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ACollectionof Jini™
TechnologyHelper
UtilitiesandServices
Specifications

This Collection of Jini™ Technology Helper Utilities and
Services Specifications defines a set of standard helper utilities
and services which extend the Jini Technology Core Platform.
These helper utilities and services encapsulate desirable
behaviors in the form of a set of reusable components that can b
used to help simplify the process of developing Jini technology-
enabled clients and services (Jini clients and services) for the Jini
technology application environment. Employing these utilities
and services to build such desirable behavior into a Jini client or
service can help to avoid poor design and implementation
decisions, greatly simplifying the development process.
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Introduction to Helper
Utilities and Services

US.1 Summary

WHEN developing clients and services that will participate in the applicati
environment for Jini™ technology, there are a number of behaviors that the de
oper may find desirable to incorporate in the client or service. Some of th
behaviors may satisfy requirements described in the specifications of various
technology components; some behaviors may simply represent design prac
that are desirable and should be encouraged. Examples of the sort of behavio
is required or desirable include the following:

◆ It is a requirement of the Jini discovery protocols that a service must c
tinue to listen for and act on announcements from lookup services in wh
the service has registered interest.

◆ It is a requirement of the Jini discovery protocols that, until successful, a
vice must continue to attempt to join the specific lookup services with wh
it has been configured to join.

◆ Under many conditions, a Jini technology-enabled client (Jini client) or ser-
vice will wish to regularly renew leases that it holds. For example, whe
Jini technology-enabled service (Jini service) registers with a Jini lookup
service, the service is requesting residency in the lookup service. Resid
in a lookup service is a leased resource. Thus, when the requested resid
is granted, the lookup service also imposes a lease on that residency.
cally, such a registered service will wish to extend the lease on its reside
1
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beyond the original expiration time, resulting in a need to renew the leas
a regular basis.

◆ Many Jini services will need to maintain a dormant (inactive) state, beco
ing active only when needed.

◆ Many Jini clients and services will need to have a mechanism for finding
managing Jini services.

◆ Many Jini clients and services will find it desirable to employ a separate s
vice that will handle events, in some useful way, on behalf of the participa

To help simplify the process of developing clients and services for the ap
cation environment for Jini technology (Jini application environment), several
specifications in this document collection define reusable components that en
sulate behaviors such as those outlined above. Employing such utilities and
vices to build such desirable behavior into a Jini client or service can help to a
poor design and implementation decisions, greatly simplifying the developm
process.

What is presented first is terminology that may be helpful when analyz
these specifications. Following the section on terminology, brief summaries o
content of each of the current helper utilities and services specifications are
vided. Finally, the other specifications on which these specifications depend
listed for reference.
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US.2 Terminology

THIS section defines terms and discusses concepts that may be refere
throughout the helper utilities and services specifications. While the terms
concepts that appear in this section are general in nature and may apply to m
ple components specified in this collection, each specification may define a
tional terms and concepts to further facilitate the understanding of a partic
component. Each specification may also present supplemental information a
some of the terms defined in this section and their relationship with the com
nent being specified.

Because this document makes use of a number of terms defined in the“Jini™
Technology Glossary”,reviewing the glossary is recommended. A number of t
terms defined in the glossary are also defined in this section to provide easy r
ence because those terms are used extensively in the helper utilities and se
specifications. Additionally, this section augments the definitions of some of
terms from the glossary with details relevant to those specifications.

In addition to the glossary, theJini™ Technology Core Platform Specification
(referred to as thecore specification) presents detailed definitions of a number o
terms and concepts appearing both in this section and throughout the helper
ties and services specifications. When appropriate, the relevant specification
be referenced.

US.2.1 Terms Related to Discovery and Join

The Jini Technology Core Platform Specification, “Discovery and Join”,defines a
discovering entityas one or more cooperating software objects written in t
Java™ programming language (Java software objects), executing on the same
host, that are in the process of obtaining references to Jini lookup services.
specification also defines ajoining entityas one or more cooperating Java sof
ware objects, on the same host, that have received a reference to a lookup s
and are in the process of obtaining services from, and possibly exporting ser
to, a federation of Jini technology-enabled services and/or devices and Jini lo
services referred to as adjinn. The lookup services comprising a djinn may b
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS



4 TERMINOLOGY

re-

n”

is-
a set

each
erred

ce to
ds of
lient

ng
gis-

e that

i-

v-
of
from

-
lates
re to
organized into one or more sets known asgroups. Multiple groups may or may not
be disjoint. Each group of lookup services is identified by a logical name rep
sented by aString object.

The Jini Technology Core Platform Specification, “Discovery and Joi
defines two protocols used in the discovery process: themulticast discovery proto-
col and theunicast discovery protocol.

When a discovering entity employs the multicast discovery protocol to d
cover lookup services that are members of one or more groups belonging to
of groups, that discovery process is referred to asgroup discovery.

The utility classnet.jini.core.discovery.LookupLocator is defined in
The Jini Technology Core Platform Specification, “Discovery and Join”. Any
instance of that class is referred to as alocator. When a discovering entity
employs the unicast discovery protocol to discover specific lookup services,
corresponding to an element in a set of locators, that discovery process is ref
to aslocator discovery.

US.2.2 Jini Clients and Services

For the purposes of the helper utilities and services specifications, aJini client is
defined as a discovering entity that can retrieve a service (or a remote referen
a service) registered with a discovered lookup service and invoke the metho
the service to meet the entity’s requirements. An entity that acts only as a c
never registers with (requests residency in) a lookup service.

A Jini serviceis defined as both a discovering and a joining entity containi
methods that may be of use to some other Jini client or service, and which re
ters with discovered lookup services to provide access to those methods. Not
a Jini service can also act as a Jini client.

The termclient-like entitymay be used, in general, when referring to Jini cl
ents and Jini services that act as clients.

Note that when the termentity is used, that term may be referring to a disco
ering entity, a joining entity, a client-like entity, a service, or some combination
these types of entities. Whenever that general term is used, it should be clear
the context what type of entity is being discussed.

US.2.3 Helper Service

A Jini technology-enabledhelper serviceis defined in this document as an inter
face or set of interfaces, with an associated implementation, that encapsu
behavior that is either required or highly desirable in service entities that adhe
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the Jini technology programming model (or simply theJini programming model).
A helper service is a Jini service that can be registered with any number of loo
services and whose methods can execute on remote hosts.

In general, a helper service should be of use to more than one type of e
participating in the Jini application environment and should provide a signific
reduction in development complexity for developers of such entities.

US.2.4 Helper Utility

This document distinguishes between a helperutility and a helperservice. Helper
utilities are programming components that can be used during the constructio
Jini services and/or clients. Helper utilities arenot remote and do not register with
a lookup service. Helper utilities are instantiated locally by entities wishing
employ them.

US.2.5 Managed Sets

When performing discovery duties, entities will often maintain references to
covered lookup services in a set referred to as themanaged set of lookup services.
The entity may also maintain two other notable sets: themanaged set of groups
and themanaged set of locators.

Each element of the managed set of groups is a name of a group whose m
bers are lookup services that the entity wishes to be discovered via group dis
ery. The managed set of groups is typically represented as aString array, or a
Collection of String elements.

Each element of the managed set of locators corresponds to a specific lo
service that the entity wishes to be discovered via locator discovery. Typically,
set is represented as an array ofnet.jini.core.discovery.LookupLocator

objects or some otherCollection type whose elements areLookupLocator
objects.

Note that when the general termmanaged setis used, it should be clear from
the context whether groups, locators, or lookup services are being discussed

US.2.6 What Exceptions Imply about Future Behavior

When interacting with a remote object, an entity may call methods that resu
exceptions. The specification of those methods should define what each pos
exception implies (if anything) about the current state of the object. One impor
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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aspect of an object’s state is whether or not further interactions with the objec
likely to be fruitful. Throughout the helper utilities and services specifications,
following general terms may be used to classify what a given exception imp
about the probability of success of future operations on the object that threw
exception:

◆ Bad object exception: If a method invocation on an object throws abad
object exception,it can be assumed that any further operations on that ob
will also fail.

◆ Bad invocation exception: If a method invocation on an object throws abad
invocation exception,it can be assumed that any retries of thesamemethod
with thesamearguments that are expected to return thesamevalue will also
fail. No new assertions can be made about the probability of success of
future invocation of that method with different arguments or if a differe
return value is expected, nor can any new assertions be made about the
ability of success of invocations of the object’s other methods.

◆ Indefinite exception: If a method invocation on an object throws anindefinite
exception, no new assertions can be made about the probability of succes
any future invocation of that method, regardless of the arguments use
return value expected, nor can any new assertions be made about the p
bility of success of anyother operation on the same object.

Unless otherwise noted, the throwing of a bad object, bad invocation, or in
inite exception by one object does not imply anything about the state of ano
object, even if both objects are associated with the same remote entity.

These terms can be used in the specification of a method to describe the m
ing of exceptions that might be thrown, as well as in the specification of wha
given utility or service will, may, or should do when it receives an exception in
course of interacting with a given object.

If a specification does not say otherwise, the following classification is use
categorize eachRuntimeException, Error, or java.rmi.RemoteExceptions as
a bad object, bad invocation, or indefinite exception:

◆ Bad object exceptions:
◆ Any java.lang.RuntimeException

◆ Any java.lang.Error exceptone that is ajava.lang.LinkageError or
java.lang.OutOfMemoryError

◆ Any java.rmi.NoSuchObjectException
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◆ Any java.rmi.ServerError with a detail field that is a bad object
exception

◆ Any java.rmi.ServerExceptionwith adetail field that is a bad object
exception

◆ Bad invocation exceptions:
◆ Any java.rmi.MarshalException with a detail field that is a
java.io.ObjectStreamException

◆ Any java.rmi.UnmarshalException with a detail field that is a
java.io.ObjectStreamException

◆ Any java.rmi.ServerException with adetail field that is a bad invo-
cation exception

◆ Indefinite exceptions
◆ Any java.lang.OutOfMemoryError

◆ Any java.lang.LinkageError

◆ Any java.rmi.RemoteException exceptthose that can be classified a
either a bad invocation or bad object exception

US.2.7 Unavailable Lookup Services

While interacting (or attempting to interact) with a lookup service, an entity m
encounter one of the exception types described in the previous section. Whe
entity does receive such an exception, what may be concluded about the sta
the lookup service is dependent on the type of exception encountered.

If an entity encounters a bad object exception while interacting with a look
service, the entity can usually conclude that the associated proxy it holds ca
longer be used to interact with the lookup service. This can be due to any num
of reasons. For example, if the lookup service is administratively destroyed,
old proxy will never be capable of communicating with any new incarnations
the lookup service, allowing the entity to dispose of the old proxy since it is
longer of any use to the entity.

If an indefinite exception occurs while interacting with a lookup service, t
entity can interpret such an occurrence as a communication failure that ma
may not be only temporary.

Finally, entities that encounter a bad invocation exception while interact
with a lookup service should view the lookup service as being in an unkno
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS



8 TERMINOLOGY

kup

th a

ce
sit-

tions
p ser-
ould

et of
r-
y

tity,
fer-

the

plicit
i-

los-

hat a
ser-
okup

s
entity
possibly corrupt state, and should discontinue further interaction with that loo
service until the problem is resolved.

Whenever an entity receives any of these exceptions while interacting wi
lookup service, the affected lookup service is referred to asunavailable or
unreachable. For most entities the unavailability of a particular lookup servi
should not prevent the entity from continuing its processing, although in other
uations an entity might consider at least some of these exceptional condi
unrecoverable. In general, when an entity encounters an unreachable looku
vice, the exception or error indicating that the lookup service is unavailable sh
be caught and handled, usually by requesting that the lookup service bediscarded
(see the next section), and the entity should continue its processing.

US.2.8 Discarding a Lookup Service

When an already discovered lookup service is removed from the managed s
lookup services, it is said to bediscarded. The process of discarding a lookup se
vice is initiated either directly or indirectly by the discovering entity itself or b
the utility that the entity employs to perform the actual discovery duties.

Whenever a lookup service is discarded by a utility employed by the en
the utility sends to all of the entity’s discovery listeners, a notification event re
encing both the discarded lookup service and the member groups to which
lookup service belongs. This event is referred to as adiscarded event. It may be
useful to note that discarded events can be classified by two characteristics:

◆ Whether the event was generated as a direct consequence of an ex
request made by the entity itself (active) or as a consequence of a determ
nation made by some utility employed by the entity (passive)

◆ Whether the event is related to communication problems or to the entity
ing interest in discovering the affected lookup services

US.2.8.1 Active Communication Discarded Event

When the occurrence of exceptional conditions causes an entity to conclude t
lookup service is unreachable, the entity typically will request that the lookup
vice be discarded. When the entity itself requests that such an unreachable lo
service be discarded, the resulting discarded event may be referred to as anactive
communication discarded event. The termactive is used because the entity take
specific action to request that the lookup service be discarded. Because the
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cannot communicate with the unreachable lookup service, the event is assoc
with communication.

US.2.8.2 Active No-Interest Discarded Event

Whenever the entity makes a request that results in the removal of an ele
from the relevant managed set of groups or locators, one or more of the loo
services associated with the removed groups or locators may be discarded—
though the lookup services are still reachable. The lookup services may be
carded in this situation because the contents of the sets of groups and locato
entity wishes to discover may have changed in such a way that one or more o
previously discovered lookup services are no longer of interest to the entity. In
case, if any already discovered lookup service is found to belong to none o
groups in the new managed set of groups or if its locator no longer belongs to
entity’s new managed set of locators, a discarded event is generated and sen
of the entity’s discovery listeners. This type of discarded event may be referre
as anactive no-interest discarded event(active because the entity itself execute
an action that resulted in the discarding of one or more lookup services).

US.2.8.3 Passive Communication Discarded Event

If the utility that the entity uses to perform group (multicast) discovery determin
that one of the previously discovered lookup services has stopped sending m
cast announcements, that utility may discard the lookup service. That is, the u
may remove the lookup service from the managed set and send a discarded
to notify the entity that the lookup service is unavailable. The discarded event
in this situation is often referred to as apassive communication discarded event.

US.2.8.4 Passive No-Interest Discarded Event

If the utility that the entity uses to perform group discovery determines that
member groups of one of the previously discovered lookup services has chan
the utility may discard that lookup service. The lookup service may be discar
in this situation because the lookup service may no longer be a member of a
the groups the entity wishes to discover; that is, the lookup service is no longe
interest to the entity. In this case, the utility sends a discarded event to all o
entity’s discovery listeners. This type of discarded event may be referred to
passive no-interest discarded event(passive because the entity itself did no
explicitly request that the lookup service be discarded).
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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If a lookup service is discarded because it was found to be unreachable (a
ciated with a communication discarded event), that lookup service will be m
eligible for rediscovery. In this case, the process of discarding a lookup servic
either actively or passively—can be viewed as a mechanism for the remova
stale entries in the managed set of lookup services. Discarding such a lookup
vice removes the need for operations such as lease renewal attempts on a l
service that is currently unavailable. Upon rediscovery of the discarded loo
service, the entity typically processes the rediscovered lookup service as if it w
discovered for the first time.

Any lookup service corresponding to a no-interest discarded event is
longer eligible for discovery until one of the following occurs:

◆ The entity changes its managed set of locators or its managed set of gr
to include, either the discarded lookup service’s locator or at least one o
member groups respectively.

◆ The set of member groups of the discarded lookup service is change
include one or more of the groups the entity is currently interested in disc
ering.

US.2.8.5 Changed Event

An event related to the discarded event is referred to as achanged event. This
event notifies the entity of changes in the contents of the member groups of o
more of the lookup services in the managed set. If the entity registers intere
such an event and if the utility that the entity uses to perform group discov
determines that one or more of those member group sets has indeed change
a changed event is sent.

US.2.8.6 Remote Objects, Stubs, and Proxies

The “Jini™ Technology Glossary”defines aremote objectas an object whose
methods can be invoked from a Java virtual machine (JVM)1, potentially on a dif-
ferent host. Furthermore, the glossary states that such an object is describ
one or moreremote interfaces.

When invoking methods remotely through Java Remote Method Invoca
(RMI), it is useful to think of the invocation as consisting of two components
client component and a server component. When the client component initia

1 The terms “Java virtual machine” or “JVM” mean a virtual machine for the Java platform.
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remote method call, the server component carries out the execution of the re
method, andRMI facilitates the necessary communication between the two p
ties. Note that in discussing concepts related toRMI, the termserver(or remote
server) is sometimes used in place of the termremote object.

To initiate an invocation of a remote method, the client must have access t
object referred to as thestubof the remote object. The stub is an object local to th
client that acts as the “representative” of the remote object. The stub implem
the same set of remote interfaces that the remote object implements. From
point of view of the client, the stubis the remote object. When the client invokes
method on the local stub, communication with the remote object occurs, resu
in the execution of the corresponding method in the remote object’sJVM.

The termproxy is used extensively throughout the helper utilities and servic
specifications. With respect to remote objects in general, and entities oper
within a Jini application environment in particular, a proxy is simply an interme
ary object through which one entity (the client) may request the invocation of
methods provided by another entity (the remote object or the service).

Proxies can take a number of different forms. Asmart proxytypically consists
of a set of local methods and a set of one or more remote object references (s
Clients invoke one or more of the local methods to access the methods o
remote objects referenced in the proxy.

Another form that a proxy can take is that of the stub of a remote object. T
is, all stubs are simply proxies to their corresponding remote objects. Excep
the local methodsequals andhashCode, this type of proxy consists of remote
methods only.

Some proxies are implemented asstrictly local. Proxies of this form consist of
only local methods, each executing in the client’sJVM. Unlike smart proxies, no
remote invocations result when any method of a strictly local proxy is invoked

Typically, Jini services provide a proxy that has one of the forms descri
above. When a service registers with a lookup service, the service’s proxy is
ied (through serialization) into the lookup service. When a client looks up the
vice, the service’s proxy is downloaded to the client. The client can then inv
the methods contained in the service’s proxy. If the invoked method is a lo
method, then execution will occur in theJVM of the client. If the invoked method
is a remote method (or results in a remote invocation), then execution is initi
in the client’sJVM, but ultimately occurs in theJVM of the service.

Note that the termfront-end proxy(or simply front end) is often used inter-
changeably with the termproxy. Similarly, the termback-end server(or simply,
back end) is often used interchangeably with the termremote object.Thus, the
back end of a service is the part of the service’s implementation that satisfie
contract advertised in the service’s remote interface.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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US.2.9 Activation

The glossary definesactive objectas a remote object that is instantiated an
exported in aJVM on some system. Remote objects can be implemented with
ability to change their state from inactive to active, or from active to inactive;
process of doing so is referred to asactivationor deactivation, respectively. Many
Jini services that wish to conserve computational resources may find this cap
ity desirable. When the back end of any Jini service is implemented with the a
ity to activate and deactivate, the service is referred to as anactivatable service.
Refer to theJava™ Remote Method Invocation Specificationfor the details of
activation.
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US.3 Introduction to the Helper Utilities

US.3.1 The Discovery Utilities

THE Jini Discovery Utilities Specificationdefines a set of general-purpose uti
ity interfaces collectively referred to as the discovery management interfa
Those interfaces define the policies to apply when implementing helper utili
that manage an entity’s discovery duties. Currently, the set of discovery man
ment interfaces consists of the following three interfaces:

◆ DiscoveryManagement

◆ DiscoveryGroupManagement

◆ DiscoveryLocatorManagement

Because the discovery management interfaces provide a uniform wa
define utility classes that perform discovery-related management duties on b
of an entity, the discovery utilities specification defines a number of helper ut
classes that implement one or more of these interfaces. Those classes are:

◆ LookupDiscovery

◆ LookupLocatorDiscovery

◆ LookupDiscoveryManager

The discovery utilities specification closes with a discussion of a set of lo
level utility classes that can be useful when applying the discovery managem
policies to build higher-level helper utilities for discovery. Those classes are:

◆ Constants

◆ OutgoingMulticastRequest

◆ IncomingMulticastRequest

◆ OutgoingMulticastAnnouncement
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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◆ IncomingMulticastAnnouncement

◆ OutgoingUnicastRequest

◆ IncomingUnicastRequest

◆ OutgoingUnicastResponse

◆ IncomingUnicastResponse

US.3.1.1  TheDiscoveryManagement Interface

The DiscoveryManagement interface defines methods related to the discove
event mechanism and discovery process termination. Through this interfac
entity can register or unregisterDiscoveryListener objects to receive discovery
events, retrieve proxies to the currently discovered lookup services, disca
lookup service so that it is eligible for rediscovery, or terminate the discovery p
cess.

US.3.1.2  TheDiscoveryGroupManagement Interface

TheDiscoveryGroupManagement interface defines methods and constants rela
to the management of the set containing the names of the groups whose mem
are the lookup services that are to be discovered via group discovery. The me
of this interface define how an entity retrieves or modifies the managed se
groups to discover.

US.3.1.3  TheDiscoveryLocatorManagement Interface

The DiscoveryLocatorManagement interface defines methods related to th
management of the set ofLookupLocator objects corresponding to the specifi
lookup services that are to be discovered via locator discovery. The method
this interface define how an entity retrieves or modifies the managed set of l
tors to discover.

US.3.1.4  TheLookupDiscovery Helper Utility

TheLookupDiscovery helper utility encapsulates the functionality required of a
entity that wishes to employ multicast discovery to discover a lookup serv
located within the entity’smulticast radius. This utility provides an implementa-
tion that makes the process of acquiring lookup service instances, based o
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information other than group membership, which is much simpler for both s
vices and clients.

US.3.1.5  TheLookupLocatorDiscovery Helper Utility

The LookupLocatorDiscovery helper utility encapsulates the functionality
required of an entity that wishes to employ the unicast discovery protocol to
cover a lookup service. This utility provides an implementation that makes
process of finding specific instances of a lookup service much simpler for b
services and clients.

US.3.1.6  TheLookupDiscoveryManager Helper Utility

The LookupDiscoveryManager is a helper utility class that organizes and ma
ages all discovery-related activities on behalf of a Jini client or service. Ra
than providing its own facility for coordinating and maintaining all of the nece
sary state information related to group names, locators, and listeners, suc
entity can employ this class to provide those facilities on its behalf.

US.3.1.7  TheConstants Class

TheConstants class provides easy access to defined constants that may be u
when participating in the discovery process.

US.3.1.8  TheOutgoingMulticastRequest Utility

TheOutgoingMulticastRequest class provides facilities for marshalling multi-
cast discovery requests into a form suitable for transmission over a networ
announce one’s interest in discovering a lookup service.

US.3.1.9  TheIncomingMulticastRequest Utility

The facilities provided by theIncomingMulticastRequest class encapsulate the
details of the process of unmarshalling received multicast discovery requests
a form in which the individual parameters of the request may be easily acces
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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US.3.1.10  TheOutgoingMulticastAnnouncement Utility

TheOutgoingMulticastAnnouncement class encapsulates the details of the pr
cess of marshalling multicast discovery announcements into a form suitable
transmission over a network to announce the availability of a lookup servic
interested parties.

US.3.1.11  TheIncomingMulticastAnnouncement Utility

TheIncomingMulticastAnnouncement class encapsulates the details of the pr
cess of unmarshalling multicast discovery announcements into a form in w
the individual parameters of the announcement may be easily accessed.

US.3.1.12  TheOutgoingUnicastRequest Utility

The OutgoingUnicastRequest class encapsulates the details of the process
marshalling unicast discovery requests into a form suitable for transmission ov
network to attempt discovery of a specific lookup service.

US.3.1.13  TheIncomingUnicastRequest Utility

The IncomingUnicastRequest class encapsulates the details of the process
unmarshalling unicast discovery requests into a form in which the individ
parameters of the request may be easily accessed.

US.3.1.14  TheOutgoingUnicastResponse Utility

The OutgoingUnicastResponse class encapsulates the details of the process
marshalling a unicast discovery response into a form suitable for transmis
over a network to respond to a unicast discovery request.

