PaxosBEIARI 2L , AChubby , Raft,
ZAB , f{SRIPhxPaxos®E, X—RENBXMNAETIEREBRITZBMAIPaxosEX, PaxosEX
KR ={B%F(Leslie Lamport)1990FRHI—ME T EEEBEN—SME L EBMtART

{The Part-Time Parliament) , {Paxos Made Simple) , HFREAMENARRHERILEX , B
R RYETEAR,
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2)PaxosHiZH = PaxosHZREFHEREZHRESERBISHEN—HEEZ | REIAIAIERRS
HR—HEDREREANEEZZ— , HERHTER2ESHARRAPMAREME (RIY ) iEE—
. mEiRAOR R | AEIEXANPaxosEIAIAZIPBAIFID B SEARIERK | MR XIZookeeperixXtF
AImaster-slave SEBF I FEANRIUARL—EK |, 1B§Jﬁ%EU$ZI‘EU—%ZSZ%Ieaderiiééi_ﬁﬁ—%l BB s
RN ADHRESARE—HN. EERNSHRERT | BeREBISESEMERE (81E
HERRER, EX. 8. iLF  FENESK ) (BHE EEE’%‘E’J DHLER)ZFIF . PaxosE
EEERANEHENEE— N ERE EIRARENSHXRESRT , EEIERITESERFAEIIEAD
HUEEAR—. BALIRRRS RS PIARIRSAI—EUE.

3)PaxosEXIBfE

Paxos BEiARD R —EME AR EA— N D ARG AR MECRI)IAR —ERIEE, —
BRZRE A " oHhEERSFY  IRSTROERES—H 810N RETERRRER
5, BRAMBIIREREEEI— N —EIIRE. AMREEIBNMTRRTHEENSSFY , FEEE—5ESE
PAT—N—HEE R LRI T RERRES 3L ﬁ?ﬁit,%éﬁtlﬂ—ﬁxml_m_%mﬁk%%ﬁ_hE
t , MENBIAZ BEFEHIERA—BIIER. FLIE— IS AR —2 , ik
T BINESHRERFRES NI ARSI | 8NP AEINFIITRIIRE , AEE
M RRENSIERE—EN. PaxosEIAF R RXF D A SEFAI—EEIE, IF—REY
FRARKRR , REZEMNEpaxosE— M AHRNERE LN, SN PAZEFEERMBIIEE : 5
M7F ( Shared memory ) . jHEZIE ( Messages passing ) , Paxos@& T HEEBINBITIEEM.,

o

AL Lk 5
ﬂﬁﬁ?%#

1
|
P
/@ 7 st

RS Paxos - i {1 ) f5

4)PaxostEXELS
fEPaxosEiEZH , B=MHEE :

e Proposer
e Acceptor
e learners

RIS , — NIRRT AN RS HAEE. ta— N ER 8RR EProposer L 2AcceptorX
Elearner, ProposerfaziZ2HIZE , Acceptorfa = HREEHFR (accept58 ) |, learnerfa®®
SIRBER., FE—MREZAISIUIESR (Proposal ) . REBAM—EHIvalueFiERERE., RE
Proposer& AR AcceptoriZ= ( FHUA EAYACceptor@EA1T ) |, ProposergiiAiZiRRER



valuetiiiEE 7. Acceptor&iFLearnerfffMvaluetikse , LearnerfiiAAEB Mvaluetfiite, RE
AcceptoriE= T RMESR |, AcceptorFIANZIZRENvalueiEE Y. NTEHZRESNE 25—
Acceptorfe& , Proposer[@AcceptorfE & RIEHES , AcceptorEEEHRIG M REPB O BERIRIZIER
BB MAcceptor REEE—MER , REN—FUULMRREE T —MEE , BUANIZIREREET.

B
e | = value
(Proposal)

,/’-

| propose

,/ - T .‘\‘ l/.-"' "'-\.\\
) | accept S chosen

2 20 2 s -
: ' P2 52 i E

Proposer Acceptor value

Xof A (A 3k e — 50— — S £ B 3 g A
Proposer. AcceptorfliLearner#fiih Nl
value#i%k i

AR R %

3.2 QuorumPeer L{ERE

Core Service

ServercnanaCtOIY m

QuorumCnxManager : S8RFZEEENNIEF , 2BH—1 Quorumpeer , IERBRSBEZ
BHEELeaderiZ I IR RIMLZBEXIMAYZERZ QuorumCnxManager ,

Zookeeper X TFE N Quorumpeer BUIZITHEZEAIRIE . Quorumpeer FEGIFEIYNMNAN | EFinms
KIZUTBE( servercnxnFactory ). HES|ZE( zkpatabase ), #E4588( Election ), #OINREAM
(Leader/Follower/Observer),

1:ServercCnxnFactoryfi 51 4E3 5 5 ;g (1) 32 CHRSCR 7 i 10 SR 9F R & AR R B.) 5 (100147)
2:7ZKDatabase it TiA7fifi / Iz / A R AHE (BT H 3 S5 M KV+HEAE H B +% FiiSession) 5 (12947)
3:Electionfi Fik 5 EEREK)— N Leader i fi; (99817)

4:Leader/Follower/Observerffiil £QuorumPeery & M i% 56 K% 0 ER 57 ; (12704T)
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Quorumpeer TAERIELLIREZ: , AITHE :

LG AL

startServerCnxnFactory ()

AHEHS

adminServer. start ()

QuorumPeer T{ERIE

L: ¥R eie &

2 1038 2 A A 1 K

3: A B 4% {5 2H 1F

4: A sz &

SOTREAEAE, FFPATER XPMERR L, AR —KRIEMER T)

3.3 QuorumCnxManageriGEi3 ot

QuorumCnxManager PIER4EIR T —ZRFIRING! , FIRFEFRKEIN. FRENERUNEENAIXES |
BRIZWIBABILAGN | EABRASIEBIZERSIDD B RSIES | I— N EE IR T BEIRG36H88 , FbAH
SRX3ENBDBICIE—NRIEAG , BEATH.

public QuorumCnxManager (QuorumPeer self, final long mySid, Map<Long, QuorumPeer.QuorumServer> view,

QuorumAuthServer authServer, QuorumAuthLearner authLearner, int socketTimeout, boolean listenOnAllIPs,
int quorumCnxnThreadsSize, boolean quorumSaslAuthEnabled) {
//H BEREAT, T AR OB H A R S5 B I EI T S .
this. recvQueue = new CircularBlockingQueue<> (RECV CAPACITY) ;
/P BIGEBS, T RAT R R AR R B ARIRSIDIEAT 440 .
this. queueSendMap = new ConcurrentHashMap<> () :
[/ EIEREE, B SenderWorkeriH B RIER, AR —&iEfEZookeeper IR %88, ENIHEM IS, BILESIDIIT 541,
this. senderWorkerMap = new ConcurrentHashMap<> () ;
[/ RIETRHEE, NEASIDRE SIE R R — I H B
thls, lastMessageSent = new ConcurrentHashMap<> () ;

String cnxToValue = System. getProperty(”zookeeper. cnxTimeout”) ;
if (cnxToValue != null) {
this. cnxTO = Integer. parselnt (cnxToValue) :
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QuorumCnxManager.Listener : I TEEBEEIRE , Zookeeper &R HIFTEH 2R E B T2 RN
#8343, QuorumCnxManagerfEfEahitatliE—NServerSocket3 AL eaderc @SR, FFE
SIS | ZookeepergEBE ARtz EISk B LIRSS e BIERERTS K | HIRKEIEMARSESHETCPE
BAEKRAY , TR, AT EEMENRSZ BESEIRETCPERE , Zookeeper RAIFSIDARIIRSS
ESETNFIEL B ER: | BNNTFIER:, ERKRISIEIEEEKE | RSB E SFTER
FSEMSIDERAMEEEBOEZEK , MRLHFRSEAIMECHISIDEKX |, BBASHTFHENER: , R
EECEMNMInERSEEEE (BSFEAE R ) . —BiEEEY , StRIETERS2RMSIDKEY
EENAYHE REEESendWorkerfliEE&iXegRecvWorker , F/35f.

