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Leader election

Definition

o In distributed computing, leader election is the process of designating a single
process as the organizer of some task distributed among several computers
(nodes)

o Many algorithms used in distributed systems require a coordinator, initiator, or
otherwise someone to perform some special role

Before the task is begun

o Al nef[work nodes are unaware which node will serve as the "leader," or
coordinator, of the task

o In general, all processes in the distributed system are equally suitable for the role
o Election algorithms are designed to choose a coordinator

After a leader election algorithm has been run

o Each node throughout the network recognizes a particular, unique node as the
task leader

Kotaveunpéva Xvotpoto
2012-2013 (E) Leader Election



Leader election

OpIouog

o EkAoyn apxnyou (leader election) ovoudloupe TNV €1TIAOYN Miag atrd TIg
6|sé)yaoiag EVOG OUOTAMOTOC TTPOKEIMEVOU AUTH VA EKTEAETEI EVO OUYKEKPIUEVO
KaBrkov

o [lNapddeiyua
ATraiteital EKAoyr} apxnyou oTnV eKTEAEON EVOG OCUYKEVTPWTIKOU AAYOpPiBuOuU OTOV OTT0i0
Mia ouykekpIpévn dlepyaaia TTPETTEI VA avOAGBEl TO POAO TOU CUVTOVIOTA
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Leader election

Kabe aAyopiBuog eKAOYNG apxnyou TTPETTEI VA IKAVOTTOIET TIG TTAPAKATW PACIKEG
ATTAITAOEIG:

o KdBe kOuBog-diepyaaia TTPETTEI va eKTEAEI TOV id10 TOTTIKO aAYOPIOUO

o O aAyopiBuog TTpETTEl €ival KATaveEUNPEVOG, ONAAdI 0 UTTOAOYIOUOG TTPETTEI va UTTOPEI VA
CEKIVAOEI aTTO £va auBaipeTo PN KEVO OUVOAO dIEPYATIWV

0 2€ KGBe duvaTth TEAIKN KATAOTAON TOU OAYOpiBuou TTPETTEI va UTTAPXEI JOVO Wia dlepyaacia n
oTToia Ba €ival oTnVv KAtaoTaon Tou apxnyou (leader), evw OAeG o1 UTTOAOITTEG TTPETTEI VA Eival
oTnVv Katdotaon Tou nrTnuévou (lost)
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Leader election

Procedure

o Any process can serve as coordinator

o Any process can “call an election”
Initiate the algorithm to choose a new coordinator

There is no harm (other than extra message traffic) in having multiple
concurrent elections

Elections may be needed

o When the system is initialized

o When a new process enters the system
o If the coordinator crashes or retires
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Leader election

Procedure

o The network nodes communicate among themselves in order to decide which of
them will get into the "leader"” state

o If all processes are exactly the same, with no distinguishing characteristics, there

is no way to select one of them to be special
For that, they need some method in order to break the symmetry among them

o If each node has unique identities, then the nodes can compare their identities,
and decide that the node with the highest identity is the leader

o Leader election algorithms are designed to be economical in terms of total bytes
transmitted, and time
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Leader election

Assumptions

o Every process/site has a unique ID
The network address
A process number (as in MPI)

o Every process in the system should know the values in the set of ID
numbers
Although not which processors are up or down

What the processes do not know is which ones are currently up and which
ones are currently down

o The process with the highest ID number will be the new coordinator

o When the election algorithm terminates a single process has been
selected and every process agrees and knows its identity
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Leader election

Y1roB<oelg

0 2Toug aAyopiBuoucg TTou Ba TTepIypa@ouyv TTapakdTw, Bewpeital 611 KABE digpyaaia
EXEI Eva JOVADIKO avayvwpPIOoTIKO

o Mg 1a yovadikad avayvwploTIKA ival duvaTr) N ATTooTOA UNVUUATWY O€
OUYKEKPIMEVEC Dlgpyaaiec, aAAG Kal n eEKAoyr ws apxnyou Tng diepyaaciag e To
MIKPOTEPO () TO MEYOAUTEPO) AVAYVWPIOTIKO

