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Preface

About the Object Management Group

The Object Management Group, Inc. (OMG) is an international organization supported
by over 800 members, including information system vendors, software developers and
users. Founded in 1989, the OMG promotes the theory and practice of object-oriented
technology in software development. The organization's charter includes the
establishment of industry guidelines and object management specifications to provide a
common framework for application development. Primary goals are the reusability,
portability, and interoperability of object-based software in distributed, heterogeneous
environments. Conformance to these specifications will make it possible to develop a
heterogeneous applications environment across all major hardware platforms and
operating systems.

OMG's objectives are to foster the growth of object technology and influence its
direction by establishing the Object Management Architecture (OMA). The OMA
provides the conceptual infrastructure upon which all OMG specifications are based.

What is CORBA?

The Common Object Request Broker Architecture (CORBA), is the Object
Management Group's answer to the need for interoperability among the rapidly
proliferating number of hardware and software products available today. Simply stated,
CORBA allows applications to communicate with one another no matter where they
are located or who has designed them. CORBA 1.1 was introduced in 1991 by Object
Management Group (OMG) and defined the Interface Definition Language (IDL) and
the Application Programming Interfaces (API) that enable client/server object
interaction within a specific implementation of an Object Request Broker (ORB).
CORBA 2.0, adopted in December of 1994, defines true interoperability by specifying
how ORBs from different vendors can interoperate.
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Associated OMG Documents

In addition to the CORBA Transportation specifications, the CORBA documentation
set includes the following:

Object Management Architecture Guidefines the OMG'’s technical objectives and
terminology and describes the conceptual models upon which OMG standards are
based. It defines the umbrella architecture for the OMG standards. It also provides
information about the policies and procedures of OMG, such as how standards are
proposed, evaluated, and accepted.

CORBA: Common Object Request Broker Architecture and Specificatioiains
the architecture and specifications for the Object Request Broker.

CORBA Languages collection of language mapping specifications. See the
individual language emapping specifications.

CORBAservices: Common Object Services Specificatiaollection of OMG's
Object Services specifications.

CORBAfacilities: Common Facilities Specificatian¢ollection of OMG’s Common
Facility specifications.

CORBA ManufacturingContains specifications that relate to the manufacturing
industry. This group of specifications defines standardized object-oriented interfaces
between related services and functions.

CORBA MedComprised of specifications that relate to the healthcare industry and
represents vendors, healthcare providers, payers, and end users.

CORBA FinanceTargets a vitally important vertical market: financial services and
accounting. These important application areas are present in virtually all
organizations: including all forms of monetary transactions, payroll, billing, and so
forth.

CORBA TelecomsComprised of specifications that relate to the OMG-compliant
interfaces for telecommunication systems.

The OMG collects information for each book in the documentation set by issuing
Requests for Information, Requests for Proposals, and Requests for Comment and,
with its membership, evaluating the responses. Specifications are adopted as standards
only when representatives of the OMG membership accept them as such by vote. (The
policies and procedures of the OMG are described in detail irDthiect Management
Architecture Guide

OMG formal documents are available from our web site in PostScript and PDF format.
To obtain print-on-demand books in the documentation set or other OMG publications,
contact the Object Management Group, Inc. at:

2 Air Traffic Control V1.0 May 2000



OMG Headquarters
250 First Avenue
Needham, MA 02494
USA
Tel: +1-781-444-0404
Fax: +1-781-444-0320
pubs@omg.org
http://www.omg.org
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Interface Description 1

1.1 Purpose of the Interface

This chapter defines the CORBA interface used for implementing ATC systems that
follow the Model-View-Controller paradigm. The purpose of this paradigm is to
separate ATC conceptual objects (Model) from the presentation objects (View) and
from the input processing (Controller). It provides maximum independence between
the involved objects. It is a generic interface designed to an event model which covers
the typical requirements for ATC systems. The term 'generic' means that the interface
is not based on ATC application specific objects — its IDL definition is completely
independent from any particular ATC system.

The following list shows the most important benefits that can be achieved by using
such an architecture in connection with CORBA:

® Capability of integration of different components (e.g., control tower subsy%)ems
under a common user interface even when these are developed by different vendors.

® A change of the user interface (i.e., changing the layout or changing the kind of
widgets) does not lead to changes in the ATC application code. Experience shows
that most of change requests are pure HMI requirements — hence the above
constitutes an important economical achievement.

® Single source principle for ATC application objects is supported. No appropriate
counterpart object in the HMI component has to be programmed for adapting the
HMI component to a certain ATC application object.

1.This example is related to a current commercial project for the DFS (German ATC
authority) in which the proposed interface will be used for the Integrated Tower System.
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* Development of HMI and ATC application software can be done separately. Since
IDL scripts are the only common part of the HMI and ATC application the
application programmer does not need any library from the vendor of the HMI
component. The development environment can be completely different. There are
no needs for upgrades in the application if the HMI component changes.

®* |ndependence of the ATC application from the HMI product. No HMI features are
visible at the interface between application and HMI. This leads to 'clear semantics'
and 'clean contexts' in the development of software: a source of an ATC application
will contain code that handles application specific procedures only because
developers of applications have no access to presentation objects and no possibility
to create presentation objects anyway.

®* |n most of the cases of changes less tests and re-tests are required. Changes are
located in one component only (mostly HMI). That means critical sequences of
code in other components of the entire ATC system will not be touched. In contrast
when HMI-procedures are part of an ATC application software changing would bear
much more risks.

® Maintenance of HMI and ATC applications can be done separately (e.g.,
maintenance can be done by different teams) typically a HMI expert has to have
other skills than an expert for a weather information system.

* Independence from hardware, the operational system and programming languages.
HMI and application can be coded in different programming languages and may run
on different architectures under different OSes.

1.2 Architectural Context

This interface is not designed specifically for a certain ATC application. It covers the
communication between the Model and View part and between the Model and the
Controller part in a generic way suitable for the ATC domain.

An interface between Model and Controller and View can be split in two parts because
two different kinds of communication mechanisms are needed: the Controller interacts
with a CO application object on a request basis whereas the View part needs an event
driven mechanism to get up-to-date.

Since the CO application object is an entity which implements a CORBA interface its
methods can be invoked by any client object. This also covers the needs of a Controller
part completely. Moreover it provides a maximum of independence according to the
wanted benefits mentioned above: the application objects implementation is
independent of the way the Controller works. This CORBA interface is specific to the
object it implements and hence not part of this definition (except those additions which
will be needed in connection with the interface providing communication with the
View part).

In contrast communication between Model and View is more complex. The View part
has the need to observe changes of the application objects attributes. The way to
present the information represented by the attribute values will not affect the design of
the application object — it will be hidden to the object. Therefore a publish-and-
subscribe notification service is put in between Model and View part.
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1

In the following section this notification service and its interfaces are described. Also
the conditions and prerequisites for the application objects and the connected clients
are described.

1.3 Models And Design Patterns

1.3.1 Communication Models And Design Patterns Applied

The basis for the publish-and-subscribe notification service is the behavioral design
pattern '‘Observer' [Gam95]. Notification of the registered observers is handled
separately by &ealPublisher (in [Gam95] called 'Change Manager'). This means a
client (([Gam95]: an Observer) subscribes to a concrete application object ((Gam95]: a
subject). It does not communicate with an event channel which hides the object that
supplies the events. In contrast to the original design pattern '‘observer' this notification
service connects a 'personBkalPublisher to each application object that wants to
publish events (i.e., each application object has its own '‘Change Manager'). This
solution has advantages in flexibility, the publishers can be distributed independent
from each other. For instance performance of distributing events is best when the
RealPublisher is located ‘close to' its subscribers (eRealPublisher and most of

the subscribers located on the same machine instead of communicating over a
network).

The publish-and-subscribe service knows three event types: 'object creation,' 'object
deletion,’ and 'attribute change.' A special additional well-known object (CO
Administrator - described below) receives and distributes the event type 'object
creation.' The CO Administrator can be seen as a publisher proxy for factory objects.
Clients can get informed about creation of objects — this is useful when a larger
amount of temporary objects is involved which is typical for ATC systems. Interested
clients can trigger their own rules to decide whether to subscribe to a created object or
not. In the case of well-known objects the notification service can also be used without
attaching to the CO Administrator. An object reference (e.g., returned by a naming
service) can be used to directly subscribe to an application object that makes use of the
publish-and-subscribe service.