QuorumcCnxManager.Listener YIFEEIRILAEZE QuorumCnxManager. Listener {8 run J53% , JRILHS
T, AT R AR ST AYIE R B MR AR Eis O

@0verride
public void run() {
if (!shutdown) ({
LOG. debug ("Listener thread started, myId: {}”, self.getId());

Set{InetSocketAddress> addresses; addresses: size = 1

if (self.getQuorumListenOnAllIPs()) {

addresses = self. getElectionAddress (). getWildcardAddresses();
} else {

addresses = self. getElectionAddress (). getAllAddresses() ;
1

CountDownLatch latch = new CountDownlLatch(addresses. size()); Jatch: “java util. concurrent. CountDownlatch@22e2,

IlistenerHandlers = addresses. stream(). map(address ->| /istenerfandlers: size = 1

Y r_a__av_ a1 /_aa JER VR SR | S IV § S I R A [ . A N P A 11 1A

xManager  Listener » runQ

ipl | QuorumPeerMain2 _ ‘QuorumPeerMain3

b= [T N X 25 4| @

Variables

=TT = (COUTTUOWTICa (O 25 19] Javed-UtLCOTNCUT et COuNIDOWTa U@ 2282 55U uTiT = 1]

*
. Y| & > & self = {(QuorumPeer@1978} "Thread[QuorumPeer[myid=3](plain=[0:0:0:0:0:0:0:0]:2183)(secure=disabled),5main]"

SEUECERIREIE — v & listenerHandlers = {ArrayList@2382} size = 1
0 = {QuorumCnxManager$Listener$lListenerHandler@2393}

f serverSocket = null

> f address = {\netSotketAddress@ZEE}“/127.0.0.1:13883"

IFERETEE , FMRFZEHITBERINIFE/S ListenerHandler &2 |, &
QuorumCnxManager.Listener.ListenerHandler BrunfFixHBE—1/Ti% acceptconnections ()
. ZHEERERTESERNESRENGER  IRRE— I TRHERBIREERRIIHE |, 7Gx
2RZE , —BRITIEE  BESETIT  BITLEEN 8RS | BEsiE28. £38 , sl
IEEFRSERENE  BFSE T, RIBAT :



private void acceptConnections() {
int numRetries = 0;

Socket client = null;

while ((!shutdown) && (portBindMaxRetry == numRetries < portBindMaxRetry)) {
try {
[/ EEI R BT

serverSocket = createNewServerSocket () ;

LOG info("{} is accepting connections now, my election bind port: {}”, QuorumCnxManager.this.mySid, addrd
while (!shutdown) {

try {
//PHZ w1
client = serverSocket.accept();
setSockOpts (client) ;

LOG. info("Received connection request from {}”, client.getRemoteSocketAddress());
'/ Receive and handle the connection request
'/ asynchronously if the quorum sasl authentication is
enabled. This is required because sasl server
// authentication process may take few seconds to finish
// this may delay next peer connection requests
if (quorumSaslAuthEnabled) {
receiveConnectionAsync (client) ;
} else {
receiveConnection(client) ;
System. out. println "H & P unitE, 585> +client. getPort () ;

}

numRetries = 0;

HAIEan2amks , RUT

% P it 559916 B aIRSERIEI B MRS H AT FiRiES Skl

LT EESARIERRIRE SR T Heikriis0 |, (EEAFIERWEIRSE ? HATTLUS
receiveConnection() JRABUREEAAS | IRRBUNT :

public void receiveConnection(final Socket sock) [
DatalnputStream din = null;
try {
din = new DatalnputStream(new BufferedInputStream(sock. getInputStream())) ;

LOG. debug("Sync handling of connection request received from: {}”, sock.getRemoteSocketAddress());

[handleConnection(sock, din) ; ]
} catch (IOException e) {
LOG. error ("Exception handling connection, addr: {}, closing server connection”, sock.getRemoteSocketAddress (|
LOG. debug ("Exception details: 7, e);
closeSocket (sock) ;

receivecConnection() HiEREIRIN T EIER , FHIRMUFIRIE , FEEAT handleconnection()
ik ZERBATE



private void handleConnection(Socket sock, DatalnputStream din) throws IOException {
Long sid = null, protocolVersion = null;
MultipleAddresses electionAddr = null;

try {
protocolVersion = din. readLong() ;
if (protocolVersion >= 0) { // this is a server id and not a protocol version
sid = protocolVersion;
} else {
try {
/3K sid, WHRnyidi(E
InitialMessage init = InitialMessage. parse (protocolVersion, din):

sid = init.sid;
if (linit.electionAddr. isEmpty()) {
electionAddr = new MultipleAddresses(init.electionAddr,
Duration. ofMillis(self. getMultiAddressReachabilityCheckTimeoutMs())) ;

}
LOG debug ("Initial message parsed by {}: {}”, self.getId(), init.toString()):

} catch (InitialMessage. InitialMessageException ex) {
LOG. error ("Initial message parsing error!”, ex):
closeSocket (sock) ;

return;

}

//HiisID

System. out. println ("2 5 HMyID="+sid) ;
B NSRRI IEsId |, SRESIIRTEW—EET KA , F(ITLETEN G Esid |, Wit tHan TE
17

Z 5 My ID=2
Z 5HFE MMy ID=3

3.4 FastLeaderElection&X BS99

B i
P Follover
[ observer

- FEEIE

Server

£ zookeeper EBFH , TEDN=FAE A ME—TRENREHEMNEE  X=FHEe55!

= .
(1) Leader ¥EZFTBFollowerfUREIERHFA—IMEARIRRARE , AFESFERIFollower# TSR
SRR HR(REE);

(2) Follower EIEAEFIHRHIIRSHSSIRENNRE , FTS Leader TEUESIR(EE);

(3)observer HEAEFIRRZEHASSRIEIRE | RIS Leader HHTHIREZI(EL);
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FastLeaderElection EHEEXEFVER Fast paxos ELEASCHL , OBk LeaderElection jE&EE
EWSIREEAYE)E,

BI%E FastLeaderElection RZEE new FastLeaderElection() BA] , 40 ™ES :

public FastlLeaderElection(QuorumPeer self, QuorumCnxManager manager) {
this. stop = false;

this. manager = manager;

[starter (self, manager): |

B3 FastLeaderElection £FM starter() J5i% , 12755265 sendqueue . recvqueue BAFI.
Messenger X35 , A Messenger SIRAVERIEEXSE , BHiARBAT :

private void starter (QuorumPeer self, QuorumCnxManager manager) {
this. self = self;
proposedLeader = -1;

proposedZxid = -

& sendqueue. recvqueuefhF. Messenger#t %
sendqueue = new LinkedBlockingQueue<{ToSend> () :
recvqueue = new LinkedBlockingQueue<Notification>():

this. messenger = new Messenger (manager) ;

tlEMessengerfJiti® , 287 workersender FEJ%4ehy wsThread £Z#2 , Bl workerreceiver FE
Rk wrThread 4612 , ERFHRBZIEM , wsThread FBFAEEIE . wrThread FBFRICEUE |
Messenger SUFEIRABU0T :

Messenger (QuorumCnsManager manager) |
this. ws = new WorkerSender (manager) ;

this. wsThread = new Thread(this.ws, name: "WorkerSender[myid=" + self.getId() + "]7):

this. wsThread. setDaemon (true) ;
this. wr = new WorkerReceiver (manager) ;

this. wrThread = new Thread(this.wr, name: "WorkerReceiver[myid=" + self.getId() + “17);

this. wrThread. setDaemon (true) ;

Bli#5C FastLeaderElection [RIEESTEHEM start O HiEEaNEEEL , BT :

if (listener != null) {
listener. start() ;

FastLeaderElection fle = new FastLeaderElection( selfi this, qem):

i e ] mmm
= fle;

else {

LOG. error ("Null listener when initializing cnx manager”):

Bt EESERstart(73:% |, start075E0T ¢



public void start(Q) {
this.messenger.start();

LTESHIT messager.start() , BHEWTGE , tHFEKE wsThread FlwrThread ZAZ2ERIES
&, JRRSAE :

void start() {
this.wsThread.start();
this.wrThread.start();

wsThread H workersender $13<M3K , WATIBR workersender B9 run 733% , runfsiEZ=EA
process ) /3% , IFRBANT :

public void run() {
while (!stop) {
try {
ToSend m = sendqueue. poll ( timeout: 3000, TimeUnit. #MILLISECONDS) :
if (m == null) {
continue;

}

process (m) ;

} catch (InterruptedException e) {
break;
1
1
LOG. info ("WorkerSender is down”);

process FiEAT manager BY tosend 757k , AT RIBXIMAYSIAIEA T BEERXHE | XBHLRE
REREER , RO :

void process(ToSend m) {

ByteBuffer requestBuffer = buildMsg(m.state.ordinal(), m.leader, m.zxid,
m.electionEpoch, m.peerEpoch, m.configbata);

manager.toSend(m.sid, requestBuffer);

KRETLIRES , BALUREIA |, MMREXEXEC , REEICIREERHRINZ recvqueue FEIAT ,
JRRBENTE -



public void toSend(Long sid, ByteBuffer h) {

# If sending message to myself, then simply enqueue it (loopback)
if (this.mySid == sid) {

b. position(0) ;

// B BRIES HEMIESR

addToRecvQueue (new Message (b. duplicate(), sid));

#* Qtherwise send to the corresponding thread to send

} else {

BlockingQueue<ByleBuifery bq = queuesendMap. computellAbsent (sid, serverld —» mew CircularBlockingQueue<s (SEND CAPACITY))
addToSendQueue (bg, b);

connectOne (sid) ;

£ workerReceiver. run 57 M recvqueue FIREY Message , FHERIXLEEMIRSHVIKETTRE]
sendqueue PAFIRR |, 3345 workersender &iZLME | JERBAIT :




public void run() {

Message response;
while (!stop) {
' Sleeps on receive
try { He i Message
// MrecvQueueH 3k MessageT %
response = manager. pol1RecvQueue ( timeout: 3000, TimeUnit. MILLISECONDS) ;
if (response == null) {

continue;

final int capacity = response. buffer. capacity();

The current protocol and two previous generations all send at least 28 bytes
if (capacity < 28) {
LOG. error ("Got a short response from server {}: {}”, response.sid, capacity):

continue;

