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1 Introduction

The goal of this work is to define generic APIs for the control and management of an ATM-based
telecom environment. In our approach the APIs are defined, based on an Object-Level Interaction
Paradigm, as object interfaces. A Virtual Workshop service is designed and implemented to
experiment with the control and management APIs.

First a summary of the initial proposal statement is given. Next we introduce the work pre-
sented in this report, that is, the conceptual framework XRM/RGB and in it the main system com-
ponents of our Network and Service architectures.

1.1 Initial Work Proposal

Broadband networks make it possible to deploy a wide range of distributed applications that
require quality-of-service (QOS) guarantees. Different distributed systems cooperate in order to
provide these QOS guarantees to distributed applications; examples of such systems are connec-
tion management, real-time control, and network management.

The proposed work is to develop a framework for interaction and cooperation between
distributed applications and the broadband network systems that provide communication, control
and management capabilities for them. We model these interactions as a set of interfaces between
the different components of the system. Hence, the purpose of these interfaces is to allow service
creation, invocation, control, and management.

Figure 1 defines the main functional components of a distributed application and the
broadband network that supports it.The broadband network is organized into information trans-
port, network control and network management functionality. This subdivision is based on the
principle of separation between controls and communications and refiects the different time-
scales on which these subsystems operate (control on the fast time scale and management on the
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slow time scale). The information transport system models the (ATM) protocols and entities for
the transport and processing (switches, links, computing platforms, etc.) of user information.

Operator
Management
Parameters % “ﬁirr'aar%%r{éfg t
a .
Management h
Coopgration
Service i Network
Management | Management
Control Control
Parameters Parageters
. c
Service Connection
Interaction Services
4 e
| Network
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% ——I— Distributed Application I Transport
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Figure 1 Cooperating systems and interfaces to support distributed appﬂmﬁons on broadband networks

The network control system incorporates the resource control and the connection manage-
ment subsystems. Connection services, provided by the connection management subsystem, estab-
- lish, maintain, and release end-to-end connections. These services differ in the type of connections
they employ and in the style of interactions that take place among functional entities, e.g., syn-
chronous or asynchronous [18]. (A connection is a unidirectional communication channel between
application processes at different locations; it can be either unicast or multicast. A connection has
a set of QOS constraints associated with it.)

The resource control subsystem can be seen as a collection of mechanisms, each of which
operates asynchronously and solves a specific resource control problem. Examples of real-time
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control mechanisms are buffer management and scheduling, flow control, routing and admission
control. The operations of the resource control subsystem can be tuned by changing control
parameters associated with each mechanism.

The management system is controlled by a human operator. Two management systems are
identified -- service management and network management -- and these differ in their view of the
system and the granularity of their objectives[20].

The network management system interacts with the real-time control system, following the
monitor/control paradigm. This means that it monitors the network state and takes control actions
in order to influence this state. Control actions result in changing specific parameters in the real-
time control system. The interaction of the performance management system with the real-time
control system is asynchronous, due to the different time scales on which the functional compo-
nents in both systems run. .

Network operators perform actions to influence the network state, and are responsible for
achieving high-level management objectives. They monitor the network state represented as
visual abstractions on a graphical interface, and perform operations by acting upon management
parameters [19].

The architecture in Fig. 1 shows the functionality of the distributed application split into
two separate entities: service controller and (user) session controller. The session controller is
associated with each user of the distributed application and provides the necessary access func-
tionality. The service controller provides a holistic view of the distributed application. It gathers
the computing and communications resources needed by the distributed application and interacts
with the network control system, in order to set up and maintain the communication resources
required to support the distributed application.

The service management system interacts with the service control system by changing
specific parameters. The interaction is asynchronous due to the different time scales on which the
functional components in both systems run. The operator performs actions to achieve service
management objectives. The primary objective is to guarantee that each user receives a satisfac-
tory level of service.

Since new multimedia applications will demand different types of connection services, the
capability to support new connection services by the network control system is a fundamental
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requirement for future broadband networks [15]. Future broadband networks will provide higher
level communication services, called teleservices in [11], using functionality offered by lower
level services. Therefore, we envisior_l a service creation environment where a service can be easily
deployed by composing existing services and combining them in a specific way.

As explained in more detail below, we propose a new paradigm for interaction among
application, control and management systems that allows the handling of connections with guaran-
teed end-to-end QOS requirements, while allowing for transparent integration of new services.
Our paradigm is based upon the concept of object-level interaction, which implies that the inter-
face of a system is modeled and implemented as a set of objects that can be accessed from outside.

Our focus is on the interaction between the systems described in Fig. 1. We propose to
design and implement interfaces using the concept of object-level interaction. This will allow for
the construction of interfaces that are generic, in the sense that they apply to classes of services
and applications, not just to specific instances. The proposed paradigm will further lead to extensi-
ble and flexible interfaces, i.e., to interfaces that can frequently be enhanced to support new func-
tionality and new services. Since all systems cooperating in the task of service creation and
delivery are distributed, it is important that their interfaces can be changed without requiring
recompilation and restart of applications or control systems. Our implementation will support this
feature.

Our interaction paradigm will allow for dynamic renegotiation of resources and QOS
parameters. This is necessary because resource requirements of an application or a service may
change over time, and because the network control system may need to redistribute the available
resources among the services currently active, in order to meet the requirements of efficiency and
QOS guarantees. Our paradigm for interaction will be applied to support performance objectives
of the cooperating systems (viz., the service providers and the network provider) and the users.

The architecture introduced in Fig. 1 encompasses a single network domain. This means
that we assume that the network management system has control and monitoring authority over all
subsystems in a particular domain. However, we will study an extension of our work in a multido-
main environment, by developing generic interfaces to a peer-to-peer management system and a
traffic control system. Fig. 2 shows how our architecture can be extended to include interaction
among multiple network domains. The architecture in Fig. 2 will allow for a scalable system that
extends over multiple administrative regions (e.g., the system can extend over a public network) or
heterogeneous platforms.
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Figure 2 Cooperating systems and interfaces in a multidomain environment

In order to demonstrate the capability of our object-level interaction paradigm, we propose
to design and implement a Virtual Workshop (VW) service, which is a distributed multimedia
application that provides various forms of multimedia associations among VW participants. As
will be described in the next section, the VW is a complex service that will easily allow us to
experiment with our interface designs under a variety of demanding service requirements.

‘We propose to design and implement the architecture described in Fig.1 on a broadband
network platform that is being deployed at Columbia University and that will be extended into
NYNET, a New York State broadband network which interconnects Universities and Research
Laboratories in the New York State and Massachusetts areas.
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1.1.1 Modeling Generic Interfaces

Our approach for devising generic control and management interfaces is based upon the concept
of object-level interaction between different systems. This means that the interface of a system is
modeled and implemented as a set of objects that can be accessed from outside. Understanding an
interface as a set of objects makes it both modular and extensible: modular, because it consists of a
set of entities, and extensible, because extending the interface translates into adding objects to the
system. A specific object in the interface of each system can be accessed to get information about
the current set of services offered at this particular interface. Our approach contrasts with the tradi-
tional view of interfaces which is based on protocol interaction and promotes the view of a static
and monolithic access point with an unstructured set of predefined services.

System A System B

/ \
O “oN O
: Objec}s visible by system A

O
O G . | O

\
-~

Objects visible by sthem' B nterface

Figure 3 Creating flexible and extensible interfaces using object-level integration.

Our choice is to use an object-oriented (OO) distributed system development environment
for the design of these generic interfaces. First, the complexity of the system makes it a primary
candidate for using OO based software engineering techniques for its design; second, the nature of
a telecommunication system is a distributed one in which basic components need to interwork
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seamlessly in geographically dispersed locations. This OO “middleware” provides the transpar-
ency for achieving the necessary interoperability and flexibility. Scalability of this architecture is
achieved with a distributed object-oriented design.

We apply OO techniques to model applications and all cooperating systems as sets of
objects interacting with each other. The interface between two systems is determined by the inter-
action of objects belonging to different systems.

Our methodology for service design [3] is based on the Extended Reference Model
(XRM) [14], which defines the need for four types of interfaces that correspond to the separate
functional entities introduced in Fig. 1. Our methodology for creating generic interfaces will be
based on an inheritance hierarchy, with a root object that is an aggregation of a connection man-
agement, a resource management, a service management, and a transport interface object. A
generic interface thus consists of a set of objects the number of which can vary. This implies that
by adding new objects to a system interface, its instantiation might become any of the four classes
above or a clustering of all four. This, of course, allows us both modularity and extensibility in the
interface design and instantiation.

The object interfaces are conceptualized as a common distributed data repository called
the Binding Interface Base (BIB) [16].

Based on our experience in the definition of interfaces [3][4], we propose the interface
structure shown in Fig. 4 for specifying generic interfaces. The structure clarifies the dynamics in
the object interactions that take place in a generic interface. Indeed, an operation in an object
interface can be (1) a factory operation, (2) a service operation, or (3) a management operation.
Service operations can be further classified into three types: (a) query operations, (b) modify
operations and (c) notification operations. While factory operations allow the creation of new
objects, management operations act upon the attributes that characterize each object. We consider
* three types of attributes: (1) state, (2) environmental, and (3) behavioral attributes. The type state
is consistent with the OSI State Management function [12]. The environmental attributes contain
the information needed by an object to perform its factory and service operations. An example of
an environmental attribute is the interface of an object to which a notification has to be sent, or the
topology of a domain. Finally, behavioral attributes affect the execution of the factory and service
operations by modifying the sequence of actions to be performed.
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interface generic {

// ATTRIBUTES LIST:

// - state attributes

// - environmental attributes
// - behavioral attributes

// OPERATIONS LIST at the interface:

// - factory operations:

// - modify operations:

// - query operations:

// - notification operations:

// - management operations: get/set upon the attributes

// For each operation specify:
// - preconditions

// - sequence of actions

// - postconditions

}

Figure 4 Interface Structure

1.1.2 The Virtual Workshop service

In order to demonstrate the capability of our object-level interaction paradigm, we will develop an
advanced multimedia service that will require interaction among the various entities described in
Fig. 1. Specifically, we propose to design and implement a Virtual Workshop service. As already
mentioned, the Virtual Workshop service is a distributed multimedia application that provides var-
jous forms of multimedia associations among VW participants. Like a “real workshop” a Virtual
Workshop features interactions such as sessions and tutorials, as well as one-to-one conversations
among participants. In contrast to a “real workshop” however, the VW participants are physically
distributed instead of meeting in the same physical location. They make use of the broadband
communication infrastructure and the VW service in order to interact.

As shown in Fig. 5, a VW appears as a collection of parallel sessions of different kinds,
such as, tutorials, birds-of-a-feather sessions, workshop sessions, and others. The “Session Facto-
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Figure 5 Cooperating systems in the virtual workshop application

ries” represent objects that initialize a new session upon request and allocate the necessary
resources for that purpose. After admission to the VW, a participant can establish, create, and
instantiate new sessions as well as join or leave existing sessions. These requests generally
involve interactions between the distributed VW application and the network control system.

