
A new design for the Tango event systemMay 20, 20101 Introdu
tionToday (up to Tango release 7), Tango event system is based on the CORBA noti�
ation servi
e.Tango uses omniNotify as CORBA noti�
ation servi
e implementation. One event is dete
ted bythe devi
e server pro
ess and pushed to the noti�
ation servi
e. It's the rule of this noti�
ationservi
e to forward the event to the interested 
lients. After several years of usage, its appears thatthis system has some limitations:� The noti�
ation servi
e implementation uses by Tango (omniNotify) is a "dead" software.There is no new release nor bug �xes sin
e several years and the mailing list is remarkablysilent.� The 
ommuni
ation between the devi
e server pro
ess, noti�
ation servi
e and 
lients are
lassi
al CORBA (GIOP/IIOP) 
alls and therefore point to point 
ommuni
ation. In 
aseof several 
lients interested by the same event, the noti�
ation servi
e will send several timesthe same event on the network (one time for ea
h interested 
lients)� The event data is sent to the noti�
ation servi
e and to the 
lients using CORBA Anyobje
ts. This adds unavoidable memory 
opy in both the server side and the 
lient side.The use of CORBA Any obje
t also in
rease the amount of data whi
h are transferred onthe network be
ause information identifying the type of the data within the Any has to betransferred. This is a limited fa
tor in term of performan
es� The noti�
ation servi
e needs a large amount of memory be
ause it is a highly threadedpro
ess (sta
k size for ea
h thread) and be
ause in some 
ases, it has to do event bu�ering.In order to remove these limitations, we are a
tually looking for another solution to implementthe Tango event system. Three solutions have been investigated:1. A 100 % Tango based solution using Tango group2. Using the OMG Data Distribution Servi
e (DDS)3. Using the Zero MQ proto
olThis paper reports on these solutions with their respe
tive advantages and drawba
ks.2 Tango event using Tango group2.1 Basi
 ideasSending one event from a devi
e server pro
ess to a 
lient means that the 
lient a
ts as a serverand the devi
e server pro
ess as a 
lient. It is the devi
e server whi
h initiates the 
ommuni
ationand the 
lient whi
h re
eives the data. In this solution, the idea is to transparently have a Tangodevi
e in the 
lient appli
ation. When an event is dete
ted in the devi
e server pro
ess, the event1



propagation will be done by one remote invo
ation of one of the method supported by the Tangodevi
e embedded in the 
lient appli
ation. Event are very often propagated to several 
lients.Within su
h a solution, this means exe
uting the same remote invo
ation on a group of Tangodevi
es. Within Tango API's, we already have Group obje
t whi
h allow Tango 
ommuni
ation(
ommand invo
ation or attribute reading/writing) between a 
lient (the devi
e server pro
essin this 
ase) and a group of Tango devi
es (the 
lient appli
ations). This is summarized in thefollowing drawing.
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Tango 
ommuni
ation are uni
ast. In 
ase of several appli
ations interested in the same event(see previous drawing), this event will be sent on the network several times (as many times asthey are appli
ations interested in the event). Nevertheless, the Tango Group obje
t work in twophases: First, it sends the request to all its members using asyn
hronous 
all and then it fet
hes allthe reply 
oming from its members. This allow some kind of parallelism between group members.2.2 ImplementationLet's assume that the Tango 
lass for the Tango devi
e embedded in ea
h appli
ation listening forevent is 
alled _EventReader.2.2.1 Client appli
ation subs
ribing to an eventThe following a
tions have to be done when an appli
ation subs
ribes for the �rst time to an event:� Create in database one entry for the _EventReader Tango 
lass with a transient Tangodevi
e.� Start this Tango 
lass (this will export the transient Tango devi
e to the database)� Inform devi
e server that the appli
ation subs
ribes to the event. This is done using theexisting EventSubsriptionChange 
ommand of the Tango admin devi
e running in the devi
eserver pro
ess. Send the transient Tango devi
e name to the serverThe devi
e server admin devi
e will have to� Create the Tango Group if it does not already exist.� Add the transient devi
e to the Tango group
2