O ZE QUTA TNV TTEPITTTWON, TO TTPORANHA TNS EKAOYASC apxXnyou ovouddeTal Kal
TTPORANPa eUpeong akpoTaTtou (extrema-finding problem)
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Leader election

Y1roB<oelg

o O1 aAyopiBuol TTou eKAEyouv we apxnyo Tn diepyaacia Pe 1o PIKPOTEPO (A TO
MEYAAUTEPO) AVAYVWPIOTIKO PEIOVEKTOUV O€ £va BaoIkO anueEio:

2012-2013 (E)

AuTA n diepyacia dev atroTeAei TN BEATIOTN €TTIAOYN ATTd ATTOWN, YIA TTAPAdEIYUA,
€TTIdOONG 1 ACIOTTIOTIOG

'’ autd €xouv TTapouciacTei aAyopiBuol Baciopévol og TTpoTIuAoEIS (preference-based
algorithms), 61T0U N €KAoyr) BaoileTal OTIC TTPOTIPNOEIG TWV OIEPYACIWY, Ol OTTOIEG
oTnpifovTal o€ EKTIUNOEIG TTEPI AGIOTTIOTIOG, TOTTOOECIAC, K.ATT.

TENOG, agiCel va onUEIWOOUNE OTI UTTAPXOUV aAYyOPIOUOI EKAOYAG OTOUG OTTOIOUG DEV
BewpouvTal YVWOTA TA AvayvVWwPIOTIKA TwV dIEPYATIWY

O1 aAy6piBpol auToi gival kupiwg TBavoTikoi aAyopiBuol (probabilistic algorithms)
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Leader election

2.TOUG aAyopiBuoucg ekAoyn¢, ol dlEpYATieC TOU CUCTAPATOG DIAKPIVOVTAI O€ EKKIVNTEC
KAl [N EKKIVNTEG

o Qg ekkivntnG (initiator) xapaktnpiletal yia diEpyacia TToU CEKIVA TNV EKTEAEON TOU
TOTTIKOU aAyopiBuou TG autouara, Tr.X. JE TNV IKAVOTToinon Jiag ouvenkng

o XApaKTNPIOTIKO £VOG EKKIVNTNA €ival OTI N TTPWTN EVEPYEIA TTOU EKTEAEI €ival N
ATTOOTOAN EVOC UNVUUATOC

0 2TOV AAyOpIOUO UTTAPXOUV Kal Un EKKIVATES (non-initiators) o1 oTToiolN ATTAWG
OUMMETEXOUV OTOV OAYOPIBUO Kal CEKIVOUV TNV EKTEAEON TOU OIKOU TOUG TOTTIKOU
aAyopiBuou puovo otav AaBouv KATToI0 HAVUPa
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Bully algorithm

The bully algorithm is a method in distributed computing for dynamically
selecting a coordinator by process ID number

o The algorithm gets its name out of the fact that a process with a higher ID number
will bully a lower ID process out of the coordinator position as soon as it comes
online

o The algorithm was devised by Garcia-Molina in 1982

Elections in a Distributed Computing System, IEEE Transactions on Computers, Vol. C-
31, No. 1, January (1982) 48-59
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Bully algorithm

The bully algorithm is a method in distributed computing for dynamically
selecting a coordinator by process ID number

o When a process P determines that the current coordinator is down because of
message timeouts or failure of the coordinator to initiate a handshake, it performs
the following sequence of actions:

P broadcasts an election message (inquiry) to all other processes with higher process
IDs

If P hears from no process with a higher process ID than it, it wins the election and
broadcasts victory

If P hears from a process with a higher ID, P waits a certain amount of time for that
process to broadcast itself as the leader. If it does not receive this message in time, it re-
broadcasts the election message

o Note that if P receives a victory message from a process with a lower ID number,
it immediately initiates a new election
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Bully algorithm