VW participants can take on different roles. In an interactive session, for example, the user
in the role of the chairman regulates the interactive discussion (i.e., he/she executes floor control),
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timing the speakers’ presentations and the questions/answer periods. Participants in the role of
attendants listen to the various presentations and can ask questions as scheduled by the chairman.
Participants can “flip” between several parallel sessions visible on their workstations, engage in a
one-to-one communication with other participants, or even suspend and later resume sessions to
perform some high-priority work, such as answering an important electronic mail. |

The Virtual Workshop service is a convenient ground to experiment with distributed multi-
media applications interacting with the network and the management system. It combines distrib-
uted applications with different requirements, such as information retrieval type of services,
message type of services, or teleconferencing services. Most importantly, such a VW service
allows us to demonstrate the fundamental aspects of our interface approach:

« First, the object interfaces for network services, such as a unicast or multicast connection
service, will be refinements of the generic network service interface, which, in turn, will be
a refinement of the generic service interface. This shows the inheritance property of
generic interfaces based on an OO design methodology.

» Second, during the course of the project, the functionality of the different components of
the system will evolve. So will the services provided by the interfaces. This allows us to
prove the aspect of flexibility and extensibility of the paradigm of object-level interaction
as introduced above.

e Third, we will be able to demonstrate the functionality of the interaction between the dif-
ferent systems shown in Fig. 5, while the involved entities -- VW participants, the VW ser-
vice provider, and the network provider -- attempt to meet their respective performance
objectives. In Sec. 1.2 we will describe the four different scenarios that are envisioned for
demonstrating the functionality of the proposed interfaces.

From the point of view of the network operator, the VW service appears as a graph of
(inter) connections between various sources and sinks. Parallel sessions are seen as unicast and
multicast connections associated with the specific VW and are set up through the interconnection
graph. The network management system allocates bandwidth to each of the connections, thus
assigning communication resources to a VW. During the operation of the VW, the need for com-
munication resources may change dynamically. Therefore, the service management system can
renegotiate with the network management system the bandwidth available to the VW. This negoti-
ation is driven by the objectives of the service management system to satisfy the user requirements
while minimizing the cost of network resources.

The view provided by the network management system to the operator includes network
services and resources allocated to them. Specifically, the operator sees all connections and the

10
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associated resources that are currently active in the network, as well as their association to specific
services. On the other hand, the view provided by the service management system to the operator
includes the services that comprise a particular VW. It shows, for example, the participants of a
VW, their roles, and the network connections (unicast and multicast) that are currently active in
this particular VW.

1.1.3 Implementation Approach

The choice for our OO development environment is a CORBA compliant system, because of its
wide acceptance as an industry standard [8] and also because of the rich functionality it provides
[91[10][13].

- A CORBA system is platform independent. This characteristic allows us to use CORBA
for developing both the network platform as well as the service support on the computing plat-
form. The use of CORBA in both domains provide us with an elegant solution to the problem of
interworking distributed objects, without confining us to use a specific platform.

Another type of unification we achieve by using CORBA is the possibility of using it for
both control and management activities. Control and management systems share information and
differ in the time scale of their operations and in the level of distribution decided upon for their
system architecture. We propose to use CORBA for both activities as a simple implementation
solution to their need to share information.

CORBA features dynamic interface invocation which allows new types of objects to be
added and accessed during run-time. This enables us to realize modular yet dynamic interfaces
which have the fiexibility of being changed over time. This added flexibility gives us an edge over
traditional programming paradigms because new services can be implemented and integrated ‘on-
the-fly’ without the need for a system-wide recompilation or even disruption to currently running
services.

xbind [4] is a CORBA based implementation of the Binding Architecture. In xbind,
object interfaces are specified using the CORBA Interface Definition Language (IDL). The status
of the Binding Interface Base (BIB) is described in [4]. Implementation experience has shown the
need to add structure to the CORBA IDL generic object specification. The structure we choose is
shown in the appendix. We believe it helps in specifying behavior and therefore understanding
dynamic interactions -- a specification that is not covered by CORBA IDL.

11
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We propose to use xbind as a platform for implementing the generic interfaces described
in the previous sections of this project. The xbind system already provides us with the fundamen-
tal underlying support services necessary in a multimedia network with QOS guarantees. The
xbind implementation has been tested and its architecture is consistent with our proposed inter-
face design.

Although our design and implementation focuses on a single domain, note that the xbind
architecture and implementation platform allows an extension into multiple domains, thus includ-
ing interaction with a peer-to-peer management system. This can easily be achieved via proxies
that translate CORBA into specific GDMO or UNI signalling type of interactions. In [17] it is
described how ATM Forum UNI (Version 3.0) can be implemented on top of the binding architec-
ture for multimedia networking. In xbind terminology, the UNI is a binding algorithm that uses
the interfaces offered by the data abstractions in the binding interface base. Interaction with OSI
management systems can be solved in a similar way, where OSI managed objects are specified
using GDMO.

12
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1.2 Accomplished Work

The Extended Reference Model (XRM) [LAZ92] models the communication architecture of net-
working and multimedia computing platforms. It consists of three components called, the Broad-
band Network (the R-model), the Multimedia Network (the G-model), and the Services and
Applications Network (the B-Model, see Figure 6). XRM facilitates the task of building telecom
multimedia services; its power and functionality can be characterized by the power and variety of
APIs it offers, so they can be used under different economic policies and business practices. XRM
structures its APIs under two kinds: QoS abstractions located at the boundary R Il G and service
abstractions located at the boundary G Il B.
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Figure 6 XRM

In this context, we define the Broadband Kernel as a CORBA-based distributed program-
ming environment that facilitates the easy creation of network services and provides mechanisms
for resource allocation. The primary service provided by the Broadband Kernel is 1-N oneway
end-to-end connectivity with quality of service. More complex services, such as a Virtual Work-
shop, are generated as aggregations of these primary services.
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The Broadband Kernel consists of a collection of organized interfaces called the Binding
Interface Base (BIB), and a set of algorithms that operate on these.

The BIB abstracts the capacity and state of individual network and end-system multimedia
resources and provides APIs to these abstractions. The abstractions are local in nature in that they
do not capture any distributed interaction. Some of the BIB interfaces are collected together in
container objects, such as the SwitchServer and the AdapterServer.

As said before, the primary service provided by the Broadband Kernel is 1-N oneway end-
to-end connectivity with quality of service. This entails binding (interconnecting) BIB objects to
create the communication service. This is accomplished via a set of algorithms such as routing,
connection management and transport, all part of the Broadband Kernel. Figure 7 explains how
some of these algorithms (state distribution, routing and connection management) interact.

Connection request Connection request
/ Switch Servers /47/(:onnection Management/<————
Update state Updatp routes

Route Computation
Topology & State Distributio

Figure 7 Interaction between tasks running at different time scales

The connection management service is responsible for binding the network resources to
create connections; this activity is represented in Figure 7 by thick arrows. Routing provides con-
nection managers with routes. Since route computations could be time-consuming, the routing
algorithms run asynchronously with the connection management service; the routing activity is
represented in Figure 7 by thin black arrows. Finally the topology and state distribution service
collects from the switch servers the state and capacity of the individual network resources, such as
schedulable regions, to be used by the route computation algorithms.
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This report puts together the building blocks of a telecom architecture: the BIB modeling
the resources and the set of Broadband Kernel algorithms, modeled as a set of interacting objects
offering their APIs. The BIB is presented in the Appendix; the set of Broadband Kernel APIs are
introduced next. |

Finally, to exemplify the service creation process this report describes a service example:
the Virtual Workshop. Also, this report presents our view on management: a model for manage-
ment has been developed that explains how this set of interacting objects and the services pro-
vided are managed in a consistent manner.

1.2.1 Network Switches and Adapters

Resource Control is accomplished via two main APIs described in Chapter 2: the AdapterServer
API and the SwitchServer APIL. Sometimes the term NodeSever (mostly under Connection Man-
agement) will be used to refer to both objects. Both objects are containers for a number of other
objects which represent the network resources, included in the BIB described in the Appendix.

1.2.2 Routing Model

Routing specifies three main APIs: the Networking Capacity Graph (NCG) object is a database
for the network topology, schedulable regions and other link-state information; the Route Reposi-
tory (RR) is a database for storing routes; and the Route Computation (RC) object which pre-
computes the routes based on the current NCG, following a specific algorithm.

Figure 8 shows a view of the routing system based on time scale decomposition, which
can be mapped to the XRM. The D-plane or Data plane of the XRM contains the states. With ref-
erence to routing, it contains the NCG and RR objects. The M- and C- planes consist of control
algorithms that operate on D-plane objects. The M-plane algorithms are in charge of resource
allocation - in the present case, routing. The C-plane algorithms are in charge of resource binding.
The separation between the M- and C- planes may also be viewed from the point of time scales.
The connection management service runs at the time scale of call arrivals and departures whereas
the routing algorithms run asynchronously at their own rate.
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Figure 8 Relationship of the routing architecture to the XRM.

1.2.3 Connection Management

Connection Management is in charge of binding network resources to provide end to end connec-
tions. An object called connection manager (CM) will receive the request to initiate the binding.
The binding will be accomplished via requests to individual network switches and adapters, once
the route has been decided. As part of this project a specific connection management algorithm has
been designed: mcast.

mcast is a specific ATM multicast service based on an object oriented design. It provides
the capability of transporting multimedia information from a source to one--or more than one--
destination. An mcast session belongs to one specific service class, i.e., video, data or voice. (A
service class defines the performance characteristics and the performance requirements of a cell
flow.) An mcast session can be represented as a graph, a tree where the root is the source of infor-

mation and the leaves are the sinks (aka. receivers, destinations)l.

mcast design includes two APIs: the mcast directory service (MDS), and the mcast con-
nection manager (MCM). No controller has a global view of the ongoing sessions; knowledge is
truly distributed.

1. A session can exist without destinations.
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On request the MCM will access the NodeServer API which realizes the network
resources. This API specializes its functionality depending on whether the node is a host or a
switch, as explained in Chapter 2. For our mcast the only assumption made about the NodeServer
functionality is its capability to establish and remove one unicast connection or one branch in a
multicast connection, at a time. On request the MCM will access the mcast Router (MR) APL
During mcast design nothing was assumed about the design of MR. It perfectly works together
with the routing model explained in Chapter 3.

The initial design of mcast needs to be extended in order to make the service manageable.
The management activity here relates to the OSI functional areas of performance and configura-
tion management, and to the functions in the service management layer of the TMN architecture.
The management task includes monitoring and controlling the service to ensure that it operates as
intended, maintaining the service-level agreements while achieving management objectives. The
task is performed on a slower time-scale than the functions executed in the service delivery sys-
tem.