'/ this is the backwardCompatibility mode in place before ZK-107
It is for a version of the protocol in which we didn’t send peer epoch
// With peer epoch and version the message became 40 bytes

boolean backCompatibility28 = (capacity == 28);

this is the backwardCompatibility mode for no version information
boolean backCompatibility40 = (capacity == 40);

response. buffer. clear () ;

// Instantiate Notification and set its attributes

Notifieation n = new Notification():

int rstate = response. buffer. getInt();

long rleader = response. buffer. getLong() :

long rzxid = response. buffer. getLong() ;

long relectionEpoch = response. buffer. getLong() ;

long rpeerepoch:

int version = 0x0;

QuorumVerifier rqv = null;

try {
if (!backCompatibility28) {
rpeerepoch = response. buffer. getLong () ;
if (!backCompatibility40) {

* Version added in 3.4.6

version = response. buffer. getInt ();
} else {
L0G info("Backward compatibility mode (36 bits), server id: {}”, response.sid);
}
I else {
LOG. info ("Backward compatibility mode (28 bits), server id: {}”, response.sid);
rpeerepoch = ZxidUtils. getEpochFromZxid (rzxid) ;

" check if we have a version that includes config. If so extract config info from message
if (version » 0x1) {
int configlength = response. buffer. getInt () ;

/ we want to avoid errors caused by the allocation of a byte array with negative length
(causing NegativeArraySizeException) or huge length (causing e.g. OutOfMemoryError)
if (configlength < 0 configlength » capacity) {

throw new IOException(String. format("Invalid configlLength in notification message! {




response. sid, capacity, version, configlength)):

byte[] b = new byte[configlLengthl];
response. buffer. get (b) ;

synchronized (self) {
try {
rqv = self. configFromString (new String(b, UTF 8));
QuorumVerifier curQV = self. getQuorumVerifier();
if (rqv.getVersion() > curQV.getVersion()) {
LOG. info("{} Received version: {} my version: {}7,
self. getId(),
Long. toHexString (rqv. getVersion()),
Long. toHexString (self. getQuorumVerifier (). getVersion()));
if (self. getPeerState() == ServerState. LOOKING) {
LOG. debug (" Tnvoking processReconfig(), state: {}”, self.getServerState()
self. processReconfig(rqv, suggestedleaderld: null, zxid:null, restartLE: fal
if (!rqv.equals(curQV)) {
LOG. info("restarting leader election”);
self. shuttingDownLE = true;
self. getElectionAlg (). shutdown() ;

break:

1
} else {

LOG. debug ("Skip processReconfig(), state: {}”, self.getServerState());

}
} catch (IOException = ConfigException e) {

LOG. error ("Something went wrong while processing config received from {}”, resp

}
| else {

LOG. info ("Backward compatibility mode (before reconfig), server id: {}”, response.sid)]

1
} catch (BufferUnderflowException | IOException e) {

LOG. warn ("Skipping the processing of a partial / malformed response message sent by sid={
response. sid, capacity, e);
continue;

w R IREE AL AR 55 B B E i ToSend,  H7E A Fsendqueue

if (lvalidVoter (response. sid)) {
Vote current = self. getCurrentVote() ;
QuorumVerifier qv = self. getQuorumVerifier() :
ToSend notmsg = new ToSend(

ToSend. mType. notification, £HTosend
current. getId(),
current. getZxid (),
logicalclock. get (),
self. getPeerState(),
response. si

current. getPeerEpoch(),
qv. toString (). getBytes (UTF &) ;

| sendqueue. offer (notmsg) ;| FABAZI

3.5 Zookeeperi&Z¢IZ =St
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BMRERITE  BEEEREZMSE  MAREIETEREMSHE

3.5.1 5SS
1ZKIRSIRZ -

public enum ServerState {

[ /IR LT ER % Leader, A 2 H L ZRE
LOOKING,

J/REE G RAEB R A
FOLLOWING,
[/ RECERAFERE
LEADING,
JIREC G RMEH R NFH RS 5L
OBSERVING
2RSS HRE:

//Learner B8 MRS AW 22 11 Gk
public enum LearnerType {

/B8N f
PARTICIPANT,
[/
OBSERVER

SHE &

public static class Notification {

int version;

/ /445 1 eaderJID
long Teader;

/ /¥t eaderfizxid
Tong zxid;

[/ BERRIR

Tong electionEpoch;

/AT EEIRSIRES (LOOKING)
QuorumPeer.ServerState state;

//H T A ID

Tong sid;

//QuorumvVerifierfE NERIESE, FERRHW—Hserverts
//CH B E W serverd| £, &R SR

Quorumverifier qv;

/ /¥R eader R Z 4Kk
Tong peereEpoch;

T,


af://n267

A)EEREL:

public class Vvote {
[ /AR, A =R
private final int version;
//HHT RS I ID
private final long id;
/ /4TRSS F 55 1D
private final long zxid;
VYA & g & kRN
private final Tong electionEpoch;
[/ REHEZRS IR 55 s IR L SR 58 IR
private final long peerEpoch;
/ /4TRSS A BT AR PR ES
private final ServerState state;

5 RERIENISR:

public static class ToSend {
[/ X HERTE BT
enum mType {
crequest, //ifik
challenge, //#iik
notification, //if%]l
ack //#iklElt

ToSend(mType type, long leader, long zxid, long electionEpoch, ServerState
state, long sid, Tong peerEpoch, byte[] configbata) {

this.leader = leader;

this.zxid = zxid;
this.electionEpoch = electionEpoch;
this.state = state;

this.sid = sid;

this.peerEpoch = peerEpoch;
this.configbata = configbata;

}

/7‘:

* Proposed leader in the case of notification
* PR SRS N 1 eader IRk 45 ID

*/ long leader;

* id contains the tag for acks, and zxid for notifications

*/ long zxid;



* Epoch
* PELERIR
*/ long electionEpoch;

* current state;
* RIS

*/ QuorumPeer.ServerState state;

* Address of recipient
VRO IS ID
*/ long sid;

* Used to send a QuorumVerifier (configuration info)
*/ byte[] configbata = dummyData;

* Leader epoch
*/ long peerEpoch;

3.5.2 IR

QuorumPeerASRNEIE , EERFEIAIRHRSIIT quorumpeer. startQ; , WIYSAREESM
startQ %, RESERARXEN startQ Aix . fILAZERESEHIT . FSRITERrunGix
MrunFEERSEESTERIAND |, BB runHEEERENT -

try {
reconfigFlagClear () ;
if (shuttingDownLE) {
shuttingDownLE = false;
startLeaderElection() ;
}
/ % ER{E makeLEStrategy () : ShEUIRZS H 1L lookForLeader () : iEZILFE
setCurrentVote (makeLEStrategy (). lookForLeader ()) :

BT RIS EBILOOKING , SR AEIEZRRE | EEREELERNEL |, K& ENG LR
makeLEStrategy ) , iZ/5AIREIAYZE FastLeaderElection SEffll , BNEERIZRE
FastLeaderElection Y TookForLeader () /3i%.

VA Es
* RG4S
*/
@Suppresswarnings("deprecation")
protected Election makeLEStrategy() {
return electionAlg;

TookForLeader ) RIEHIIRRAIKREIRIE | IRIGDHTAOT :


af://n283

public Vote lookForLeader () throws InterruptedException {
try {
self. jmxLeaderElectionBean = new LeaderElectionBean() ;
MBeanRegistry. getInstance (). register(self. jmxLeaderElectionBean, self. jmxLocalPeerBean);
} catch (Exception e) {
L0G. warn("Failed to register with JMX”, e);
self. jmxLeaderElectionBean = null;

self. start_fle = Time. currentElapsedTime () ;
try {

* HRIA PR R

Map<Long, Vote> recvset = new HashMap<{Long, Vote>();

* xR IER

Map<Long, Vote» outofelection = new HashMap<Long, Vote>();
int notTimeout = minNotificationlnterval;

synchronized (this) {
/R E
logicalclock. incrementAndGet () ;
B IRHERH N leader
updateProposal (getInitId(), getInitLastLoggedZxid(), getPeerEpoch());

Ry &itie2

sendNotifications() ;
SyncedLearnerTracker voteSet;

/ /IR T server R RN ZLOOKINGRES,  HRIL Hileader M| H 22 A 1L
while ((self.getPeerState() == ServerState. LOOKING) && (!stop)) {
* WEFIEBCROCRIIET, 2 R E FIRESRE, HIARRMEERN, —RR—4

Notification n = recvquete. poll (notTimeout, TimeUnit.MILLISECONDS) ;

* IRRFREZBHEEE, #e

B PR AT IS, SNEAEER.
if (n == null) {
[/ A HART AGE, IR R
if (manager. haveDelivered()) {
/IR CRREGR
sendNotifications();
} else {
JIRIRF /A, 2REFA RSB EIERE.

manager. connectAll() ;

# AR M BAF SR EUE S
int tmpTimeOut = notTimeout * 2;
notTimeout = Math. min(tmpTimeOut, maxNotificationlnterval);
} else if (validVoter(n.sid) && validVoter(n.leader)) {
# Only proceed if the vote comes from a replica in the current or next
* voting view for a replica in the current or next voting view.
switch (n. state) {
case LOOKING:
/ /IR ik 28 N RLOOKINGIR &

if (getInitLastLoggedZxid() == -1) {
break;

