RaK Mbl Aenanwu
BbICOKOAOCTYMHYIO N1aTOOPMY
NN MPAKTUYECKME NPUEMDI
MCMONb30BaHMA In-memory grids

AHapen Epios



O yem AoKNaAa?

* YTO Takoe in-memory grid?
e KaKk in-memory grid nomoraeT Ham B pa3paboTke

* C KAaKMMM CNOXKHOCTAMM Mbl CTAJIKUBAEMCH NPU UCMOJIb3OBAHUMU in-
memory grid

* byaet MHOro Koga



YTo Mmbl pa3pabaTbiBaem?

* CepBUC ayaAnNO-KOHPEPEHL NN

. noBepx cobctBeHHOM TenedoHHOM NNATPOPMb
... bonbmnx (>1000 yenoBeK) KOHbEpPEHLUM

.. FOPM30OHTA/IbHO MAcCLUTabupyembin

.. BbICOKOAOCTYMHbIN

.. pacnpeaeneHHbi No Heckonbkum LUOdam



3a4em Ham In-Memory Grid?

* ... TOPU30OHTAZIbHO MacWTabnpyembin
® ... BbICOKOAOCTYMNHbIW
* ... pacnpeneneHHbin No Heckonbkum LUOdam



In-Memory Grid 101 (0/4). Map

* Map aka dictionary
* BbICTPbIN MOUCK 3HAYEHMA MO KAKOUY

* CyWwecTBYIOT pa3aINyHble peannsaumnm
 O4HONOTOKOBbIE, MOTOKO-6e30MnacHble, KOHKYPEHTHbIE
e [1na obbeKTOB/AN19 NPUMUTUBOB
* OCHOBaHHbIe Ha X3W-Tabanuax nam BUHapPHbIX AepeBbaX



In-Memory Grid 101 (1/4). JTokanbHbIN K3LW

* JTOKanbHbIM K3LW 3TO Map, XPaHALLMNCA B MaMATU NpoLecca
* MoXXeT MMeTb HECKOJIbKO YPOBHEM
* [oganepXunBaeT pas/INYHble NOJNTUKU BbITECHEHWUA



In-Memory Grid 101 (2/4). YaaneHHbIM K3LW

* TO ¥Ke, YTO M NOKa/IbHbIN K3, HO AaHHble XPAHATCA B OTAE/IbHOM
npouecce

* [lpouecc npenoctasnaet APl gna goctyna K gaHHbIM



In-Memory Grid 101 (3/4). PacnpeaeneHHbli
K3LL

* To }Ke, YTO 1 yaaneHHbIN K3LW, HO AaHHbIe XPaHATCA B HECKO/IbKUX
npoueccax

* lLlapanposaHune
* A3ObITOYHOCTb



In-Memory Grid 101 (4/4). In-memory Grid

* PacpeaeneHHbIn Ko € AONO/IHUTENbHbIMU BO3MOXHOCTAMM:
* EntryProcessors
* Tasks
* Topology change events
* Continuous queries
e SQL-like queries
* Transactions support



YTO MCNonb3yem mMbl?

”

. . 78
GridGain/«zm




CTapTanbl UICNONb3YIOT

Slgnite



3anada Nol

KonnyectBo y4aCTHMKOB B KOHpEepEeHLUHU

12



3aaa4a Nol. ®opmynmpoBKa 33434

* B KOHPpepeHUNN Yy4aCTBYHOT CECCUN C HECKOJIbKMX CEPBEPOB
* MHbopmauma o KoHpepeHUUn XxpaHuTtca B GridGain

* Hy>KHO 3HaTb, KOrAa BbIXOAUT NOCAEAHUN YY4AaCTHUK, YTOObI yAAIUTD
KOHdEepeHUMto



MonbiTKka 1. O6beKT Conference

class Conference {
int participants;

void addParticipant () {
participants++;

boolean removeParticipant () {
participants—--;
return participants ==

°
’
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MonbiTKka 1. O6beKT Conference

class Conference {
int participants;

void addParticipant () {
participants++;

boolean removeParticipant () {
participants—--;
return participants ==

°
’

15



MonbiTKka 1. O6beKT Conference

class Conference {
int participants;

void addParticipant() {
participants++;

boolean removeParticipant () {
participants—--;
return participants ==

°
4
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MonbiTKka 1. O6beKT Conference

class Conference {
int participants;

void addParticipant () {
participants++;

boolean removeParticipant() {
participants--;
return participants ==

°
4
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MonbIiTKa 1. ConferenceService

interface ConferenceService {
vold addParticipant(String conferenceld);
vold removeParticipant (String conferenceld);
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MonbIiTKa 1. ConferenceService

interface ConferenceService {
void addParticipant(String conferenceld) ;
vold removeParticipant (String conferenceld);
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MonbIiTKa 1. ConferenceService

interface ConferenceService {
vold addParticipant (String conferenceld);
void removeParticipant (String conferenceld) ;
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[TonbiTKa 1. Add participant

void addParticipant (String conferenceld) {
Conference conference = conferenceCache.get (conferenceld);

if (conference == null) conference = new Conference();
conference.addParticipant () ;

conferenceCache.put (conferenceld, conference);

21



[TonbiTKa 1. Add participant

volid addParticipant (String conferencelId) {

Conference conference = conferenceCache.get (conferencelId)

if (conference == null) conference = new Conference();
conference.addParticipant () ;

conferenceCache.put (conferenceld, conference);
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[TonbiTKa 1. Add participant

volid addParticipant (String conferencelId) {
Conference conference = conferenceCache.get (conferenceld);

if (conference == null) conference = new Conference();
conference.addParticipant () ;

conferenceCache.put (conferenceld, conference);
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[TonbiTKa 1. Add participant

volid addParticipant (String conferencelId) {
Conference conference = conferenceCache.get (conferenceld);

1f (conference == null) conference = new Conferencel();
conference.addParticipant() ;

conferenceCache.put (conferenceld, conference);
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[TonbiTKa 1. Add participant

volid addParticipant (String conferencelId) {
Conference conference = conferenceCache.get (conferenceld);

