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Candidate Solution: CORBA

DII ORB
INTERFACE

ORB
CORE

operation()

IDL
STUBS

OBJECT

ADAPTER

IDL
SKELETON

DSI

in  args

out  args + return  value

CLIENT

GIOP/IIOP

SERVANT

STANDARD  INTERFACE STANDARD  LANGUAGE

MAPPING

ORB-SPECIFIC  INTERFACE STANDARD  PROTOCOL

� Goals

1. Simplify development of distributed applications

2. Provide 
exible foundation for higher-level ser-

vices

3

Distributed Medical Imaging

DDIIAAGGNNOOSSTTIICC

SSTTAATTIIOONNSS

AATTMM
MMAANN

AATTMM
LLAANN

AATTMM
LLAANN

MMOODDAALLIITTIIEESS

((CCTT,,  MMRR,,  CCRR))
  CCEENNTTRRAALL

IIMMAAGGEE
SSTTOORREE

CCLLUUSSTTEERR
IIMMAAGGEE
SSTTOORREE

DDXX
IIMMAAGGEE
SSTTOORREE
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Distributed Objects in Medical

Imaging

:: BLOB BLOB

DISPLAYDISPLAY

:: NAME NAME

SERVERSERVER
:: BLOB BLOB

ROUTERROUTER

:: BLOB BLOB

PROCESSORPROCESSOR

SOFTWARE  BUSSOFTWARE  BUS

:: NETWORK NETWORK

TIMETIME

:: IMAGE IMAGE

LOCATORLOCATOR

:: IMAGE IMAGE

SERVERSERVER

:: IMAGE IMAGE

PRINTERPRINTER
:: IMAGE IMAGE

SERVERSERVER
:: BLOB BLOB

SERVERSERVER

:: BLOB BLOB

LOCATORLOCATOR

� \Blob" == Binary Large OBject

5

Real-time Avionics

OBJECTOBJECT    REQUESTREQUEST    BROKERBROKER

2:PUSH (EVENTS)

Air
Frame

Sensor
proxy

HUD

Nav

EVENT

CHANNEL

Sensor
proxy

Sensor
proxy

3:PUSH (DEMARSHALED  DATA)

1: SENSORS

GENERATE

DATA

6



Telecommunications

WIDE  AREA

NETWORK

SATELLITESSATELLITES
TRACKINGTRACKING
STATIONSTATION

PEERSPEERS

STATUS  INFO

COMMANDS BULK  DATA

TRANSFER

LOCAL  AREA  NETWORK

GROUND
STATION

PEERS

GATEWAY

7

Outline

� Motivation

� Example CORBA Applications

� Coping with Changing Requirements

� Overview of CORBA Architecture

� Evaluations and Recommendations
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Motivation

� Developing distributed applications whose

components collaborate e�ciently, reliably,

transparently, and scalably is hard

� To help address this challenge, the Object

Management Group (OMG) is specifying

the Common Object Request Broker Ar-

chitecture (CORBA)

{ OMG is a consortium of computer companies

� e.g., Sun, HP, DEC, IBM, IONA, Visigenic,

etc.

� Version 2.1 of the CORBA spec is now

available

{ http://www.omg.org/corba/corbiiop.htm
9

Stand-alone vs. Distributed

Application Architectures

PRINTER

FILE
SYSTEM

PRINTER FILE  SYSTEM

COMPUTERCOMPUTER

(1)(1)    STAND-ALONESTAND-ALONE    APPLICATIONAPPLICATION    ARCHITECTUREARCHITECTURE

(2)(2)    DISTRIBUTEDDISTRIBUTED    APPLICATIONAPPLICATION    ARCHITECTUREARCHITECTURE

CD ROM

CD ROM

NETWORK

FI LE

SERVICE

CYCLE

SERVICE

DISPLAY

SERVICE

PRINT

SERVICE

NAME

SERVICE

TIME

SERVICE

10
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OMG IDL Compiler

CLIENTCLIENT
STUBSTUB
BODYBODY

CLIENTCLIENT
STUBSTUB

HEADERHEADER

SERVERSERVER
SKELETONSKELETON

HEADERHEADER

SERVERSERVER
SKELETONSKELETON

BODYBODY

IDL COMPILER

IDL FILE

C++

COMPILERJAVA

COMPILER

CLIENT
SOURCE

CODE

CLIENT
SOURCE

CODE

CLIENT
SOURCE

CODE

CLIENT

PROGRAM

SERVER
SOURCE

CODE

SERVER
SOURCE

CODE

SERVER
SOURCE

CODE

SERVER

PROGRAM

CORBA
RUN-TIME
LIBRARIES

interface  Quoterinterface  Quoter

{{

  long  get_quote (in string name);  long  get_quote (in string name);

};};

� A OMG IDL compiler generates client stubs

and server skeletons

17

Software Bus

:: NETWORK NETWORK

TIMETIME

:: LOCATION LOCATION

BROKERBROKER

:: TRADING TRADING

RULESRULES

:: HEARTBEAT HEARTBEAT

MONITORMONITOR

: STOCK

QUOTER
: PRINTER

: AUTHEN-
TICATOR

: STOCK

TRADER

: STOCK

QUOTER

SOFTWARE  BUS

:: STOCK STOCK

QUOTERQUOTER

� CORBA provides a communication infras-

tructure for a heterogeneous, distributed

collection of collaborating objects

� Analogy to \hardware bus"

18



CORBA Object Collaboration

:: NAME NAME

SERVICESERVICE

:: QUOTE QUOTE

SERVICESERVICE

:: AUTHEN AUTHEN--
TICATIONTICATION

1: resolve ("Quoter")1: resolve ("Quoter")
:: BROKER BROKER

2: authenticate (broker)2: authenticate (broker)

3: timestamp()3: timestamp()

4: get_quote ("ACME ORB, Inc.")4: get_quote ("ACME ORB, Inc.")

:: NETWORK NETWORK

TIMETIME

� In theory, collaborating objects may be

either local (co-located) or remote (dis-

tributed)

� In practice, beware of traps and pitfalls: : :

19

Communication Features

� Communication features of standard CORBA:

{ Supports both synchronous and \quasi-asynchronous"

communication styles

� i.e., oneway, twoway, and deferred synchronous

{ Supports best-e�ort, uni-cast communication

� Note that all of these features may be ex-

tended depending on vendor \quality of ser-

vice"

� CORBA objects may collaborate in a client/server,

peer-to-peer, or publish/subscribe manner

{ client/server and peer-to-peer are built into the

standard library

{ e.g., COSS Event Services de�nes a publish/subscribe

communication paradigm

20
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CORBA Application Example

FDDI

OS/2 - PowerPC

SunOS - SPARC

HP/UX - HPPA

Windows NT - Alpha

Gateway/Router

MVS - IBM

WIDE AREAWIDE AREA

NETWORKNETWORK

ETHERNETETHERNET

ATMATM

LANLAN

BROKERSBROKERS

BROKERSBROKERS

QUOTEQUOTE

SERVERSSERVERS

Windows- Pentium

� Stock quoter/trader application

23

Stock Quoter/Trader Application

� The quote server(s) maintains the current

stock prices

� Brokers access the quote server(s) via CORBA

interfaces and the CORBA run-time

� Since the server(s) and the brokers are dis-

tributed, the solution must work across

LAN and WAN environments

24



Initial OMG IDL Quoter

Speci�cation

� A module is a high-level grouping construct

module Stock

{
// An exception is a combination of a struct

// and an event.

exception Invalid_Stock {};

exception Invalid_Quoter {};

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

interface Quoter {

long get_quote (in string stock_name)

raises (Invalid_Stock);

};
// Manage the lifecycle of a Quoter object.

interface Quoter_Factory {

// Returns a new Quoter selected by name

// e.g., "Dow Jones," "Reuters,", etc.