}

if (nzxid == -1) {
break;

}

// BB IRE BV KT EHTH, WS E RO EmEST, BECHEELES
if (n.electionEpoch > logicalclock.get()) {
logicalclock. set (n. electionEpoch) ;
recvset. clear () ;
HHATIREEPK, R E CHFEEAPKT BRI S, M E SRR AL
if (totalOrderPredicate(n. leader, n.zxid, n.peerEpoch, getInitId(), getInitLastLoggedZxid(), getPeerEpoch()))
updateProposal (n. leader, n.zxid, n.peerEpoch);
} else {




updateProposal (getInitId(), getInitLastLoggedZxid(), getPeerEpoch());

HFR AT
sendNotifications () ;
} else if (n.electionEpoch < logicalclock.get()) {
/U RN PR UON T B CRIEIR, AR, nfIfEE
break;
} else if (totalOrderPredicate(n. leader, n.zxid, n.peerEpoch, proposedLeader, proposedZxid, proposedEpoch)) {
WAL E RS T B TR, NHATIERPK, Wi A SRR AR b B Ee 5, WK E CRRET A
updateProposal (n. leader, n.zxid, n.peerEpoch) ;
HEHR IR

sendNotifications();

R R BER R TR B TR SRl

recvset. put (n. sid, new Vote(n. leader, n.zxid, n.electionEpoch, n.peerEpoch));

it
voteSet = getVoteTracker(recvset, new Vote (proposedLeader, proposedZxid, logicalclock.get(), proposedEpoch));

U7 2 A R AU AR AR R — A AR S5 1D
if (voteSet.hasAllQuorums()) {
/R ZITE SR SOR A R B S, A AE (O HEEEPK, QR B A SRR T4 AT I, W R
while ((n = recvqueue.poll(finalizeWait, TimeUnit. ¥ILLISECONDS)) '= null) {
if (totalOrderPredicate (n. leader, n.zxid, n.peerEpoch, proposedLeader, proposedZxid, proposedEpoch)) {
recvquete. put (n) ;
break;

/I REF T A ATPKA R, A AiE 28 R IR %5 Hleader
if (n == null) {
1 PE A RS RS,
setPeerState (proposedLeader, voteSet);
Vote endVote = new Vote (proposedLeader, proposedZxid, logicalclock.get(), proposedEpoch) ;
R
leavelnstance (endVote) ;

return endVote;

}
break;
case OBSERVING:
LOG. debug ("Notification from observer: {}”, n.sid);
break;
case FOLLOWING:
case LEADING:
IR ECE AR R A A R leader A EUIRGS HIE 30N H CIE B HI—FE
if (n.electionEpoch == logicalclock. get()) {
/M ¥ leader M EIRIH AYIX TKIE RN B Q£ i p
recvset. put (n sid, new Vote(n. leader, n.zxid, n.electionEpoch, n.peerEpoch, n.state));
F T 2 A AR T ndfE#E 1eader Fln. leader A ST LEADINGIR &
voteSet = getVoteTraCker (recvset, new Vote(n.version, n.leader, n.zxid, n.electionEpoch, n.peerEpoch, n.state),
if (voteSet.hasAllQuorums () && checkLeader (recvset, n.leader, n.electionEpoch)) {
/MFE 5E ndtE FE /N B E B leader RIS R A AR 45 3¢ R IR ZS
setPeerState(n. leader, voteSet);
Vote endVote = new Vote(n. leader, n.zxid, n.electionEpoch, n.peerEpoch);
/i A
leavelnstance (endVote) ;

return endVote;

SINRFC A —F, MFNEFSEIC R Floutofelection™
outofelection. put(n. sid, new Vote (n. version, n.leader, n.zxid, n.electionEpoch, n.peerEpoch, n.state));
voteSet = getVoteTracker(outofelection new Vote(n.version, n.leader, n.zxid, n.electionEpoch, n.peerEpoch, n.statf
/W S R R A B ACREFE T o Y Leader Hn. leader B Hf S /2LEADING R
if (voteSet.hasAllQuorums () && checkLeader (outofelection, n.leader, n.electionEpoch)) {
synchronized (this) {
kY )R N
logicalclock. set (n. electionEpoch) ;
'/ W48 TE ndtE 37 ) A HLIE Y 1eader [F) B U A R 55 5t 2 F-tR 74
setPeerState(n. leader, voteSet);
}
Vote endVote = new Vote(n. leader, n.zxid, n.electionEpoch, n.peerEpoch);
/BB
leaveInstance (endVote) ;
return endVote;
}
break;
default:
LOG. warn("Notification state unrecognized: {} (n.state), {}(n.sid)”, n.state, n.sid);
break;




1
} else {
if (!validVoter (n. leader)) {
LOG. warn("Ignoring notification for non—cluster member sid {} from sid {}”, n.leader, n.sid);
}
if (lvalidVoter (n. sid)) {
L0G. warn("Ignoring notification for sid {} from non—quorum member sid {}”, n.leader, n.sid);

}

}
return null;
} finally {

try {

if (self. jmxLeaderElectionBean != null) {
MBeanRegistry. getInstance (). unregister (self. jmxLeaderElectionBean) ;

}

} catch (Exception e) {
LOG.warn("Failed to unregister with JMX”, e);

}

self. jmxLeaderElectionBean = null;

L0G. debug ("Number of connection processing threads: {}”, manager. getConnectionThreadCount ()) ;

LEZ MM FERE T3 FEA EAYT5E hasallquorums O 1% 574FZ) T Quorummaj 25, (KRBU0F -

A S 2 A i e

public boolean hasAllQuorums() {

for (QuorumVerifierAcksetPair gvAckset : qvAcksetPairs) {
AL BRI RE BEIT QuorumMajE
if (lgvAckset. getQuorumVerifier (). containsQuorum(gvAckset. getAckset())) {

return false;

}

return true;

QuorumMaj FIEREN PRI TITHEA ERYERE , ARSI -

public QuorumMaj Map<Long, QuorumServer> allMembers) {
this. allMembers = allMembers:
for (QuorumServer qs : allMembers.values()) {
/ /3RIRFTE 8 B WPARTICIPANTHI AR B2, Observer A& 5, FrUTEIEH-H AT A
if (gs. type == LearnerType. PARTICIPANT) {
votingMembers. put (Long. valueOf (gs. id), qs);
} else {
observingMembers. put (Long. valueOf (gs. id), gs);

1
R
Ihalf = votingMembers. size() / 2; ]

}

3.5.3 $REHIN

A IRE—TI%ZEPKAYJIL totalorderpredicate ) |, %A AELHELeaderniEZ N , MINEBLT
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1:tb# epoche(zxidm32bit), WAL Afepochett B AR, %% epoch Ky™i & (M
epoch F/RER, epochll KK /REHEHH ) i%: (newEpoch > curEpoch);

2: b5 zxid, nifepochet[d, L HAT Azxidi RN, &2 zxid KPS (Bl zxid
RN TR IRZLF S B RRITd, zxd dff AR Z 1 i B k5 58 ) /84%: (newEpoch == curEpoch)
&& (newzxid > curzxid);

3:E serviceId, Wi epochflizxid#H%E, witbik%Mserverid, %% serviceId K1
(1. serviceId F#MLEsPERE, fhZ7ENL B zookeeperfEREN i), FrLAFRATN B zookeepers:
TR A T DA IR S5 M A S i (O EE R U serverTd % B oK, 1L RELF IIHLARH T 1 eaderf ) U1 .
(newEpoch == curepoch) && ((newzxid == curzxid) && (newId > curid)).

JRRBENT -

protected boolean totalOrderPredicate (long newld, long newZxid, long newEpoch, long curld, long curZxid, long curEpoch) {
if (self. getQuorumVerifier (). getWeight (newId) == 0) {
return false;

}

w PR R ACRD AR (R oz (A R BB ok B, = s
# 1- LE#E epoche (zxid@32bit), MR HALTT A epochett H ORIKR, %25 epoch KA A (FEH: epoch RARFA, epochil KFRE]
* 2- HHE zxid, MRLITHIFE, BHEHANT AMzxIdM KD, B2 exid KA (BB zxid ERTAPHRLEFSRAMID 2x
* 3— HLEL serviceld, W epochMzxid#ifl%, ittt R% Mserverld, 1% serviceld KT /A (FEH: serviceld Fn#lEATERY

return ((newEpoch > curEpoch)
((newEpoch == curEpoch)
&& ((newZxid > curZxid)
((newZxid == curZxid)
&& (newld > curld)))));

4 ZookeeperfE IR RS

eSS EEESHIeaderifliT , FESICHIERLS AT R , tilfollower, observer , F{iIAJLL
PHfrleaderflifollowerfUBR{ETARIA DATHEURERZIRIE.