1f (conference == null) conference = new Conferencel();
conference.addParticipant () ;

conferenceCache.put (conferencelId, conference);
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[TonbIiTKa 1. Remove participant

void removeParticipant (String conferencelId) {
Conference conference = conferenceCache.get (conferenceld);
if (conference.removeParticipant()) {
conferenceCache.remove (conferenceld) ;

} else {
conferenceCache.put (conferenceld, conference);

26



[TonbIiTKa 1. Remove participant

public void removeParticipant (String conferencelId) {
Conference conference = conferenceCache.get (conferenceld)
if (conference.removeParticipant()) {

conferenceCache.remove (conferenceld) ;
} else {
conferenceCache.put (conferenceld, conference);
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[TonbIiTKa 1. Remove participant

public void removeParticipant (String conferencelId) {
Conference conference = conferenceCache.get (conferenceld);
if (conference.removeParticipant()) {
conferenceCache.remove (conferenceld) ;

} else {
conferenceCache.put (conferenceld, conference);
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[TonbIiTKa 1. Remove participant

public void removeParticipant (String conferencelId) {
Conference conference = conferenceCache.get (conferenceld);
if (conference.removeParticipant()) {
conferenceCache.remove (conferenceld) ;
} else {
conferenceCache.put (conferenceId, conference);
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[TonbiTKa 2. Eliminate race condition - replace

void addParticipant(String conferencelId) ({
Conference o0ldC, newC;

do {
01ldC = conferenceCache.get (conferenceld);
if (0ldC '= null) {
newC = new Conference (oldC);
} else {
newC = new Conference();

}
newC.addParticipant () ;

} while ('conferenceCache.replace
(conferenceId, oldC, newC));
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[TonbiTKa 2. Eliminate race condition - replace

vold addParticipant (String conferenceld) {
Conference o0ldC, newC;

do {
0ldC = conferenceCache.get (conferenceld) ;
if (o0ldC '= null) {
newC = new Conference (oldC);
} else {
newC = new Conference()

}
newC.addParticipant () ;

} while ('conferenceCache.replace
(conferenceId, oldC, newC));
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[TonbiTKa 2. Eliminate race condition - replace

vold addParticipant (String conferenceld) {
Conference o0ldC, newC;
do {
01ldC = conferenceCache.get (conferenceld)
if (0ldC !'= null) {
newC = new Conference (0ldC) ;
} else {
newC = new Conference() ;
}
newC.addParticipant () ;
} while ('conferenceCache.replace
(conferencelId, oldC, new(C));
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[TonbiTKa 2. Eliminate race condition - replace

vold addParticipant (String conferenceld) {
Conference o0ldC, newC;

do {
01ldC = conferenceCache.get (conferenceld)
if (0ldC '= null) {
newC = new Conference (oldC);
} else {

newC = new Conference() ;
}
newC.addParticipant () ;
} while ('conferenceCache.replace
(conferenceId, oldC, new(C));
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[TonbiTKa 2. Eliminate race condition - replace

vold addParticipant (String conferenceld) {
Conference o0ldC, newC;

do {
01ldC = conferenceCache.get (conferenceld)
if (0ldC '= null) {
newC = new Conference (oldC);
} else {
newC = new Conference();

}
newC.addParticipant() ;

} while ('conferenceCache.replace
(conferenceId, oldC, newC));
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[TonbiTKa 2. Eliminate race condition - replace

vold addParticipant (String conferenceld) {
Conference o0ldC, newC;

do {
01ldC = conferenceCache.get (conferenceld)
if (0ldC '= null) {
newC = new Conference (oldC);
} else {
newC = new Conference();

}
newC.addParticipant () ;

} while (!'conferenceCache.replace
(conferenceId, o0ldC, new(C)) ;
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[TonbiTKa 2. Eliminate race condition - replace

public void removeParticipant(String conferenceld) {
Conference 01dC, newC;

do {
01dC = conferenceCache.get (conferencelId);
newC = new Conference (oldC);
if (newC.removeParticipant()) {
newC = null;
}

} while ('conferenceCache.replace

(conferenceId, o0ldC, newC));



[TonbiTKa 3. Eliminate RT - EntryProcessor

interface EntryProcessor<K, V, R> {
R process (MutableEntry<K, V> entry);

interface MutableEntry<K, V> {
V getValue (),
vold setValue (V newValue) ;
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[TonbiTKa 3. Eliminate RT - EntryProcessor

interface EntryProcessor<K, V, R> {
R process (MutableEntry<K, V> entry):;

interface MutableEntry<K, V> {
V getValue() ;
void setValue (V newValue) ;
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[TonbiTka 3. AddParticipantProcessor

class AddParticipantProcessor implements EntryProcessor{

public Conference process (MutableEntry entry) {

Conference conference = entry.getValue();
1f (conference == null)
conference = new Conference() ;

conference.addParticipant () ;
entry.setValue (conference) ;
return conference;
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[TonbiTka 3. AddParticipantProcessor

class AddParticipantProcessor implements EntryProcessor({

public Conference process (MutableEntry entry) {
Conference conference = entry.getValue() ;
if (conference == null)
conference = new Conference() ;
conference.addParticipant() ;
entry.setValue (conference) ;

return conference;
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[TonbiTka 3. AddParticipantProcessor

class AddParticipantProcessor implements EntryProcessor({

public Conference process (MutableEntry entry) {

Conference conference = entry.getValue();
1f (conference == null)
conference = new Conference() ;

conference.addParticipant () ;
entry.setValue (conference) ;
return conference;
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[TonbiTka 3. AddParticipantProcessor

class AddParticipantProcessor implements EntryProcessor({

public Conference process (MutableEntry entry) {

Conference conference = entry.getValue();
1f (conference == null)
conference = new Conference() ;

conference.addParticipant () ;
entry.setValue (conference) ;
return conference;
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MonbIiTKa 3. ConferenceService

class ConferenceService {
Cache<String, Conference> conferenceCache;

vold addParticipant(String conferenceld) {
conferenceCache.1invoke (conferenceld,
new AddParticipantProcessor())

vold removeParticipant (String conferenceld) {
conferenceCache.invoke (conferenceld,
new RemoveParticipantProcessor())
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MonbIiTKa 3. ConferenceService

class ConferenceService {
Cache<String, Conference> conferenceCache;

vold addParticipant (String conferencelId) {
conferenceCache.invoke (conferenceld,
new AddParticipantProcessor()) ;

vold removeParticipant (String conferencelId) {
conferenceCache.invoke (conferenceld,
new RemoveParticipantProcessor())