The proposed interface consists of several groups of entities and knows different
participants, which are:

® Conceptual Objects (COs)

® Real Publishers

® CO Subscribers

® CO Administrator

® The subscribers of the CO Administrator

®* The factories for creating Real Publishers
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1.3.2 Conceptual Objects

Conceptual Objects (COs) are ATC application objects that have no knowledge about
their presentation. A CO has no methods whose purpose is to create an external
representation of the object or the object state. However, a CO is responsible for
making its creation and deletion known to the CO administrator (see below), as well as
notifying certain objects (subscribers) about attribute value changes. Each CO may
assign itself an object ¢g— a hame by which it can be identified by others, meaning
subscribers. Clients of the publish-and-subscribe notification service (clients of the CO
Administrator) can ask for particular objects or sets of objects with a certain tag. A tag
is an arbitrary string not under further control by the natification service. Object tags
can be identical with the objects entry at a naming service but they need not. COs
implement theCOpublisher interface (and th€Opublisher2 interface which is a
specialization ofCOpublisher for communication between the CO and its Real
Publisher).

1.3.3 Real Publishers

A Real Publisher distributes a CO’s events 'attribute change' and 'object deletion." A
CO delegates processing of distribution to its 'personal’ Real Publisher. The assignment
of a Real Publisher to a CO happens when a CO notifies the CO Administrator about
its creation. Real Publishers implement fRealPublisher interface.

1.3.4 CO Subscribers

These are the event consumers of the CO. CO subscribers get informed about a CO’s
‘attribute change' and 'object deletion.' CO Subscribers impleme@®@sebscriber
interface.

1.3.5 The CO Administrator

The CO Administrator is a well-known object that is notified about the creation and
deletion of COs. It forwards this notification to interested parties. Within this context
'interested party’ means any object which fulfills a certain interface, and explicitly
makes its 'interest’ known to the CO Administrator. Furthermore, the CO Administrator
provides methods which allows any object to query information about the number and
identity of COs which are known to the CO Administrator. With the view of a CO the
CO Administrator also serves as a factory fleealPublisher objects." A CO
Administrator implements three interfaces for different purposes:

1. theCOadmin interface for communication with COs,

2. theCOadminPublisher interface providing methods for the CO Administrator’s
subscribers, and

3. theCOadminControl interface which is used only internally (communication
between CO Administrator aridealPublisher s).
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1.3.6 The subscribers of the CO Administrator

These are the event consumers of the CO Administrator. The subscribers implement
the COadminSubscriber interface.

1.3.7 The factories for creating Real Publishers

Factories forRealPublishers are only known to the CO Administrator. The main
purpose to explicitly define interfaces for these factories is that factories can be
distributed on different machines. Factories implementRFdactory interface.

1.4 Using Publish-and-Subscribe

1.4.1 How Implementations Use the Publish-and-Subscribe Service

An ATC application object (CO) delegates distribution of its events (i.e., changes of
values of its attributes and its life cycle events - creation/deletion) to the publish-and-
subscribe service. The life cycle events have to be forwarded to a CO Administrator
object whereas the changes in values of the attributes have to be sent to a 'personal’
proxy - theRealPublisher . The CO gets itRRealPublisher with return of the call

that notifies the CO Administrator about creation (via @®admin interface).

Besides distribution of events a CO delegates subscription and unsubscription to that
object. The subscribe and unsubscribe methods thus become easy to implement. All the
CO needs to do is to pass those calls on toRkalPublisher object. So a CO
programmer need not implement this interface’s functionality by himself. Also, such

an approach would be uneconomic and error-prone. Because of platform independence,
and for legal and management reasons, it is not practicable to provide CO
programmers with a library which they'd be apt to link to their CO implementations.
Therefore, the only design restriction is that every CO must implement the
COpublisher interface.

In the configuration described so far, the CO Administrator is also a factory for
RealPublisher objects. Proper de-coupling of interfaces would usually dictate a
separation of these two functionalities. However, the high availability (ability to
quickly recover from crash or failure) required of COs and the CO Administrator
makes integrating the factory with t@Oadmin an attractive option: the CO
Administrator can record the association between COs andResilPublishers , and
use this information during recovery.

1.5 Failure and Recovery

The failure and recovery scenarios presented in the next 3 subsections are based on the
following assumptions:

® There is a mechanism which detects crashed processes and restarts them.

®* The processes are able to recover their previous state after a crash and restart (e.g.,
by saving their state in a RAID disk array.
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® COs, the CO Administrator, and tl@&0Osubscribers/COadminSubscribers
each reside in their own process.

®* The assignment of tags to objects by the publish-and-subscribe naotification service
may be used to group objects residing in the same address space (i.e., objects in the
same address space are labeled with the same tag or tagged with the same common
names).

The failure and recovery scenarios shall be supported by the standard implementation
at least to the extent described below. Additional functionalities are optional.

1.5.1 Scenario 1: Crash of a CO process

When a CO process crashes, it is restarted. Upon restart, the CO process issues a call
to COadmin::delete_objs_by name(p) , passing its object tag 'p' as argument. This
results in the following:

® All COsubscribers subscribed to the COs of the process are notified of the
destruction by the CORealPublishers .

® All associatedRealPublisher objects are deleted. THeealPublishers of the
previously registered COs that have the 'p' as a common part in its tag (i.e., objects
which were located in the address space of the crashed process) are removed from
the CO Administrator’s 'internal memory.'

Next, the CO process (re)creates its COs. Each of these COs notifies the CO
Administrator of its creation, resulting in the following:

® The new CO is added to tHeOadmin “s 'internal memory' and a new
RealPublisher is created for the new CO.

® All COadminSubscribers currently subscribed to the CO Administrator are
notified of the creation of the new CO, resulting in the proper actions (most
probably creation of £0subscriber object which then subscribes to the new
CO).

1.5.2 Scenario 2: Crash of the CO Administrator

When the CO Administrator crashes, it is restarted. Upon restart, the CO Administrator
restores all object references previously stored in its 'internal memory. For every CO
reference, this results in the following:

* A new RealPublisher object is created (and itwasterCO attribute is initialized
with CO's reference). The references to the subscribeReafPublisher are
restored. CO is notified of the fact that it must use a ialPublisher (by a call
to COpublisher2::reset_real_publisher() , with the newRealPublisher as its
argument).

® The COsubscribers are not affected by the recovery of CO Administrator in any
way (except that information flow from the COs had stopped for the duration of the
recovery).
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1.5.3 Scenario 3: Crash of a HMI application

When an HMI application crashes, it is basically up to the application what to do.
Without further information at hand, two scenarios seem likely:

1. The HMI application has not saved its state

In this case, the HMI application needs to do the following (actions to be taken outside
its CORBA interface not listed):

® Create a newCcOadminSubscriber object and subscribe to the
CoadminPublisher .

® Get hold of the COs it is “interested” in. THEOadminPublisher “s query
methods are intended for just that purpose.

® Create a newCOsubscriber object for each CO and subscribe it to that CO.

2. The application has saved its state

The HMI application may have saved its state, including all references to COs, prior to
the crash. In this case, it can be restored without having to create new
COadminSubscriber andCOsubscriber objects. However, all present
COsubscribers and COadminSubscribers must be re-subscribed to their

respective COs/th€OadminPublisher . During recovery, the CO Administrator or

any COpublisher may have tried to notify the HMI application of a CO
creation/destruction or an attribute change. During recovery, this would have resulted
in an exception and subsequent removal of @@adminSubscriber or

COsubscriber from theCOadminiPublisher “s or theCOpublisher s subscription

list.
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Interface Definitions 2

2.1 IDL Type Definitions

2.1.1 Attr Structure

#pragma prefix “org.omg”

module ODS
{
typedef stringAttrName;
typedef sequence<AttrName>NameSeq;
struct Attr
{

AttrName name;
any value;

L

#pragma version AttrName 1.0
#pragma version NameSeq 1.0
#pragma version Attr 1.0

L

The Attr structure is a generic representation of an IDL attribute. fidme string
contains the name of the attribute, as given in the IDL interface containing the
attribute. Thevalue contains the value of the attribute. Its actual type must be the
exact type of the attribute, as given in the IDL interface containing the attribute.

2.1.2 Sequences of attributes
#pragma prefix “org.omg”

module ODS
{
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typedef sequence<Attr> AttrSeq;
typedef sequence<long> LongSeq;
typedef sequence<float> FloatSeq;
typedef sequence<string> StringSeq;
typedef sequence<Object>  ObjSeq;

#pragma version AttrSeq 1.0
#pragma version LongSeq 1.0
#pragma version FloatSeq 1.0
#pragma version StringSeq 1.0
#pragma version ObjSeq 1.0

k

The sequences above are defined as a convenience for methods of the interfaces
RealPublisher and COsubscriber .