4.1 ZookeeperEEiRiziHAE
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Learner Leader

socke tififi
FHLeader, HiERE EEEEEEEE—

1. K i%LearnerInfo
LearnerHandler

iﬁﬁ%ﬁ mEpoch getEpochToProposel 7
SN — ¥ Kikepoch

«———3, Leader. LEADERINFO
———4. Leader. ACKEPOCH waitForEpochAck [H %8 %

8. [F5 epochACK
«— . Leader. NEWLEADER

DIFF. SNAP. TRUNC
——— 8. Leader. ACK waitForEpochAckH % 2%

FREE I B REACK

BINRIE

1: 4t 2 J5, leaderififlTeader.lead() ; HikiglT, Gl —MERCGERERK
LearnerCnxAcceptorZif#, 7tLearnerCnxAcceptorkfs i &l 3 ar—ANBHZE
LearnerCnxAcceptorHandlerZ &4 LearneriiffiE#:. Learneriiillfollower y#%l, follower
M follower.followLeader () ; 751 etk TeaderfiSocke t/i &, SRJGd & . 2 follower
FEALER )G, leaderiis @y —/LearnerHandler fEAI X B, FASRA4bHEfollower 5 leaderf Hid
i o

2:followersidt i Y zk IR 2% %5 (K] zx i dFlLeader . FOLLOWERINFOfLearnerInfo$ifh fl k%4
leader

3:leaderifiX il 4+ getEpochToPropose /L BHLZERT H, 75215 2 Learne rum it — 2 (1) Ik 55 28 K 1%
Epoch

4:getEpochToProposefi#fH% 2 J5, LearnerHandlerZkfE< it — K Epoch 51 eader b #4521 %
FriinewLeaderzxid, Jfdt¥ifiLeader. LEADERINFOfL K i%4 Learneri

S5:Learnerii {32 m# MEpoch, 2B H M uT k5 s Epoch. FHIE 4RIk 45 Frab i l1astLoggedzxid
{7 B 3 A Leader . ACKEPOCH K i%%; 1eader

6: i leadersiiit TwaitForEpochAck 7 iEHIBH ZEI 1, FFE /P LearnerifEid— 1R S 25 K%
EpochACK

7:%waitForepochAck %2 J5{# 1] LA#E LearnerHandler£i i iy ¥ g AN 7 kAT A5 .
LearneriiiffiTastLoggedzxid>Teaderi (), Learneriiks< il ik £ M. WH /N T 1eaderii
1, B BLA [E D7 AT [F) 22

8:leaderiiiki%Leader .NEWLEADEREIE 4 Learnerifi (6. 7:UEH R B IT — R Rk ik ix Be ¥
1)

9:LearneriflAl 2 J5, &E—whileffG¥ W abH# &l eaderin K IEHHE M, WM BIELH
Leader.PROPOSAL. Leader.COMMIT. Leader.INFORMZ ., 7E [a] ¥4 )5 <x b Leader .NEWLEADER

BEf, K5 Ki%Leader.ACK% 1eaderii

10: itk Teaderii it T-waitForNewLeade rAckPH 2825434 1 — 275 M K 5 ACK



FA1EZ Quorumpeer. runQ 5% , IRIEWIANABREITARRIERF DT,

4.2 Zookeeper FollowerEZiiiE

FollowerEEjE#EELeadersSCIEBERLE |, FlJEEFollowerfifyss , B MBZAEEQuorumPeer.run()

RIFES , KRBT :

case FOLLOWING:
try |

/ flEFollower® %, JfH 1% EFollower
setFollower (makeFollower (logFactory)) ;
/e
w JE B LT —MALIERS, EEMEE
# 1, EHELeader
# 2. MLeaderiHiT 25 [R5

Ifollower. followLeader () : I
} catch (Exception e) {

LOG. warn (’Unexpected exception”, e);

} finally {

follower. shutdown () ;
setFollower (null) ;
updateServerState () ;
1
break:

= 3. [AEEEE, EEEWLeader g, I HMITHMNIESHE, @ERequest.

Propose~ CommitZfig:k

CIREREL P HR S A E Leader F 1, 4 HERERHshutdown (), #AEREMRAALOOKING, 2 HHF A LS

BlEFollowerfU7TALLIEE |, AURBA0T -

* J0H CfF AFollower
* @param logFactory
* @return

# @throws IOException

protected Follower makeFollowe ileTxnSnapLog logFactory) throws I0OException {
return new Follower ( pelf: this, | new FollowerZooKeeperServer (logFactory, self: this, this. zkDb)):

VB —TE/ FollowerfEEiERLS P MBIFTEIRIE follower. followLeader); , JRABANITE :



af://n316

# FolloweriflFLeader i) 777%
# @throws InterruptedException

void followLeader () throws InterruptedException {
self.end _fle = Time. currentElapsedTime() ;
long electionTimeTaken = self.end fle - self.start fle;
self. setElectionTimeTaken (electionTimeTaken) ;
ServerMetrics. getMetrics (). ELECTION TIME. add(electionTimeTaken) ;
LOG. info("FOLLOWING — LEADER ELECTION TOOK — {} {}”, electionTimeTaken, QuorumPeer.FLE TIME INIT):
self. start_fle = 0;
self.end fle = 0;
fzk. register JMX (new FollowerBean( follower: this, zk), self. jmxLocalPeerBean);

long connectionTime = 0;

boolean completedSync = false;

try {
self. setZabState (QuorumPeer. ZabState. DISCOVERY) :

//F4kLeader

F#iLeader
QuorumServer leaderServer = findLeader();

try {

=g

connectToLeader (leaderServer. addr, leaderServer. hostname) ;

RS E

connectionTime = System. currentTimeMillis():

//EMFollower, 22# LfiiFollower 15 Mg B KL% Leader 17 M
long newEpochZxid = registerWithLeader (Leader. FOLLOWERINFO) |
if (self.isReconfigStateChange()) {

throw new Exception(”learned about role change”);

FfFollowerfs 2

}

//check to see if the leader zxid is lower than ours
//this should never happen but is just a safety check
long newEpoch = ZxidUtils. getEpochFromZxid (newEpochZxid) ;
if (newEpoch < self. getAcceptedEpoch()) {
LOG. error ("Proposed leader epoch ”
+ ZxidUtils. zxidToString (newEpochZxid)
+ " is less than our accepted epoch ”
+ ZxidUtils. zxidToString (self. getAcceptedEpoch())) :
throw new I0Exception(”Error: Epoch of leader is lower”):
}
long startTime = Time. currentElapsedTime() ;
try {
self. setLeaderAddressAndId(leaderServer. addr, leaderServer.getId());
self. setZabState (QuorumPeer. ZabState. SYNCHRONIZATION) :
// FiLeader [R5 1] 2 514
syncWithLeader (newEpochZxid) ;
self. setZabState (QuorumPeer. ZabState. BROADCAST) ;
completedSync = true;
} finally {
long syncTime = Time. currentElapsedTime() — startTime;
ServerMetrics. getMetrics (). FOLLOWER_SYNC_TIME. add (syncTime) ;

FlLeader E & 5 5 #42

}
if (self. getObserverMasterPort() > 0) {
L0OG info("Starting ObserverMaster”):

om = new ObserverMaster (self, fzk, self.getObserverMasterPort());
om. start () ;
} else {

om = null;

/ {LElLeader KIERIEIE R
QuorumPacket gp = new QuorumPacket () ;
while (this.isRunning()) {

/AR A
readPacket (gp) ;
/b FR AR A

RS A R RIE e




processPacket (gp) ;

}

} catch (Exception e) {
LOG. warn ("Exception when following the leader”, e);

closeSocket () ;

clear pending revalidations
pendingRevalidations. clear() ;

}

} finally {
if (om != null) {
om. stop() ;

}
zk. unregister MX ( peer: this) ;

if (connectionTime != 0) {

long connectionDuration = System. currentTimeMillis() — connectionTime;

LOG. info(
"Disconnected from leader (with address: {}). Was connected for {}ms. Sync state: {}”,
leaderAddr,
connectionDuration,
completedSync) ;

messageTracker. dumpToLog (leaderAddr. toString()) ;

L EIFEBHEY follower. followLeader O FiAFEM TN TIU4ES ¢

1:F4kLeader

2: filLeaderf a2 gk 2

3: [ LeaderiififtFollower, £ M7AiFollower i fifs B R %% Leaderi i
4: fiLeader[F 5 I st

5: 3 Leader & ik (¥

6: 70 Leaderf i fl

AT follower. followLeader O ERRRVE S EETEIT , H findLeader ) 254k XBi1Leader
TR, TR :

protected QuorumServer findLeader O {
QuorumServer leaderServer = null;
[ Leader {5 8
Vote current = self. getCurrentVote() ;
&ALl Leader
for (QuorumServer s : self. getView().values()) {
if (s.id == current. getId()) {
FEE Leader fHLEE(E B
s. recreateSocketAddresses() ;
leaderServer = s; fER & Leader

break

HENLENR ikt Leader

}
if (leaderServer == null) {
LOG. warn("Couldn’ t find the leader with id = {}”, current.getId());

}

return leaderServer;




followLeader () T registerwithLeader(Leader.FOLLOWERINFO); iZ/7 A2 Leader;
Follower , &5 X4 giFollowerP s R ki1£% LeaderTis , FollowerTi{SE A %G Leader2HY , 2
LeaderBZEHE/NERM | JRIZAOT :

protected long registerWithLeader(int pktType) throws IOException {

# Send follower info, including last zxid and sid

long lastLoggedZxid = self.getLastLoggedZxid();

QuorumPacket gp = new QuorumPacket () ;

ap. setType (pktType) ;

qp. setZxid (ZxidUtils. makeZxid (self. getAcceptedEpoch(), counter:0));