2.2.2 The _EventReader Tango 
lassThis 
lass is not a 
lassi
al Tango 
lass. Even if event propagation 
ould be done using 
ommandand dynami
 attributes, we 
ould have simpler and faster implementation if we 
reate a dedi
atednetwork interfa
e for devi
es of this 
lass. Nevertheless, this new network interfa
e will inheritfrom the IDL interfa
e Devi
e_2 and therefore, devi
e belonging to this 
lass will also be Tangodevi
e. The network operation de�ned in this new network interfa
e will be:1. void write_event(in String event_name, in DevVarDoubleStringArray double_�lters, inAttributeValue_4 event_data); It will be used to re
eive the 
hange, ar
hive, periodi
 anduser events2. void write_att_
onf_event(in String event_name, in AttributeCon�gList_3 event_data);It will be used for the attribute 
on�guration 
hange event3. void write_data_ready_event( in String event_name, in AttDataReadyList event_data);Used for the data ready event4. void write_heartbeat_event(in String ds_name); Used for the devi
e server pro
ess heart-beat event5. void write_generi
_event(in String event_name,in DevVarDoubleStringArray double_�lters,in Any event_data); For future extension. This 
all will allow us to add new event type ifrequired without rede�ning this IDL interfa
e.These 
alls will allow an implementation whi
h is very 
lose to what we have nowadays in thepush_stru
tured_event() network operation de�ned by the CORBA noti�
ation servi
e.On top of these 5 network operations, this 
lass will have few 
lassi
al Tango 
ommands and/orattributes only dedi
ated to event system debug purpose. I do not see any reason for other Tango
lass to use this network interfa
e. It will be used only by the _EventReader 
lass. Change inthis interfa
e will be syn
hronized with 
hange in the Devi
e IDL interfa
e in order to simplifyrelease 
ompatibility problem.2.2.3 The EventGroup 
lassObviously, the Group 
lass does not know these new network operations. A new 
lass EventGroupwill be written. This 
lass will inherit from Group. It will have methods to invoke the 5 newnetwork 
alls in a "group way".2.2.4 The EventDevi
eProxy 
lassIn the same way, we have to write an EventGroup 
lass, we will have to write a EventDevi
eProxy
lass. This 
lass will inherit from the Devi
eProxy 
lass and therefore, will bene�t from all the re-
onne
tion algorithm implemented by the Devi
eProxy 
lass. Methods allowing an asyn
hronousexe
ution of the 5 methods des
ribed above will be provided by this new 
lass. The EventGroup
lass will have EventDevi
eProxy instan
e as member of its group (instead of 
lassi
al Devi
e-Proxy).2.2.5 Firing an eventWithin su
h a framework, �ring one event means 
alling the right method on the EventGroupobje
t. With a proper management of the error returned by the 
all, it will be possible to removefrom the EventGroup instan
e the transient devi
e asso
iated to a 
rashed appli
ation..
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2.2.6 Appli
ation shutdownIf an appli
ation has used events, in the fun
tion whi
h is exe
uted during the appli
ation exit,the appli
ation transient devi
e will be removed from the database. In 
ase of appli
ation 
rash,the transient Tango devi
e will stay into the database. A garbage 
olle
tor thread 
ould beimplemented in the database server in order to delete from the database "devi
e" table entries fortransient devi
es whi
h do not answer to ping request.2.2.7 NamingThe Tango 
lass implementing the event re
eiver is named _EventReader. In order to regis-ter the transient devi
e in the database, we also need to de�ne a "pseudo" devi
e server name(exe
_name/instan
e) and a devi
e name. These names 
ould be:� _EventReader/host_pid for the "pseudo" devi
e server name� _event/host/pid for the transient devi
e nameWith Java, it is not possible to get the virtual ma
hine pid. Another naming 
onvention will beused but 
lose to this one.2.3 Performan
eObviously, the 
ode is not written. Nevertheless, to evaluate what 
ould be the performan
esa
hieved with su
h an implementation, a Tango devi
e 
lass with an attribute of DevEn
odeddata type has been used. A small 
lient using the a
tual Group::write_attribute() method hasbeen used to write this attribute in 1 to 10 di�erent devi
e server pro
ess embedding the testTango 
lass.2.3.1 Hardware usedThe 
omputers used are des
ribed in the following table:Host name OS Memory Pro
essor Frequen
ye
lipse Ubuntu 9.04 (64 bits) 4 GBytes Intel Core2 Duo 2.66 Ghzp
antares Ubuntu 9.04 1.5 GBytes Intel P4 2.4 GhzAll these 
omputers are 
onne
ted on the same sub-net. The network 
onne
tion speed is 100MBits/se
 (12.5 MBytes/se
)2.3.2 Test set-upThe measurement has been done for 3 di�erent size of events:� 1 Tango DevLong (32 bits data) is transferred within the event� 1024 Tango DevLong (4 KBytes) is transferred within the event� 262144 Tango DevLong (1 MByte) is transferred within the eventIn the �rst 
ase (1 DevLong), the amount of data added by the Tango layer (attribute name,quality fa
tor...) is not negligible. The tests have been done with an amount of data 
omparableto a real Tango attribute event (92 bytes instead of 4)
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2.3.3 Using remote hostsThe 
lient is running on the host 
alled p
antares and the devi
e server pro
esses run on e
lipse.Based on the measurement done for the May 2009 Tango meeting at ESRF, the results are thefollowing:Clients 1 DevLong 1024 DevLong 262144 DevLongTango V7 Group Tango V7 Group Tango V7 Group1 770 1330 650 800 10.7 8.52 770 1320 460 570 5 4.35 400 870 200 280 2.3 1.710 220 450 100 150 0.9 0.8From this table, it is 
lear that we have an in
rease in term of performan
es ex
ept when theamount of data to be transferred is large.2.3.4 Devi
e server and 
lients on the same hostThe 
omputer used for this test is p
antares. Tango 7.1.1 has been used. The results are:Clients 1 DevLong 1024 DevLong 262144 DevLongTango V7 Group Tango V7 Group Tango V7 Group1 620 2500 600 1830 40 332 420 1250 400 930 30 165 230 520 210 380 15 710 170 250 160 190 8.5 3.33 Multi
asting for Tango event propagation3.1 Multi
astMulti
asting is a way for a 
omputer to send data over a network to a group of re
eivers. A re
eiverinterested in the data sent using multi
ast has to �rst join the multi
ast group. For multi
ast, theIP proto
ol uses 
lass D network address from 224.0.0.1 to 239.255.255.255. However, the addressrange between 224.0.0.1 and 224.0.0.255 is reserved. There are still 265 236 975 addresses available.Host uses the IGMP proto
ol when they join or leave a multi
ast group to inform routers of theirinterest in the group. With the 
lassi
al TCP/IP sta
k, multi
asting is available on top of IP orUDP. UDP is a non-reliable proto
ol and multi
asting simply done over UDP is also non-reliable.If you need reliable multi
ast 
ommuni
ation over UDP, you need a proto
ol whi
h will managepa
ket re-ordering and re-transmission in 
ase of losses.3.2 Multi
ast in Tango event system3.2.1 Multi
ast groupsMulti
asting seems to be an ideal solution for Tango event propagation where an event is dete
tedby a Tango devi
e server pro
ess and then propagated to all the interested 
lients (on the samehost or on remote host(s)). If all the interested 
lients belongs to the same multi
ast group, theywill re
eive the event by a single network transfer. Nevertheless, there is a drawba
k when usingmulti
ast with several events.
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Sender event1 / Adr 1 Sender event2 / Adr 2