1.2.4 Transport Architecture

As part of this project a new object-oriented transport architecture has been designed to address
the need Multimedia Networks have of a varied, flexible and QoS-aware set of transport proto-
cols. In our architecture, transport components are dynamically bound at run-time to create a suit-
able transport protocol stack according to application QOS requirements.

The architecture consists of consumer/producer components that are separately repre-
sented by their transport abstraction--also called an engine, their control and management abstrac-
tions, and, a set of controllers implementing transport services such as QOS mapping and
dynamic binding of suitable protocol stacks.

The consumer/producer components APIs defined in the current transport architecture are:
the Network Provisioning (NetP), the Transport Protocol (TP) and Trabsport Multiplexer
(TMux), believed to belong to the R/G::T. .

The set of transport services APIs defined in the current architecture are the Protocol Stack
Builder (PSB), the QOSMapper (QM) and the Transport Monitor (TM). PBS and QM are in the
G::C and TM is in the G::N.The PSB is responsible for the construction of the protocol stack by
binding a variety of engines together. It is aware of the variety of transport components supported
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on the end-system and the order in which they have to be bound together to create useful protocol
stacks.

1.2.5 The Virtual Workshop Service

The Virtual Workshop is a distributed telelecturing application that allows multiple remote partici-
pants to collaborate in the style of an open workshop. Two modes of operation are supported in the
application. In the first mode, there is a single sender and one or more receivers. The structure of
the session in this case, takes the form of a multicast tree. In the second mode, there is only a sin-
gle sender and receiver. The latter mode is useful in situations where only a point-to-point connec-
tion is needed. In the context of the workshop, the point-to-point mode is employed to implement
a simple Video-On-Demand (VOD) feature where individual users receive a dedicated stream
from a VOD server. In both modes, only uni-directional streams are supported.

The architecture of the virtual workshop consists of 3 logically distinct classes of the fol-
lowing components: the Virtual Workshop Graphical User Interface (VWGUI), the Telelecture
Builder (TLB) and the Session Directory (SD).

1.2.6 Service Management Strategy

Service Management addresses the problem of designing and realizing manageable multimedia
services. Our approach centers around defining a set of cooperating objects involved in the interac-
tion between the service delivery and the service management system. The model we propose
describes the interface between the two systems, and covers--in a generic way--the aspects of
instantiation of a service session, its access by a user and its management by the operator. (A ser-
vice session represents the information handled by all processes involved in providing a service; a
session has a start, a duration and an end.) Our model suggests a generic solution to a recurring
problem in service design. The model needs to be customized for a particular service and refined
according to management requirements and available resources. In this sense, we are proposing a
design pattern [GAM95] for making telecom services manageable.

This work focuses on service management in the sense of supervising the service delivery
system. The management task includes monitoring and controlling the service delivery system to
ensure that it operates as intended, maintaining the service-level agreements while achieving man-
agement objectives. The task is performed on a slower time-scale than the functions executing in
the service delivery system. This activity relates to the OSI functional areas of performance and
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configuration management, and to the functions in the service management layer of the TMN
architecture.

In the domain of service management we are considering, two activities can be identified:
a) managing the set of controllers (i.e., routers, connection managers, etc.) which comprise the
functionality of the service delivery system, and b) managing the set of service instances (such as
audio multicast connections or VOD sessions) which are dynamically created, modified and ter-
minated during the operation of the service delivery system. While we have presented some
results on activity a) in [CHA96b], this paper focuses primarily on activity b), namely, on the
management of service instances (or sessions) and aggregations of such instances.

We have applied our model for service management on a multicast VC service for a multi-
class broadband network. To validate our approach and to gain experience, we have implemented
the service and the management capabilities on two platforms, namely, a) on a high-performance
emulation platform, which makes possible to develop a software prototype and to study its
dynamic behavior and scaling properties in various scenarios [CHA96a}, and b) a broadband test-
bed running xbind [LAZ96], a CORBA-based [OMG96] multimedia networking platform, on
which services are fully implemented and the transport between multimedia devices is realized. In
b) we use CORBA technology for building not only the service control system but also the service
management system. CORBA provides a flexible object oriented environment for implementing
distributed software systems, and it facilitates the integration of control and management software
under a single technology.

1.2.7 Implementation Strategy: Corba and Telesoft

The initial implementation of the architecture described above has been done in a Corba-based
environment and accessing the real resources in our ATM LAN in the lab.

In order to have access to our simulation environment a new software development envi-
ronment was designed as part of this work: Telesoft. The connection management and service
management building blocks have been implemented using Telesoft.
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1.3 Rest of the Report

This report is organized as follows: Chapter 2 describes the APIs for using network switches and
adapters. This activity corresponds to network resource control. Chapter 3 describes our model for
routing. Chapter 4 describes how a connection management algorithm makes use of the APIs
described in Chapters 2 and 3 to offer its APIs to a higher level service, such as a Virtual Work-
shop. But a higher level service needs more than connection management to be provided. Chapter
5 presents our transport model in detail and defines its APIs. Both connection management and
transport APIs will be used to define higher level services. Chapter 6 describes an initial model for
our Virtual Workshop service. Chapter 7 defines our model for service management focusing on
the management of the connection management service. All of the above has been implemented in
a Corba-based environment accessing real resources (an ATM LAN). As explained above, a new
software development environment has been designed as part of this work; Chapter 8 describes the
scope, design and implementation of Telesoft. The Appendix contains the current BIB.
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2 APIs for Network
Resource Control

The Network is a connected graph of switches and links. End-system stations connect to the net-
work through a network adapter. The network architecture defines a set of concepts such as node,
link, endpoint, traffic class and QoS. These definitions are presented in the Appendix as part of the
BIB. Here we describe the APIs offered by the main components in our Network Architecture: the
Adapter Server and the Switch Server.

2.1 APIs for Network Resource Control

Resource control is accomplished via the Adapter Server AP, in the end-system, and the Switch
Server AP], in the network. Both the adapter and the switch are objects modeled as containers.
The container object, with a well defined IDL, is inherited by the adapter and switch objects.

2.1.1 The Container

A container is an object that contains other objects. Containers can offer an additional set of IDL

- methods that group together several requests addressed to its components. This allows to reduce

the CORBA signalling overhead: instead of binding to n different objects and addressing a request

to each of them, the remote object binds only once to the container and transmits a single request

to it. The request dispatching and method invocation on each component is then done locally by
the container. Another way of improving efficiency is packing several similar requests in a single
method invocation, by using sequences of parameters. For example, rather than asking a
SwitchFabric interface to setup 100 channels one by one, a connection manager can invoke a
single method that takes sequences as parameters on the switch server container.

~ The container can include both BIB interfaces and object references. The object references
are visible only inside the container. The BIB objects and the container implementation objects
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may have a set of C++ methods that, even though public, are invisible from outside. In general,
these C++ methods are used by the container components to communicate among themselves or
with the container object. So, they provide an additional level of data encapsulation.

A container allows to group together and reuse BIB interfaces in different contexts. For
example, the BIB interfaces described in the ‘Core’, ‘Capacity’ and ‘Media Trans-
portex’ sections can be grouped together with some non-CORBA object references inside two
servers: an Adapter Server that models a workstation/PC network interface card and a Switch
Server, that models the remote controller of a switch.

typedef sequence<VirtualResource> VirtualResourceSeq;
struct BIBObjRefInfo {

string bib_obj_ref;

string bib_interface;

string bib_obj_marker:;

long creation_time;

}i

interface VirtualContainer

{

readonly attribute long no_interfaces;
BIBObjRefSeq listAllBIBInterfaces();
VirtualResourceSeq listByInterface(in BIBInterface bib_interface_name)
raises (Reject);
VirtualResource getByMarker (in BIBObjMarker bib_marker_name,
in BIBInterface bib_interface_name)
raises (Reject);
BIBObjRefInfo getInterfacelnfo(in BIBObjRef bib_obj_ref_name)
raises (Reject);
};

Types

The BIBObjRefInfo structure gives information about each BIB interface registered in
the container:
struct BIBObjRefInfo {
string bib_obj_ref;
string bib_interface;
string bib_obj_marker;

long creation_time;
};:

e bib_obj_ref - stringified pointer to the BB IDL interface implementation.'
e bib_interface - the name of the IDL interface.

« bib_obj_marker - marker of the interface implementation object.

e creation_time -time when the interface was registered.
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Exceptions

e BIBEX_NotFound - raised if the container does not contain the interface or list of inter-
faces requested in one of the retrieval methods.

Methods

listAlIBIBInterfaces. Returns a list of stringified pointers to the BIB IDL interfaces inside the con-
tainer. If the container is empty, the list length is zero.

listByInterface. Returns a list of stringified pointers to the container BIB interfaces of a certain type.
The type is given by the bib_interface_name string parameter. If there are no objects of the
specified type, the list is empty (its length is zero).

getByMarker. Returns a reference to a CORBA object inside the container. The object is identified
by its marker and by the type of interface it represents. The bib_interface_name is required to
distinguish between two objects that implement different interfaces types, but have the same
marker. If no objects matching the description are found, returns NULL.

getInterfaceInfo. Returns information (in the form of the BIBObjRefInfo structure) about an
object reference input parameter. If the object reference is not part of the container, returns NULL.

2.1.2 The Adapter Server (AS)

An Adapter interface abstracts a network interface card. The API offered allows to establish
and remove connections in it. Upon completion of a method, the adapter returns to the client the
list of resources for which the operation was committed successfully. For reservations, the client
can specify either that it wants all or nothing, or that a partial fulfillment of the request is accept-
able. This is the role of the atomic parameter. '

To understand what happens after a request arrives at the adapter, we need to look at the
objects that are contained by the adapter; these will depend on the kind of network interface card
we are talking about. An adapter connected to an ATM network contains three objects: two ATM-
NameSpace interfaces (an input and an output name space) and a SchedulableRegion
interface. The ATM name space interfaces monitor the available range of VP/VCs on the adapter,
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while the SchedulableRegion monitors the amount of bandwidth available. The detailed
APIs offered by these objects are included in the Appendix.

