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About me

BA andPhDatthe University of Cambridge
Computer_aboratory

Workedat AT&T Laboratorie<Cambridgdrom
1999to April 2002.

— Part of the distributedsystemgroup.
—WorkedonomniORBandomniORBYy.

— Lab closedin April 2002.
Founderof Apaspherd.td.

— CORRBA anddistributedsystems
consutangy.
—omniORBcommerciakuppat.



Overview

CORBA is anopenstandardramework for
distributedapplications.

— Applicationauthorsdo not have to know
how the ORB works.

— Pleasdgnorethistalk... :-)
Wide scope

— InterfaceDe nition Language

— Objectmodel

— ObjectRequesBroker, ObjectAdapters
— GeneralnterrORB Protocol

— Languaganappings



Overview

The CORBA standardpeci esinterfacesand
semanticsnot implementains.

— No refelrenceimplementaton.
— Firstversionsometimesot implementable.

It oftenstrongly impliesanimplementatio.

— Oftennotthe mostefc ientwayto doit.

—If youdon't doit theobviousway, it' s harder
to besureyou've doneit right.

—Testing..



omniORB

An opensourceCORBA implementation

— ReleasedinderGNU LGPL (for libraries)
andGPL (for tools).

Currentreleasas 4.0.0.

Rolust, high performancdoftenthe fastesin
tests),standards-comglnt.

— A dif cult combination..
Hostedat Sourcelerge
—omniorb.sourceforge.net
Commerciakupportavailable

—www.omniorb- support.com



omniORBNhistory

Developedat Olivetti Researciitd (ORL).

— Originally desigredfor embeddegblatforms.
—omniORB1 usedOrbix proprietaryprotocol.
—omniORB2 desigredfor IIOP.

May 1997,0mniIORB2.2releasedo theworld.

March1999 ORL becameAT&T Laboratories
Cambridge.

April 2002,lab closed.

omniORBIliveson! (SodoesVNC:
www.realvnc.com )

Total of only 8 developersovertime.



CORBA speci®cations

CORBA is de ned by the ObjectManagemat
Group.

All speci cationsavailablefor freefrom
Wwww.omg.org .

To contributeto speci cationsyou have to pay.
CORBA 3.0recentlyreleased.

Most (all?) implementatios currentlytamget
2.X.

Speci cationconsigs of CORBA core,
languagemappingsservicesdomains.



CORBA core

Objectmodel

InterfaceDe niti on LanguaggIDL)
ORB interface
PortableObjectAdapter

GIOP/ IIOP

InterfaceReposiory
Portablelnterceptors
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Languagemappings

C++

Python
Java

C

Ada

Lisp
Smalltalk
PL/1
COBOL



CORBA services

Naming
Event

Noti cation
Trading
Security
Property
Life Cycle
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omniORBstructure

1. Corventional' ORB overview
2.omniORBoverviev

3. Transporiayer

4. CDR streams

5.GIOP

6. Objectreferencs

7. ldentities

8. ObjectAdapters
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ORB overviewn



omniORBoverviewn

[ Client } [ Senant
Objref ORB Skel. Plz):\
Call desc. intertace PQA
ORB
GIOP
Transporinterface
TCP SSL Unix




Transportiayer

Clientside Senerside
E//// \\_//’—\\\\—//):
— giopCanection !
— —
i giopStrand 4:
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giopStram
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Transportiayer

Setof abstracbaseclasses:

—cdrS tream — marshallingof CORBA types.

— Stra nd — anetwork connectiorbetween
two addresspaces.

— Rope — abundleof strandgoining thesame
pair of addresspaces.

—10P_C — clientside of aninterORB
protacol.

—10P_S — senersideof aninter-ORB
protacol.

Specialisatia to GIOP: giopSt ream,
giopSt rand , giop Rope, GIOP_C, GIOP_S.
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CDR streams

CORBA datais transferredusing Common
DataRepresentatio(CDR).

Formatsfor basictypes(numbersstrings, etc.)

