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Abstract

Location transparency removes the need for client objects to explicitly know or define the location of a server
object when communicating. If a server object is capable of migration, relocation transparency maintains
reference validity throughout the migration.

Several models for providing location transparency exist, including the home location, forwarding lo-
cations and Stub-Scion Pair chain models. This paper proposes a model that uses a distributed registry
system and dynamic reference updating to provide location and relocation transparency. A comparison of
the models is presented.

1 Introduction

A mobile object is an object that is capable of moving, or being moved, readily from one place to another.
Mobility within a distributed object system allows mobile enabled objects to move freely between nodes
within the distributed system, supporting load balancing (by moving objects from heavily loaded nodes to
lightly loaded nodes), fault tolerance (by moving objects to new nodes in response to node partial failure),
locality of data access (by moving objects to the vicinity of the data they require) and scheduling and
monitoring of the distributed system (by allowing monitoring objects to move about the distributed system
assessing load and scheduling requirements).

One of the most important issues when dealing with mobility is that of locality and reference manage-
ment [MDP199, Sal78]. Objects within a distributed object system may have references to other objects
within the system; when these referenced objects move, it is important that any references still be valid and
that any referencing object always be able to contact the mobile object regardless of its location.

An object reference that does not expose the location of the referenced object is said to be location
transparent; a location transparent reference can access a remote object in the same manner regardless
of the remote object’s current location or state. Location transparent references have been implemented
in several distributed object systems [Hen98, Her99, KT95] and allow distributed communication to be
programmed without exposing or requiring location specification. Transparency decreases complexity in
distributed programming but additionally incurs communications overhead as references must be resolved
or evaluated to a direct reference to the remote object.

An object that can change location without other objects noticing is termed relocation transparent. In
a relocation transparent system, a client does not have to explicitly update its references in any way when
its referenced object moves; all relocation is performed transparently.

This paper describes a new model for location and relocation transparency that utilises a distributed
registry system and discusses the benefits of this model in comparison to other, commonly used models for
location and relocation transparency.

In Section 2 a brief description of commonly used models for location and relocation transparency is
provided. Section 3 describes the proposed model, while in Section 4, a comparison of the new model to
existing models is provided. Section 5 closes this paper with a summary and outline of current work on
implementing the model.



2 Existing Models

Several solutions to the problem of maintaining location transparency within a distributed object system
have been suggested. Mechanisms have been proposed based on the concept of a home location; this home
location is updated whenever an object moves and serves as the well known contact point. The home location
model has been used to support location transparency in [BW89], [DO91] and [CRS96].

One common extension of the home location idea to to use a mobile home location [LH89]. This results
in a chain of homes or forwarding locations pointing from the original home location to the current location
of the mobile object. A client reference may point to any link in the chain. The forwarding location model
has been used in [AF89], [AP95] and [Her99].

A fragmented object [MGNS91] model is often chosen as the distribution model for a distributed object
system. A fragmented object is one with several components that may be distributed over nodes within a
distributed system, while appearing to be a single entity to external clients. A fragmented object consists of
several types of components, including client interface fragments, communications enabling fragments and
group interface fragments, which provide a common interface between fragments.

A further alternative used to manage location transparency, and an example of a fragmented object
model, is that of Stub-Scion Pair (SSP) chains [SDP92]. A stub is maintained as the object reference on
the client side and a scion is maintained for each stub on the server side; a SSP is produced for each object
reference created. When an object reference is moved, a new SSP is created, resulting in a chain of SSPs
through which the correct reference can be obtained.

What makes the SSP chain technique differ from that of forwarding locations or a home location is that
a stub within a stub-scion system may have multiple references to the referenced object. A stub will contain
a strong locator reference, which will always lead to the destination object, and potentially multiple weak
locator references that are not guaranteed to complete but contain shorter paths to the destination object.
A weak locator may be returned as part of an invocation through a strong locator reference as a direct path
for future use. SSP chains have been used to support reference management in [SDP92] and [Bag99).

A central registry has also been proposed by systems such as Gardens [RS99] which treats a distributed
system as a closely linked parallel system. Each reference is treated as if part of a shared memory system
where offsets are managed as part of reference access; this causes additional overhead but takes away any
required reference updating and also any naming requirement. However, this type of system is only suitable
for a restricted set of distributed object systems. V-System [MMTC85] introduces a search based mechanism
where references are constructed of (logical host id, local index). When an object moves, the logical host
is duplicated and then set to the new physical host address. As existing references become invalid, their
reference in the mapping cache becomes invalid and a request is broadcast to the network for the new logical
host id.