US.3.1.15  TheIncomingUnicastResponse Utility

The IncomingUnicastResponse class encapsulates the details of the process
unmarshalling a unicast discovery response into a form in which the individ
parameters of the request may be easily accessed.
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US.3.2 The Lease Utilities

TheJini Lease Utilities Specificationdefines helper utility classes, along with sup
porting interfaces and supporting classes, that encapsulate functionality w
provides for the coordination, systematic renewal, and overall management
set of leases associated with some object on behalf of another object. Curr
this specification defines only one helper utility class:

◆ LeaseRenewalManager

US.3.2.1  TheLeaseRenewalManager Helper Utility

TheLeaseRenewalManager is a helper utility class that organizes and manages
of the activities related to the renewal of the leases granted to a Jini client or
vice by another Jini service. Rather than providing its own facility for coordin
ing and maintaining all of the necessary state information related to lease ren
such an entity can employ this class to provide those facilities on its behalf.

US.3.3 The Join Utilities

TheJini Join Utilities Specificationdefines helper utility classes, supporting inte
faces, and supporting classes, that encapsulate functionality related to disc
and registration interactions that a well-behaved Jini service will typically ha
with a lookup service. Currently, this specification defines only one helper uti
class:

◆ JoinManager

US.3.3.1  TheJoinManager Helper Utility

TheJoinManager is a helper utility class that performs all of the functions relate
to lookup service discovery, joining, lease renewal, and attribute managem
functions that the programming model requires of a well-behaved Jini serv
Rather than providing its own facility for providing such functions, a Jini servi
can employ this class to provide those facilities on its behalf.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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US.3.4 The Service Discovery Utilities

The Jini Service Discovery Utilities Specificationdefines helper utility classes
(with supporting interfaces and classes) that encapsulate functionality that a
Jini service or client in acquiring services of interest, registered with the vari
lookup services with which the service or client wishes to interact. Currently,
service discovery utilities specification defines only one helper utility class:

◆ ServiceDiscoveryManager

US.3.4.1  TheServiceDiscoveryManager Helper Utility

TheServiceDiscoveryManager class is a helper utility class that any entity ca
use to create and populate a cache of service references, and with which the
can register for notification of the availability of services of interest. Although t
ServiceDiscoveryManager performs lookup discovery event handling for client
and services, the primary functionality theServiceDiscoveryManager provides
is service discovery and management.

TheServiceDiscoveryManager class can be asked to “discover” services a
entity is interested in using and to cache the references to those services as e
found. The cache can be viewed as a set of services that the entity can a
through a set of public, non-remote methods. TheServiceDiscoveryManager

class also provides a mechanism for an entity to request notification when a
vice of interest is discovered for the first time or has encountered a state ch
(such as removal from all lookup services or attribute set changes).

For convenience, theServiceDiscoveryManager class also provides ver-
sions of a method namedlookup, which employs invocation semantics similar t
the semantics of thelookup method of theServiceRegistrar interface, speci-
fied in The Jini Technology Core Platform Specification, “Lookup Service”.Enti-
ties needing to find services on only an infrequent basis, or in which the cos
making a remote call is outweighed by the overhead of maintaining a local ca
(for example, because of limited resources), may find this method useful.

All three mechanisms described above—local queries on the cache, se
discovery notification, and remote lookups—employ the same template-matc
scheme as that described inThe Jini Technology Core Platform Specification
“Lookup Service”.Additionally, each mechanism allows the entity to supply a
action object referred to as afilter. Such an object is a non-remote object th
defines additional matching criteria that will be applied when searching for
entity’s services of interest. This filtering facility is particularly useful to entitie
that wish to extend the capabilities of the standard template-matching schem
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US.4 Introduction to the Helper Services

US.4.1 The Lookup Discovery Service

UNDER certain circumstances, a discovering entity may find it useful to allow
third party to perform the entity’s discovery duties. For example, an activata
entity that wishes to deactivate may wish to employ a separate helper servi
perform discovery duties on the entity’s behalf. Such an entity may wish to dea
vate for various reasons, one being to conserve computational resources. W
the entity is deactivated, the helper service, running on the same or a sep
host, would employ the discovery protocols to find lookup services in which
entity has expressed interest and would notify the entity when a previou
unavailable lookup service becomes available. Such a helper service is referr
as alookup discovery service.

TheLookupDiscoveryService interface defines the lookup discovery helpe
service. Through that interface, other Jini services and clients may request
discovery processing be performed on their behalf.

US.4.2 The Lease Renewal Service

The lease renewal service—defined by the
net.jini.lease.LeaseRenewalService interface—is a helper service that ca
be employed by both Jini clients and services to perform all lease renewal d
on their behalf. Services that wish to remain inactive until they are needed
find the lease renewal service quite useful. Such a service can request tha
lease renewal service take on the responsibility of renewing the leases grant
the service, and then safely deactivate without risking the loss of access to
resources corresponding to the leases being renewed.

Entities that have continuousaccessto a network but that cannot be continu
ously connectedto that network (for example, a cell phone), may also find th
service useful. By allowing a lease renewal service (which can be continuo
connected) to renew the leases on the resources acquired by the entity, the
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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may remain disconnected until needed. This lease renewal service remove
need to perform the discovery and lookup process each time the entity recon
to the network, potentially resulting in a significant increase in efficiency.

US.4.3 The Event Mailbox Service

Theevent mailbox servicedefined by thenet.jini.event.EventMailbox inter-
face is a helper service that can be employed by entities to store event notifica
on their behalf. When an entity registers with the event mailbox service, that
vice will collect events intended for the registered entity until the entity initiat
delivery of the events.

A service such as the event mailbox service can be particularly useful to e
ties that desire more control over the delivery of the events sent to them. S
entities operating in a distributed system may find it undesirable or inefficien
be contacted solely for the purpose of having an event delivered, preferrin
defer the delivery to a time that is more convenient, as determined by the e
itself.

For example, an entity wishing to deactivate or detach from a network m
wish to have its events stored until the entity is available to retrieve them. Ad
tionally, some entities may wish to batch process event notifications for efficie
In both scenarios, the entities described may find the event mailbox service u
in achieving their respective event delivery goals.
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US.5 Dependencies

THE helper utilities and services specifications rely on one or more of the
lowing specifications:

◆ Java™ Remote Method Invocation Specification

◆ Java™ Object Serialization Specification

◆ Jini™ Technology Glossary

◆ Jini™ Technology Core Platform Specification
◆ Section DJ “Discovery and Join”
◆ Section LE “Distributed Leasing”
◆ Section TX “Transaction”
◆ Section LU “Lookup Service”

◆ Jini Lookup Attribute Schema Specification
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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Jini Discovery Utilities
Specification

DU.1 Introduction

EACH discovering entity in a Java virtual machine (JVM)1 on a given host is
independently responsible for obtaining references to lookup services. In
specification we first cover a set ofdiscovery management interfacesthat define
the policies to apply when implementing helper utilities that manage an enti
discovery duties: in particular, the management of multicast (group) discov
and unicast (locator) discovery. After the discovery management interfaces
defined, a set of standard helper utility classes that implement one or mor
those interfaces is presented. This specification closes with a discussion of a
lower-level utility classes that can be useful when applying the discovery man
ment policies to build higher-level helper utilities for discovery.

DU.1.1 Dependencies

This specification relies on the following other specifications:

◆ Java Object Serialization Specification

◆ The Jini Technology Core Platform Specification, “Lookup Service”

◆ The Jini Technology Core Platform Specification, “Discovery and Join”

1 The terms “Java virtual machine” and “JVM” mean a virtual machine for the Java platform.
23
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DU.2 The Discovery Management Interfaces

DU.2.1 Overview

DISCOVERY is one behavior that is common to all entities wishing to intera
with a Jini lookup service. Whether an entity is a client, a service, or a service
ing as a client, the entity must first discover a lookup service, before the entity
begin interacting with that lookup service.

The interfaces collectively referred to as thediscovery managementinterfaces
specify sets of methods that define a mechanism that may be used to manage
ous aspects of the discovery duties of entities that wish to participate in an a
cation environment for Jini technology (aJini application environment). These
interfaces provide a uniform way to define utility classes that perform the ne
sary discovery-related management duties on behalf of a client or service.
rently, there are three discovery management interfaces belonging to the pac
net.jini.discovery:

◆ DiscoveryManagement

◆ DiscoveryGroupManagement

◆ DiscoveryLocatorManagement

The DiscoveryManagement interface defines semantics for methods relat
to the discovery event mechanism and discovery process termination. Thr
this interface, an entity can register or un-register for discovery events, disca
lookup service, or terminate the discovery process.

The DiscoveryGroupManagement interface defines methods related to th
management of the sets of lookup services that are to be discovered using the
ticast discovery protocols (seeThe Jini Technology Core Platform Specification
“Discovery and Join”). The methods of this interface define how an en
accesses or modifies the set of groups whose members are lookup services th
entity is interested in discovering through group discovery.

TheDiscoveryLocatorManagement interface defines methods related to th
management of the set of lookup services that are to be discovered using the
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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cast discovery protocol (as defined in theJini Discovery and Join Specification).
The methods of this interface define how an entity accesses or modifies the
tents of the set ofLookupLocator objects corresponding to the specific looku
services the entity has targeted for locator discovery.

Although each interface defines semantics for methods involved in the m
agement of the discovery process, the individual roles each interface plays in
process are independent of each other. Because of this independence, ther
be scenarios where it is desirable to implement some subset of these interfa

For example, a class may wish to implement the functionality defined
DiscoveryManagement, but may not wish to allow entities to modify the group
and locators associated with the lookup services to be discovered. Such a
may have a “hard-coded” list of the groups and locators that it internally regis
with the discovery process. For this case, the class would implement o
DiscoveryManagement.

Alternatively, another class may not wish to allow the entity to register m
than one listener with the discovery event mechanism; nor may it wish to al
the entity to terminate discovery. It may simply wish to allow the entity to mod
the sets of lookup services that will be discovered. Such a class would implem
both DiscoveryGroupManagement andDiscoveryLocatorManagement, but not
DiscoveryManagement.

A specific example of a class that implements only a subset of the set of in
faces specified here is theLookupDiscovery utility class defined later in this
specification. That class implements both theDiscoveryManagement and
DiscoveryGroupManagement interfaces, but not the
DiscoveryLocatorManagement interface.

Throughout this discussion of the discovery management interfaces,
phraseimplementation classrefers to any concrete class that implements one
more of those interfaces. The phraseimplementation objectshould be understood
to mean an instance of such an implementation class. Additionally, whenev
description refers to thediscovering entity(or simply, theentity), that phrase is
intended to be interpreted as the object (the client or service) that has creat
implementation object, and which wishes to use the public methods specifie
these interfaces and provided by that object.

DU.2.2 Other Types

The types defined in the specification of the discovery management interface
in thenet.jini.discovery package. The following additional types may also b
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referenced in unqualified form:

net.jini.core.discovery.LookupLocator

net.jini.core.lookup.ServiceRegistrar

net.jini.discovery.DiscoveryEvent

net.jini.discovery.DiscoveryListener

net.jini.discovery.DiscoveryChangeListener

net.jini.discovery.LookupDiscovery

net.jini.discovery.LookupDiscoveryManager

java.io.IOException

java.security.Permission

java.util.EventListener

java.util.EventObject

java.util.Map

DU.2.3 TheDiscoveryManagement Interface

The public methods specified by theDiscoveryManagement interface are:

package net.jini.discovery;

public interface DiscoveryManagement {

    public void addDiscoveryListener

                                 (DiscoveryListener listener);

    public void removeDiscoveryListener

                                 (DiscoveryListener listener);

    public ServiceRegistrar[] getRegistrars();

    public void discard(ServiceRegistrar proxy);

    public void terminate();

}

DU.2.3.1 The Semantics

The DiscoveryManagement interface defines methods related to the discove
event mechanism and discovery process termination. Through this interfac
entity can register or un-registerDiscoveryListener objects to receive discovery
events (instances ofDiscoveryEvent), retrieve proxies to the currently discov
ered lookup services, discard a lookup service so that it is eligible for re-disc
ery, or terminate the discovery process.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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Implementation classes of this interface may impose additional semantic
any method. For example, such a class may choose to require that rather than
ply terminate discovery processing, theterminate method additionally should
cancel all leases held by the implementation object and terminate all lease
agement being performed on behalf of the entity.

For information on any additional semantics imposed on a method of
interface, refer to the specification of the particular implementation class.

TheDiscoveryEvent,DiscoveryListener, andDiscoveryChangeListener
classes are defined later in this specification.

TheaddDiscoveryListener method adds a listener to the set of objects li
tening for discovery events. This method takes a single argument as inpu
instance ofDiscoveryListener corresponding to the listener to add to the set.

Once a listener is registered, it will be notified of all lookup services disco
ered to date, and will then be notified as new lookup services are discovere
existing lookup services are discarded.

If the added listener is also an instance ofDiscoveryChangeListener (a sub-
class ofDiscoveryListener), then in addition to receiving events related to di
covered and discarded lookup services, that listener will also be notified of gr
membership changes that occur in any of the lookup services targeted for at
group discovery.

If null is input to this method, aNullPointerException is thrown. If the
listener input to this method duplicates (using theequals method) another ele-
ment in the set of listeners, no action is taken.

Implementations of theDiscoveryManagement interface must guarantee
reentrancy with respect toDiscoveryListener objects registered through this
method. Should the instance ofDiscoveryManagement invoke a method on a reg-
istered listener (a local call), calls from that method to any method of
DiscoveryManagement instance are guaranteed not to result in a deadlock con
tion.

The removeDiscoveryListener method removes a listener from the set o
objects listening for discovery events. This method takes a single argumen
input: an instance ofDiscoveryListener corresponding to the listener to remov
from the set.

If the listener object input to this method does not exist in the set of listen
maintained by the implementation class, then this method will take no action

The getRegistrars method returns an array consisting of instances of t
ServiceRegistrar interface. Each element in the returned set is a proxy to o
of the currently discovered lookup services. Each time this method is invoke
new array is returned. If no lookup services have been discovered, an empty
is returned. This method takes no arguments as input.
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Thediscard method removes a particular lookup service from the manag
set of lookup services, and makes that lookup service eligible to be re-discove
This method takes a single argument as input: an instance of theServiceRegis-

trar interface corresponding to the proxy to the lookup service to discard.
If the proxy input to this method isnull, or if it matches (using theequals

method) none of the lookup services in the managed set, this method take
action.

Currently, there exist utilities such as theLookupDiscovery and
LookupDiscoveryManager helper utilities that will, on behalf of a discovering
entity, automatically discard a lookup service upon determining that the loo
service has become unreachable or uninteresting. Although most entities will
ically employ such a utility to help with both its discovery as well as its disca
duties, it is important to note that if the entity itself determines that the lookup s
vice is unavailable, it is the responsibility of the entity to invoke thediscard

method. This scenario usually happens when the entity attempts to interact w
lookup service, but encounters an exceptional condition (for example, a comm
cation failure). When the entity actively discards a lookup service, the discar
lookup service becomes eligible to be re-discovered. Allowing unreacha
lookup services to remain in the managed set can result in repeated and unn
sary attempts to interact with lookup services with which the entity can no lon
communicate. Thus, the mechanism provided by this method is intended to
vide a way to remove such “stale” lookup service references from the mana
set.

Invoking thediscard method defined by theDiscoveryManagement inter-
face will result in the flushing of the lookup service from the appropriate cac
ultimately causing a discard notification—referred to as adiscarded event—to be
sent to all listeners registered with the implementation object. When this me
completes successfully, the lookup service is guaranteed to have been rem
from the managed set, and the lookup service is then said to have been
carded”. No such guarantee is made with respect to when the discarded ev
sent to the registered listeners. That is, the event notifying the listeners tha
lookup service has been discarded may or may not be sent asynchronously.

The terminate method ends all discovery processing being performed
behalf of the entity. This method takes no input arguments.

After this method has been invoked, no new lookup services will be disc
ered, and the effect of any new operations performed on the current impleme
tion object are undefined.

Any additional termination semantics must be defined by the implementa
class.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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DU.2.4 TheDiscoveryGroupManagement Interface

The public methods specified by theDiscoveryGroupManagement interface are
as follows:

package net.jini.discovery;

public interface DiscoveryGroupManagement {

    public static final String[] ALL_GROUPS = null;

    public static final String[] NO_GROUPS = new String[0];

    public String[] getGroups();

    public void addGroups(String[] groups) throws IOException;

    public void setGroups(String[] groups) throws IOException;

    public void removeGroups(String[] groups);

}

DU.2.4.1 The Semantics

TheDiscoveryGroupManagement interface defines methods and constants rela
to the management of the set containing the names of the groups whose mem
are the lookup services that are to be discovered using the multicast discovery
tocols; that is, lookup services that are discovered by way of group discovery.
methods of this interface define how an entity retrieves or modifies the mana
set of groups to discover, where phrases such as “the groups to discover” or
covering the desired groups” refer to the discovery of the lookup services tha
members of those groups.

The methods that modify the managed set of groups each take a single
parameter: aString array, none of whose elements may benull. Each of these
methods throws aNullPointerException when at least one element of the inpu
array isnull.

The empty set is denoted by an empty array, and “no set” is indicated bynull.
Invoking any of these methods with an input array that contains duplicate gr
names is equivalent to performing the invocation with the duplicates remo
from the array.

The ALL_GROUPS and theNO_GROUPS constants are defined for convenienc
and represent no set and the empty set respectively.

ThegetGroups method returns an array consisting of the names of the gro
in the managed set; that is, the names of the groups the implementation obj
currently configured to discover.
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If the managed set of groups is empty, this method will return an empty ar
If there is no managed set of groups, thennull (ALL_GROUPS) is returned, indicat-
ing that any lookup service within range—even those that have no group affi
tion—are to be discovered.

If an empty array is returned, that array is guaranteed to be referentially e
to theNO_GROUPS constant; that is, the array returned from that method and
NO_GROUPS constant can be tested for equality using the == operator.

This method takes no arguments as input and, provided the managed s
groups currently exists, will return a new array upon each invocation.

The addGroups method adds a set of group names to the managed set.
array input to this method contains the group names to be added to the set.

This method throwsIOException because an invocation of this method ma
result in the re-initiation of the discovery process, which can throwIOException

when socket allocation occurs.
This method throws anUnsupportedOperationException if there is no

managed set of groups to augment, and it throws aNullPointerException if
null (ALL_GROUPS) is input. If an empty array (NO_GROUPS) is input, the managed
set of groups will not change.

The setGroups method replaces all of the group names in the managed
with names from a new set. The array input to this method contains the gr
names with which to replace the current names in the managed set.

Once a new group name has been placed in the managed set, no event w
sent to the entity’s listener for the lookup services belonging to that group
have already been discovered, although attempts to discover all (as yet) undi
ered lookup services belonging to that group will continue to be made.

If null (ALL_GROUPS) is input tosetGroups, then attempts will be made to
discover all (as yet) undiscovered lookup services located within themulticast
radius (Section DU.3, “LookupDiscovery Utility”) of the implementation object,
regardless of group membership.

If an empty array (NO_GROUPS) is input tosetGroups, then group discovery
will be halted until the managed set of groups is changed—through a subseq
call to this method or toaddGroups—to a set that is either a non-empty set o
group names ornull (ALL_GROUPS).

This method throwsIOException. This is because an invocation of thi
method may result in the re-initiation of the discovery process, a process tha
throwIOException when socket allocation occurs.

The removeGroups method deletes a set of group names from the mana
set of groups. The array input to this method contains the group names t
removed from the managed set.
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This method throws anUnsupportedOperationException if there is no
managed set of groups from which to remove elements. Ifnull (ALL_GROUPS) is
input toremoveGroups, aNullPointerException will be thrown.

If any element of the set of groups to be removed is not contained in the m
aged set,removeGroups takes no action with respect to that element. If an emp
array (NO_GROUPS) is input, the managed set of groups will not change.

Once a new group name is added to the managed set as a result of an in
tion of eitheraddGroups or setGroups, attempts will be made—using the multi
cast request protocol—to discover all (as yet) undiscovered lookup services
are members of that group. If there are no responses to the multicast reques
implementation object will stop sending multicast requests, and will simply lis
for multicast announcements containing the new groups of interest.

Any already discovered lookup service that is a member of one or more of
groups removed from the managed set as a result of an invocation of e
setGroups or removeGroups will be discarded and will no longer be eligible for
discovery, but only if that lookup service satisfies both of the following con
tions:

◆ the lookup service is not a member of any group in the new managed se
resulted from the invocation ofsetGroups or removeGroups, and

◆ the lookup service is not currently eligible for discovery through oth
means (such as locator discovery).

DU.2.5 TheDiscoveryLocatorManagement Interface

The public methods specified by theDiscoveryLocatorManagement interface are
as follows:

package net.jini.discovery;

public interface DiscoveryLocatorManagement {

    public LookupLocator[] getLocators();

    public void addLocators(LookupLocator[] locators);

    public void setLocators(LookupLocator[] locators);

    public void removeLocators(LookupLocator[] locators);

}
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DU.2.5.1 The Semantics

The DiscoveryLocatorManagement interface defines methods related to th
management of the set ofLookupLocator objects corresponding to the specifi
lookup services that are to be discovered using the unicast discovery protocol
is, lookup services that are discovered by way of locator discovery. The meth
of this interface define how an entity retrieves or modifies the managed se
locators to discover. Phrases such as “the locators to discover” and “discove
the desired locators” refer to the discovery of the lookup services that are as
ated with those locators.

The methods that modify the managed set of locators each take a single
parameter: an array ofLookupLocator objects, none of whose elements may b
null. Each of these methods throws aNullPointerException when at least one
element of the input array isnull.

Invoking any of these methods with an input array that contains duplic
locators (as determined byLookupLocator.equals) is equivalent to performing
the invocation with the duplicates removed from the array.

The getLocators method returns an array containing the set
LookupLocator objects in the managed set of locators; that is, the locators of
specific lookup services that the implementation object is currently intereste
discovering.

The returned set includes both the set of locators corresponding to lookup
vices that have already been discovered and the set of those that have not ye
discovered.

If the managed set is empty, this method returns an empty array. This me
takes no arguments as input, and returns a new array upon each invocation.

TheaddLocators method adds a set of locators to the managed set. The a
input to this method contains the set ofLookupLocator objects to add to the man-
aged set.

If null is input toaddLocators, aNullPointerException will be thrown. If
an empty array is input, the managed set of locators will not change.

ThesetLocators method replaces all of the locators in the managed set w
LookupLocator objects from a new set. The array input to this method conta
the set ofLookupLocator objects with which to replace the current locators in th
managed set.

If null is input tosetLocators, aNullPointerException will be thrown.
If an empty array is input tosetLocators, then locator discovery will be

halted until the managed set of locators is changed—through a subsequent c
this method or toaddLocators—to a set that is non-null and non-empty.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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TheremoveLocators method deletes a set of locators from the managed
The array input to this method contains the set ofLookupLocator objects to
remove from the managed set.

If null is input to removeLocators, a NullPointerException will be
thrown.

If any element of the set of locators to remove is not contained in the mana
set,removeLocators takes no action with respect to that element. If an emp
array is input, the managed set of locators will not change.

Any already discovered lookup service, corresponding to a locator that
member of the set of locators removed from the managed set as a result of an
cation of eithersetLocators or removeLocators, will be discarded and will no
longer be eligible for discovery; but only if it is not currently eligible for discov
ery through other means (such as group discovery).

DU.2.6 Supporting Interfaces and Classes

Discovery management depends on the interfacesDiscoveryListener and
DiscoveryChangeListener, and on the concrete classDiscoveryEvent.