Quoter create_quoter (in string name)

raises (Invalid_Quoter);

void destroy_quoter (in Quoter quoter);

};

};
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RPC-style vs. Object-style

Communication

QUOTEQUOTE

SERVERSERVER: Reuters: Reuters
QuoterQuoter

: DowJones
Quoter

: Quoter: Quoter
FactoryFactory

QUOTE

CLIENT

: DowJones: DowJones
QuoterQuoter
ProxyProxy

: Quoter: Quoter
FactoryFactory
ProxyProxy

get_quote()get_quote()

destroy()destroy()

create_quoter()create_quoter()

namename

valuevalue

namename

QuoterQuoter

: Reuters: Reuters
QuoterQuoter
ProxyProxy

QUOTE  CLIENTQUOTE  CLIENT

QUOTE  SERVER

: Quoter: Quoter
ProxyProxy

: Quoter: Quoter

get_quote()get_quote()

namename

valuevalue

R
P

C
R

P
C

---S
T

Y
L

E
S

T
Y

L
E

O
B

JE
C

T
O

B
JE

C
T
---S

T
Y

L
E

S
T

Y
L

E

: Quoter: Quoter
ProxyProxy
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Compiling the Interface De�nition

� Running the Stockmodule de�nition through

the IDL compiler generates client stubs

and server skeletons

{ The client stub is a proxy that handles param-

eter marshalling from requestor

{ The server skeleton handles parameter demar-

shalling to the target

� CORBA associates a servant to a gener-

ated IDL skeleton as follows:

1. The Class form of the Adapter pattern (inher-

itance)

POA Stock::Quoter

2. The Object form of the Adapter pattern (ob-

ject composition, i.e., TIE)

template <class Impl>

class POA Stock::Quoter tie

27

Using the Class Form of the

Adapter Pattern with

POA Stock::Quoter Factory

clientclient

QuoterQuoter
FactoryFactory

A

create_quoter() = 0

MyMy
QuoterQuoter
FactoryFactory

create_quoter()

1: create_quoter ()
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A Servant based on Inheritance

� Note inheritance from POA Stock::Quoter Factory

class My_Quoter_Factory

: public virtual POA_Stock::Quoter_Factory

{
public:

My_Quoter_Factory (void);

// Factory method for creation.

virtual Stock::Quoter_ptr create_quoter

(const char *name);

// Factory method for destruction.

virtual void destroy_quoter

(Stock::Quoter_ptr quoter);

// ...

};

� The drawback is that implementations in-

herit from generated skeletons

{ Can create a \brittle" hierarchy

{ Hard to integrate with legacy code (i.e., dis-

tributing an all-local application)

29

Using the Object Form of the

Adapter Pattern with TIE

clientclient
QuoterQuoter
FactoryFactory

A

QuoterQuoter
Factory_tieFactory_tie

create_quoter() = 0

create_quoter()

MyMy
QuoterQuoter
FactoryFactory

create_quoter()

1: create_quoter ()

2: create_quoter()

My_QuoterMy_Quoter

FactoryFactory
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t
o
o
b
je
c
t
re
fe
re
n
c
e

{

o
u
t
e
a
s
e
s
p
a
s
s
in
g
o
u
t
p
a
ra
m
e
t
e
rs
b
e
tw
e
e
n
c
li
e
n
t

a
n
d
s
e
rv
e
r

�

N
e
v
e
r
u
s
e
d
d
ir
e
c
t
ly
b
y
u
s
e
r
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A

C
li
e
n
t
P
ro
g
ra
m

�

C
li
e
n
t
b
in
d
s
t
o
o
b
je
c
t
a
n
d
in
v
o
k
e
s
m
e
t
h
o
d

i
n
t
m
a
i
n
(
i
n
t
a
r
g
c
,
c
h
a
r
*
a
r
g
v
[
]
)

{
/
/
U
s
e
a
f
a
c
t
o
r
y
t
o
b
i
n
d
t
o
a
n
y
q
u
o
t
e
r
.

S
t
o
c
k
:
:
Q
u
o
t
e
r
_
F
a
c
t
o
r
y
_
v
a
r

q
f
=

b
i
n
d
_
s
e
r
v
i
c
e
<
S
t
o
c
k
:
:
Q
u
o
t
e
r
_
F
a
c
t
o
r
y
>

(
"
M
y
_
Q
u
o
t
e
r
_
F
a
c
t
o
r
y
"
,

a
r
g
c
,
a
r
g
v
)
;

i
f
(
C
O
R
B
A
:
:
i
s
_
n
i
l

(
q
f
)
)
r
e
t
u
r
n

-
1
;

S
t
o
c
k
:
:
Q
u
o
t
e
r
_
v
a
r

q
u
o
t
e
r
;

/
/
M
a
n
a
g
e
s

r
e
f
c
o
u
n
t
s
.

c
o
n
s
t
c
h
a
r
*
s
t
o
c
k
_
n
a
m
e

=
"
A
C
M
E
O
R
B
I
n
c
.
"
;

t
r
y
{

/
/
B
i
n
d
t
o
a
q
u
o
t
e
r
a
n
d
m
a
k
e
c
a
l
l
.

q
u
o
t
e
r

=
q
f
-
>
c
r
e
a
t
e
_
q
u
o
t
e
r

(
"
M
y
_
Q
u
o
t
e
r
"
)
;

C
O
R
B
A
:
:
L
o
n
g

v
a
l
u
e
=
q
u
o
t
e
r
-
>
g
e
t
_
q
u
o
t
e

(
s
t
o
c
k
_
n
a
m
e
)
;

c
o
u
t
<
<
s
t
o
c
k
_
n
a
m
e

<
<
"
=
"
<
<
v
a
l
u
e
<
<
e
n
d
l
;

}
c
a
t
c
h
(
S
t
o
c
k
:
:
I
n
v
a
l
i
d
_
S
t
o
c
k

&
)
{

c
e
r
r
<
<
s
t
o
c
k
_
n
a
m
e

<
<
"
n
o
t
a
v
a
l
i
d
s
t
o
c
k
"
<
<
e
n
d
l
;

}
c
a
t
c
h
(
.
.
.
)

{
/
*
H
a
n
d
l
e

e
x
c
e
p
t
i
o
n
.
.
.

*
/
}

q
f
-
>
d
e
s
t
r
o
y
_
q
u
o
t
e
r

(
q
u
o
t
e
r
)
;

/
/
D
e
s
t
r
u
c
t
o
r
s

o
f
*
_
v
a
r
p
r
o
x
i
e
s

r
e
l
e
a
s
e
m
e
m
o
r
y
.