2.1.3 Object Tag

#pragma prefix “org.omg”

module ODS

{
typedef string ObjTag;
typedef sequence<ObjTag> TagSeq;

#pragma version ObjTag 1.0
#pragma version TagSeq 1.0

k

An object tag identifies a CO or a whole set of COs. An object tag is an arbitrary
string. The publish-and-subscribe notification service does not take care about object
tags except the few simple syntax rules defined below. Since object tags do not control
or influence the behavior of the notification service it is the responsibility of the
applications to assign unique tags to their objects, if necessary. In general a subscriber
needs to know the naming conventions of an application, there is no further regulation
defined here.

The syntax of arDbjTag is as follows:

®* A name shall be a sequence of characters taken from the set of 'printable characters'
(but no spaces or tabs, etc.).

®* The minimum length of a tag will be at least 5 characters.

® The first character of a tag will be taken from the set [A-Za-z0-9].

An object tag pattern describes a subset of objects whose sequence of the first N
characters of its object tag are identical with the pattern where N denotes the length of
the tag pattern. A give@bjTag pattern 'A’ identifies (or matches) the set of objects
labeled with object tags of which the beginning sub-string in the tag are identical with
‘A'. A pattern follows the same syntax rules as defined for tags.
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2

Example: if ‘A" is anObjTag pattern with the value "/fexample/subset” and a set of
objects is labeled with "/fexample/subset/apple," "/fexample/subset/peach,”
"lexample/subset/banana," "/example/subset/cranberry," "/example/setOfTrees/apple,”
then 'A' matches the first four object tags except the last one
("/example/setOfTrees/apple").

2.1.4 Association of Object and Tag

#pragma prefix “org.omg”

module ODS
{
struct COwithTags
{
COpublisher co;
ObjTag tag;
h

typedef sequence<COwithTags> COseq;

#pragma version COwithTags 1.0
#pragma version COseq 1.0

k

The COwithTags structure is defined as a convenience det_objs by name()
andget_all_objects() methods of the interfacEOadminPublisher . The member
co is an object reference to a CO. Tteg gives the referenced CO’s object tag.

2.2 ODS Module Interface Definitions
2.2.1 COpublisher

2.2.1.1 Purpose

The interfaceCOpublisher must be implemented by every CO. This is the interface
relevant forCOsubscribers if they want to subscribe to an application object. It
enablesCOsubscriber objects to

® subscribe to and unsubscribe from notification about CO attribute changes, and to

® inform aCOpublisher object which subset of its attributes they are interested in.

Since a CO (ATC application object) makes use of the publish-and-subscribe
notification service to publish its attribute changes all these method calls are passed
through to the CO's personal publisher (which implementsRealPublisher )

directly. This personal publisher notifies the attached subscribers. The subscribers do
not know from which entity they are called.

Air Traffic Control V1.0  ODS Module Interface Definitions May 2000 2-3



2.2.1.2 Formal Description

#pragma prefix “org.omg”

module ODS
{
exception BadAttributeName
{
AttrName name;
3

exception UnknownID {};

interface COpublisher : BasicPublisher::Publisher

{

BasicPublisher::UID subscribe_co_subscriber(
in COsubscriber sub)
raises(BasicPublisher::SubscribeError);

BasicPublisher::UID subscribe_co_selective(
in COsubsciber sub,
in NameSeq attr_names)
raises(BasicPublisher::SubscribeError,
BadAttributeName);

void reset_selection (in BasicPublisher::UID sub,
in NameSeq attr_names)
raises(UnknownID, BadAttributeName);

oneway round_trip(BasicPublisher::UID initiator);

k

#pragma version BadAttributeName 1.0
#pragma version UnknownID 1.0
#pragma version COpublisher 1.0

2.2.1.3 Attributes And Methods

BasicPublisher::UID subscribe_co_subscriber (in COsubscriber sub);

This method subscribes th&Osubscriber objectsub to a notification about the
COpublisher ’s attribute changes.

A call to thesubscribe_co_subscriber() method on an object A with the arguments
sub registers the objestuib with the object A (on which the method is invoked),
meaning that:

* |f with completion ofsubscribe_co_subscriber() the number of objects
registered with the CO would exceed a maximum system parameter for Subscribers,
the methodsubscribe_co_subscriber()  shall throw an exception
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BasicPublisher::SubscribeError{SUB_TOO_MANY?} and the object
referenced by the argumesiib shall not be registered. Otherwise if thab-
scribe_co_subscriber() was successful, no exception is returned.

® After this method has been called, and until thrssubscribe() method of CO
object A has been called with ti@Osubscriber 'suid as its argument, every value
change in one o€Opublisher s IDL attributes results in an appropriate call to one
of sub’s COsubscriber methods.

If any such call to &COsubscriber sub results in the raising of an exception, A will
not invoke these methods of the objescib, until the subscribe_co_subscriber()
method is again invoked successfully wighb as its first parameter. Therefore if
notification ofsub raises an exceptiosub is automatically unsubscribed from object
A.

After invocation and successful completion the method returns a unique 1D (UID),
which can be used for unsubscription at a later time.

BasicPublisher::UID subscribe_co_selective (in COsubscriber sub,
in NameSeq attr_names);

This method is similar tsubscribe_co_subscriber() . The difference is that

notification of subscribers is restricted to a subset of attributes. The method subscribes
the COsubscriber objectsub to notification about value changes of those of
Copublisher ’s attributes whose names are given in #tex_names argument.

A call to thesubscribe_co_selective() method on an object A with the arguments
sub registers the objestib with the object A (on which the method is invoked),
meaning that:

* |f with completion ofsubscribe_co_selective() the number of objects registered
with the CO would exceed a maximum system parameter for subscribers, the
methodsubscribe_co_selective() throws an exceptioBasic-
Publisher::SubscribeError{SUB_TOO_MANY?} and the object referenced by
the argumensub will not be registered. Otherwise if trmubscribe_co_-
selective() was successful, no exception is returned.

* |f one of the attribute names contained in an element of pararmattenames is
not compliant with the rules defined for CORBA attribute names, an exception
BadAttributeName{<badName>} will be raised - wherecbadName> means
the first erroneous attribute name in the sequeattre names .

® After this method has been called, and until thesubscribe() method of object A
has been called with th@éOsubscriber's uid (seeBasicPublisher:: Publisher )
as its argument, every value change in on€6fpublisher ’s IDL attributes results
in an appropriate call to one gub’s COsubscriber methods, if and only if the
name of the changed attribute is equal to one of the names givattrimames
argument.

If any such call to &COsubscriber sub results in the raising of an exception, A will
not invoke these methods of the objsct until the subscribe_co_subscriber()
method is again invoked successfully wigthb as its first parameter (if notification of
sub raises an exceptiosub is automatically unsubscribed from object A).
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After invocation and successful completion the method returns a unique ID (UID),
which can be used for unsubscription at a later time.

void reset_selection (in BasicPublisher::UID sub,
in NameSeq attr_names);

This method is used to change the subset ofGpublisher s attributes whose

changes are relevant to tlxsubscriber object identified bysub. The result of this
method is independent from the method the caller used previously to get subscribed to
(i.e., the caller may get subscribed either by callsuipscribe_co_subscriber() or

by calling subscribe_co_selective()

If the COsubscriber object (with the identification UID) is not already subscribed to,
the calledCOpublisher object raises the exceptiddnknownID{}.

If one of the attribute names contained in an element of pararaétenames is not
compliant with the rules defined for CORBA attribute names, an exception
BadAttributeName{<badName>} is raised — wherecbadName> means the
first erroneous name in the sequerat®_names .

After invocation and successful completionreket_selection() the COpublisher

object will initiate itsRealPublisher object to call the appropriate method @ib’s
COsubscriber interface only for changes in value of those attributes whose name is
equal to one of the names givenattr_names argument.

If the number ofattr_names elements is 0 (zero), theéOpublisher object will call
the appropriate method afib’s COsubscriber interface for changes in value of any
attribute of theCOpublisher object (this is like getting subscribed by calling
subscribe_co_subscriber() ).

oneway round_trip (in BasicPublisher:UID initiator);

This method requests sending a 'round trip message.' A round trip message is
forwarded to theRealPublisher , which forwards the call again back to the originator
(and only to the originator) of the round trip. In cases when it is absolutely not
predictable when the next attribute change will happen, the round trip is a feature that
gives a subscriber the chance to verify whether the whole chain of information
distribution is still alive.