Figure 9 Internal structure of an Adapter Server

interface Adapter : VirtualContainer
{

void reserveInputLinks (inout NameIdentifierList in_entries,
inout StringSeq auth_info,
in boolean atomic)
raises (Reject);

void freeInputLinks(in NameIldentifierList in_entries,
in StringSeq auth_info)
raises (Reject);

void reserveOutputLinks(inout NameIdentifierList out_entries,
in AnySeq connection_info,
inout StringSeq auth_info,
in boolean atomic)
raises (Reject);

void freeOutputLinks(in NameIdentifierList out_entries,
in AnySeq connection_info,
in StringSeq auth_info)
raises (Reject);
}:

Methods

reserveInputLinks . This is an example of method that multiplexes several requests into a single
request. The parameter in_entries contains a list of entries of the input name space of the net-
work interface card that an external client wants to reserve. Note that if only one entry needs to be
reserved, or the entries form a compact range or match the same pattern, then this request can be
addressed directly to the input name space interface. After the method has been executed,
in_entries will contain the list of the name resources that have been acquired successfully.
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freeInputLinks. The parameter in_entries contains a list of entries of the input name space of
the network interface card that an external client wants to release. After the method has been exe-
cuted, in_entries will contain the list of the name resources that have been freed successfully.

reserveOutputLinks. It reserves a set of naming and bandwidth resources on the output of a network
interface card. The n-th element of the out_entries sequence represents the name identifier
that the client wishes to acquire from the output name space. In our implementation, the n-th ele-
ment of the connection_info sequence represents the amount of bandwidth the client
requests from the schedulable region for the n-th connection. There are two possibilities: either
the caller requests specific name identifiers, or it requests some name identifiers. In the second
case, the adapter server will return to the caller the name identifier it has assigned to it in the
parameter out_entry. The first request will fail if the specific name is already assigned to another
client, while the second request will fail only if there are no more names available in the name
space. Finally, when the method is executed the sequence out_entries will contain the names that
have been successfully assigned, while the sequence connection_info will contain information
about the resources assigned together with those names. If the atomic parameter is set to TRUE,
and not all the requests could be satisfied, the two sequences have the length 0. |

freeOutputLinks. It frees the resources acquired on an output link.

2.1.3 The Switch Server (SS)

A Switch interface models a remote switch/router controller. We have implemented the remote
controller of an ATM switch. If the switch has n ports, then a switch server will contain the fol-
lowing BIB interfaces: n Multiplexers,n SchedulableRegions, n input and n output
VirtualNameSpaces (one of each of these BIB interfaces per port), a SwitchFabric and
aMappingCapacity. It will also contain the following object references: 2%n (n input and n
output) ATMNameSpace objects and a gGSMPInterface. The functionality of the BIB inter-
faces is detailed in the Appendix. The same object (VirtualNameSpace and ATM-
NameSpace) is registered twice, as the objects inside the Switch Server have a different view on
these objects from the objects outside. Finally, the gGSMPInterface object is being used to
build, transmit, receive and decode gGSMP messages to or from the switch hardware.

In order to reduce the CORBA signalling overhead, a switch container can add/remove
several connections or free/reserve several resources inside a single CORBA request. The method
parameters are lists of names. The n-th elements of each list parameter represent the parameters
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Figure 10 Internal structure of a Switch Server

for the n-th operation. This convention implies that, all the sequences that are passed as parameters
to a method have to have the same length.

After the execution of a method, the switch server will return to the client the list of
resources for which the operation was successful. This is why most parameters in these methods
are declared as inout. The parameter atomic allows the client to specify that it wants all the
requested resources, or nothing, if the answer to such a requests is negative, a set of empty lists is
returned.

interface Switch : VirtualContginer
{
void reserveOutputLlnks(lnout ShortSeq out_ports,
inout NameIdentifierList out_entries,
inout AnySeq connection_info,
inout StringSeq auth_info,
in boolean atomic)
raises(Reject);

void commitConnections (inout ShortSeq in_ports,
inout NameIdentifierList in_entries,
inout ShortSeq out_ports,
inout NamelIdentifierList out_entries,
inout AnySeqg connection_info,
inout StringSeq auth_info,
in boolean atomic)

raises (Reject);

void connect (inout ShortSeq in_ports,
inout NameIdentifierList in_entries,
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inout ShortSeq out_ports,
inout NameIdentifierList out_entries,
inout AnySeqg connection_info,
inout StringSeq auth_info,
in boolean atomic)
raises (Reject);

void freeOutputLinks(inout ShortSeq out_ports,
inout NameIdentifierlList out_entries,
inout AnySeq connection_info,
in StringSeq auth_info)
raises(Reject);

void removeConnections (inout ShortSeq in_ports,
inout NameldentifierList in_entries,
inout AnySeq connection_info,
. in StringSeq auth_info)
raises (Reject);

void removeMulticastBranches (inout ShortSeq in_ports,
inout NameldentifierList in_entries,
inout ShortSeq out_ports,
inout NameIdentifierList out_entries,
in AnySeq connection_info,
in StringSeq auth_info)
raises(Reject);

Methods

reserveOutputLinks . It reserves resources on several output links in order to establish connections

later. The out_ports parameter contains the list of ports on which the client wishes to reserve

resources. The out__entries parameter contains the list of name identifiers to be acquired. The
connection_info parameter contains the list of the amounts of bandwidth requested by each
reservation from the respective schedulable region.

commitConnections . This method is called after to establish connections after reserveoutputLink
was performed successfully. For each connection, it acquires the name identifiers on the input‘
ATM name space, checks with the MappingCapacity interface if the routing table has free
entries; if there is space left on the routing table, the method sends a request to the switchFabric
interface to add a new channel. The switch fabric will ask the ggsMPInterface object to build a
qGSMP message (addBranch) and will send it to the physical switch. If the result of all these
operations is successful, a new connection is established on the switch.

connect. This method has the functionality of both previous methods.
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freeOutputLinks, It frees the resources acquired on a set of output links before removing a set of
connections. For each connection, it frees the ATM name identifier of the output ATM name space
and the bandwidth that was acquired from the schedulable region.

removeConnections; For each entry in the lists, releases the name identifier of the input ATM name
space and removes the channels established on the switch for the connection whose input entry
was released. Updates the status of the switch mapping capacity. This method removes a either a
multicast tree, or a set of unicast connections. It assumes that the caller knows how many branches
are rooted in that connection, and what are the parameters of each branch. In particular, the length
of the connection_info and auth_info sequences has to be equal to the number of output
branches corresponding to the trees rooted in each of the elements of the in_ports and
in_entries sequences.

removeMulticastBranches. It removes a set of branches of one or several multicast connections. The
channel established on the switch for each branch, as well as the resources on each output port, are
released. If this is the last branch in a multicast tree, then the naming resources associated with the
root of the tree are also released.

2.2 Implementation Aspects
Adapter Boot-up Procedure

The adapter server instantiation code calls the constructors of all its components. Each BIB inter-
face that is being instantiated has to be registered with the container. If the implementation of the
BIB interface contains C++ methods that are used inside the server, than the same object has to be
registered twice, once as a BIB interface and once as an object reference. For example, the ATM-
NameSpace, the implementation of the VirtualNamespace IDL interface, needs to be registered
as a VirtualNameSpace BIB interface, as well as an ATMNameSpace object reference, in
order to use implementation specific methods inside the adapter container

Switch Boot-up procedure

In order to start the switch server, one needs to specify a host name, identifying a machine on
which the CORBA switch server will run and a control VCI used to send gGSMP messages to the
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The gGSMPInterface object reference is built and registered with the container. It
sends a SwitchConfiguration message to the switch. The response from the ATM switch
will contain an unique identifier: its MAC address. The gGSMPInterface sends then an A11-
PortsConfiguration message to the switch. The reply to this message will return the num-
ber of ports of the switch, as well as information about each of these ports: VPI/VCI range
supported, the interface type, the cell rate supported.

The SwitchFabric and the MappingCapacity are instantiated at this point. It is
assumed that a unicast connection requires one slot in the switch fabric, while a multicast connec-
tion requires a number of slots equal to the number of ports of the switch.

Once the port information is received, the ATM name space objects can be built for each
available port. Each ATM name space will be characterized by a VPI/VCI range supported on that
port. If the port is uni-directional, then a single ATM name space needs to be instantiated. If it is
bi-directional, then two ATM name spaces are instantiated for each port: one for input and one for
output. The name spaces are registered twice with the container: once as VIrtualNameSpace
BIB interfaces, and once as ATMNameSpace object references. The first interface is used by
external clients (such as Connection Managers) in order to acquire different name identifiers. The
second interface is used by objects inside the switch server, in order to keep information about the
internal state of the switch.

Next, the gGSMPInterface sends a QOSPortConfiguration message to the first
available port on the switch. This will allow to test if the switch supports the QOS extensions to
the GSMP protocol. If the switch supports qGSMP, then, PortQ0SConfiguration messages
will be sent to each port of the switch. If it does not support gGSMP, then the output multiplexers
(one per port) have to be initialized using a trivial configuration. A SchedulableRegion
interface is instantiated for each port, using the cell rate information (returned by A11Ports-
Configuration) in order to determine the total capacity of each port. If qGSMP is supported,
then the Multiplexer and SchedulableRegion interfaces can be configured in order to support cer-
tain cell level QOS constraints.
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Routing is an integral part of any telecommunication network. Originally intertwined with other
communication services, routing has evolved into an independent entity providing services to
other agents such as connection managers. During the course of this evolution, the principal
requirements of dynamic routing have remained the same, namely state distribution and route
computation. However, with the dramatic progress in computing systems technology, the level of
sophistication realizable has improved dramatically. Thus, high level abstractions, both in terms
of computing and communications, can be realized. By masking low-level details and providing
an elegant programming interface, these abstractions help software developers visualize network-
ing resources in a natural and intuitive form. Open interfaces between various functional modules
permit each of them to be plugged in independently. With product differentiation in the telecom-
munications industry increasingly depending on flexibility and speed of deployment, such
abstractions and open interfaces are vital for success.

Previous work on routing architectures with quality of service has focused on low-level
protocols akin to assembly language. Examples include PNNI [PNN96], RSVP/QOSR [BRA97,
CRA98, GUE98, ZHA97], and CCS #7 [RUS95]. Such protocols, though efficient like assembly
language, are significantly more difficult to program and pose difficulties for future expansion and
changes. In this chapter, we present a routing architecture and IDL API that provides high-level

- abstractions and a clear separation between state distribution, route computation, connection man-
agement, and switching hardware. Each functionality may thus be plugged in by different soft-
ware providers. In the present market, APIs to router and switch hardware are closed, thus giving
hardware vendors monopolistic control over software. However, they do provide peer-to-peer
APIs at the level of connection management and state distribution, in contrast to the switch level
API presented in Chapter 2 and qGSMP [ADA97]. This in effect determines the routing architec-
ture and much of the associated algorithms and mechanisms. In contrast, the API presented in this
chapter standardizes only the access to objects, not the algorithms that operate on these objects.
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This gives the flexibility for the introduction of multiple algorithms and mechanisms to compete

and coexist.

3.1 Model for Routing

Figure 11 shows a detailed view of the routing system based on objects and APIs. The four
objects inside the dotted box form the routing service. The state distribution service is depicted on
the left, and the connection management service is depicted on the right.
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The routing service is a replicated functionality with each of the four objects in Figure 11
appearing at multiple nodes in the network. Thus, it has no single point of failure, and in addition
connection managers can access the routing service at multiple nodes. Thus, if the routing service
at the closest node fails, connection managers can still access routes from a distant node. Route
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computations are carried out entirely locally, and in parallel at the various nodes, This is enabled
by the state distribution service which collects network resource state by accessing the switch
servers throughout the network and presents it to the routing service.