Sender event1 / Adr 1 Sender event2 / Adr 1

ReceiverA ReceiverB ReceiverC ReceiverD

ReceiverA ReceiverB ReceiverC ReceiverDOn top of previous �gure, you have the ideal 
ase where the sender of event1 uses one multi
astgroup with Adr1 and the sender of event2 uses another multi
ast group with Adr2. The re
eiversof event1 (Re
eiverA and Re
eiverB) re
eive only event1 while the re
eivers of event2 (Re
eiverCand Re
eiverD) re
eive only event2. At the bottom of the same �gure, both senders use the samemulti
ast group with Adr1. Now Re
eiverC and Re
eiverD re
eive event1 while Re
eiverA andRe
eiverB re
eive event2. The unwanted events have to be �ltered out by the software but thisgenerates a useless load on the NIC (to re
eive the pa
kets for the unne
essary events) and on theCPU (to �lter out these data).In an ideal Tango system, we would need as many multi
ast group address as events usedin the system. As soon as we use the same multi
ast group for several events, we will have the"host pollution" des
ribes above. It is possible to use several multi
ast group addresses within aTango event system but we have to �nd a solution to "equally" spread the events on the availablemulti
ast group addresses in order to minimize this "host pollution".3.2.2 Port numberWith distributed software like CORBA, by default, server pro
esses 
hoose a random port number.When using multi
asting, all the server member of a multi
ast group has to listen on the sameport if they want to re
eive the data. Therefore, it is not possible to use random port numberbe
ause there is no guarantee that the same port number is free on all the 
on
erned 
omputersand even worse if 
ase of late joiner host. If you use multi
asting, you have to use �xed portnumber.4 Data Distribution Servi
e (DDS)The Data Distribution Servi
e is an OMG spe
i�
ation. Today it is in its release 1.2. In the sameway that OMG has de�ned GIOP/IIOP for CORBA interoperability, OMG has de�ned the DDSIproto
ol (a reliable UDP multi
ast proto
ol) for DDS implementation interoperability. When youuse DDS, you are not interested anymore in remote obje
t interfa
e (methods). You only de�nedthe data whi
h will be ex
hanged in your system. This de�nition is done using the CORBA IDLlanguage. Then, you write data publisher (writer) and subs
riber (reader). Today, there are atleast 3 implementations of DDS:1. OpenDDS (http://www.opendds.org/)2. RTI (http://www.rti.
om/)3. OpenSpli
e from PrismTe
h (http://www.openspli
e.org)OpenDDS is using TAO during its 
onne
tion establishment pro
ess. Therefore, it is not reallysuitable for Tango. RTI is a 
ommer
ial implementation and therefore also not suitable for Tango.OpenSpli
e is sin
e beginning 2009, an open sour
e implementation. It is written by the PrismTe
h6




ompany. It 
omes with their own proto
ol (UDP reliable multi
ast) for network 
ommuni
ationeven if they also support DDSI. It is the implementation whi
h has been tested. All the tests havebeen done using their proto
ol and not DDSI.4.1 OpenSpli
e studies4.1.1 Getting OpenSpli
e (binary and sour
e distribution)OpenSpli
e is available from a PrismTe
h Web site at the address http://www.openspli
e.org.It is down-loadable in binary or sour
e format. In binary format, it is available for Linux x86 32and 64 bits, Windows x86 and Solaris 10 Spar
. The sour
e download 
omes with its own 
on�gure(it's not the GNU auto-xxx tools). Some 
ompilation instru
tions are available. Following theseinstru
tions, I was able to 
ompile and install a debug release of DDS (on Ubuntu 9.04 box) evenif I still don't know how I 
an spe
ify the install dire
tory. The sour
e distribution 
ontains DDSfor C, C++ and Java.Tests have been done using OpenSpli
e 4.3. Due to our support 
ontra
t and to some
omplains sent to the support group, I have re
eived a release 4.3.1 in
orporating several bug �xesdis
overed by us and other. Sin
e two weeks a new release 5.1 is available for download.4.1.2 Working out of the box?It was not possible to get reliable 
ommuni
ation between a OpenSpli
e publisher and subs
riberduring our �rst tests. We �nally bought 2 days of expertise from one OpenSpli
e expert fromPrismTe
h. It appears that the ESRF network is not very good (
on�rmed during the nextprodu
t tests) and that the reliable proto
ol has to send some repair data pa
kets. We had totune some bu�ers size in the OpenSpli
e 
on�guration to 
orre
tly send the 
lassi
al and repairdata so
kets.4.1.3 CORBA ORB / OpenSpli
e 
ohabitationOpenSpli
e support 2 modes:� The standalone mode where the appli
ation is only using DDS� The ORB integrated mode where the appli
ation is used with an ORB as well as with DDS.This is the Tango 
ase.In a standalone 
ontext, OpenSpli
e DDS provides, apart from the DDS related artifa
ts, allthe artifa
ts implied by the IDL language spe
i�
 mapping. In an ORB integrated 
ontext, theORB pre-pro
essor will provide the artifa
ts implied by the IDL language spe
i�
 mapping, whileOpenSpli
e only provides the DDS related artifa
ts. The appli
ation data type representationprovided by the ORB is also used within the OpenSpli
e DDS 
ontext. In this way, appli
ationdata types 
an be shared between the ORB and OpenSpli
e within one appli
ation program. Forinstan
e, a sequen
e 
reated by OmniORB 
an be transferred by an OpenSpli
e topi
. Without thisORB integrated mode, there is absolutely no guarantee that the IDL sequen
e 
lass is internally
oded the same way between OpenSpli
e and OmniORB.OpenSpli
e and omniORB idl 
ompiler usage The following �gure shows how you have touse the OpenSpli
e and omniORB IDL 
ompilers when you want to use the OpenSpli
e integratedmode.
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For a DDS Topi
/CORBA interfa
e de�ned in a �le Foo.idl, the �les generated by the IDL
ompilers are:� 

pp_Foo.h whi
h is the master in
lude �le for DDS� FooD
ps.idl: The IDL de�nition of the topi
 type spe
i�
 
lasses (FooTypeSupport, Foo-DataReader, FooDataWriter)� FooD
ps.h and FooD
ps.
pp: The topi
 type spe
i�
 
lasses� FooD
ps_impl.
pp and FooD
ps_impl.h: The implementation of the topi
 type spe
i�

lasses� Foo.h and Foo.
pp: The Topi
 and ORB interfa
e 
lasses �les� FooSplD
ps.h and FooSplD
ps.
pp: Files for DDS (un)marshalingOn
e, these �les are generated, they have to be 
ompiled and linked with:1. The user 
ode2. The DDS libraries3. The ORB libraries4. A DDS ORB spe
i�
 library. This library has to be generated for your ORB of 
hoi
e. TheOpenSpli
e distribution 
omes with few DDS-ORB spe
i�
 libraries already 
ompiled butnot for omniORB. Following a re
ipe given by OpenSpli
e, this library has been su

essfullygenerated for omniORB 4.1.4 for Ubuntu 9.04 in 32 and 64 bitsA small 
lient/server example has been written using this ORB integrated mode. The 
lient is �rstpublishing some data using DDS and then 
all an IDL operation on a remote CORBA obje
t. Thedata sent as the IDL operation input parameter are the data used during the topi
 publi
ation.The server implements a DDS subs
riber and a CORBA server as well. This works �ne.8