DU.2.6.1 TheDiscoveryListener Interface

The public methods specified by theDiscoveryListener interface are as fol-
lows:

package net.jini.discovery;

public interface DiscoveryListener extends EventListener {

    public void discovered(DiscoveryEvent e);

    public void discarded(DiscoveryEvent e);

}

When an entity employs an object that implements one or more of the dis
ery management interfaces to perform and manage the entity’s discovery du
the entity often will want that object—generally referred to as adiscovery utility—
to notify the entity when a desired lookup service is either discovered or
carded. TheDiscoveryListener interface defines a mechanism through whic
an entity may receive such notifications from a discovery utility. When an en
registers interest in these notifications, an implementation of this interface mu
provided to the discovery utility being employed. Through this registered liste
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the entity may then receive instances of theDiscoveryEvent class, which encap-
sulate the required information associated with the desired notifications.

The Semantics

The events received by listeners implementing theDiscoveryListener interface
can be the result of either group discovery or locator discovery. These events
tain the discovered or discarded registrars, as well as the set of member g
corresponding to each registrar (see the specification of theDiscoveryEvent

class).
Thediscovered method is called whenever a new lookup service is disco

ered or a discarded lookup service is re-discovered.
The discarded method is called whenever a previously discovered look

service is discarded because the lookup service was determined to be e
unreachable or no longer interesting to the entity, and the discard process wa
tiated by either the entity itself (anactive discard) or the discovery utility
employed by the entity (apassive discard).

This interface makes the following concurrency guarantee. For any given
tener object that implements this interface or any sub-interface, no two meth
(either the same two methods or different methods) defined by the interface
sub-interface) can be invoked at the same time. For example, thediscovered

method must not be invoked while the invocation of another listener’sdiscarded

method is in progress.

DU.2.6.2 TheDiscoveryChangeListener Interface

TheDiscoveryChangeListener interface specifies only one public method:

package net.jini.discovery;

public interface DiscoveryChangeListener

                 extends DiscoveryListener

{

    public void changed(DiscoveryEvent e);

}

In addition to being notified when a desired lookup service is discovered
discarded, some entities may also wish to be notified when a lookup service e
riences changes in its group membership. TheDiscoveryChangeListener inter-
face defines an extension to theDiscoveryListener interface, providing a
mechanism through which an entity may receive these additional notification
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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referred to aschanged events. As with theDiscoveryListener interface, when
an entity wishes to receive changed events in addition to discovered and disca
events, an implementation of this interface must be provided to the discovery
ity being employed. It is through that registered listener that the entity receives
desired notifications encapsulated in instances of theDiscoveryEvent class.

The Semantics

When the entity receives aDiscoveryEvent object through an instance of the
DiscoveryChangeListener interface, the event contains the discovered, d
carded, or changed registrars, as well as the set of member groups correspo
to each registrar. In the case of a changed event, each set of groups referen
the event contains the new groups in which the corresponding registrar is a m
ber.

The changed method is called whenever the discovery utility encounte
changes in the set of groups in which a previously discovered lookup service
member.

It is important to note that instances of this interface are eligible to rece
changed events for only those lookup services that the entity has requested b
covered by (at least) group discovery. That is, if the entity requests thatonly loca-
tor discovery be used to discover a specific lookup service, the listener
receive no changed events for that lookup service. This is because the sem
of this interface assume that since the entity expressed no interest indiscovering
the lookup service through its group membership, it must also have no intere
anychangesin that lookup service’s group membership. Thus, if an entity wish
to receive changed events for one or more lookup services, the entity must re
that those lookup services be discovered by either group discovery alone, o
both group and locator discovery.

DU.2.6.3 TheDiscoveryEvent Class

The public methods provided by theDiscoveryEvent class are as follows:

package net.jini.discovery;

public class DiscoveryEvent extends EventObject {

    public DiscoveryEvent(Object source, Map groups) {…}

    public DiscoveryEvent(Object source,

                          ServiceRegistrar[] regs) {…}
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    public Map getGroups() {…}

    public ServiceRegistrar[] getRegistrars() {…}

}

The DiscoveryEvent class provides an encapsulation of event informati
that discovery utilities can use to notify an entity of the occurrence of an ev
involving one or moreServiceRegistrar objects (lookup services) in which the
entity has registered interest. Discovery utilities pass an instance of this cla
the entity’s discovery listener(s) when one of the following events occurs:

◆ Each lookup service referenced in the event has been discovered for the
time, or re-discovered after having been discarded.

◆ Each lookup service referenced in the event has been either actively or
sively discarded.

◆ For each lookup service referenced in the event, the set of groups in w
the lookup service is a member has changed.

TheDiscoveryEvent class is a subclass ofEventObject, adding the follow-
ing additional items of abstract state: a set ofServiceRegistrar instances (regis-
trars) referencing the affected lookup services, and a mapping from each of th
registrars to their current set of member groups. Methods are defined thro
which this additional state may be retrieved upon receipt of an instance of
class.

The Semantics

Theequals method for this class returnstrue if and only if two instances of this
class refer to the same object. That is,x andy are equal instances of this class
and only ifx == y has the valuetrue.

The constructor for this class has two forms, where both forms expect
input parameters. Each form of the constructor takes, as its first input parame
reference to the source of the event; that is, the discovery utility object that cre
the event instance and sent it to the entity’s listener(s) through the invocatio
thediscovered, discarded, or changed method on each listener. Note that ne
ther form of the constructor makes a copy of the second parameter. That is
reference input to the second parameter is shared with the invoking entity.

Depending on the constructor employed, the second parameter is one o
following:
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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◆ A Map instance in which each element of the map’s key set is aServiceReg-

istrar instance that references one of the lookup services to be assoc
with the event being constructed. Each element of the map’s value set
String array, containing the names of the groups in which the correspo
ing lookup service is a member.

◆ An array ofServiceRegistrar instances in which each element referenc
one of the lookup services to be associated with the event being constru

It is important to note that when this form of the constructor is used to c
struct aDiscoveryEvent, although the resulting event contains anon-null

registrars array, the registrars-to-groups map isnull. Therefore, discovery
utilities should no longer use this constructor to instantiate the events
send.

The getGroups method returns the mapping from each registrar referenc
by the event to the registrar’s current set of member groups. If the event
instantiated using the constructor whose second parameter is an array ofSer-

viceRegistrar instances, this method will returnnull.
The returned map’s key set is made up ofServiceRegistrar instances corre-

sponding to the lookup services for which the event was constructed and
Each element of the returned map’s value set is aString array, containing the
names of the member groups of the corresponding lookup service.

On each invocation of this method, the sameMap object is returned; that is, a
copy is not made.

The getRegistrars method returns an array ofServiceRegistrar
instances, in which each element references one of the lookup services for w
the event was constructed and sent.

On each invocation of this method, the same array is returned; that is, a
is not made.

DU.2.7 Serialized Forms

Class serialVersionUID Serialized Fields

DiscoveryEvent 5280303374696501479LServiceRegistrar[] regs
Map groups
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DU.3 LookupDiscovery Utility

I N a Jini application environment the multicast discovery protocols are often
lectively referred to as multicast discovery or group discovery. The entities
participate in the multicast discovery protocol are adiscovering entity(Jini client
or service) and a Jini lookup service, which acts as the entity that is to be dis
ered. When the discovering entity starts, it uses the multicast request protoc
announce its interest in finding lookup services within range. After a speci
amount of time, the entity stops sending multicast requests, and simply listen
multicast announcements from any lookup services within range that may
broadcasting their availability. Through either of these protocols, the discove
entity can obtain references to lookup services belonging to member grou
which the entity is interested. For the details of the multicast discovery protoc
refer to theThe Jini Technology Core Platform Specification,“Discovery and
Join”.

The LookupDiscovery helper utility in the packagenet.jini.discovery
encapsulates the functionality required of an entity that wishes to employ m
cast discovery to discover a lookup service located within the entity’smulticast
radius (roughly, the number of hops beyond which neither the multicast requ
from the entity, nor the multicast announcements from the lookup service,
propagate). This utility provides an implementation that makes the proces
acquiring lookup service instances, based on no information other than g
membership, much simpler for both services and clients.

DU.3.1 Other Types

The types defined in the specification of theLookupDiscovery utility class are in
the net.jini.discovery package. The following additional types may also b
referenced in this specification. Whenever referenced, these object types w
referenced in unqualified form:
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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net.jini.core.discovery.LookupLocator

net.jini.discovery.DiscoveryManagement

net.jini.discovery.DiscoveryGroupManagement

net.jini.discovery.DiscoveryPermission

java.io.IOException

java.io.Serializable

java.security.Permission

DU.3.2 The Interface

The public methods provided by theLookupDiscovery class are as follows:

package net.jini.discovery;

public class LookupDiscovery

                        implements DiscoveryManagement,

                                   DiscoveryGroupManagement

{

    public static final String[] ALL_GROUPS

                      = DiscoveryGroupManagement.ALL_GROUPS;

    public static final String[] NO_GROUPS

                      = DiscoveryGroupManagement.NO_GROUPS;

    public LookupDiscovery(String[] groups)

                                      throws IOException {…}

}

DU.3.3 The Semantics

The only new public method of theLookupDiscovery helper utility class is the
constructor. All other public methods implemented by this class are specifie
theDiscoveryManagement and theDiscoveryGroupManagement interfaces.

Each instance of theLookupDiscovery class must behave as if it operate
independently of all other instances.

Theequals method for this class returnstrue if and only if two instances of
this class refer to the same object. That is,x andy are equal instances of this clas
if and only ifx == y has the valuetrue.
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For convenience, this class defines the constantsALL_GROUPS andNO_GROUPS,
which represent no set and the empty set respectively. For more informatio
these constants, refer to the specification of theDiscoveryGroupManagement

interface.
The constructor of theLookupDiscovery class takes a single input paramete

a String array, none of whose elements may benull. If at least one element of
the input array isnull, aNullPointerException is thrown.

Constructing this class using an input array that contains duplicate gr
names is equivalent to constructing the class using an array with the duplic
removed.

If null (ALL_GROUPS) is input to the constructor, then attempts will be mad
to discover all lookup services located within the current multicast radius, reg
less of group membership.

Although discovery events will not be sent by this class until a listener
added through an invocation of theaddListener method, discovery processing
usually starts as soon as an instance of this class is constructed. However,
empty array (NO_GROUPS) is passed to the constructor, discovery will not b
started until theaddGroups or setGroups method is called to change the initia
empty set of groups to either a non-empty set, ornull (ALL_GROUPS).

The constructor can throw anIOException because the creation of a
LookupDiscovery object causes the initiation of the discovery process, a proc
that can throwIOException when socket allocation occurs.

DU.3.4 Supporting Interfaces and Classes

The LookupDiscovery helper utility class depends on the interface
DiscoveryManagement and DiscoveryGroupManagement, and on the concrete
classDiscoveryPermission.

DU.3.4.1 TheDiscoveryManagement Interfaces

TheLookupDiscovery class implements both theDiscoveryManagement and the
DiscoveryGroupManagement interfaces, which together define methods relat
to the coordination and management of all group discovery processing.
Section DU.2, “The Discovery Management Interfaces” for more information
those interfaces.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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DU.3.4.2 Security and Multicast Discovery: TheDiscoveryPermission
Class

When an instance of theLookupDiscovery class is constructed, the entity tha
creates the instance must be granted appropriate discovery permission. For e
ple, if the instance ofLookupDiscovery is currently configured to discover a non
empty, non-null set of groups, then the entity that created the instance must h
permission to attempt discovery of each of the groups in that set. If the se
groups to discover isnull (ALL_GROUPS), then the entity must have permission t
attempt discovery of all possible groups. If appropriate permissions are
granted, the constructor ofLookupDiscovery, as well as the methodsaddGroups
andsetGroups, will throw ajava.lang.SecurityException.

Discovery permissions are controlled in security policy files using the p
mission classDiscoveryPermission. The public methods provided by the
DiscoveryPermission class are as follows:

package net.jini.discovery;

public final class DiscoveryPermission extends Permission

                                       implements Serializable

{

    public DiscoveryPermission(String group) {…}

    public DiscoveryPermission(String group,

                               String actions) {…}

}

The DiscoveryPermission class is a subclass ofPermission, adding no
additional items of abstract state.

The Semantics

Theequals method for this class returnstrue if and only if two instances of this
class have the same group name.

The constructor for this class has two forms: one form expecting one in
parameter, the other form expecting two input parameters. Each form of the
structor takes, as its first input parameter, aString representing one or more
group names for which to allow discovery.

The second parameter of the second form of the constructor is aString value
that is currently ignored because there are no actions associated with a disc
permission.
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DiscoveryPermission Examples

A number of examples that illustrate the use of this permission are presen
Note that each example represents a line in a policy file.

permission net.jini.discovery.DiscoveryPermission "*";

Grant the entity permission to attempt discovery of all possible groups

permission net.jini.discovery.DiscoveryPermission "";

Grant the entity permission to attempt discovery of only the “public” gro

permission net.jini.discovery.DiscoveryPermission "foo";

Grant the entity permission to attempt discovery of the group named “f

permission net.jini.discovery.DiscoveryPermission "*.sun.com";

Grant the entity permission to attempt discovery of all groups whose na
end with the substring “.sun.com”

Each of the above declarations grants permission to attempt discovery of
name. A name does not necessarily correspond to a single group. That is, th
lowing should be noted:

◆ The name“*” grants permission to attempt discovery ofall possible groups.

◆ A name beginning with“*.” grants permission to attempt discovery of a
groups that match theremainderof that name; for example, the nam
"*.example.org" would match a group named"foonly.example.org"
and also a group named"sf.ca.example.org".

◆ The empty name"" denotes thepublic group.

◆ All other names are treated as individual groups and must match exact

Finally, it is important to note that a restriction of the Java platform secur
model requires that appropriateDiscoveryPermission be granted to the Jini
technology infrastructure software codebase itself, in addition to any codeb
that may use Jini technology infrastructure software classes.

DU.3.5 Serialized Forms

Class serialVersionUID Serialized Fields

DiscoveryPermission –3036978025008149170Lnone
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DU.4 TheLookupLocatorDiscovery Utility

DU.4.1 Overview

THE The Jini Technology Core Platform Specification,“Discovery and Join”,
states that the “unicast discovery protocol is a simple request-response proto
In a Jini application environment, the entities that participate in this protocol a
discovering entity (Jini client or service) and a Jini lookup service that acts as
entity to be discovered. The discovering entity sends unicast discovery reque
the lookup service, and the lookup service reacts to those requests by sendin
cast discovery responses to the interested discovering entity.

The LookupLocatorDiscovery helper utility (belonging to the package
net.jini.discovery) encapsulates the functionality required of an entity th
wishes to employ the unicast discovery protocol to discover a lookup service.
utility provides an implementation that makes the process of finding spec
instances of a lookup service much simpler for both services and clients.

Because theLookupLocatorDiscovery helper utility class will participate in
only the unicast discovery protocol, and because the unicast discovery pro
imposes no restriction on the physical location of a service or client relative
lookup service, this utility can be used to discover lookup services running
hosts that are located far from, or near to, the hosts on which the service is
ning. This lack of a restriction on location brings with it a requirement that t
discovering entity supply specific information about the desired lookup service
theLookupLocatorDiscovery utility; namely, the location of the device(s) host
ing each lookup service. This information is supplied through an instance of
LookupLocator utility, defined inThe Jini Technology Core Platform Specifica
tion, “Discovery and Join”.

It may be of value to note the difference betweenLookupLocatorDiscovery

and theLookupDiscovery helper utility for group discovery (defined earlier)
Although both are non-remote utility classes that entities can use to discov
least one lookup service, theLookupLocatorDiscovery utility is designed to pro-
vide discovery capabilities that satisfy different needs than those satisfied by
LookupDiscovery utility. These two utilities differ in the following ways:
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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◆ Whereas theLookupLocatorDiscovery utility is used to discover lookup
services by theirlocators, employing the unicast discovery protocol, th
LookupDiscovery utility uses the multicast discovery protocols to discov
lookup services by thegroups to which the lookup services belong.

◆ Whereas theLookupLocatorDiscovery utility requires that the discovering
entity supply the specific location—or address—of the desired lookup s
vice(s) in the form of aLookupLocator object, theLookupDiscovery util-
ity imposes no such restriction on the discovering entity.

◆ Whereas theLookupLocatorDiscovery utility can be used by a discovering
entity to discover lookup services that are both “near” and “far,” t
LookupDiscovery utility can be used to discover only those lookup servic
that are located within the same multicast radius as that of the discove
entity.

DU.4.2 Other Types

The types defined in the specification of theLookupLocatorDiscovery utility
class are in thenet.jini.discovery package. The following additional types
may also be referenced in this specification. Whenever referenced, these o
types will be referenced in unqualified form:

net.jini.core.discovery.LookupLocator

net.jini.discovery.DiscoveryManagement

net.jini.discovery.DiscoveryLocatorManagement

DU.4.3 The Interface

The public methods provided by theLookupLocatorDiscovery class are as fol-
lows:

package net.jini.discovery;

public class LookupLocatorDiscovery

                     implements DiscoveryManagement

                                DiscoveryLocatorManagement

{

    public LookupLocatorDiscovery

                            (LookupLocator[] locators) {…}
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    public LookupLocator[] getDiscoveredLocators() {…}

    public LookupLocator[] getUndiscoveredLocators() {…}

}

DU.4.4 The Semantics

Including the constructor, theLookupLocatorDiscovery helper utility class
defines three new public methods. All other public methods are inherited from
DiscoveryManagement andDiscoveryLocatorManagement interfaces.

Each instance of theLookupLocatorDiscovery class must behave as if it
operates independently of all other instances.

Theequals method for this class returnstrue if and only if two instances of
this class refer to the same object. That is,x andy are equal instances of this clas
if and only ifx == y has the valuetrue.

The constructor of theLookupLocatorDiscovery class takes a single input
parameter: a set of locators represented as an array ofLookupLocator objects,
none of whose elements may benull. Each element in the input set correspond
to a specific lookup service the discovering entity wishes to be discove
Although it is acceptable to inputnull, if a non-null array containing at least one
null element is input, aNullPointerException will be thrown.

Invoking the constructor with an input array that contains duplicate locat
(as determined byLookupLocator.equals) is equivalent to performing the invo-
cation with the duplicates removed from the array.

Although discovery events will not be sent by this class until a listener
added through an invocation of theaddListener method, discovery processing
usually starts as soon as an instance of this class is constructed. However, ifnull

or an empty array is passed to the constructor, discovery will not be started
theaddLocators or setLocators method is called to change the managed set
locators to a set of locators that is non-null and non-empty.

The getDiscoveredLocators method returns the set ofLookupLocator
objects representing the desired lookup services that are currently discover
the set is empty, this method will return an empty array. This method takes
arguments as input, and will return a new array upon each invocation.

The getUndiscoveredLocators method returns the set ofLookupLocator
objects representing the desired lookup services that have not yet been disco
If the set is empty, this method will return an empty array. This method takes
arguments as input, and will return a new array upon each invocation.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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DU.4.5 Supporting Interfaces

The LookupLocatorDiscovery helper utility class depends on the following
interfaces:DiscoveryManagement andDiscoveryLocatorManagement.

DU.4.5.1 TheDiscoveryManagement Interfaces

TheLookupLocatorDiscovery class implements theDiscoveryManagement and
DiscoveryLocatorManagement interfaces, which together define method
related to the coordination and management of all locator discovery proces
See Section DU.2, “The Discovery Management Interfaces” for more informa
on those interfaces.
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DU.5 TheLookupDiscoveryManager Utility

DU.5.1 Overview

ALTHOUGH the goals of any well-behaved Jini client or service are applicatio
specific, the goals of such entities with respect to their interaction with Jini loo
services generally begin with employing the Jini discovery protocols (define
The Jini Technology Core Platform Specification,“Discovery and Join”) to obtain
a reference to at least one lookup service. Because the discovery duties perfo
by such entities may require the management of significant amounts of state i
mation, those duties can become quite tedious.

The LookupDiscoveryManager is a helper utility class (belonging to the
packagenet.jini.discovery) that organizes and manages all discovery-relat
activities on behalf of a Jini client or service. Rather than providing its own fa
ity for coordinating and maintaining all of the necessary state information rela
to group names,LookupLocator objects, andDiscoveryListener objects, such
an entity can employ this class to provide those facilities on its behalf.

DU.5.2 Other Types

The types defined in the specification of theLookupDiscoveryManager utility
class are in thenet.jini.discovery package. The following additional types
may also be referenced in this specification. Whenever referenced, these o
types will be referenced in unqualified form:

net.jini.core.discovery.LookupLocator

net.jini.discovery.DiscoveryEvent

net.jini.discovery.DiscoveryListener

net.jini.discovery.DiscoveryManagement

net.jini.discovery.DiscoveryGroupManagement

net.jini.discovery.DiscoveryLocatorManagement

java.io.IOException
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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DU.5.3 The Interface

The only new public method of theLookupDiscoveryManager helper utility class
is the constructor. All other public methods implemented by this class are sp
fied in the discovery management interfaces.

package net.jini.discovery;

public class LookupDiscoveryManager

                        implements DiscoveryManagement,

                                   DiscoveryGroupManagement,

                                   DiscoveryLocatorManagement

{

    public LookupDiscoveryManager(String[] groups,

                                  LookupLocator[] locators,

                                  DiscoveryListener listener)

                                       throws IOException {…}

}

DU.5.4 The Semantics

Theequals method for this class returnstrue if and only if two instances of this
class refer to the same object. That is,x andy are equal instances of this class
and only ifx == y has the valuetrue.

The constructor for theLookupDiscoveryManager takes the following argu-
ments as input:

◆ A String array, none of whose elements may benull, in which each ele-
ment is the name of a group whose members are lookup services the e
wishes to be discovered through group discovery

◆ An array ofLookupLocator objects, none of whose elements may benull,
in which each element corresponds to a specific lookup service the e
wishes to be discovered through locator discovery

◆ A reference to an instance ofDiscoveryListener that will be notified when
a targeted lookup service is discovered, is discarded, or—under certain
ditions—has experienced a change in its group membership

The LookupDiscoveryManager will, on behalf of any entity that constructs
an instance of this utility, employ the Jini discovery protocols defined inThe Jini
Technology Core Platform Specification,“Discovery and Join” to attempt to find
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all lookup services that satisfy the criteria set forth by the contents of the first
arguments, and it will maintain and manage any lookup services that it does
cover.

If the constructor is invoked with a set of group names and a set of locator
which either or both sets contain duplicate elements (where duplicate locator
determined byLookupLocator.equals), the invocation is equivalent to con-
structing this class with no duplicates in either set.

If null (DiscoveryGroupManagement.ALL_GROUPS) is input to thegroups
argument, then attempts will be made through group discovery to discove
lookup services located within the multicast radius of the entity, regardless
group membership.

Typically, group discovery is initiated as soon as an instance of this clas
created. However, if an empty array (DiscoveryGroupManagement.NO_GROUPS) is
passed to thegroups argument of the constructor, no lookup service will be di
covered through group discovery until theaddGroups or setGroups method is
called to change the managed set of groups to either a non-empty set, ornull

(DiscoveryGroupManagement.ALL_GROUPS).
If at least one element of thegroups argument is null, a

NullPointerException is thrown.
Typically, locator discovery processing is initiated as soon as an instanc

this class is constructed. However, if an empty ornull array is input to the
locators argument, no attempt will be made to discover specific lookup servi
through locator discovery until theaddLocators or setLocators method is
called to change the managed set of locators to a set of locators that is non-null

and non-empty.
If at least one element of thelocators argument is null, a

NullPointerException is thrown.
The last argument to the constructor is a reference to a listener object tha

be registered to receive discovery event notifications. If anull reference is input
to this argument, then the entity will receive no discovery events untiladdDis-

coveryListener is invoked with a non-null instance ofDiscoveryListener.
Once a listener is registered with theLookupDiscoveryManager, it will be

notified of all lookup services discovered through either group or locator disc
ery, and will be notified whenever those lookup services are discarded. Thus,
entity wishes to receive discovered and discarded events from
LookupDiscoveryManager, it is the responsibility of the entity to provide an
implementation of theDiscoveryListener (or theDiscoveryChangeListener)
interface; an implementation that defines the actions to take upon the recei
those types of events.