We now discuss the four objects that comprise the routing sérvice. The Networking
Capacity Graph (NCG) object is a database for the network topology, schedulable regions and
other link-state information, The Route Repository (RR) is a database for storing routes pre-com-

gorized according to a finite set of traffic classes. The distinction between NCG’s and RR’s lies in
the fact that the former contain information on individua] network resources while the latter cop-

first accesses ODRC and then the necessary switch servers.

Different mechanisms are Possible for use in state distribution. Two main possibilities are
flooding and the tree-based distribution. Another possibility which hides the actual distribution

hot to standardize the state distribution mechanism. Thus, we will not address this issue any fur-
ther. Given the APIs for the routing service, any state-distribution mechanism can be implemented

by a third party.

The operation of the routing system is as follows: Each switch server monitors the state of
all the links attached to its switch, Periodically, the switch server sends state updates to the state
distribution service which writes the updates into the various NCG’s in the network. Whenever
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an NCG receives a state update, it checks whether the update is significant. If it is, the NCG
invokes its associated RC immediately to recompute routes. Additionally, the NCG invokes the
RC periodically provided there has been some state change. The RC’s may use any algorithm for
route computation. Moreover, RC’s at different nodes may use different algorithms. The RC’s
write the routes they compute to their respective RR’s, from which connection managers may read.
The control cycle is completed when the connection managers access the switch servers along the
route read from and an RR in order to setup a connection.

3.2 APIs for Routing

~ The data structures used by the routing APIs are in the Appendix as part of the BIB. They include
the concepts of traffic descriptor, QoS, traffic class, node, link, link state, switch capacity, cross
connect, schedulable region, and route as a sequence of cross connects.

Routes are represented as sequences of CrossConnects. The structure RouteDis-
tribution places a probability distribution on a set of routes used for load balancing. A
CrossConnect is defined as the connection from an input port to an output port of a switch.
The element CrossConnect : : outport_cr_id identifies contract region of the underlying
link if the output link in concern is not a physical link.

All Links are unidirectional point-to-point. The element Link: : src_cr_id identifies
contract region of the underlying link if the link in concern is not a physical link. When links are
grouped together into a LinkSequence, they should be “breadth-first-search™ ordered. The
LinkState refers to statistics computed over a period specified external to the structure. The
structures LinkTCDescription, LinkSRDescription, LinkStateDescription,
and SwitchCapacityDescription are used by the event service to distribute state informa-
tion.

3.2.1 Networking Capacity Graph (NCG)

interface NetworkingCapacityGraph
{

void SetLocalAddress (in IPAddress node);
IPAddress GetLocalAddress():
void AttachRC(in RouteComputation rc);

void AddNode(in IPAddress node) raises(NodeAlreadyExists):;
void DeleteNode(in IPAddress node) raises(NonExistentNode);
void DeleteAllNodes({);

IPAddressSequence GetAllNodes();
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void AddLink(in Link link) raises (NonExistentNode) ;
void AddLinks(in LinkSequence links) raises (NonExistentNode) ;
void DeleteLink(in Link link) raises (NonExistentLink);
void DeleteLinks(in LinkSequence links) raises (NonExistentLink);

void DeleteAllLinksFromNode(in IPAddress node)
raises (NonExistentNode) ;
void DeleteAllLinks();

LinkSequence GetAllLinksFromNode(in IPAddress node)
raises (NonExistentNode) ;
LinkSequence GetAllLinksToNode(in IPAddress node)
raises (NonExistentNode) ;
LinkSequence GetAllTwoWayLinksFromNode (in IPAddress node)
raises (NonExistentNode) ;
LinkSequence GetAllLinksBetweenNodes(in IPAddress src,
in IPAddress dest) raises(NonExistentNode);
LinkSequence GetAllLinks();

void SetLinkState(in Link link, in LinkState state)
raises (NonExistentLink, InvalidLinkState);
LinkState GetLinkState(in Link links) raises(NonExistentLink);

void SetSchedulableRegion(in Link link,in CapacityPlaneList sr)
raises (NonExistentlLink, InvalidSchedulableRegion);
CapacityPlanelist GetSchedulableRegion(in Link link)
raises (NonExistentLink);

void SetTrafficClasses(in Link link,
in TrafficClassSequence traffic_classes)
raises (NonExistentLink, InvalidTrafficDescription,
InvalidQos); :
TrafficClassSequence GetTrafficClasses(in Link link)
raises (NonExistentLink);
}i

The methods SetLocalAddress sets the address of the machine on which the Net -
workingCapacitGraph object is residing, and GetLocalAddress returns the previously
set value. The method At tachRC specifies which RouteComputation object to call when
the network state changes. The add/delete node methods are self-explanatory. In case an exception
is raised while deleting a sequence of links, only a partial list of the links may get deleted. After
determining the cause of the exception, the method should be called again to ensure that all the
links are deleted. The method DeleteAllLinksFromNode deletes all links that originate
from the specified node. Links that terminate at the specified node are not deleted.

The method GetAllLinksFromNode returns all links originating from the specified
node and the method GetAllLinksToNode returns all links terminating at the node. The
method GetAllTwoWayLinksFromNode returns all links originating from the specified
node such that there is a link in the opposite direction. The method GetAllLinksBetween-
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Nodes returns all links originating at src and terminating at dest. Finally, the method
GetAllLinks returns all links in the database.

The methods SetLinkState, SetSchedulableRegion, SetTrafficClasses
and their corresponding “get” methods are used to set/get the state, schedulable region and traffic
classes on a given link.

3.2.2 Route Repository (RR)

interface RouteRepository

{
void AddNode(in IPAddress node) raises(NodeAlreadyExists);
void DeleteNode(in IPAddress node) raises(NonExistentNode);

void SetTrafficClasses (in TrafficClassSequence classes)
raises(InvalidTrafficDescription, InvalidQos);
TrafficClassSequence GetTrafficClasses();

void SetCalllLoad(in IPAddress src, in IPAddress dest,
in CalllLoad load)

raises(InvalidCallLoad);

CallLoad GetCallLoad(in IPAddress src, in IPAddress dest)
raises (NonExistentNode) ;

CallLoadSequence GetCallLoadFromNode(in IPAddress src

out IPAddressSequence dest)

raises (NonExistentNode) ;

void SetRouteDistribution(in IPAddress src, in IPAddress dest,
in short traffic_class,
in RouteDistribution distribution)
raises (NonExistentNode, InvalidTrafficClass,
InvalidRouteDistribution);

Route GetRoute(in IPAddress src, in IPAddress dest, ‘
in TrafficDescription traffic, in QOS qgos)
raises (NonExistentNode, InvalidTrafficDescription,
InvalidQos);
Route GetRoute2(in IPAddress src, in IPAddress dest,
in short traffic_class) ’
raises (NonExistentNode, InvalidTrafficClass);

RouteDistribution GetRouteDistribution(in IPAddress src
in IpPAddress dest,
in TrafficDescription traffic,
in QOS gos)
raises (NonExistentNode, InvalidTrafficDescription,
InvalidQos); :
RouteDistribution GetRouteDistribution2 (in IPaddress src,
in IPAddress dest,
in short traffic_class)
raises (NonExistentNode, InvalidTrafficClass);

void DeleteAllRoutes();
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}:

The method SetTrafficClasses specifies the set of end-to-end traffic classes for
which routes are to be computed. The method SetCalll.oad sets the call load of the network.
The corresponding “get” methods are used by routing algorithms to retrieve the traffic class
descriptions and network loading. The method GetCallLoadFromNode returns the load cor-
responding to all destination nodes such that the source node is the specified node; the set of des-
tination nodes is returned in dest.

The method SetRouteDistribution sets a route distribution (see section on data
structures) corresponding to the given src-dest pair and traffic_class number. The
method GetRouteDistribution2 returns route distribution set by SetRouteDistribu-
tion. The method GetRouteDistribution returns the distribution corresponding to a traf-
fic class which has the same traffic description as specified in the request and a QOS that is at least
as good as that specified in the request. Subject to that restriction, the implementation is free to
choose any traffic class. The two methods GetRoute and GetRoute2 are similar to the above
two methods. The difference is that they return a single route selected from the distribution. Suc-
cessive calls may return different routes, based on the distribution probabilities. Finally, the
method DeleteAllRoutes clears the route database.

3.2.3 Route Computation (RC)

interface RouteComputation

{
void AttachNCG(in NetworkingCapacityGraph ncg);

void AttachRR(in RouteRepository rr);
RoutingAlgorithmTypeSequence GetSupportedRout1ngA1gor1thms(),
void SetRoutingAlgorithm(in RoutingAlgorithmType type,
) in any parameters)
raises (InvalidParameters);
oneway void ComputeRoutes();

}:

The methods At tachNCG and At tachRR are for specifying which NCG and RR to use
for route computations. The method Get SupportedRoutingAlgorithms returns a list of
routing algorithms that are supported by the implementation. The method SetRoutingAlgo-
rithm sets the algorithm to be used. The method ComputeRoutes triggers a route recomputa-

tion.

3.3 Comparison with Existing Architectures
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First and foremost, the API for the routing architecture presented above is based on CORBA IDL
as opposed to the low-level protocol definitions provided by PNNI and other similar protocols.
Thus, programming these APIs becomes much simpler and vastly more powerful. The ability to
seemlessly access remote objects and the automatic marshaling of arguments provided by CORBA
relieves the programmer of tedious chores, thus letting him focus on the actual application.

The high-level QOS abstraction provided by the schedulable region gives the programmer
an intuitive capacity concept similar to that in multi-rate circuit switching [HYM91, LAZ98,
ROS95]. Thus, call admission control becomes a trivial task. Moreover, much of the know-how in
routing in circuit switched networks carries over to packet switched networks characterized by
schedulable regions. In essence, the schedulable region abstracts cell-level phenomena and pre-
sents a simple interface for use by call-level control algorithms. On the contrary, the low-level
QOS characterization found in PNNI and RSVP do not provide such an interface. By making the
schedulable region an integral part of the routing architecture presented in this chapter, we make
- the task of the programmer simpler and more intuitive.

The API for the routing system described above was designed with well-defined interfaces
so that third-parties could write and plug in their own routing algorithm or state distribution ser-
vice without being concerned with other aspects of the system. In particular, the interfaces permit
each of these algorithms to run on even different machines. In contrast, PNNI does not provide any
interfaces between the state distribution, route computation, and connection management. Thus,
all three functionalities within a given switch must be implemented together. The same constraint
applies to the RSVP/QOSR protocols suites. Though these protocols provide well-defined inter-
faces for peer-to-peer communication across routers/switches, they provide nothing for communi-
cation between different functional entities (except through a limited management interface)
(Figure 12). As a result these functional entities must be bundled together.