4.1.4 OS signals, garbage 
olle
tion and pro
ess 
rashIn its release 4.3, on a Linux box, OpenSpli
e install signal handler for 4 signals whi
h are:1. SIGINT2. SIGHUP3. SIGQUIT4. SIGTERMTango also install its own signal handler for these signals. Spe
ial 
are has to be taken in thesignal management if DDS if used within a Tango server. In its release 4.3.1, OpenSpli
e alsoinstall signal handler for signals whi
h by default abort the pro
ess generating a 
ore �le (SIGILL,SIGABRT, SIGFPE,.....) The remaining signals are left to their default behavior. When a pro
essusing OpenSpli
e 4.3.1 re
eives su
h a signal, the OpenSpli
e signal handler shutdown all the DDSentities but does not generate a 
ore �le and do not print any message like "seg fault". This
ould be annoying in 
ase of debugging a devi
e server pro
ess after a pro
ess 
rash.4.1.5 HeartbeatIn order to be informed in 
ase of pro
ess 
rash, a Tango devi
e server sends every 9 se
onds aheartbeat event. A dedi
ated thread in the event subs
riber 
he
ks that these heartbeats eventsare still re
eived. In 
ase they are not, an ex
eption is sent to the user 
ode to inform it that thedevi
e server pro
ess has 
rashed. This is a mandatory feature for an event-based system.Within its QoS set, DDS has the Liveliness QoS whi
h in its so-
alled Automati
 mode is doingexa
tly this. The subs
riber is informed when the publisher be
omes alive or when it disappearsbe
ause it has been shutdown, killed or 
rashed. This is a ni
e feature and it 
ould remove quitesome lines of 
ode in the Tango 
ore. This feature works well with OpenSpli
e 4.3.1 but notwith the release 4.3! In release 4.3.1, this is a
hieved by signal handlers whi
h shutdown all theDDS entities when they are exe
uted. OpenSpli
e 4.3.1 install their own signal handler for allthe signals whi
h by default aborts a pro
ess with or without generating a 
ore �le. This is thetri
k. Nevertheless, there is no prote
tion against killing a devi
e server with a "kill -9"
ommand. In this 
ase, the subs
riber is not informed that the publisher has gone. The followingsenten
es 
omes from the OpenSpli
e Deployment guide:The 
leanup me
hanisms are not exe
uted when an appli
ation is terminated with a KILLsignal. For this reason a user must not terminate an appli
ation with a kill -9 
ommand (or, onWindows, must not use TaskManager's End Pro
ess option) be
ause the pro
ess will be for
iblyremoved and the 
leanup me
hanisms will be prevented from exe
uting. If an appli
ation is killedin this manner, the shared memory regions of OpenSpli
e will be
ome in
onsistent and no re
overywill then be possible other than re-starting OpenSpli
e and all appli
ations on the node.I personally �nd this rather annoying !4.1.6 Content Filtered Topi
A 
ontent �ltered topi
 is the way to 
reate a Data Reader atta
hed to a topi
 on whi
h you �lterthe topi
 data using a sub-set of the SQL language.At a glan
e, we 
an say that within Tango, we will have one topi
 for ea
h event type. Withinthe topi
 data type, we will have the full event name as a string (something like tango://kidiboo:10000/my/devi
e/name/attr_name.
hange).On top of being used as the Topi
 key, this name �eld 
an be used in the SQL expression to 
reatethe 
ontent �ltered topi
. This works �ne ex
ept that the Data Reader re
eives an invalid samplewhen any publishers shutdown (even for those whi
h published topi
 normally �ltered out!!). Thisis identi�ed by PrismTe
h as a bug and here is the support answer related to this behavior: Thisis a bug that is already in the pro
ess of being �xed. It is expe
ted to make it into the next release.We will see. 9



It has to be noted that the �ltering is done by the host re
eiving the data. This means thateven with 
ontent �ltered topi
, all the hosts with subs
ribers listening on the topi
 will re
eive thedata but only the appli
ation with the right �ltering will be informed. In a Tango world with oneTopi
 for the 
hange event, it means that all the hosts where one appli
ation listening for 
hangeevent (on any attribute) will re
eive all the 
hange events (for all attributes on whi
h events areused). Then the OpenSpli
e layer will �lter only the 
hange event the appli
ation is interested inbut... It's 
lear that if DDS is used within Tango, we will have to deal with the so-
alled partitionsto deal with this problem. I think this kind of behavior is not due to DDS itself but rather to themulti
ast usage.4.1.7 Removing / Modifying a Topi
A Topi
 has three elements:1. Its name2. Its data type (de�ned in CORBA IDL)3. Its QoSOn
e a topi
 is registered in the system, it is very di�
ult to remove it. Here is the answer Ire
eived when I have asked about this point to the mailing list:In a