* Add sid to pavload
LearnerInfo 1i = new LearnerInfo(self.getId(), protocolVersion: 0x10000, self.getQuorumVerifier().getVersion());

ByteArrayOutputStream bsid = new ByteArrayOutputStream() ;
BinaryOutputArchive bhoa = BinaryOutputArchive. getArchive (bsid) ;

/[F]Leader payload

boa. writeRecord (1i, tag: “LearnerInfo”);
qp. setData(bsid. toByteArray()) ;

MLeader 555 E

writePacket (gp, flush: true) :

readPacket (gp) ;
final long newEpoch = ZxidUtils. getEpochFromZxid (qp. getZxid()) :
if (ap. getType() == Leader. LEADERINFO) {
we are connected to a 1.0 server so accept the new epoch and read the next packet
leaderProtocolVersion = ByteBuffer. wrap(gp. getData()). getInt () ;
byte[] epochBytes = new byte[4]:
final ByteBuffer wrappedEpochBytes = ByteBuffer. wrap (epochBytes) ;
if (newEpoch > self. getAcceptedEpoch()) {
wrappedEpochBytes. putInt ((int) self. getCurrentEpoch());
self. setAcceptedEpoch (newEpoch) ;
} else if (newEpoch == self. getAcceptedEpoch()) {
'/ since we have already acked an epoch equal to the leaders, we cannot ack
again, but we still need to send our lastZxid to the leader so that we can
/ sync with it if it does assume leadership of the epoch.
/ the -1 indicates that this reply should not count as an ack for the new epoch
wrappedEpochBytes. putInt (1) ;
} else {
throw new I0Exception(”Leaders epoch,
+ newEpoch
+ ” is less than accepted epoch,
+ self. getAcceptedEpoch()) :

[F]Leader S ackNewEpoch
QuorumPacket ackNewEpoch = new QuorumPacket (Leader. ACKEPOCH, lastLoggedZxid, epochBytes, authinfo:null);
writePacket (ackNewEpoch, flush: true) ;
return ZxidUtils.makeZxid(newEpoch, counter:0);
} else {
if (newEpoch > self. getAcceptedEpoch()) {
self. setAcceptedEpoch (newEpoch) ;

1
if (ap.getType() != Leader. NEWLEADER) {
LOG. error ("First packet should have been NEWLEADER”):
throw new I0Exception("First packet should have been NEWLEADER”) :
1
return . getZxid();

followLeader O FHREEBEUREHITRZHGEFRERT readracket(qp); , XA JF 1 AFZEEE
LeaderfUEiEEAIENSE | JRRSANT :



#* MLeaderiEXEIEH
void readPacket (QuorumPacket pp) throws IOException {
synchronized (leaderIs) {
| LleaderIs. readRecord (pp, t2g: "packet”) ;|
messageTracker. trackReceived (pp. getType()) ;

}
if (LOG. isTraceEnabled()) {

final long traceMask =
(pp. getType() == Leader. PING® ? ZooTrace. SERVER PING TRACE MASK

: ZooTrace. SERVER PACKET TRACE MASK;

ZooTrace. logQuorumPacket (LOG, traceMask, direction:’i’, pp);

4.3 Zookeeper Leader@AEiiiE

FA1EE Quorumpeer. run() FiEAILEADINGERS , TLABZEISCEIE T Leaderids , FHHEET
Leader , SAIFVAA T leader.lead() , leader.lead() E2HUTHWZOWSSRIE | IRIBAOT :

case LEADING:
! Leader i 2T 2
try |

il Leader ¥t %, HH Hi% & Leader BB eader
setLeader (makeLeader (logFactory)) ;

* RERSHITASEES, FEENZEE
# 1. #%FollowerfliE
* 2. #1TFollower #iT# IR )&
* 3. FUEEAUGE, IEEEEGER (EEQRE ORI R
+ HERfFollowerk R IH S1HERES)
leader. lead() ;

MBREFHBLLARESFI. BLAHLEELeader ¥ 2 Anull SR
setLeader (null) ;
} catch (Exception e) |

LOG. warn ("Unexpected exception”, e):
} finally {

if (leader != null) {
leader. shutdown ( reason: “Forcing shutdown”) :

setLeader (null) ;

/B 2kIRANLOOKING, B EH AL
updateServerState() :

}
break;

leader.lead O fiERLeaderifTHIZ OIS HRAE |, TRFBAOT :


af://n337

/ ke

# Leader EEINAEAY ik

*

void lead() throws IQException, InterruptedException {

self.end fle = Time. currentElapsedTime() ;

long electionTimeTaken = self.end fle - self. start fle;

self. setElectionTimeTaken (electionTimeTaken) ;

ServerMetrics. getMetrics (). ELECTION TIME. add(electionTimeTaken) ;

LOG. info("LEADING — LEADER ELECTION TOOK — {} {}”, electionTimeTaken, QuorumPeer.FLE_TIME UNIT);
self. start_fle = 0;

self.end_fle = 0;

zk. register JMX (new LeaderBean( leader: this, zk), self. jmxLocalPeerBean);

try {
self. setZabState (QuorumPeer. ZabState. DISCOVERY) ;
self. tick. set (0);

/ /IR BEFN 45 H 6 Ao e
zk. loadData () ;

leaderStateSummary = new StateSummary (self. getCurrentEpoch(), zk.getLastProcessedZxid());

/] BlE—ARFE, $EFol lower/Observer )i
cnxAcceptor = new LearnerCnxAcceptor () ;

/ TFIALHE
cnxAcceptor. start() ;

| SR — 1 (Follower flObserver) 4, X BA &4 FIT, BREIH IF{Lepoch
Rz, BHZEFIXHE
long epoch = getEpochToPropose (self. getId(), self.getAcceptedEpoch());

// WRIEH fepoch, W EHALIAzxid
zk. setZxid (ZxidUtils. makeZxid (epoch, counter:0));

synchronized (this) |
lastProposed = zk. getZxid() ;

newLeaderProposal. packet = new QuorumPacket (NEWLEADER, zk.getZxid(), data:null, authinfo:null);

if ((newLeaderProposal.packet. getZxid() & OxffffffffL) != 0) {
LOG. info ("NEWLEADER proposal has Zxid of {}”, Long. toHexString(newLeaderProposal. packet.getZxid()));

QuorumVerifier lastSeenQV = self. getLastSeenQuorumVerifier () :
QuorumVerifier curQV = self. getQuorumVerifier()
if (curQV. getVersion() == 0 && curQV. getVersion() == lastSeenQV.getVersion()) [
// This was added in ZOOKEEPER-1783. The initial config has version 0 (not explicitly
' specified by the user; the lack of version in a config file is interpreted as version=0).
/ As soon as a config is established we would like to increase its version so that it
/ takes presedence over other initial configs that were not established (such as a config
/ of a server trying to join the ensemble, which may be a partial view of the system, not the full config).
We chose to set the new version to the one of the NEWLEADER message. However, before we can do that
'/ there must be agreement on the new version, so we can only change the version when sending/receiving UPTODATE,
' not when sending/receiving NEWLEADER. In other words, we can’t change curQV here since its the committed quoru
/ and there’s still no agreement on the new version that we'd like to use. Instead, we use
' lastSeenQuorumVerifier which is being sent with NEWLEADER message
/ so its a good way to let followers know about the new version. (The original reason for sending
lastSeenQuorumVerifier with NEWLEADER is so that the leader completes any potentially uncommitted reconfigs
/ that it finds before starting to propose operations. Here we re reusing the same code path for

/ reaching consensus on the new version number.)

'/ 1t is important that this is done before the leader executes waitForEpochAck,
' so before LearnerHandlers return from their waitForEpochAck
/ hence before they construct the NEWLEADER message containing
' the last-seen—quorumverifier of the leader, which we change below
try {
LOG. debug (String. format ("set lastSeenQuorumVerifier to currentQuorumVerifier (%s)”, curQV.toString()));
QuorumVerifier newQV = self.configFromString(curQV. toString());
newQV. setVersion (zk. getZxid()) ;
self. setLastSeenQuorumVerifier (newQV, writeToDisk: true);
} catch (Exception e) {

throw new IOException(e);




newLeaderProposal. addQuorumVerifier (self. getQuorumVerifier )) ;
if (self. getLastSeenQuorumVerifier (). getVersion() > self. getQuorumVerifier (). getVersion()) {
newLeaderProposal. addQuorumVerifier (self. getLastSeenQuorumVerifier () ;

/ S FRIT 1 (Follower fllObserver) 3R B 7 #rfepoch, FFHiR[A T Leader. ACKEPOCH
XEASETHIT. Rz, HETXE
waitForEpochAck (self. getId(), leaderStateSummary) ;
W 2 ETH 98 Cepoch
self. setCurrentEpoch (epoch) ;

self. setLeaderAddressAndId(self. getQuorumAddress (), self.getId());
self. setZabState (QuorumPeer. ZabState. SYNCHRONIZATION) ;

try {

/ B2 (Follower fMObserver) #HATHRE R, HH HiR[E T Leader. ACK
XEASETHIT. Rz, MHETXE
waitForNewLeaderAck (self. getId(), zk.getZxid());
} catch (InterruptedException e) {

shutdown ( reason: "Waiting for a quorum of followers, only synced with sids: [ 7
+ newLeaderProposal. ackSetsToString ()
+717);

HashSet<{Long> followerSet = new HashSet< >();

for (LearnerHandler f : getLearners()) {
if (self. getQuorumVerifier (). getVotingMembers (). containsKey (f. getSid())) {
followerSet. add (f. getSid()) ;

}
boolean initTicksShouldBelncreased = true;
for (Proposal.QuorumVerifierAcksetPair aqvAckset : newLeaderProposal.qvAcksetPairs) {
if (!qvAckset. getQuorumVerifier (). containsQuorum(followerSet)) {
initTicksShouldBeIncreased = false;

break;

}
if (initTicksShouldBelncreased) {

LOG. warn("Enough followers present. Perhaps the initTicks need to be increased.”);

}

return;
}
/) GERX B R PR ARSI, A LUIERIET
// FFIEzkServer, 3 H [REFF /8 &R A A g o8 kT
startZkServer () ;

%

WARNING: do not use this for anything other than QA testing

%

on a real cluster. Specifically to enable verification that quorum

-

can handle the lower 32bit roll-over issue identified in
ZOOKEEPER-1277. Without this option it would take a very long
time (on order of a month say) to see the 4 billion writes

% %

¥

necessary to cause the roll-over to occur.

