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Motivation: the Distributed Software Crisis

Symptoms
e Hardware gets smaller, faster, cheaper

e Software gets larger, slower, more
expensive

Culprits
e Inherent and accidental complexity
Solution Approach

e Components, Frameworks, Patterns,
& Architecture
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Techniques for Improving Software

Quality and Productivity
APPLICATION - |[INVOKES Q Proven solutions —
SPECIFIC

O
@
FUNCTIONALITY m ° components
Q — Self-contained, “pluggable”
f—] ADTs
NETWORKING

e Frameworks

— Reusable, “semi-complete”

applications
e Patterns
e — Problem/solution/context
ey « Architecture
— Families of related patterns

and components

I'l
(A) CLASS LIBRARY ARCHITECTURE

(B) FRAMEWORK ARCHITECTURE
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Overview of CORBA Middleware Architecture

Goals of CORBA

e Simplify
o nares distribution by

operation() (‘S);"v]iﬁ;r) automating

INTERFACE IDL IMPLEMENTATION
REPOSITORY COMPILER REPOSITORY

— Obiject location &

out args + return value
,/IDL @ ! activation
SKELETON _
ORB . Paramet.er
INTERFACE ADAPTER marshaling

— Demultiplexing

GIOP/IIOP/ESIOPS — Error handling

O STANDARD INTERFACE OSTANDARD LANGUAGE MaPPING ® Provide

- ORB-SPECIFIC INTERFACE OSTANDARD PROTOCOL foundation for
higher-level
services

www.cs.wustl.edu/~schmidt/corba.html
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Applying CORBA to Medical Imaging

DIAGNOSTIC STATIONS

e Domain Challenges

— Large volume of “Blob”
data
x e.g., 10 to 40 Mbps

— “Lossy compression” isn't
viable

— Prioritization of requests

e URLS

CLUSTER

BLOB

MODALITIES CENTRAL
(CT, MR, CR) BLOB STORE

— ~schmidt/PDF/COQOTS-
96.pdf

~schmidt/PDF/av_chapter.pdf
— ~schmidt/NMVC.html
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Applying CORBA to Real-time Avionics

@ ﬁﬁ e Domain Challenges
— Real-time periodic
3:1USH (EVENTS) 4 PULL(DATA) processing
— Complex

EVENT REPLICATION .
3:PUSH (EVENTS) dependenCIeS
S — S —

M — Very low latency

2: SENSOR PROXIES DEMARSHAL DATA
& PASS TO EVENT CHANNEL
e URLS

— ~schmidt/PDF/JSAC-
98.pdf
1 SENSORS _— — ~schmidt/TAO-
boeing.html
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Applying CORBA to Global PCS

TRACKING
_& SATELLITES STATION

PEERS

’

S0, £
o e
STATUS INFO //
! ¥ / / i

WIDE AREA / Ve 7
NETWORK / e
P
cowmanps |/ 7/ BULK DATA
/S TRANSFER
e
A

GROUND
STATION
PEERS

e Domain Challenges

— Long latency satellite links
— High reliability
— Prioritization

e URL

— ~schmidt/PDF/TAPOS-
00.pdf
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Tutorial Outline

e Motivation

e Example CORBA Applications

e Coping with Changing Requirements
e Overview of CORBA Architecture

e Evaluations and Recommendations
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Motivation for COTS Middleware

e Itis hard to develop distributed applications whose components
collaborate efficiently, reliably, transparently, and scalably

e To help address this challenge, the Object Management Group
(OMG) is specifying the Common Object Request Broker
Architecture (CORBA)

e OMG is a consortium of ~1,000 computer companies
— Sun, HP, DEC, IBM, IONA, Borland, Cisco, Motorola, Boeing, etc.
e The latest version of the CORBA spec is now available

— www.omg.org/technology/documents/formal/

DR
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Sources of Complexity for Distributed Applications

”"’“’TE ¢ Inherent complexity
////@/ — Latency
systEm Reliability
Partitioning

Ordering
— Security

e Accidental Complexity

— Low-level APIs

— Poor debugging tools

— Algorithmic
decomposition

S mesystev— — Continuous re-invention
(2) DISTRIBUTED APPLICATION ARCHITECTURE

D
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Sources of Inherent Complexity

Inherent complexity results from fundamental challenges in the
distributed application domain

Key challenges include

— Addressing the impact of latency

— Detecting and recovering from partial failures of networks and
hosts

— Load balancing and service partitioning

— Consistent ordering of distributed events

UC Irvine
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Sources of Accidental Complexity

Accidental complexity results from limitations with tools and
techniques used to develop distributed applications

Key limitations include

— Lack of type-safe, portable, re-entrant, and extensible system call
interfaces and component libraries

— Inadequate debugging support

— Widespread use of algorithmic decomposition

— Continuous rediscovery and reinvention of core concepts and
components

UC Irvine
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Motivation for CORBA

e Simplifies application interworking

— CORBA provides higher level integration than traditional untyped
TCP bytestreams

e Benefits for distributed programming similar to OO languages for

CORBA Tutorial
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CORBA Quoter Example

int main (void)

/Il Use a factory to bind

/I to a Quoter.

Quoter_var quoter =
bind_quoter_service ();

e |deally, a distributed
service should look just
like a non-distributed
service

e Unfortunately, life is
harder when errors

non-distributed programming const char *name =

"ACME ORB Inc." ocer...

— e.g., encapsulation, interface inheritance, polymorphism, and

exception handling CORBA::Long value =

quoter->get_quote (name);
cout << name << " = "
<< value << endl;

e Provides a foundation for higher-level distributed object collaboration

— e.g., ActiveX and the OMG Common Object Service Specification
(COsSs)

DR
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CORBA Quoter Interface OMG IDL Compiler

~
interface Quoter
{
IDL FILE long get_quote (in string name);

/I IDL interface is like a C++ e We write an OMG
/I class or Java interface. IDL interface for
interface Quoter our Quoter

{ ﬁ— IDL COMPILER 3

exception Invalid_Stock {}; — Used by both SERVER SERVER

clients and SKELETON| | SKELETON
long get_quote servers HEADER BODY

(in string stock_name) l
’—LSW
SERVER yRCE

raises (Invalid_Stock);

: SERVER OURCE -
b <—_OODI " 0| SOURCE| | SOURCE [copE. pooe! ~c#+

JAVA o+ CODE CODE L~ COMPILER
Using OMG IDL promotes language/platform independence, location COMPILER
transparency, modularity, and robustness

i )

CORBA /
CLIENT RUN-TIME SERVER
PROGRAM LIBRARIES [ PROGRAM

DR
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Software Bus

e CORBA provides a communication infrastructure for a
heterogeneous, distributed collection of collaborating objects

e Analogous to “hardware bus”

D-O-C

UC Irvine

TICATION

2: authenticate (broker) l
tAl

3: timestamp()
-

1: resolve ("Quoter')

K get_quote ("ACME ORB, Inc.")