3 A New Model

A distributed Object Request Broker (ORB) system has been developed to support the Distributed Infor-
mation Systems Control World (DISCWorld) Metacomputing Environment [HJPV98]. An ORB system is
a form of distributed object system that utilises an intermediate well known broker object to provide and
manage references on a small scale. This ORB integrates a sophisticated naming model and distributed
directory service with support for mobile services. The DISCWorld ORB system provides mechanisms for
clients within the DISCWorld system to register services, obtain references to services and perform optimised
communications.

Location and relocation transparency are provided through the use of a distributed naming service. A
fragmented object model is used, with some location dependent information kept within the client interface
fragment as cached data only. When this data becomes invalid, new location information can be obtained
from the distributed naming service.

Three types of reference are recognised within the DISCWorld ORB system:

e Connected: references given to a client and currently being actively used.
e Unconnected: references given to clients but currently unconnected to a service.

e Unknown: references yet to be handed out.



Connected references are references with an active connection to the server object. These references can
be updated by the server object itself by sending update messages upon migration; reconnection can be
established within the DISCWorld ORB system without any loss of messages or requests. This category is
the most common found within the DISCWorld ORB system.

Unconnected references are possible within a fragmented object model as there is a delay between the
return of the client interface fragment and activation of the reference. This delay may coincide with migration
of the server object. To allow reference updating in this case, an unconnected client interface fragment can
contact the registry system to obtain an updated reference.

For an example of relocation transparency under the proposed model consider Figure 1 showing object
A, which initially has an unconnected reference to object B, (i). Object A then connects its reference using
a client interface fragment and a migration fragment (similar in concept to a scion), (ii). The migration
fragment is responsible for handling and updating connections and disappears after a completed migration,
and does not act as a forwarding location at any stage. When B moves, (iii), A’s reference is updated, and
after migration is completed and request queues have been sent to the new location, (iv), A can reconnect

and resume communication.
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Figure 1: Location management for a connected client.

A migration fragment is created for each connected client. This means that direct communication and
updating of connected clients can be performed, while unconnected and unknown clients are unknown to the
server and have to perform updates through the name registry system. Location transparency is maintained
by providing migration and client interface fragments which perform any additional update tasks and location
querying. No residual objects are left at a previous host after object migration.

4 Comparison

One of the potential problems of the home location system is that the home location acts as a central
point of failure. If the home location fails, all existing object references and any future object references
become invalid. Additional problems are that the home location acts as a communications bottleneck, and
there may be large communications overhead unnecessarily incurred if the object and client are both large
distances away from the mobile object, but close to each other. This is commonly known as the tromboning
problem [RMR99]

In a forwarding location model, a client may have any of the forwarding locations as their initial reference
to the mobile object, alleviating the bottleneck and central point of failure issues. However, the number of
forwarding locations within a chain may become arbitrarily large and potentially cyclic.



Stub-scion chains incur the same cost as the forwarding location model for the first invocation, however
a shorter path can be returned or piggy-backed with the invocation response to produce a direct reference
(consisting of a single stub-scion pair) for future usage.

The model proposed within this paper makes use of a fragmented object model with migration fragments
existing only for connected references. These migration fragments do not act as a chain, a single migration
fragment is used as a direct reference; migration fragments also allow updated location message to be
forwarded to the client. Unconnected references can update their cached location hints by contacting the
registry system. It is expected that the time between the provision of a reference and its connection will be
small (minimising relocation possibility) and that this case will be uncommon.

Where relocation is common but client access is rare, the home location model does not suffer from
bottleneck issues. When the scale of distribution is small, the home location model is ideal as the effect of
tromboning is also removed.

In the case where relocation is uncommon but client access is frequent, the forwarding location model
and more so the stub-scion chain model can be efficient as the length of the chain in each case will be small.

The proposed model is more suited to the case where relocation is common and client access is frequent.
References can be updated transparently for connected clients without an increasing chain of forwarding
locations and due to the distributed nature of the registry system and direct referencing, bottleneck issues
are reduced. All models benefit from a smaller scale of distribution due to the reduced latency costs and
reduction of any potential trombone effect.

5 Summary

Location management using a home location or forwarding location chains are commonly used methods in
both the areas of mobile object systems and mobile host systems. These methods can be inefficient as an
extensive chain of forwarding locations can develop for a forwarding method; and additional latency can be
introduced into communications when a client has to contact a distant home location to obtain a reference
to a potentially close server object.

This paper proposes a model for location transparency, which relies on a distributed registry system and
a fragmented object model to allow relocation of unconnected references; connected references are updated
by a client interface fragment which stores piggy backed relocation information. This model has been
implemented as part of the DISCWorld ORB system, along with implementations of the commonly used
models described in this paper.

The use of a distributed registry system provides location and relocation transparency without the need
for a well known home location or residual code objects in previous hosts.
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