Moreover, since PNNI and RSVP provide peer-to-peer APIs at the level of connection
management and state distribution, mechanisms and state machines must be standardized. In con-
trast, the APIs presented here impose no such restriction, thus permitting for example both parallel
and serial connection management mechanisms to coexist. The resulting open architecture is
vastly more flexible.
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Open API between peers

Node A Node B
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Route Computation Route Computation
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Switch Hardware Switch Hardware
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(®)
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.

Open API presented in this chapter (and Chapter 2)

Figure 12 The peer-to-peer APIs provided by PNNI and similar protocols is shown in (a). They do not
provide open APIs between different functional entities. Figure (b) shows the APIs presented in this
chapter, which provide interfaces between different functional entities but not between peers. The four

boxes in each of the nodes shown in (b) correspond to the same four in (a). For convenience of comparison,
some of the boxes in (b) have multiple objects.
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4 APIs for Connection
Management

Connection Management is in charge of binding network resources to provide end to end connec-
tions over a network. An object called connection manager (CM) will receive the request to ini-
tiate the binding. The binding will be accomplished via requests to individual network switches
and adapters, via the corresponding switch servers and adapter servers, once the route has been
decided. As part of this project a specific connection management algorithm has been designed:
mcast.

mcast is an ATM multicast service based on an object oriented design. It provides the
capability of transporting multimedia information from a source to one--or more than one--desti-
nation. An mcast session belongs to one specific service class, i.e., video, data or voice. (A service
class defines the performance characteristics and the performance requirements of a cell flow.) An
mcast session can be represented as a tree where the root is the source of information and the

leaves are the sinks (aka. receivers, destinations)!. A destination can request to join or leave an
mcast session. The termination of a session is requested explicitly by the source.

Given an mcast session, each source and destination is identified by a host and a stream
interface. The stream interface represents the “port” through which the information flow is sent or
received. An mcast session is uniquely identified by its source (host Id and stream interface Id),
which becomes its session Id. This session Id is of global scope.

In ATM the information being transported is a cell flow and the stream interface is defined
by an ATM triplet (port-vpi-vci). An mcast session belongs to a specific service class. The service
class specifies the traffic description and the expected end to end QoS.

1. A session can exist without destinations.
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Four operations are offered to an mcast service user:

* initiate(in serviceClass, out sessionld, out streamInterface)
* join (in serviceClass, in sessionld, out streamInterface)

e leave(in sessionld)

» terminate(in sessionld)

In the design of mcast we have worked under the assumption that control messages are
delivered over a reliable FIFO channel. This allows us to isolate concerns and focus primarily on
strict service functionality. Still issues of concurrency under asynchronous conditions, as is the
case for mcast, lead to a system behavior difficult to understand making the proof of its correctness
a difficult task. This is addressed in Section 2.3.

Our purpose in designing mcast, an ATM connectivity service, is to experiment with our
ideas on service management. Based on our current service management model [AUR97a], a man-
agement system for mcast has been designed and implemented. We design and implement the ser-
vice and its management on two different platforms: a simulation platform based on parallel DES
(discrete event simulation) [CHA96a] and a CORBA-based platform (xbind) [LLAZ96]. Our soft-
ware development environment is TeleSoft, which allows us to write the code independently of the
platform on which we run it. Telesoft is currently being implemented as a prototype.

The mcast service capabilities are similar to those defined by the ATM Forum [ATMF95]
or the IETF [ZHA93]. For instance, mcast allows for root, leaf and third-party initiated join and
leave requests; contrary to the IETF scheme, an mcast session stays alive until it is explicitly ter-
minated.

- 4.1 mcastdesign

We make use of a high-level pseudo-IDL to describe the APIs.
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4.1.1 Objects, interactions and interfaces

mcast design includes three classes of controller objects: the mcast directory service (MDS), the
mcast router (MR) and the mcast connection manager (MCM). No controller has a global view of
the ongoing sessions; knowledge is truly distributed. Figure 13 shows the number of instances of
- each controller necessary to provide the service.

mcast service

(n #nodes) N | — IF_E

NodeServer |

| |
[Host -Adapter] [ Switch - Server]

Figure 13 Cardinality relationship among mcast controllers.

e MDS is providing two functions: (1) allow prospective destinations to get information about the existing mcast
sessions; (2) keep partial information about each existing mcast tree, which will be used for routing purposes
when new destinations join.

e MR computes the route to a prospective destination upon request. Out of all the nodes in the tree, it selects the one
which will act as source in the new branch.

¢ There is one MCM instance associated to each node (host or switch). The operations offered by MCM are associ-
ated with two interfaces. One is the service user interface mentioned in the previous section that will be offered by
MCM s at the periphery (hosts). The other is a peer interface that allows MCM:s to interact with each other (at
hosts and switches). '

The NodeServer is not, strictly speaking, part of mcast. It realizes the interface between
the mcast service delivery system and the network resources. It will later specialize its functional-
ity depending on whether the node is a host or a switch, as shown in Figure and as explained in
Chapter 2. The only assumption made about the NodeServer functionality is its capability to
establish and remove one unicast connection or one branch in a multicast connection, at a time.
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Figure 14 shows how objects interact via control interfaces. All the interactions are asyn-
chronous. Given their distributed nature, we believe telecom services need to be designed as a set
of asynchronously interactive controllers. This design decision will also help in re-using the
design in our two platforms, since objects naturally interact in an asynchronous manner in the
emulation environment. Because routing is not a concern in our current design work, the router

mcast user
-
H MDS
4121
4-1-2-@0\/1 \ ~HMR]
H NodeServer

Figure 14 Invocation relationship between mcast object classes.

(MR) is not keeping any utilization state. Because of its simplicity, our current implementation has
one router per MCM; MR and MCM interact synchronously via a function call:

Because routing is not a concern in our current design work, the router (MR) is not keeping
any utilization state. Because of its simplicity, our current implementation has one router per
MCM; MR and MCM interact synchronously via a function call:

¢ getRoute(in possible sources, in destination, out route).

No assumptions are made about the routing algorithm.

The NodeServer (NS) encapsulates the switch/adapter capabilities to establish and termi-
nate local connections. The assumed interface for NS is as follows:

¢ connect(in serviceClass, in inEp, in outPort,out outEp)
e disconnect (in inEp, in outEp)

Both requests apply to either a branch or a unicast connection.
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Operation signatures are shown using a CORBA-like high-level description language,
because it helps the reader to understand at a glance what the message does. Each signature gives
the operation name and the list of in and out parameters. Most operation names reflect the

action requested on the scrverl; leavingNode () -shown in 2.1.1.2 is an exception because its
name refers to the event happening at the client side: a node is leaving the tree; the action the
server takes as a result depends on the server state.

Next we describe MCM and MDS in more detail.

4.1.1.1 MCM (mcast Connection Manager)

An MCM at a node (host or switch) keeps a table with information of the ongoing mcast sessions
of which the node is a part. The example in Figure 15 shows the table reflecting a switch taking
part on three mcast sessions originated at hosts A, B and D. For the session originated at host A,
the cell flow is being multicasted from port 1 to ports 2, 3 and 4.

The MCM interface can be split into two parts (as in Figure 14): one offered to an mcast
user and the other offered to a peer MCM.

. service ,
sessionid | .jass INport| OUT’s
out-2
. A-out-x video in-1 —p OUt-3
™~ out-4

B-out-y video | in-1 emmpmeePp out-3

D-out-z audio | in-3 ==t——p out-1

Figure 15

MCM interface offered to the mcast service user (mentioned in Section 1):

o initiate (in serviceClass, out sessionld, out streamInterface)

1. In this context server refers to an object receiving a message sent by another object.
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e join (in serviceClass, in sessionld, out streamlnterface)
e leave (in sessionld)
e terminate (in sessionld)

initiate and terminate are offered by the MCM at source, while join and leave
are offered by the MCM at destination. initiate and join return a streamInterface (ATM
endpoint) to/from which the mcast user (source/destination) sends/receives the information flow.

At initiate request, the MCM at source makes the necessary reservations in its domain
(host), and registers the new session at MDS with the selected sessionld. The sessionld is com-
posed of the source’s host id and the ATM port-vpi-vci allocated for sending the flow. Deciding
when the transport of information actually starts is out of the scope of mcast.

At terminate request the MCM at source frees resources in its domain, updates the
information in MDS and sends the message (terminate) down the tree.

At join request the MCM at destination initiates a connection (branch) setup procedure.

At 1leave request the MCM at destination initiates a hop-by-hop branch termination.

See 2.2 for details.

MCM interface offered to a peer MCM:

¢ replicateFlow (in sessionld, in outPort, out outEp)
joinNode (in sessionld, in serviceClass, in inEp, in outPort,
- out outEp)

leavingNode (in sessionld, in myNodeld)
e terminate (in sessionld) --same asabove

replicateFlow and joinNode are used at connection (branch) setup. replicate-
Flow is sent to the joining node, the node in the existing tree to which the new branch is attached
(it replicates the flow). joinNode is sent to the rest of the nodes in the route assigned to the new
branch. joinNode specifies a serviceClass parameter that has a local meaning. Obviously there
is need for some mapping functionality between e2e and local serviceClass, although this is

not addressed in this report.
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leavingNode is the message passed up the tree when a destination leaves the tree. The
meaning of this message is: “stop sending me the flow”. The parameter myNodeId identifies the
sender of the message; it is needed by the receiver (object acting as server) to identify which
branch must be removed.

If a replicateFlow message arrives at a node which is already replicating the flow to
the output port requested, the MCM replies with the vci number being used; if a replicate-
Flow message arrives at a node which does not take part of the session by the time the repli-
cateFlow message arrives, the request is rejected.

If a LleavingNode or a terminate message arrives at a node that does not belong to
the tree, no further action will take place. These scenarios are possible because of the concurrency
of users. Concurrency issues are discussed in Section 2.3.

4.1.1.2 MDS (mcast Directory Service)

MDS is providing two functions: (1) allow prospective destinations to get information about the
existing mcast service sessions; (2) keep partial information about each existing mcast tree, which
will be used for routing purposes when new destinations join. Having these two kinds of informa-
tion in the same object simplifies the task of keeping the consistency among them. Scalability
issues need to be studied further.

MDS
: Figure 17
; TN
. | N\
sessian-x \
sessidn -y
mcast Description- sessign-z Set of netwdrk MEM
user 1 N\ e ', nodes /
} /
T 7
:
Figure 16

The mcast user can get the list of existing sessions.
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* getCurrentSessions (out listOfSessions);
This functionality might belong to a higher-level service which uses mcast (see Section 5).

This means that the mcast user might have obtained this information elsewhere or just be told by
some other entity what message to send to the MCM.