CORBA Object Collaboration
support nested upcalls and collocation

— j.e., distributed or collocated
optimizations

local

e Collaborating objects can be either remote or
e For this to work transparently the ORB should

CORBA Tutorial
UC Irvine
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Communication Features of CORBA

H TARGET
o CORBA supports reliable, S mm OBJECT
uni-cast communication

operatlon(args) BD
— I.e., oneway, twoway, deferred i]—<——r—]

synchronous, and mpom
asynchronous 2-'1"’”6’ I request TARGET

POLLING
CLIENT operation(args)  9BJECT

3: response %
—

e CORBA objects can also
collaborate in a client/server, D)
peer-to-peer, or 4ga
publish/subscribe manner o

AEECO

— e.g., COS Events & CALLBACK PR TARGET
i H H ¢ CLIENT eration(callback, ar OBJECT
Notification Services define a P

publish & subscribe C el CJOD
communication paradigm O 2myponse o

UC Irvine E}'E1"E
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Fundamental CORBA Design Principles

Separation of interface and implementation

— Clients depend on interfaces, not implementations
Location transparency

— Service use is orthogonal to service location
Access transparency

— Invoke operations on objects

Typed interfaces

— Object references are typed by interfaces
Support of multiple inheritance of interfaces

— Inheritance extends, evolves, and specializes behavior

UC Irvine E}'E1"E
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Related Work Related Work (cont'd)

e Traditional RPC (e.g., DCE) e Java RMI

— Only supports “procedural” integration of application services — Limited to Java only

— Doesn'’t provide object abstractions, async message passing, or x Can be extended into other languages, such as C or C++, by
dynamic invocation using a bridge across the Java Native Interface (JNI)

— Doesn'’t address inheritance of interfaces — Well-suited for all-Java applications because of its tight integration

with the Java virtual machine

e Windows COM/DCOM/COM+ * e.g., can pass both object data and code by value

. . o — However, many challenging issues remain unresolved
— Traditionally limited to desktop applications * e.g., security, robustness, and versioning
— Does not address heterogeneous distributed computing

UC Irvine ) 5 UC Irvine
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CORBA Stock Quoter Application Example

e The quote server(s)
maintains the
current stock prices

QUOTE e Brokers access the
SERVERS quote server(s) via
CORBA

DGaleway/Router e Note all the

Cmvs-im heterogeneity!
[ sunos - sparc
[ HPrux - HPPA

[ os/2 - PowerPc
[Z windows NT - Alpha
. Windows- Pentium

raises (Invalid_Stock);
etc.
raises (Invalid_Factory);

/I Factory Method that returns a new Quoter
Quoter create_quoter (in string quoter_service)

/I selected by name e.g., "Dow Jones,"

Simple OMG IDL Quoter Definition
/I "Reuters,",

long get_quote (in string stock_name)

/I A factory that creates Quoter objects.

interface Quoter_Factory

/I Interface is similar to a C++ class.
{

/I Exceptions are similar to structs.
interface Quoter

exception Invalid_Stock {};
exception Invalid_Factory {};

UC Irvine

module Stock {
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Revised OMG IDL Quoter Definition
Apply the CORBA Lifecycle Service

module Stock {
exception Invalid_Stock {}; // Similar to structs.

/I Interface is similar to a C++ class.
interface Quoter : CosLifeCycle::LifeCycleObject

long get_quote (in string stock_name)
raises (Invalid_Stock);

/I Inherits:

/I void remove () raises (NotRemovable);

%

/I Manage the lifecycle of a Quoter object.
interface Quoter_Factory :
CosLifeCycle::GenericFactory

{
Returns a new Quoter selected by name
e.g., "Dow Jones," "Reuters,", etc.
Inherits:
Object create_object (in Key Kk,

in Criteria criteria)
raises (NoFactory, InvalidCriteria,
CannotMeetCriteria);
5
h

UC Irvine
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Automatically-Generated
Client-side Stubs

namespace Stock

{

class Quoter
. public virtual CosLifeCycle::LifeCycleObject
/I Quoter also IS-A CORBA::Object.

{
public:
/I Proxy interface.
CORBA::Long get_quote (const char *stock _name);

b

class Quoter_Factory
: public virtual CosLifeCycle::GenericFactory
/I GenericFactory 1S-A CORBA::Object.

{
public:
/I Proxy Factory method for creation.
/I Inherits:
/I CORBA::Object_ptr create_object
/I (const CosLifeCycle::Key &factory_key,
1 const CosLifeCycle::Criteria &criteria)

UC Irvine
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RPC-style vs. Object-style
Communication

QUOTE CLIENT

name
O—

: Quoter get_quote()

Proxy /@ — — —

: Quoter
Proxy

QUOTE

CLIENT : Reuters

Quoter
Proxy

create_object()

+-—0
Quoter

: DowJones

name Quoter
Oo—

get_quote()

OBJECT-STYLE

UC Irvine
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Defining a Servant Using Inheritance

class My_Quoter_Factory : public virtual POA_Stock::Quoter_Factory
{
public:

My_Quoter_Factory (const char *factory_name =

"my quoter factory");
virtual CORBA::Object_ptr // Factory method for creation.
create_object (const CosLifeCycle::Key &factory_key,
const CosLifeCycle::Criteria &the_criteria)
throw (CORBA::SystemException, QuoterFactory::NoFactory);

l
0/

,
N

0%
VL

ject()

CosLifeCycle \

ject()

)

//\\____/—-—\\

\ GenericFactory
|
/ create_obj

)

/

J

\
[

QH(;tér )
Factory

h

The drawback is that implementations inherit from generated skeletons

create ob

ject()
/

/

_00)

\

|

/ P
\

\ \

! >

( /
(

J

bject() \

~
-~

e Can create a “brittle” hierarchy and make it hard to integrate with
legacy code, i.e., distributing a stand-alone application

1: create ob
~N
AN
-
\ —

Factory

My
Quoter

e Virtual inheritance is often poorly implemented

D-O-C

~N—

r

/

| create o
N -

/

|
|
|

f
\
\

The Class Form of the Adapter Pattern

s
S
2
<
o
©
(@]
O

\
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A TIE-based Implementation
class My_Quoter_Factory {
public:
My_Quoter_Factory (const char *factory_name =
"my quoter factory");
/I Factory method for creation.
CORBA::Object_ptr create_object
(const CosLifeCycle::Key &factory_key,
const CosLifeCycle::Criteria &the_criteria)
throw (CORBA::SystemException, QuoterFactory::NoFactory);

\

e _object() /

)
\
/

\
/
\

~

\/

~

AN
~

\1/ Base
\
|
ecg)_:_O
\) _
/\’/
/. My
Quoter
g Factory
_—

Z
|
|
|
Quoter

\

| creat

j
[

ect_()_ -0

j
/

\
/
r
\

ject()

]

CosLifeCycle \
/

/"\_._/"‘\\

\ GenericFactory

! create_ob

Factory ¢

-~

j

TIE allows classes to become distributed even if they weren’t
developed with prior knowledge of CORBA

/ create_ob

"/
\
\
|
|
\
2: create ob

\ 1: create_quoter ()
/

/
My_Quoter
ject() /

]

e There is no use of inheritance and operations need not be virtual!

.

client

e However, lifecycle issues can be tricky...

D-O-C

T =N
create_ob

P
\
/
\

The Object Form of the Adapter Pattern
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Registering My_Quoter _Factory with
the Naming Service

A

auin| oN
1 an Alooe4 us1ond ssepd

[euoinL Y400

extern CosNaming::NamingContext_ptr
name_context;

%001S"VOd 92%e

My_Quoter_Factory::My_Quoter_Factory
(const char *factory_name)
{

198lqo uoneuswadwi

ay1 01 parebajap uay) ale ssejd 3|1 ayl BIA s|jed uonelado ||y
<|dw] ssep> arejdwsal

CosNaming::Name name;
name.length (1);

name[0].id = factory_name;
name[0].kind = "object impl";

‘AHOLOVH ¥310Nd AN

<Alo1oeH Ja10nd) AN>aI1 Alo1oeH 1210n0):201S” VOd lopadAl
'Sse|o 3|1 8yl uiyum 19alqo Jaqulod

uoneluswsaldwi ue sade|d 1ey) JueAIas e pue JopadAl e ajeisuab apn

/I Obtain object reference and
/I register with the POA.
Quoter_Factory var gf = this->_this ();

/I Export our object reference to the
/I naming context.
name_context->bind (name, df);

((Kioyoequo10n AN Mau) Aio1oe) AHOLOVH d3L0ND AN
¥/ } Aoloeq 1sond olgnd

311 Buisn uealss e buluyaq

3

Ll

Real code should handle exceptions...
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Implementing My_Quoter _Factory

auIAl DN

CORBA::Object_ptr
My_Quoter_Factory::create_object
(const CosLifeCycle::Key &factory_key,
const CosLifeCycle::Criteria &the_criteria)