The called CO will forward this call 1-to-1 to itRealPublisher object.

2.2.1.4 Related Interfaces

COpublisher2 : the COpublisher2 interface is an extension @Opublisher , which
is needed for communication between the publish-and-subscribe notification service
and a CO.

RealPublisher : an application object that implemen@Opublisher2 and
COpublisher uses theRealPublisher interface to delegate publishing.
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2.2.2 COpublisher2

2.2.2.1 Purpose

The COpublisher2 interface is aCOpublisher interface enhanced with a method
that allows reassigning BealPublisher to a CO. This only is necessary when a
RealPublisher fails and cannot be replaced by an object with the same object
reference (which is the usual case). In this case the entity of the notification service
that runs theRealPublishers has to update the attached CO. Therefore this is the
interface a CO presents to iRealPublisher — any other subscriber needs not to
know this kind of interface.

2.2.2.2 Formal Description

#pragma prefix “org.omg”

module ODS
{
interface COpublisher2 : COpublisher
{
void reset_real_publisher(
in RealPublisher real_publisher);
¥

#pragma version COpublisher2 1.0
¥

2.2.2.3 Attributes And Methods

void reset_real_publisher (in RealPublisher real_publisher);

A call to this method tells £O0publisher2 object that itsRealPublisher object is no
longer valid. A reference to a new, replacemBetalPublisher object is passed as a
parameter.

If with invocation ofreset_real_publisher() the publish-and-subscribe notification
service gets an exception, the previously cre@®edlPublisher remains active and
will not be deleted.

This implies that the data necessary for recoverReélPublishers has to be kept in

a non-volatile memory. The entity that runs tRealPublishers will make sure that

for each known CO the reference with its corresponding tag, UID and the subscriber
references will not be lost or corrupted.
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2.2.3 COsubscriber

2.2.3.1 Purpose

2.2.3.2

The COsubscriber interface is the counterpart t©Opublisher . An object that
implementsCOsubscriber can:

® register (subscribe) for notification about CO attribute changes with a
COpublisher obiject,

® receive notification about CO attribute changes frol@@publisher object

The methods o€Osubscriber are not discussed one by one in detail here, since they
all follow the same pattern. Instead, a general description is given.

Invoking these methods o@Osubscriber objects is exclusively handled by
RealPublisher objects - see definition dRealPublisher .

Formal Description

#pragma prefix “org.omg”
module ODS
{

interface COsubscriber : BasicPublisher::Subscriber
{
void set_long (in ObjTag co,
in AttrName name,
in long value);
void set_float (in ObjTag co,
in AttrName name,
in float value);
void set_string (in ObjTag co,
in AttrName name,
in string value);
void set_object (in ObjTag co,
in AttrName name,
in Object value);
void set_any (in ObjTag co,
in AttrName name,
in any value);

void set_long_seq (in ObjTag co,
in AttrName name,
in LongSeq value);

void set_float_seq (in ObjTag co,
in AttrName name,
in FloatSeq value);

void set_string_seq (in ObjTag co,
in AttrName name,
in StringSeq Value);
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void set_object_seq (in ObjTag co,
in AttrName name,
in ObjectSeq value);

void set_attributes (in ObjTag co,
in AttrSeq attrs);

void obj_deleted (in ObjTag co);

oneway round_trip (in ObjTag called_co);

k

#pragma version COsubscriber 1.0

k

2.2.3.3 Attributes And Methods

Most of theCOsubscriber methods have one of the following forms:

void set_<type of attribute> (in ObjTag co,
in AttrName attr_name,
in <type of attribute> value);

and

void set_<type of attribute>_seg (in ObjTag co,
in AttrName attr_name,
in <type of attribute> value);

A call to this method notifies £0subscriber object of an attribute value change in
one of theCOpublisher objects it is subscribed to.

The first parameter is the object tag of t8®publisher object. This parameter
enables th&€Osubscriber to know which of theCOpublisher 's it is subscribed to
has sent the notification.

The second parameter is the name of the attribute whose value has changed, as given in
the IDL definition of the object in question (usually an object that inherits and
augments th&€Opublisher interface).

The third parameter is the new value of the attribute. Types supported are:
* long

* float

® string

¢ any

® Object

Type short is supported by passing it as a long type. Also, sequences of values of these
types are supported. They are provided to support indexed attributes like (e.g., eto[]).
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If the subscriber that has implemente€®subscriber interface raises any
exception, the notification service unsubscribes this subscriber immediately.

In the case where a subscrib€®subscriber is (temporarily) not reachable by the
notification service (e.g., due to data flow control when the server object is
overloaded), the notification service is waiting for the server object’s readiness and
tries to send the request as long as no further notification of the same attribute is
indicated; otherwise, this first notification is aborted and notification is resumed with
the new (current) attribute value. This means the newest notification may Kkill
processing of a yet uncompleted notification and a subscriber may not assume that
each notification is delivered.

void set_attributes (in ObjTag co, in AttrSeq attrs);

A call to this method notifies th€Osubscriber object of a change to several
attributes, whose names and values are given in the seqaéince

In the case where a subscrib€®subscriber is (temporarily) not reachable by the
notification service (e.g., due to data flow control when the server object is
overloaded), the notification service is waiting for the server object’s readiness and
tries to send the request as long as no further notification is indicated; otherwise, this
first notification is aborted and notification is resumed with the new (current) attribute
values. This means the newest natification kills processing of a yet uncompleted
notification and a subscriber may not assume that each notification is delivered.

void obj_deleted (in ObjTag co);

A call to this method notifies th€Osubscriber object of the deletion of the CO. The
subscriber may assume that both the reference to this CO and the UID of this
subscription is no longer valid.

In the case where a subscrib€®subscriber is (temporarily) not reachable by
notification service (e.g., due to data flow control when the server object is
overloaded), the notification service is waiting for the server object’s (subscriber)
readiness for 3 seconds maximtiemd tries to send the request. With invocation of
obj_deleted() a previously initiated but (for this subscriber) uncompleted notification

is abortel - a deletion is notified instead. This means tig deleted() notification

kills processing of a yet uncompleted notification and a subscriber may not assume that
each notification is delivered.

After notification of theCOsubscriber the corresponding data to a CO known by the
CO Administrator is deleted. No subsequent querZ@adminPublisher delivers
this data of the CO deleted.

oneway round_trip (in ObjTag called_co);

1. This particular time value was chosen based on the requirements for the current implemen-
tation project. However, a standard implementation may parameterize this value and set it
(e.g., based on an environment variable).
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This method is the response to a round trip message requested by a call of the method
round_trip() of a COpublisher . With initiating a round trip message the calling
subscriber of a CO specifies itéd as an argument. This response call delivers the
object tag of the called CO. This is becausegic only is unique within the scope of a
RealPublisher . In the case where an object is subscribed to several COs, it would be
possible that someids contain the same value.

The parametecalled_co (the object tag) denotes the object that was previously
called. The rules for invocation ebund_trip() are defined in the interface description
of RealPublisher .

2.2.3.4 Related Interfaces

COpublisher : an object that wants to subscribe to an application object uses the
COpublisher interface.

2.2.4 RealPublisher

2.2.4.1 Purpose

The RealPublisher interface can be used to delegate the actual publishing
functionality out of aCOpublisher2 implementation. Meaning, this is the interface a
CO uses to delegate publishing of attribute changes to the notification service. All the
COpublisher2 implementation needs to do is

® create/get a reference to a (‘person@BnlPublisher object

* forward all calls to the methods defined by t8©publisher interface
(subscribe() , unsubscribe() methods) to thaRealPublisher object

® call the appropriateet_<type of attribute>() method ofRealPublisher
whenever one of its attribute values changes. The 'appropriate method' is the method
of the COsubscriber interface with the same name as the called method of
RealPublisher . This means that the CO fully decides how to notify the
subscribers. In cases where several attributes have to change simultaneously a CO
may use theset attributes() method. But a CO should not uset_attributes()
andset_ XXXX() methods intermixed for the same attributes. A subsequent
set XXXX() may abort a previously initiated but uncompletat_attributes() in
a certain situations when a subscriber is overloaded (see definition of
COsubscriber interface for more details).