The set of interactions between MDS and the MCMs is summarized in Figure 17.

u(x) refers to an update operation for X. = i, j, I, t!, while q() corresponds to a query oper-
ation.
u(i,t) Iu(j,l) q(nodeSet)
mcast user ' meast user

Ir ’/\‘ t—-|1'l/

MCM-S: at source t el
MCM-D: at destination
MCM-I: at intermediate node

Figure 17

MDS interface offered to MCM at source:

¢ register (in sessionld, in description);

e deregister (in sessionld)

1. initiate, join/joinNode, leave/leavingNode and terminate
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register and deregister are used by MCM at source as aresult of an initiate
or terminate operation to update the set of sessions kept at MDS. The description param-
eter should include at least the serviceClass.

MDS interface offered to MCM at destination:

¢ getNodeSet (in sessionld, out nodeSet);
getNodeSet is used by MCM at destination when a join request arrives.

For each mcast session MDS keeps the set of nodes involved in the tree: nodeSet. This
information is used by the router; it provides the router with a set of possible joining nodes in the
existing tree when a new destination wants to “join” the tree. Nodes in the set must therefore be
able to relay and multicast the cellflow from an input port to one or several output ports when nec-
essary. This is why only switches, and not hosts, are in the nodeSet.

MDS interface offered to MCM at switch:

e addToNodeSet (in sessionld, in nodeld);
* removeFromNodeSet (in sessionld, in nodeld);

addToNodeSet and removeFromNodeSet are mess'ages sent by MCMs at switches
when they join and leave the tree, respectively. For this update system to work correctly we need
to assume a reliable FIFO channel.

4.1.2 Join, leave and terminate scenarios
For the next examples we consider the setup in Figure 18.

MCML1 is associated to host 1, that wants to become a destination in an existing mcast ses-
sion. MCM2 is associated to switch 2, a switch that is already a member of that mcast session.
MCMS3 is associated to switch 3 that lies on the path from switch 2 to host 1.

(Arrows in Figures 18 and 21 represent transport of information, as opposed to messages
between mcast controllers.)
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-4—— new tree
-~ existing tree

Figure 18

Because, in fact, the interactions are asynchronous, operations described up till now with
out parameter(s) represent in reality two messages/methods, one for the request and the other for
the reply. The method names have -Req and -Rep at the end to reflect this. There is one case -

leavingNode- which is not considered a request but an indication!, because it merely informs
of the occurrence of an event (a node leaving the tree); it does not explicitly request an action. In
this case the method name is ended with -Ind.

Indications have no reply by definition. Requests might have or not a reply. A request will
be matched to its reply -if any- via the mcast sessionld whenever possible.

4.1.2.1 Join: connection (branch) setup

The mcast user sends the join request to the MCM at the destination to be joined; this is
MCM1 in our example. As a result, MCM1 accesses MDS to get the nodeSet (the set of possible
sources in the current tree) and the MR to get the route. The route will consist of a sequence of
nodes from a selected joining node to destination. If the nodeSet was empty the only possible join-
ing node is the source (it corresponds to a unicast connection between two hosts). In our example
the nodeSet was not empty and the joining node selected is MCM2; the route selected is: MCM2-
MCM3-MCM1.

The next step is the resource reservation at nodes, process that is coordinated by the MCM
at destination. MCM 1 contacts the MCM:s at nodes in the route: replicateFlow will be sent to
the joining node (MCM2), while joinNode will be sent to the rest of the nodes in route
(MCM3). This activity can be accomplished in two ways: sequential setup or parallel setup.

e If sequential setup is used, responses from nodes come back to the MCM1.

1. The term “indication” is used here in the sense of “notification”.
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e If parallel setup is used, the out vci selected will be sent to the neighbor node in route. Only if the request is
rejected the response message is sent to MCM1.

This report focuses on the sequential setup.

Figure 19 shows the sequence of interactions between controllers for the sequential setup.
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Figure 19

joinSessionReq
getNodeSetReq
getNodeSetRep
getRoute (not shown in Figure 19)

replicateFlowReq
6. connectReq (corresponds to a new branch)
7. connectRep(out-vci) .

. replicateFlowRep(out-vci)

9. joinNodeReq

- 10.connectReq (corresponds to a unicast connection)
11.connectRep(out-vci)

® L A
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12. addToNodeSetReq

13. joinNodeRep(out-vci)
14.connectReq (corresponds to a reservation of the input port/vpi/vci)
15.connectRep

16. JoinSessionRep(input stream interface)
4.1.2.2 Join: connection (branch) undo

If it is the joining node the one rejecting the reservation request, there is nothing to undo.

If it is an intermediate node along the route the one rejecting the request -node 3 in our
example-, the resource reservation accomplished up to that point needs to be undone. In our
design, the node rejecting the reservation request decides (depending on its state for that mcast
session) to send or not send a 1eavingNode message up the branch being setup. -

This procedure works correctly unless two things happen simultaneously: (1) there is a
concurrent j oinNode request for the same mcast session at this node, and (2) NodeServer rejects
the first joinNode request while accepting the second one. This problem is addressed in Section

2.3.
4.1.2.3 Leave: connection (branch) teardown
Lets assume the same setup as before (Figure 18).

MCMI1 gets a request to leave the session. MCM3 should also leave the session because it
is not serving other destinations (accurately speaking it is the switch, not the MCM, who is serving
destinations). MCM2, on the contrary, will remain in the tree because it is feeding another branch.

The sequence of control messages is shown in Figure 20.
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dest domain

.
- -~ -

. 1 -

- -
e, e ---

Figure 20

1. leaveSessionReq

2. disconnectReq (corresponds to a free of the input port/vpi/vci)
3. leavingNodelnd

4, disconnectReq (corresponds to a unicast connection)
5. removeFromNodeSetReq
6. leavingNodelnd

7. disconnectReq (corresponds to a branch)

4.1.2.4 Terminate: connection (tree) teardown

MCM at source receives the request terminate and forwards the message to all the
branches. Let’s assume in this scenario that MCM2 is at the source of the tree (Figure 21).

-= existing tree
Figure 21

The sequence of operations is shown in next Figure.
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dest domain
,/, \\\ 6)
-~
' MCM1) - A p— __8)_
v 7) !
. (NS?) L

1. terminateReq

2. deregisterSessionReq
3. disconnectReq

4. terminateReq
5. disconnectReq

6. terminateReq
7. disconnectReq

8. (terminateRep)
9. (terminateRep)
10. (terminateRep)

Note that the messages 8, 9 and 10 are sent only if the user wants a reply that acknowl-
edges the end of the session. We introduce a new parameter in the method signature: termi- '
nate(in sessionId, in confirm) so the user issuing terminate can request for
acknowledgment that the procedure was successfully completed.

In a larger tree, for example if MCM3 had other branches, it would send terminate
request messages to each branch and wait until all the terminate reply messages are back,
before sending its own terminate reply message up the tree towards the source.

When MCM at destination (MCM1) receives the terminate request it should send a
notification to the mcast user at that site. We do not address exphcnly the mcast user interface in

this report (as reflected in Figure 14).
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4.1.3 mcast under concurrent operations

mecast users perform requests to MCMs at the periphery for the same mcast session (Figure 23).
These requests translate into simultaneous requests on MDS and MCMs all over the network.
This concurrency can lead to conflictive situations for the server object and possibly to an incor-
rect service.

\ @ ‘w Destination
& @o)
Source ' %@ AA' ‘“\

Figure 23

The design of mcast described in previous sections realizes the functionality in a system in
which, at any time, exactly one service request (per session) is being executed. In this section, we
discuss the refinement of the design needed to support service requests to be processed concur-
rently by mcast. Because we assume sessions are independent of each other, for the discussion we
focus on a sample session in the system.

The basic problem in a concurrent environment is that there is a chance that the structure
of the mcast tree will change while a specific service request -the join request- is being exe-
cuted. The following three problem domains have been identified; each leads to a situation that
needs to be addressed to ensure the correctness of the service.

o While a join request is being processed, the joining node -selected by the router- might leave the tree. As a
result, the join request is rejected by the mcast service, although the session exists and resources might be avail-
able (Section 2.3.1).
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e While a join request is being processed, one of the nodes in the proposed route is now part of the tree. This
results in a pathological tree, in which two edges exist between two nodes. This is a waste of resources we want to
avoid (Section 2.3.2).

e While a join request is being processed, an edge of the tree is removed, while the join request returns success-
fully. This results in a disconnected destination (Section 2.3.3).

In the following subsections we discuss the above problems and propose refinements of the
mcast design to address them. As said before we focus on one sample ongoing mcast session.

4.1.3.1  Unsuccessful join due to outdated tree information

If by the time the request replicateFlow arrives at the joining node, it does not belong
to the tree, the request is rejected. In highly dynamic trees this situation leads to long delays in
connection setups.

A way to reduce the probability of this event is by limiting the set of possible joining nodes
provided by MDS to those with less probability to leave the tree. A simple way to measure this
probability is by counting the number of destinations that should leave for the node to leave the
tree.

4.1.3.2 Avoiding pathological trees

When several destinations join simultaneously, a switch can receive more than one join-
Node request for the same session, and the node already belongs to the tree by the time a new
joinNode request arrives. If we want to avoid a pathological tree (with two edges between two
nodes), the node has to react and perform as if a replicateFlow message had been received.
Furthermore, if the new j oinNode request shows an inEp value different from the one in use, a
leavingNode indication must be issued in that direction. Figure 24 is used next to show this
scenario.
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Source S"Lz.g/lj D3

[ D5

1 D2

DO

existing tree

Figure 24

Lets assume D4 and D5 try to join simultaneously.
The router returns the following paths: Sw1-Sw3-D4 and Sw2-Sw3-D5

MCM at Sw3 receives the message joinNode from D4. When receiving the same mes-
sage from D5 it will detect the entry in the table with different inEp (the tree at this point is the
one shown in Figure 25). MCM at Sw3 must send 1eavingNode up the tree, in the direction
indicated by inEp in the request (towards Sw2) and act as in repl icateFlow.

D5 is not aware of this adaptive behavior.

Source

1 D5

Figure 25

4.1.3.3 Avoiding disconnected trees
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Here we give three trace examples in which the tree becomes disconnected. In them a
join request gets interleaved with (1) a terminate (from the source), (2) with a leaving-
Node (from another destination), and (3) with another join procedure that is rejected by a
shared node. The examples are based on Figure 26, which shows an existing mcast tree.

Source

&1 D2

Figure 26

1. The source issues a terminate message while D1 tries to join. Route for D1 is Sw1-Sw4.
A problematic trace is:

e D1 sends replicateFlow to Swl. D1 receives a positive reply and sends joinNode to Sw4.

¢ The terminate message arrives at Sw1 and is forwarded. The terminate message arrives at Sw4 before the joinNode
message; because Sw4 does not belong to the tree, the terminate message is ignored.

e Sw4 receives joinNode from D1.