[euoinL Y400

()osonb 338 :p
(0193fqo dyeaad :¢

INAITD

POA_Stock::Quoter *quoter;

()dAf0saua i

/I Perform Factory Method selection of
/I the subclass of Quoter.
if (strcmp (factory_key.id,
"Dow Jones") == 0)
quoter = new Dow_Jones_Quoter;
..
else if (strcmp (factory_key.id,
"My Quoter") == 0)
/I Dynamically allocate a My_Quoter object.
quoter = new My_Quoter;
else
/I Raise exception.
throw Quoter_Factory::NoFactory ();

HIINYAS
ONIWVN

saoualajal
asodind e

109[go 01 sBulnis

uonejuswaldw] e
Jo saouanbas sdey —

sde|N yseH
ydeib paisau
Aleaiyaselaly e ag ued

30V Buisn uanup —
90IAI8S BulweN vgy0D ay1 Buisn

/I Create a Stock::Quoter_ptr, register

/I the servant with the default POA, and
/I return the new Object Reference.
return quoter->_this ();

1Xauo) BuiweN —
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The Main Server Program
Uses persistent activation mode

int main (int argc, char *argv[])

{

ORB_Manager orb_manager (argc, argv);
const char *factory_name = "my quoter factory";

/I Create the servant, which registers with
/I the rootPOA and Naming Service implicitly.
My_Quoter_Factory factory (factory_name);

/I Could use the TIE approach and explicitly
/I register the servant with the POA, i.e.:
/I MY_QUOTER_FACTORY factory
(new My_Quoter_Factory (factory_name));
orb_manager.activate (&factory);

Block indefinitely waiting for incoming
invocations and dispatch upcalls.
orb_manager.run ();
/I After run() returns, the ORB has shutdown.

UC Irvine
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Server Initialization Wrapper Facades

class ORB_Manager {
public:
/I Initialize the ORB manager.
ORB_Manager (int argc, char *argv[]) {
orb_ = CORBA::ORB_init (argc, argv, 0);
CORBA::Object_var obj =
orb_->resolve_initial_references ("RootPOA");
poa_ =
PortableServer::POA::_narrow (obj);
poa_manager_ = poa_->the_POAManager ();

}

/I Register <servant> with the <poa_>.
int activate (PortableServer::Servant servant) {
return poa_->activate_object (servant);

}
/I ORB Accessor.
CORBA::ORB_ptr orb (void) { return orb_; }

/I Run the main ORB event loop.
int run (void) {
poa_manager_->activate ();
return orb_->run ();
}
private:
CORBA::ORB_var orb_;
PortableServer::POA_var poa_;
PortableServer::POA_Manager_var poa_manager_;

DG
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A Client Program
int main (int argc, char *argv[])

/I Manages refcounts.
Stock::Quoter_var quoter;

try { // Use a factory to bind to any quoter.

Stock::Quoter_Factory_var gf =

bind_service<Stock::Quoter_Factory>

("my quoter factory", argc, argv);

if (CORBA:is_nil (qf)) return -1,
const char *stock_name = "ACME ORB Inc.";
CoslLifeCycle::Key key; key.length (1);
key[0].id = "My Quoter";

/I Find a quoter and invoke the call.
CORBA::Object_var obj = gf->create_object (key);
quoter = Stock::Quoter::_narrow (obj);
CORBA::Long value =
quoter->get_quote (stock_name);
cout << stock_name << " = " << value << endl;
/I Destructors of *_var release memory.
} catch (Stock:Invalid_Stock &) {
cerr << stock_name << " not valid" << endl;
} catch (...) { /* Handle exception... */ }
quoter->remove ();

}

UC Irvine
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CORBA Tutorial

Obtaining an Object Reference
via the Naming Service

static CORBA::ORB_ptr orb;
extern CosNaming::NamingContext_ptr name_context;

template <class T> typename T::._ptr_type /* trait */
bind_service (const char *n, int argc, char *argv[])
{
CORBA::Object_var obj; // "First time" check.
if (CORBA:is_nil (name_context)) {
/I Get reference to name service.
orb = CORBA::ORB_init (argc, argv, 0);
obj = orb->resolve_initial_references
("NameService");
name_context =
CosNaming::NamingContext::_narrow (obj);
if (CORBA::is_nil (name_context)) return T::_nil
}
CosNaming::Name svc_name;
svc_name.length (1); svc_name[0].id = n;
svc_name[0].kind = "object impl";
/I Find object reference in the name service.
obj = name_context->resolve (svc_name);

/I Narrow to the T interface and away we go!
return T::_narrow (obj);

RGN

— .l'

UC Irvine

auIAl DN

1asn Aq Ajjoalip pasn Jenap *

J9AIaS pue 1ual|D Usamlag sialawered 1no Buissed sases <+ N0~ —

diysiaumo aaualajal sabeuew Ajreulaiul *

92uaJa)al 193lqo 01 Jauiod OINY +— Jen” —

a1eoldnp~

aseajal” pue
eIA diysisumo aduaiajal Jo Juswabeuew Jowwelbold salinbay *

nd- -

20uaJaal 198(qo 01 Jaiod ++9

sadA) paressualb ualayip Ag pajuasaldal ale saoualajal 193lgO e

Soouala)ay 103lgO yum bBuiwweibold

[euoinL Y400

pIwyas "o selbnog




CORBA Tutorial Douglas C. Schmidt

Coping with Changing Requirements

e New Quoter features
— Format changes to extend functionality
— New interfaces and operations

e Improving existing Quoter features

— Batch requests

e Leveraging new ORB features

— Asynchronous Method Invocations (AMI)
— Server location independence (requires smart ORB)

UC Irvine E} 1I.-;--h-i""-'..-

CORBA Tutorial Douglas C. Schmidt
New Formats

For example, percentage that stock increased or decreased since start
of trading day, volume of trades, etc.

module Stock

{
In ..

interface Quoter

long get_quote (in string stock_name,
out double percent_change,
out long trading_volume)
raises (Invalid_Stock);
h
h

Note that even making this simple change would involve a great deal of
work for a sockets-based solution...

UC Irvine
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Adding Features Unobtrusively

Interface inheritance allows new features to be added without breaking
existing interfaces

module Stock

{
n .

interface Quoter { /* ... */ };
interface Stat_Quoter : Quoter // a Stat Quoter IS-A Quoter
long get_stats (in string stock_name,
out double percent_change,

out long trading_volume)
raises (Invalid_Stock);

Note that there are no changes to the existing Quoter interface

UC Irvine
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New Interfaces and Operations

For example, adding a trading interface

module Stock {
/I Interface Quoter_Factory and Quoter same as before.
interface Trader {
void buy (in string name,
inout long num_shares,
in long max_value) raises (Invalid_Stock);
void sell (in string name,
inout long num_shares,
in long min_value) raises (Invalid_Stock);
h
interface Trader_Factory { /* ... */ };

b
Multiple inheritance is also useful to define a full service broker:

interface Full_Service_Broker : Stat_Quoter, Trader {};

UC Irvine
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Limitations with Workarounds for

CORBA'’s Lack of Asynchrony
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Motivation for Asynchronous
Method Invocations (AMI)

auIAl DN

940

3y} o} sajaljod Sod ssuieq e

uoneoioads Buibesss\ vgH0D + uonnjos SN0

pIwyas "o selbnog

[euoinL Y400

lopow Jsjjod ‘T
Aoud —
slnoswli] —

e Early versions of CORBA lacked support for
asynchronous two-way invocations

[opouw (||1) uoneaoaur
[Spow XJeq|ed ‘¢
sAem-auo a|qelay —

Juapuadapui-aLul saziprepuels e

e This omission yielded the following drawbacks

1. Increase the number of client threads
— e.g., due to synchronous two-way
communication
2. Increase the end-to-end latency for multiple
requests
— e.g., due to blocking on certain long-delay
operations
3. Decrease OS/network resource utilization
— e.g., inefficient support for bulk data
transfers
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AMI Callback Overview