44



MonbIiTKa 3. ConferenceService

class ConferenceService {
Cache<String, Conference> conferenceCache;

vold addParticipant (String conferencelId) {
conferenceCache.invoke (conferenceld,
new AddParticipantProcessor());

vold removeParticipant (String conferencelId) {
conferenceCache. invoke (conferenceld,
new RemoveParticipantProcessor());
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[TonbiTKa 3. lNpobaema

replicate

counter++ counter++

Fail detected!

Client node

counter=10

g Data Node (backup)
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[TonbITKa 4. LaemnoTeHTHOCTb

class Conference {
Set<String> participants = new HashSet<>();

vold addParticipant(String participantId) {
participants.add(participantId) ;

boolean removeParticipant (String participantId) {
participants.remove (participantId);
return participants.isEmpty () ;
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[TonbITKa 4. LaemnoTeHTHOCTb

class Conference {
Set<String> participants = new HashSet<> () ;

void addParticipant(String participantId) {
participants.add (participantId) ;

boolean removeParticipant (String participantId) {
participants.remove (participantId);
return participants.isEmpty () ;
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[TonbITKa 4. LaemnoTeHTHOCTb

class Conference {
Set<String> participants = new HashSet<> () ;

vold addParticipant(String participantId) {
participants.add(participantId) ;

boolean removeParticipant (String participantId) {
participants.remove (participantId) ;
return participants.isEmpty () ;
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[TonbiTKa 4. EntryProcessors

class AddParticipantProcessor implements EntryProcessor ({
String participantId;

AddParticipantProcessor (String participantId) {
this.participantId = participantId;

class RemoveParticipantProcessor implements EntryProcessor

{}
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MonbIiTKa 4. ConferenceService

interface ConferenceService {
vold addParticipant(String conferenceld,
String participantId) ;
vold removeParticipant (String conferenceld,
String participantlId) ;
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[TonbITKa 5. YMeHbLlleHne pa3mepa 06beKTa

class Conference {
Map<String, Integer> servers2Participants;

boolean setParticipantsCount (String serverld,
int count) {

if (count == 0) {
serversZ2Participants.remove (serverId) ;
} else {

serversZ2Participants.put (serverId, count);

}

return serversZParticipants.isEmpty () ;
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[TonbITKa 5. YMeHbLlleHne pa3mepa 06beKTa

class Conference {
Map<String, Integer> serversZParticipants;

boolean setParticipantsCount (String serverlId,
int count) {

if (count == 0) {
serversZ2Participants.remove (serverId) ;
} else {

serversZ2Participants.put (serverId, count);

}

return serversZParticipants.isEmpty () ;
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[TonbITKa 5. YMeHbLlleHne pa3mepa 06beKTa

class Conference {
Map<String, Integer> serversZParticipants;

boolean setParticipantsCount (String serverld,
int count) {

i1f (count == 0) {
servers2Participants.remove (serverlId) ;
} else {

serversZ2Participants.put (serverId, count);

}

return serversZParticipants.isEmpty () ;
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[TonbITKa 5. YMeHbLlleHne pa3mepa 06beKTa

class Conference {
Map<String, Integer> serversZParticipants;

boolean setParticipantsCount (String serverld,
int count) {

if (count == 0) {
serversZ2Participants.remove (serverId) ;
} else {

servers2Participants.put (serverId, count);

}

return serversZParticipants.isEmpty () ;
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[TonbITKa 5. YMeHbLlleHne pa3mepa 06beKTa

class Conference {
Map<String, Integer> serversZParticipants;

boolean setParticipantsCount (String serverld,
int count) {
if (count == 0) {
serversZ2Participants.remove (serverld) ;
} else {
serversZ2Participants.put (serverId, count):;

J

return servers2Participants.isEmpty () ;
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[TonbiTKa 5. EntryProcessor

class SetParticipantsCountProcessor
implements EntryProcessor ({
String serverId;
int count;



MonbIiTKa 5. ConferenceService

Map conference2Participants = new HashMap<> () ;

synchronized void addParticipant (String conferenceld,
String participantId) {
int participants = conferenceZParticipants.compute
(conferencelId, (key, count) =-> count == null ? 1 : count+l);

conferenceCache.invoke (conferenceld,
new SetParticipantsCountProcessor (serverld, participants)):;

}

} 58



MonbIiTKa 5. ConferenceService

Map conferenceZParticipants = new HashMap<>() ;

synchronized void addParticipant (String conferenceld,
String participantId) {
int participants = conferenceZParticipants.compute
(conferencelId, (key, count) =-> count == null ? 1 : count+l);

conferenceCache.invoke (conferenceld,
new SetParticipantsCountProcessor (serverld, participants)):;

}

} 59



MonbIiTKa 5. ConferenceService

Map conferenceZ2Participants = new HashMap<>() ;

synchronized void addParticipant(String conferenceld,
String participantId) {
int participants = conference2Participants.compute
(conferencelId, (key, count) -> count == null ? 1 : count+l);

conferenceCache.invoke (conferenceld,
new SetParticipantsCountProcessor (serverld, participants)):;

}

} 60



MonbIiTKa 5. ConferenceService

Map conferenceZ2Participants = new HashMap<>() ;

synchronized void addParticipant(String conferenceld,
String participantId) {
int participants = conferenceZParticipants.compute
(conferencelId, (key, count) =-> count == null ? 1 : count+l);

conferenceCache. invoke (conferenceld,
new SetParticipantsCountProcessor (serverlId, participants));