ordan
e with the spe
i�
ation, there is indeed no API that `* globally'* destroys topi
s(and their related types) as one of the key-features of DDS is to maintain and provide informationeven for late-joining appli
ations. The issue with a programmati
 interfa
e to `wipe' this `topi
-memory' in DDS is that its almost impossible to spe
ify its behavior 
q. impli
ations if there arestill appli
ations running or even �to be started as late-joiners� that rely on the topi
-de�nition.Please note that this `issue' is NOT related to any spe
i�
 implementation of DDS (and/or usageof servi
es/daemons providing full 
overage of all DDS-pro�les) as it doesn't make a di�eren
eif the `*knowledge'* about topi
/types is `embedded' in running-appli
ations, persistent-storage,middleware-servi
es and/or even late-joining appli
ations (that still utilize an `old' data-model).So right now the way to start with a 
lean-sheet is to stop (and later update) any appli
ations that`use' the old data-model as well as restart the infrastru
ture that is supposed to `* remember*' thisinformation for late-joining appli
ations (so also requires deletion of persistent data-stores beforerestarting the infrastru
ture).We are 
onsidering a produ
t-extension where topi
 des
ription (and related types) would besort of `ref
ounted' and 
ould be purged (automati
ally or by an API) when there's no usageanywhere in the system anymore (i.e. all related data has been disposed, in
luding from the tran-sient/persistent stores). Note that even then, there is a risk that when re-a
tivating a system thatin
ludes previously una
tive nodes that still have persistent `knowledge' of the `old' data, it 
ouldbe avertedly `revived'.Therefore, I think it is a good idea to add in the Topi
 name a release number whi
h 
ouldhelp us to have at the same time several Topi
 de�nitions (if required) for our events. Topi
 name
ould be something like "TangoChangeEvent_V1"4.1.8 Use of the builtin topi
sOpenSpli
e manage the 4 built-in topi
s de�ned in the DDS spe
. They have added a �fth onenamed "DCPSheartbeat" whi
h 
ould be interesting for us in a tool like astor to rapidly 
he
kthat OpenSpli
e run ni
ely on our hosts.4.1.9 PrismTe
h toolsPrismTe
h has 2 tools:1. The ospl 
on�guration editor tool whi
h helps to 
on�gure OpenSpli
e10



2. The ospl tuner tool whi
h helps to tune / understand your systemThe ospl tuner works �ne and is really a good tool even if in our edition (Compa
t), it is onlyable to deal with the DDS entities whi
h runs on the lo
al host. If you want to see DDS entitieson another host, you need another OpenSpli
e servi
e whi
h is not part of the Compa
t edition.The ospl 
on�guration editor is also a good tool even if its usage is not mandatory (
ould berepla
ed by a simple text editor).4.1.10 OpenSpli
e and the "dummy0" network interfa
e (ESRF spe
i�
 !)In 
ase of 
omputer with several NIC, to sele
t on whi
h interfa
e the multi
ast enabled so
ket hasto be 
onne
ted, OpenSpli
e uses the "setso
koption()" system 
all with the IP_MULTICAST_IF�ag giving to this 
all the interfa
e uni
ast address. This interfa
e uni
ast address is de�ned inthe OpenSpli
e 
on�guration �le. In our RedHat 
omputers (Release 4 or 5), we have 2 networkinterfa
es with the same IP uni
ast address: the 
lassi
al eth0 interfa
e but also a dummy0interfa
e (I have no idea why we have this dummy0 interfa
e). The setso
koption system 
allasso
iates the so
ket to the dummy0 interfa
e!! If you do not 
all this setso
koption() fun
tion,the so
ket will be asso
iated to the network interfa
e on whi
h the default route has been de�ned(eth0 in our 
ase). Commenting out the setso
koption system 
all in the OpenSpli
e softwaretemporary solves this problem. Nevertheless, this is not a solution in 
ase of OpenSpli
e use inTango !!After several tries on another 
omputer (queg) on whi
h I 
ould play with the networkinterfa
es, it appears that the interfa
e returned by the "setso
koption()" system 
all (withIP_MULTICAST_IF) depends on whi
h interfa
e has been started �rst. If the dummy0 in-terfa
e has been started �rst, then it will be the returned interfa
e. To run OpenSpli
e on a
omputer 
on�gured as des
ribed previously, we need to �nd out in whi
h �le is des
ribed theorder in whi
h interfa
es are started. The interfa
e eth0 has to be started �rst.4.1.11 Host on several sub-netWorks �ne on
e you have set-up 
orre
tly the ne
essary parameters in the 
on�guration �le.Nevertheless, it requires that the router between the di�erent sub-net is doing multi
ast routing.The router 
on�guration has been 
hanged by the network group. Only the multi
ast groupsused during our test (226.10.11.12, 226.20.21.22 and 226.30.31.32) have been allowed to be routedbetween sub-net.4.1.12 A slow host (10 Mbit network) in the multi
ast groupTODO4.1.13 Re-
onne
tionSimple Client / Server re-start Several 
ases have been studied:1. Publisher stopped and re-started with a subs
riber waiting for topi
 instan
e: OK2. Publisher 
rashed and re-started with a subs
riber waiting for topi
 instan
e: OK3. Publisher killed with -9: OKDDS started after the 
lients/servers If a publisher (server) or a subs
riber (
lient) isstarted before OpenSpli
e, the 
all to 
reate the DDS Domain Parti
ipant will fail. It is possibleto dete
t this error and to -implement some re-
onne
tion me
hanism until the OpenSpli
e softwareis started.No error reported by the publisher write() method if OpenSpli
e is shutdown !!!11