At any moment, a process can get an ELECTION message from one of its
lower-numbered colleagues

o When such a message arrives, the receiver sends an OK message back to the
sender to indicate that it is alive and will take over

o The receiver then holds an election, unless it is already holding one
o Eventually, all processes give up but one, and that one is the new coordinator

o It announces its victory by sending all processes a message telling them that
starting immediately it is the new coordinator
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Bully algorithm

If a process that was previously down comes back up, it holds an election

o If it happens to be the highest-numbered process currently running, it will win the
election and will take over the coordinator's job

o High-numbered processes “bully” low-numbered processes out of the election,
until only one process remains

o Thus the biggest guy in town always wins, hence the name "Bully Algorithm"
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Bully algorithm

AeIToupyia

0 YTToBEToupE OTI KABE digpyaaia £XEl Eva avayvwpPIoTIKO TO OTToI0 eKPPALEl TNV
TTPOTEPAIOTNTA TNG METALU TWV AAAWV

o Kdabe digpyacoia yvwpilel TIC TTPOTEPAIOTNTEC OAWV TWV UTTOAOITTWYV JIEPYACIWY KAl
WG apxXNYogs eKAEyeTal n digpyaaia e TN HEYAAUTEPN TTPOTEPAIOTATA

o EmTAéov Bewpeital 611 KGO diepyaoia YTTOPEI VA ATTOTUYXAVEI KAl VO ETTAVEPXETAI
OTTOIadNTTOTE OTIVUA

o ETol1 10 ¢pwTna gival Troia gival n {wvTtavn digpyaadia PE TN MEYAAUTEPN
TTPOTEPAIOTNTA KATA TN XPOVIKA OTIYUI TTOU EKTEAEITAI O AAYOPIBUOC AUTOS
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Bully algorithm

AeIToupyia

o Mia diepyacia, TTou HOAIG €XEl ETTAVEABEI Kal €XEI TO HEYAAUTEPO AVAYVWPICTIKO,
avaykadel otroladnTroTe dIEPYATiA UE MIKPOTEPN TTPOTEPAIOTATA KATEXEI EKEIVN TN
OTIYMNA TV apXnyia va NG TNV TTapaxwpenoel

o ['7 autd, o aAyopiBuog cival ywwoTdg Kal WS alyéplBuog ecavaykaouou (bully
algorithm)

o Av pia diepyaoia TTou £Xel ETTAVEADEI Oev €XEI TN PEYAAUTEPN TTPOTEPAIOTNTA, TOTE
CEKIVA apEowC TN dladikagia eTTavaTTpoodIopIoHOoU TOU apxnyou
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Bully algorithm

AeIToupyia

o Ortav yia digpyaoia avakaAUyel 0TI 0 apxnyog d¢ev gival evepyog (T1.X. av €XEl
TTOAAA wpa va AGBel urpvupa atrd autov), TOTe HeTadidel o€ OAEC TIC DIEPYATIEC UE
MEYAAUTEPN TTPOTEPAIOTNTA ATTO AUTAYV £va uvuua <election> yia va TIg
EVNUEPWOEI OUCIAOTIKA OTI TTPETTEI VA YiVEl EKAOYI apxnyou

o 2Tn ouvéxela, Tepigevel ammavrnon <OK> arrd katrola atro TIG IEPYATiIEC AUTEG

o To pivupa <OK> deixvel 611 n digpyacia TTou TO €0TEIAE OEV £XEI ATTOTUXEI KAl
OUVETTWC QUTH MTTOPEI va «avaAdpel dpdon» yia Tn dladikaaoia EKAOYNS
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Bully algorithm

