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4. CORBA speci�cations
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Aboutme

� BA andPhDat theUniversityof Cambridge
ComputerLaboratory.

� Workedat AT&T LaboratoriesCambridgefrom
1999to April 2002.

– Part of thedistributedsystemsgroup.
– Workedon omniORBandomniORBpy.
– Labclosedin April 2002.

� Founderof ApasphereLtd.

– CORBA anddistributedsystems
consultancy.

– omniORBcommercialsupport.
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Overview

� CORBA is anopenstandardframework for
distributedapplications.

– Applicationauthorsdo not have to know
how theORBworks.

– Pleaseignorethis talk.. . :-)

� Wide scope

– InterfaceDe�nition Language
– Objectmodel
– ObjectRequestBroker, ObjectAdapters
– GeneralInter-ORBProtocol
– Languagemappings
– . . .
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Overview

� TheCORBA standardspeci�esinterfacesand
semantics,not implementations.

– No referenceimplementation.
– First versionsometimesnot implementable.

� It oftenstrongly impliesanimplementation.

– Oftennot themostef�c ient way to do it.
– If you don't do it theobvious way, it' s harder

to besureyou've doneit right.
– Testing. . .
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omniORB

� An opensourceCORBA implementation.

– ReleasedunderGNU LGPL (for libraries)
andGPL (for tools).

� Currentreleaseis 4.0.0.

� Robust,high performance(oftenthefastestin
tests),standards-compliant.

– A dif�cult combination. . .

� HostedatSourceForge

– omniorb.sourceforge.net

� Commercialsupportavailable

– www.omniorb- support.com
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omniORBhistory

� Developedat Olivetti ResearchLtd (ORL).

– Originally designedfor embeddedplatforms.
– omniORB1 usedOrbix proprietaryprotocol.
– omniORB2 designedfor IIOP.

� May 1997,omniORB2.2releasedto theworld.

� March1999,ORL becameAT&T Laboratories
Cambridge.

� April 2002,lab closed.

� omniORBliveson! (SodoesVNC:
www.realvnc.com )

� Total of only 8 developersover time.
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CORBA speci®cations

� CORBA is de�ned by theObjectManagement
Group.

� All speci�cationsavailablefor freefrom
www.omg.org .

� To contributeto speci�cationsyou have to pay.

� CORBA 3.0recentlyreleased.

� Most (all?) implementationscurrentlytarget
2.x.

� Speci�cationconsists of CORBA core,
languagemappings,services,domains.
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CORBA core

� Objectmodel
� InterfaceDe�niti on Language(IDL)

� ORB interface

� PortableObjectAdapter

� GIOP/ IIOP

� InterfaceRepository

� PortableInterceptors

� . . .
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Languagemappings

� C++

� Python
� Java

� C

� Ada

� Lisp

� Smalltalk

� PL/1

� COBOL
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CORBA services

� Naming

� Event
� Noti�catio n

� Trading

� Security

� Property

� Life Cycle

� . . .
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omniORBstructure

1. `Conventional'ORBoverview

2. omniORBoverview

3. Transportlayer

4. CDRstreams

5. GIOP

6. Objectreferences

7. Identities

8. ObjectAdapters
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ORB overview
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omniORBoverview

TCP SSL Unix

Transportinterface
GIOP

ORB

Call desc.

Objref ORB
interface

POA

Skel.
POA
I/F

Client Servant
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Transportlayer

..
.

Client side Serverside

GIOP_C GIOP_S
giopRope

giopStrand

giopConnection

giopStream

giopEndpoint
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Transportlayer

� Setof abstractbaseclasses:

– cdrS tream — marshallingof CORBA types.
– Stra nd — a network connectionbetween

two addressspaces.
– Rope — abundleof strandsjoining thesame

pair of addressspaces.
– IOP_C — client sideof aninter-ORB

protocol.
– IOP_S — serversideof aninter-ORB

protocol.

� Specialisation to GIOP:giopSt ream,
giopSt rand , giop Rope, GIOP_C, GIOP_S.
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CDRstreams

� CORBA datais transferredusing Common
DataRepresentation(CDR).

� Formatsfor basictypes(numbers,strings,etc.)

� Formatsfor constructedtypes(structs,unions,
sequences,etc.)

� Dataalignmentrules(alwaysto natural
boundary).

� Dual endianness(senderchooses).
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CDRstreams

� AbstractclasscdrStre am.