If the joinNode request is not rejected by Sw4 because of a lack of resources, we have a
disconnected receiver.

2. D1 and D2 join simultancously. Both are given the same route: Sw1-Sw4-Dx.
A problematic (though unfair) trace is:

e DI sends joinNode to Sw4.
* Sw4 receives a leavingNode message from D2, which is forwarded to Swl.
e Sw4 receives joinNode from D1.

Again, if the joinNode request is not rejected because of a lack of resources, we have a dis-
connected receiver.

3. D1 and D2 join simultaneously. Both are given the same route: Sw1-Sw4-Dx.
A problematic trace is:
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¢ D1 sends joinNode to Sw4.
e Sw4 rejects D1 request and sends a leavingNode message to Swl.
¢ D2 sends joinNode to Sw4 and it is accepted.

Given that Sw1 eventually receives a leavingNode message from Sw4--it will stop sending
flow in that direction--we have a disconnected receiver (D2).

The design of mcast is based on controllers that act upon their local state. The reason why
an mcast session (a tree) might become disconnected is that local state information of neighbor
nodes becomes inconsistent. Qur approach to this problem is to introduce a synchronization
mechanism into mcast which realizes consistency. A detailed design of this synchronization
mechanism is not part of this report.

4.2 Making mcast manageable

Once we have a stable design for a service, how to make it manageable? By manageable
we mean that the service allows its supervision by an external management system. Supervision is
an activity that relates to the OSI functional areas of performance and configuration management.
And because we are managing a service, this activity relates to the functions in the service man-
agement layer of the TMN architecture. The management task includes monitoring and control-
ling the service to ensure that it operateés as intended, maintaining the service-level agreements
while achieving management objectives.

Specifically, two activities are identified: a) managing the set of controllers (i.e. connec-
tion managers, etc.) that comprise the functionality of the service delivery system, and b) manag-
ing the set of service instances (such as audio multicast connections) which are dynamically
created, modified and terminated during the operation of the service delivery system. Initially we
have focused on b), the management of service sessions.

To make mcast manageable we need to modify its design. In which way? Making a system
(a service) manageable means making both the system that is being managed and the management
system “aware” of each other, by providing addresses at which to communicate.

To make mcast manageable, according to the service management model explained in
chapter X, (1) the service delivery system has to maintain the service instances. In mcast, it is the
connection manager (MCM) that acts as service factory when a user issues an initiate
request. As a result a sessionld is provided back to the user(s). This sessionld is the handle for
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subsequent operations on the newly created mcast session; it represents the user capability to

access/control the service instance!l.

Making mcast manageable implies the managed system (MCMs) must know about the
existence of the management system (the mcastSAs and SM, see Chapter X). Figure 27 shows the
interaction among MCM and the management system.

Management System

———

- newgessjon(class,source)
- ERaeh

‘Managed System B Figure 27

43 Implementing mcast in Telesoft

1. Actually, the handle is advertised via the MDS.
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Telesoft allows to develop common software for different platforms. In our case we are interested
in running our system in two different platforms: the emulation environment [CHA96a] and xbind
[LAZ96], a CORBA-based [OMG96] system. By completely separating the API from the under-
lying platform we allow the same controller implementations--same sources--to run on any kind
of platform that supports distributed objects and asynchronous communication.

The basic structure of an independent-platform object (controller), such as MCM or MDS,
consists of two parts:

e the definition of the interface offered, that is, the structure of the messages that can be sent to this object to request

(REQ) or notify (IND). Together with these, we include the structure of the messages to reply to these messages
(REP), if any. Note that the latter are, strictly speaking, messages offered at another objects’s interface, but its def-
inition is here;

o the behavior of the object, that is, how it responds when receiving a message, whether it is a request received or a
reply received that corresponds to a request previously issued to another object.

4.3.1 Multicast Connection Manager (MCM)

The MCM keeps a list of multicast sessions going through its corresponding node. The list
contains members of type MCMcastEntry:

struct MCMcastEntry{
McastId id;

ATMEndPointId in_ep;
ATMEndPointList out_eplist;
ServiceClassserviceClass;
};

An ATMEndPointld is a triplet (VPI, VCI, port).

A Mcastld consists of an ATMEndPointld and a Hostld (which is a short). It is unique for
each multicast session. The flow of a multicast session gets into a port of a node. That flow is
identified by an ATMEndPointld (in_ep). The flow cap go on several links to other nodes. These
flows are tracked in the ATMEndPointList out_eplist. Finally, a multicast session has a well-
defined service class, which is also kept in the MCMcastEntry.

1. The difference between a request and an indication or notification is qualitative.

59




APls for Connection Management

The interface offered to the mcast user is:

e InitiateSessionReq(ServiceClass class, int localSessionld);
* JoinSessionReq(Mcastld session, ServiceClass class);
® LeaveSessionReq(Mcastld session)

The interface offered to the peer MCM is:

* JoinNodeReq(Mcastld session, ServiceClass class, short outPort, ATMEndPointld inEp);
* JoinNodeRep(Mcastld session, ATMEndPointld outEp, ReturnCode result);

* ReplicateFlowReq(Mcastld session, short outPort);

* ReplicateFlowRep(McastId session, ATMEndPointld ep, ReturnCode result);

* LeavingNodeInd(Mcastld session, MCNodeld nodeld);

The interface offered to both: the mcast user and the MCM peer is:

* TerminateSessionReq(Mcastld session, int confirm);
¢ TerminateSessionRep(Mcastld session);

The interface offered to MDS (defined under MDS because it is a reply):
* NodesOfSessionRep(NodeList nodeList, ReturnCode result);
The interface offered to NS (defined under NS because it is a reply):

* connectRep(Mcastld session, ReturnCode result, out_vci).

Several JoinSessionReq’s can be pending in an MCM at the same time. This is because
MCMs communicate with each other asynchronously. For each JoinSessionReq that an MCM
receives, it creates an instance of the class JoinState and adds it to the list d _joiningList. Only upon
completion of the request (after having communicated with other MCMs), that instance is
removed from d_joiningList and an answer is given to the user. The same mechanism works for
terminating sessions. The sessions about to be terminated are kept in the list d_terminatingList.

The interaction with the NodeServer is asynchronous. Because of i, it is possible that,
while MCM is waiting for a reply from the NodeServer, reply to a connect request, it receives
another request (j,r,1,t) on the same mcast session. When MCM is waiting for a NS reply its state is
undefined because it is not clear if it belongs to the tree or not. Therefore it should not execute any
other request on the same session. A mechanism has been implemented to take care of this prob-
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lem. New requests are stored and their execution delayed until the (same session) NS reply is
received.

4.3.2 Multicast Directory Service (MDS)

The MDS contains a table (list of) with MDSMcastEntry’s:

struct MDSMcastEntry {

McastId id;
McastDescription about;
NodeList nodes_in_tree;

};

The interface offered to the MCM:

e RegisterSessionReq(Mcastld session, McastDescription description);
. DeregisterSessibnReq(Mcastld session);

o NodesOfSessionReq(Mcastld session);

e NodesOfSessionRep(NodeList nodeList, ReturnCode result);

o AddToSessionReq(Mcastld session, long nodeld);

e RemoveFromSessionReq(McastId session, long nodeld);

4.3.3 NodeServer: integration with xbind
The NodeServer has basically two functions: vci management and resource management.

We have implemented our proxy NodeServer with the basic interface mcast needs, provid-
ing these two management functions. Our proxy NodeServer can run alone in a simulation envi-
ronment or can be connected to the xbind NodeServer. If the latter we map our basic interface into
the one defined in xbind [BIB, appendix]. Currently the NS interface is as follows.

The interface offered to the MCM is:

e ConnectReq (inEp, outEp, traffic_class, request_id)
¢ ConnectRep (request_id, result, out_vci)
e DisconnectReq (inEp, outEp, session, traffic_class)
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The interface offered to the LAC (Link Admission Controller), only in a simulation envi-
ronment: '

e LACRep (result, request_id)
¢ LACReleaseRep (result, vci)

The NodeServer at host (AdapterServer) is a special case of NodeServer and the interface
to MCM becomes simpler: '

e ReserveOutlinkReq (output, traffic_class, request_id)
e ReserveOutlinkRep (request_id, success, out_vci)

* ReservelnlinkReq (input, traffic_class)

o FreeOutlinkReq (output, traffic_class)

o FreelnlinkReq (input, traffic_class)

In the current implementation NodeServer and AdapterServer do not inherit from a com-
mon base-class.

There are two issues when thinking of running mcast with xbind. First, the CORBA envi-
ronment in which xbind is based; second, the functionality that xbind provides.

e The Telesoft platform allows to develop software (source code) for different executable environments, one of them
being for example a CORBA-based like xbind. It is at compilation time that one decides to integrate a specific exe-
cutable environment.

e There are several aspects concerning the integration of functionality of mcast with xbind: the Switch Server and
Adapter Servers have to be made accessible to our mcast; the VW will access mcast and the transport; finally
mcast makes use of the routing. Our proxy NodeServer maps the MCM requests to the xbind NodeServer so the
real switch (hardware) is reached. Currently our proxy NodeServer is handling the vci management.
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5 APIs for Transport

The emergence of distributed multimedia applications exhibiting significantly more stringent
QOS requirements than the conventional data-oriented applications call for new transport proto-
cols with different characteristics to co-exist and be integrated within single applications. The dif-
ferent delivery requirements posed by these diverse multimedia applications often imply the need
for highly customized protocol implementations. Hence, application developers are faced with the
threat of code obsolescence caused by the development of yet newer delivery techniques. For the
first time application developers have to contend with the fact that a single protocol stack may

~ perhaps be insufficient to meet all their needs.

In order to address this challenge, we propose a new object-oriented transport architecture
in which the atomic entity is based on the consumer/producer paradigm. The architecture con-
sists of (1) consumer/producer components, separately represented by a transport engine, and a
front-end with control and management abstractions, and (2) a set of binding controllers imple-
menting Broadband Kernel services such as QOS mapping and dynamic binding of suitable pro-
tocol stacks.

The protocol stack is modeled in an object-oriented manner as a sequence of CP compo-
nents. The protocol stack builder (PSB) is a binding controller responsible for the construction of
the protocol stack by binding a variety of consumer/producer engines together. It is aware of the
variety of transport components supported on the end-system and the order in which they have to
be bound together to create useful protocol stacks. The PSB performs the dynamic binding of the
components at run-time and creates a suitable transport protocol stack according to application
QOS requirements. The PSB allows to dynamically create a variety of protocol stacks on a per
call basis and tailored to the special needs of the application. This differs significantly from the
traditional transport architecture that assumes pre-installed transport protocol stacks that cannot
be customized. '
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5.1 Architecture

As said before the architecture consists of (1) consumer/producer components and (2) a set of
binding controllers implementing Broadband Kernel servi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>