AeIToupyia

o Av n diepyaoia TTou €0TEINE TO Prvupa <election> dev AdBel atravinon <O0K> péoa
O€ £VA OUYKEKPIMEVO XPOVIKO didoTnua, TOTE Bewpei OTI OAEC oI DIEPYATIEC PE
MEYAAUTEPO AVAYVWPIOTIKO ATTO AQUTHV €XOUV OTTOTUXEI KOl AUTOAVOKNPUOOETAI
apxnyog, MeTadidovTag TNV TTPOTEPAIOTNTA TNG, ONAADN TNV TTPOTEPAIOTNTA TOU
VEOU QpPXNYou, o€ OAEG TIC DIEPYATIEG TTOU £XOUV MIKPOTEPN TTPOTEPAIOTATA ATTO
QUTHAV.

o2& TmepIiTTTwon TTou AdBel pvupa <OK> atrd katrolia diepyacia pe neyaAUuTePN
TTPOTEPAIOTNTA PECO OTO XPOVIKO Oplo, TOTE BETEI Eva VEO XPOVIKO OpIo JEOT OTO
OTTOi0 Ba TTPETTEI va TNG YVWOTOTTOINBEI TO avayvwpIoTIKO TOU VEOU apxnyou

0 2€ TTEPITITWON TTou dev AdBEI TO avayvwpIoTIKO TOU apxnyou, EavaoTEAVE TO
MAvUpa <election> TTou £0TEIAE KOl ApXIKA

Kotaveunpéva Xvotpoto
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Bully algorithm

AeIToupyia

o Ortav yia digpyaoia ye HeyaAUTePN TTPOTEPAIOTNTA ATTO AUTHV TTOU CEKIVNOE TN
dladikaoia ekKAOYAC (EoTw p) AGBel To uAvupa <election>, oTEAVEI piIa ATTAVTNON
<OK> oTnVv p (TTOU TTPOQAVWCS EXEI MIKPOTEPN TTPOTEPAIOTNTA ATTO AUTAV) KAl
CeKIVA TO OIKO TNG AAyOpIOuOo EKAOYNC OTEAVOVTAC PE TN OEIPA TNG £V NRVUUA
<election> o€ OAeC TIG DIEPYATIES PE MEYAAUTEPN TTPOTEPAIOTNTA ATTIO AUTAV

o Av auth n digpyaaia €xel TNV uWPnAOTEPN TTPOTEPAIOTNTA, MTTOPEI VA
autoavaknpuxBei apxnyog auéowg

o 'ETol n euBuvn tng ekTéAeonc TN dladikaoiag eKAoynS HeTaBIBACeTal oTadIakd OTN
dlEpyaaia TTou €XEI TN MEYAAUTEPN TTPOTEPAIOTNTA (KAl Eival O€ AsIToupyia)

o AuTtA n digpyaaia eKAEYETAI TEAIKA WG VEOC GUVTOVIOTAG
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Bully algorithm

2012-2013 (E)

Av plLa diepyacia p eival eRKLVOTAHG

Av 1 p é€XE€L TO HEYOAUTEpPO dUvaTd AVAYVWPLOTLKO AuUuToovaknpvocetal apXnyodg
T'vootonotel TO avayvwplotLkd tng oe 6Aeg tTL¢ SiLepyacieg mou éxouv
BLRPOTEPO AVAYVIPLOTLKO ALOPOPET LKA

DtéAvel oe OAeg TLG dLepyaocieg pe HEYOAUTEPO AVAYVWPLOTLKSO anmd authv éva
pAvupa <election> (ti1g¢ evnpepdvel OtL mpémel va yivel grAoyh apxnyou)
MepLpével yLo KAMOLO OUYKEKPLPEVO XPOVLIKS SiLdotnpa €va phvupa <O0K>.and
Kanota oand autég¢ Av n p AdPel kKAmoiro pRvupa <O0K>

MDepipével (yLa KAMOLO OUYKEKPLHEVO XPOVLIKS dLdotnua) va AdPetL to

oVOYV@P LOTLRS TOU apXnyou Av to Xpovikd didotnpa efaviAnbei KOL dev AdPet
TO AVAYVWPLOTLKS