}
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O
b
t
a
in
in
g
a
n
O
b
je
c
t
R
e
fe
re
n
c
e

�

e
.g
.,
u
s
in
g
t
h
e
C
O
S
N
a
m
in
g
S
e
rv
ic
e

s
t
a
t
i
c
C
o
s
N
a
m
i
n
g
:
:
N
a
m
i
n
g
C
o
n
t
e
x
t
_
p
t
r

n
a
m
e
_
c
o
n
t
e
x
t

=
0
;

t
e
m
p
l
a
t
e
<
c
l
a
s
s

T
>
T
*

b
i
n
d
_
s
e
r
v
i
c
e

(
c
o
n
s
t
c
h
a
r
*
n
a
m
e
,

i
n
t
a
r
g
c
,
c
h
a
r
*
a
r
g
v
[
]
)
{

C
O
R
B
A
:
:
O
b
j
e
c
t
_
v
a
r

o
b
j
;

i
f
(
n
a
m
e
_
c
o
n
t
e
x
t

=
=
0
)
{
/
/
"
F
i
r
s
t
t
i
m
e
i
n
"
c
h
e
c
k
.

/
/
G
e
t
r
e
f
e
r
e
n
c
e
t
o
n
a
m
e
s
e
r
v
i
c
e
.

C
O
R
B
A
:
:
O
R
B
_
v
a
r

o
r
b
=
C
O
R
B
A
:
:
O
R
B
_
i
n
i
t

(
a
r
g
c
,
a
r
g
v
,
0
)
;

o
b
j
=
o
r
b
-
>
r
e
s
o
l
v
e
_
i
n
i
t
i
a
l
_
r
e
f
e
r
e
n
c
e
s

(
"
N
a
m
e
S
e
r
v
i
c
e
"
)
;

n
a
m
e
_
c
o
n
t
e
x
t

=

C
o
s
N
a
m
i
n
g
:
:
N
a
m
i
n
g
C
o
n
t
e
x
t
:
:
_
n
a
r
r
o
w

(
o
b
j
)
;

i
f
(
C
O
R
B
A
:
:
i
s
_
n
i
l

(
n
a
m
e
_
c
o
n
t
e
x
t
)
)

r
e
t
u
r
n

0
;

} C
o
s
N
a
m
i
n
g
:
:
N
a
m
e

s
v
c
_
n
a
m
e
;

s
v
c
_
n
a
m
e
.
l
e
n
g
t
h

(
1
)
;
s
v
c
_
n
a
m
e
[
0
]
.
i
d

=
n
a
m
e
;

/
/
F
i
n
d
o
b
j
e
c
t

r
e
f
e
r
e
n
c
e

i
n
t
h
e
n
a
m
e
s
e
r
v
i
c
e
.

o
b
j
=
n
a
m
e
_
c
o
n
t
e
x
t
-
>
r
e
s
o
l
v
e

(
s
v
c
_
n
a
m
e
)
;

/
/
N
a
r
r
o
w
t
o
t
h
e
T
i
n
t
e
r
f
a
c
e

a
n
d
a
w
a
y
w
e
g
o
!

r
e
t
u
r
n
T
:
:
_
n
a
r
r
o
w

(
o
b
j
)
;

}
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S
e
rv
e
r
A
c
t
iv
a
t
io
n
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o
d
e
s

�

A
n
id
le
s
e
rv
e
r
w
il
l
b
e
a
u
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o
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a
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ic
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c
h
e
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1
.
S
h
a
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d
!

o
n
e
p
ro
c
e
s
s
p
e
r-
o
b
je
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t
p
e
r-
h
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s
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2
.
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s
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d
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id
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b
je
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c
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.
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ll
g
e
t
s
it
s

o
w
n
p
ro
c
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p
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c
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N
e
w

F
o
rm
a
t
s

�

e
.g
.,
p
e
rc
e
n
t
a
g
e
t
h
a
t
s
t
o
c
k

in
c
re
a
s
e
d

o
r

d
e
c
re
a
s
e
d
s
in
c
e
s
t
a
rt
o
f
t
ra
d
in
g
d
a
y
,
v
o
l-

u
m
e
o
f
t
ra
d
e
s
,
e
t
c
.

m
o
d
u
l
e
S
t
o
c
k

{
/
/
.
.
.

i
n
t
e
r
f
a
c
e

Q
u
o
t
e
r

{
l
o
n
g
g
e
t
_
q
u
o
t
e

(
i
n
s
t
r
i
n
g
s
t
o
c
k
_
n
a
m
e
,

o
u
t
d
o
u
b
l
e
p
e
r
c
e
n
t
_
c
h
a
n
g
e
,

o
u
t
l
o
n
g
t
r
a
d
i
n
g
_
v
o
l
u
m
e
)

r
a
i
s
e
s
(
I
n
v
a
l
i
d
_
S
t
o
c
k
)
;

}
;

}
;

�

N
o
t
e
t
h
a
t
e
v
e
n
m
a
k
in
g
t
h
is
s
im
p
le
c
h
a
n
g
e

w
o
u
ld

in
v
o
lv
e
a
g
re
a
t
d
e
a
l
o
f
w
o
rk
fo
r
a

s
o
c
k
e
t
s
-b
a
s
e
d
s
o
lu
t
io
n
:

:

:
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A
d
d
in
g
F
e
a
t
u
re
s
U
n
o
b
t
ru
s
iv
e
ly

�

In
t
e
rf
a
c
e
in
h
e
ri
t
a
n
c
e
a
ll
o
w
s
n
e
w

fe
a
t
u
re
s

t
o
b
e
a
d
d
e
d
w
it
h
o
u
t
b
re
a
k
in
g
e
x
is
t
in
g
in
-

t
e
rf
a
c
e
s

m
o
d
u
l
e
S
t
o
c
k

{
/
/
.
.
.

i
n
t
e
r
f
a
c
e

Q
u
o
t
e
r
{
/
*
.
.
.
*
/
}
;

i
n
t
e
r
f
a
c
e

S
t
a
t
_
Q
u
o
t
e
r

:
Q
u
o
t
e
r
/
/
a
S
t
a
t
_
Q
u
o
t
e
r

I
S
-
A
Q
u
o
t
e
r

{
v
o
i
d
g
e
t
_
s
t
a
t
s

(
i
n
s
t
r
i
n
g
s
t
o
c
k
_
n
a
m
e
,

o
u
t
d
o
u
b
l
e
p
e
r
c
e
n
t
_
c
h
a
n
g
e
,

o
u
t
l
o
n
g
t
r
a
d
i
n
g
_
v
o
l
u
m
e
)

r
a
i
s
e
s
(
I
n
v
a
l
i
d
_
S
t
o
c
k
)
;

}
;

}
;

�

N
o
t
e
t
h
a
t
t
h
e
re
a
re
n
o
c
h
a
n
g
e
s
t
o
t
h
e
e
x
-

is
t
in
g
Q
u
o
t
e
r
in
t
e
rf
a
c
e
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N
e
w

In
t
e
rf
a
c
e
s
a
n
d
O
p
e
ra
t
io
n
s

�

e
.g
.,
a
d
d
in
g
a
t
ra
d
in
g
in
t
e
rf
a
c
e

m
o
d
u
l
e
S
t
o
c
k
{

/
/
i
n
t
e
r
f
a
c
e
Q
u
o
t
e
r
_
F
a
c
t
o
r
y

a
n
d
Q
u
o
t
e
r

/
/
S
a
m
e
a
s
b
e
f
o
r
e
.