2.2.4.2 Formal Description

#pragma prefix “org.omg”
module ODS

{
interface RealPublisher : COpublisher

{

/I This attribute is a reference to the CO which
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I/l uses a RealPublisher object to delegate
I/ notification about attribute changes
readonly attribute COpublisher masterCO;

void set_long (in AttrName name,
inlong value);

void set_float (in AttrName name,
in float value);

void set_string (in AttrName name,
in string value);

void set_object (in AttrName name,
in Object value);

void set_any (in AttrName name,
in any value);

void set_long_seq (in AttrName name,
in LongSeq value);

void set_float_seq (in AttrName name,
in FloatSeq value);

void set_string_seq (in AttrName name,
in StringSeq value);

void set_object_seq (in AttrName name,
in ObjectSeq value);

void set_attributes (in AttrSeq attrs);

void obj_deleted();
3

#pragma version RealPublisher 1.0

k

2.2.4.3 Attributes And Methods

The set_<type of attribute> () andset_<type of attribute>_seq () methods
follow the same pattern as thset <type of attribute>() and set_<type of
attribute>_seq() methods of theCOsubscriber interface.

Their purpose is different, however. It is a request for forwarding the value in
parameter 'value' of the attribute denoted by parameter 'name' to the subscribed objects.

A call to such a methodet_<type of attribute>() causes &ealPublisher object to
call the corresponding method of @lOsubscriber objects, which are subscribed to
the COpublisher and therefore subscribed to the correspondreglPublisher

object. The corresponding methods are the methods o€dseibscriber interface
that have the same name.

The notification service will not wait for completion of publishing. The call to the
RealPublisher is handled asynchronously and returns immediately to provide a de-
coupling from the subscribers.
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void obj_deleted ();

With invocation of this method a CACQOpublisher ) notifies itsRealPublisher that

it will be deleted immediately after the call returns. TRealPublisher notifies all

the COsubscriber objects of the deletion of the CO by calling the corresponding
obj_deleted() method of eaclCOsubscriber . The subscriber may assume that both
the reference to this CO and the UID of this subscription is no longer valid.

In case a subscribe@dOsubscriber is (temporarily) not reachable by the notification
service (e.g., due to data flow control when the server object is overloaded), the
notification service is waiting for the server object’s (subscriber) readiness for 3
seconds maximum and tries to send the request.

With invocation ofobj_deleted() a previously initiated but (for this subscriber)
uncompleted natification is aborted, a deletion is notified instead.

After notification of theCOsubscribers and regardless whether the notification was
successful or not thRealPublisher initiates deletion of itself. Th&®ealPublisher

and the corresponding data to a CO known by the CO Administrator shall be deleted.
No subsequent query ©@OadminPublisher shall deliver this data of the CO deleted.

The notification service will not wait for completion of publishing. The call to the
RealPublisher will be handled asynchronously and will return immediately to
provide a de-coupling from the subscribers.

oneway round_trip (in BasicPublisher:UID initiator);

This method (inherited by th€Opublisher interface) requests sending a round trip
message.

With invocation ofround_trip() the calledRealPublisher object will forward this

call 1-to-1 to the subscriber with the uid given in paramétérator . The
RealPublisher calls the corresponding methodund_trip() of the initiator and
passes the object tag as an argument. Only the initiator which has the given UID is
called, no round trip operation is performed on all the other subscribers.

2.2.4.4 Related Interfaces

COsubscriber : a RealPublisher distributes attribute changes to subscribers that
have implemented &0susbscriber interface.

2.2.5 COadmin

2.2.5.1 Purpose

The COadmin interface provides a means for COs to nof@®adminSubscribers
about their creation, without the CO having to know the number or identity of the
interested (subscribedOadminSubscriber .
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With notification about creation the calling CO getRaalPublisher object. There is

also a service to deletRealPublishers . The COadmin interface comprises the
services needed for COs - these are the event suppliers. The services for subscribing
and unsubscribing on these creation events is covered b§@sminPublisher

interface.

The entity of the notification service that handles all these services (a CO-
Administrator) can be seen as an object implementing both interfaces.

2.2.5.2 Formal Description

#pragma prefix “org.omg”
module ODS

{
exception BadTag{};

exception NoMatch({};
exception NoResources {};

interface COadmin

RealPublisher obj_created (in COpublisher2 obj,
in ObjTag tag)
raises (BadTag, NoResources);

void delete_objs_by name (in ObjTag tagpattern);
raises (BadTag, NoMatch);
3

#pragma version BadTag1.0
#pragma version NoMatch1.0
#pragma version NoResources1.0
#pragma version COadmin 1.0

2.2.5.3 Attributes And Methods
RealPublisher obj_created (in COpublisher2 co, in ObjTag tag);
A call to this method notifies th€Oadmin object of the creation of the C@d,'

which bears the object tatag.' The notification results in the following:

® co is added to th&€Oadmin object’s internal memory, meaning that the results of
subsequent calls to any of the methagt_all_objects() , get_objs_by_name()
of the correspondin@OadminPublisher will include co (and its object tag), if
co matches the criteria passed to these methods.

® An instance of &RealPublisher is created. This instance’s attributesterCO is
initialized with co. Theco uses this object to delegate notification of subscribers.
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* |f the COadmin object is for some reason unable to creafReamlPublisher
object, an exceptioNoResources{} is raised.

* |f the tag' argument passed to the method violates the syntax rules, an exception
BadTag{} is raised.

® For every subscribe@OadminSubscriber object that is subscribed to the
correspondingcOadmin , its methodCOadminSubscriber::obj_created() is
called, withco as the first parametetag as the second parameter. This call has to
be deferred until after thRealPublisher object is returned to the caller (i.e., after
the call toobj_created() proper has terminated).

void delete_objs_by name (in ObjTag tagpattern);
A call to this method notifies th€Oadmin object of the destruction of all objects,

which matches the objetag tagpattern , resulting in the following:

* |f the tagpattern argument passed to the method violates the syntax rules, an
exceptionBadTag{} will be raised.

® If no object whose object tag match the argumiagipattern is present in
COadmin’s internal memory, the following exception is raised:
COadmin::NoMatch{};

®* The objects whose object tag match the arguntegpattern are removed from the
COadmin object’s internal memory.

® For every subscribeRealPublisher object that is connected to a CO that matches
the tag given in parametéagpattern , the obj_deleted() method is invoked by
theCOadmin (i.e., as soon as this method is called), @@admin object may not
assume that the objects matching the gitegpattern still exist.

2.2.5.4 Related Interfaces

None.

Note —An administrator entity that implemen@Oadmin also implements an
interfaceCOadminPublisher . Additionally it has to provideCOadminControl for
internal purposes meaning the capability to initiate creatioRedlIPublishers
running on different machines.

2.2.6 COadminPublisher

2.2.6.1 Purpose

The COadminPublisher interface serves the following purposes:

® provides a means for interested objects (which must fulfill the
COadminSubscriber interface) to register (subscribe) for notification about CO
creation.

Air Traffic Control V1.0  ODS Module Interface Definitions May 2000 2-15



® provides a means for interested objects (probably, but not necessarily
COadminSubscriber s) to get information about the number and identity of
existing COs.

2.2.6.2 Formal Description

#pragma prefix “org.omg”
module ODS
{

interface COadminPublisher : BasicPublisher::Publisher

{

BasicPublisher::UID subscribe_ad_subscriber(
in COadminSubscriber sub)
raises(BasicPublisher::SubscribeError);

BasicPublisher::UID subscribe_ad_selective(
in COadminSubscriber sub,
in TagSeq tagpatterns)
raises(BasicPublisher::SubscribeError, BadTag);

void reset_selection(
in BasicPublisher::UID sub,
in TagSeq tagpatterns)
raises(UnknownlID, BadTag);

COseq get_all_objects();

COseq get_objs_by name(in ObjTag tagpattern)
raises(BadTag);

3

#pragma version COadminPublisher 1.0

k

2.2.6.3 Attributes And Methods

BasicPublisher::UID subscribe_ad_subscriber (
in COadminSubscriber sub);

This method subscribes the objestth to notification about creation of COs.

A call to thesubscribe_ad_subscriber() method on &OadminPublisher object
A with the argumentsub registers the object sub with tli@0adminPublisher
object A (on which the method is invoked).
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If with completion ofsubscribe_ad_subscriber() the number of objects registered
with the COadminPublisher would exceed a maximum system parameter for
subscribers, then theubscribe_ad_subscriber() method will throw an exception
BasicPublisher::SubscribeError{fSUB_TOO_MANY?} and the object
referenced by the argumestib will not be registered.