ZEavaoTéAvel pRvupa <election>

Av 10 Xpovikd diLdotnua efavitAnOei xaL n p dev AdPel KAmoio pfvupa <OK>
AvaknpUooetal apXnyég (OAeg o1 SiLepyacieg pe HEYAAUTEPO AVAYVWPLOTLKS E€XOUV
amotUxet) I'vootomoiei otTLg dLepyacieg mou €xXouv PLKPOTEPO AVAYVWPLOT LKO

6tL egival o apxnyég Av n p Adpet éva pAvupa <election> amd pia diepyacia

Av éxel PpeYOAUTEPO AVAYVWPLOTLKS amd tnv p' DtéAvel éva phvupa <O0K> otqv

Av pLa diepyacia p dev eival €XKLVOTHG

Av Ad&Bel éva pAivupa <election> and pia diepyoacia p'
Av éxel peyoAUTEPO AvVAYyVWPLOTLKS amd tnv p'

ZtéAvel amdvinon <0K> otnv p'

Avodoppavel to pOAO TOU EKKLVITH

Kotaveunpéva Xvotpoto
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Bully algorithm
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In Fig. 6-20 we see an example of how the bully algorithm works

a

a

O

| S A

2012-2013 (E)

The group consists of eight processes, numbered from 0 to 7
Previously process 7 was the coordinator, but it has just crashed

Process 4 is the first one to notice this, so it sends ELECTION messages to all the processes higher than it,
namely 5, 6, and 7 as shown in Fig. 6-20(a)

Processes 5 and 6 both respond with OK, as shown in Fig. 6-20(b)
Upon getting the first of these responses, 4 knows that its job is over
It knows that one of these bigwigs will take over and become coordinator

It just sits back and waits to see who the winner will be (although at this point it can make a pretty good
guess)

In Fig. 6-20(c), both 5 and 6 hold elections, each one only sending messages to those processes higher than
itself

Kotaveunpéva Xvotpoto
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Bully algorithm - Example
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In Fig. 6-20 we see an example of how the bully algorithm works

a

a

a

In Fig. 6-20(d) process 6 tells 5 that it will take over

At this point 6 knows that 7 is dead and that it (6) is the winner

If there is state information to be collected from disk or elsewhere to pick up where the old coordinator left off,
6 must now do what is needed

When it is ready to take over, 6 announces this by sending a COORDINATOR message to all running
processes

When 4 gets this message, it can now continue with the operation it was trying to do when it discovered that 7
was dead, but using 6 as the coordinator this time

In this way the failure of 7 is handled and the work can continue

If process 7 is ever restarted, it will just send the others a COORDINATOR message and bully them into
submission

Kotaveunpéva Xvotpoto
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‘ Bully algorithm - Example

020 0f6 o

" %q, Election @ 4 oK @ @
&@ ® ©0uH0 O

Previous coordinator
has crashed

(a) (b) (c)

Election

Figure 6-20. The bully election algomthm. (a) Process 4 holds an election. (b)
Processes 5 and 6 respond. telling 4 to stop. (c) Now 5 and 6 each hold an elec-
tion. (d) Process 6 tells 5 to stop. (e) Process 6 wins and tells everyone.
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Bully algorithm - Example

2T0 ZXAMa QaiveTal Eva TTapAdelypa eKTEAEONS TOU TTAPATTAVW aAyopiduou

a

O1 KUKAOI g EVTOVO TTEPIYPAUMA TTAPIOTAVOUV BIEPYATies e TO POAO TOU EKKIVNTH, EVW) O KUKAOG UE EvTOVa
OIOKEKOMUEVO TTEPIYPANMA TTAPIOTAVEI TOV KOMPBO TTOU EKAEYETAI ApXNYOS TOU CUCTANATOG

Apxikd n digpyaaia 7 TTou ATAV PEXPI EKEIVN TN OTIYUA apXnyog TiBeTal eKTOG AsiIToupyiag

H diepyaacia 4 €ival auTr TTou TTPWTN AVOKOAUTITEI TNV aTToudia apxnyou aTo diKTuO Kal EEKIVA TOV aAyopIBuo
eKAOYNG (avaAaupavel To pOAO TOU EKKIVNTH)