Using a Topi
 with liveliness QoS set to automati
 and a 5 se
onds dead time, the subs
riberis warned only after 1 minute!!! When OpenSpli
e is re-started on the host where the publisher isrunning, the publisher software do not re-
onne
t. It is needed to stop/start the publisher pro
ess.The subs
riber pro
ess automati
ally re-
onne
ts.Network 
ut Seems to work but after a long delay: 1 minute before the host where the sub-s
riber is running is warned by an invalid data (NOT_ALIVE_DISPOSED) (and a liveliness eventonly during the �rst de-
onne
tion) plus another dead time before the e�e
tive re-
onne
tion. Noerror reported by the Data Writer write() method while the subs
riber host is dis
onne
ted. Thisdead time of 1 minute is tunable with the parameter Lease/ExpiryTime in the xml 
on�gura-tion �le. The default is 60 se
onds. The more you de
rease this value, the more heartbeat (andasso
iated pro
essing time) you will have to handle this.If you modify this Lease/ExpiryTime to 20 se
onds for instan
e, I had a faster noti
e that thehost is dis
onne
ted but nothing happened when I re
onne
t it !!!Host reboot / 
rash The publisher is running on Host A and 
onne
ted to a subs
riber onHost B. Host B is re-booted. No error reported to the publisher when it writes Topi
 instan
eswhile the subs
riber is down. When OpenSpli
e and the subs
riber pro
ess re-start on Host b, thepublisher re-
onne
ts �ne.Host 
rash simulated using a laptop without battery and suddenly un-powered. Idem previous
ase.4.1.14 Release 
ompatibilityHere is the answer I got from the support team about 
ompatibility between OpenSpli
e releases:We do not support ba
kwards 
ompatibility between OpenSpli
e versions. You should alwaysperform a 
omplete IDL and 
ode re
ompilation when swit
hing OpenSpli
e version. Also westrongly re
ommend using the same version of OpenSpli
e a
ross all your system nodes. Usingmixed versions a
ross a single system 
an lead to un-predi
table behaviour as the OpenSpli
e 
odewill not be the same on all the nodes.This 
ould make our life di�
ult in 
ase of large 
ontrol system. This means that in 
ase ofOpenSpli
e new release, we have to re-
ompile Tango libraries, all the devi
e server pro
esses andwe need to install in all hosts used in the system the new OpenSpli
e software. This is may besomething doable for a small 
ontrol system but it is a problem for medium size and large 
ontrolsystem.4.1.15 What about Java?A Simple example works �ne. Nevertheless, it has to be noted that this is not pure Javaimplementation. It's a JNI layer above the C API.4.1.16 What about using DDSI?TODO4.1.17 APIThere are several 
alls within the API whi
h a
ts as obje
ts fa
tory. Therefore, they return apointer to the newly 
reated obje
t. In 
ase of error, the returned pointer is NULL and there isno other error 
ode. This means that you have no information about why the 
all failed. Thisis annoying!The DDS API is de�ned in the OMG do
ument in the IDL language. Some types (
alledxxx_TYPE_NATIVE) are intended to be de�ned in a native way. Even if it is written in thespe
i�
ations that these types are opaque types and therefore the a
tual de�nition of the type12



does not a�e
t portability, it is not true. For instan
e the DomainId type used in the �rst 
allan appli
ation is doing is a string in OpenSpli
e and one integer in RTI!! This generates
ompatibility problems.4.2 Performan
es4.2.1 Hardware usedThe 
omputers used for the ben
hmarking of DDS are des
ribed in the following table:Host name OS Memory Pro
essor Frequen
yp
bruno Vista SP2 (32 bits) 4 GBytes Intel Core2 Duo 2.66 Ghzp
taurel2 Vista SP2 (32 bits) 4 GBytes Intel Core2 Duo 2.66 Ghzlapseg2 Ubuntu 8.04 1 Gbytes Intel pentium M 1.7 Ghze
lipse Ubuntu 9.04 (64 bits) 4 GBytes Intel Core2 Duo 2.66 Ghzl-
b032-1 Ubuntu 9.04 3 GBytes Intel Pentium D 3.2 Ghzp
antares Ubuntu 9.04 1.5 GBytes Intel P4 2.4 GhzAll these 
omputers are 
onne
ted on the same sub-net. The network 
onne
tion speed is 100MBits/se
 (12.5 MBytes/se
)4.2.2 Test set-upA topi
 similar to what is today a Tango event (
hange or ar
hive event) has been de�ned. Twosmall programs have been written. One a
ts as a DDS publisher (similar to a Tango devi
e serversending the event) and the other one a
ts as a DDS subs
riber (similar to a Tango 
lients re
eivingthe events). The measurement has been done for 3 di�erent size of events:� 1 Tango DevLong (32 bits data) is transferred within the event� 1024 Tango DevLong (4 KBytes) is transferred within the event� 262144 Tango DevLong (1 MByte) is transferred within the eventThe publisher publishes the data as fast as it 
an and the subs
riber reads the data. A 
he
k onlost event is also implemented. The OpenSpli
e software and the DDS QoS have been tuned inorder to have a reliable and sustainable 
ommuni
ation. The OpenSpli
e shared memory segmentsize is 33 MBytes.4.2.3 The resultsDDS 
ompared to alternative solutions The publisher is running on the host 
alled p
antaresand the subs
riber runs on e
lipse. Based on the measurement done for the May 2009 Tango meet-ing at ESRF, the results are the following:Clients 1 DevLong 1024 DevLong 262144 DevLongTango V7 Group DDS Tango V7 Group DDS Tango V7 Group DDS1 770 1330 12500 650 800 1850 10.7 8.5 7.92 770 1320 10500 460 570 1800 5 4.3 7.95 400 870 7900 200 280 1800 2.3 1.7 810 220 450 6500 100 150 1700 0.9 0.8 8.1From this table, it is 
lear that we have a big in
rease in term of performan
es with DDS. Wealso 
learly see the multi
ast e�e
t with a 
onstant performan
es whatever the 
lients number is(ex
ept for transferring a small amount of data).
13