}

} 61



[TonbITKa 6. ACUHXPOHHOCTb

* [ony4yeHme Kala B aCUHXPOHHOM PeXnme

IgniteCache<String, Conference> conferenceCache =
ignite.cache("conference") .withAsync() ;

* 3anycK EntryProcessor

conferenceCache.invoke (conferencelId, new
SetParticipantsCountProcessor(serverld, participants));

* [lony4yeHue IgniteFuture

TgniteFuture<Conference> igniteFuture =
conferenceCache. future() ;
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[TonbiTka 6. CompletableFuture

static <V> CompletableFuture<v>
toCompletableFuture (IgniteFuture<V> igniteFuture) {

CompletableFuture<V> future = new CEFV>();
igniteFuture.listen(fut -> {
try {
V res = fut.get();
future.complete (res);
} catch (Exception e) {
future.completeExceptionally(e) ;

}) s

return future;
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[TonbiTka 6. CompletableFuture

static <V> CompletableFuture<v>
toCompletableFuture (IgniteFuture<V> igniteFuture) {

CompletableFuture<V> future = new CF<V>();
igniteFuture.listen(fut -> {
try {
V res = fut.get();
future.complete (res);
} catch (Exception e) {
future.completeExceptionally(e) ;

}) s

return future;
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[TonbiTka 6. CompletableFuture

static <V> CompletableFuture<v>
toCompletableFuture (IgniteFuture<V> igniteFuture) {

CompletableFuture<V> future = new CEFV>();
igniteFuture.listen (fut -> {
try {
V res = fut.get();
future.complete (res);
} catch (Exception e) {
future.completeExceptionally(e) ;

}) s

return future;
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[TonbiTka 6. CompletableFuture

static <V> CompletableFuture<v>
toCompletableFuture (IgniteFuture<V> igniteFuture) {

CompletableFuture<V> future = new CEFV>();
igniteFuture.listen(fut -> {
try {
V res = fut.get();
future.complete (res);
} catch (Exception e) {
future.completeExceptionally(e) ;

}) s

return future;
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[TonbiTka 6. CompletableFuture

static <V> CompletableFuture<v>
toCompletableFuture (IgniteFuture<V> igniteFuture) {

CompletableFuture<V> future = new CEFV>();
igniteFuture.listen(fut -> {
try {
V res = fut.get():;
future.complete (res) ;
} catch (Exception e) {
future.completeExceptionally(e) ;

}) s

return future;
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[TonbiTka 6. CompletableFuture

static <V> CompletableFuture<v>
toCompletableFuture (IgniteFuture<V> igniteFuture) {

CompletableFuture<V> future = new CEFV>();
igniteFuture.listen(fut -> {
try {
V res = fut.get();
future.complete (res);
} catch (Exception e) {
future.completeExceptionally (e) ;

}) s

return future;
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3aaa4va 1. BeiBoabl

* [Ipobembl C KOHKYPEHTHOCTbIO eCTb TaK Ke B pacnpeaeneHHbIX
cucTemax.

e GridGain npepocTtasnset APl aHanornyHbin CHM.

* CTOUT 3a4yMbIBaATbCA O KO/ZIMYECTBE CeTeBbIX BbI3OBOB M MCNO/1Ib30BaTb
EntryProcessor.

* CemaHTMKa ncnonHeHus EntryProcessor — at least once.

e [laHHblEe NepeaatoTcs NO CETU, MO3ITOMY HYKHO MUHUMU3UPOBATL
pa3mep 0ObEKTOB.

* lcnonb3yem acCMHXPOHHOCTb TaM IAe 3TO HYXHO.



3ana4ya No2

Co3aaHue KoHdepeHuumn



3aaa4a No2. ®opmynmnMpoBKa 33434

* B KOHpEepeHLUMN Y4aCTBYIOT CECCUU C HECKO/IbKUX YNPaBAAIOLLLMUX
cepBepoB

* Megua-cepsep oaAnH

* [lepBbI y4aACTHUK BbIOMpPaeT meana cepsep. Meauna cepsep
Bo3Bpallaet Medialnfo

e OcTanbHble Y4aCTHUKM AoNKHbl 3HaTb Medialnfo ans
noacoegnHeHUs K KoHpepeHLUnM



MonbiTKa 1. Conference

class Conference {
MediaInfo medialInfo;

}



[TonbiTKka 1. AddParticipantProcessor

public MediaInfo process (MutableEntry entry) ({

Conference conference = entry.getValue()
i1f (conference == null) {
conference = new Conference() ;

entry.setValue (conference);

}

return conference.getMedialnfol();
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[TonbiTKka 1. AddParticipantProcessor

public MedialInfo process (MutableEntry entry) {
Conference conference = entry.getValue() ;
i1f (conference == null) {
conference = new Conference()
entry.setValue (conference);

}

return conference.getMedialnfol();
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[TonbiTKka 1. AddParticipantProcessor

public MedialInfo process (MutableEntry entry) {
Conference conference = entry.getValue()
1f (conference == null) {
conference = new Conference() ;
entry.setValue (conference) ;

}

return conference.getMedialnfol();
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[TonbiTKka 1. AddParticipantProcessor

public MediaInfo process (MutableEntry entry) {

Conference conference = entry.getValue()
i1f (conference == null) {
conference = new Conference() ;

entry.setValue (conference);

}

return conference.getMediaInfo() ;
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NonbiTKka 1. SetMedialnfoProcessor

MediaInfo medialInfo;

public SetMedialnfoProcessor (MedialInfo medialnfo) {
this.medialInfo = medialnfo;

@Override

public Void process (MutableEntry entry) {
entry.getValue() .setMedialnfo(medialInfo) ;
return null;



MonbiTKa 1. ConferenceService

void addParticipant(String conferenceld,
String participantId) {
MediaInfo medialnfo =
conferenceCache.invoke (conferenceld,
new AddParticipantProcessor())
1f (mediaInfo == null) {
medialnfo = createConference(conferencelId);

conferenceCache.invoke (conferenceld,
new SetMedialnfoProcessor (medialInfo));