After subscribe_ad_subscriber() has returned, and untiinsubscribe() is
successfully invoked on object A with the subscribeid as argument, the
COadminSubscriber::obj_created() method will be invoked once on the object
sub every time a creation event on A is notified via its correspond@pdmin
interface. This invocation will take place immediately after the metho€@admin
interface has been invoked.

If an invocation ofobj_created() onsub results in the raising of an exception, A will
not invoke theobj_created() method the objecsub, until the
subscribe_ad_subscriber() method is again invoked successfully withb as its
first parameter. If notification ofub raises an exceptiosub is automatically
unsubscribed from object A.

After invocation and successful completion the method returns an unique ID (UID) that
can be used for unsubscription at a later time.

BasicPublisher::UID subscribe_ad_selective (in COadmin
Subscriber sub,
in TagSeq tagpatterns);

This method is similar tsubscribe_ad_subscriber() . The difference is that
notification of a subscriber is only performed if the created object (that has notified CO
Administrator) matches one of thagpattern s the subscriber has specified with this
call. The method subscribes tlE®adminSubscriber objectsub to notification

about creation of those @O’s whose tags are matching the tag patterns given in the
tagpattern argument.

A call to thesubscribe_ad_selective() method on a CO object A with the
arguments sub registers the objeab with the CO object A (on which the method is
invoked), meaning that:

* |f with completion ofsubscribe_ad_selective() the number of objects registered
with the CO would exceed a maximum system parameter for subscribers, the
methodsubscribe_ad_selective()  will throw an exceptionBasicPub-
lisher::SubscribeError{SUB_TOO_MANY?} and the object referenced by the
argumentsub will not be registered.

® |f one of the tag patterns contained in an element of paranteggatterns is not
compliant with the syntax rules defined for object tags, an exception
BadTag{<badTag>} is raised — where<badTag> means the first erroneous tag
pattern in the sequendagpatterns .

® After this method has been called, and until thesubscribe() method of objecA
has been called with theOadminSubscriber 'suid (see
BasicPublisher::Publisher ) as its argument, every creation of a CO results in an
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appropriate call tesub’s COadminSubscriber methodobj_created() , if and
only if the tag of the created CO matches one of tgpatterns given in the
tagpatterns argument.

If any such call to &£0OadminSubscriber sub results in the raising of an exception,
A will not invoke these methods of the objesib until the
subscribe_ad_subscriber() method is again invoked successfully wihb as its
first parameter. If notification ofub raises an exceptiosub is automatically
unsubscribed from object A.

After invocation and successful completion the method returns a unique 1D (UID) that
can be used for unsubscription at a later time.

void reset_selection (in BasicPublisher::UID sub,
in TagSeq tagpatterns);

This method is used to change the setagfpatterns associated with a subscriber
identified bysub.

The result of this method is independent from the method the caller used previously to
get subscribed to. For example, the caller may get subscribed either by calling
subscribe_ad_subscriber() or by callingsubscribe_ad_selective()

If the calling COadminSubscriber object with the identification UID is not already
subscribed to the calle@OadminPublisher object, an exceptiobnknownID{} is
raised.

If one of the tag patterns contained in an element of parantaggatterns is not
compliant with the syntax rules defined for object tags, an exception
BadTag{<badTag>} will be raised - where<badTag> means the first erroneous
tag pattern in the sequentagpatterns .

After invocation and successful completion of the method, notification of a subscriber
is only performed if the created object matches one of the tag patterns the subscriber
sub has specified with this call.

If the number of argumenagpatterns elements is 0 (zero), th@oadminPublisher
object will call the appropriate method sfib’s COadminSubscriber interface for
each creation of &0regardless of the tag of the created object (this is like getting
subscribed by callingubscribe_ad_subscriber() ).

COseq get_objs_by name (in ObjTag tagpattern);
This method returns a list of COs whose object tag matchetatipattern passed as

argument, respectively, if and only if:

® the COadmin object was notified of the creation of such a CO by a call to its
obj_created() method (about behavior see descriptiorobf_created() ) AND

® before invocation ofjet_objs_by name() no methoddelete_objs by name()
with a matching tag as parameter (same tag or tag that denotes a superset of
parametetagpattern ) was invoked on the correspondi@Padmin (to notify the
COadmin object of CO destruction).
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If the tagpattern argument does not match the syntax rules, an exceaTag{}

is raised. Otherwise (i.e., tag with correct syntax but no matching object is found in the
COadmin’s internal memory), a void object referend@@RBA::_nil ) is returned.

The list is returned as a sequenceGfdwithTags structures.

COseq get_all_objects ();

This method returns a list of COs. A CO will be included in that list if and only if:

®* the COadmin object was notified of the creation of such a CO by a call to its
obj_created() method (about behavior see descriptiornbf_created() ) AND

® before invocation ofjet_objs_by name() no COadmin method
delete_objs_by name() with a matching tag as parameter (same tag or tag that
denotes a superset of parameter tag) was called to notifg@edmin object of
CO destruction.

The list is returned as a sequenced®dwithTags structures. Otherwise (i.e., no object
is found in theCOadmin s internal memory), a void object referend@@RBA::_nil )
is returned.

2.2.6.4 Related Interfaces

COadminSubscriber : the publisher that implements@ adminPublisher
interface provides subscribers that implem€@adminSubscriber interfaces.

2.2.7 COadminSubscriber

2.2.7.1 Purpose

The COadminSubscriber interface enables objects that implement it to:

® register (subscribe) for notification about CO creation with an object that
implements e&COadminPublisher interface,

® receive notification about CO creation fromC®DadminPublisher object.

2.2.7.2 Formal Description

#pragma prefix “org.omg”
module ODS
{

interface COadminSubscriber :
BasicPublisher::Subscriber

{
3

void obj_created(in COpublisher obj, in ObjTag tag);

#pragma version COadminSubscriber 1.0

3
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2.2.7.3 Attributes And Methods

void obj_created (in COpublisher obj, in ObjTag tag);

A call to this method notifies th€OadminSubscriber object of the creation of a
CO. The CO’s object tag is passed in tiag argument.

In case a subscribedOadminSubscriber is (temporarily) not reachable by the
notification service (e.g., due to data flow control when the server object is
overloaded), the notification service is waiting for the server objects readiness and tries
to send the request.

In this case &OadminPublisher buffers a maximum of 2 notificatioRsOtherwise,

if a third notification occurs the first notification is aborted and notification is resumed
with a call ofobj_created() where the parametdag is an empty string andbj is a
nil-reference. This means if a subscriber has received an 'empty' naotification, it has to
askCOadminPublisher for the object references that are not delivered (by using the
get _objs_by- name() method).

2.2.7.4 Related Interfaces

COadminPublisher : a COadminSubscriber subscribes to a CO administrator
using itsCOadminPublisher interface.

2.2.8 RPfactory

2.2.8.1 Purpose

In the interest of flexibility, it must be possible to delegate the creation of
RealPublisher objects out of theaCOadmin object. This is done using
RealPublisher factories, the interface description of which is given below. A
configuration file determines whicRealPublisher factory has to be used for a
specificCOpublisher object. Upon start-up, thEOadmin object reads a plain text
file. Each line of this file has one of the following formats:

<empty> )
#<comment> (2)
<name of publisher factory> default 3)
<name of publisher factory> <object tag> 4)

The items in lines of the formats (3) and (4) are separated by one or more tabs,
respectively. Lines of one of the above formats may occur in the file in any order.

2. This particular number of notifications was chosen based on the requirements for the current
implementation project. However a standard implementation may parameterize this value
and set it (e.g., based on an environment variable).
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The configuration file is interpreted by th@Oadmin as follows:

The COadmin uses whatever mechanism it chooses to creat&Publisher
objects when thereateObj method is called, unless specified otherwise in the
configuration file.

The first line in the file which contains only an object name (an object name that
must be translated into an object reference by a naming service) and the keyword
‘default’ (format 3 above) will be interpreted as follows: tb®admin uses the
factory identified by the name to createR&alPublisher for every COpublisher
object passed as an argument to ¢isg created() method, unless specified;
otherwise, in another line of format (4) in the configuration file. All subsequent
lines which contain a name of a factory will be ignored, (i.e., they have no effect on
the behavior of th&COadmin) .

The first line in the file that contains a name of a factory anahject tag (format

4) will be interpreted as follows: th€Oadmin uses the factory identified by the
name to create RealPublisher for everyCOpublisher passed as an argument to

a call of theobj_created() method, if thetag argument to that method call

matches the tag. All subsequent lines which contain a name of a factory and a tag
will be ignored (i.e., the first line found that matches the tag of the created object
will be applied).