%

This field allows you to override the zxid of the server. Typically

* you' 11 want to set it to something like Oxfffffff0 and then

# start the quorum, run some operations and see the re—election.

String initialZxid = System. getProperty ("zookeeper. testingonly. initialZxid”);
if (initialZxid != null) {

long zxid = Long. parselong(initialZxid);

zk. setZxid ((zk. getZxid() & OxffFfFEFF00000000L) | zxid);

if (!System. getProperty( key: “zookeeper. leaderServes”, def: "yes”).equals("no”)) {

self. setZooKeeperServer (zk) ;

self. setZabState (QuorumPeer. ZabState. BROADCAST) ;
self. adminServer. setZooKeeperServer (zk) ;

We ping twice a tick, so we only update the tick every other
/ iteration
boolean tickSkip = true;
" If not null then shutdown this leader
String shutdownMessage = null;




/) BT — BTG, BRRIRNRself. tickTime / 2, FIXTFTH 1) (Observer/Follower) kgL Bl
while (true) {
synchronized (this) |

long start = Time. currentElapsedTime () ;

long cur = start;
long end = start + self. tickTime / 2;
while (cur < end) {

wait (timeout: end - cur) ;

cur = Time. currentElapsedTime () ;

if (ItickSkip) {
self. tick. incrementAndGet () ;

/ We use an instance of SyncedLearnerTracker to
' track synced learners to make sure we still have a
/ quorum of current (and potentially next pending) view.
SyncedLearnerTracker syncedAckSet = new SvncedLearnerTracker () ;
syncedAckSet. addQuorumVerifier (self. getQuorumVerifier()) ;
if (self.getLastSeenQuorumVerifier() != null
&& self. getLastSeenQuorumVerifier(). getVersion() > self. getQuorumVerifier().getVersion())
syncedAckSet. addQuorumVerifier (self. getLastSeenQuorumVerifier()) ;
}
// ¥FolloweriM NiZ %23
syncedAckSet. addAck (self. getId()) ;

for (LearnerHandler f : getLearners()) {
if (f.synced())
syncedAckSet. addAck (f. getSid()) ;

/ check leader running status
if (!this.isRunning()) {
/ set shutdown flag
shutdownMessage = “Unexpected internal error”;

break;

/) ISR E A I —¥Fol lower TEAE B R
if (!tickSkip && !syncedAckSet.hasAllQuorums()) {
/ Lost quorum of last committed and/or last proposed
' config, set shutdown flag
/) MEREAE, W4 AR shutdown ki H—t3d %, SRJGreturn, EEk%
shutdownMessage = "Not sufficient followers synced, only synced with sids: [ ”
+ syncedAckSet. ackSetsToString ()
+ 707,

break;

}
tickSkip = !tickSkip;

}
for (LearnerHandler f : getLearners()) {

f.ping();

}

if (shutdownMessage != null) {

/&AL FEFol lower fESEFEH, A shutdowndc il —Lext %, S Hik%s
khutdown (shutdownMessage) ;

leader goes in looking state

}
} finally {
zk. unregister JMX ( leader: this) ;

Teader.lead Q) J3iASHUTAN RILMNMEE



1o DCBRIERI R 55 H 3 Hohn #iis

2: 00— A2, #ltFolTower/ObserverfiiE

3: 4 — 1 (FolTowerfliobserver) 4, H4EH T HATRT

4554k — 2k (Fol Towerfliobserver) JEL T #ifiepoch, Jf HiR[E T Leader.ACKEPOCH, T 4k4:
N PATEF

5: 245t 2 (Followerflobserver) #HAT 8dE [F25 i oh, JF HiR[Fl | Leader.ACK, F4k4E4E T
(i tag

6: Xl M5k, Hazkserver, I H RN 8 & SR 1 FH A6 B2 008 SR $uT

7 3T —ANBEEIS, BERIRself.tickTime / 2, FixfHif I (Observer/Follower) & 2O A& il
8 ERE P A T Fol TowerE4EREH, M shutdownIG P —285%f 5, Egrik2s

lead ) HiEFLBIFE LearnercnxAcceptor |, IZXNRE—NEIE | TEATFEWfollowershUiER | X
EfNT CountDownLatchiRiEEC BAIRISHIMIEAEME (540 : server.2=127.0.0.1:12881:13881 Bie &
BEE£HIRO21288138— ) , LearnercnxAcceptor Brun/7iERBU0TF :

@0verride
public void run() {
if (!stop.get() && !serverSockets. isEmpty()) {
ExecutorService executor = Executors. newFixedThreadPool (serverSockets. size());

CountDownLatch latch = new CountDownLatch(serverSockets. size()):

/B socket BEHE, FHEFFFFollower i s BEHE
serverSockets. forEach (serverSocket —>

executor. submit (new LearnerCnxAcceptorHandler (serverSocket, latch))):

try {
| latch. await () ; | PREESF
} catch (InterruptedException ie) {

L0G. error ("Interrupted while sleeping in LearnerCnxAcceptor.”, ie):
} finally {
closeSockets () ;
executor. shutdown () ;
try {
if (lexecutor.awaitTermination( timeout: 1, TimeUnit. SECONDS)) {

LOG. error ("not all the LearnerCnxAcceptorHandler terminated properly”);

LearnercnxAcceptor Hrunjg;EF8lf2 T LearnercnxAcceptorHandler X5 , EEEIREER |,
2P LearnercnxAcceptorHandler , [f] LearnerCnxAcceptorHandler E—MEE , BErunix
IR acceptConnections() 3i% , IRIBENT :

@verride
public void run() f{
try {

Thread. currentThread (). setName ("LearnerCnxAcceptorHandler—" + serverSocket. getLocalSocketAddress()) ;

vhile (istop.get0) { | wymmmmtollowersiticss, MEEHEREER— M socketRIR,
acceptConnections () ; SRIGIRIBY Hiso cket4ff— LearnerHandler&iz,

!
} catch (Exception e) {

LOG. warn("Exception while accepting follower”, e):
if (fail.compareAndSet ( expect: false, update: true)) {
handleException(getName (), e);
halt () ;
}
} finally {

latch. countDown () ; HAbEILIARRSREEE




acceptconnections O FiASTEXEEZEE W followersBUiER: | BB IERI RSN — socketXd
5. AEIRIEYEIsocketEi— N LearnerHandler&ig |, & Learner&&HaFFia—1
LearnerHandler:f2 , FiREMBIIT :

private void acceptConnections() throws IOException {
Socket socket = null;
boolean error = false:
try {
fFEEIGE R

socket = serverSocket. accept () ;

'/ start with the initLimit, once the ack is processed
/ in LearnerHandler switch to the syncLimit

socket. setSoTimeout (self. tickTime * self.initLimit);

socket. setTcpNoDelay (nodelay) ;

/ /FREUHR

BufferedInputStream is = new BufferedInputStream(socket. getInputStream()) ;

/tl|#LearnerHand]l er £k £
LearnerHandler fh = new LearnerHandler (socket, is, learnerMaster: Leader. this);
fh. start () ;
} catch (SocketException e) {

LearnerHandler.run XEFEIEENSHEEIEES SLearnersEEIEE., WRSEEUIERIER , NEHE
FEYRET7% 1a. readrecord(qp, "packet"); , JERZAOF :

@0verride
public void run() {
try {
learnerMaster. addLearnerHandler (this) ;
tickOfNextAckDeadline = learnerMaster. getTickOfInitialAckDeadline();

ia = BinaryInputArchive. getArchive (bufferedInput) ;
bufferedQutput = new BufferedOutputStream(sock. getQutputStream()) ;
oa = BinaryOutputArchive. getArchive (bufferedOutput) ;

/ SEFFEIFollower/Observer &z H A1E R 1E K & A2 A Leader. FOLLOWERINFO=K # Leader. OBSERVERINFO
QuorumPacket qp = new QuorumPacket();