Etre1dn yvwpicel o1 uttdpxouv dIEPYATiES HE HEYOAUTEPO AVAYVWAPIOTIKO ATTO QUTHV, OTEAVEI nvouarta
<election> oTI¢ digpyaoieg auTég, dNAadr oTIg 5, 6 kal 7

A6 auTég, uévo ol dUo TTPWTES aTTavTouv pe uivupa <OK>, epdoov JOvo auTég gival ae AsiToupyia
‘ET01 n digpyacia 4 oTapatd Kal aTTAWG TTEPIMEVEI VA EVNUEPWOET yia TNV TAUTOTNTA TOU VEOU apxnyou

2Tn ouvéxela, ol diepyaaieg 5 kal 6 (TTou £xouv avaAaBel TTa To POAO TOU €KKIVATH) OTEAVOUV unvopaTa
<election> oTI¢ 6 KAl 7 KAl 7, AVTIOTOIXQ

A6 auTég, uévo n 6 otéAvel <OK> atnv 5 kal TV avaykadel va TTEPIPEVEI va evnUEPWOET yia TO VEO
OuUVTOVIOTA

A@ou, Aoittév, n 6 BAETEI 0TI n 7 (n uévn digpyacia pe uwnASTEPN TTPOTEPAIOTNTA ATTO AUTAV) BEV TNG EXEI
QATTAVTACEL, CUUTTEPQAIVEI OTI N 7 £XEI ATTOTUXEI KAl KATA OUVETTEIQ AvaknpUoOoETAl apXnyog

‘ET01, 0TO ETTOMEVO BAMO EVNUEPWVEI OAEC TIC DIEPYQTIES PE MIKPOTEPO AVAYVWPIOTIKO aTTd QUTAV OTI QUTAH
gival TTAéov 0 VEOG apxnyog
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Bully algorithm - Example

[et’s assume that we have 7 nodes:

OIOIO00/0/0

At this current moment in time, node ‘7" is the coordinator, because 1t 1s the highest numbered node. But then node *7" leaves, so who is now the
coordinator? Lets say node ‘4’ decides it wants to be the coordinator, then we have:

0
2 5

®

Here, node “4” has sent a ELECTION to nodes *5, *6” and *7’, this is because none of the nodes know that node 7" has left yet. In this case, node *7°
cannot reply, yet, nodes *5°, and ‘6’ are still here, so they reply to ‘4’ that they are still here:

Kotaveunpéva Xvotpoto
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Bully algorithm

o
o ©e
@

Now we have nodes *5’ and *6’ sending out elections. In this case, node ‘5" sends an election to node *6” and *7°. Whereas node ‘6’ just sends an
election to node *7":

@ @
$ 7

Now, since node ‘67 is still here, then node *6° tells node ‘5" that it is still here:

Kotaveunpéva Xvotpoto
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Bully algorithm

%
0
5

Finally, since node *7” has not replied to node “6°, this implies that node ‘7" no longer exists, meaning that node ‘6’ is the new coordinator. So node
‘6’ tells all the other nodes:

@ @ v the new

\_coordnator
o

O
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Bully algorithm

Analysis

o Works best if communication in the system has bounded latency so
processes can determine that a process has failed by knowing the upper
bound (UB) on message transmission time (T) and message processing
time (M)

UB=2*"T+M

o However, if a process calls an election when the coordinator is still
active, the coordinator will win the election

Kotaveunpéva Xvotpoto
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Bully algorithm

Suppose two processes detect the demise of the coordinator simultaneously and
both decide to hold an election using the bully algorithm. What happens?