i
n
t
e
r
f
a
c
e

T
r
a
d
e
r
{

v
o
i
d
b
u
y

(
i
n
s
t
r
i
n
g
n
a
m
e
,

i
n
o
u
t
l
o
n
g
n
u
m
_
s
h
a
r
e
s
,

i
n
l
o
n
g
m
a
x
_
v
a
l
u
e
)

r
a
i
s
e
s
(
I
n
v
a
l
i
d
_
S
t
o
c
k
)
;

v
o
i
d
s
e
l
l
(
i
n
s
t
r
i
n
g
n
a
m
e
,

i
n
o
u
t
l
o
n
g
n
u
m
_
s
h
a
r
e
s
,

i
n
l
o
n
g
m
i
n
_
v
a
l
u
e
)

r
a
i
s
e
s
(
I
n
v
a
l
i
d
_
S
t
o
c
k
)
;

}
;

i
n
t
e
r
f
a
c
e

T
r
a
d
e
r
_
F
a
c
t
o
r
y

{
/
*
.
.
.
*
/
}
;

}
;

�

M
u
lt
ip
le
in
h
e
ri
t
a
n
c
e
is
a
ls
o
u
s
e
fu
l
t
o
d
e
�
n
e

a
fu
ll
s
e
rv
ic
e
b
ro
k
e
r:

i
n
t
e
r
f
a
c
e
B
r
o
k
e
r

:
S
t
a
t
_
Q
u
o
t
e
r
,

T
r
a
d
e
r

{
}
;
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Batch Requests

� Improve performance for multiple queries

or trades

interface Batch_Quoter

: Stat_Quoter // A Batch_Quoter IS-A Stat_Quoter

{
typedef sequence<string> Names;

struct Stock_Info {

string name;

long value;

double change;

long volume;

};
typedef sequence<Stock_Info> Info;

exception No_Such_Stock {

Names stock; // List of invalid stock names

};
void batch_quote (in Names stock_names,

out Info stock_info)

raises (No_Such_Stock);

};

47

CORBA ORB Architecture

NETWORKNETWORK

DIIDII ORBORB
INTERFACEINTERFACE

ORBORB
CORECORE

op()op()

IDLIDL
STUBSSTUBS

OBJECTOBJECT

ADAPTERADAPTER

IDLIDL
SKELETONSKELETON

DSIDSI

in  args

out  args + return  value

CLIENT

OS  KERNEL

OS  I/O  SUBSYSTEM

NETWORK  ADAPTERS

OS  KERNEL

OS  I/O  SUBSYSTEM

NETWORK  ADAPTERS

INTERFACE

REPOSITORY

IMPLEMENTATION

REPOSITORY

IDL
COMPILER

NAMING

SERVICE

GIOP/IIOP

SERVANT
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CORBA Components

� The CORBA speci�cation is comprised of

several parts:

1. An Object Request Broker (ORB) Core

2. An Interoperability Spec (GIOP and IIOP)

3. An Interface De�nition Language (IDL)

4. Programming language mappings for IDL

5. A Static Invocation Interface (SII)

6. A Dynamic Invocation Interface (DII)

7. A Dynamic Skeleton Interface (DSI)

8. Portable Object Adapter (POA)

9. Interface and implementation repositories

� Other documents from OMG describe com-

mon object services built upon CORBA

(CORBAservices)

{ e.g., Event services, Name services, Lifecycle

services

49

OMA Reference Model Interface

Categories

OBJECT  REQUEST  BROKEROBJECT  REQUEST  BROKER

OBJECTOBJECT

SERVICESSERVICES

APPLICATIONAPPLICATION

INTERFACESINTERFACES

DOMAINDOMAIN

INTERFACESINTERFACES

COMMONCOMMON

FACILITIESFACILITIES

� The Object Management Architecture (OMA)

Reference Model describes the interactions

between various CORBA components and

layers
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ORB Core

OBJECT  ADAPTER

I/O  SUBSYSTEM

ORB  CORE

GIOP  TRANSPORT  PROTOCOLS
IIOP/TCP/IP ATM RTP ISIS

ENDPOINT  DEMULTIPLEXER

� Provides basic concurrency and communi-

cation mechanisms

51

CORBA Interoperability Protocols

� General Inter-ORB Protocol (GIOP)

{ Speci�es request format and transmission pro-

tocol that enables ORB-to-ORB interoperabil-

ity

� Internet Inter-ORB Protocol (IIOP)

{ Speci�es a standardized interoperability proto-

col for the Internet

{ Works directly over TCP/IP, no RPC necessary

� Environment-speci�c inter-ORB protocols

(ESIOPs)

{ e.g., DCE

52



G
IO
P

O
v
e
rv
ie
w

�

C
o
m
m
o
n
D
a
ta
R
e
p
re
s
e
n
ta
ti
o
n
(
C
D
R
)

{

T
ra
n
s
fe
r
s
y
n
t
a
x
m
a
p
p
in
g
O
M
G
-I
D
L
d
a
t
a
ty
p
e
s

in
t
o
a
b
i-
c
a
n
o
n
ic
a
l
lo
w
-l
e
v
e
l
re
p
re
s
e
n
t
a
t
io
n

�

S
u
p
p
o
rt
s
v
a
ri
a
b
le
b
y
t
e
o
rd
e
ri
n
g
a
n
d
a
li
g
n
e
d

p
ri
m
it
iv
e
ty
p
e
s

�

M
e
s
s
a
g
e
tr
a
n
s
fe
r

{

R
e
q
u
e
s
t
m
u
lt
ip
le
x
in
g

�

i.
e
.,
m
u
lt
ip
le
c
li
e
n
t
s
c
a
n
s
h
a
re
a
c
o
n
n
e
c
t
io
n

t
o
a
n
O
R
B

{

O
rd
e
ri
n
g
c
o
n
s
t
ra
in
t
s
a
re
m
in
im
a
l

�

i.
e
.,
c
a
n
b
e
a
s
y
n
c
h
ro
n
o
u
s

�

M
e
s
s
a
g
e
fo
rm
a
ts

{

C
li
e
n
t
:
R
e
q
u
e
s
t
,
C
a
n
c
e
l
R
e
q
u
e
s
t
,
L
o
c
a
t
e
R
e
q
u
e
s
t

{

S
e
rv
e
r:
R
e
p
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p
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n
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�
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p
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c
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p
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e
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c
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s
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e
E
r
r
o
r

}
;

s
t
r
u
c
t
M
e
s
s
a
g
e
H
e
a
d
e
r

{

c
h
a
r
m
a
g
i
c
[
4
]
;

V
e
r
s
i
o
n

G
I
O
P
_
v
e
r
s
i
o
n
;

b
o
o
l
e
a
n

b
y
t
e
_
o
r
d
e
r
;

o
c
t
e
t
m
e
s
s
a
g
e
_
t
y
p
e
;

u
n
s
i
g
n
e
d

l
o
n
g
m
e
s
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a
g
e
_
s
i
z
e
;

}
;

s
t
r
u
c
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c
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v
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c
e
_
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_
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;
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p
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r
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_
p
r
i
n
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i
p
a
l
;