Formatsfor constructedypes(structs,unions
sequencestc.)

Dataalignmentrules(alwaysto natural
boundary).

Dual endiannesgésenderchooses).
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CDR streams

AbstractclasscdrStre am

—giop Stream , cdrMemoryStr eam, ...

Virtual functionsfor llin g/ emptyingbuffers.

Inline functionsfor marshallingnto / out of
buffers.

Virtual functions for marshallingwould be
more e xible

—Non-CDRmarshalling(e.g.XML).
— Enormousperformancempact.

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

giopSt ream Knows how to drive ageneric
GIOP communicationwith any GIOP version.

giopSt reamim pl Implementsa particular
GIOPversion(1.0,1.1,1.2).

— Functinse.g.marsha IReque stHead er
send System Excepti on.

Representedsa collectionof function pointers
In anobject.

— Avoidsoverheadof virtual functioncalls.
— Makesa noticeabladifference.
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GIOPtransport

AbstractclassgiopCon nectio n encapsulatesa
network connection

tcpCon nectio n, sslCo nnecti on, etc.

Responsike for

— Readind writing buffersof marshalleddata.

— Readingd writing applicatian buffers.

— Select'ingfor events(dataavailable,data
sent,timeout).

AbstractclassgiopAdd ress represents
connectd4o a network address.

AbstractclassgiopEnd point acceptsncoming
connections
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GIOPtransport

GIOP messag&eadeicontainsamessagéength.

— Have to know how muchdatayou aregoing
to sendbeforeyou sendit.

GIOP 1.1+ support fragmentation.

— Sendfragmentscorrespondingo marshalled
buffers,sono needto pre-calculate&eomplete
messagaize.

For GIOP 1.0, mustknow messagasizebefore
transmisson.

— Startmarshallingwithout knowing size.
—If buffer lls up,divertto calculatesize.
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Codesetconversion

Stringandwstring aretransformednthe vy .
Native codeset

— Codesetin useby theapplication
Transmissia codeset

— Codesetin useonthewire.
— Negotiaked' at connectiorset-uptime.

If TCSunderstanddlCS,marshaldirectly.
Otherwise marshalia Unicode.
8-bit charcodesetsuselook-uptables.
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End-to-endcall

. .Objed: . . .
Cent—) @ @ _)



Objectreferencs

Objectreferenceaepresenta CORBA object
ontheclientside.

For interfacel , IDL compilergeneratesbject
referanceclass objre f 1 .

Objref classprovidesmethodsaccordingo the
IDL interface.

Realwork is doneby anidentity, controlled
with acall descriptor
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ldentities

An identity encapsulateknowledgeof how to
contactanobject.

Abstractbaseclassomnil dentit .
Currentlyfour implementatios:

—omni Remoteldentit y — contactobject
over the network.

—omni Locall dentity — objectis localand
actvated.

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

—omni Shutdo wnldent ity — dummyused
during shutown.
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Call Descriptors

Call descriptotkknows operationspeci ¢ details

— How to performalocal call.
— How to marshal unmarshaparametes.
— Memory managemat rules.

Call descriptonnstanceholds

— Parameters$ returnvalues.
— Calltimeout

Onecall descriptorclassperoperation
signatue.
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Objectadapters

Objectadaptersnanagebjectsonthesener
side.

Two objectadaptersn omniORB

— BOA compatiblewith omniORB2 BOA.
— PQA adhereso CORBA standard.

AbstractbaseclassomniObjAdap ter .

— Managementunctions
— Dispatchfunctions

28



PQA by thespec

Objectkey

PQA | Objectid

PQA table

Two stagdook-up

— Findthe PQA.
— Look in thePQA's Active ObjectMap (if it

hasone).

)
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omnIORBPQOA

Objectkey
| >

PQA | Objectid

Obj. table

PQA table

Globalobjecttable.

)

— Dynamicallyresizedopenhashtable.

— Storesactive objectsfor all POAs, andBOA.

— Onestagdook-up for active objects.