/P ZE R IALE
ia.readRecord(qp, tag: "packet”);

messageTracker. trackReceived (gp. getType()) ;
if (qp.getType() != Leader. FOLLOWERINFO && qp. getType ) != Leader. OBSERVERINFO) 1
LOG. error ("First packet {} is not FOLLOWERINFO or OBSERVERINFO!”, qp. toString());

return;

FKAIBEE Teader.Tead O 73i% , HHERT getepochToPropose ) J3i% |, iZJ3iAEF M
connectingFollowers&#5leaderizfiYEpoch@ &I+ , MNRITHNAREE , MI¥2—BEEE |
BZ|FolloweriBE SRIEpoch#HEELRIXT KA ST HAH] |, IRESAIT




@0verride
public long getEpochToPropose(long sid, long lastAcceptedEpoch) throws InterruptedException, IOException {
synchronized (connectingFollowers) {
if (!waitingForNewEpoch) {
return epoch;
}
if (lastAcceptedEpoch »= epoch) {
epoch = lastAcceptedEpoch + 1;
t
if (isParticipant(sid)) {
connectingFollowers. add(sid) ;
}
QuorumVerifier verifier = self. getQuorumVerifier(); H¥EE
if (connectingFollowers. contains(self. getId()) &&lverifier. containsQuorum(connectingFollowers]) {
waitingForNewEpoch = false;

self. setAcceptedEpoch (epoch) ;

|connectingF0110wers. notifvAll(); |
} else {
long start = Time. currentElapsedTime();
if (sid == self.getId()) {
timeStartWaitForEpoch = start;

}

long cur = start;

long end = start + self.getInitLimit() * self.getTickTime();

while (waitingForNewEpoch &% cur < end && !quitWaitForEpoch) {
connectingFollowers. wait ( timeout: end — cur) ;

Fid¥, c—HEXBRESR
cur = Time. currentElapsedTime() ;

}
if (waitingForNewEpoch) {

throw new InterruptedException("Timeout while waiting for epoch from quorum”);

}

return epoch;

Flead 5w , HEREMEpochid ¥ 2[5 , IBXHRIzXIdIZEEIzk , HEFEpochAck , XEERIBAN
:

SRR — ] (FollowerMObserver) 3L T #ifepoch, F HiZ[Fl T Leader. ACKEPOCH
BT, Rz, HEAXE

waitForEpochAck (self. getId(), leaderStateSummary) ; I
C O E AT AT Cepoch

self. setCurrentEpoch (epoch) ;

self. setLeaderAddressAndId (self. getQuorumAddress (), self.getId());

self. setZabState (QuorumPeer. ZahState. SYNCHRONIZATION) :

waitForepochAck O FHiEtBaFFBIT—FAI(FollowerFf1Observer)3REX T #fiepoch , FHIRET
Leader. ACKEPOCH , A&f#IRFHE , BNI&—HEEZE. FiFEpochAckiZIEESS |, 1EEZRIRHAYepoch
FHEIHRIIRSS | iIREHAIleaderTimfYzablAZR2E SYNCHRONIZATION , J5iATRFBU0T :




@override
public void waitForEpochAck(long id, StateSummary ss) throws IOException, InterruptedException {
synchronized (electingFollowers) {

if (electionFinished) {

return;
}
if (ss. getCurrentEpoch() != -1) {
if (ss.isMoreRecentThan(leaderStateSummary)) {
throw new I0Exception("Follower is ahead of the leader, leader summary: ”
+ leaderStateSummary. getCurrentEpoch ()
+ 7 (current epoch),
+ leaderStateSummary. getLastZxid ()
+ 7 (last zxid)”):
}
if (ss.getlastZxid() != -1 &% isParticipant(id)) {
electingFollowers. add (id) ;
}
}

A e AT SR A (Follower fObserver) 3REL 1 #7#Jepoch, Jf Hik[Al T Leader. ACKEPOCH
QuorumVerifier verifier = self. getQuorumVerifier() ;
if (electingFollowers. contains(self. getId()) && verifier.containsQuorum(electingFollowers)) {

electionFinished = true;

electingFollowers. notifyAll();
} else {
long start = Time. currentElapsedTime () ;
long cur = start;
long end = start + self.getInitLimit() * self.getTickTime();
while (lelectionFinished && cur < end) {
/1 EN—EHE A

electingFollowers. wait ( timeout: end — cur);

CUr = Time. currentElapsedlime ()
}
if (lelectionFinished) {
throw new InterruptedException(”Timeout while waiting for epoch to be acked by quorum”);

lead O AiEAPIEEEEFBEIT—FBI(FollowerFlObservern)#{TEUERIL M , FEIRET
Leader. ACK , T2 A SHERIEZE , A0 TS :

try {

/ FHId— 1) (FollowerflOhserver) HHT AR R LT, 3+ HIR[E T Leader. ACK
fORBA S PHAT. Rz, HEERER
IwaitForXewLeaderAck(self. getId(), zk.getZxid()); I
} catch (InterruptedException e) |

LTEMERESETZE  MIEBSIREEREKINT , S TstartzkServer();

4.4 LearnerHandlerZUERSIEE

LearnerHandler ZRfEE2XIMN T Learner i&E#E Leader imfg , BMHAI—5 Learner imaZiREIEAYIZL
B, 5 Learner imEB&BIE—" LearnerHandler Z&iE.

A TEMEHAE LearnerHandler. run() 5%,


af://n374

// EFFIEIFol lower/Observer & HAIER 1EREAIZ B Leader. FOLLOWERINFOZE # Leader. OBSERVERINFO
QuorumPacket gp = new QuorumPacket () ;

/ /DA ZE AR

ia. readRecord(gp, tag: "packet”);

readrecord IEEENEHEE UM Tearner TRUEEURE | MIRIQIERIESIEZE readrecord

messageTracker. trackReceived(gp. getType()) ;
if |(gp. getType ) != Leader. FOLLOFERINFO && gp. getType () != Leader. OBSERVERINFO) {
LOG. error ("First packet {} is not FOLLOWERINFO or OBSERVERINFO!”, gp.toString()):

return;

WNREIEE TR Leader.FOLLOWERINFORfLeader.OBSERVERINFOELIRE] , FAB(IXBEAS
FiELeadertm | IEHUBRE ERiEIFLeadert mEUE.

77 B R T B g
bytel[] [learnerInfoData = qp. getData () | #EXlearnerinfoData, FRERIKENMEAIES IR sid
if (learnerInfoData != null) {
ByteBuffer bbsid = ByteBuffer. wrap(learnerInfoData) ;
/BRI A T R
if (learnerInfoData. length >= 8) {
// 3RHEmyid
this. sid = bbsid. getLong() ;

t
if (learnerInfoData. length >= 12) {
"/ RBPMRRAS, BRIA 0x10000
this. version = bbsid. getInt(); // protocolVersion
}
if (learnerInfoData. length >= 20) {
long configVersion = bbsid. getLong() ;
if (configVersion > learnerMaster. getQuorumVerifierVersion()) {

throw new I0Exception("Follower is ahead of the leader (has a later activated configuration)”);

}
} else {
/ 3KElmyid

this. sid = learnerMaster. getAndDecrementFollowerCounter() ;

1

¥%EY 1earnerInfobata EZRENSidFIRASE.

String= learnerMaster. getPeerInfo(this. sid); #H¥followerlnfo
if (followerInfo.isEmpty()) {
LOG. info(
"Follower sid: {} not in the current config {}”,
this. sid,

Long. toHexString(learnerMaster. getQuorumVerifierVersion()));
} else {

LOG. info("Follower sid: {} : info : {}”, this.sid, followerInfo);

if (qp. getType() == Leader. OBSERVERINFO) |
learnerType = LearnerType. OBSERVER,

learnerMaster. registerLearnerHandlerBean ( learnerHandler: this, sock) ;

§kEVlastAcceptedEpoch

long |lastAcceptedEpoch|= ZxidUtils. getEpochFromZxid (gp. getZxid()) ;




$REXfollowerInfoflastAcceptedEpoch , (SEUIT :

> = followerinfo = "127.0.0.1:12881:13881:participant”
lastAcceptedEpoch = 8

if (getVersion() < 0x10000) {
QuorumPacket newLeaderQP = new QuorumPacket (Leader. NEWLEADER, newLeaderZxid, data:null, authinfo: null);
oa. writeRecord (newLeaderQP, tag: "packet”) ;

} else {
//fBLeader. NENLEADEREHE & M A\ El|lqueuedPackets

QuorumPacket newLeaderQP |- new QuorumPacket |[Leader. NEWLEADER, | newLeaderZxid, learnerMaster. getQuorumVerifierBytes 0,

queuedPackets. add (newLeaderQP) ;

}
bufferedQutput. flush() :

lsﬁﬁﬂ%ﬁﬁ%
startSendingPackets() ;

#BLeader.NEWLEADERKUER M EIqueuedPackets , FaEMT A% , BB :

protected void startSendingPackets() {
if (!sendingThreadStarted) {

'/ Start sending packets
new Thread() {
public void run() {
Thread. currentThread (). setName ("Sender—" + sock. getRemoteSocketAddress()) ;
try {
| sendPackets () ; I
} eatch (InterruptedException e) |

LOG. warn (“Unexpected interruption”, e);

}
}.start () ;
sendingThreadStarted = true;
} else {
LOG. error ("Attempting to start sending thread after it already started”):
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