If a listener registered with theLookupDiscoveryManager is also an instance
of DiscoveryChangeListener, then in addition to receiving events related to di
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS



52 THELookupDiscoveryManager UTILITY

oup
least

the

dis-

very
of

is-
d for

h

form
if a
the

s

se
h at

ntity
the

red
the
ty

ger
vice.
ntity
rror
covered and discarded lookup services, that listener will also be notified of gr
membership changes that occur in any of the lookup services targeted for at
group discovery. That is, although such listeners areeligible to receive changed
events, they will receive no changed events for lookup services for which
entity has requestedonly locator discovery.

Note that if an entity wishes to receive changed events in addition to the
covered and discarded events it receives from theLookupDiscoveryManager, the
entity must provide an implementation ofDiscoveryChangeListener that
defines the actions to take upon the receipt of any of the three possible disco
event types. That is, if the entity provides only an implementation
DiscoveryListener, the entity will receive no changed events for any of the d
covered lookup services, regardless of the discovery mechanism employe
those lookup services.

The constructor throwsIOException. This is because construction of a
LookupDiscoveryManager may initiate the multicast discovery process, whic
can throwIOException.

Once a lookup service is discovered, there is no longer any need to per
discovery processing with respect to that lookup service. This means that
lookup service becomes unreachable after it has been discovered,
LookupDiscoveryManager will not know when the lookup service become
reachable again until that lookup service is discarded.

Although the LookupDiscoveryManager will monitor the multicast
announcements for indications of unavailability, it will discard only tho
unreachable lookup services for which the entity requested discovery throug
least group discovery. That is, if theLookupDiscoveryManager determines that a
previously discovered lookup service has become unreachable, but the e
requested that it be discovered by locator discovery alone, then
LookupDiscoveryManager will not discard the lookup service.

Thus, whenever the entity itself determines that a previously discove
lookup service has become unreachable, it should not rely on
LookupDiscoveryManager to discard the lookup service. Instead, the enti
should inform theLookupDiscoveryManager—through the invocation of the
discard method—that the previously discovered lookup service is no lon
available, and that attempts should be made to re-discover that lookup ser
Typically, an entity determines that a lookup service is unavailable when the e
attempts to use the lookup service but receives an exception or e
(RemoteException, for example) as a result of the attempt.
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DU.5.5 Supporting Interfaces and Classes

The LookupDiscoveryManager helper utility class depends on the interface
DiscoveryManagement, DiscoveryGroupManagement, and
DiscoveryLocatorManagement, and on the concrete class
DiscoveryPermission.

DU.5.5.1 TheDiscoveryManagement Interfaces

TheLookupDiscoveryManager class implements theDiscoveryManagement, the
DiscoveryGroupManagement, and the DiscoveryLocatorManagement inter-
faces, which together define methods related to the coordination and manage
of all group and locator discovery processing. See Section DU.2, “The Discov
Management Interfaces” for more information on those interfaces.

DU.5.5.2 Security and Multicast Discovery: TheDiscoveryPermission
Class

As is the case for theLookupDiscovery class, when an instance of the
LookupDiscoveryManager class is constructed, the entity that creates t
instance must be granted appropriate discovery permission to perform the g
discovery duties that instance attempts to perform on behalf of the entity. If ap
priate permissions are not granted, the constructor ofLookupDiscoveryManager,
as well as the methodsaddGroups and setGroups, will throw a
java.lang.SecurityException.

Discovery permissions are controlled in security policy files using the p
mission classDiscoveryPermission. The specification of that class, as well a
useful examples related to that class, are presented in the specification o
LookupDiscovery utility (see Section DU.2, “The Discovery Management Inte
faces”).
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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DU.6 Low-Level Discovery Protocol Utilities

THE utilities presented in this section of the specification are useful when imp
menting higher-level utilities or other entities or components that will be involv
in the Jini discovery process. These utilities encapsulate functionality that a
one to exercise more control when interacting with the Jini discovery protoc
Anyone wishing to provide their own implementation of the Jini lookup service
their own implementation of the discovery utilities presented previously in t
specification, may find the utilities presented in this section useful when crea
those alternate implementations.

DU.6.1 TheConstants Class
DU.6.1.1 Overview

TheConstants class provides easy access to defined constants that may be u
when participating in the discovery process.

DU.6.1.2 Other Types

The types defined in the specification of theConstants class are in the
net.jini.discovery package. The following additional types may also be refe
enced in this specification. Whenever referenced, these object types will be r
enced in unqualified form:

java.net.InetAddress

java.net.UnknownHostException
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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DU.6.1.3 The Class Definition

The public constants defined by theConstants class are as follows:

package net.jini.discovery;

public class Constants {

    public static final short discoveryPort = 4160;

    public static final InetAddress getRequestAddress()

        throws UnknownHostException {…}

    public static final InetAddress getAnnouncementAddress()

        throws UnknownHostException {…}

}

DU.6.1.4 The Semantics

The Constants class cannot be instantiated. This class has one public varia
and two public accessor methods; each is static and final. The constant value
ciated with the variable, as well as the values returned by the methods, ma
useful in the discovery process.

The value of thediscoveryPort constant serves two purposes:

◆ TheUDP port number over which the multicast request and announcem
protocols operate

◆ TheTCPport number over which the unicast discovery protocol operates
default

The getRequestAddress method returns an instance ofInetAddress that
contains the address of the multicast group over which the multicast request p
col takes place.

ThegetAnnouncementAddress method returns an instance ofInetAddress

that contains the address of the multicast group over which the multic
announcement protocol takes place.

Note that eithergetRequestAddress or getAnnouncementAddress may
throw anUnknownHostException if called in a circumstance under which multi
cast address resolution is not permitted.
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DU.6.2 TheOutgoingMulticastRequest Utility
DU.6.2.1 Overview

TheOutgoingMulticastRequest class provides facilities for marshalling multi-
cast discovery requests into a form suitable for transmission over a network
the purposes of announcing one’s interest in discovering a lookup service.
class is useful when building components that participate in the multicast req
protocol as part of a group discovery mechanism. This utility should be view
from the perspective of an entity that wishes to transmit multicast request
order to discover a lookup service belonging to a set of groups in which the en
is interested.

DU.6.2.2 Other Types

The types defined in the specification of theOutgoingMulticastRequest utility
class are in thenet.jini.discovery package. The following additional types
may also be referenced in this specification. Whenever referenced, these o
types will be referenced in unqualified form:

net.jini.core.discovery.ServiceID

java.io.IOException

java.net.DatagramPacket

java.net.InetAddress

DU.6.2.3 The Interface

The public methods provided by theOutgoingMulticastRequest class are as
follows:

package net.jini.discovery;

public class OutgoingMulticastRequest {

    public static DatagramPacket[] marshal(int port,

                                           String[] groups,

                                           ServiceID[] heard)

            throws IOException {…}

}

A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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DU.6.2.4 The Semantics

The OutgoingMulticastRequest class cannot be instantiated. This class h
only one public method, which is static.

Themarshal method takes as input the following arguments, none of wh
may benull:

◆ The port to which respondents should connect in order to start unicast
covery

◆ A String array, none of whose elements may benull, in which each ele-
ment is the name of a group the requesting entity is interested in discove

◆ An array ofServiceID objects, none of whose elements may benull, in
which each element corresponds to a lookup service the requesting e
has already heard from

Since implementations are not required to check for duplicated elements
arguments represented as arrays must not contain such elements.

The marshal method returns an array whose elements are instances
DatagramPacket. The array returned will always contain at least one eleme
and will contain more if the request is not small enough to fit in a single pac
The array returned by this method is fully initialized; it contains a multica
request as payload and is ready to send over the network.

In the event of error, themarshal method may throw anIOException if mar-
shalling fails. In some instances the exception thrown may be a more specific
class of that exception.

DU.6.3 TheIncomingMulticastRequest Utility
DU.6.3.1 Overview

TheIncomingMulticastRequest class provides facilities that are useful when
requesting entity’s announced interest in discovering a lookup service is rece
The facilities provided by this class encapsulate the details of the proces
unmarshalling such received multicast discovery requests into a form in which
individual parameters of the request may be easily accessed. This class is u
when building components that participate in the multicast request protoco
part of a group discovery mechanism, where an entity that uses such a comp
wishes to receive multicast requests in order to be discovered through its g
membership; for example, an entity such as a lookup service.
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DU.6.3.2 Other Types

The types defined in the specification of theIncomingMulticastRequest utility
class are in thenet.jini.discovery package. The following additional types
may also be referenced in this specification. Whenever referenced, these o
types will be referenced in unqualified form:

net.jini.core.discovery.ServiceID

java.io.IOException

java.net.DatagramPacket

java.net.InetAddress

DU.6.3.3 The Interface

The public methods provided by theIncomingMulticastRequest class are as
follows:

package net.jini.discovery;

public class IncomingMulticastRequest {

    public IncomingMulticastRequest(DatagramPacket dgram)

        throws IOException {…}

    public InetAddress getAddress() {…}

    public int getPort() {…}

    public String[] getGroups() {…}

    public ServiceID[] getServiceIDs() {…}

}

DU.6.3.4 The Semantics

Including the constructor, theIncomingMulticastRequest class defines five new
public methods.

Theequals method for this class returnstrue if and only if two instances of
this class have the same address, port, groups, and service ID values.

The constructor of theIncomingMulticastRequest class takes a single input
parameter: an instance ofDatagramPacket. The payload of this parameter is
assumed to contain nothing but a marshalled discovery request.

If the marshalled request contained in the input parameter is corrupt
IOException or a ClassNotFoundException will be thrown. In some such
instances, a more specific subclass of either exception may be thrown that
give more detailed information.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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ThegetAddress method returns an instance ofInetAddress that represents
the address of the host to contact in order to start unicast discovery.

ThegetPort method returns anint value that is the port number to connec
to on the remote host in order to start unicast discovery.

ThegetGroups method returns an array consisting of the names of the gro
in which the requesting entity (the originator of this request) is interested.
array returned by this method may be of zero length, none of its elements wi
null, and elements in the returned array may or may not be duplicated. Furt
more, the set reflected in the returned array may not be complete, but other in
ing packets should contain the rest of the set.

The getServiceIDs method returns an array ofServiceID instances in
which each element of the array corresponds to a lookup service from which
requesting entity has already heard. The array returned by this method may
zero length, none of its elements will benull, and elements in the returned arra
may or may not be duplicated. Furthermore, the set returned by this method
not be complete. That is, there may be more lookup services from which
requesting entity has already heard, but the set returned by this method wil
exceed the capacity of a packet.

DU.6.4 TheOutgoingMulticastAnnouncement Utility
DU.6.4.1 Overview

TheOutgoingMulticastAnnouncement class encapsulates the details of the pr
cess of marshalling multicast discovery announcements into a form suitable
transmission over a network for the purposes of announcing the availability
lookup service to interested parties. This class is useful when building com
nents that participate in the multicast announcement protocol as part of a g
discovery mechanism. This utility should be viewed from the perspective of
entity that wishes to transmit multicast announcements in order to be discov
as a lookup service belonging to a set of groups in which other discovering ent
may be interested.

DU.6.4.2 Other Types

The types defined in the specification of theOutgoingMulticastAnnouncement

utility class are in thenet.jini.discovery package. The following additional
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types may also be referenced in this specification. Whenever referenced,
object types will be referenced in unqualified form:

net.jini.core.discovery.LookupLocator

net.jini.core.discovery.ServiceID

java.io.IOException

java.net.DatagramPacket

DU.6.4.3 The Interface

The public methods provided by theOutgoingMulticastAnnouncement class are
as follows:

package net.jini.discovery;

public class OutgoingMulticastAnnouncement {

    public static DatagramPacket[] marshal(ServiceID id,

                                           LookupLocator loc,

                                           String[]groups)

        throws IOException {…}

}

DU.6.4.4 The Semantics

The OutgoingMulticastAnnouncement class cannot be instantiated. This clas
has only one public method, which is static.

Themarshal method takes as input the following arguments, none of wh
may benull:

◆ The instance ofServiceID that corresponds to the lookup service bein
advertised

◆ The instance ofLookupLocator through which the lookup service being
advertised may be discovered through unicast discovery

◆ A non-null String array, none of whose elements may benull, in which
each element is the name of a group in which the lookup service being ad
tised is a member

The marshal method returns an array whose elements are instances
DatagramPacket, the contents of which represents a marshalled multic
announcement. The packets created by this method, as represented by th
ments of the returned array, are guaranteed to contain all of the groups in w
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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the lookup service being advertised is a member. Note that the set of gr
reflected in the returned collection of datagram packets may be distributed am
those packets.

Each element of the array returned by this method is initialized such that
ready for transmission to the appropriate multicast address and UDP port.

In the event of error, themarshal method may throw anIOException if mar-
shalling fails. In some instances, the exception thrown may be a more spe
subclass of that exception.

DU.6.5 TheIncomingMulticastAnnouncement Utility
DU.6.5.1 Overview

TheIncomingMulticastAnnouncement class encapsulates the details of the pr
cess of unmarshalling multicast discovery announcements into a form in w
the individual parameters of the announcement may be easily accessed. This
is useful when building components that participate in the multicast announ
ment protocol as part of a group discovery mechanism. This utility should
viewed from the perspective of an entity that wishes to receive multic
announcements in order to discover a lookup service belonging to a set of gr
in which the entity is interested.

DU.6.5.2 Other Types

The types defined in the specification of theIncomingMulticastAnnouncement

utility class are in thenet.jini.discovery package. The following additional
types may also be referenced in this specification. Whenever referenced,
object types will be referenced in unqualified form:

net.jini.core.discovery.LookupLocator

net.jini.core.discovery.ServiceID

java.io.IOException

java.net.DatagramPacket



JINI DISCOVERY UTILITIES SPECIFICATION, version 1.1 63

this

lled,

will

rned
ry.

ups
array

ted.
DU.6.5.3 The Interface

The public methods provided by theIncomingMulticastAnnouncement class are
as follows:

package net.jini.discovery;

public class IncomingMulticastAnnouncement {

    public IncomingMulticastAnnouncement(DatagramPacket p)

        throws IOException {…}

    public ServiceID getServiceID() {…}

    public LookupLocator getLocator() {…}

    public String[] getGroups() {…}

}

DU.6.5.4 The Semantics

Including the constructor, theIncomingMulticastAnnouncement class defines
four new public methods.

Theequals method for this class returnstrue if and only if two instances of
this class have the same service ID values.

The constructor of theIncomingMulticastAnnouncement class takes a sin-
gle input parameter: an instance ofDatagramPacket. The constructor attempts to
unmarshal the input parameter, storing the results in the various fields of
class.

If the contents of the datagram packet cannot be successfully unmarsha
either anIOException or a ClassNotFoundException is thrown. In some such
instances, a more specific subclass of either exception may be thrown that
give more detailed information.

ThegetServiceID method returns theServiceID instance corresponding to
the lookup service that sent the announcement.

ThegetLocator method returns theLookupLocator instance corresponding
to the lookup service that sent the announcement. It is through the object retu
by this method that the lookup service may be discovered via unicast discove

ThegetGroups method returns an array consisting of the names of the gro
in which the lookup service that sent the announcement is a member. The
returned by this method is nevernull, will contain nonull elements, or may be
empty. Additionally, elements in the returned array may or may not be duplica
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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DU.6.6 TheOutgoingUnicastRequest Utility
DU.6.6.1 Overview

The OutgoingUnicastRequest class encapsulates the details of the process
marshalling unicast discovery requests into a form suitable for transmission ov
network to attempt discovery of a specific lookup service. This class is us
when building components that participate in the unicast request protocol as
of either a group or a locator discovery mechanism. This utility should be view
from the perspective of an entity that wishes to transmit unicast requests in o
to discover a specific lookup service in which the entity is interested.

DU.6.6.2 Other Types

The types defined in the specification of theOutgoingUnicastRequest utility
class are in thenet.jini.discovery package. The following additional types
may also be referenced in this specification. Whenever referenced, these o
types will be referenced in unqualified form:

java.io.IOException

java.io.OutputStream

DU.6.6.3 The Interface

The public methods provided by theOutgoingUnicastRequest class are as fol-
lows:

package net.jini.discovery;

public class OutgoingUnicastRequest {

    public static void marshal(OutputStream str)

        throws IOException {…}

}

DU.6.6.4 The Semantics

The OutgoingUnicastRequest class cannot be instantiated. This class has o
one public method, which is static.

The marshal method takes only one parameter as input: an instance
OutputStream, which is the stream to which the unicast request is written. Af
the unicast request is written to the stream, the stream is flushed.
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In the event of error, themarshal method may throw anIOException if writ-
ing to the stream fails. In some instances, the exception thrown may be a m
specific subclass of that exception.

DU.6.7 TheIncomingUnicastRequest Utility
DU.6.7.1 Overview

The IncomingUnicastRequest class encapsulates the details of the process
unmarshalling unicast discovery requests into a form in which the individ
parameters of the request may be easily accessed. This class is useful when
ing components that participate in the unicast request protocol as part of eith
group or a locator discovery mechanism. This utility should be viewed from
perspective of an entity—such as a lookup service—that wishes to receive un
requests in order to be discovered through direct, unicast communication.

DU.6.7.2 Other Types

The types defined in the specification of theIncomingUnicastRequest utility
class are in thenet.jini.discovery package. The following additional types
may also be referenced in this specification. Whenever referenced, these o
types will be referenced in unqualified form:

java.io.InputStream

java.io.IOException

DU.6.7.3 The Interface

The public methods provided by theIncomingUnicastRequest class are as fol-
lows:

package net.jini.discovery;

public class IncomingUnicastRequest {

    public IncomingUnicastRequest(InputStream str)

        throws IOException {…}

}

A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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DU.6.7.4 The Semantics

The only new public method defined by theIncomingUnicastRequest class is
the constructor.

The constructor of theIncomingUnicastRequest class takes a single input
parameter: an instance ofInputStream, which is the stream from which the uni-
cast request is read.

In the event of error, anIOException may be thrown if reading from the
stream fails. In some instances, the exception thrown may be a more specific
class of that exception.

DU.6.8 TheOutgoingUnicastResponse Utility
DU.6.8.1 Overview

The OutgoingUnicastResponse class encapsulates the details of the process
marshalling a unicast discovery response into a form suitable for transmis
over a network to respond to a unicast discovery request. This class is useful
building components that participate in the unicast request protocol as pa
either a group or a locator discovery mechanism. This utility should be view
from the perspective of a entity—such as a lookup service—that wishes to tr
mit responses to unicast requests in order to be discovered through direct, un
communication.

DU.6.8.2 Other Types

The types defined in the specification of theOutgoingUnicastResponse utility
class are in thenet.jini.discovery package. The following additional types
may also be referenced in this specification. Whenever referenced, these o
types will be referenced in unqualified form:

net.jini.core.lookup.ServiceRegistrar

java.io.IOException

java.io.OutputStream
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DU.6.8.3 The Interface

The public methods provided by theOutgoingUnicastResponse class are as fol-
lows:

package net.jini.discovery;

public class OutgoingUnicastResponse {

    public static void marshal(OutputStream s,

                               ServiceRegistrar reg

                               String[] groups)

                                    throws IOException {…}

}

DU.6.8.4 The Semantics

TheOutgoingUnicastResponse class cannot be instantiated. This class has o
one public method, which is static.

Themarshal method takes as input the following arguments, none of wh
may benull:

◆ An instance ofOutputStream, which is the stream to which the unicas
response is written.

◆ An instance ofServiceRegistrar that references the proxy to the looku
service that will be marshalled and written to the stream.

◆ A non-null String array, none of whose elements may benull, in which
each element is the name of a group in which the lookup service referen
by thereg parameter is a member. Note that duplicate elements are allo
in this parameter.

Themarshal method marshals thereg parameter and writes the result to th
stream. It then writes each element of thegroups parameter to the stream. Afte
the complete unicast response is written to the stream, the stream is flushed

This method may throw anIOException if a failure occurs while marshalling
or writing to the stream. In some instances, the exception thrown may be a m
specific subclass of that exception.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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DU.6.9 TheIncomingUnicastResponse Utility
DU.6.9.1 Overview

The IncomingUnicastResponse class encapsulates the details of the process
unmarshalling a unicast discovery response into a form in which the individ
parameters of the request may be easily accessed. This class is useful when
ing components that participate in the unicast request protocol as part of eith
group or a locator discovery mechanism. This utility should be viewed from
perspective of an entity that wishes to receive unicast responses in order to
cover lookup services through direct, unicast communication.

DU.6.9.2 Other Types

The types defined in the specification of theIncomingUnicastResponse utility
class are in thenet.jini.discovery package. The following additional types
may also be referenced in this specification. Whenever referenced, these o
types will be referenced in unqualified form:

net.jini.core.lookup.ServiceRegistrar

java.io.InputStream

java.io.IOException

DU.6.9.3 The Interface

The public methods provided by theIncomingUnicastResponse class are as fol-
lows:

package net.jini.discovery;

public class IncomingUnicastResponse {

    public IncomingUnicastResponse(InputStream s)

        throws IOException, ClassNotFoundException {…}

    public ServiceRegistrar getRegistrar() {…}

    public String[] getGroups() {…}

}

DU.6.9.4 The Semantics

Including the constructor, theIncomingUnicastResponse class defines three new
methods.
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Theequals method for this class returnstrue if and only if two instances of
this class reference the same lookup service proxy (registrar).

The constructor of theIncomingUnicastResponse class takes a single input
parameter: an instance ofInputStream, which is the stream from which the con
tents of the unicast response is read.

An IOException may be thrown if reading from the stream fails. A
ClassNotFoundException may be thrown if failure occurs while unmarshalling
the proxy to the lookup service contained in the unicast response. In some
instances, a more specific subclass of either exception may be thrown that
give more detailed information.

The getRegistrar method returns an instance ofServiceRegistrar that
references the proxy to the lookup service sent in the unicast response.

ThegetGroups method returns an array consisting of the names of the gro
in which the lookup service referenced in the response is a member. The a
returned by this method is nevernull, will contain nonull elements, or may be
empty. Additionally, elements in the returned array may or may not be duplica
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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Jini Entry Utilities
Specification

EU.1 Entry Utilities

ENTRIES are designed to be used in distributed algorithms for which exa
match lookup semantics are useful. An entry is a typed set of objects, eac
which may be tested for exact match with a template. The details of entries
their semantics are discussed inThe Jini Technology Core Platform Specification
“Entry”.

When designing entries, certain tasks are commonly done in similar w
This specification defines a utility class for such common tasks.

EU.1.1 AbstractEntry

The classnet.jini.entry.AbstractEntry is a specific implementation of
Entry that provides useful implementations ofequals, hashCode, andtoString:

package net.jini.entry;

public abstract class AbstractEntry implements Entry {

    public boolean equals(Object o) {…}

    public int hashCode() {…}

    public String toString() {…}

    public static boolean equals(Entry e1, Entry e2) {…}

    public static int hashCode(Entry entry) {…}

    public static String toString(Entry entry) {…}

}

71
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e

The static methodAbstractEntry.equals returnstrue if and only if the two
entries are of the same class and for each fieldF, the two objects’ values forF are
either bothnull or the invocation ofequals on one object’s value forF with the
other object’s value forF as its parameter returnstrue. The static method
hashCode returns zeroXOR thehashCode invoked on each non-null field of the
entry. The static methodtoString returns a string that contains each field’s nam
and value. The non-static methodsequals, hashCode, and toString return a
result equivalent to invoking the corresponding static method withthis as the
first argument.