Implied-IDL for client-side:
QUOTE STOCK module Stock {
CLIENT stock name QUOTER /I ReplyHandler.
— interface AMI_QuoterHandler
: Messaging::ReplyHandler {

- 0
et_quote ("IBM" :
O i ( ) /I Callback method.
_ -—0 _ void get_quote (in long return_value);

value ;
interface Quoter {
/I Two-way synchronous operation.
long get_quote (in string stock_name);

Quoter IDL Interface:
module Stock {
interface Quoter {
/I Two-way operation to /I Two-way asynchronous operation.
/I get current stock value. void sendc_get_quote

long get_quote (AMI_QuoterHandler handler,
(in string stock_name); in string stock);

UC Irvine
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Example: Synchronous Client

QUOTE stock  Application:
CLIENT stock name QUOTER  // NASDAQ abbreviations for ORB vendors.
— static const char *stocks[] =

Oo—>
[ ) et quote('BM") [ [ J—
(——r—J—i} "IONAY" /I IONA Orbix
o <+ ] INPR" // Borland VisiBroker
value "IBM"  // IBM Component Broker
IDL-generated stub: }
CORBA::ULong /I Set the max number of ORB stocks.
Stock::Quoter::get_quote static const int MAX_STOCKS = 3;
(const char *name)
{ /I Make synchronous two-way calls.
. Setup connection for (int i = 0; i < MAX_STOCKS; i++) {
. Marshal CORBA::Long value =
. Send request quoter_ref->get_quote (stocksi]);
. Get reply cout << "Current value of "
. Demarshal << stocks[i] << " stock: "
. Return << value << endl,

UC Irvine
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Example: AMI Callback Client

CALLBACK Reply Handler Servant:
QUOTE | My_Async_Stock_Handler
sendc_get quote(handler, class My Async_ —
CLIENT geLqu "IBM") . public POA_Stock::AMI_QuoterHandler {

==L public
C]O :upcall 1: stock_name C]O My_Async_Stock_Handler (const char *s)
_ P u— ﬂ . stock_ (s)

2: value _ {1}
Asynchronous stub: “My_Async_Stock_Handler (void) { }
void
Stock::Quoter::sendc_get_quote /I Callback method.
(AMI_QuoterHandler_ptr, virtual void get_quote
const char *name) (CORBA::Long ami_return_val)
{
Setup connection cout << stock_ << " stock: "
Store reply handler << ami_return_val << endl;
in ORB /I Decrement global reply count.
Marshal reply_count--;
Send request ]
Return private:
CORBA::String_var stock_;
h

D-O-C
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Example: AMI Callback Client (cont'd)

/I Global reply count /I Initialize ReplyHandler object refs.
int reply_count = MAX_STOCKS; for (i = 0; i < MAX_STOCKS; i++)
handler_refs[i] =
/I Servants. handlers[i]->_this ();
My_Async_Stock_Handler *
handlers[MAX_STOCKS]; /I Make asynchronous two-way calls
/I using the callback model.
/I Objrefs. for (i = 0; i < MAX_STOCKS; i++)
Stock::AMI_QuoterHandler_var quoter_ref->sendc_get_quote
handler_refs[]MAX_STOCKS]; (handler_refsi],
stocksli]);
int i;
..
/I Initialize ReplyHandler
/I servants. /I Event loop to receive all replies.
for (i = 0; i < MAX_STOCKS; i++) while (reply_count > 0)
handlers[i] = new if (orb->work_pending ())
My_Async_Stock_Handler (stocksl[i]); orb->perform_work ();
else

UC Irvine
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Additional Information on AMI

Messaging specification is integrated into CORBA spec.
— www.omg.org

See Vinoski's CACM article on CORBA 3.0 for more info.
— www.cs.wustl.edu/~schmidt/vinoski-98.pdf.gz

See our papers on AMI

— www.cs.wustl.edu/~schmidt/report-doc.html
— www.cs.wustl.edu/~schmidt/PDF/amil.pdf
— www.cs.wustl.edu/~schmidt/PDF/ami2.pdf

See TAO release to experiment with working AMI examples
— $TAO_ROOT/examples/AMI/

N O™
UC Irvine D f:“' L

OBJECT
ADAPTER

IMPLEMENTATION
REPOSITORY

(SERVANT)

OS KERNEL
0S 1/0 SUBSYSTEM
NETWORK INTERFACES

IDL
COMPILER
IDL
SKELETON|

operation()
ORB
INTERFACE
NETWORK

out args + return value

INTERFACE
REPOSITORY

N

CORBA ORB Architecture

GIOP/TIOP
OS KERNEL

NAMING
SERVICE
CLIENT
0S 1/0 SUBSYSTEM
NETWORK INTERFACES
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Skeleton Interface (DSI)
— Portable Object Adapter (POA)

Overview of CORBA Components
— Static Skeleton Interface (SSI) and Dynamic

— Programming language mappings for IDL

— Static Invocation Interface (SlI)
— Interface and Implementation Repositories

— Object Request Broker (ORB) Core
— Interoperability Spec (GIOP and IIOP)
— Interface Definition Language (IDL)

— Dynamic Invocation Interface (DII)

components:

e The CORBA specification contains several

UC Irvine
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OMA Reference Model Interface Categories

[ APPLICATION] [ DOMAIN ] [ COMMON ]
INTERFACES INTERFACES FACILITIES
A L} L} A A L} A A A

OBJECT REQUEST BROKER

OBJECT
SERVICES

The Object Management Architecture (OMA) Reference Model
describes the interactions between various CORBA components and
layers

N O™
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Example GIOP Format

module GIOP {
enum MsgType {
Request, Reply, CancelRequest,
LocateRequest, LocateReply,
CloseConnection, MessageError

h

struct MessageHeader {
char magic[4];
Version GIOP_version;

octet byte_order; // Fragment bit in 1.1.

octet message_type;
unsigned long message_size;

b

struct RequestHeader {
IOP::ServiceContextList service_context;
unsigned long request_id;
/I Reliable one-way bits in 1.2
boolean response_requested;
sequence<octet> object_key;
string operation;
Principal requesting_principal;

UC Irvine
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CORBA Interoperability Protocols

STANDARD CORBA PROGRAMMING API

ORB MESSAGING

COMPONENT GIOP GIOPLITE

ESIOP

ORB TRANSPORT

ADAPTER component 1OP  VME-IOP ATM -1OP

RELIABLE

PROTOCOL CONFIGURATIONS

— Enables ORB-to-ORB interoperability
e |IOP

— Works directly over TCP/IP, no RPC
e ESIOPs

— e.g., DCE, DCOM, wireless, etc.

D CC

UC Irvine




CORBA Tutorial Douglas C. Schmidt

IIOP Overview

e |[IOP adds to GIOP semantics for TCP/IP connection management
e |[IOP bundled with Netscape 4.0

¢ Inter-ORB Engine available from SunSoft

— ftp://ftp.omg.org/publ/interopl/iiop.tar.Z

e TAO is originally based on SunSoft IIOP

— However, TAO adds many enhancements and optimizations
* Www.cs.wustl.edu/~schmidt/PDF/JSAC-99.pdf
% Www.cs.wustl.edu/~schmidt/TAO.html

D-O-C
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Interpreted vs. Compiled (De)marshaling

args

in
‘ CLIENT operation()
J o l—‘rgp+retum Value
-0

N\

TYPECODE
INTERPRETER

TypeCode::traverse()
-

TYPECODE
INTERPRETER

TypeCode::traverse()

CDR:: REQUEST (* CDR:
deep_free() encoder() decoder() deep_free()

visit()

SENDER

visit()

RECEIVER

/

in args

operation()

InputCDR
operator >>

MAKE REQUEST ﬂ InputCDR OutputCDR
operator >> | | operator <<

SENDER

Interpretive

Compiled

UC Irvine
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Interface Definition Language (IDL)

e Motivation

— Developing flexible distributed applications on heterogeneous
platforms requires a strict separation of interface from
implementation(s)

e Benefits of using an IDL

— Ensure platform independence — e.g., Windows NT to UNIX

— Enforce modularity — e.g., separate concerns

— Increase robustness — e.g., eliminate common network
programming errors

— Enable language independence — e.g., COBOL, C, C++, Java,
etc.