}
;

/
/
.
.
.
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IIOP Overview

� IIOP Adds to GIOP semantics for TCP/IP

connection management

� IIOP bundled with Netscape 4.0

� Inter-ORB Engine available from SunSoft

{ ftp://ftp.omg.org/pub/interop/iiop.tar.Z

� TAO is originally based on SunSoft IIOP

{ However, TAO adds many enhancements and

optimizations
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Design of TAO's IIOP Protocol

Engine

DIIDII ORBORB
INTERFACEINTERFACE

operation()operation()

OBJECTOBJECT

ADAPTERADAPTER

DSIDSI

in  argsin  args

out  args + return  valueout  args + return  value
CLIENTCLIENT

ORB  COREORB  CORE

  TYPECODE

INTERPRETER

TypeCode::traverse()

  CDR::
encoder()

visit()

deep_free()

  CDR::
decoder()

deep_copy()

  deep_free()

visit()

CDR::
decoder()

 deep_copy()
CDR::

encoder()

REQUESTREQUEST

RESPONSERESPONSE

  TYPECODE

INTERPRETER

TypeCode::traverse()

RECEIVERRECEIVERSENDERSENDER

IDLIDL
STUBSSTUBS

IDLIDL
SKELETONSKELETON

SERVANTSERVANT

56



TypeCode Layout for BinStruct

Sequence

TKTK__SEQUENCESEQUENCETCKTCKIND IND __KINDKIND

ULULONG LENGTHONG LENGTH 128128

OCTET OCTET *_*_BUFFERBUFFER

BYTE  ORDERBYTE  ORDER 00

ELEMENT  ELEMENT  TTYPEYPECCODE   KINDODE   KIND TKTK__STRUCTSTRUCT

ENCAPSULATION   LENGTHENCAPSULATION   LENGTH 112112

ENCAPSULATIONENCAPSULATION

BOUNDS  OF  THE  SEQUENCEBOUNDS  OF  THE  SEQUENCE 00

ENCAPSULATIONENCAPSULATION

FOR   ARRAYFOR   ARRAY

 MEMBER

0

0

0

1

1

BYTE ORDER  OF  ENCAPSULATION

6

ACTUAL  NAME  OF STRUCT

LENGTH   OF  STRING   STRUCT  NAME

ACTUAL   STRING ID

LENGTH   OF  STRING  ID

ACTUAL   NAME  OF  MEMBER  OF TYPE  SHORT

LENGTH   OF  STRING  NAME   FOR  STRUCT   MEMBER   OF  TYPE  SHORT

NUMBER  OF  MEMBERS   IN  STRUCT

1

0

TK_SHORT TYPECODE   KIND  FOR  MEMBER  OF T YPE   SHORT

LENGTH   OF  STRING  NAME  FOR  STRUCT  MEMBER  OF  ARRAY   TYPE

ACTUAL   NAME   OF  MEMBER   OF ARRAY  TYPE

TYPECODE   KIND  FOR  MEMBER  OF  TYPE   ARRAY

ENCAPSULATION   LENGTH  FOR  ARRAY  MEMBER

1

0

TK_ARRAY

12

0 BYTE  ORDER   FOR  ENCAPSULATION

SIZE  OF  ARRAY

TYPECODE   KIND  FOR  ELEMENT   OF  ARRAY

8

TK_OCTET
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TypeCode Interpreter Structure

_ttcp_sequence_
sendStructSeq_skel()

CREATE   NVLIST  AND

POPULATE   IT  WITH

PARAMETER  TYPECODES

for each parameter
get the typecode, tc
CDR::decoder(tc,val,0,

strm,env)

ServerRequest::params()

PARSING   PARAMETERSPARSING   PARAMETERS TypeCode::traverse(value1,TypeCode::traverse(value1,
          value2,visit,strm,env)          value2,visit,strm,env)

if (primitive typecode)
    return visit(this,val1,val2,

strm,env);
switch(_kind){
//complex typecodes
case tk_sequence:

OctetSeq *seq =
(OctetSeq *)val1;

bounds = seq->length;
value1 = seq->buffer;
goto shared_array_code;

case tk_array:
bounds=ulong_param(1, env);

shared_array_code:
TypeCode_ptr tc2 =

typecode_param(0, env);
size = tc2->size(env);
while(bounds--){

visit(tc2,val1,val2,strm,env);
value1=size + (char*)val1;
value2=size + (char *)val2;

}
case tk_struct:

create an encapsulation
CDR stream for our params
struct_traverse(&encap,val1,

val2,visit, strm,env);
}

struct_traverse(encap,struct_traverse(encap,
      val1, val2,visit,strm,      val1, val2,visit,strm,
      env)      env)

switch(tc->kind(env) {
case tk_char:
case tk_octet:

strm->get_char
(*(char *)data);

break;
case tk_short:

strm->get_short
(*(short *)data);

break;
case tk_long:

strm->get_long
(*(long *)data);

break;
case tk_double:

strm->get_longlong
(*(longlong *)data);
break;

case tk_sequence:
OctetSequence* seq =

(OctetSeq *)data;
strm->get_ulong
(seq->length);
seq->max=seq->length;
seq->buffer=0;
// get typecode of elem
tc2=typecode_param(0);
size = tc2->size(env);
//allocate buffer
seq->buffer=new uchar [
size*seq->max];
//Fall thru these cases

case tk_struct:
case tk_array:

return tc->traverse
(data, 0, decoder,

strm, env);
}

CDR::decoder(tc, data,CDR::decoder(tc, data,

          parent, strm, env)          parent, strm, env)

RECEIVER

TYPECODE

INTERPRETER

skip_string; // repository id;
skip_string; // struct name;
get number of members;
for each member {

skip_string; //member name
size =
calc_nested_size_
        and_align(&tc,align);
visit(tc,val1,val2,strm,env);
val1 = size + (char*)val1;
val2 = size + (char *)val2;

}
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Static Invocation Interface (SII)

� The most common way of using OMG

IDL involves the \Static Invocation Inter-

face" (SII)

� In this case, all the methods are speci�ed

in advance and are known to the client

and the server via proxies

{ Proxies are also known as surrogates

� The primary advantage of the SII is its

simplicity, typesafety, and e�ciency
65

Proxy Pattern

NETWORKNETWORK

CLIENT

SERVER

:: BROKER BROKER

1:1: METHOD METHOD

CALLCALL

4:4: METHOD METHOD

RETURNRETURN

:: QUOTER QUOTER

2:2: FORWARD FORWARD

REQUESTREQUEST

3:3:  RESPONSE  RESPONSE

:: QUOTER QUOTER

PROXYPROXY

� Intent: provide a surrogate for another

object that controls access to it
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p
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b
jR

ef

2:
 s

u
b
sc

ri
b
e 

(O
b
jR

ef
BB
))

4:
 p

u
sh

 (
ev

en
t)

4:
 p

u
sh

 (
ev

en
t)

N
O

T
IF

IE
R

N
O

T
IF

IE
R

N
o
ti

fi
er

N
o
ti

fi
er

O
b

jR
ef

O
b

jR
ef

3: p
ush

 (e
vent)

3: p
ush

 (e
vent)

N
o
ti

fi
er

N
o
ti

fi
er

O
b

jR
ef

O
b

jR
ef

A
 :