EU.1.2 Serialized Form

Class serialVersionUID Serialized Fields

AbstractEntry 5071868345060424804Lnone
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Jini Lease Utilities
Specification

LM.1 Introduction

THIS specification defines helper utility classes, along with supporting int
faces and classes, that encapsulate functionality which provides for the coor
tion, systematic renewal, and overall management of a set of leases asso
with some object on behalf of another object. Currently, this specification defi
only one helper utility class:

◆ TheLeaseRenewalManager helper utility
73
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LM.2 The LeaseRenewalManager

THE LeaseRenewalManager class (belonging to the packagenet.jini.lease)
encapsulates functionality that provides for the systematic renewal and ov
management of a set of leases associated with one or more remote entiti
behalf of a local entity.

The concept of leased resources is fundamental to the Jini technology
gramming model. Providing a leasing mechanism helps to prevent the accum
tion of outdated and unwanted resources in time-based distributed systems,
as the Jini technology infrastructure. The leasing model for Jini network tech
ogy (Jini technology), defined inThe Jini Technology Core Platform Specifica
tion, “Leasing and Distributed Systems”, requires renewed proof of interest to
continue the existence of a leased resource. Thus, any Jini technology-enable
ent (Jini client) or Jini technology-enabled service (Jini service) that requests
use of the leased resources provided by another Jini service may be granted a
to those resources for a negotiated period of time, and must continue to req
renewal of the lease on each resource for as long as the client or service wish
have access to the resource.

For example, the Jini lookup service leases two resources: residency i
database and registration with its event notification mechanism. Thus, if a se
that is registered with a Jini lookup service wishes to continue its reside
beyond the length of the current lease, the service must request a lease re
from that lookup service. This renewal process must be repeated for as long a
service wishes to maintain its residency in the lookup service. Similarly, if a cli
has requested that a lookup service notify it of events of interest, then prior to
expiration of the lease on the event registration, the client must request tha
lookup service continue to send such events. As with residency in the lookup
vice, these renewal requests must be repeated for as long as the client wish
receive event notifications.

Another example of a Jini service providing leased resources would be a
vice that implementsThe Jini Technology Core Platform Specification,“Transac-
tion” to manage transactions on behalf of registered participants. T
specification requires that a transaction must be a leased resource. Therefor
entity that creates such a transaction object is required to negotiate (with an e
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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referred to as atransaction manager) a lease on that object, repeatedly requesti
lease renewals prior to the lease’s expiration, for as long as the transaction
remain in effect.

TheLeaseRenewalManager class is designed to be a simple mechanism th
provides for the systematic renewal and overall management of leases grant
resources that are provided by Jini services and for which a Jini client or ser
has registered interest. TheLeaseRenewalManager is a utility class, not a remote
service. In order to use this utility, an entity must create, in its own address sp
an instance of theLeaseRenewalManager to manage the entity’s leases locally.

LM.2.1 Other Types

The types defined in the specification of theLeaseRenewalManager utility class
are in thenet.jini.lease package. The following types may be referenced
this specification. Whenever referenced, these types will be referenced in unq
fied form:

net.jini.core.lease.Lease

net.jini.core.lease.UnknownLeaseException

net.jini.core.lease.LeaseDeniedException

java.rmi.RemoteException

java.rmi.NoSuchObjectException

java.util.EventObject

java.util.EventListener
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LM.3 The Interface

THE public methods provided by theLeaseRenewalManager class are:

package net.jini.lease;

public class LeaseRenewalManager

{

    public LeaseRenewalManager() {…}

    public LeaseRenewalManager(Lease lease,

                               long desiredExpiration,

                               LeaseListener listener) {…}

    public void renewUntil(Lease lease,

                           long desiredExpiration,

                           long renewDuration,

                           LeaseListener listener) {…}

    public void renewUntil(Lease lease,

                           long desiredExpiration,

                           LeaseListener listener) {…}

    public void renewFor(Lease lease,

                         long desiredDuration,

                         long renewDuration,

                         LeaseListener listener) {…}

    public void renewFor(Lease lease,

                         long desiredDuration,

                         LeaseListener listener) {…}

    public long getExpiration(Lease lease)

        throws UnknownLeaseException {…}

    public void setExpiration(Lease lease,

                              long  desiredExpiration)

        throws UnknownLeaseException {…}

    public void remove(Lease lease)

        throws UnknownLeaseException {…}

    public void cancel(Lease lease)
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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        throws UnknownLeaseException, RemoteException {…}

    public void clear() {…}

}
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LM.4 The Semantics

THE term client is used in this specification to refer to the local entity that
using theLeaseRenewalManager to manage a collection of leases on its beha
This collection is referred to as themanaged set.

TheLeaseRenewalManager distinguishes between two time values associat
with lease expiration: thedesired expirationtime for the lease and theactual expi-
ration time granted when the lease is created or last renewed. The desired ex
tion represents when the client would like the lease to expire. The ac
expiration represents when the lease is going to expire if it is not renewed. B
time values are absolute times, not relative time durations. The desired expir
time can be retrieved using the renewal manager’sgetExpiration method, which
is described below. The actual expiration time of a lease object can be retrieve
invoking thegetExpiration method directly on the lease (see theLease inter-
face defined inThe Jini Technology Core Platform Specification, “Distribute
Leasing”).

Each lease in the managed set also has two other associated attribu
renewal durationand aremaining desired duration. The remaining desired dura-
tion is always the desired expiration less the current time. The renewal duratio
usually a positive number and is the new duration that will be requested when
renewal manager renews the lease, unless the renewal duration is greater th
remaining desired duration. If the renewal duration is greater than the remai
desired duration, then the remaining desired duration will be requested w
renewing the lease. One exception is that when the desired expiratio
Lease.FOREVER, the renewal duration may beLease.ANY, in which case
Lease.ANY will be requested when renewing the client lease, regardless of
value of the remaining desired duration.

For example, if the renewal duration associated with a given lease is 360
milliseconds, then when the renewal manager renews the lease, it will ask
new duration of 360,000 milliseconds—unless the lease is going to reach
desired expiration in less than 360,000 milliseconds. If the lease’s desired ex
tion is within 360,000 milliseconds, the renewal manager will ask for the diff
ence between the current time and the desired expiration. If the renewal dur
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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had beenLease.ANY, the renewal manager would have asked for a new duration
Lease.ANY.

The termdefinite exceptionis used to refer to exceptions that result from ope
ations on a lease (such as a renewal attempt) that are indicative of a perm
failure of the lease. For the purposes of this document, all bad object except
bad invocation exceptions, andLeaseExceptions are considered to be definite
exceptions (seeIntroduction to Helper Utilities and Services, Section US.2.6,
“What Exceptions Imply about Future Behavior”).

The LeaseRenewalManager generates two kinds of local events. The fir
kind is arenewal failure eventthat is generated when the renewal manager fin
that it can’t renew a lease. The second kind is adesired expiration reached event
which is generated when a lease’s desired expiration is reached. Each even
nals that the renewal manager has removed a lease from the managed set w
an explicit request by the client. When placing a lease in the managed set, th
ent can provide either aLeaseListener object that will receive any renewal fail-
ure events associated with the lease, or aDesiredExpirationListener (a
subinterface ofLeaseListener) object that will receive both renewal failure and
desired expiration reached events associated with the lease. Both kinds of
are represented byLeaseRenewalEvent objects.

The LeaseRenewalManager makes a concurrency guarantee. When t
LeaseRenewalManager makes a remote call (for example, when requesting t
renewal of a lease), any invocations made on the methods of
LeaseRenewalManager will not be blocked. Because of these concurrency gu
antees, it is not possible for the various methods that remove leases from the
aged set (for example,remove, cancel, andclear) to guarantee that the renewa
manager will not attempt to renew leases that have just been removed. Simila
is not possible for the methods that change the desired expiration or renewal
tion associated with a lease (for example,renewUntil, renewFor, and
setExpiration) to guarantee that the next renewal of the lease will reques
duration that is consistent with the new desired expiration and/or renewal dura
(it will be consistent with either the old pair or the new pair). However, impleme
tations should keep the window where such renewals could occur as small as
sible.

The LeaseRenewalManager makes a similar reentrancy guarantee wi
respect toLeaseListener andDesiredExpirationListener objects registered
with the LeaseRenewalManager. Should theLeaseRenewalManager invoke a
method on a registered listener (a local call), calls from that method to any me
of the LeaseRenewalManager are guaranteed not to result in a deadlock cond
tion. One implication of this guarantee is that the delivery of events is async
nous with respect to any call (or sequence of calls) made on the renewal man
after the event occurs; this allows events to be delivered after they have been
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moot by intervening calls on the renewal manager. For example, the renewal m
ager may deliver events regarding leases that were removed from the manag
after the calls that removed the leases in question completed. Implementa
should keep the window where such notifications could occur as small as poss

Theequals method for this class returnstrue if and only if two instances of
this class refer to the same object. That is,x andy are equal instances of this clas
if and only ifx == y has the valuetrue.

The constructor has two forms:

◆ The first form of the constructor takes no arguments. This form of the c
structor instantiates aLeaseRenewalManager object that initially manages
no leases.

◆ The second form of the constructor creates aLeaseRenewalManager that
initially manages a single lease. This form of the constructor requires th
reference to the initial lease be supplied as an argument. This form of
constructor also takes adesiredExpiration argument that represents th
desired expiration time for the lease and a reference to aLeaseListener

object that should receive notifications of events associated with the le

Creating aLeaseRenewalManager using the second form of the constructor i
equivalent to invoking the no-argument constructor followed by an invocation
the three-argument form of therenewUntil method (described later).

TherenewUntil method adds a lease to the set of leases being manage
the LeaseRenewalManager. There are two versions of this method: a four-arg
ment form that allows the client to specify the renewal duration directly, an
three-argument form that infers the renewal duration from the desired expira
argument. The four-argument form will be described first.

This method takes as arguments: a reference to the lease to manag
desired expiration time of the lease, the renewal duration time for the lease, a
reference to theLeaseListener object that will receive notification of events
associated with this lease. TheLeaseListener argument may benull.

If null is passed as thelease parameter, aNullPointerException will be
thrown. If the desiredExpiration parameter is Lease.FOREVER, the
renewDuration parameter may beLease.ANY or any positive value; otherwise,
the renewDuration parameter must be a positive value. If therenewDuration
parameter does not meet these requirements, anIllegalArgumentException

will be thrown.
If the lease passed to this method is already in the set of managed lease

listener object, the desired expiration, and the renewal duration associated
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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that lease will be replaced with the new listener, desired expiration, and ren
duration.

A lease will remain in the set of managed leases until one of the follow
occurs:

◆ The lease’s desired expiration time is reached; this will generate a des
expiration reached event.

◆ An explicit removal of the lease from the set is requested via acancel,
clear, orremove call on the renewal manager.

◆ The lease’s actual expiration time is reached before its desired expira
this will generate a renewal failure event.

◆ The renewal manager tries to renew the lease and gets a definite excep
this will generate a renewal failure event.

The renewUntil method interprets the value of thedesiredExpiration
parameter as thedesiredabsolute system time after which the lease is no long
valid. This argument provides the ability to indicate an expiration time th
extends beyond the actual expiration of the lease. If the value passed for this
ment does indeed extend beyond the lease’s actual expiration time, then the
will be systematically renewed at appropriate times until one of the conditi
listed above occurs. If the value is less than or equal to the actual expiration t
nothing will be done to modify the time when the lease actually expires. Tha
the lease willnot be renewed with an expiration time that is less than the act
expiration time of the lease at the time of the call.

TherenewDuration parameter is interpreted as the renewal duration, in mi
seconds, to associate with the lease.

If a non-null object reference is passed in as theLeaseListener parameter,
this object will receive notification of exceptional conditions occurring upon
renewal attempt of the lease. In particular, exceptional conditions include
reception of a definite exception or the lease’s actual expiration being reac
before its desired expiration. If the listener implements the interfa
DesiredExpirationListener it will also receive notification if the lease’s
desired expiration is reached while the lease is still in the set.

If a definite exception occurs during a lease renewal request, the excep
will be wrapped in an instance of theLeaseRenewalEvent class (described later)
and sent to the listener’snotify method.

If an indefinite exception (seeIntroduction to Helper Utilities and Services,
Section US.2.6, “What Exceptions Imply about Future Behavior”) occurs durin
renewal request for a particular lease, renewal requests will continue to be m
for that lease until: the lease is renewed successfully, a renewal attempt result
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definite exception, or the lease’s actual expiration time has been exceeded.
lease cannot be successfully renewed before its actual expiration is reache
exception associated with the most recent renewal attempt will be wrapped i
instance of theLeaseRenewalEvent class and sent to the listener’s notify

method.
If the lease’s actual expiration is reached before the lease’s desired expir

time and either (1) the last renewal attempt succeeded or (2) there have be
renewal attempts, aLeaseRenewalEvent containinga null exception will be sent
to the listener’snotify method. Case 1 can occur if the extension granted by
last renewal was very short. Case 2 can occur if the client adds a lease tha
already expired (or is about to) to the managed set of leases.

If null is passed as the value of theLeaseListener parameter, then no noti-
fications will be delivered.

Calling the three-argument form ofrenewUntil with a desiredExpiration

of Lease.ANY is equivalent to making the following call:

     renewUntil(lease, Lease.FOREVER, Lease.ANY, listener);

Otherwise, the three-argument form is equivalent to:

    renewUntil(lease, desiredExpiration, Lease.FOREVER,

                 listener);

Usage Note:Unless an application has a good reason for doing otherwise, it should
useLease.ANY or Lease.FOREVER for the renewal duration of a given lease.
Using these values gives the grantor of the lease the most flexibility in the length of
time for which it grants renewals. In most cases, the grantor of a lease is in a better
position than the lease holder to make trade-offs between renewal frequency and the
risk of holding on to resources longer than necessary. Specifying a value for the
renewal duration of a lease might make sense if the holder of the lease has more
information on the value of the leased resource than the grantor, or if the holder needs
to ensure that there is an upper bound on how long the lease will remain valid.

TherenewFor method adds a lease to the set of leases being managed b
LeaseRenewalManager. Like renewUntil this method has both three- and four
argument forms. The four-argument form of this method takes as parame
lease, a reference to the lease to manage;desiredDuration, along represent-
ing the desired duration oflease; renewDuration, a long representing the
renewal duration; andlistener, a reference to aLeaseListener object that will
receive notifications of events associated with this lease. BothdesiredDuration

andrenewDuration are expressed in milliseconds.
The semantics of the four-argument form ofrenewFor are similar to those of

the four-argument form ofrenewUntil, with desiredDuration + current time
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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being used for the value of thedesiredExpiration parameter ofrenewUntil.
The only exception is that, in the context ofrenewFor, the value of the
renewDuration parameter may beLease.ANY only if the value of the
desiredDuration parameter isexactlyLease.FOREVER.

This method tests for arithmetic overflow in the desired expiration time co
puted from the value ofdesiredDuration parameter (desiredDuration + cur-
rent time). Should such overflow be present, a value ofLease.FOREVER is used to
represent the lease’s desired expiration time.

The three-argument form of this method is equivalent to the following call

     renewFor(lease, desiredDuration, Lease.FOREVER,

              listener);

Note that for both versions ofrenewFor, a value ofLease.ANY for the
desiredDuration parameter does not have any special semantics associated
it. Calling either version ofrenewFor with a desiredDuration of Lease.ANY
will result in the lease having a desired expiration one millisecond in the p
causing the lease to be immediately dropped from the managed set. The m
will not throw an exception in this circumstance. A renewal failure event will
generated if the actual expiration is before the desired expiration; otherwi
desired expiration reached event will be generated.

The getExpiration method returns the currentdesired expiration time
requested for a particular lease, not the actual expiration that was granted
the lease was created or last renewed. The only argument to this method is th
erence to the lease object. If the lease is not in the set of managed lease
UnknownLeaseException will be thrown.

ThesetExpiration method replaces the current desired expiration of a giv
lease contained in the set of managed leases with a new desired expiration
The only arguments to this method are the reference to the lease object an
new expiration time.

An invocation of this method with a lease that is currently a member of
managed set is equivalent to an invocation of therenewUntil method with the
lease’s current listener input to thelistener parameter. In particular, if the value
of the expiration parameter is less than or equal to the lease’s current ac
expiration, this method takes no action.

An invocation of this method with a lease that is not in the set of manag
leases will result in anUnknownLeaseException.

The remove method removes a given lease from the set of managed lea
The only argument to this method is the reference to the lease object. If the l
is not in the set of managed leases, anUnknownLeaseException will be thrown.

Note that this method does not cancel the given lease; activities such as
cancellation are left the for the client to manage.



JINI LEASE UTILITIES SPECIFICATION, version 1.1 85

ged
refer-
s, an

the
at is,
n

does
s.
The cancel method both removes a given lease from the set of mana
leases and cancels the given lease. The only argument to this method is the
ence to the lease object. If the lease is not in the set of managed lease
UnknownLeaseException will be thrown.

Any exception (definite or otherwise) occurring during the cancellation of
lease will have no effect on the removal of the lease from the managed set. Th
even if an exception occurs during thecancel operation, the lease will have bee
removed from the managed set upon return from this method.

Any exception thrown by thecancel method of the lease object itself may
also be thrown by this method.

Theclear method removes all leases from the set of managed leases. It
not request the cancellation of those leases. This method takes no argument
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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LM.5 Supporting Interfaces and Classes

THE LeaseRenewalManager utility class depends on the interface
LeaseListener andDesiredExpirationListener. Both of these interfaces ref-
erence one class,LeaseRenewalEvent.

LM.5.1 The LeaseListener Interface

The public methods specified by theLeaseListener interface are as follows:

package net.jini.lease;

public interface LeaseListener extends EventListener

{

    void notify(LeaseRenewalEvent e);

}

TheLeaseListener interface defines the mechanism through which the c
ent receives notification of renewal failure events generated by the renewal m
ager. These events are delivered using thenotify method. Renewal failure events
are generated when theLeaseRenewalManager has failed to renew one of the
leases that it is managing. Such renewal failures typically occur because on
the following conditions is met:

◆ After successfully renewing a lease any number of times and experien
no failures, theLeaseRenewalManager determines—prior to the next
renewal attempt—that the actual expiration time of the lease has pas
implying that any further attempt to renew the lease would be fruitless.

◆ An indefinite exception occurs during each attempt to renew a lease from
point that the first such exception occurs until the point when t
LeaseRenewalManager determines that lease’s actual expiration time h
passed.

◆ A definite exception occurs during a lease renewal attempt.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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It is the responsibility of the client to pass into theLeaseRenewalManager a
reference to an object that implements theLeaseListener interface, which
defines the actions to take upon receipt of a renewal failure event notifica
When one of the above conditions occurs, theLeaseRenewalManager will send
an instance ofLeaseRenewalEvent to that listener object.

LM.5.1.1 The Semantics

The notify method is invoked by theLeaseRenewalManager when it fails to
renew a lease because one of the conditions described above has occurred
method takes one parameter, an instance of theLeaseRenewalEvent class, which
contains information about the lease on which the failed renewal attempt
made and information on what caused the failure.

Note that prior to invoking thenotify method, theLeaseRenewalManager
removes the lease that could not be renewed from the managed set of leases
also that because of the reentrancy guarantee made by
LeaseRenewalManager, new leases can be added safely from within thenotify

method.

LM.5.2 The DesiredExpirationListener Interface

The public methods specified by theDesiredExpirationListener interface
are as follows:

package net.jini.lease;

public interface DesiredExpirationListener

    extends LeaseListener

{

    void expirationReached(LeaseRenewalEvent e);

}

TheexpirationReached method receives desired expiration reached even
These are generated when theLeaseRenewalManager removes a lease from the
managed set because the lease’s desired expiration has been reached. No
any object that has been registered to receive desired expiration reached e
will also receive renewal failure events.

It is the responsibility of the client to pass into theLeaseRenewalManager a
reference to an object that implements theDesiredExpirationListener inter-
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face, which defines the actions to take upon receipt of a desired expiration rea
event notification.

LM.5.2.1 The Semantics

The expirationReached method is invoked by theLeaseRenewalManager
when a lease in the managed set reaches its desired expiration. This method
one parameter: an instance of theLeaseRenewalEvent class, which contains
information about the lease who’s desired expiration has been reached.

Note that prior to invoking the expirationReached method, the
LeaseRenewalManager removes the affected lease from the managed set
leases. Note also that because of the reentrancy guarantee made b
LeaseRenewalManager, callbacks into the renewal manager can be made sa
from within theexpirationReached method.

LM.5.3 The LeaseRenewalEvent Class

This class defines the local event that is sent by theLeaseRenewalManager to the
client’s registered listener when theLeaseRenewalManager generates a renewa
failure event or desired expiration reached event. As previously stated, a ren
failure event typically occurs because the actual expiration time of a lease
been reached before a successful renewal request could be made, or a re
request resulted in a definite exception. A desired expiration reached event o
when a lease reaches its desired expiration time at or before its actual expira
TheLeaseRenewalEvent class encapsulates information about the lease on wh
such an event occurs and, if it is a renewal failure, the cause.

package net.jini.lease;

public class LeaseRenewalEvent extends EventObject

{

    public LeaseRenewalEvent(LeaseRenewalManager source,

                             Lease lease,

                             long expiration,

                             Throwable ex) {…}

    public Lease getLease() {…}

    public long getExpiration() {…}

    public Throwable getException() {…}

}
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TheLeaseRenewalEvent class is a subclass of theEventObject class, add-
ing the following additional items of abstract state: a reference to the associ
Lease object; along value representing the desired expiration of the lease; a
the exception (if any) that caused the event to be sent. In addition to the met
of the EventObject class, this class defines methods through which this ad
tional state may be retrieved.

LM.5.3.1 The Semantics

The constructor of theLeaseRenewalEvent class takes the following parameter
as input:

◆ A reference to the instance of theLeaseRenewalManager that generated the
event

◆ The lease associated with this event

◆ The desired expiration time of the lease

◆ TheThrowable associated with the last renewal attempt (if any)

ThegetLease method returns a reference to theLease object associated with
the event. This method takes no arguments.

The getExpiration method returns along value representing the desired
expiration of theLease object associated with the event. This method takes
arguments.

The getException method returns the exception, if any, that is associat
with the event. This method takes no arguments. If theLeaseRenewalEvent rep-
resents a desired expiration reached event this method will returnnull.

If the LeaseRenewalEvent represents a renewal failure event th
getException method will return the exception that caused the event to be s
The conditions under which a renewal failure event may be sent, and the re
values returned by this method, are as follows:

◆ When any lease in the managed set has passed its actual expiration time
either the most recent renewal attempt was successful or there have be
renewal attempts, theLeaseRenewalManager will cease any further
attempts to renew the lease, and will send aLeaseRenewalEvent with no
associated exception. In this case, invoking this method will returnnull.

◆ For any lease from the managed set for which the most recent rene
attempt was unsuccessful because of the occurrence of a indefinite ex
tion, the LeaseRenewalManager will continue to attempt to renew the
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affected lease at the appropriate times until: the renewal succeeds, the le
actual expiration time has passed, or a renewal attempt throws a defi
exception. If a definite exception is thrown or the lease expires,
LeaseRenewalManager will cease any further attempts to renew the leas
and will send aLeaseRenewalEvent containing the exception associate
with the last renewal attempt.

◆ If, while attempting to renew a lease from the managed set, a definite ex
tion is encountered, theLeaseRenewalManager will cease any further
attempts to renew the lease, and will send aLeaseRenewalEvent containing
the particular exception that occurred.