– giop Stream , cdrMemoryStr eam, . . .
� Virtual functions for �llin g / emptyingbuffers.

� Inline functionsfor marshallinginto / out of
buffers.

� Virtual functions for marshallingwould be
more�e xible

– Non-CDRmarshalling(e.g.XML).
– Enormousperformanceimpact.

� Undecidedif / how to do bothin future.
(Templatetrickery?)
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GIOPtransport

� giopSt ream knows how to drive ageneric
GIOPcommunication, with any GIOPversion.

� giopSt reamIm pl implementsaparticular
GIOPversion(1.0,1.1,1.2).

– Functionse.g.marsha lReque stHead er ,
send System Excepti on.

� Representedasa collectionof functionpointers
in anobject.

– Avoidsoverheadof virtual functioncalls.
– Makesanoticeabledifference.
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GIOPtransport

� AbstractclassgiopCon nectio n encapsulatesa
network connection.

� tcpCon nectio n, sslCo nnecti on, etc.

� Responsible for

– Reading/ writing buffersof marshalleddata.
– Reading/ writing application buffers.
– `Select'ingfor events(dataavailable,data

sent,timeout).

� AbstractclassgiopAdd ress represents/
connectsto anetwork address.

� AbstractclassgiopEnd point acceptsincoming
connections.

21



GIOPtransport

� GIOPmessageheadercontainsmessagelength.

– Have to know how muchdatayou aregoing
to sendbeforeyou sendit.

� GIOP1.1+ support fragmentation.

– Sendfragmentscorrespondingto marshalled
buffers,sono needto pre-calculatecomplete
messagesize.

� For GIOP1.0,mustknow messagesizebefore
transmission.

– Startmarshallingwithout knowing size.
– If buffer �lls up,divert to calculatesize.
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Codesetconversion

� Stringandwstring aretransformedon the�y .
� Native codeset

– Codesetin useby theapplication

� Transmission codeset

– Codesetin useon thewire.
– `Negotiated' at connectionset-uptime.

� If TCSunderstandsNCS,marshaldirectly.

� Otherwise,marshalvia Unicode.

� 8-bit charcodesetsuselook-uptables.
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End-to-endcall

Client . . .Object
ref

Identity
Call
desc

Call
desc

Servant

24



Objectreferences

� ObjectreferencerepresentsaCORBA object
on theclient side.

� For interfaceI , IDL compilergeneratesobject
referenceclass_objre f_I .

� Objref classprovidesmethodsaccordingto the
IDL interface.

� Realwork is doneby anidentity, controlled
with acall descriptor.
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Identities

� An identity encapsulatesknowledgeof how to
contactanobject.

� AbstractbaseclassomniI dentit y.

� Currentlyfour implementations:

– omni RemoteIdentit y — contactsobject
over thenetwork.

– omni LocalI dentity — objectis local and
activated.

– omni InProc essIden tity — objectis local
but not activated,or not directly callable.

– omni Shutdo wnIdent ity — dummyused
during shutdown.
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Call Descriptors

� Call descriptorknowsoperationspeci�c details:

– How to performa local call.
– How to marshal/ unmarshalparameters.
– Memorymanagement rules.

� Call descriptorinstanceholds:

– Parameters/ returnvalues.
– Call timeout.

� Onecall descriptorclassperoperation
signature.
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Objectadapters

� Objectadaptersmanageobjectson theserver
side.

� Two objectadaptersin omniORB

– BOA compatiblewith omniORB2 BOA.
– POA adheresto CORBA standard.

� AbstractbaseclassomniObjAdap ter .

– Managementfunctions
– Dispatchfunctions
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POA by thespec

Objectkey

POA Objectid

POA table

POA

AOM

Servant

� Two stagelook-up

– Find thePOA.
– Look in thePOA'sActive ObjectMap (if it

hasone).
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omniORBPOA
Objectkey

POA Objectid
�

��

�

Obj. table

Servant

POA table

. . .

� Globalobjecttable.

– Dynamicallyresizedopenhashtable.
– Storesactiveobjectsfor all POAs, andBOA.
– Onestagelook-up for active objects.

� Only look to individualPOA if objectinactive.