A
 :

C
o
n

su
m

er
C

o
n

su
m

er

N
o
ti

fi
er

N
o
ti

fi
er

O
b

jR
ef

O
b

jR
ef

S
U

P
P

L
IE

R
S

U
P

P
L

IE
R

�

P
a
s
s
in
g
o
b
je
c
t
re
fe
re
n
c
e
s
is
u
s
e
fu
l
t
o
im
-

p
le
m
e
n
t
a

d
is
t
ri
b
u
t
e
d

e
v
e
n
t
n
o
t
i�
c
a
t
io
n

m
e
c
h
a
n
is
m

7
0



E
v
e
n
t
R
e
c
e
iv
e
r
In
t
e
rf
a
c
e

�

A
n
C
o
n
s
u
m
e
r
is
c
a
ll
e
d
b
a
c
k
b
y
t
h
e
N
o
t
i
f
i
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N
o
t
e
t
h
a
t
a
ll
o
p
e
ra
t
io
n
s
a
re
o
n
e
w
a
y
t
o

a
v
o
id

b
lo
c
k
in
g

s
t
r
u
c
t
E
v
e
n
t
{

s
t
r
i
n
g
t
a
g
_
;
/
/
U
s
e
d
f
o
r
f
i
l
t
e
r
i
n
g
.

a
n
y
v
a
l
u
e
_
;
/
/
E
v
e
n
t
c
o
n
t
e
n
t
s
.

}
;

i
n
t
e
r
f
a
c
e
C
o
n
s
u
m
e
r

{
/
/
I
n
f
o
r
m
t
h
e
C
o
n
s
u
m
e
r

/
/
e
v
e
n
t
h
a
s
o
c
c
u
r
r
e
d
.

o
n
e
w
a
y
v
o
i
d
p
u
s
h
(
i
n
E
v
e
n
t
e
v
e
n
t
)
;

/
/
D
i
s
c
o
n
n
e
c
t

t
h
e
C
o
n
s
u
m
e
r

f
r
o
m
t
h
e

/
/
N
o
t
i
f
i
e
r
,
g
i
v
i
n
g

i
t
t
h
e
<
r
e
a
s
o
n
>
.

o
n
e
w
a
y
v
o
i
d
d
i
s
c
o
n
n
e
c
t

(
i
n
s
t
r
i
n
g
r
e
a
s
o
n
)
;

}
;
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1

N
o
t
i�
e
r
In
t
e
rf
a
c
e

�

A

N
o
t
i
f
i
e
r
p
u
b
li
s
h
e
s
E
v
e
n
t
s

i
n
t
e
r
f
a
c
e
N
o
t
i
f
i
e
r

{
/
/
S
u
b
s
c
r
i
b
e
t
h
e
C
o
n
s
u
m
e
r

t
o

/
/
r
e
c
e
i
v
e
e
v
e
n
t
s
t
h
a
t
m
a
t
c
h
f
i
l
t
e
r
i
n
g
_
c
r
i
t
e
r
i
a

/
/
a
p
p
l
i
e
d
b
y
t
h
e
N
o
t
i
f
i
e
r
.

o
n
e
w
a
y
v
o
i
d
s
u
b
s
c
r
i
b
e

(
i
n
C
o
n
s
u
m
e
r
c
o
n
s
u
m
e
r
,

i
n
s
t
r
i
n
g

f
i
l
t
e
r
i
n
g
_
c
r
i
t
e
r
i
a
)
;

/
/
U
n
s
u
b
s
c
r
i
b
e

t
h
e
C
o
n
s
u
m
e
r
.

o
n
e
w
a
y
v
o
i
d
u
n
s
u
b
s
c
r
i
b
e

(
i
n
C
o
n
s
u
m
e
r
c
o
n
s
u
m
e
r
)
;

/
/
P
u
s
h
t
h
e
E
v
e
n
t
t
o
a
l
l
t
h
e
c
o
n
s
u
m
e
r
s

/
/
w
h
o
h
a
v
e
s
u
b
s
c
r
i
b
e
d

a
n
d
w
h
o
m
a
t
c
h
t
h
e

/
/
f
i
l
t
e
r
i
n
g
c
r
i
t
e
r
i
a
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o
n
e
w
a
y
v
o
i
d
p
u
s
h
(
i
n
E
v
e
n
t
e
v
e
n
t
)
;

}
;
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Noti�er Implementation

� The Notifier maintains a table of object

references to Consumers

class My_Notifier // C++ pseudo-code

{
public:

void subscribe (Consumer *consumer,

const char *fc) {

insert <consumer> into <consumer_set_> with <fc>.

}
void unsubscribe (Consumer *consumer) {

remove <consumer> from <consumer_set_>.

}
void push (const Event &event) {

foreach <consumer> in <consumer_set_> loop

if (event.tag_ matches <consumer>.filter_criteria)

<consumer>.push (event);

end loop;

}
private:

// e.g., use an STL set.

set <Consumer *> consumer_set_;

};

73

Object Adapter

REQUESTREQUEST

QUEUESQUEUES

OBJECTOBJECT    ADAPTERADAPTER

II//OO    SUBSYSTEMSUBSYSTEM

ORB  CORB  COREORE

REQUESTREQUEST    DEMUXERDEMUXER

ACTIVEACTIVE    OBJECTOBJECT    MAPMAP

SERVANTSSERVANTSSERVANTSSERVANTSSERVANTSSERVANTS

� Provide services that map object refer-

ences and requests to servants
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p
le
s

�

G
e
t
t
in
g
t
h
e
ro
o
t
P
O
A

C
O
R
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p
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R
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R
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b
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c
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b
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v
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P
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P
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P
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P
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b
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R
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c
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c
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c
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o
r
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c
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:
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c
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c
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c
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c
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p
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c
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v
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P
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c
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t
io
n
w
it
h
P
O
A
-a
s
s
ig
n
e
d
O
b
-

je
c
t
Id
s

/
/
I
D
L

i
n
t
e
r
f
a
c
e
F
o
o

{
l
o
n
g
d
o
i
t
(
)
;

}
;

c
l
a
s
s
P
O
A
_
F
o
o
:
p
u
b
l
i
c
S
e
r
v
a
n
t
B
a
s
e

{
v
i
r
t
u
a
l
C
O
R
B
A
:
:
L
o
n
g

d
o
i
t
(
v
o
i
d
)
=
0
;

}
;

c
l
a
s
s
M
y
_
F
o
o
_
S
e
r
v
a
n
t

:
p
u
b
l
i
c
P
O
A
_
F
o
o

{
v
i
r
t
u
a
l
L
o
n
g
d
o
i
t
(
v
o
i
d
)

{
r
e
t
u
r
n
4
2
;
}

}
;

M
y
_
F
o
o
_
S
e
r
v
a
n
t

*
a
f
o
o
=
n
e
w
M
y
_
F
o
o
_
S
e
r
v
a
n
t
;