LM.5.4 Serialized Forms

Class serialVersionUID Serialized Fields

LeaseRenewalEvent -626399341646348302LLease lease
long expiration

Throwable ex
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Jini Join Utilities
Specification

JU.1 Introduction

THIS specification defines helper utility classes, along with supporting int
faces and classes, that encapsulate functionality that can help Jini services de
strate good behavior in their discovery and registration related interactions
Jini lookup services. In particular, the Jini join utilities perform functions relat
to lookup service discovery and registration (joining), as well as lease renewa
attribute management, which the Jini technology programming model require
a well-behaved Jini technology-enabled service. Currently, this specifica
defines only one helper utility class:

◆ TheJoinManager helper utility
93
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JU.2 TheJoinManager

THE goal of any well-behaved Jini technology-enabled service (Jini servic
implemented within the bounds defined by the Jini technology programm
model, is to advertise the service it provides by requesting residency withi
least one Jini lookup service. Making such a request of a Jini lookup servic
known as registering with, orjoining, a lookup service. To demonstrate this goo
behavior, a service must comply with both the multicast discovery protocol
the unicast discovery protocol to discover the lookup services it is intereste
joining. The service must also comply with the join protocol to register with t
desired lookup services. The details of the discovery and join protocols
described in, The Jini Technology Core Platform Specification,“Discovery and
Join”.

For the service to maintain its residency in the lookup services it has join
the service must provide for the coordination, systematic renewal, and ov
management of all leases on that residency. In addition to handling all disco
and join duties, as well as managing all leases on lookup residency, the se
must provide for the coordination and management of any attribute sets
which it may have registered.

With respect to the duties described above, a Jini service may perform al
the attribute set management duties by using the helper utility clas
LookupDiscoveryManager and LeaseRenewalManager. (For information on
these classes, refer toThe Jini Technology Core Platform Specification,“Discov-
ery and Join” andJini Lease Renewal Service Specification).

Rather than writing a service to use these classes in a coordinated fashio
addition to providing for attribute management), the service may be written
employ theJoinManager class from thenet.jini.lookup package. This utility
class performs all of the functions related to discovery, joining, service le
renewal, and attribute management that the Jini technology programming m
requires of a well-behaved Jini service. Each of these activities is intima
involved with the maintenance of a service’s residency in one or more lookup
vices (the service’sjoin state), hence the nameJoinManager.

The JoinManager class provides an implementation of the functionali
described above. The use of this class in a wide variety of services can help m
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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mize the work resulting from having to repeatedly implement this required fu
tionality in each service.

The JoinManager is a utility class, not a remote service. Jini services th
wish to use this utility will create an instance of theJoinManager in the service’s
address space to manage the entity’s join state locally.

Note that when the termserviceis used, it refers to the object that has creat
an instance of theJoinManager and avails itself of the public methods of that util
ity class.

JU.2.1 Other Types

The types defined in the specification of theJoinManager utility class are in the
net.jini.lookup package. The following types may be referenced in this cha
ter. Whenever referenced, these object types will be referenced in unqua
form:

net.jini.core.lease.Lease

net.jini.core.entry.Entry

net.jini.core.lookup.ServiceID

net.jini.core.lookup.ServiceRegistrar

net.jini.core.lookup.ServiceRegistration

net.jini.discovery.DiscoveryListener

net.jini.discovery.DiscoveryManagement

net.jini.lookup.entry.ServiceControlled

net.jini.lease.LeaseRenewalManager

net.jini.discovery.LookupLocatorDiscovery

net.jini.discovery.LookupDiscoveryManager

java.io.IOException

java.rmi.MarshalledObject

java.util.EventListener
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JU.3 The Interface

THE public methods provided by theJoinManager class are as follows:

package net.jini.lookup;

public class JoinManager {

    public JoinManager(Object obj,

                       Entry[] attrSets,

                       ServiceIDListener callback,

                       DiscoveryManagement discoveryMgr,

                       LeaseRenewalManager leaseMgr)

                                     throws IOException {…}

    public JoinManager(Object obj,

                       Entry[] attrSets,

                       ServiceID serviceID,

                       DiscoveryManagement discoveryMgr,

                       LeaseRenewalManager leaseMgr)

                                     throws IOException {…}

    public DiscoveryManagement getDiscoveryManager() {…}

    public LeaseRenewalManager getLeaseRenewalManager() {…}

    public ServiceRegistrar[]  getJoinSet() {…}

    public Entry[] getAttributes(){…}

    public void addAttributes(Entry[] attrSets) {…}

    public void addAttributes(Entry[] attrSets,

                              boolean checkSC) {…}

    public void setAttributes(Entry[] attrSets) {…}

    public void modifyAttributes(Entry[] attrSetTemplates,

                                 Entry[] attrSets) {…}

    public void modifyAttributes(Entry[] attrSetTemplates,

                                 Entry[] attrSets,
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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                                 boolean checkSC) {…}

    public void terminate() {…}

}
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JU.4 The Semantics

THE JoinManager helper utility class defines a number of public methods
addition to the constructor. This utility defines an accessor method that allows
entity to retrieve the set of lookup services with which the entity has been re
tered (by theJoinManager), as well as methods that allow the entity to retriev
references to the objects theJoinManager uses for discovery management an
lease renewal management. Additionally, theJoinManager class defines methods
the entity may use to manage the attributes associated with the entity, a
method that allows the entity to terminate the join processing being performe
its behalf.

Theequals method for theJoinManager class returnstrue if and only if two
instances of this class refer to the same object. That is,x andy are equal instances
of this class if and only ifx == y has the valuetrue.

The constructor of theJoinManager class has two forms. Each form of the
constructor throwsIOException because construction of aJoinManager may ini-
tiate the multicast discovery process, which can throwIOException.

The first form of the constructor takes the following parameters as input:

◆ A reference to the service requesting the services of theJoinManager

◆ An array containing the service’s attributes

◆ A reference to an object that implements theServiceIDListener interface
(belonging to the packagenet.jini.lookup)

◆ A reference to an object that implements theDiscoveryManagement inter-
face

◆ An instance of theLeaseRenewalManager utility class

Passingnull as the value of theattrSets parameter is equivalent to passing a
emptyEntry array.

The assignment of a service ID to the service will result in an event notifi
tion being sent to the listener object that was passed as theServiceIDListener
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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argument (callback). If a null value is passed in through this argument, then
such notification will be sent.

To use theJoinManager, the service supplies an object through which noti
cations that indicate a lookup service has been discovered or discarded w
received. At a minimum, this object must satisfy the contract defined in
DiscoveryManagement interface. That is, this object must provide th
JoinManager with the ability to set discovery listeners and to discard previous
discovered lookup services when they are found to be unavailable.

TheDiscoveryManagement argument may be set to a value ofnull. If null
is the value of this argument, then an instance of theLookupDiscoveryManager

utility class will be constructed to listen for events announcing the discovery
only those lookup services that are members of the public group.

TheLeaseRenewalManager argument may be set to a value ofnull. If null
is the value of this argument, an instance of theLeaseRenewalManager class will
be created, initially managing noLease objects. This feature allows a service tha
employs theJoinManager either to use a single entity to manage all of its lease
or to use separate entities: one to manage the leases unrelated to the join pr
and one to manage the leases that result from the join process and that are ac
ble only within theJoinManager.

The first form of the constructor is typically used by services that have not
been assigned a service ID, but that have been pre-configured to join lookup
vices that the service identifies through the initialization of a discovery manag

The second form of the constructor takes the same arguments as the
except that an instance of theServiceID replaces an instance of the
ServiceIDListener interface. Note that theServiceID class is defined inThe
Jini Technology Core Platform Specification,“Lookup Service”, and the
ServiceIDListener interface is described later.

The second form of the constructor applies the same semantics to theattr-

Sets, discoveryMgr, andleaseMgr arguments as is applied by the first form o
the constructor.

The second form of the constructor should be used by services that
already been assigned a service ID (possibly by the service provider or as a r
of a prior registration with some lookup service), and that may or may not h
been pre-configured to join lookup services identified by group or by spec
location.

The getDiscoveryManager method returns the instance o
DiscoveryManagement that was either passed into the constructor by the entity
that was created as a result ofnull being passed as that parameter. This meth
takes no arguments as input.
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The object returned by this method encapsulates the mechanism by w
either theJoinManager or the entity itself can set discovery listeners and disca
previously discovered lookup services when they are found to be unavailable

The getLeaseRenewalManager method returns an instance of th
LeaseRenewalManager class. This method takes no arguments as input.

The object returned by this method manages the leases requested and h
theJoinManager. Although it may also manage leases unrelated to the join p
cess that are requested and held by the service itself, the leases with whic
JoinManager is concerned are the leases that correspond to the service reg
tion requests theJoinManager has made with each lookup service the servi
wishes to join.

The getJoinSet method returns an array ofServiceRegistrar objects,
each corresponding to a lookup service with which the service is currently re
tered (joined). If there are no lookup services with which the service is curre
registered, this method returns the empty array. This method takes no argum
as input and will return a new array upon each invocation.

ThegetAttributes method returns an array containing the set of attribut
currently associated with the service. If the service is not currently associated
an attribute set, this method returns the empty array. This method takes no
ments as input and will return a new array upon each invocation.

Note that although a new array is returned bygetAttributes, the elements
of that array arenot copies. Thus, it important that the elements of the arr
returned bygetAttributes not be modified; doing so could cause the state of t
JoinManager to become corrupted or inconsistent. This potential for corrupti
or inconsistency is why the effects of modifying the elements of the array retur
by getAttributes are undefined.

The addAttributes method associates a new set of attributes with the s
vice, in addition to the service’s current set of attributes. The association of
new set of attributes with the service will be propagated to each lookup ser
with which the service is registered. This propagation must be performed a
chronously, so there is no guarantee that the propagation of the attributes
lookup services with which the service is registered will have completed u
return from this method.

The set of attributes consisting of the union of the new set with the old set
be associated with the service in all future join processing.

There are two forms of theaddAttributes method. Both forms of this
method take as input an argument (attrSets) representing the set of attributes t
associate with the service. This set is represented as an array ofEntry objects,
none of whose elements may benull. If at least one element of this input set i
null, aNullPointerException is thrown.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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An invocation of either form of this method with duplicate elements in t
attrSets parameter (where duplication means attribute equality as defined
calling theMarshalledObject.equals method on field values) is equivalent to
performing the invocation with the duplicates removed from that paramete
null is passed in as the value of this parameter, aNullPointerException will be
thrown.

The second form of this method also takes as input a flag indicating whe
or not this method should determine if the attributes in the input set are insta
of theServiceControlled interface, which is a marker interface that is used
control which entities may modify a service’s attribute set. For more informat
on this interface, refer toJini Lookup Attribute Schema Specification
Section LS.4.1, “Indicating User Modifiability”. If the value of this flag istrue
and at least one of the attributes to be added is an instance of
ServiceControlled interface, aSecurityException will be thrown and propa-
gated through this method.

Note that because there is no guarantee that attribute propagation will
completed upon return from this method, services that invoke this method m
take care not to modify the contents of the input array. Doing so could cause
service’s attribute state to be corrupted or inconsistent on a subset of the lo
services with which the service is registered as compared with the state refle
on the remaining lookup services. It is for this reason that the effects of modify
the contents of the input array, after this method is invoked, are undefined.

The setAttributes method replaces the service’s current set of attribu
with the given new set of attributes. This method takes a single argument as in
an array ofEntry objects, none of whose elements may benull, which represents
the set of attributes that will replace the current set of attributes. If at least one
ment of this input set isnull, aNullPointerException is thrown.

The replacement of the service’s current set of attributes with the new se
attributes will be propagated to each lookup service with which the service is
istered. This propagation must be performed asynchronously, so there is no
antee that the propagation of the attributes to all lookup services with which
service is registered will have completed upon return from this method.

The service’s new set of attributes will be associated with the service in
future join processing.

An invocation of this method with duplicate elements in theattrSets param-
eter (where duplication means attribute equality as defined by calling
MarshalledObject.equals method on field values) is equivalent to performin
the invocation with the duplicates removed from that parameter. Ifnull is input to
setAttributes, aNullPointerException will be thrown.
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For the same reason as noted above in the description of theaddAttributes

method, the effects of modifying the contents of the input array after the met
setAttributes is invoked, are undefined.

ThemodifyAttributes method changes the service’s current set of attribu
using the same semantics as themodifyAttributes method of the class
ServiceRegistration (seeThe Jini Technology Core Platform Specification
“Lookup Service”). This method has two forms. The first form takes two arg
ments, the second form takes three arguments. Both forms will take an arra
templates in the first argument and an array of attributes in the second argum
The templates are used to identify which elements to modify from the servi
current set of attributes. The attribute array contains the actual modifications t
made. The additional argument in the signature of the second form
modifyAttributes is a flag indicating whether or not this method should dete
mine if the attributes in the input set are instances of theServiceControlled

interface, which is a marker interface used to control which entities may modi
service’s attribute set (seeJini Lookup Attribute Schema Specification
Section LS.4.1, “Indicating User Modifiability”). If the value of this flag istrue
and at least one of the attributes to be modified is an instance of
ServiceControlled interface, aSecurityException will be thrown and propa-
gated through this method.

The association of the new set of attributes with the service will be propaga
to each lookup service with which the service is registered. This propagation m
be performed asynchronously. Because of this asynchronous behavior, there
guarantee that the propagation of the attributes to all lookup services with w
the service is registered will have completed upon return from this method.

The set of attributes that results after the modifications have been applied
be associated with the service in all future join processing.

The modifyAttributes method throws anIllegalArgumentException if
one of the following conditions is satisfied:

◆ The length of the array containing the templates does not equal the leng
the array containing the attributes

◆ Any element of either array is not an instance of a validEntry class (for
example, the class is not public, does not contain a no-arg constructor, o
at least one public field which is a non-static, non-final primitive)

◆ The class ofattrSets[i] is neither the same as, nor a super class of, t
class ofattrSetsTemplate[i]
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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For the same reason as that noted above in the description of
addAttributes method, the effects of modifying the contents of theattrSets

parameter, aftermodifyAttributes is invoked, are undefined.
Theterminate method performs cleanup duties related to the termination

the lookup service discovery event mechanism, as well as to the lease and t
management performed by theJoinManager. This method will cancel all of the
service’s managed leases that were granted by the lookup services with whic
service is registered, and will terminate all threads that have been created.

If the discovery manager employed by theJoinManager was created by the
JoinManager itself, this method will terminateall discovery processing being
performed by that manager object on behalf of the service; otherwise, the dis
ery manager supplied by the service is still valid.

Whether an instance of theLeaseRenewalManager class was supplied by the
service or created by theJoinManager itself, any reference to that object obtaine
by the service prior to termination will still be valid after termination.

The JoinManager makes certain concurrency guarantees with respect to
invocation of theterminate method while other method invocations are i
progress. The termination process described above will not begin until comple
of all invocations of the methods defined in the public interface of t
JoinManager. Upon completion of the termination process, the semantics of
current and future method invocations on the current instance of theJoinManager

are undefined, although the reference to theLeaseRenewalManager object
employed by theJoinManager is still valid.
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JU.5 Supporting Interfaces and Classes

THE JoinManager class depends on the interfacesDiscoveryManagement and
ServiceIDListener discussed below.

JoinManager also references the concrete classesLookupDiscoveryManager

andLeaseRenewalManager, each described in a separate specification.

JU.5.1 TheDiscoveryManagement Interface

Although it is not necessary for theJoinManager itself to execute the discovery
process, it does need to be notified when one of the lookup services it wish
join is discovered or discarded. Thus, at a minimum, theJoinManager requires
access to the discovery events sent to the listeners registered with the disc
process’ event mechanism. The instance ofDiscoveryManagement that is passed
as an argument to the constructor of theJoinManager provides a mechanism for
acquiring access to those events. For a complete description of the semant
the methods of this interface, refer to theJini Discovery Utilities Specification.

One noteworthy item about the semantics of theJoinManager is the effect
that invocations of thediscard method ofDiscoveryManagement will have on
any discovery listeners created by theJoinManager. TheDiscoveryManagement
interface specifies that thediscard method will remove a particular lookup ser
vice from the managed set of lookup services that have already been discov
allowing that lookup service to be rediscovered. Invoking this method will res
in the flushing of the lookup service from the appropriate cache, ultimately ca
ing a discard notification to be sent to allDiscoveryListener objects registered
with the event mechanism of the discovery process, including all listeners re
tered by theJoinManager.

The receipt of an event notification indicating that a lookup service has b
discarded ultimately results in the removal (but not cancellation) of the regis
tion lease granted by the discarded lookup service, and that is managed b
LeaseRenewalManager on behalf of theJoinManager. After removal occurs, the
lease will eventually expire.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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JU.5.2 TheServiceIDListener Interface

TheServiceIDListener interface defines the methods used by a service to reg
ter a request for notification from theJoinManager upon the assignment of a
serviceID by a lookup service. It is the responsibility of the service to create a
pass into theJoinManager an object that implements this interface. That impl
mentation must provide the definition of the actions to take upon receipt of
notification. Typically, the action taken will be to persist the assignedserviceID

reference.

package net.jini.lookup;

public interface ServiceIDListener extends EventListener {

    public void serviceIDNotify(ServiceID serviceID);

}

The intent of this interface is to allow the entity to receive theServiceID
instance assigned to it by the lookup service. It is not part of the semantics o
call that the return from theServiceIDNotify method can be delayed while the
recipient of the call processes the information delivered by the method. Thus,
highly recommended that implementations of this interface avoid time consum
operations, and return from the method as quickly as possible. For example
strategy might be to simply notify a separate thread, operating asynchrono
which is designed to place theServiceID instance in persistent storage.
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Jini Service Discovery
Utilities Specification

SD.1 Introduction

THIS specification defines helper utility classes, along with supporting int
faces and classes, that encapsulate functionality that can help a Jini techno
enabled service or client (Jini serviceor Jini client) in acquiring services of inter-
est that are registered with the various lookup services with which the servic
client wishes to interact. Currently, the service discovery utilities specificat
defines only one helper utility class:

◆ TheServiceDiscoveryManager helper utility
107
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SD.2 TheServiceDiscoveryManager

THE interactions of an entity that operates in a client-like fashion within a J
application environment are generally distinguished by the fact that the entity
discovers one or more Jini lookup services, then queries one or more of the
covered lookup services for references to Jini services that the entity may em
in some task. This process, in which Jini services as well as Jini clients may
ticipate, is often referred to asservice discovery. Since services and clients ca
perform bothlookup discoveryandservice discovery, the primary characteristic
that distinguishes a Jini service from a client is the service’s ability to be re
tered with a lookup service. Thus, with respect to service discovery, there i
difference between a Jini service and a Jini client.

Because there is no need to make such a distinction, the termsentity and
client-like entitywill be used interchangeably throughout this specification
refer to Jini clients or services that create an instance of
ServiceDiscoveryManager (from the packagenet.jini.lookup) and use the
public methods of that class to perform and manage their service discovery du

Once a client-like entity discovers a set of lookup services and retrieves re
ences to desired services from those lookup services, the entity may choose t
continue query-related discovery processing. That is, having obtained refere
to all of the services it wishes to employ, the entity may view the reference
holds to the lookup services as no longer necessary.

But over the execution life of any such entity, partial failures such as sys
crashes or network outages may intermittently affect the availability of some
those services of interest. This results in a need to re-query the lookup servic
find references to new instances of the service that can replace the unava
instance. Such scenarios make it desirable for a client-like entity to maintain
references to the lookup services it queries. If an instance of a service is foun
be unavailable, the entity can query those lookup services to obtain an instan
the service that is available.

Since a query on a lookup service is a remote call, such calls are much m
costly in terms of overhead and failure risk than are local calls. This cost is ma
fied when an entity must make frequent queries for multiple services, so an e
may find it desirable to cache the services it obtains from the original querie
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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the lookup services. Furthermore, by populating the cache with multiple instan
of the desired services, redundancy in the availability of those services can be
vided. Thus, if an instance of a service is found to be unavailable when nee
the entity can execute a local query on the cache rather than one or more re
queries on the lookup services to obtain an instance which is available.

Typically, an entity will request the creation of a separate cache for each
vice type of interest. The cache provides a method with which the entity
retrieve an element of the cache. In general, the particular service reference t
returned should not matter to the entity. It should only matter thata service refer-
ence has been returned, notwhich service reference. If for some reason it doe
matter to an entity which service reference is returned, then the cache also
vides a mechanism that will allow the entity to retrieve all elements of the cac
The entity can then iterate through each element, selecting the particular refe
it desires.

Although interacting with a local cache of services in this way can be v
useful to entities that need frequent access to multiple services, some clien
entities may wish to interact with the cache in a reactive manner. For example
entity such as a service browser typically wishes to benotifiedof the arrival of
new services of interest as well as any changes in the state of the current se
in the cache. Polling for such changes is usually viewed as undesirable. If
cache were to also provide an event mechanism with notification semantics
needs of both types of entity could be satisfied.

From the scenarios discussed above, one could conclude that when actin
client-like fashion, it is desirable for an entity to maintain, as much as possi
up-to-date knowledge of the availability of thelookupservices of interest as well
as the state information associated with all other types of services in which
entity is interested. By maintaining current service state information, the en
can implement efficient mechanisms for service access and usage.

TheServiceDiscoveryManager class is a helper utility class that any entit
can use to create and populate a cache such as that described previously, an
which the entity can register for notification of the availability of services of inte
est. Like theJoinManager utility class, this class needs to be notified when
desired lookup service is discovered. For information on theJoinManager utility
class, refer to theJini Join Utilities Specification.

Unlike the JoinManager, the ServiceDiscoveryManager does not register
the entity as a service with discovered lookup services. Although both
JoinManager and theServiceDiscoveryManager perform lookup discovery
event handling for the entities that employ them, theJoinManager performsjoin
processing for Jini services, while theServiceDiscoveryManager performsser-
vice discovery and managementprocessing both for clients and for services. Thu
typical usage patterns for Jini services wishing to find and use other Jini serv
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generally indicate the employment of both theJoinManager and the
ServiceDiscoveryManager utilities, whereas Jini clients would typically use
only theServiceDiscoveryManager.

TheServiceDiscoveryManager class can be asked to “discover” services a
entity is interested in using, and to cache the references to those services as e
found. The cache can be viewed as a set of service references that the enti
access locally as needed through one of the public, non-remote methods pro
in the cache’s interface. A service reference added to the cache will be rem
from the cache when all of the lookup services with which that service is re
tered have been discarded.

The ServiceDiscoveryManager class also provides a mechanism for a
entity to request that it be notified when a service of interest is discovered for
first time or has encountered a state change such as removal from all lookup
vices or attribute set changes.

For convenience, this class also provides versions of a method namedlookup,
which employs invocation semantics similar to the semantics of thelookup

method of theServiceRegistrar interface defined inThe Jini Technology Core
Platform Specification,“Lookup Service”. This method may be useful to entitie
that need to find services on an infrequent basis, or when the cost of maki
remote call is outweighed by the overhead of maintaining a local cache (for ex
ple, because of limited resources).

All three mechanisms described above—local queries on the cache, se
discovery notification, and remote lookups—employ the same template matc
scheme as that described inThe Jini Technology Core Platform Specification
“Lookup Service”. Additionally, each mechanism allows the entity to supply
object referred to as afilter. Such an object is a non-remote object that defin
additional matching criteria that theServiceDiscoveryManager applies when
searching for the entity’s services of interest. This filtering facility is particula
useful to entities that wish to extend the capabilities of the standard temp
matching scheme.

The ServiceDiscoveryManager is a utility class, not a remote service. Cli
ent-like entities that wish to use this utility will create an instance of t
ServiceDiscoveryManager in the entity’s address space so as to manage
entity’s “lookup state” locally.