Q

If two processes simultaneously detect that the coordinator has failed, they will both begin the bully algorithm
by sending out an election message

The algorithm assumes that all processes know the IDs of other processes, so a message will be sent to all
of the processes in the system that has a higher ID then themselves

The process that sent the election message will then set a timeout period and wait to see if a message is
returned in that period

Processes with a higher ID will send a response to those with a lower ID and will begin its own election
algorithm

In the case of two processes simultaneously starting the election, the process with the lowest ID of the two
processes that started the algorithm will receive a response indicating they are out of the running of becoming
the new coordinator

So each node that receives a election message and has a higher identifier will run its own bully algorithm

Eventually the process with the highest id will become the coordinator and send out a message to the other
processes indicating it is the new coordinator

If eventually the process that fails come back up it will then hold a new election

So in the case of two processes starting the bully algorithm simultaneously, if one of the nodes has the
highest identifier of all nodes in the system then it will be chosen as the new coordinator, if not then other
nodes with higher identifiers will run the algorithm

Kotaveunpéva Xvotpoto
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Bully algorithm

A recovering process starts an election

o It will become the new coordinator if it has a higher identifier than the current
leader

Is this a feature that is necessary for the algorithm to work correctly?
Under which circumstances can it be dropped?

o To start election process with every recovered process is not completely
necessary

o In my opinion starting an election during process recovery can be dropped if
recovered process has lower ID as currently running leader

Kotaveunpéva Xvotpoto
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Bully algorithm

Suggest how to adapt the Bully algorithm to deal with temporary
network partition (slow communication) and slow processes

Kotaveunpéva Xvotpoto
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Bully algorithm - Demonstration

What happens if two processes notice at the same time that the leader has
crashed?

o As it was mentioned in the report, start and end of election process are
implemented as an atomic functions (class ReentrantLock is used)

o This prevents another process from being executed during the time start/end
election process is running, until is completely finished

o As nowadays computing systems are discrete systems, using atomic functions
prevents multiple processes to start multiple elections at a same time

According to the algorithm many parallel elections run when a coordinator
crashes. Do you implement parallel elections?

o Parallel elections are not implemented

o There is only used "lock® method to deal with the concurrency of several logically
active processes
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Bully algorithm - Demonstration

How do you count the election steps? Is it the number of messages sent
before the leader is found?

o Election steps are counted as number of messages send before leader is found

How many are the steps when you press start for the first time?

o When the processes are created for the first time, the process with highest ID
number is implicitly set as an coordinator, therefore there is no election process
performed
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Bully algorithm - Demonstration

|s there a logic on who and when polls the leader?

o Processes are set to poll the leader every 3 seconds
o The processes poll the leader serially

o Of course there is limited number of processor units in every computer, therefore
every process is periodically given a short amount of processor time, the order
and timing depends on operating system and JVM management of processor
time

o Therefore this "logic" is quite hard to predict

o | think the order doesn't change as it depends on information which is held in the
deactivated processes queue, which is the same after activation
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Bully algorithm - Demonstration

Is there a limit for the number of processes - threads?

o There is no theoretical limit of processes, but of course in reality, the processes
are limited by hardware of the computer on which the application is running

o The main bottleneck is physical memory of current machine
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Bully algorithm - Demonstration

Is there a limit for the number of processes - threads?
o quote from http://bytes.com/topic/java/answers/16952-maximum-number-threads:

"JVM, There are green_thread and native_thread JVMs There is also np-threads
implementation (I think from IBM) where in n native threads map to p number of JVM
threads (I think the JDK1.4 mixed-mode JVM is of this type).

Then comes the OS, | believe linux has a per process restriction (built into the kernel) of
around 128 native threads (I don't recall the exact number)

If a JVM is spawning native thread for every thread in the JVM then the performance is
based on the OS, behavior, number and everything else is dependent on the OS. Native
threads are better in performance than green_threads implementation where the JVM
manages its own threads. On the other hand greenthreads behave exactly the same on
multiple platforms, since the JVM is managing them."

o Furthermore ... there is some info about thread limit in windows OS

http://msdn.microsoft.com/en-us/library/ms686774(v=vs.85).aspx

o In unix like systems there is no thread limitations

2012-2013 (E)

You can limit total number of running processes using "ulimit" (man ulimit) command
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