}

connectToConference (medialInfo, participantId);
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MonbiTKa 1. ConferenceService

vold addParticipant (String conferenceld,
String participantId) {
MediaInfo mediaInfo =
conferenceCache.invoke (conferenceld,
new AddParticipantProcessor()) ;
1f (mediaInfo == null) {
medialnfo = createConference(conferencelId);

conferenceCache.invoke (conferenceld,
new SetMedialnfoProcessor (medialInfo));

}

connectToConference (medialInfo, participantId);
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MonbiTKa 1. ConferenceService

vold addParticipant (String conferenceld,
String participantId) {
MediaInfo medialInfo =
conferenceCache.invoke (conferenceld,
new AddParticipantProcessor())
1f (mediaInfo == null) {
mediaInfo = createConference (conferenceld);
conferenceCache.invoke (conferenceld,
new SetMedialnfoProcessor (medialInfo));

}

connectToConference (medialInfo, participantId);
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MonbiTKa 1. ConferenceService

vold addParticipant (String conferenceld,
String participantId) {
MediaInfo medialInfo =
conferenceCache.invoke (conferenceld,
new AddParticipantProcessor())
1f (mediaInfo == null) {
medialnfo = createConference(conferencelId);
conferenceCache.invoke (conferenceld,
new SetMedialInfoProcessor (mediaInfo));

}

connectToConference (medialInfo, participantId);
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MonbiTKa 1. ConferenceService

vold addParticipant (String conferenceld,
String participantId) {
MediaInfo medialnfo =
conferenceCache.invoke (conferenceld,
new AddParticipantProcessor())
1f (mediaInfo == null) {
medialnfo = createConference(conferencelId);

conferenceCache.invoke (conferenceld,
new SetMedialnfoProcessor (medialInfo));

}

connectToConference (mediaInfo, participantlId);
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[TonbiTKa 1. Npobnema

* [lpy 0oAHOBPEMEHHOM NPUCOeaNHEHUE ABYX Y4aCTHUKOB, byayT
COo34aHbl iBe HE3aBUCUMble KOHpepeHU UM

e BTopoi y4aCcTHUK A0/IKEH *AAaTb, MOKa NEPBbIA Y4aCTHUK He
NPOVHULUMNANN3UPYET KOHPEPEHLMUIO



[TonbiTKa 2. Continuous query

* [lo3BonaeT cneguTb 3a USMEHEHUAMM B KILle
* Remote Filter — npegukaT, 3anyckaeTtca paaom ¢ AaHHbIMMU

* Local callback — 3anycKkaeTca Ha noanucumnke, echn Remote Filter
Bo3BpallaeT true. lMNonyyaeTt ctapoe M HOBOE 3HAYEHME 3aNUCH



[TonbiTKa 2. Continuous query failover

e C Kaxkabim update’om accoumnmnpyetca updateCounter, KOTopbIN
MOHOTOHHO BO3pacTaeT

* KnneHt 3anommnHaet updateCounter ansa nocnegHero nosy4yeHHoOro
update

e Backup nogaeprkmnsaet bydbep nocnegHux update’os
* Korga primary nagaet, backup BbicblnaeT KanMeHTy 3anucu n3 bydepa
* C nomouwbto updateCounter KnneHT BbiNONHAET AeAyOANKALUIO



MonbIiTKa 2. ObbveKT Conference

class Conference {
String firstParticipant;
MediaInfo medialInfo;
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[TonbiTKa 2. EntryProcessor results

interface AddResult extends Serializable {}
class FirstParticipant implements AddResult ({}
class Conferencelnitilializing implements AddResult ({}

class Conferencelnitialized implements AddResult ({
MediaInfo mediaInfo;
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[TonbiTKa 2. EntryProcessor results

interface AddResult extends Serializable {}
class FirstParticipant implements AddResult ({}
class Conferencelnitializing implements AddResult {}

class Conferencelnitialized implements AddResult ({
MediaInfo mediaInfo;
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[TonbiTKa 2. EntryProcessor results

interface AddResult extends Serializable {}
class FirstParticipant implements AddResult {}
class Conferencelnitializing implements AddResult {}

class Conferencelnitialized implements AddResult ({
MediaInfo mediaInfo;
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[TonbiTKa 2. EntryProcessor results

interface AddResult extends Serializable {}
class FirstParticipant implements AddResult ({}
class Conferencelnitializing implements AddResult {}

class Conferencelnitialized implements AddResult ({
MediaInfo mediaInfo;
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[TonbiTKa 2. EntryProcessor results

interface AddResult extends Serializable {}
class FirstParticipant implements AddResult ({}
class Conferencelnitializing implements AddResult {}

class Conferencelnitialized implements AddResult ({
MediaInfo medialInfo;
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[TonbiTKa 2. EntryProcessor

AddParticipantResult process (MutableEntry entry) {

Conference conference = entry.getValue();
1f (conference == null) {
conference = new Conference(participantId);

entry.setValue (conference);
return new FirstParticipant()

if (conference.getFirstParticipantId()
.equals (participantId)) {
return new FirstParticipant()
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[TonbiTKa 2. EntryProcessor

AddParticipantResult process (MutablekEntry entry) {
Conference conference = entry.getValue() ;
1f (conference == null) {

conference = new Conference(participantId);

entry.setValue (conference);
return new FirstParticipant()

if (conference.getFirstParticipantId()
.equals (participantId)) {
return new FirstParticipant()

93



[TonbiTKa 2. EntryProcessor

AddParticipantResult process (MutablekEntry entry) {
Conference conference = entry.getValue();
i1f (conference == null) {
conference = new Conference (participantId) ;
entry.setValue (conference) ;
return new FirstParticipant();

if (conference.getFirstParticipantId()

.equals(participantId)) {
return new FirstParticipant();
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[TonbiTKa 2. EntryProcessor

AddParticipantResult process (MutablekEntry entry) {

Conference conference = entry.getValue();
1f (conference == null) {
conference = new Conference(participantId);

entry.setValue (conference);
return new FirstParticipant()

if (conference.getFirstParticipantId()
.equals (participantlId)) {
return new FirstParticipant();
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[TonbITKa 2. EntryProcessor

if (conference.getMediaInfo() !'= null) {
return
new Conferencelnitialized(conference.getMediaInfo()) ;