UC Irvine E}' E1E
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Related IDLs

e Many IDLs are currently available, e.g.,

— OSI ASN.1

— OSI GDMO

— SNMP SMI

— DCE IDL

— Microsoft’s IDL (MIDL)
— OMG IDL

— ONC'’s XDR

e However, many of these are procedural IDLs

— These are more complicated to extend and reuse since they don't
support inheritance

UC Irvine E}' E1E
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CORBA Interface Definition Language (IDL)

e OMG IDL is an object-oriented interface definition language

— Used to specify interfaces containing operations and attributes
— OMG IDL support interface inheritance (both single and multiple
inheritance)

e OMG IDL is designed to map onto multiple programming languages
- e.g., C, C++, Smalltalk, COBOL, Modula 3, DCE, Java, etc.

e OMG IDL is similar to Java interfaces and C++ abstract classes

UC Irvine
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Application Interfaces

e Interfaces described using OMG IDL may be application-specific,
e.g.

— Databases
— Spreadsheets
— Spell checker
Network manager
Air traffic control
Documents
Medical imaging systems

e Objects may be defined at any level of granularity

- e.g., from fine-grained GUI objects to multi-megabyte multimedia
“Blobs”

DR

UC Irvine at
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OMG IDL Features

OMG IDL is similar to Java interfaces or C++ abstract classes

— Itis not a complete programming language, however, since it only
defines interfaces

OMG IDL supports the following features:

— modules and interfaces
— Operations and Attributes
— Single and multiple inheritance
Basic types (e.g., double , long , char , etc).
Arrays and sequence
struct, enum, union, typedef
consts
exceptions

DR

— ¥

UC Irvine
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OMG IDL Differences from C++ and Java

No control constructs Unions require a tag

No data members (cf Different String type

valuetypes) Different Sequence type

N inters (cfval . Lo
0 pointers (cf valuetypes) e Different exception interface

No constructors or destructors
e No templates

No overloaded operations .
oneway call semantics

Noint data type readonly  keyword

Contains parameter passing
modes

UC Irvine
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Static Invocation Interface (SllI)

/I Get object reference.
Quoter_var quoter = // ...

e The common way to use OMG IDL is
the “Static Invocation Interface” (Sll)

const char *name =

"ACME ORB. Inc." e All operations are specified in

advance and are known to client via
CORBA::Long value = stubs
quoter->get_quote (name);
cout << name << " ="

— Stubs marshal operation calls into
<< value << endl;

request messages

Primary advantages of Sll are simplicity, typesafety, and efficiency

UC Irvine
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Stubs use the Proxy Pattern

Intent: provide a surrogate for another object that

controls access to it

UC Irvine

CORBA Tutorial Douglas C. Schmidt

Dynamic Invocation Interface (DII)

e A less common programming APl is the “Dynamic Invocation
Interface” (DII)

— Enables clients to invoke operations on objects that aren’t known
until run-time
x e.g., MIB browsers

— Allows clients to “push” arguments onto a request stack and
identify operations via an ASCIl name
x Type-checking via meta-info in “Interface Repository”

e The DIl is more flexible than the SlI
— e.g., it supports deferred synchronous invocation

e However, the DIl is also more complicated, less typesafe, and
inefficient

pHOTC

UC Irvine B r
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An Example DIl Client

/I Get Quoter reference.

...

Stock::Quoter_var quoter_ref
CORBA::Long value;

quoter_ref->_request ("get_quote");

/I Create request object.
CORBA::Request_var request

/Il Add parameter.

tc_long);

_type (CORBA::

->set_return

request->add_in_arg () <<= "IONAY";

request

/I Call method.

request->invoke ();

if (request->return_value () >>= value)
cout << "Current value of IONA stock:

/I Retrieve/print value.

<< value << endl;

This example is much more complicated and

inefficient than simply using SlI...

UC Irvine
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Static and Dynamic Skeleton Interface

e The Static Skeleton Interface (SSI) is generated automatically by the
IDL compiler

— The SlI performs the operation demuxing/dispatching and
parameter demarshaling

e The Dynamic Skeleton Interface (DSI) provides analogous
functionality for the server-side that the DIl provides on the
client-side

— Itis defined primarily to build ORB “Bridges”
— The DSI lets server code handle arbitrary invocations on CORBA
objects

UC Irvine
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Object References

e An “object reference” is an opaque handle to an object
— It identifies the object’s location

e Object references may be passed among processes on separate
hosts

— The underlying CORBA ORB will correctly convert object
references into a form that can be transmitted over the network

— The ORB provides the receiver with a pointer to a proxy in its own
address space
* This proxy refers to remote object implementation

e Object references are a powerful feature of CORBA

— e.g., supports peer-to-peer interactions and distributed callbacks

UC Irvine
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Object Reference in URL Format

Protocol Id Time Stamp Object Id

} I I

\ \ A\
iiop:1.0/[pachanga:10015/P353bccdb00094ae8/firstPOA/myservant
A A

T T

Communication Object
Endpoint Adapter Id

e Transient object reference

UC Irvine

Using Object References for
Publish/Subscribe Architectures

Consumer

Note the use of the Observer pattern

CORBA Tutorial
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Event Receiver Interface
Notifier Interface
Returns ID.

in string filtering_criteria);
For Suppliers.

(in Consumer consumer,
/I Unsubscribe the Consumer.

/I who have subscribed and who match

void unsubscribe (in long consumer_id);
/I Push the Event to all the consumers
/I the filtering criteria.

any value_; // Event contents.
void push (in Event event);

long subscribe

I

string topic_; // Used for filtering.

/I Inform the Consumer

void push (in Event event);

/I Disconnect the Consumer

/I from the Notifier.

void disconnect (in string reason);

/I Subscribe the Consumer to receive
/I events that match filtering_criteria
/I applied by Notifier.

/I event has occurred.
/I = For Consumers.

A Consumer is called back by the Notifier
A Notifier publishes Events to subscribed

interface  Consumer
Consumers

struct Event {
CORBA Tutorial
interface Notifier {

s
S
2
<
m
@
o}
O

UC Irvine
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Notifier Implementation Advanced CORBA Features

class My_Notifier { // C++ pseudo-code
UCU__O_ y- ﬁ P INTERFACE IDL IMPLEMENTATION Features
) REPOSITORY COMPILER REPOSITORY
CORBA::Long subscribe (Consumer_ptr consumer, ¢ Portable Object
const char *fc) { o nares

. . . i OBJECT
insert <consumer> into <consumer_set_> with <fc>. CLIENT operation() (SERVANT) Adapter
out »ﬂmm+qm.=«= value

return consumer_id,;
b . . e Multi-threading
void unsubscribe (CORBA::Long consumer_id) { mwm_ru_Woz

remove <consumer_id> from <consumer_set >. :ur ORB OBJECT .
) macwm INTERFACE >c>35~ e Implementation

void push (const Event &event) { Repository
foreach <consumer> in <consumer_set > GIOP/TIOP/ESIOPS

if (event.topic_ matches <consumer> filter_criteria)
- - STANDARD INTERFACE STANDARD LANGUAGE MAPPING
<consumer>.push (event); ) O o CORBA

v . ORB-SPECIFIC INTERFACE Ome>2=>z_u PROTOCOL OOBUODOJH M OQQ_

private: // e.g., use an STL map. www.cs.wustl.edu/~schmidt/corba.html
map <string, Consumer_ptr> consumer_set_;

I8
i ™ i ™
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Overview of the Portable Object Adapter (POA)