DDS on several hosts The same kind of test has also been done with the same host used aspublisher but subs
riber(s) running on di�erent hosts. The results are:Clients 1 DevLong 1024 DevLong 262144 DevLonge
lispe lapseg2 p
taurel2 e
lipse lapseg2 p
taurel2 e
lispe lapseg2 p
taurel21 12500 8500 12000 1850 1850 1830 7.9 7.8 7.92 10500 5700 10600 1800 1900 1850 7.9 7.8 7.95 7900 2950 8000 1800 1900 1800 8 7.7 7.910 6500 1500 5800 1700 1250 1800 8.1 7 7.7The host p
taurel2 is running Vista OS. No spe
ial problem has been dete
ted to run Open-Spli
e and the test software on this platform.Multi
asting The tests has also been done with 
lients running on several hosts:� 1 
lient: on e
lipse� 2 
lients: on e
lipse and lapseg2� 5 
lients: on e
lipse, lapseg2, l-
b032-1, p
taurel2 and p
bruno� 10 
lients: 2 
lients on e
lipse, lapseg2, l-
b032-1, p
taurel2 and p
brunoThe results are:Clients 1 DevLong 1024 DevLong 262144 DevLong1 12500 1850 7.92 8000 � 11000 1700 � 1900 7.85 6000 � 11000 1900 7.910 6000 � 10000 1750 7.9The values 
on
erning a 4 KBytes or 1 Mbyte of data are quite similar to the previous tablewhere all the 
lients are running on the same hosts. For small amount of data transferred withinthe event we have on average better performan
e than in the previous 
ase. This is due to thear
hite
ture of OpenSpli
e. The network transfer has the same speed in both 
ases. But in 
ase ofseveral hosts, we have less users pro
esses (max of 2) whi
h extra
t the data from the OpenSpli
eshared memory. In the previous 
ase, we had up to 10 pro
esses reading the shared memory. Ithink the di�eren
e in term of performan
e is simply due to CPU sharing between the di�erentpro
esses on ea
h host.4.2.4 Publisher and subs
riber on the same hostIn order to be able to 
ompare the results with the test done for the May 2009 Tango meeting,the 
omputer used for this test is p
antares. Tango 7.1.1 has been used for the Group 
ase. Theresults are:Clients 1 DevLong 1024 DevLong 262144 DevLongT. V7 Group DDS T. V7 Group DDS T. V7 Group DDS1 620 2500 9500 / 5300 600 1830 9000 / 4500 40 33 150 / 912 420 1250 5000 / 3200 * 400 930 4500 / 3200 30 16 80 / 35 *5 230 520 2000 / 1500 210 380 1800 / 1350 15 7 35 / 32 *10 170 250 870 / 770 160 190 800 / 700 8.5 3.3 19 / 17 *Here also, there is a big in
rease of performan
e using DDS.There are two numbers for the DDS 
olumn. Why? This is be
ause OpenSpli
e does notbehave the same a

ording to the presen
e of another host running OpenSpli
e. If there is onlyone host running OpenSpli
e, nothing is sent on the network and we have the numbers on the left.If there is another host running OpenSpli
e even if there is no pub or sub running on this host,14



OpenSpli
e send the data on the network. I have no idea why! These are the numbers on theright side whi
h are the numbers to be taken into 
onsideration. Please, note that the * 
hara
terfollowed a number means that there is a big varian
e in the measurements done for this 
ase andthe value given is the most frequent one.4.3 Tango integration4.3.1 Whi
h Topi
s?One Topi
 for ea
h event type:� Change Event� Ar
hive Event� Periodi
 Event� User Event� Attribute Con�guration Event� Data Ready event4.3.2 PartitioningThe way to solve the problem linked to multi
ast use and des
ribed in 
hapter 3 is to use DDSpartitions. You publish (subs
ribe) your data in a DDS partition. With OpenSpli
e, in the
on�guration �le, you map the DDS partition(s) to the so-
alled Network partition(s). Ea
hnetwork partition has its own multi
ast address. We will de�nitively need partitioning. If youdon't want to spe
ialize your hosts, you will have to de�ne all the network partitions in theXML 
on�guration �les. A
tually, OpenSpli
e does not support dynami
 
onne
tion to a networkpartition. This means that all the hosts will be members of all the multi
ast groups de�ned forthe di�erent partitions meaning that all the hosts will see all the events!!! This is a majordrawba
k of OpenSpli
e4.3.3 Pra
ti
al implementationIf you are using OpenSpli
e on a host, you have to run its daemons on this host. The minimunset-up is a
hieved using:� Three OpenSpli
e pro
esses� A shared memory segment� The XML 
on�guration �leThe three pro
esses are a general OpenSpli
e daemon, their networking servi
e and a durabilityservi
e whi
h seems to be mandatory. The shared memory segment is used for the 
ommuni
ationbetween these three pro
esses and the user pro
ess(es).4.3.4 Shared memory sizeWith Tango, it is very di�
ult to know in advan
e whi
h data will be sent/re
eived using DDS.This is a result of the running appli
ation(s) subs
ribing (or not) to events. Therefore, it is di�
ultto estimate the size of the shared memory segment and this is still an open question.
15



4.3.5 Share the 
on�guration �leShould be possible to de�ne the �le 
ontent using 
ontrol system properties. Then the Starter onea
h host 
ould get these properties and 
reate the 
on�guration �le before starting OpenSpli
e.It's not a perfe
t solution:� Every host with events needs a starter devi
e server� Could need a large property number� It's a dirty tri
k5 ZeroMQ5.1 Introdu
tion to ZMQZMQ (http://www.zeromq.org/start) stands for "0 Message Queue". This name 
omes fromthe origin of this software whi
h was used to develop one implementation of AMQP. It is now
ompletely de
oupled from AMQP. It is a layer that you use on top of the networking sta
k. Ithas a Berkeley so
ket style API (You 
reate ZMQ so
ket, you bind it, you write to this so
ket or youread from it). For ZMQ, the transported data is a message and they do not provide any en
oding/ de-en
oding API. The messages are sent and re
eived asyn
hronously. It supports di�erentmessaging patterns like point to point, publish - subs
ribe, request - reply... ZMQ supportsmulti
asting when using the publish - subs
ribe messaging pattern. It in
ludes the Pragmati
General Multi
ast (PGM) proto
ol de�ned in RFC 3208 and implemented by the OpenPGM(http://
ode.google.
om/p/openpgm) proje
t. It is supported on a large set of OS (in
ludingLinux, Solaris, Ma
 OS X and Windows). The library uses the LGPL li
ense while the given toolsare GPL.The following lines are two questions / answers taken from the ZMQ FAQ:How 
ome ØMQ has higher throughput than TCP although it's built on top of TCP?Avoiding redundant networking sta
k traversals 
an improve throughput signi�
antly. In otherwords, sending two messages down the networking sta
k in one go takes mu
h less time thensending ea
h of them separately.This te
hnique is known as message bat
hing.When sending messages in bat
hes you have to wait for the last one to send the whole bat
h.This would make the laten
y of the �rst message in the bat
h mu
h worse, wouldn't it?ØMQ bat
hes messages in opportunisti
 manner. Rather than waiting for a prede�ned numberof messages and/or prede�ned time interval, it sends all the messages available at the moment inone go. Imagine the network interfa
e 
ard is busy sending data. On
e it is ready to send moredata it asks ØMQ for new messages. ØMQ sends all the messages available at the moment. Does itharm the laten
y of the �rst message in the bat
h? No. The message won't be sent earlier anywaybe
ause the networking 
ard was busy. On the 
ontrary, laten
y of subsequent messages will beimproved be
ause sending single bat
h to the 
ard is faster then sending lot of small messages. Onthe other hand, if network 
ard isn't busy, the message is sent straight away without waiting forfollowing messages. Thus it'll have the best possible laten
y.5.2 ZMQ and multi
astingEven if the PGM proto
ol used by ZMQ when doing multi
asting is a reliable multi
ast proto
ol,it seems that it is not "that" reliable and has some traps in whi
h it is easy to fall down. Theauthor was not able to build a reliable 
onne
tion between 2 
omputers in the ESRF networkusing the openPGM embedded with ZMQ. There was always some pa
kets lost during the re-transmission. Therefore, all the test done in the following sub-
hapters were done using thepublish - subs
ribe messaging patterns but with the TCP proto
ol (therefore with asmany 
opies on the network as the number of 
lients)16