}

return new Conferencelnitializing()
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[TonbITKa 2. EntryProcessor

if (conference.getMedialnfo() '= null) {
return
new Conferencelnitialized(conference.getMedialInfo())

}

return new ConferencelInitializing()
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MonbIiTKa 2. ConferenceService

vold addParticipant(String conferenceld, String participantId) {
AddParticipantResult result
conferenceCache.invoke (conferenceld,

new AddParticipantProcessor (participantId));
if (result instanceof ConferenceInitializing) {
MediaInfo medialInfo =
initService.waitForInitialization (conferenceld) ;
connectToConference (medialInfo, participantId);
}
else 1f (result instanceof ConferencelInitialized) {..}
else {..}
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MonbiTKa 2. ConferencelnitializationService

class ConferencelnitializationService
implements CachekEntryUpdatedListener<String, Conference>

ConferencelnitializationService() {..}
MediaInfo waitForInitialization(String conferenceld) {..}

@Override
volid onUpdated(Iterable<CacheEntryEvent> events) {..}



MonbiTKa 2. ConferencelnitializationService

ConferencelInitializationService() {
ContinuousQuery query = new ContinuousQuery<>() ;
query.setlLocallistener (this) ;
query.setRemoteFilter (event ->

event.getOldValue () '= null
&& event.getValue() '= null
&& event.getOldValue() .getMedialInfo() == null
&& event.getValue() .getMedialInfo() '= null

) ;

conferenceCache.query (query) ;
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MonbiTKa 2. ConferencelnitializationService

ConferencelnitializationService() {
ContinuousQuery query = new ContinuousQuery<>()
query.setLocalListener (this) ;
query.setRemoteFilter (event ->

event.getOldValue () '= null
&& event.getValue() '= null
&& event.getOldValue() .getMedialInfo() == null
&& event.getValue() .getMedialInfo() '= null

) ;

conferenceCache.query (query) ;
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MonbiTKa 2. ConferencelnitializationService

ConferencelnitializationService() {
ContinuousQuery query = new ContinuousQuery<>() ;
query.setLocallListener (this) ;
query.setRemoteFilter (event ->

event.getOldvValue () !'= null
&& event.getValue() '= null
&& event.getOldValue () .getMediaInfo() == null
&& event.getValue () .getMedialInfo() '= null

) ;

conferenceCache.query (query) ;
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MonbiTKa 2. ConferencelnitializationService

ConferencelnitializationService () {
ContinuousQuery query = new ContinuousQuery<>()
query.setLocallListener (this) ;
query.setRemoteFilter (event ->

event.getOldValue () '= null
&& event.getValue() '= null
&& event.getOldValue() .getMedialInfo() == null
&& event.getValue() .getMedialInfo() '= null

) ;

conferenceCache. query (query) ;
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MonbiTKa 2. ConferencelnitializationService

CHM<String, CF> futures = new CHM<>() ;

MediaInfo waitForInitialization (String conferencelId) {

CompletableFuture<Medialnfo> future =
futures.computelIfAbsent (conferencelId, key ->
new CompletableFuture<> ()

) ;

MediaInfo medialInfo = future.get();

futures.remove (conferenceld) ;

return medialInfo;
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MonbiTKa 2. ConferencelnitializationService

CHM<String, CF> futures = new CHM<>();

MediaInfo waitForInitialization (String conferencelId) {

CompletableFuture<MediaInfo> future =
futures.computeIfAbsent (conferencelId, key ->
new CompletableFuture<> ()

) ;

MediaInfo medialInfo = future.get();

futures.remove (conferenceld) ;

return medialInfo;
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MonbiTKa 2. ConferencelnitializationService

CHM<String, CF> futures = new CHM<>();

MediaInfo waitForInitialization (String conferencelId) {
CompletableFuture<Medialnfo> future =
futures.computelfAbsent (conferenceld, key —->
new CompletableFuture<> ()
) ;
MediaInfo mediaInfo = future.get();
futures.remove (conferenceld) ;

return medialnfo;
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MonbiTKa 2. ConferencelnitializationService

CHM<String, CF> futures = new CHM<>();

MediaInfo waitForInitialization (String conferencelId) {

CompletableFuture<Medialnfo> future =
futures.computelIfAbsent (conferencelId, key ->
new CompletableFuture<> ()

) ;

MediaInfo medialInfo = future.get();

futures.remove (conferenceld) ;

return medialnfo;
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MonbiTKa 2. ConferencelnitializationService

CHM<String, CF> futures = new CHM<>();

MediaInfo waitForInitialization (String conferencelId) {

CompletableFuture<Medialnfo> future =
futures.computelIfAbsent (conferencelId, key ->
new CompletableFuture<> ()

) ;

MediaInfo medialInfo = future.get();

futures.remove (conferenceld) ;

return mediaInfo;
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MonbiTKa 2. ConferencelnitializationService

vold onUpdated(Iterable<CacheEntryEvent> events) {
events. forEach (event -> {
CompletableFuture<Medialnfo> future =
futures.computelfAbsent (event.getKey (), key ->
new CompletableFuture<> ()
) ;
future.complete (event.getValue () .getMediaInfo()) ;
}) g
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MonbiTKa 2. ConferencelnitializationService

vold onUpdated(Iterable<CacheEntryEvent> events) {
events.forEach (event -> {
CompletableFuture<MediaInfo> future =
futures.computeIfAbsent (event.getKey (), key ->
new CompletableFuture<> ()
) ;
future.complete (event.getValue () .getMediaInfo()) ;
}) g
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MonbiTKa 2. ConferencelnitializationService

vold onUpdated(Iterable<CacheEntryEvent> events) {
events.forEach (event -> {
CompletableFuture<Medialnfo> future =
futures.computelfAbsent (event.getKey (), key ->
new CompletableFuture<> ()
) ;
future.complete (event.getValue () .getMediaInfo()) ;
}) s
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[TonbiTKa 2. [Npobnema