SERVANTS SERVANTS POA Features

SERVANTS SERVAN TS

\

e Activates and deactivates
OBJECT 1D . H
OBJECT 1D ObJeCtS

\. e Etherealizes and incarnates
OBJECT ID

R PERilg:ENT servants

OBJECT ID Root

ACTIVE OBIECT M POA | e Maps requests to servants

L OBJECT ADAPTER ) The POA is very important for

ORB CORE certain applications
e e.g., telecom MIBs,
/O SUBSYSTEM enterprise servers

e Creates object refs

i ™
UC Irvine E} 1I:1""{.-
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Design Goals of the Portable Object Adapter

Servants that are portable between ORBs

Objects with persistent & transient identities

Transient objects with minimal programming effort and overhead
Transparent activation & deactivation of servants

Implicit and explicit servant activation

A single servant can support multiple object identities

Multiple (nested) instances of the POA in a server process

POA behavior is dictated by creation policies

Servants can inherit from skeletons or use DSI

i ™
UC Irvine E} 1I:1""{.-

SERVANT
SERVANT
SERVANT
Adapter
¥ Activator
Servant

Object Id O |
Object Id O
Object Id O
ObjectId O
servant
activator
Active Object Map SERVANT
ObjectId O
Object Id O SERVANT
Object Id O~\\ SERVANT

default servant
Active Object Map

POA Manager

The POA Architecture

POA Manager
RootPOA

Active Object Map
Object Id O

Object reference
>
User defined
object
POA object|

CORBA Tutorial
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POA Components

Client: Makes requests on an object through one of its references
Server: Computational context for servants

— Generally, a server corresponds to a process
— Client and server are “roles” - a program can play both roles

Object: A CORBA programming entity with an identity, an interface,
and an implementation

Servant: A programming language entity that implements requests
on one or more objects

Policy: Specifics the characteristics of a POA or child POA

i ™
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POA Components (cont'd)

e Object Id: A value that is used by the POA and by the
implementation to identify a particular CORBA object

— Object Id values may be assigned by the POA, or by the user
implementation

— Object Id values are hidden from clients, encapsulated by
references

— Object Ids have no standard form; they are managed by the POA
as uninterpreted octet sequences

e Object Reference: Encapsulates an Object Id, a POA identity, and
transport profiles

e POA: A namespace for Object Ids and a namespace for child POAs

— Nested POAs form a hierarchical name space for objects in
servers

D

UC Irvine
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POA Components (cont'd)

e POA Manager: Encapsulates the processing state of associated
POAs

— Can dispatch, hold, or discard requests for the associated POAs
and deactivate POA(S)

e Servant Manager: Two kinds of callback objects used to incarnate
and etherealize servants on demand

— first time
— each time

— ServantActivator
— ServantLocator

e Adapter Activator: Callback object used when a request is received
for a child POA that does not exist currently

— The adapter activator can then create the required POA on
demand

UC Irvine B M at

0

g
the_parent : PortableServer::POA

1..11/7 the_parent j 0.n

PortableServer::POA
(from PortableServer)

the_name:: strin

ager
: PortableServer::POAManager
the_activator

the_man:

: PortableServer::AdapterActivator
the_servant_manager
: PortableServer::ServantManager

0
0

create POA
find_POA
destroy()

_policy()

create_request_processing_policy()

get_instance_manager()

queness_policy()

create_id_assignment_policy()
plicit_activation_policy()

create_id_uni
create_servant_retention

create_im|

ager()

set_instance_man

get_servant()

h_id()

0

ject()

ject_witl
ject()
ce()

activate_obj

activate_obj
deactivate_obj

set_servant

create_referen

()
()

reference_to_servant|

i ()
id_to_reference()

create_reference with_id|
servant_to_referenc
id_to_servant(

7| reference_to_id()

-7 servant_to_id()

0.1

0.1 create lifespan_policy()

7

| create_thread_policy()

ager
Y
PortableServer::Objectld
(from PortableServer)

L

PortableServer::POAManager
(from PortableServer)
the_servant_man

activate()
hold_requests()

discard_requests()

deactivate()

incarnate()
etherealize()
ect_id()

get_POA()
jet_obj
CORBA::Policy

9

PortableServer::ServantActivator

(from PortableServer)

(from PortableServer)

(from PortableServer)
E
PortableServer::Current

the_activator

N /
PortableServer::Servant

(from CORBA Core)

1n
fo—=
0.

POA Architecture in UML

PortableServer::ServantM anager

(from PortableServer)

PortableServer::AdapterActivator
(from PortableServer)
unknown_adapter()

PortableServer::ServantL ocator

(from PortableServer)

(from CORBA Core)

CORBA::PolicyList

(from CORBA Core)
CORBA.:Policy

preinvoke()
postinvoke()
PortableServer::Cookie
(from PortableServer)
E |
CORBA::Current
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POA Manager Processing States

deactivate

Inactive

deactivate

quests

discard_rel

Discarding

quests
quests

quests

hold_re

activate

hold_re
discard_re

deactivate

create_ POA
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Getting the Root POA
/I ORB is “locality constrained”
CORBA::ORB_var orb = CORBA:ORB_init (argc, argv);

/I Root POA is the default POA (locality constrained)
CORBA::Object_var obj =
orb->resolve_initial_references ("RootPOA");

/I Type-safe downcast.
PortableServer::POA_var root POA
= PortableServer::POA::_narrow (obj);

/I Activate the POA.

PortableServer::POA_Manager_var poa_manager
root_ POA->the_POAManager ();

poa_manager->activate ();

UC Irvine
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Creating a Child POA
CORBA::PolicyList policies (2);

policies[0] = root_ POA->create_id_assignment_policy
(PortableServer::ldAssignmentPolicy::USER_ID);

policies[1] = root POA->create_lifespan_policy
(PortableServer::LifespanPolicy::PERSISTENT);

PortableServer::POA_ptr child_poa =
root POA->create POA
("child_poa",
PortableServer::POAManager::_nil (),
policies);

for (CORBA::ULong i = 0; i != policies.length (); ++i)
policies[i]->destroy ();

N O™
UC Irvine E E‘ L

ger_var poa_manager

poa->the_POAManager ();

poa_manager->activate ();

orb->run ();

*/

. public virtual POA_Stock::Quoter

Explicit Activation with
POA-assigned Object Ids

raises (Invalid_Stock);
CORBA::Long get_quote (const char *stock _name);

long get_quote (in string stock_name)
poa->activate_object (quoter);

PortableServer::POA_Mana

CORBA Tutorial

/I 1DL

interface Quoter /* ...

/I Auto-generated for use by servants.
class My_Quoter

My_Quoter *quoter = new My_Quoter;
PortableServer::Objectld_var oid

b
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Explicit Activation With User-assigned Object Ids

/I Create a new servant object.
My Quoter *quoter = new My_Quoter;

/I Create a new Object ID for the object.
PortableServer::Objectld_var oid =
PortableServer::string_to_Objectld ("my quoter");

/I Activate the object with the new Object ID.
poa->activate_object_with_id (oid,
quoter);

PortableServer::POA_Manager_var poa_manager =

poa->the_ POAManager ();
poa_manager ()->activate ();
/I Run the ORB’s event loop.
orb->run ();

e ' Mt
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Servant Activator Definition
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-1X3aJu0d sweu
[euoinL Y400

typedef ServantBase *Servant;

[q0::vgH0D

/I Skeleton class
namespace POA_PortableServer

o1eala<-eod

[go arennoe<-eod
A 109

[gO::1an18S3|geLIOod

class ServantActivator :

public virtual ServantManager
{

/I Destructor.

virtual “ServantActivator (void);

UIM 109
[go e

yum~ aoualajal
‘(,Jo10nb Aw,) p|106[q0_<;1_6uuls::Ja/uesa|qeuod
pIo I1en pJ1oa

1IXa1U0d sweu e Olul ussul //

/I Create a new servant for <id>.
virtual Servant incarnate

(const Objectld &id,

POA_ptr poa) = 0;

aJ210nd AN Mau = Jajonb, 1810nd AN
{(lgo ‘swreu 2oAS) puig<

‘(4a10nb ‘p1o) pi
‘p10) pi

/I <servant> is no longer active in <poa>.
virtual void etherealize

(const Objectld &,

POA_ptr poa,

Servant servant,

Boolean remaining_activations) = 0;