SD.2.1 The Object Types

The types defined in the specification of theServiceDiscoveryManager utility
class are in thenet.jini.lookup package. The following types may be refer
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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nced
enced in this chapter. Whenever referenced, these object types will be refere
in unqualified form:

net.jini.core.discovery.LookupLocator

net.jini.core.lease.Lease

net.jini.core.lookup.ServiceEvent

net.jini.core.lookup.ServiceItem

net.jini.core.lookup.ServiceMatches

net.jini.core.lookup.ServiceRegistrar

net.jini.core.lookup.ServiceTemplate

net.jini.discovery.DiscoveryListener

net.jini.discovery.DiscoveryManagement

net.jini.discovery.LookupDiscoveryManager

net.jini.lease.LeaseRenewalManager

net.jini.lookup.LookupCache

net.jini.lookup.ServiceDiscoveryEvent

net.jini.lookup.ServiceDiscoveryListener

net.jini.lookup.ServiceItemFilter

java.io.IOException

java.rmi.server.UnicastRemoteObject

java.rmi.MarshalledObject

java.rmi.RemoteException

java.util.EventListener

java.util.EventObject

java.util.Set
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SD.3 The Interface

THE public interface provided by theServiceDiscoveryManager class defines
methods that allow an entity to request that references to services matching
ria defined by the entity be found in discovered lookup services and cached
local retrieval. This interface also defines methods for retrieving the mana
objects employed by this utility, and for performing termination processing.

package net.jini.lookup;

public class ServiceDiscoveryManager {

    public ServiceDiscoveryManager

                          (DiscoveryManagement discoveryMgr,

                           LeaseRenewalManager leaseMgr)

                                 throws IOException {…}

    public LookupCache createLookupCache

                        (ServiceTemplate tmpl,

                         ServiceItemFilter filter,

                         ServiceDiscoveryListener listener)

                                 throws RemoteException {…}

    public ServiceItem lookup(ServiceTemplate tmpl,

                              ServiceItemFilter filter) {…}

    public ServiceItem lookup(ServiceTemplate tmpl,

                              ServiceItemFilter filter,

                              long waitDur)

                                 throws InterruptedException,

                                        RemoteException {…}

    public ServiceItem[] lookup

                             (ServiceTemplate tmpl,

                              int maxMatches,

                              ServiceItemFilter filter) {…}

    public ServiceItem[] lookup(ServiceTemplate tmpl,

                                int minMatches,

                                int maxMatches,
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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                                ServiceItemFilter filter,

                                long waitDur)

                                 throws InterruptedException,

                                        RemoteException {…}

    public DiscoveryManagement getDiscoveryManager() {…}

    public LeaseRenewalManager getLeaseRenewalManager() {…}

    public void terminate() {…}

}
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SD.4 The Semantics

THE ServiceDiscoveryManager makes certain concurrency guarantees wi
respect to the methods it defines. When a method ofServiceDiscoveryManager

invokes a remote method, although such an invocation may block other rem
calls made in theServiceDiscoveryManager, invocations of local methods will
not be blocked.

SD.4.1 The Methods

The ServiceDiscoveryManager helper utility class defines a number of publi
methods in addition to its constructor. This utility defines a factory method t
allows the entity to create a local cache for storing references to desired ser
that have been previously discovered. Additionally, this class defines a se
methods that the entity may use to query (remotely) each discovered lookup
vice for other services that are of interest to the entity.

Theequals method for theServiceDiscoveryManager class returnstrue if
and only if two instances of this class refer to the same object. That is,x andy are
equal instances of this class if and only ifx == y has the valuetrue.

SD.4.1.1 The Constructor

The constructor of theServiceDiscoveryManager takes two arguments: an
object that implements theDiscoveryManagement interface and a reference to a
LeaseRenewalManager object. The constructor throws anIOException because
construction of aServiceDiscoveryManager may initiate the multicast discov-
ery process, a process that can throwIOException.

To use theServiceDiscoveryManager, an entity supplies an object through
which notifications that indicate a lookup service has been discovered or
carded will be received. At a minimum, this object must satisfy the contr
defined in theDiscoveryManagement interface. That is, this object must provide
theServiceDiscoveryManager with the ability to set discovery listeners and t
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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discard previously discovered lookup services when they are found to be una
able.

A value of null may be passed as theDiscoveryManagement argument. If
the value of the argument isnull, an instance of theLookupDiscoveryManager
utility class will be constructed to discover only those lookup services that
members of the public group.

A value of null may be passed as theLeaseRenewalManager argument. If
the value of the argument isnull, an instance of theLeaseRenewalManager class
will be created, initially managing noLease objects.

SD.4.1.2 ThecreateLookupCache Method

The createLookupCache method allows an entity to request that th
ServiceDiscoveryManager create a new managed set (or cache) and populat
with services, which match criteria defined by the entity, and whose reference
registered with one or more of the lookup services the entity has targeted for
covery.

This method returns an object of typeLookupCache. Through this return
value, the entity can query the cache for services of interest, manage the ca
event mechanism for service discoveries, or terminate the cache. The definiti
theLookupCache interface is presented later in this specification.

An entity typically uses the object returned by this method to providelocal
storage of, and access to, references to services that it is interested in using.
ties that need frequent access to numerous services will find the object return
this method quite useful because acquisition of those service references is
vided through local method invocations. Additionally, because the object retur
by this method provides an event mechanism, it is also useful to entities wis
to simply monitor, in an event-driven manner, the state changes that occur in
services of interest.

The createLookupCache method takes three arguments: an instance
ServiceTemplate, an instance ofServiceItemFilter, and an instance of
ServiceDiscoveryListener. Both the interfacesServiceItemFilter and
ServiceDiscoveryListener are presented later in this chapter.

Together, thetmpl and thefilter arguments define the criteria with which
service-matching should be performed. Thelistener argument references an
object that will receive notifications when services matching the input criteria
discovered for the first time, or have encountered a state change such as re
from all lookup services or attribute set changes. Ifnull is input to thelistener
argument for a particular invocation of this method, the cache resulting from
invocation will send no such notifications.
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Thetmpl argument employs template matching semantics that are identic
the semantics described inThe Jini Technology Core Platform Specification,“Ser-
viceTemplate and Item Matching”) to identify the service(s) to acquire fro
lookup services in the managed set. The object passed to thefilter argument is
then used to apply additional matching criteria to any service references fo
through template matching. The additional matching criteria defined by
filter parameter are application-specific, and therefore must be defined by
client-like entity itself (as described in Section SD.5.2, “The ServiceItemFil
Interface”). Furthermore, once an instance of the cache is created, the filter as
ated with that instance will not change during the life of that particular cache
the filter is changed so that its original behavior is modified, the effect on
cache is undefined.

As a convenience, anull reference input to thetmpl argument is treated as
equivalent to inputting aServiceTemplate constructed with allnull arguments
(all wildcards). That is, the cache will attempt to discover all services contained
each lookup service in the managed set. If anull value is passed as the filter argu
ment, then only template matching will be employed to find the desired servic

Entities that invoke this method must take care not to modify the content
the object input through thetmpl parameter after the cache has been creat
Doing so could cause the state of the cache to become corrupted or inconsist
is for this reason that the effects of modifying the contents of thetmpl parameter,
after this method is invoked, are undefined.

Events and the Cache

To keep its contents up to date, the cache must register with the event mecha
of each lookup service in the managed set. From the point of view of the cach
service is “discovered” when it receives a remote event from one of those loo
services notifying the cache of the existence of a service matching the input c
ria. In addition, whenever one of the cache’s discovered services experienc
state change in one of the lookup services in which it is registered, the cache
receive a remote event identifying that state change whenever the change sa
the matching criteria.

For a number of reasons the cache may receive multiple events correspon
to the same Jini service. For example, a particular Jini service may be regis
with more than one lookup service from the managed set. If the cache requ
events from each lookup service using a template configured with no restric
along the service ID search axis and little or no restriction along the attrib
search axis, the cache will receive a notification each time one of the follow
events occurs at any of the those lookup services:
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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◆ The service, matching the template, is registered with one of the lookup
vices.

◆ The lease of the matching service is cancelled or expires.

◆ An attribute set associated with the matching service is modified in so
way.

Just as the cache requests that it be notified of state changes in matchin
vices occurring within each lookup service, an entity may request that the ca
deliver events that indicate analogous state changes in the service refer
stored in the cache.

There are two significant differences in the event mechanism between
lookup services and the cache, and the event mechanism between the cach
the client-like entity. First and foremost, the events sent from the lookup serv
to the cache areremoteevents, whereas the events sent from the cache to the e
are local events. Second, each registration or state-change event sent from
cache to the entity may actually have been a result of multiple correspon
events received by the cache from a set of lookup services. Thus, there is a m
to-one relationship between the events received by the cache and the event
by the cache.

For many entities that use the cache’s event mechanism to interact with
cache’s discovered services, knowledge of the number of distinct service r
ences, as well as identification of the lookup services with which those refere
are registered, is of no interest. Such entities typically are interested onl
acquiringa reference—notall references—to the desired services. Thus, the re
tionship between the two event mechanisms described previously allows
ServiceDiscoveryManager to hide the lookup services with which the cach
interacts from the entity. For entities that are interested in the additional infor
tion, the cache provides methods separate from the event mechanism for obta
such information.

To summarize, although the cache may receivemultiple events signaling a
state change related to a particular matching service, the cache will typically
only asingle corresponding event to the entity. That is, for any matching servi

◆ The cache will send aservice discovery eventto the entity only once: after
the cache acquires thefirst reference to the matching service.

◆ The cache will send aservice removal eventto the entity only once: after
every reference to the service has had its lease expire or cancelled; th
only after all references to the matching service have been removed f
every lookup service in the cache’s managed set.
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◆ For each set of event(s) notifying the cache that a particular modification
been made to the attribute set associated with one of the service refere
one service modification eventwill be sent to the entity, butonly if the
attribute set state reflected in the received event represents an actual ch
in the service’s current attribute set state (as maintained by the cache)

With respect to the state of the attribute sets associated with the service r
ences stored in the cache, the cache should be viewed as maintaining a
attribute set state for each collection of service references that represent the
service. That single state will always be equivalent to the state reflected in the
attribute set modification event received by the cache.

For example, suppose each of three different references to a service
matches the input criteria is registered with three lookup services in the man
set. Suppose the attribute sets associated with each service reference are m
in exactly the same way. For this specific case, the cache would receive t
events—one from each lookup service—signaling these modifications. U
receipt of the first event, the cache modifies its current notion of the servi
attribute set state, and then notifies the entity of the change, but only if the s
reflected in the event represents a change in the current state. Because the re
ing two events received by the cache represent the same state change as tha
sented in the first event, the cache sends no other notification.

Next, suppose a second modification, different from the first, is made on o
two of the service references, and a third unique modification is made on
remaining service reference. In this case, the cache will still receive three ev
but how the cache handles the events is dependent on the order of arrival o
events. For simplicity, call the three events , , and . Use to represen
cache’s current notion of the service’s attribute set state, and use and to
resent the states resulting after each attribute modification has occurred. In
example, and will be sent to the cache after the each of the servi
attribute sets is modified to in their respective lookup services. Event is
after the service’s attribute sets are modified to in the remaining lookup serv

If the order of arrival is , , and then , the cache will change into
and notify the entity after the arrival of but will do nothing upon the arrival

. Upon the arrival of , the cache will change (which is now ) into .
the order of arrival of the events is , , and then , the cache will first cha

into , then into , and then back into again. Furthermore, for each s
change made, the cache will send a notification to the entity.

Thus, the events generated by the cache’s event mechanism and sent b
cache to the entity are more representative of the state changes that occur
cache than in the lookup services.

e1 e2 e3 s

s1 s2

e1 e2

s1 e3

s2

e1 e2 e3 s s1
e1

e2 e3 s s1 s2

e1 e3 e2

s s1 s2 s1
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An entity may register for events from the cache in one of two ways. T
entity may supply an instance ofServiceDiscoveryListener to the listener
argument of thecreateLookupCache method, or it may invoke a method on th
cache to add a listener to the cache. Thus, an entity may register for events
the cache at any time during the execution life of the cache.

Similarly, the cache provides a method that an entity, which is currently re
tered for events from the cache, may use at any time to unregister with the ca
event mechanism.

SD.4.1.3 Thelookup Method

Thelookup method queries each available lookup service in the managed se
service reference(s) that match criteria defined by the entity that invokes
method. Entities typically employ this method when they need infrequent ac
to services and when the cost of making remote queries is outweighed by the
head of maintaining a local cache (for example, because of resource limitatio

The lookup method has four versions, each version falling into one of tw
categories: those versions of this method that return a single instanc
ServiceItem and those versions that return a set of service references as an
of ServiceItem objects.

Two arguments are common to all versions of this method: an instanc
ServiceTemplate and an instance ofServiceItemFilter.

Within each category, the versions oflookup differ only in whether or not a
particular version provides what is referred to as a “wait” (or blocking) featu
That is, each category contains both a non-blocking version oflookup which
returns immediately when unable to find the desired service, and a blocking
sion which returns only after waiting a specified amount of time for the desi
service to be discovered. The particular version oflookup that an entity employs
is typically determined by the entity’s intended usage pattern.

The descriptions that follow refer to all versions of thelookup method, except
where explicitly noted.

Thetmpl argument and thefilter argument both have semantics identical
that defined for these arguments in the description of thecreateLookupCache

method above. In particular,

◆ A null reference value for thetmpl parameter is treated as the equivalent
a “wildcarded”ServiceTemplate.

◆ If null is the value for thefilter parameter, only template matching wil
be employed to find the desired services.
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◆ The effects of modifying the contents of thetmpl parameter while the invo-
cation is in progress are unpredictable and undefined.

If no service can be found that matches the desired criteria, then the versio
lookup from the first category—those that return a single instance
ServiceItem—will return null, whereas the versions from the second ca
gory—those that return an array ofServiceItem instances—will return an empty
array.

The versions oflookup from the first category can be used in a fashion sim
lar to the first form of thelookup method defined in theServiceRegistrar inter-
face described inThe Jini Technology Core Platform Specification,“Lookup
Service”. That is, an entity would typically invoke one of these versions oflookup

when it wishes to find asingleservice reference and the particular lookup servi
with which that service reference is registered is unimportant to the entity.

Each version oflookup defined in theServiceDiscoveryManager differs
with the corresponding version oflookup in ServiceRegistrar in the following
ways:

◆ The versions oflookup defined in theServiceDiscoveryManager query
multiplelookup services (the order in which the lookup services are quer
is dependent on the implementation).

◆ The versions oflookup defined in theServiceDiscoveryManager can
apply additional matching criteria, in the form of a filter object, when dec
ing whether a service reference found through standard template matc
should be returned to the entity.

The versions oflookup that return an array ofServiceItem objects can be
used in a fashion similar to the second form oflookup defined in the
ServiceRegistrar interface. That is, an entity would typically invoke these ve
sions oflookup when it wishes to findmultiple service references matching th
input criteria. Each of the versions oflookup that return an array ofServiceItem
objects takes as one of its arguments anint parameter,maxMatches, that repre-
sents the maximum number of matches that should be returned. The a
returned by these methods will contain no more thanmaxMatches service refer-
ences, although it may contain fewer than that number.

As with the versions oflookup that return a single instance ofServiceItem,
multiple queries and filtering are also notable differences between the second
egory versions of this method and their counterpart inServiceRegistrar.

For each version oflookup, whenever a lookup service query returns anull

service reference, the filter is bypassed, and the service reference is excluded
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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the return object. On the other hand, if the query returns a non-null service refer-
ence in which the associated array of attribute contains one or morenull ele-
ments, the filter is still applied and the service reference is included in the re
object.

Each version oflookup may be confronted with duplicate references during
search for a service of interest. This is because the same service may registe
more than one lookup service in the managed set. As with the cache, when a
service references is returned bylookup, each service reference in the return s
will be unique with respect to all other service references in the set, as determ
by theequals method provided by each reference.

If it is determined that a lookup service is unavailable (due to an exceptio
some other non-fatal error) while interacting with a lookup service from the m
aged set, all versions oflookup will invoke thediscard method on the instance
of DiscoveryManagement being employed by theServiceDiscoveryManager.
Doing so will result in the unavailable lookup service being discarded and m
eligible for rediscovery.

Recall that the propagation of modifications to a service’s attributes acro
set of lookup services typically occurs asynchronously. It is for this reason
while invokinglookup to find a set of matching services, it is possible that the
returned may contain multiple references having the same service ID with di
ent attributes. Note that although this sort of inconsistent state can also occur
entity employs a cache, the cache will eventually reflect the correct state.

The Blocking Feature oflookup

As noted above, each category contains a version oflookup that provides a fea-
ture in which the entity can request that if the number of service references fo
throughout the available lookup services does not fall into a desired range
method will wait a finite period of time until either an acceptable minimum nu
ber of service references are discovered or the specified time period has pas

The versions oflookup providing this blocking feature each takes as one
its parameters a value of typelong that represents the number of milliseconds
wait for the service to be discovered. In addition toRemoteException (described
previously for these methods), each of these versions oflookup may throw an
InterruptedException.

One of these blocking versions oflookup implicitly uses a value of one for
both the acceptable minimum and the allowable maximum number of service
erences to discover. The other blocking version requires that the entity specif
range through theminMatches andmaxMatches parameters, respectively.

Prior to blocking, each of these versions oflookup first queries each available
lookup service in an attempt to retrieve a satisfactory number of matching
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vices. Whether or not the method actually blocks is dependent on how m
matching service references are found during the query process. Blocking oc
only if after queryingall of the available lookup services, the number of matchi
services found is less than the acceptable minimum. If the waiting period (m
sured from when blocking first begins) passes before that minimum numbe
service references is found, the method will return the service references that
been discovered up to that point. If the waiting period passes and no services
been found,null or an empty array (depending on the version oflookup) will be
returned.

If, after querying all of the available lookup services, the number of match
services found is greater than or equal to the specified minimum but less tha
specified maximum, the method will return the currently discovered service re
ences without blocking. If the initial query process produces the desired m
mum number of service references, the method will return the res
immediately.

The blocking versions oflookup are quite useful to entities that cannot pro
ceed until such a service of interest is found. If a non-positive value is input to
waitDur argument, then the method will not wait. It will simply query the avai
able lookup services and employ the return semantics described above.

The values of theminMatches andmaxMatches arguments must both be posi
tive, andmaxMatches must be greater than or equal tominMatches; otherwise, an
IllegalArgumentException will be thrown.

The blocking versions oflookup make a concurrency guarantee with respe
to the discovery of new lookup services during the wait period. That is, wh
waiting for matching service reference(s) to be discovered, if one or more of
desired—but previously unavailable—lookup services is discovered and adde
the managed set, those new lookup services will also be queried for the servi
of interest.

In addition, the blocking versions oflookup throw InterruptedException.
When an entity invokes either version with valid parameters, the entity m
decide during the wait period that it no longer wishes to wait the entire period
the method to return. Thus, while the method is blocking on the discovery
matching service(s), it may be interrupted by invoking theinterrupt method
from theThread class. The intent of this mechanism is to allow the entity to inte
rupt a blockinglookup in the same way it would a sleeping thread.

SD.4.1.4 ThegetDiscoveryManager Method

The getDiscoveryManager method returns an object that implements th
DiscoveryManagement interface. The object returned by this method provides t
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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ServiceDiscoveryManager with the ability to set discovery listeners and to dis
card previously discovered lookup services when they are found to be unavail
This method takes no arguments.

SD.4.1.5 ThegetLeaseRenewalManager Method

ThegetLeaseRenewalManager method returns aLeaseRenewalManager object.
The object returned by this method manages the leases requested and held
ServiceDiscoveryManager. In general, these leases correspond to the regis
tions made by theServiceDiscoveryManager with the event mechanism of each
lookup service in the managed set. This method takes no arguments.

SD.4.1.6 Theterminate Method

Theterminate method performs cleanup duties related to the termination of
event mechanism forlookup servicediscovery, the event mechanism forservice
discovery, and the cache management duties of theServiceDiscoveryManager.
That is, theterminate method will terminate eachLookupCache instance created
and managed by theServiceDiscoveryManager. Additionally, if the discovery
manager employed by theServiceDiscoveryManager was created by the
ServiceDiscoveryManager itself, then theterminate method will also termi-
nate that discovery manager.

Note that if the discovery manager was created externally and supplied to
ServiceDiscoveryManager, then any reference to that discovery manager he
by the entity will remain valid, even after theServiceDiscoveryManager has
been terminated. Similarly, if the entity holds a reference to the lease rene
manager employed by theServiceDiscoveryManager, that reference will also
remain valid after termination, whether lease renewal manager was created e
nally or by theServiceDiscoveryManager itself.

TheServiceDiscoveryManager makes certain concurrency guarantees wi
respect to an invocation ofterminate while other method invocations are in
progress. The termination process described above will not begin until comple
of all invocations of the public methods defined in the public interface
ServiceDiscoveryManager; that is, until completion of invocations of
createLookupCache, lookup, getDiscoveryManager, and
getLeaseRenewalManager.

Upon completion of the termination process, the semantics of all current
future method invocations on the terminated instance of t
ServiceDiscoveryManager are undefined.
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SD.4.2 Defining Service Equality

The ability to accurately determine when two different service references
equal is very important to theServiceDiscoveryManager in general, and the
LookupCache in particular. Any restriction placed on that ability can result in ine
ficient and undesirable behavior. Storing and managing duplicate service r
ences—that is, proxies that refer to the same version of the same back
service—is usually viewed as undesirable. In other words, when storing and m
aging service references, it is very desirable to be able to determine not only
two different proxies refer to the same back end service, but if they do refer to
same back end, whether or not the current version of the referenced servic
been replaced with a new version.

The mechanism employed by theLookupCache to avoid storing duplicate ser-
vice references is theequals method provided by the discovered services them
selves. This is because an individual well-behaved service of interest will usu
register with multiple lookup services, and for each lookup service with wh
that service registers, theLookupCache will receive a separate event containing
reference to the service. When theLookupCache receives events from multiple
lookup services, the service ID (retrieved from the service reference in the ev
together with theequals method provided by the service itself, is used to disti
guish the service references from each other. In this way, when a new event a
containing a reference associated with the same service as an already-stored
ence, theLookupCache can determine whether the new reference is a duplicate
the service has been replaced with a new version of itself. In the former case
duplicate would be ignored; in the latter case, the old reference would be repl
with the new reference.

Thus, theLookupCache relies on the provider of each service to override th
equals method inherited from the classObject with an implementation that
allows for the identification of duplicate service proxies. In addition to theequals

method, each service should also provide a proper implementation of
hashCode method. This is because even if an entity never explicitly calls on
equals method to compare service references, those references may still be s
in container classes (for example,Hashtable) where such comparisons are mad
“under the covers.” From the point of view of theServiceDiscoveryManager
and theLookupCache, providing an appropriate implementation for both th
equals method and thehashCode method is a key characteristic of good behavio
in a Jini service.

Note that there is no need to override either theequals method or thehash-
Code method if the service is implemented as a purely remote object in which
service proxy is anRMI stub. In this case, appropriate implementations for bo
methods are already provided in the stub.
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SD.4.3 ExportingRemoteEventListener Objects

A subset of the methods on theServiceDiscoveryManager, when invoked, will
result in a request for registration with the event mechanism of one or m
lookup services. The methods that result in such a request
createLookupCache and the blocking versions of thelookup method.

Any entity that invokes one of these methods must export, to each lookup
vice with which a registration occurs, the stub classes of t
RemoteEventListener object through which instances ofRemoteEvent will be
received. Furthermore, each of these methods must throwRemoteException. The
reasons that aRemoteException can occur fall into one of the following catego
ries:

◆ Each of these methods attempts to export a remote object, a process th
throwRemoteException.

◆ Each of these methods attempts to register with the event mechanism
least one lookup service, a process that can throwRemoteException.

How each of the affected methods handle theRemoteException is dependent
on the reason for the exception. If aRemoteException (or any other non-fatal
exception or error) is thrown during an attempt to register for events from
lookup service, that lookup service will be discarded and made eligible for re
covery. On the other hand, if aRemoteException occurs during an attempt to
export the listener, the method from which that attempt is made will re-throw
same exception.

The potential forRemoteException during the export process imposes th
following requirement: thesameinstance of the listener must be exported to ea
lookup service from which events will be requested. Furthermore, the creation
export of the listener must occur prior to the event registration process. T
requirement guarantees that should aRemoteException occur after the registra-
tion process has begun, the exception will not be propagated and event proce
will continue.