Only look to individual PQA if objectinactve.
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Local (actve) call dispatch

1. Client callsobjref.

2. Constructcall descriptoron stack.

3. Passcall descriptorto local identity.

4. Checkobjectis still actve andcallable.

5. Passlocalid / call descriptorto PQA.

6. CheckP(QA policies(threadingmanagestate).
/. Tell call descriptorto doalocalcall.

8. Unwind call stack.

Singlecall chainminimisesfunction call
overhead.
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Remote(active) call dispatch

1. GIOP_Srecevesanincomingcall.
2. Createa call handle'onthestack.
3. Find local identity for objectin objecttable.
4. Localid passedocalid / call handleto PQA.
5. CheckPQA policies.
6. Call senant's _dispa tch virtual function.
7. Createcall descriptoron stack.
8. Unmarshabhmguments.
9. Tell call descriptorto do alocal call.
10.Marshalresults
11. Unwindthestack.
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In procesgall dispatch

1. Client callsobjref.
2. Constructcall descriptoron stack.
3. Passcall descriptorto in processdentity.

4. Seelf objectis now actve -> (maybe)replace
with local id.

5. Find PQA for object.

6. Createcall handle.

7. DispatchthroughPQA 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 heapallocatiors.

— Stackis mud faster
— Easlerto cleanup whenthingsgo wrong.

Minimise useof virtual functiors.

— Branchingcodecanbebetterif few
branches.
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PQOA pain

The PQA hassomeawkwardfeatures

— SenantLocatorpostnvoke.

— SenantActivatorincarnate/etherealize
Interaction.

— Holding state.

— Comple policy interadions.
— Single threadpolicy.

— Main threadpolicy.

Try to optimise thefast,commoncasewhere
nastythingsarent beingused.

omniIORBPQA doesnt look muchlikethe
specimpliesit would.
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Multi-threading

1. Overview
2.Issues
3. Threadusestratgies
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Multi-threading

Everythinghappensn a multi-threaded
environment.

Smallomnithreadibrary to abstracteway
platformdifferences.

Threadings hard

— Raceconditions.

— Deadlocks.

— Locking overhead.

— Threadcreationoverhead.

— Threadswitching overhead.
— Thread crosstalk'overhead.
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Threadingssues

Locking/unlocking a mutex is expensve (200
ns—1 s).

Try to avoid doing too mary locks

— Minimise numberof differentmutexes.
— Hold locksacrosdunctioncalls.

Holding locksfor alongtime reduces
concurreny.

— Differentlocksfor differentsubsy$ems.
— Hold locksonly for aslong asnecessary

A balancingact...
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Raceconditions/ deadlocks

Alwaysa problemin concurrensystems.

Strat@y of holding locksacrosdunctioncalls
makesit worse

— Easyto forgetto hold alock.
— Easyto forgetyou areholdingalock.

Partial orderon locksto avoid deadlock
— Increaseshreadcross-talk.

Assertiors throughot code

— Ondata,to helpdetectraceconditions(and
othererrors).

— On mutexesandconditon variables.
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void
omn

{

Assertions

I0r bPOA:dispa tch( omniCal IHandle & handle , omniLo callden tity * id)

ASSERT MNI_TRACEDMUTEXHELD* omni::inter  nalLock , 1);

O
O

MNIORBASSERT id); OMNIMRB_ASSER(id ->serva nt());
MNIORBASSERT id-> adapter () == this );

handle .poa (this );

enterAda pter ();

if(

pd rq_st ate != (int ) Porta bleServe r:: POAManagr::
synchr onise r equest (id );

startReq uest ();

omni ::intern alLock ->unlock ();

Tracedmutexes/condibnsareslow.
— Turnthemoff for releases.

ACTIVE )
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Raceconditionoptimism

In somecasesstructue codepathto assumex
racecondiion will notoccurt

Detectraceconditonsandpick up the pieces.

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()) {
/I We may have seen a race condi tion in which the Monitor is about
/[ 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 nclnvok er-> insert (m)) {
return

}

/[ Otherwi se, we let the followi ng deal with it .