30



Local (active) call dispatch

1. Client callsobjref.

2. Constructcall descriptoron stack.

3. Passcall descriptorto local identity.

4. Checkobjectis still activeandcallable.

5. Passlocal id / call descriptorto POA.

6. CheckPOA policies(threading,managerstate).

7. Tell call descriptorto do a local call.

8. Unwind call stack.

� Singlecall chainminimisesfunction call
overhead.
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Remote(active) call dispatch
1. GIOP_S receivesanincomingcall.

2. Createa `call handle'on thestack.

3. Find local identity for objectin objecttable.

4. Local id passeslocal id / call handleto POA.

5. CheckPOA policies.

6. Call servant's _dispa tch virtual function.

7. Createcall descriptoron stack.

8. Unmarshalarguments.

9. Tell call descriptorto do a local call.

10.Marshalresults.

11.Unwind thestack.
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In processcall dispatch

1. Client callsobjref.

2. Constructcall descriptoron stack.

3. Passcall descriptorto in processidentity.

4. Seeif objectis now active -> (maybe)replace
with local id.

5. Find POA for object.

6. Createcall handle.

7. DispatchthroughPOA with call handle.

8. . . .
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Call dispatchprinciples

� Try to keeponecall chainratherthanseparate
functioncalls.

– Avoidsfunction call/returnoverhead.
– Makesexceptionunwinding easier.
– Harderto seeexecution�o w.

� Try to avoid heapallocations.

– Stackis much faster.
– Easierto cleanup whenthingsgo wrong.

� Minimise useof virtual functions.

– Branchingcodecanbebetterif few
branches.
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POA pain

� ThePOA hassomeawkwardfeatures

– ServantLocatorpostinvoke.
– ServantActivatorincarnate/etherealize

interaction.
– Holding state.
– Complex policy interactions.
– Single threadpolicy.
– Main threadpolicy.

� Try to optimise thefast,commoncasewhere
nastythingsaren't beingused.

� omniORBPOA doesn't look muchlike the
specimpliesit would.
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Multi-threading

1. Overview

2. Issues

3. Threadusestrategies
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Multi-threading

� Everythinghappensin a multi-threaded
environment.

� Smallomnithreadlibrary to abstractaway
platformdifferences.

� Threadingis hard

– Raceconditions.
– Deadlocks.
– Locking overhead.
– Threadcreationoverhead.
– Threadswitching overhead.
– Thread̀ crosstalk'overhead.
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Threadingissues

� Locking/unlocking amutex is expensive (200
ns– 1

�

s).

� Try to avoid doing too many locks

– Minimisenumberof differentmutexes.
– Hold locksacrossfunctioncalls.

� Holding locksfor a long time reduces
concurrency.

– Differentlocksfor differentsubsystems.
– Hold locksonly for aslong asnecessary.

� A balancingact.. .

38



Raceconditions/ deadlocks

� Alwaysa problemin concurrentsystems.
� Strategy of holding locksacrossfunctioncalls

makesit worse

– Easyto forgetto hold a lock.
– Easyto forgetyou areholdinga lock.

� Partial orderon locksto avoid deadlock

– Increasesthreadcross-talk.

� Assertions throughout code

– On data,to helpdetectraceconditions(and
othererrors).

– On mutexesandcondition variables.
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Assertions

void
omniOr bPOA::dispa tch( omniCal lHandle & handle , omniLo calIden tity * id )
{

ASSERT_OMNI_TRACEDMUTEX_HELD(* omni ::inter nalLock , 1);
OMNIORB_ASSERT( id); OMNIORB_ASSERT(id ->serva nt());
OMNIORB_ASSERT( id-> adapter () == this );

handle .poa (this );

enterAda pter ();

if( pd_rq_st ate != (int ) Porta bleServe r:: POAManager:: ACTIVE )
synchr onise_r equest (id );

startReq uest ();

omni ::intern alLock -> unlock ();
...

� Tracedmutexes/conditionsareslow.

– Turn themoff for releases.
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Raceconditionoptimism

� In somecases,structurecodepathto assumea
racecondition will not occur.

� Detectraceconditionsandpick up thepieces.

void
giopSe rver ::notif yMrDone ( giopMon itor * m, CORBA:: Boolean exit_o n_error )
{

omni_tra cedmute x_lock sync (pd_lock );

if (! exit_on _error && ! m->collecti on()-> isEmp ty()) {
// We may have seen a race condi tion in which the Moni tor is abou t
// to return when anothe r connec tion has been added to be monitor ed.
// We should not remove the monitor in this case .
if (orbAsy ncInvok er-> insert ( m)) {

return ;
}
// Otherwi se, we let the followi ng deal with it .