An empty line (format 1) and a line beginning with a hash sign (format 2) has no
effect on the behavior of th€Oadmin .

Any line that does not conform to one of the formats specified above is considered
faulty. The behavior of th€Oadmin when encountering a faulty line is not

defined here, but must be documented by the provider of a specific implementation
of the proposed standard.

2.2.8.2 Formal Description

TheRPfactory interface must be implemented as specified here by anyone who wants
to customize th&COadmin by supplying alternative mechanisms for creating
RealPublisher objects, as described in the previous section. The supplier of a
COadmin implementation may, but need not provide any implementation of the
RPfactory interface.

#pragma prefix “org.omg”
module ODS

{

// an 1D by which a RealPublisher is identified
I/ by its corresponding CO Administrator
typedef long RPID;

interface RPfactory

RealPublisher create_rp(
in COpublisher2 co,
in ObjTag tag,
in COadminControl calling_ad,
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in RPID rpid)
raises(NoResources);

void delete_objs_by name(in ObjTag tagpattern);
raises (BadTag, NoMatch);
h

#pragma version RPID1.0
#pragma version RPfactory1.0

2.2.8.3 Attributes And Methods

RealPublisher create_rp (in COpublisher2 co, in ObjTag tag,
in COadminControl calling_ad,
in RPID rpid)

This method creates RealPublisher object for theCOpublisher2 objectco with
object tagtag, meaning that:

® if the factory object is for some reason unable to cregRealPublisher object, an
exceptionNoResources{} is raised.

®* aRealPublisher object is created, whoseaster CO attribute is equal tao.

The parameteco represents the reference to the application object (CO) for which the
newly createdRealPublisher will be a proxy in distribution of attribute changes.

The parametetag represents the object tag of the assigned CO (represented by
parameteco).

The parametecalling_ad holds a reference to the calling administrator object.

The parameterpid is a unique identifier assigned by the calling administrator object.
Since aRealPublisher has to be unique within the scope of an administrator object
assignment of an RPID is the responsibility of the caller. The factory forwardpitie
and the reference in parametalling_ad to theRealPublisher internally. Thisrpid

is used for callbacks to theOadminControl interface (e.g., in case of recovery
procedures).

After invocation and successful completion the method returns a reference to the
createdRealPublisher obiject.

void delete_objs_by name (in ObjTag tagpattern);
A call to this method requests tti&Pfactory object for destruction of all objects that

match the object tatagpattern , resulting in the following:

® if the tagpattern argument passed to the method violates the syntax rules, an
exceptionBadTag{} will be raised.

® if no object whose object tag matches the arguntagpattern is present in
RPfactory 's internal memory, the following exception is raisddoMatch{};
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2.2.8.4

® the objects whose object tag matches the argunagmattern are removed from
the RPfactory object’s internal memory.

Related Interfaces

None.

Note —An object that implements aRPfactory interface is only invoked by a CO
administrator.

2.2.9 COadminControl

2291

2.2.9.2

Purpose

In the case when factories BfealPublishers are distributed objects (sé&pfactory )

a CO Administrator has to provide an interface to get informed from these remote
entities. For the same reasorRaalPublisher has to notify its corresponding CO
when the object reference has changed, a CO Administrator needs it too (see
COpublisher2 ). The interfaceCOadminControl provides methods for
RealPublishers to call back its administrator.

Formal Description

#pragma prefix “org.omg”

module ODS
{ interface COadminControl
{ exception BadID{};
void reset_rp(in long rpid, in RealPublisher rp)
raises(BadID);
} void rp_deleted(in long rpid) raises(BadID);

#pragma version COadminControl 1.0

k
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2.2.9.3 Attributes And Methods

void reset_rp (in long rpid, in RealPublisher rp);

A call to this method tells &£ 0adminControl object that the reference to its
RealPublisher object identified by thepid is no longer valid (thepid which is
assigned by the calle@Pfactory during creation of &ealPublisher and returned to
the calling CO Administrator). A reference to a new, replacentadlPublisher
object is passed as a parameter.

If with invocation ofreset_rp() the COadminControl object does not have

registered &RealPublisher with anrpid given in parameterpid , the exception
BadID{} is raised.

If with invocation ofreset_rp() the callingRealPublisher gets an exception, the
RealPublisher remains and will not be deleted.

void rp_deleted (in long rpid, in RealPublisher rp);

A call to this method tells £0adminControl object that the reference to its
RealPublisher object identified by thepid is no longer valid (thepid which is
assigned by the calledPfactory during creation of &ealPublisher and returned to
the calling CO Administrator).

If with invocation ofrp_deleted() the COadminControl object does not have
registered &RealPublisher with anrpid given in parameterpid , an exception
BadID{} is raised.

Regardless if with invocation ap_deleted() the callingRealPublisher gets an
exception or not th&ealPublisher will be deleted.

2.2.9.4 Related Interfaces

RealPublisher : a RealPublisher uses theCOadminControl interface to call back
its administrator.

2.3 BasicPublisher Module Interface Definitions
2.3.1 Type Definition UID
2.3.1.1 Purpose
The typeUID is used as a key for subscription and unsubscription of subscribers. Use

of such a unique identifier is necessary in algorithms where comparison of object
references is needed - this is not identical with CORBA references [Callb].
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2.3.1.2 Formal Description

#pragma prefix “org.omg”
module BasicPublisher

{
typedef long UID;
typedef sequence<UID> UIDSeq;
#pragma version UID1.0
#pragma version UIDSeq 1.0

h

2.3.1.3 Description Of The Elements

A UID represents a unique key to identify a method’s calling entity. An instance of a
UID contains an arbitrary unique number defined locally by the called object.

2.3.2 Publisher

2.3.2.1 Purpose

This is the abstract Publisher interface. Methods of this interface allow to subscribe
and unsubscribe certain subscribers for notification (about events). The abstract
Publisher interface is introduced to enable a generic subscribe and unsubscribe
mechanism.

Each particular Publisher will inherit from this abstract interface. The two inherited
methodssubscribe andunsubscribe allow to register any abstract subscriber for an
event. Subscribers registered through these methadsto pull the event. Abstract
subscribers are only notified that an event has happened. The event itself is not
propagated automatically. Instead interested subscribers have to pull the event actively
(when they have been notified). This model enables a very generic pull model.

Each Publisher may specify additiormlbscribe/unsubscribe  methods for

particular subscribers. The two new methods allow to register concrete subscribers for
certain known events. This allows to introduce Push Style notification. Subscribers
registered through these methods don't have to pull the event. Instead when the
notification happens, the event is pushed immediately to the registered Subscribers.
This enables a more coupled push model.

2.3.2.2 Formal Description

#pragma prefix “org.omg”
module BasicPublisher

{

interface Publisher

{

enum SubscribeErrorCode

Air Traffic Control V1.0 BasicPublisher Module Interface Definitions May 2000 2-25



2-26

SUB_TOO_MANY,
SUB_NOT_REGISTERED

k

exception SubscribeError {
SubscribeErrorCode error;

k

UID subscribe(in Subscriber sub, in boolean send_ref)
raises(SubscribeError);

boolean is_subscribed(in UID sub);

void unsubscribe(in UID sub)
raises(SubscribeError);

k

#pragma version Publisher 1.0

k

2.3.2.3 Attributes And Methods

Exception SubscribeError

SubscribeError is an exception that will be raised when errors occur during
subscription and unsubscription.

It will contain SUB_TOO_MANY if too many objects are registered for subscription
an the limit is exceeded.

It will contain SUB_NOT_REGISTERED if this Object/UID is not registered for
subscription

Exception SubscribeError
SubscribeErrorCode is an enumeration that indicates the reason for the exception.
UID subscribe (in Subscriber sub, in boolean send_ref)

This method subscribes the subscriber obgadi to notification about certain events,
offered by the Publisher. The paramesend_ref decides whether to send the Object
Reference during the notification or not.dénd_ref equals FALSE, then
update_subscriber() is called. Ifsend_ref equals TRUE, then
update_subscriber_from_publisher() is called.

A unique ID (UID) is returned that can be used for unsubscription at a later time. If the
method fails, exceptions of tyggubscribeError can be raised indicating the source
of the problem.
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void unsubscribe (in UID sub)

This method unsubscribes the subscriber object with its UitDfrom notification
about certain events. The unique ID (UIB)b must have been returned from a
previous call to subscribe. If the method fails, exceptions of {gpddscribeError
can be raised indicating the source of the problem.

boolean is_subscribed (in UID sub);

This method is used to test whether the subscriber with the UID is still subscribed to
the publisher. Since a subscriber can be unsubscribed automatically in case of an
exception the publisher gets with notification a subscriber has no information about
that.