UOITeANDY 210jag Sadualajay Buneal)d

‘.o T:490n0:1al.

pIwyas "o selbnog
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Custom ServantActivator
Definition and Creation

auIAl DN
[eLOINL Va0

/I Implementation class.
class My_Quoter_Servant_Activator :
public POA_PortableServer::ServantActivator
{
Servant incarnate (const Objectld &oid,
POA ptr poa) {

uonle=mn
122(90 waHOD

£
V<

String_var s =
PortableServer::Objectld_to_string (oid);

uo e LI
[NIES

if (strcmp (s, "my quoter") == 0)
return new My_Quoter;
else
throw CORBA::OBJECT_NOT_EXIST ();
}

void etherealize
(const Objectld &oid,
POA_ptr poa,
Servant servant,
Boolean remaining_activations) {
if (remaining_activations == 0)
delete servant;
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Servant Locator Definition

auIAl DN
-IX21U09 aWweu

1910n0 AN

typedef ServantBase *Servant;

‘) uni<-gio

{() arennoe<-() lebeuew eod
() 1ebeueNYOd ayi<-eod

Beuep

‘(O urioreoo)) Jebeuew uenlas 19s<-eod
[00::vad00

[euoinL Y400

a1ealo<-eod

/I Skeleton class
namespace POA_PortableServer
{
class ServantLocator :
public virtual ServantManager
{

= 10Jed0| JeA J0Jed0IueAlss

A 109

VOd::1an18sa|gerod
JUBAISS
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/I Destructor.
virtual “ServantLocator (void);
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/I Create a new servant for <id>.
virtual PortableServer::Servant preinvoke
(const PortableServer::Objectld &id,

PortableServer::POA_ptr poa,
const char *operation,
PortableServer::Cookie &cookie) = 0;

Jabeuew eod e

‘() sy <-101e00| Ja10nb

/I <servant> is no longer active in <poa>.
virtual void postinvoke
(const PortableServer::Objectld &id,
PortableServer::POA_ptr poa,
const char *operation,
PortableServer::Cookie cookie,
PortableServer::Servant servant) = 0;
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CORBA Tutorial
Custom ServantLocator
Definition and Creation

auIAl DN
[eLOINL Va0

/I Implementation class.
class My_Quoter_Servant_Locator :
public POA_PortableServer::ServantLocator {
Servant preinvoke
(const PortableServer::Objectld &oid,
PortableServer::POA_ptr poa,
const char *operation,
PortableServer::Cookie &cookie) {
CORBA::String_var str =
PortableServer::Objectld_to_string (oid);
Object_State state;
if (database_lookup (str, state) == -1)
throw CORBA::OBJECT_NOT_EXIST ();
return new My_Quoter (state);

}

void postinvoke
(const PortableServer::Objectld &id,
PortableServer::POA_ptr poa,
const char *operation,
PortableServer::Cookie cookie,
PortableServer::Servant servant) {
database_update (servant);
delete servant;

}
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Motivation for Concurrency in CORBA
e Leverage hardware/software

— e.g., multi-processors and OS
thread support

vx o Increase performance

— e.g., overlap computation and
communication

e Improve response-time

— e.g., GUIs and network servers

e Simplify program structure

— €.g., syncvs. async
PARALLEL SERVER g Y Y

T e
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Threading in TAO

e An application can choose to ignore threads and if it creates none, it
need not be thread-safe

e TAO can be configured with various concurrency strategies:

— Thread-per-Connection
— Thread Pool
— Thread-per-Endpoint

e TAO also provides many locking strategies

— TAO doesn’t automatically synchronize access to application
objects

— Therefore, applications must synchronize access to their own
objects

DI
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TAO Multi-threading Examples

e Each example implements a concurrent CORBA stock quote service
— Show how threads can be used on the server
e The server is implemented in two different ways:

1. Thread-per-Connection — Every client connection causes a new
thread to be spawned to process it

2. Thread Pool — A fixed number of threads are generated in the
server at start-up to service all incoming requests

e Note that clients are unaware which concurrency model is being
used...

UC Irvine

orb->run()

oscore 333373

Object Adapter

OOOOO(?

short-duration requests
number of concurrent

in args
operation()
out args +

return
requests

e Excessive overhead for
e Permits unbounded

Concurrency Architecture

TAQO’s Thread-per-Connection

long-duration

implement and
requests

efficient for
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Thread-per-Connection Quoter
Implementation

auIAl DN
[eLOINL Va0

‘() unsisbeuew qio

's|readn yoledsip pue suonedsoAul Buiwoour Joj Bunem Auuyspul 3ooig //

Implementation of multi-threaded Quoter callback
invoked by the CORBA skeleton

A1010e4 92In0Say onels
JUOD'OAS S,.940 9yl

Kio1oe4~ ABalenS IanIaS onels
awreu”AI010e), Jeyd 1suod

long My_Quoter::get_quote (const char *stock_name)

el

Guard<Thread_Mutex> guard (lock_);

‘(awreu” A1010e)) Alo10B) AlojoeH 110N AN
{(nBre ‘obire) sabeuew qlo iabeuep 94O

‘Auondwi 901A18S BulleN pue YOdiood yim siaisiBal Yolym ‘Quealas ayl a1eald J/

/I Increment the request count.
++My_Quoter::req_count_;

‘uUMopINysS sey gyo a8yl ‘swimas (Juni sy //

‘. L0108y 1s10nb Aw,

/I Obtain stock price (beware...).
long value = Quote_Database::instance ()->
lookup_stock_price (stock_name);

dA11010e9H4gHO- [eqolf S821N0SaYgHO-.

if (value == -1)
/I Skeleton handles exceptions.
throw Stock::Invalid_Stock ();

uonosuuoa-iad-pealy) AouainauodgyO-.

welboid ure\ uondosuuo)-iad-pealyl

Jw109j8s @

return value;
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Thread-per-Connection
Quoter Interface
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Implementation of the Quoter IDL interface

spealiyl jood
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typedef u_long COUNTER; // Maintain request count.

class My_Quoter :
virtual public POA_Stock::Quoter,
virtual public PortableServer::RefCountServantBase

Alojoeq4~ 1o1ond Vv T

{
public:
/I Constructor.
My_Quoter (const char *name);

spealiyl bunealo Ajjeaiweulp

(e10j2q se)
J0 1509 ay) azniowe 0] j0od pealyl e sajeald yoeoidde siyy| e

/I Returns the current stock value.
long get_quote (const char *stock_name);
throw (CORBA::SystemException,
Quoter::InvalidStock);

|00d pealyL

private:
/| Serialize access to database.
Thread_Mutex lock_;

/I Maintain request count.
static COUNTER req_count_;

mndur sul| puewwod ay) uodn paseq speaiy) Jo jood v 2

pIwyas "o selbnog
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Thread Pool Configuration

The run _orb adapter function

void run_orb (void *arg)
{

try {
CORBA::ORB_ptr orb =

ACE_reinterpret_cast (CORBA::ORB_ptr, arg);
/I Block indefinitely waiting for incoming
/I invocations and dispatch upcalls.
orb->run ();
/I After run() returns, the ORB has shutdown.
} catch (...) { /* handle exception ... */ }
The ORB’s svc.conf  file

static Resource_Factory "-ORBReactorType tp"

UC Irvine
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TAO’s Thread Pool
Concurrency Architecture

Client
Object

7 3 ? ? 7 7 I % (Servant)
1 1 1 1

out args +

return —J

SKEL

Object Adapter

orb->run() ) orb->run() ) orb->run()

ORB CORE

OO
]

Pros Cons

e Bounds the number of concurrent e May
requests Deadlock

e Scales nicely for multi-processor
platforms, e.g., permits load balancing
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Thread Pool Main Program

int main (int argc, char *argv[]) {
try {
ORB_Manager orb_manager (argc, argv);

const char *factory_name = "my quoter factory";

/I Create the servant, which registers with
/I the rootPOA and Naming Service implicitly.
My_Quoter_Factory factory (factory_name);

int pool_size = /I ...