P
o
r
t
a
b
l
e
S
e
r
v
e
r
:
:
O
b
j
e
c
t
I
d
_
v
a
r

o
i
d
=

p
o
a
-
>
a
c
t
i
v
a
t
e
_
o
b
j
e
c
t

(
a
f
o
o
)
;

p
o
a
-
>
t
h
e
_
P
O
A
M
a
n
a
g
e
r

(
)
-
>
a
c
t
i
v
a
t
e

(
)
;

o
r
b
-
>
r
u
n
(
)
;
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P
O
A

E
x
a
m
p
le
s
(
c
o
n
t
'd
)

�

E
x
p
li
c
it
a
c
t
iv
a
t
io
n
w
it
h
u
s
e
r-
a
s
s
ig
n
e
d
O
b
-

je
c
t
Id
s

M
y
_
F
o
o
_
S
e
r
v
a
n
t

*
a
f
o
o
=
n
e
w
M
y
_
F
o
o
_
S
e
r
v
a
n
t
;

P
o
r
t
a
b
l
e
S
e
r
v
e
r
:
:
O
b
j
e
c
t
I
d
_
v
a
r

o
i
d
=

P
o
r
t
a
b
l
e
S
e
r
v
e
r
:
:
s
t
r
i
n
g
_
t
o
_
O
b
j
e
c
t
I
d

(
"
m
y
F
o
o
"
)
;

p
o
a
-
>
a
c
t
i
v
a
t
e
_
o
b
j
e
c
t
_
w
i
t
h
_
i
d

(
o
i
d
.
i
n
(
)
,
a
f
o
o
)
;

�

C
re
a
t
in
g
re
fe
re
n
c
e
s
b
e
fo
re
a
c
t
iv
a
t
io
n

P
o
r
t
a
b
l
e
S
e
r
v
e
r
:
:
O
b
j
e
c
t
I
d
_
v
a
r

o
i
d
=

P
o
r
t
a
b
l
e
S
e
r
v
e
r
:
:
s
t
r
i
n
g
_
t
o
_
O
b
j
e
c
t
I
d

(
"
m
y
F
o
o
"
)
;

C
O
R
B
A
:
:
O
b
j
e
c
t
_
v
a
r

o
b
j
=

p
o
a
-
>
c
r
e
a
t
e
_
r
e
f
e
r
e
n
c
e
_
w
i
t
h
_
i
d

(
o
i
d
.
i
n

(
)
,

"
I
D
L
:
F
o
o
:
1
.
0
"
)
;

F
o
o
_
v
a
r
f
o
o
=
F
o
o
:
:
_
n
a
r
r
o
w

(
o
b
j
)
;

/
/
.
.
.
l
a
t
e
r
.
.
.

M
y
_
F
o
o
_
S
e
r
v
a
n
t

*
a
f
o
o
=
n
e
w
M
y
_
F
o
o
_
S
e
r
v
a
n
t
;

p
o
a
-
>
a
c
t
i
v
a
t
e
_
o
b
j
e
c
t
_
w
i
t
h
_
i
d

(
o
i
d
.
i
n
(
)
,

a
f
o
o
)
;
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s
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)

�

S
e
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a
n
t
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a
n
a
g
e
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D
e
�
n
it
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n
a
n
d
C
re
a
t
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n

/
/
S
k
e
l
e
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n

c
l
a
s
s

n
a
m
e
s
p
a
c
e
P
O
A
_
P
o
r
t
a
b
l
e
S
e
r
v
e
r

{
c
l
a
s
s
S
e
r
v
a
n
t
A
c
t
i
v
a
t
o
r

:
p
u
b
l
i
c
v
i
r
t
u
a
l
S
e
r
v
a
n
t
M
a
n
a
g
e
r

{
v
i
r
t
u
a
l

~
S
e
r
v
a
n
t
A
c
t
i
v
a
t
o
r

(
)
;

v
i
r
t
u
a
l

S
e
r
v
a
n
t
i
n
c
a
r
n
a
t
e

(
c
o
n
s
t
O
b
j
e
c
t
I
d

&
,

P
O
A
_
p
t
r

p
o
a
)
=
0
;

v
i
r
t
u
a
l

v
o
i
d
e
t
h
e
r
e
a
l
i
z
e

(
c
o
n
s
t
O
b
j
e
c
t
I
d
&
,

P
O
A
_
p
t
r
p
o
a
,

S
e
r
v
a
n
t
,

B
o
o
l
e
a
n
r
e
m
a
i
n
i
n
g
_
a
c
t
i
v
a
t
i
o
n
s
)

=
0
;

}
;

}
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t
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c
l
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s

c
l
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M
y
_
F
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o
_
S
e
r
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n
t
_
A
c
t
i
v
a
t
o
r

:
p
u
b
l
i
c

P
O
A
_
P
o
r
t
a
b
l
e
S
e
r
v
e
r
:
:
S
e
r
v
a
n
t
A
c
t
i
v
a
t
o
r

{
S
e
r
v
a
n
t
i
n
c
a
r
n
a
t
e

(
c
o
n
s
t

O
b
j
e
c
t
I
d
&
o
i
d
,

P
O
A
_
p
t
r

p
o
a
)

{
S
t
r
i
n
g
_
v
a
r

s
=

P
o
r
t
a
b
l
e
S
e
r
v
e
r
:
:
O
b
j
e
c
t
I
d
_
t
o
_
s
t
r
i
n
g

(
o
i
d
)
;

i
f
(
s
t
r
c
m
p
(
s
,
"
m
y
F
o
o
"
)

=
=
0
)

r
e
t
u
r
n
n
e
w
M
y
_
F
o
o
_
S
e
r
v
a
n
t
;

e
l
s
e

t
h
r
o
w
C
O
R
B
A
:
:
O
B
J
E
C
T
_
N
O
T
_
E
X
I
S
T
;

} v
o
i
d
e
t
h
e
r
e
a
l
i
z
e

(
c
o
n
s
t
O
b
j
e
c
t
I
d

&
o
i
d
,

P
O
A
_
p
t
r

p
o
a
,

S
e
r
v
a
n
t

s
e
r
v
a
n
t
,

B
o
o
l
e
a
n

r
e
m
a
i
n
i
n
g
_
a
c
t
i
v
a
t
i
o
n
s
)

{
i
f
(
r
e
m
a
i
n
i
n
g
_
a
c
t
i
v
a
t
i
o
n
s

=
=
0
)

d
e
l
e
t
e
s
e
r
v
a
n
t
;

}
}
;
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E
x
a
m
p
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s
(
c
o
n
t
'd
)

�

O
b
je
c
t
a
c
t
iv
a
t
io
n
o
n
d
e
m
a
n
d

P
o
r
t
a
b
l
e
S
e
r
v
e
r
:
:
O
b
j
e
c
t
I
d
_
v
a
r

o
i
d
=

P
o
r
t
a
b
l
e
S
e
r
v
e
r
:
:
s
t
r
i
n
g
_
t
o
_
O
b
j
e
c
t
I
d

(
"
m
y
F
o
o
"
)
;

C
O
R
B
A
:
:
O
b
j
e
c
t
_
v
a
r

o
b
j
=

p
o
a
-
>
c
r
e
a
t
e
_
r
e
f
e
r
e
n
c
e
_
w
i
t
h
_
i
d

(
o
i
d
,
"
I
D
L
:
f
o
o
:
1
.
0
"
)
;