5.3 Performan
eZMQ only transport data and do not provide any en
oding/de-
oding system. For the followingtest, the data ex
hanged between the 
lient(s) and the server are exa
tly the data sent by a Tangoevent. We have re-used the omniORB marshalling and un-marsahlling system to en
ode/de
odethe data. This means that the data within the ZMQ message are 
oded using the CORBA CDR(Common Data Representation) and are exa
tly the same data than those transferred by a Tangoevent.5.3.1 Using remote hostsThe 
lient is running on the host 
alled p
antares and the devi
e server pro
esses run on e
lipse.The tests were done with a ZMQ sender de�ning a ZMQ so
ket with a High Water Mark of 1 anda Low Water mark of 0. The results are the following:Clnt 1 DevLong 1024 DevLong 262144 DevLongT. V7 Group DDS ZMQ T. V7 Group DDS ZMQ T. V7 Group DDS ZMQ1 770 1330 12500 45000 650 800 1850 2400 10.7 8.5 7.9 10.72 770 1320 10500 27000 460 570 1800 1200 5 4.3 7.9 4.75 400 870 7900 14000 200 280 1800 500 2.3 1.7 8 1.810 220 450 6500 7300 100 150 1700 230 0.9 0.8 8.1 0.8From this table, it is 
lear that we have an in
rease in term of performan
es when using smallamount of data (Attribute of 1 DevLong) even 
ompared to DDS whi
h is using multi
asting.For medium size data attributes, the in
rease of performan
e using ZMQ 
ompared to DDS issigni�
ant only in 
ase of a single 
lient. As soon as you in
rease the number of 
lients, DDS isfaster (multi
asting e�e
t). For large data transfer, 3 solutions (in
luding ZMQ) gives nearly thesame results while DDS performs better if you in
rease 
lient number (multi
asting).5.3.2 Devi
e server and 
lients on the same hostThe 
omputer used for this test is p
antares. Tango 7.1.1 has been used for the Group 
ase. Theresults are:Clnt 1 DevLong 1024 DevLong 262144 DevLongT. V7 Group DDS ZMQ T. V7 Group DDS ZMQ T. V7 Group DDS ZMQ1 620 2500 5300 16000 600 1830 4500 15000 40 33 91 1002 420 1250 3200 9800 400 930 3200 7300 30 16 35 605 230 520 1500 3900 210 380 1350 2700 15 7 32 2610 170 250 770 1600 160 190 700 1200 8.5 3.3 17 13.5From this table, it is 
lear that we have an in
rease in term of performan
es with ZMQ.5.4 ZMQ and JavaZMQ has a Java binding. This is not pure Java but a java interfa
e to the C library. This meansthat java appli
ation using ZMQ depends on the presen
e of a library on the 
omputer. Thismodify the portability of Java appli
ation.5.5 Implementation in Tango eventsThe information ex
hanged between a CORBA 
lient and a server when the 
lient requests theserver to exe
ute a IDL operation are:� A GIOP header in
luding the operation to be exe
uted� The obje
t key on whi
h the operation has to be exe
uted17



� The data themselves 
oded using the CORBA Common Data Representation (CDR)In the 
ase of Tango event, we don't need any obje
t key be
ause there is only one obje
t involvedin the event re
eiver. We also do not need the remaining GIOP header. Therefore, we 
ouldsimplify the data transferred to:1. The operation to be exe
uted (
oded using one integer)2. The data themselves 
oded in CDRThis has been partly experimented during the performan
e testing of ZMQ where the datasent on the network were en
oded/de
oded using omniORB generated methods for CDR en
od-ing/de
oding. The operations that we need to implement are exa
tly the same than those de�nedfor the Tango group solution (5 operations requested).A Tango 
lient interested in events, instead of being a CORBA server will be a ZMQ subs
riber.The Tango server instead of being a Tango 
lient will be a ZMQ publisher.We have to 
he
k if it is also possible to de
ode a CDR en
oded data bu�er with Ja
ORB forJava appli
ation re
eiving Tango event.6 Compatibility with previous Tango event systemTODO7 Con
lusionIf we try to summarize the pros and 
ons of ea
h solution:� Group� Pros: Lightweight (no extra pro
ess, only 
lients and servers), Tango everywhere� Cons: Performan
e, Amount of 
ode to be written� DDS� Pros: Performan
e, features, not so many 
ode to be written� Cons: Heavy (3 pro
esses and a shared memory), Data partitioning impossible, Inte-gration into Tango (the XML 
on�guration �le), di�
ult 
on�guration (shared memorysize, 
ommuni
ation bu�er size tuning), not easy to use in every day life (kill -9 forbid-den), Java portability� ZMQ� Pros: Performan
e, lightweight (only 
lient and server pro
esses)� Cons: Amount of 
ode to be written, Java portability, Young produ
t
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