}

m->remov e();
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Threadallocation

Usethreadgo performupcallsinto applicatian
code.

Two commonstrat@ies: threadperconnection,
threadpool.

Threadperconnection:

—Whenanewn network connectiorarrives,
allocateathreadto it.

— No threadswitchingalongthe call chain.

— Doesnot scaleto very large numbersof
connectims.

— Doesnot handlemultiplexedcallsonasingle
connectia.
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Threadallocation

Threadpool:

— Onethreadwatchegnary connectims.

—Whenarequestarrives,pick athreadfrom
thepool.

— At leastonethreadswitchalongcall chain.
—select()etc.areslower thandirectread().
— Requireconcurreng controlon connectims.

— Have to managea queuef morerequests
thanthreads.

— Scalego mary moreconnections
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omniIORBstrat@y

Threadperconnectionf smallnumberof
connections

— Justbeforecalling into applicationcode,
mark connectioras selectable'.

— Anotherthreadperiodicallylooksfor
selectableeonnectionandselectonthem.

—If amultiplexedrequestrrives,pick athread
from the "pool’ to handleit.

Automaticall transiton to threadpool if too
mary connectiom arrive.
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omniIORBstrat@y

Threadpool mode

— Poolstartsempty
— New threadsstartedon demandupto alimit.
— ldle threadsexit afterawnhile.

Connectionsinderthreadpool modeare
selectablall thetime.

A commonpatternis for aclientto perform
severalcallsin sequence.

— Option to watcha connectim for awhile
afteracall.

— Avoidsthreadswitchingoverhead.
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C++ andplatformissues

1. Thesituaton
2.o0mniORBpolicies
3. Examples




Thesituation

C++

— A very comple language.
— It hasevolvedovertime.
—Nobody getsit right.

Platforms

— Unixesvary slightly.
—Windows is gratuitotsly different.
— Platformslike OpenVMSareweird.

—omniORBdevelopersdo not have accesso
mostplatformsit runson.

a7



omniORBpolicies

Compilermustsuppat threadsafeC++
exceptions.

Don't useSTL.

—omniORBpre-datedt.
— Greatvariationin implementatios.
— Somerobustnessperformanceoncerns.

Limit othertemplateusesto simple things.
Don't usedynami c_cast< >, etc.

Abstractaway OSdifferencesasmuchas
possble.

For really broken/ dif cult sysems,maintain
separatgatches.
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An ugly example

class A {
publi c:
class B {
public
Bint i) { .. }
%
I3
class C: A: B {
publi c:
C(int 1) : howtoinitialise A::B ?

1

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_S@KET_ERROR {
retur n RC_INVALID SOCKET
}
return  O;
# else
ulong v = 1;
If (ioctls ocket (sock ,FIONB10,& v) == RC_SOGET_ERROR
retur n RC_INVALID SOCKET
}
return  O;
# endif

—
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Micro-optimisations

1. Stringcomparisons

2. Dynamiccasting




Stringcomparisons

Pro ling shavedstrem p() to besurprisngly
expensve.

Save aroundl10%on local call time with inline
omni:: strMat ch() function.

Oftenstringsbeingcomparedarethe same
string.

—omni:ptrS trMatch () comparepointers
rst.

—Work hardto arrangdor stringsto be
re-usedo make the mostof this.
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Dynamiccasting

Oftenneedto dynamicallycastbasepointerto
dervedclass.

omniORBcannotusedynamic_cas t<> Since
not all compilerssupportit.