* BHe 3aBMCMMOCTM OT TOrO, NbITAJ/ICA N Y4aCTHUK C JAHHOIO K/IMEHTA
NOAKNIOUNTBLCA K KOHepeHunn nnm Her, local listener cpaboTaer



MonbIiTKa 3. ObbveKT Conference

class Conference {
Set<String> subscribedServers;

String firstParticipant;
MediaInfo medialInfo;
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[TonbITKa 3. EntryProcessor

class AddParticipantProcessor implements EntryProcessor {
AddParticipantResult process (MutableEntry entry) {

conference.subscribe (serverId) ;
return new ConferencelInitializing();
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MonbiTKa 3. Remote Filter

query.setRemoteFilter (event ->

& &
& &
& &
&&

event
event
event
event
event

.getOldValue () != null

.getValue () !'= null
.getOldValue () .getMedialInfo () == null
.getValue () .getMedialInfo () !'= null

.getOldvValue () .isSubscribed (serverId)

'= null
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3aaa4va 2. BbiBoAbl

e [1nAa oXXnAaHNA HACTYyNAEHUA onpeaeneHHOro cobbITUA MOXHO
ncrnonb3sosatb Continuous Query.

* Remote Filter non»keH otTcemnBaTb BCe cOObITUA, B KOTOPbIX Bbl HE
3aUHTEPECOBaAHbI.



3aaa4a No3



3aaa4a No3. ®opmynmpoBKa 3a4a4n

* MMpepoctasutb HTTP API ona co3aaHma Tanmepa cpabaTbiBatoLWero
yepes3 PUKCUPOBAHHbIE MPOMEXKYTKU BPEMEHMU

* Korga tanmep cpabatbiBaeT, Heobxoammo otnpaButb HTTP 3anpoc Ha
URL, 3a4aHHbIM NpKU CO30aHUN

* TaK ke JonXeH bbiTb meToa ANA OTMEHbI Tanmepa



[TonbiTKa 1. TimerService

class TimerService
ScheduledExecutorService executor;
Set<String> timers;
vold createTimer (String timerId, 1nt 1nterval, URL c) {
timers.add (timerId) ;
executor.schedule (new TimerTask (timerId, interval,
callback), interval, SECONDS) ;
}
vold cancelTimer (String timerId) {
timers.remove (timerId) ;
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[TonbiTKa 1. TimerService

class TimerService
ScheduledExecutorService executor;
Set<String> timers;
void createTimer (String timerId, int interval, URL c) {
timers.add (timerId) ;
executor.schedule (new TimerTask (timerId, interval,
callback), interval, SECONDS) ;
}
vold cancelTimer (String timerId) {
timers.remove (timerId) ;
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[TonbiTKa 1. TimerService

class TimerService
ScheduledExecutorService executor;
Set<String> timers;
vold createTimer (String timerId, 1nt 1nterval, URL c) {
timers.add (timerId) ;
executor.schedule (new TimerTask (timerId, interval,
callback), interval, SECONDS) ;
}
vold cancelTimer (String timerId) {
timers.remove (timerId) ;
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[TonbiTKa 1. TimerService

class TimerService
ScheduledExecutorService executor;
Set<String> timers;
vold createTimer (String timerId, 1nt 1nterval, URL c) {
timers.add (timerId) ;
executor.schedule (new TimerTask (timerId, interval,
callback), interwval, SECONDS) ;
}
vold cancelTimer (String timerId) {
timers.remove (timerId) ;
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[TonbiTKa 1. TimerService

class TimerService
ScheduledExecutorService executor;
Set<String> timers;
vold createTimer (String timerId, 1nt 1nterval, URL c) {
timers.add (timerId) ;
executor.schedule (new TimerTask (timerId, interval,
callback), interval, SECONDS) ;
}
void cancelTimer (String timerId) {
timers.remove (timerId) ;

123



MonbiTka 1. TimerTask

class TimerTask implements Runnable {

public void run () {
1f (timers.contains (timerId)) {
notifyClient (callback);
}
1f (timers.contains (timerId)) {
executor.schedule(this, interval, SECONDS) ;
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MonbiTka 1. TimerTask

class TimerTask implements Runnable {

public void run () {
if (timers.contains(timerId)) {
notifyClient (callback) ;
}
1f (timers.contains (timerId)) {
executor.schedule(this, interval, SECONDS) ;
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MonbiTka 1. TimerTask

class TimerTask implements Runnable {

public void run () {
1f (timers.contains (timerId)) {
notifyClient (callback);
}
if (timers.contains(timerId)) {
executor.schedule (this, interwval, SECONDS) ;
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[TonbiTKa 1. Npobnema

* Ecnhn napaetT cepBep, Ha KOTOPOM bbl1 CO30aH Takmep — Taumep
nepectaHeT cpabaTbiBaTb



[TonbiTKa 2. Cluster Singleton

e Co3patb Kaw Timer. timerld -> (interval, nextTrigger, url).

* Mpu co3paHun/yananeHnn Tanmepa gobasnsaercs/yganaercsa 3anmch B
K3LL.

* Cluster singleton Timer Service, KOTOpPbIX NOANUCbLIBAETCA Yepes
Continuous Query To/1IbKO Ha AobaBAeHME AaHHbIX B K3LL.

* [Tpn pobaBneHnn aaHHbIX, Timer Service aenaet schedule Ha
JIOKa/IbHOM executor.

e Kaxxabin pa3 npu cpabatbiBaHMM Tanmepa obHoBasaeTca nextTrigger,
ec/im TauMep cyllecTayer.

* I npuHmnmaetca peweHune o reschedule.



[TonbITKa 2. ObpaboTKa NaaeHus.

* B chyyae naaeHua cepBepa, Ha KOTOpou 3anyuweH TimerService,
GridGain aBTOMaTUYeCKM nepe3anyCcKaeT ero Ha Apyron HoAae.

* [lpu ctapte TimerService ob6xoauT KW 1 BbinonHsaeT schedule ana
BCEX TAUMEPOB U3 K3Lla.