}
m->remov e();
...
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Threadallocation

� Usethreadsto performupcallsinto application
code.

� Two commonstrategies:threadperconnection,
threadpool.

� Threadperconnection:

– Whena new network connectionarrives,
allocatea threadto it.

– No threadswitchingalongthecall chain.
– Doesnot scaleto very largenumbersof

connections.
– Doesnothandlemultiplexedcallsonasingle

connection.
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Threadallocation

� Threadpool:

– Onethreadwatchesmany connections.
– Whena requestarrives,pick a threadfrom

thepool.
– At leastonethreadswitchalongcall chain.
– select()etc.areslower thandirectread().
– Requireconcurrency controlon connections.
– Have to manageaqueueif morerequests

thanthreads.
– Scalesto many moreconnections.
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omniORBstrategy

� Threadperconnectionif smallnumberof
connections.

– Justbeforecalling into applicationcode,
markconnectionas`selectable'.

– Anotherthreadperiodicallylooksfor
selectableconnectionsandselectson them.

– If amultiplexedrequestarrives,pick a thread
from the`pool' to handleit.

� Automatically transition to threadpool if too
many connections arrive.
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omniORBstrategy

� Threadpool mode

– Poolstartsempty.
– New threadsstartedondemand,up to a limit.
– Idle threadsexit afterawhile.

� Connectionsunderthreadpool modeare
selectableall thetime.

� A commonpatternis for a client to perform
severalcallsin sequence.

– Option to watchaconnection for awhile
afteracall.

– Avoidsthreadswitchingoverhead.
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C++ andplatformissues

1. Thesituation

2. omniORBpolicies

3. Examples
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Thesituation

� C++

– A very complex language.
– It hasevolvedover time.
– Nobody getsit right.

� Platforms

– Unixesvary slightly.
– Windows is gratuitously different.
– Platformslike OpenVMSareweird.
– omniORBdevelopersdo not have accessto

mostplatformsit runson.
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omniORBpolicies

� Compilermustsupport threadsafeC++
exceptions.

� Don't useSTL.

– omniORBpre-datedit.
– Greatvariationin implementations.
– Somerobustness, performanceconcerns.

� Limit othertemplateusesto simple things.

� Don't usedynami c_cast< >, etc.

� Abstractaway OSdifferencesasmuchas
possible.

� For really broken/ dif�cult systems,maintain
separatepatches.
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An ugly example
class A {
publi c:

class B {
public :

B(int i) { ... }
};

};
class C : A:: B {
publi c:

C(int i) : howto initialise A::B ?
};

� SomecompilersrequireA::B( i) ; somerequire
B(i) .

� Eitheris legal standardC++.

� UseOMNIORB_BASE_CTOR(A::)B(i ) .
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Windows.. .
int
Socke tSetnon blocki ng( SocketH andle_ t sock ) {
# if !define d(__WI N32__)

int fl = O_NONBLOCK;
if (fcntl ( sock ,F_SE TFL,fl) == RC_SOCKET_ERROR) {

retur n RC_INVALID_SOCKET;
}
return 0;

# else
u_long v = 1;
if (ioctls ocket ( sock ,FIONB IO,& v) == RC_SOCKET_ERROR) {

retur n RC_INVALID_SOCKET;
}
return 0;

# endif
}
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Micro-optimisations

1. Stringcomparisons

2. Dynamiccasting
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Stringcomparisons

� Pro�ling showedstrcm p() to besurprisingly
expensive.

� Savearound10%on local call time with inline
omni:: strMat ch() function.

� Oftenstringsbeingcomparedarethesame
string.

– omni ::ptrS trMatch () comparespointers
�rst.

– Work hardto arrangefor stringsto be
re-usedto make themostof this.
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Dynamiccasting

� Oftenneedto dynamicallycastbasepointer to
derivedclass.

� omniORBcannotusedynamic_cas t<> since
not all compilerssupportit.

� For omniORB4.0,we thought we would use
dynami c_cast <> whereavailable.

� Performancetesting showedthatit takes1 to 20
timeslongerfor dynamic_cast <> thana
schemewith virtual functions.