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

Performacetestirg shovedthatit takes1 to 20
timeslongerfor dynamic_cast <> thana
schemaewith virtual functions

Variousschemesn use...
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Dynamiccasting

void *
CosNamng:: _objre f Naming Context Ext:: _ptrTo ObjRef (cons t char * id)
{
if(  id == CosNaming:Namin gContext Ext:: _PD repold )
return  (CosNaming ::Namin gContext Ext ptr ) this ;
if( id == CosNaming::Namin gContext :: PD_r epold )
return  (CosNaming ::Namin gContext _ptr ) this ;
if( id == CORBAObject : PD r epold )

return (CORBA:Object _ptr ) this ;

if(t  omni:strMa tch( id, CosNaming:: NamingContextEx t:: _PD_repo Id)
return  (CosNaming ::Namin gContext Ext ptr ) this ;

if(  omni:strMa tch( id, CosNaming:: NamingContext :: PD repold) )
return  (CosNaming ::Namin gContext _ptr ) this ;

if(  omni:strMa tch( id, CORBA Object :: PD repold) )
return (CORBA:Object _ptr ) this ;

return 0:

)
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omniORBfor Python

1. Overview

2. Datamarshallimg

3. ORBinteractiors

4. CallsbetweenC++andPython
5. Threading
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Overview

omniORBy is omniORB's mappingto Python.

Implementedn top of C++ omniORB.

— Pythan hasacleanC API.
— UsesomniORBIinternalfeatures.

— Smallnumberof changefo omniORBcore
to supportit. (NothingPythonspeci c,
though.)

— Majority of codeis C++, not Python.

Adheresto the standard?ythonlanguage
mapping.
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Datamarshalling

For C++, thelDL compileremitsC++ codeto
marshaleachtype.

For Python it emitsatypedescripta.

C++ codemarshald’ythondatastructures
accordingo thedescriptaos.

Descriptorsarebasedon CORBA TypeCodes.

— Pack TypeCodanformationinto Python
tuples.

— Supportfor Any is almostfree.
Pythonis dynamicallytyped.

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

/[ 1DL

struct Example {
long a;
string b:

3

# Python
class Example :
_NP_Repositor yld = "IDL : Example :1.0"
def _init _ (self , a, b):
self .a = a
self b =D

~d Example = (omniORBtcinte rnal .tv_stru ct, Example,
Example . NP_Repository 1Id, "Exampl e",
"a" , omniORB.tcint ernal .tv_lo ng,
"b" , (omniO RB.tcIintern al.tv.s tring ,0))
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ORB interactions

All C++ORB, PQA, etc.functionshaveto be
wrappednto Python.

— Writtenby hand(no SWIG, etc.).
— Oftenquite asimplemapping.
— Sometimegjuite comple.

Pythonequialentsof C++ objectskeepa twin'
refering to the C++ version.

Smallamountsof Pythoncodeto hidesome
details.
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ORB interactions

Pythonequwvalentsof objectreferencs,
senants,etc.

Designedo look like normalC++ versionsto
the ORB core.

In somecasegcreding anobjectreference,
unmarshallig one,etc.),omniORB|y code
duplicatesORB corecodewith small
differences.

Have to be carefulwhenC++andPython
application codearein the sameprocess..
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Cross-languagealls

WhenomniORBcreatesanobjectreferance,it
looksto seelf it is alocal object.

If so,It createsalocalidentty socallsaremade
directly onthesenant.

— Disaserif clientis C++ andsenantis
Pythan!

— ORB coreasksa senantif it is ‘compatible'
with anobjref beforecreatingalocal id.

In processdentity performscallsvia amemory
buffer.

— In future,maypermitinterleaved marshal
unmarshato save space.
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Pythonthreading

Pythonhasa globalinterpreterock.

— Mustreleasdock wheneer doingablocking
call.

— Mustacquirelock beforecalling into Python.
Pythonusessomeperthreadstate.

— Must createstatefor threadsstartedoy C++.
— Creatingstatels expensve.
— Maintainacacheof threadstates.
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Implementingan ORB is pretty hard.

—Comp
—Comp
—Comp

Summary

& functionality.
& Speci cation
& languagamappings.

— Portabilty issues.

Making it fastis evenharder

— Think outsice of the obvious

— Balanceconcurreng control.

— Minimise heapallocations

— Minimise virtual functions

— Consdernestingfunction calls.
—Usepro lin g.
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