[TonbITKa 2. Bonpoc

e Co3pganu Tanmep cid “123”

* Ynanunu taumep c id “123”

* [ToBTOPHO co3ganm Tammep c id “123”
e Ctapbi Tanmep c id “123” cpaboTtan

e Kak eMy He NoNopTUTb AaHHbIE HOBOrO TaMepa U NMPEKPaATUTL
paboty?

OTBerT:
timerld -> (interval, nextTrigger, url, UUID)



[TonbiTKa 2. [Npobnema

* EcTb BbICOKas AOCTYNHOCTb, HO HET TOPU30HTA/IbHOWM
MacwTabmnpyemocTu



[TonbiTKa 3. [OpM30OHTaNbHAA
MacLTabnpyemocTb

* KaxKabin cepBep oTBEYaeT 3a CBOM TaUMEPbI.

e CepBep nuweT B Kaw Timers uHGopmaumto o Taumepe n obHoBnAeT
ee npu cpabatbiBaHUKU Tanmepa.

 timerld -> (interval, nextTrigger, url, UUID, ownerld)
* CepBep nNoanucbiBaeTcsa Ha cobbITMA O NageHnn APYrux CepBepos.



[TonbiTKa 3. ObpaboTKa NaaeHus.

* [lpn NnageHnn HoApbl, BCE OCTaNbHble HOAbI Y3HAOT 00 3TOM U
HauyMHatoT pa3bop Tanmepos.

* 3a43a4a pa3bopa — MaKCUMaNbHO BbICTPO U PaBHOMEPHO
pacnpeaenntb TAaMMepbl MO *KUBbIM HOAAM.



3aaa4ya No3.1

Pa3bop Tanmepos



Pazbop Tanmepos. lMonbiTKa 1

* [locne nageHnA cepBepa, BCe OCTa/IbHble cepBepa NPOXoAAaT MO KILy
Timers u meHAOT owner Ha cebs, ncnonb3ya ChangeOwnerProcessor,
ecnn ownerld == failedNodeld.



[TonbiTKa 1. Npobnema

* Heobxoanmo nNpPonTn No BCcemy Kally, YTo ABnAeTcA HeadPEeKTUBHbIM
npu 601bWOM KONMYECTBe HOA,



Pazbop Tanmepos. NonbITKa 2

* Mcnonb3oBaTtb SQL Query u npeaBapuTenbHO BblbpaTb Te 3anncu, ana
KoTtopbix ownerld == failedNodeld.

* CoBepwnTb UTEPALLMIO NO NONYYUBLUEMYCA CNUCKY N NPUMEHUTD
ChangeOwnerProcessor.

* ChangeOwnerProcessor no-npexHemy nposepsaet ownerld ==
failedNodeld.



[TonbiTKa 2. [Npobnema

e CepBepa MOryT No/siy4aTb 3aNnUCU B OAMHAKOBOM nopsaake u byayt
HacTynaTb APYr APYry Ha NATKW.



Pazbop Tanmepos. [MonbiTKa 3

* [locne noay4eHUs CNMcKa TaMMepPOB YNaBLUEro CEPBEPA, BbIMOJHUTD
shuffle.



[TonbiTKa 3. HabawoaeHme

* Mpn NnpnbANKEHUN K KOHLY CIMCKA YMEHbLLAeTcA BEPOATHOCTb
ycnewHoro BbinonHeHnsa ChangeOwnerProcessor.



Pazbop Tanmepos. lNonbiTKka 4

1) Bbibpatb nepsble M 3anucen ynasLien Hoabl. Ecam cnmncok
HENyCTON, NepPenTn K cnea wary.

2) BoinonHutb shuffle.

3) BbibpaTtb nepsble K 3anmcen U3 cnnucka. BbinoAHUTL ANA HUX
ChangeOwnerProcessor.

4) MepenTtn K lomy wary.
5) Imnunpuyeckmm cnocobom BbibpaTb onTumanbHbie M u K.



[TonbiTKa 4. Npobaema

* CepBep, KOTOpOMY event NnpuLien HEMHOTMM PaHHee APYrmx, CKopee
BCero 3abepet Bce Tamephil.

* HeT mexaHn3ama backpressure npu pasbope.



Pazbop Tanmepos. NonbiTKa 5

e NlobaBuTb CapacityMonitor

public interface CapacityMonitor {
vold acquire(int slots);

vold release(int slots);

}
e 3aaa4a, BbiNoAHAOWAA pa3bop byaeT Bbi3biBaTb METOA, acquire nepea

BbiI3oBoM ChangeOwnerProcessor. Echm HeT AOCTYNHbIX CAOTOB, TO 334343
bnokunpyetcs.

e lobaBeHUE C/IOTOB OCYLLUECTBAAETCA C MOMOLbIO MeToaa release.
NHnumaTtopom gobasneHUs MmoxKeT ObiTb TaMMeEpP, @ MOXKET ObITb BHELLHAS

Cnctema.



3aaa4a 3. BbiBOoAbI

* He 3abbiBaem Npo BbICOKYIO AOCTYMHOCTb.
* He 3abbiBaem Npo ropmM3oHTaNbHYIO MacwTabmnpyemocTs.
* lcnonb3yem OonucaHHbIN MmeToa Ana pa3bopa /NtobbIX CYLLHOCTEN.



NToru

* /loKanbHble CUCTEMbI NMUCATb COXKHO
* KOHKYpEeHTHble CUCTeMbI MMUCATb eLle CoXKHee
* PacnpeneneHHble cUCTEMbI eLLe C/IoXKHee

* In-memory grid HeMHOro ynpocTUT Bam *M3Hb



Andrey Ershov
andrershov@gmail.com

DINS

Audio&Video Conferences
We’re hiring!
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3aaa4a No4. OtnpasKa yBeJOMTEHNIA
stateless KnneHTty



3aga4a No5. ObbeanHeHne KoHbpepeHUnn m3
pa3HbIX UO/oB



3ana4da No6. ABTomaTmndeckum state transfer