� Variousschemesin use.. .
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Dynamiccasting

void *
CosNaming:: _objre f_Naming Context Ext:: _ptrTo ObjRef (cons t char * id)
{

if( id == CosNaming ::Namin gContext Ext:: _PD_re poId )
return (CosNa ming ::Namin gContext Ext_ptr ) this ;

if( id == CosNaming ::Namin gContext ::_PD_r epoId )
return (CosNa ming ::Namin gContext _ptr ) this ;

if( id == CORBA::Object ::_PD_r epoId )
return (CORBA::Object _ptr ) this ;

if( omni ::strMa tch( id, CosNaming:: NamingContextEx t:: _PD_repo Id) )
return (CosNa ming ::Namin gContext Ext_ptr ) this ;

if( omni ::strMa tch( id, CosNaming:: NamingContext :: _PD_rep oId) )
return (CosNa ming ::Namin gContext _ptr ) this ;

if( omni ::strMa tch( id, CORBA:: Object :: _PD_rep oId) )
return (CORBA::Object _ptr ) this ;

return 0;
}
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omniORBfor Python

1. Overview

2. Datamarshalling

3. ORB interactions

4. CallsbetweenC++ andPython

5. Threading
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Overview

� omniORBpy is omniORB's mappingto Python.
� Implementedon top of C++ omniORB.

– Python hasa cleanC API.
– UsesomniORBinternalfeatures.
– Smallnumberof changesto omniORBcore

to supportit. (NothingPythonspeci�c,
though.)

– Majority of codeis C++, not Python.

� Adheresto thestandardPythonlanguage
mapping.
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Datamarshalling

� For C++, theIDL compileremitsC++ codeto
marshaleachtype.

� For Python, it emitsa typedescriptor.

� C++ codemarshalsPythondatastructures
accordingto thedescriptors.

� Descriptorsarebasedon CORBA TypeCodes.

– PackTypeCodeinformationinto Python
tuples.

– Supportfor Any is almostfree.

� Pythonis dynamicallytyped.

– Must checkthetypesof all marshalled
values,evenfor local calls.
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Datamarshalling

// IDL
struct Example {

long a;
string b;

};

# Python
class Example :

_NP_Repositor yId = "IDL : Example :1.0"
def __init __( self , a, b):

self .a = a
self .b = b

_d_Exa mple = ( omniORB.tcInte rnal .tv_stru ct, Example ,
Example ._NP_Repository Id, "Exampl e",
"a" , omniORB.tcInt ernal .tv_lo ng,
"b" , (omniO RB. tcIntern al.tv_s tring ,0))
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ORB interactions

� All C++ ORB,POA, etc.functionshave to be
wrappedinto Python.

– Writtenby hand(no SWIG,etc.).
– Oftenquitea simplemapping.
– Sometimesquitecomplex.

� Pythonequivalentsof C++ objectskeepa`twin'
referring to theC++ version.

� Smallamountsof Pythoncodeto hidesome
details.
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ORB interactions

� Pythonequivalentsof objectreferences,
servants,etc.

� Designedto look like normalC++ versionsto
theORBcore.

� In somecases(creating anobjectreference,
unmarshalling one,etc.),omniORBpy code
duplicatesORBcorecodewith small
differences.

� Have to becarefulwhenC++ andPython
application codearein thesameprocess.. .
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Cross-languagecalls

� WhenomniORBcreatesanobjectreference,it
looksto seeif it is a local object.

� If so,it createsa local identity socallsaremade
directly on theservant.

– Disaster if client is C++ andservantis
Python!

– ORB coreasksa servantif it is `compatible'
with anobjref beforecreatinga local id.

� In processidentity performscallsvia a memory
buffer.

– In future,maypermitinterleavedmarshal/
unmarshalto savespace.
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Pythonthreading

� Pythonhasaglobalinterpreterlock.

– Must releaselock wheneverdoingablocking
call.

– Must acquirelock beforecalling into Python.

� Pythonusessomeper-threadstate.

– Must createstatefor threadsstartedby C++.
– Creatingstateis expensive.
– Maintainacacheof threadstates.

62



Summary

� ImplementinganORB is prettyhard.

– Complex functionality.
– Complex speci�cation.
– Complex languagemappings.
– Portability issues.

� Making it fastis evenharder.

– Think outsideof theobvious.
– Balanceconcurrency control.
– Minimiseheapallocations.
– Minimisevirtual functions.
– Considernestingfunction calls.
– Usepro�lin g.
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