M
y
_
F
o
o
_
S
e
r
v
a
n
t
_
A
c
t
i
v
a
t
o
r

*
f
o
o
_
i
m

=

n
e
w
M
y
_
F
o
o
_
S
e
r
v
a
n
t
_
A
c
t
i
v
a
t
o
r
;

S
e
r
v
a
n
t
A
c
t
i
v
a
t
o
r
_
v
a
r

i
m
_
r
e
f

=
f
o
o
_
i
m
-
>
_
t
h
i
s

(
)
;

p
o
a
-
>
s
e
t
_
s
e
r
v
a
n
t
_
m
a
n
a
g
e
r

(
i
m
_
r
e
f
)
;

p
o
a
-
>
t
h
e
_
P
O
A
m
a
n
a
g
e
r

(
)
-
>
a
c
t
i
v
a
t
e

(
)
;

o
r
b
-
>
r
u
n
(
)
;

�

S
e
e
P
O
A

s
p
e
c
i�
c
a
t
io
n
fo
r
m
o
re
e
x
a
m
p
le
s

o
n
:

{

O
n
e
S
e
rv
a
n
t
fo
r
a
ll
O
b
je
c
t
s

{

S
in
g
le
S
e
rv
a
n
t
,
m
a
n
y
o
b
je
c
t
s
a
n
d
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p
e
s
,
u
s
in
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D
S
I
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L
e
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g
C
u
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e

�

C
O
R
B
A
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t
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d
u
c
e
s
t
h
e
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ll
o
w
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g
:

1
.
N
e
w

c
o
n
c
e
p
ts

{

e
.g
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o
b
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c
t
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fe
re
n
c
e
s
,
p
ro
x
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s
,
a
n
d

o
b
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c
t

a
d
a
p
t
e
rs

2
.
N
e
w

c
o
m
p
o
n
e
n
ts
a
n
d
to
o
ls

{

e
.g
.,
in
t
e
rf
a
c
e
d
e
�
n
it
io
n
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n
g
u
a
g
e
s
,
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L
c
o
m
-

p
il
e
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,
a
n
d
o
b
je
c
t
-r
e
q
u
e
s
t
b
ro
k
e
rs

3
.
N
e
w

fe
a
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s

{

e
.g
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e
x
c
e
p
t
io
n
h
a
n
d
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n
g
a
n
d
in
t
e
rf
a
c
e
in
h
e
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it
a
n
c
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�

T
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e
s
p
e
n
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h
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u
s
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b
e
a
m
o
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t
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e
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v
e
r
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n
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c
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In
t
e
ro
p
e
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b
il
it
y

�

T
h
e
�
rs
t
C
O
R
B
A

1
s
p
e
c
w
a
s
w
o
e
fu
ll
y
in
-

c
o
m
p
le
t
e
w
it
h
re
s
p
e
c
t
t
o
in
t
e
ro
p
e
ra
b
il
it
y

{

T
h
e
s
o
lu
t
io
n

w
a
s
t
o
u
s
e
O
R
B
s
p
ro
v
id
e
d
b
y
a

s
in
g
le
d
e
v
e
lo
p
e
r:
:

:

�

C
O
R
B
A

2
.x
d
e
�
n
e
s
a
u
s
e
fu
l
in
t
e
ro
p
e
ra
b
il
-

it
y
s
p
e
c
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c
a
t
io
n

{

L
a
t
e
r
e
x
t
e
n
s
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n
s
d
e
a
l
w
it
h
p
o
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a
b
il
it
y
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s
u
e
s
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�

i.
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h
e
P
O
A

s
p
e
c

{

M
o
s
t
O
R
B

im
p
le
m
e
n
t
a
t
io
n
s
n
o
w

s
u
p
p
o
rt
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O
P

o
r
G
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P
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b
u
s
t
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:

:

:

�

H
o
w
e
v
e
r,
h
ig
h
e
r-
le
v
e
l
C
O
R
B
A
s
e
rv
ic
e
s
a
re
n
't

c
o
v
e
re
d
b
y
O
R
B

in
t
e
ro
p
e
ra
b
il
it
y
s
p
e
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:

:

:
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a
b
il
it
y

�
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o
im
p
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v
e
p
o
rt
a
b
il
it
y
,
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M
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C
O
R
B
A

2
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+

t
h
e
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O
A

s
p
e
c
.
s
t
a
n
d
a
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e
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o
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+
+
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n
g
u
a
g
e
m
a
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p
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{

N
a
m
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g
s
e
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,
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v
e
n
t
s
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e
,
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c
y
c
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s
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e

{

O
R
B
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it
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z
a
t
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n
s
e
rv
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e

{

P
o
rt
a
b
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O
b
je
c
t
A
d
a
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t
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{

S
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a
p
p
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g

�

V
e
n
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c
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a
s
in
g
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s
u
p
p
o
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g
t
h
e
s
e
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s
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P
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a
p
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c
a
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n
s
fr
o
m

O
R
B

t
o

O
R
B

w
il
l
b
e
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m
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e
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,
h
o
w
e
v
e
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u
n
t
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c
o
n
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a
n
c
e

t
e
s
t
s
b
e
c
o
m
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c
o
m
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o
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c
e
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T
h
e
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h
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.
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o
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y
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h
e
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n
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c
o
m
p
le
x
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ie
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o
f
d
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t
ri
b
u
t
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d

c
o
m
p
u
t
in
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,
e
.g
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{

L
a
te
n
c
y

{

F
a
u
lt
to
le
ra
n
c
e

{

C
a
u
s
a
l
o
rd
e
ri
n
g

{

D
e
a
d
lo
c
k

�

T
o

s
o
m
e

e
x
t
e
n
t
,
it
d
o
e
s
a
d
d
re
s
s
s
e
rv
ic
e

p
a
rt
it
io
n
in
g

{

B
u
t
y
o
u
m
u
s
t
b
e
v
e
ry
c
a
re
fu
l
in
p
ra
c
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e
:

:

:
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F
e
a
t
u
re
L
im
it
a
t
io
n
s
(
c
o
n
t
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)

�

C
O
R
B
A
d
o
e
s
n
o
t
a
ll
o
w
o
b
je
c
t
s
t
o
b
e
p
a
s
s
e
d

b
y
v
a
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e
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H
o
w
e
v
e
r,
t
h
e
O
M
G

is
w
o
rk
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g
o
n
a
n
R
F
P

�

In
s
t
e
a
d
,
it
o
n
ly
s
u
p
p
o
rt
s
t
h
e
fo
ll
o
w
in
g
s
e
-

m
a
n
t
ic
s
:

{

O
b
je
c
t
re
fe
re
n
c
e
s
a
re
p
a
s
s
e
d
-b
y
-r
e
fe
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n
c
e

�

H
o
w
e
v
e
r,
a
ll
m
e
t
h
o
d
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v
o
c
a
t
io
n
s
o
n
t
h
e
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-
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t
e
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o
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t
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c
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ru
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t
u
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n
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c
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t
e
d
u
n
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n
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b
e
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a
s
s
e
d
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e

�

H
o
w
e
v
e
r,
t
h
e
s
e
s
t
ru
c
t
u
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a
n
d
u
n
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n
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o
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o
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c
o
n
t
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n
y
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e
t
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o
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�

S
u
p
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o
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r
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in
g
o
b
je
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t
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y
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t
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-c
ra
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p
o
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u
s
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e
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p
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