/I Create a thread pool.
ACE_Thread_Manager::instance ()->spawn_n
(pool_size,
&run_orb,
(void *) orb_manager.orb ());
/I Block indefinitely waiting for other
/I threads to exit.
ACE_Thread_Manager::instance ()->wait ();

/I After run() returns, the ORB has shutdown.
} catch (...) { /* handle exception ... */ }
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Implementation Repository

¢ Allows the ORB to activate servers to process operation invocations
e Store management information associated with objects

— e.g., resource allocation, security, administrative control, server
activation modes, etc.

e Primarily designed to work with persistent object references

e From client’'s perspective, behavior is portable, but administrative
details are highly specific to an ORB/OS environment

— I.e., not generally portable

e www.cs.wustl.edu/~schmidt/PDF/binding.pdf

N O™
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Typical Implementation Repository Use-case

1. some_request
iiop ://ringil:5000/poa_name/object_name
4. LOCATION_FORWARD
<

I iiop ://ringil:5500/poa_name/object_name airplane_poa | plane.exe ringil:4500

server.exe ringil:5500

A

2. ping
3.is_running
2.1 start

5. some_request

6. some_response
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Server Activation via Implementation Repository

e |f the server isn’t running when a client invokes an operation on an
object it manages, the Implementation Repository automatically
starts the server

e Servers can register with the Implementation Repository
- e.g., in TAO

% tao_imr add airplane_poa -c "plane.exe"

e Server(s) may be installed on any machine

e Clients may bind to an object in a server by using the Naming
Service or by explicitly identifying the server

N O™
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Server Activation Modes

e An idle server will be automatically launched when one of its objects
is invoked

e TAO’s Implementation Repository supports four types of activation

1. Normal — one server, started if needed but not running

2. Manual — one server, will not be started on client request, i.e.,
pre-launched

3. Per-client call — one server activated for each request to the
Implementation Repository

4. Automatic — like normal, except will also be launched when the
Implementation Repository starts

N O™
UC Irvine D f:“' L




CORBA Tutorial Douglas C. Schmidt

The CORBA Component Model

b et e Features
o< o] o | — Navigation among
[O=1 mortes | o<1’ interfaces supported by
components
29 79? Standardized
s system-component
interaction
? 99 Standardized component
ORB life-cycle management
\ \ Component
interconnections
Standardized component
configuration
Security Notification Standardized ORB

~schmidt/PDF/CBSE.pdf services interfaces

CORBA
[COMPONENT)|

Transactions ‘ Persistent ‘
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Evaluating CORBA

Criteria

INTERFACE IDL IMPLEMENTATION
REPOSITORY COMPILER REPOSITORY

Learning curve

in args

- OBJECT Interoperabili
CLIENT operation() (SERVANT) p ty

out args + return value

Portability

. IDLO @ Feature
KELETON . . .
ORB OBJECT Limitations
INTERFACE ADAPTER

Performance
GIOP/IIOP/ESIOPS

O STANDARD INTERFACE OSTANDARD LANGUAGE MAPPING
. ORB-SPECIFIC INTERFACE OSTANDARD PROTOCOL
www.cs.wustl.edu/~schmidt/corba.html
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Learning Curve

e CORBA introduces the following:

1. New concepts
— e.g., object references, proxies, and object adapters
2. New components and tools
— e.g., interface definition languages, IDL compilers, and
object-request brokers
3. New features
— e.g., exception handling and interface inheritance

e Time spent learning this must be amortized over many projects

UC Irvine
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Interoperability

e The first CORBA 1 spec was woefully incomplete with respect to
interoperability

— The solution was to use ORBSs provided by a single supplier

e CORBA 2.x defines a useful interoperability specification
— Later extensions deal with portability issues for server-side
x I.e., the POA spec
e Most ORB implementations now support IIOP or GIOP robustly...

— However, higher-level CORBA services aren't covered by ORB
interoperability spec...

i ™
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Portability

e To improve portability, the latest CORBA specification standardizes

IDL-to-C++ language mapping
Naming service, event service, lifecycle service
ORSB initialization service
Portable Object Adapter API
— Servant mapping
— Server thread pools (Real-time CORBA)

Porting applications from ORB-t0-ORB is greatly simplified by
corbaconf

— http://corbaconf.kiev.ua
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Feature Limitations

Standard CORBA doesn’t yet address all the “inherent” complexities
of distributed computing, e.g.,

— Latency
— Causal ordering
— Deadlock

It does address

— Service partitioning
— Fault tolerance
— Security
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Feature Limitations (cont'd)

e Many ORBs do not yet support passing objects-by-value (OBV)
— However, CORBA 2.3 OBV spec. defines a solution for this
e Most ORBs still support only the following semantics:

— Object references are passed by-reference
*x However, all operations are routed to the originator
— C-style structures and discriminated unions may be passed
by-value
x However, these structures and unions do not contain any
methods

e Until OBV spec is ubiquitous, objects can be passed by value using
hand-crafted “factories”

D)
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Feature Limitations (cont'd)

e Many ORBs do not yet support AMI and/or standard CORBA
timeouts

— However, these capabilities are defined in the OMG Messaging
Specification
e Most ORBs do not yet support fault tolerance
— This was standardized by the OMG recently, however
— www.omg.org/techprocess/meetings/schedule/Fault_Tolerance_RFP.html
e \ersioning is supported in IDL via pragmas

— Unlike Sun RPC or DCE, which include in language

D
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Performance Limitations

e Performance may not be as good as hand-crafted code for some
applications due to

Additional remote invocations for naming
Marshaling/demarshaling overhead
Data copying and memory management
Endpoint and request demultiplexing

— Context switching and synchronization overhead

Typical trade-off between extensibility, robustness, maintainability —
micro-level efficiency

Note that a well-crafted ORB may be able to automatically optimize
macro-level efficiency

DR
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CORBA Implementations

e Many ORBs are now available

— Orhix2000 from IONA

— Visibroker from Borland

— BEA Web Logic Enterprise

— Component Broker from IBM

— eORB from Vertel, ORB Express from OIS, and HighComm from
Highlander/Borland

— Open-source ORBs — TAO, ORBacus(*), omniORB, MICO, and
JacORB

¢ In theory, CORBA facilitates vendor-independent and
platform-independent application collaboration

— In practice, heterogeneous ORB interoperability and portability
still an issue...

DR
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CORBA Services

e Other OMG documents (e.g., COSS) specify higher level services

— Naming service
x Mapping of convenient object names to object references
— Event service
+x Enables decoupled, asynchronous communication between
objects
— Lifecycle service
x Enables flexible creation, copy, move, and deletion operations
via factories

e Other CORBA services include transactions, trading, relationship,
security, concurrency, property, A/V streaming, etc.

DR
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Summary of CORBA Features

e CORBA specifies the following functions to support an Object
Request Broker (ORB)

— Interface Definition Language (IDL)

— A mapping from IDL onto C++, Java, C, COBOL, etc.

— A Static Invocation Interface, used to compose operation requests
via proxies

— A Dynamic Invocation Interface, used to compose operation
requests at run-time

— Interface and Implementation Repositories containing meta-data
gueried at run-time

— The Portable Object Adapter (POA), allows service programmers
to interface their code with an ORB
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Concluding Remarks

e Additional information about CORBA is available on-line at the
following WWW URLs

— Doug Schmidt's CORBA page

* Www.cs.wustl.edu/~schmidt/corba.html
— OMG’s WWW Page

* Www.omg.org/
— CETUS CORBA Page

* Www.cetus-links.org/oo_corba.html
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