This call returns a value TRUE if and only if the UID given in argumsul is known
by the called publisher; otherwise, the method return a value of FALSE.

2.3.2.4 Related Interfaces

A Publisher expects é&Subscriber interface implemented by a client object that is
calling subscribe() .

2.3.3 Subscriber

2.3.3.1 Purpose

This is the abstrackubscriber interface. Methods of this interface allow to receive
notification about events. The abstr&ubscriber interface is introduced to enable a
generic subscribe and unsubscribe mechanism. Each particular Subscriber will inherit
from this abstract interface. The two inherited methagdate_subscriber() and
update_subscribe_from_publisher()  allow to notify Subscriber when certain

events occur. Th&ubscriber itself then has to pull the event from tiRublisher .

This model enables a very generic pull model.

Each particulaiSubscriber may specify additional notification/update methods. The
new methods alloviPublishers to send an event directly to ti&ubscriber , using
Push Style and avoiding the extraund_trip for pulling the event. This requires a
more narrow coupling becaus&bscriber andPublisher have detailed knowledge
of each other.

2.3.3.2 Formal Description

#pragma prefix “org.omg”
module BasicPublisher

{

interface Subscriber

{

void update_subscriber();
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void update_subscriber_from_publisher(
in Publisher pub);
h

#pragma version Subscriber 1.0
h
2.3.3.3 Attributes And Methods

This method notifies the subscriber object about an event offered by the publisher. The
parametesend_ref passed during subscription (ssebscribe() function of the
Publisher interface) decides, whether to send the object reference or not.

® If send_ref equals FALSE, thempdate_subscriber() is called

* |f send_ref equals TRUE, thempdate_subscriber_from_publisher() s
called. The subscriber can pull the event from the publisher.

2.3.3.4 Related Interfaces

A Subscriber has to register by calling the object that implements a Publisher interface.
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ODS IDL

#ifndef _ODS_IDL_
#define _ODS _IDL_

#pragma prefix “org.omg”
module ODS

{

/I type definitions

typedef string AttrName;
typedef sequence<AttrName> NameSeq;
struct Attr

{

AttrName name;

any value;
h
typedef sequence<Attr> AttrSeq;
typedef sequence<long> LongSeq;
typedef sequence<float> FloatSeq;

typedef sequence<string> StringSeq;
typedef sequence<Object>  ObjSeq;
typedef string ObjTag;
typedef sequence<ObjTag> TagSeq;
struct COwithTags
{

COpublisher  co;

ObjTag tag;
h
typedef sequence<COwithTags> COseq;
typedef long RPID;

#pragma version AttrName 1.0
#pragma version NameSeq 1.0
#pragma version Attr 1.0
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#pragma version AttrSeq 1.0
#pragma version LongSeq 1.0
#pragma version FloatSeq 1.0
#pragma version StringSeq 1.0
#pragma version ObjSeq 1.0

#pragma version ObjTag 1.0
#pragma version TagSeq 1.0
#pragma version COwithTags 1.0
#pragma version COseq 1.0
#pragma version RPID 1.0

Il exception definitions

exception BadAttributeName

{
k

exception UnknownID {};
exception BadTag{};
exception NoMatch{};
exception NoResources {};

AttrName name;

#pragma version BadAttributeName 1.0

#pragma version UnknownID 1.0
#pragma version BadTag 1.0
#pragma version NoMatch 1.0
#pragma version NoResources 1.0

/I interface definitions

interface COpublisher : BasicPublisher::Publisher
{
BasicPublisher::UID subscribe_co_subscriber(
in COsubscriber sub)
raises(BasicPublisher::SubscribeError);

BasicPublisher::UID subscribe_co_selective(
in COsubsciber sub,
in NameSeq attr_names)
raises(BasicPublisher::SubscribeError,
BadAttributeName);

void reset_selection (in BasicPublisher::UID sub,
in NameSeq attr_names)
raises(UnknownID, BadAttributeName);

oneway round_trip(BasicPublisher::UID initiator);

k

interface COpublisher2 : COpublisher
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void reset_real_publisher(
in RealPublisher real_publisher);

k

interface COsubscriber : BasicPublisher::Subscriber
{
void set_long (in ObjTag co,
in AttrName name,
in long value);
void set_float (in ObjTag co,
in AttrName name,
in float value);
void set_string (in ObjTag co,
in AttrName name,
in string value);
void set_object (in ObjTag co,
in AttrName name,
in Object value);
void set_any (in ObjTag co,
in AttrName name,
in any value);

void set_long_seq (in ObjTag co,
in AttrName name,
in LongSeq value);

void set_float_seq (in ObjTag co,
in AttrName name,
in FloatSeq value);

void set_string_seq (in ObjTag co,
in AttrName name,
in StringSeq Value);

void set_object_seq (in ObjTag co,
in AttrName name,
in ObjectSeq value);

void set_attributes (in ObjTag co,
in AttrSeq attrs);

void obj_deleted (in ObjTag co);

oneway round_trip (in ObjTag called_co);

k

interface RealPublisher : COpublisher

{
readonly attribute COpublisher masterCO;

void set_long (in AttrName name,

in long value);
void set_float (in AttrName name,
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in float value);

void set_string (in AttrName name,
in string value);

void set_object (in AttrName name,
in Object value);

void set_any (in AttrName name,
in any value);

void set_long_seq (in AttrName name,
in LongSeq value);

void set_float_seq (in AttrName name,
in FloatSeq value);

void set_string_seq (in AttrName name,
in StringSeq value);

void set_object_seq (in AttrName name,
in ObjectSeq value);

void set_attributes (in AttrSeq attrs);

void obj_deleted();

interface COadmin

{
RealPublisher obj_created (in COpublisher2 obj,
in ObjTag tag)
raises (BadTag, NoResources);
void delete_objs_by name (in ObjTag tagpattern);
raises (BadTag, NoMatch);
h

interface COadminPublisher : BasicPublisher::Publisher
{
BasicPublisher::UID subscribe_ad_subscriber(
in COadminSubscriber sub)
raises(BasicPublisher::SubscribeError);

BasicPublisher::UID subscribe_ad_selective(
in COadminSubscriber sub,
in TagSeq tagpatterns)
raises(BasicPublisher::SubscribeError, BadTag);

void reset_selection(
in BasicPublisher::UID sub,
in TagSeq tagpatterns)
raises(UnknownID, BadTag);

COseq get_all_objects();
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#endif

COseq get_objs_by name(in ObjTag tagpattern)
raises(BadTag);
h

interface COadminSubscriber :
BasicPublisher::Subscriber

{
k

void obj_created(in COpublisher obj, in ObjTag tag);

interface RPfactory

RealPublisher create_rp(
in COpublisher2 co,
in ObjTag tag,
in COadminControl calling_ad,
in RPID rpid)
raises(NoResources);

void delete_objs_by name(in ObjTag tagpattern);
raises (BadTag, NoMatch);

interface COadminControl

{

exception BadID{};

void reset_rp(in long rpid, in RealPublisher rp)

raises(BadID);

void rp_deleted(in long rpid) raises(BadID);
#pragma version COpublisher 1.0
#pragma version COpublisher2 1.0
#pragma version COsubscriber 1.0
#pragma version RealPublisher 1.0
#pragma version COadmin 1.0

#pragma version COadminPublisher 1.0
#pragma version COadminSubscriber 1.0
#pragma version RPfactory 1.0
#pragma version COadminControl 1.0
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BasicPublisher.IDL

#ifndef _BasicPublisher_IDL_
#define _BasicPublisher_IDL_

#pragma prefix “org.omg”
module BasicPublisher
{

/I type definitions

typedef long UID;
typedef sequence<UID> UIDSeq;

#pragma version UID1.0
#pragma version UIDSeq1.0

/I interface definitions

interface Publisher

{
enum SubscribeErrorCode
{
SUB_TOO_MANY,
SUB_NOT_REGISTERED
k

exception SubscribeError {
SubscribeErrorCode error;

k

UID subscribe(in Subscriber sub, in boolean send_ref)
raises(SubscribeError);

boolean is_subscribed(in UID sub);
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void unsubscribe(in UID sub)
raises(SubscribeError);

h
interface Subscriber
{ void update_subscriber();
void update_subscriber_from_publisher(
in Publisher pub);
h

#pragma version Publisher1.0
#pragma version Subscriberl.0

k

#endif
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