To understand the significance of this requirement, consider the scenar
which a different instance of the listener is exported to each lookup service.
new lookup service is discovered after the event process has begun for the
lookup services in the managed set, a new instance of the listener must be cr
and exported. Should aRemoteException occur during the export process, th
exception will be propagated and all event processing will stop—a result
many entities may view as undesirable.
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To facilitate exporting the listener, the entity—whether it is a Jini client or
Jini service—is responsible for providing and advertising a mechanism thro
which each lookup service will acquire the listener’s stub classes.

For example, one implementation of theServiceDiscoveryManager might
provide a specialJAR file containing only the listener stub classes to optimiz
download time. By including this JAR file in the entity’s
java.rmi.server.codebase property (in the appropriate format, specifyin
transport protocol and location), the entityadvertisesthe mechanism that lookup
services can employ to acquire the stub classes. By executing a process to se
the JAR file (for example, anHTTP server), the mechanism through which eac
lookup service acquires those stub classes isprovided.

It is important to note that should such a mechanism not be made availab
each lookup service with which event registration will be requested, a “silent f
ure” can occur repeatedly. If the mechanism is not available, each lookup se
cannot acquire the exported listener. Because each lookup service cannot a
the exported listener, any attempts to register for events will fail. Wheneve
attempt to register for events fails, the associated lookup service will be disca
and made eligible for rediscovery. Upon rediscovery of the discarded lookup
vice, the cycle repeats when a new attempt to register for events is made.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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SD.5 Supporting Interfaces and Classes

THE ServiceDiscoveryManager utility class depends on the following inter-
faces defined inThe Jini Technology Core Platform Specification,“Lookup Ser-
vice”: ServiceTemplate, ServiceItem, and ServiceMatches. This class also
depends on a number of interfaces, each defined in this section; those inter
areDiscoveryManagement, ServiceItemFilter, ServiceDiscoveryListener,
andLookupCache.

The ServiceDiscoveryManager class references the following concret
classes:LookupDiscoveryManager andLeaseRenewalManager, each described
in a separate chapter of this document, andServiceDiscoveryEvent, which is
defined in this chapter.

SD.5.1 TheDiscoveryManagement Interface

Although it is not necessary for theServiceDiscoveryManager itself to execute
the discovery process, it does need to be notified when one of the lookup ser
it wishes to query is discovered or discarded. Thus, at a minimum,
ServiceDiscoveryManager requires access to the instances ofDiscoveryEvent

sent to the listeners registered with the event mechanism of the discovery pro
The instance ofDiscoveryManagement passed to the constructor of the
ServiceDiscoveryManager provides a mechanism for acquiring access to tho
events. For a complete description of the semantics of the methods of this i
face, refer to theJini Discovery Utilities Specification.

One noteworthy item about the semantics of theServiceDiscoveryManager

is the effect that invocations of thediscard method ofDiscoveryManagement
have on any cache objects created by theServiceDiscoveryManager. The
DiscoveryManagement interface specifies that thediscard method will remove a
particular lookup service from the managed set of lookup services already dis
ered, allowing that lookup service to be rediscovered. Invoking this method
result in the flushing of the lookup service from the appropriate cache. This ef
ultimately causes a discard notification to be sent to allDiscoveryListener
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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objects registered with the event mechanism of the discovery process (inclu
all listeners registered by theServiceDiscoveryManager).

The receipt of an event notification indicating that a lookup service from
managed set has been discarded must ultimately result in the cancellation
removal of all event leases that were granted by the discarded lookup service
that are managed by theLeaseRenewalManager on behalf of the
ServiceDiscoveryManager.

Furthermore, every service reference stored in the cache that is registered
the discarded lookup service but is not registered with any of the remain
lookup services in the managed set will be “discarded” as well. That is, all pr
ously discovered service references that are registered with only unavai
lookup services will be removed from the cache and made eligible for serv
rediscovery.

SD.5.2 TheServiceItemFilter Interface

TheServiceItemFilter interface defines the methods used by an object such
the ServiceDiscoveryManager or theLookupCache to apply additional match-
ing criteria when searching for services in which an entity has registered inte
It is the responsibility of the entity requesting the application of additional crite
to construct an implementation of this interface that defines the additional crite
and to pass the resulting object (referred to as afilter) into the object that will
apply it.

The filtering mechanism provided by implementations of this interface is p
ticularly useful to entities that wish to extend the capabilities of the standard t
plate matching scheme. For example, because template matching does not
one to search for services based on a range of attribute values, this addit
matching mechanism can be exploited by the entity to ask the managing obje
find all registered printer services that have a resolution attribute between say
dpi and 1200 dpi.

package net.jini.lookup;

public interface ServiceItemFilter {

    public boolean check(ServiceItem item);

}
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SD.5.2.1 The Semantics

Thecheck method defines the implementation of the additional matching crite
to apply to aServiceItem object found through standard template matching. Th
method takes one argument: theServiceItem object to test against the additiona
criteria. This method returnstrue if the input object satisfies the additional crite
ria andfalse otherwise.

Neither anull reference nor aServiceItem object containingnull fields
will be passed into this method by theServiceDiscoveryManager.

If the parameter input to this method is aServiceItem object that has non-
null fields but is associated with attribute sets containingnull entries, this
method must process that parameter in a reasonable manner.

Should an exception occur during an invocation of this method, the seman
of how that exception is handled are undefined.

This method must not modify the contents of the inputServiceItem object
because it could result in unpredictable and undesirable effects on future pro
ing by theServiceDiscoveryManager. That is why the effects of any such modi
fication to the contents of that input parameter are undefined.

SD.5.3 TheServiceDiscoveryEvent Class

The ServiceDiscoveryEvent class encapsulates the service discovery inform
tion made available by the event mechanism of theLookupCache. All listeners
that an entity has registered with the cache’s event mechanism will receiv
event of typeServiceDiscoveryEvent upon the discovery, removal, or modifica
tion of one of the cache’s services, as described previously in “Events and
Cache.”

This class is a subclass of the classEventObject. In addition to the methods
of the EventObject class, this class provides two additional accessor meth
that can be used to retrieve the additional state associated with the e
getPreEventServiceItem andgetPostEventServiceItem.

The getSource method of theEventObject class returns the instance o
LookupCache from which the given event originated.

package net.jini.lookup;

public class ServiceDiscoveryEvent extends EventObject {

    public ServiceDiscoveryEvent(Object source,

                                 ServiceItem preEventItem,

                                 ServiceItem postEventItem)
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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    public ServiceItem getPreEventServiceItem() {…}

    public ServiceItem getPostEventServiceItem() {…}

}

SD.5.3.1 The Semantics

The constructor ofServiceDiscoveryEvent takes three arguments:

◆ An instance ofObject corresponding to the instance ofLookupCache from
which the given event originated

◆ A ServiceItem reference representing the state of the service (associa
with the given event)prior to the occurrence of the event

◆ A ServiceItem reference representing the state of the serviceafter the
occurrence of the event

If null is passed as thesource parameter for the constructor, a
NullPointerException will be thrown.

Depending on the nature of the discovery event, anull reference may be
passed as one or the other of the remaining parameters, but never both. Ifnull is
passed as both thepreEventItem and the postEventItem parameters, a
NullPointerException will be thrown.

Note that the constructor will not modify the contents of eitherServiceItem

argument. Doing so can result in unpredictable and undesirable effects on fu
processing by theServiceDiscoveryManager. That is why the effects of any
such modification to the contents of either input parameter are undefined.

ThegetPreEventServiceItem method returns an instance ofServiceItem

containing the service reference corresponding to the given event. The se
state reflected in the returned service item is the state of the serviceprior to the
occurrence of the event.

If the event is a discovery event (as opposed to a removal or modifica
event), then this method will returnnull because the discovered service had n
state in the cache prior to its discovery.

ThegetPostEventServiceItem method returns an instance ofServiceItem

containing the service reference corresponding to the given event. The se
state reflected in the returned service item is the state of the serviceafter the
occurrence of the event.

If the event is a removal event, then this method will returnnull because the
discovered service has no state in the cache after it is removed from the cac



JINI SERVICE DISCOVERY UTILITIES SPECIFICATION, version 1.1 133

essor
ather,
. Due
ter-

of the
these

nsis-
sor

ts
e-
g to
ents
e
the
dent

the
g the

;
The
f
d-
Because making a copy can be a very expensive process, neither acc
method returns a copy of the service reference associated with the event. R
each method returns the appropriate service reference from the cache itself
to this cost, listeners (see Section SD.5.4, “The ServiceDiscoveryListener In
face” below) that receive aServiceDiscoveryEvent must not modify the con-
tents of the object returned by these methods; doing so could cause the state
cache to become corrupted or inconsistent because the objects returned by
methods are also members of the cache. This potential for corruption or inco
tency is why the effects of modifying the object returned by either acces
method are undefined.

SD.5.4 TheServiceDiscoveryListener Interface

The ServiceDiscoveryListener interface defines the methods used by objec
such as aLookupCache to notify an entity that events of interest related to the el
ments of the cache have occurred. It is the responsibility of the entity wishin
be notified of the occurrence of such events to construct an object that implem
the ServiceDiscoveryListener interface and then register that object with th
cache’s event mechanism. Any implementation of this interface must define
actions to take upon receipt of an event notification. The action taken is depen
on both the application and the particular event that has occurred.

package net.jini.lookup;

public interface ServiceDiscoveryListener {

    public void serviceAdded(ServiceDiscoveryEvent event);

    public void serviceRemoved(ServiceDiscoveryEvent event);

    public void serviceChanged(ServiceDiscoveryEvent event);

}

SD.5.4.1 The Semantics

As described previously in the section titled “Events and the Cache,” when
cache receives from one of the managed lookup services, an event signalin
registrationof a service of interest for thefirst time(or for the first time since the
service has been discarded), the cache invokes theserviceAdded method on all
instances ofServiceDiscoveryListener that are registered with the cache
doing so notifies the entity that a service of interest has been discovered.
method serviceAdded takes one argument: an instance o
ServiceDiscoveryEvent containing references to the service item correspon
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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ing to the event, including representations of the service’s state both before
after the event.

When the cache receives, from a managed lookup service, an event sign
theremovalof a service of interest from thelastsuch lookup service with which it
was registered, the cache invokes theserviceRemoved method on all instances of
ServiceDiscoveryListener that are registered with the cache; doing so notifi
the entity that a service of interest has been discarded. TheserviceRemoved

method takes one argument: aServiceDiscoveryEvent object containing refer-
ences to the service item corresponding to the event, including representatio
the service’s state both before and after the event.

When the cache receives, from a managed lookup service, an event sign
the uniquemodification of the attributes of a service of interest (across th
attribute sets of all references to the service), the cache invokes
serviceChanged method on all instances ofServiceDiscoveryListener that
are registered with the cache; doing so notifies the entity that the state of a se
of interest has changed. TheserviceChanged method takes one argument:
ServiceDiscoveryEvent object containing references to the service item corr
sponding to the event, including representations of the service’s state both b
and after the event.

Should an exception occur during an invocation of any of the methods defi
by this interface, the semantics of how that exception is handled are undefine

Each method defined by this interface must not modify the contents of
ServiceDiscoveryEvent parameter; doing so can result in unpredictable a
undesirable effects on future processing by theServiceDiscoveryManager. It is
for this reason that if one of these methods modifies the contents of the param
the effects are undefined.

This interface makes the following concurrency guarantee: for any given
tener object that implements this interface, no two methods (either the same
methods or different methods) defined by the interface can be invoked at the s
time by the same cache. For example, theserviceRemoved method must not be
invoked while the invocation of another listener’sserviceAdded method is in
progress.

Finally, it should be noted that the intent of the methods of this interface is
allow the recipient of theServiceDiscoveryEvent to be informed that a service
has been added to, removed from, or modified in the cache. Calls to these me
are synchronous to allow the entity that makes the call (for example, a thread
interacts with the various lookup services of interest) to determine whether or
the call succeeded. However, it is not part of the semantics of the call that the
fication return can be delayed while the recipient of the call reacts to the oc
rence of the event. It is therefore highly recommended that implementation
this interface avoid time consuming operations and return from the metho
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quickly as possible. For example, one strategy might be to simply note the oc
rence of theServiceDiscoveryEvent and perform any time-consuming even
handling asynchronously.

SD.5.5 TheLookupCache Interface

The LookupCache interface defines the methods provided by the object crea
and returned by theServiceDiscoveryManager when an entity invokes the
createLookupCache method. Within this object are stored the discovered serv
references that match criteria defined by the entity. Through this interface
entity may retrieve one or more of the stored service references, register
unregister with the cache’s event mechanism, and terminate all of the cache’s
cessing.

package net.jini.lookup;

public interface LookupCache {

    public ServiceItem   lookup(ServiceItemFilter filter);

    public ServiceItem[] lookup(ServiceItemFilter filter,

                                int maxMatches);

    public void addListener

                         (ServiceDiscoveryListener listener);

    public void removeListener

                         (ServiceDiscoveryListener listener);

    public void discard(Object serviceReference);

    public void terminate();

}

SD.5.5.1 The Semantics

Depending on which version is invoked, thelookup method of theLookupCache
interface returns one or more elements—each matching the input criteria—
were stored in the associated cache. The object that is returned is either a s
instance ofServiceItem or a set of service references in the form of an array
ServiceItem objects. Each service item that is returned by either form of t
method must have been previously discovered both to be registered with on
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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the entity.

One argument is common to both forms oflookup: an instance of
ServiceItemFilter. The semantics of thefilter argument are identical to
those of thefilter argument specified for a number of the methods defined in
interface of theServiceDiscoveryManager utility class. This argument is
intended to allow an entity to separate its filtering into two steps: an initial fil
applied during the discovery phase and then a finer resolution filter applied u
retrieval from the cache. As with the methods of theServiceDiscoveryManager,
if null is the value of this argument, then no additional filtering will be pe
formed.

The second form of thelookup method of theLookupCache interface takes an
additional argument: a parameter of typeint that represents the maximum num
ber of matches that should be returned. The array returned by this form oflookup

will contain no more than the requested number of service references, althou
may contain fewer than that number. The value input to this argument mus
positive; otherwise, anIllegalArgumentException will be thrown.

If the cache is empty, or if no service can be found that matches the input
teria, then the first form oflookup will return null, whereas the second form o
lookup will return an empty array. The algorithm used to select the return e
ment(s) from the set of matching service references is implementation depen

Neither form of thelookup method of theLookupCache interface returns a
copy of the matching service reference(s) that were selected; rather, each
returns the actual service reference(s) from the cache itself. Because the a
service reference(s) are returned, entities that invoke either form of this me
must not modify the contents of the returned reference(s). Modifying the retur
service reference(s) could cause the state of the cache to become corrup
inconsistent. This potential for corruption or inconsistency is why the effects
modifying the service reference(s) returned by either form oflookup is undefined.

Typically, an entity will request the creation of a separate cache for each
vice type of interest. When the entity simply needs a reference to a service
particular type, the entity should invoke the first form oflookup to retrieve one
element from the cache; in this case, which particular service reference th
returned will not, in general, matter to the entity. If for some reason it does ma
to an entity which service reference is returned, then the entity can invoke the
ond form of lookup requesting thatInteger.MAX_VALUE service references be
returned; doing so will return all elements of the cache that match the input c
ria. The entity can then iterate through each element, selecting the desired r
ence.

TheaddListener method will register aServiceDiscoveryListener object
with the event mechanism of aLookupCache. This listener object will receive a
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ServiceDiscoveryEvent upon the discovery, removal, or modification of one o
the cache’s services, as described previously in “Events and the Cache.”
method takes one argument: a reference to theServiceDiscoveryListener

object to register.
If null is input to theaddListener method, aNullPointerException is

thrown. If the object input is a duplicate (using theequals method) of another
element in the set of listeners, no action is taken.

Once a listener is registered, it will be notified of all service references disc
ered to date, and will be notified as new services are discovered and existing
vices are modified or discarded.

The LookupCache makes a reentrancy guarantee with respect to a
ServiceDiscoveryListener objects registered with it. Should theLookupCache
invoke a method on a registered listener (a local call), any call from that metho
a local method of theLookupCache is guaranteed not to result in a deadlock co
dition.

The removeListener method will remove aServiceDiscoveryListener
object from the set of listeners currently registered with aLookupCache. Once all
listeners are removed from the cache’s set of listeners, the cache will sen
moreServiceDiscoveryEvent notifications. This method takes one argument:
reference to theServiceDiscoveryListener object to remove.

If the parameter value toremoveListener is null, or if the listener passed to
this method does not exist in the set of listeners maintained by the implementa
class, then this method will take no action.

If an entity determines that a service reference retrieved from the cache i
longer available, the entity should request the removal of that reference from
cache. The mechanism for discarding an unavailable service from the cac
provided by thediscard method of theLookupCache interface. Thediscard
method takes one argument: an instance ofObject whose reference is the service
reference to remove from the cache. If the proxy input to this method isnull, or if
it matches (using theequals method) none of the service references in the cac
this method takes no action.

The discard method not only deletes the service reference from the cac
but also causes a notification to be sent to all registered listeners indicating tha
service has been discarded (see the description of theserviceRemoved method in
the section that specifies theServiceDiscoveryListener interface). The service
is guaranteed to have been removed from the cache when this method com
successfully; the service is then said to have beendiscarded.No such guarantee is
made with respect to when the discard event is sent to the client’s registered li
ers. That is, the event that notifies the client that the service has been disca
may or may not be sent asynchronously.
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With respect to discarding services, there is a situation that must be han
by all implementations of theLookupCache. Because theLookupCache discovers
a service through a lookup service rather than through the service itself, there
danger that, unless theLookupCache takes action (described below), once a se
vice has been discarded, it may never be rediscovered. This can happen be
even though a service may be discarded from the cache, it may not be disca
from the lookup services with which it is registered.

To understand this situation, it might help to first consider the conditio
under which a service is normally discarded from the cache and then redis
ered. An entity typically discards a service when the entity determines that the
vice has become unavailable. Recall that a service usually becomes unavaila
an entity when the service crashes, the service is shut down, or the link betw
the entity and the service experiences anetwork partition. Under normal circum-
stances, when a well-defined service becomes unavailable because it has c
or has been shut down, and the entity—after determining that the servic
unavailable—discards the service, the cache will rediscover the service whe
service comes back on line. The service is rediscovered because a well-be
service will typically reregister with each lookup service with which it was reg
tered prior to crashing or shutting down. Note that such a service will reregi
even when its original lease with a lookup service is still valid. When the serv
reregisters with a lookup service, the lookup service notifies the cache’s list
that a reregistration has occurred, and the service is then rediscovered.

A special case of the scenario just described involves services that choo
persist their leases. Typically, when a service that persists its leases comes ba
line after a crash or a shutdown, the service willnot reregister with any lookup
service for which the associated lease is still valid. If none of the service’s lea
expire during the period in which the service is down, then when the serv
comes back on line, it will never reregister with any of the desired lookup s
vices, and the cache will never be notified that the discarded service has be
available once again.

Therefore it is important to note that there are conditions that may hin
rediscovering certain types of services that were discarded as a result of a cra
shutdown. This situation should not occur with any frequency because serv
that persist their leases are expected to be less common than other types o
vices. However, there is a common scenario in whichany type of service may be
discarded but never rediscovered. This new scenario is characterized not by
vice crashes or shutdowns, but by communication failures. In this situation, c
munication failures cause only the entity to view the service as unavailable; th
each lookup service in the managed set can still communicate with the servic.

As with service crashes or shutdowns, communication failures between
entity and the service can also cause the entity to discard the service. But p
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thod
lems can arise when the communication failures occur between the entity an
service, but not between the service and any of the lookup services in the man
set. Although the service never goes down, it is still discarded by the en
because the inability to communicate with the service causes the entity to view
service as unavailable. But because the service can still communicate with
lookup services, the service will continue renewing its residency in each loo
service. Thus, since none of the service’s leases expire, the service never re
ters with any of the lookup services, and the lookup services will never s
events to the cache’s listener that cause the service to be rediscovered.

To address the scenarios described above, all implementations must d
following when a service is discarded from the cache:

◆ Place the reference to the discarded service in separate storage, and re
the reference from the cache’s storage (to guarantee that subsequent q
of the cache do not return that same unavailable reference).

◆ Wait an implementation-dependent amount of time that is likely to exce
the typical service lease duration.

◆ If a ServiceEvent with a transition equal toTRANSITION_MATCH_NOMATCH
is received (indicating that the service’s lease has expired), then the se
reference that was set aside can be flushed, and the service is then trul
carded.

◆ If such aServiceEvent is not received (indicating that a transient commu
nication failure probably occurred), the service reference that was set a
should be placed back in the cache’s local storage, and if the entity is re
tered for events from the cache, the appropriate event should be sent t
entity’s registered listener.

Theterminate method performs cleanup duties related to the termination
the processing being performed by a particular instance ofLookupCache. For that
instance, this method cancels all event leases granted by the lookup service
supplied the contents of the cache, and unexports all remote listener objects
tered with those lookup services. Theterminate method is typically called when
the entity is no longer interested in the contents of theLookupCache. Upon com-
pletion of the termination process, the semantics of all current and future me
invocations on the current instance ofLookupCache are undefined.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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Jini Lookup Attribute Schema
Specification

LS.1 Introduction

THE Jini lookup service provides facilities for services to advertise their ava
ability and for would-be clients to obtain references to those services based o
attributes they provide. The mechanism that it provides for registering and qu
ing based on attributes is centered on the Java platform type system, and is
on the notion of anentry.

An entry is a class that contains a number of public fields of object type. S
vices provide concrete values for each of these fields; each value acts a
attribute. Entries thus provide aggregation of attributes into sets; a service
provide several entries when registering itself in the lookup service, which me
that attributes on each service are provided in a set of sets.

The purpose of this document is to provide a framework in which services
their would-be clients can interoperate. This framework takes two parts:

◆ We describe a set of common predefined entries that span much of the
functionality that is needed both by services registering themselves an
entities that are searching for services.

◆ Since we cannot anticipate all of the future needs of clients of the lookup
vice, we provide a set of guidelines and design patterns for extending, us
and imitating this set in ways that are consistent and predictable. We
construct some examples that illustrate the use of these patterns.
141
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LS.1.1 Terminology

Throughout this document, we will use the following terms in consistent ways

◆ Service—a service that has registered, or will register, itself with the look
service

◆ Client—an entity that performs queries on the lookup service, in order
find particular services

LS.1.2 Design Issues

Several factors influence and constrain the design of the lookup service sche

Matching Cannot Always Be Automated

No matter how much information it has at its disposal, a client of the lookup s
vice will not always be able to find a single unique match without assistance w
it performs a lookup. In many instances we expect that more than one service
match a particular query. Accordingly, both the lookup service and the attrib
schema are geared toward reducing the number of matches that are returne
given lookup to a minimum, and not necessarily to just one.

Attributes Are Mostly Static

We have designed the schema for the lookup service with the assumption
most attributes will not need to be changed frequently. For example, we do
expect attributes to change more often than once every minute or so. This dec
is based on our expectation that clients that need to make a choice of service
on more frequently updated attributes will be able to talk to whatever small se
services the lookup service returns for a query, and on our belief that the bene
updating attributes frequently at the lookup service is outweighed by the co
network traffic and processing.

Humans Need to Understand Most Attributes

A corollary of the idea that matching cannot always be automated is
humans—whether they be users or administrators of services—must be ab
understand and interpret attributes. This has several implications:
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◆ We must provide a mechanism to deal with localization of attributes

◆ Multiple-valued attributes must provide a way for humans to see only o
value (see Section LS.2, “Human Access to Attributes”)

We will cover human accessibility of attributes soon.

Attributes Can Be Changed by Services or Humans, But Not Both

For any given attribute class we expect that attributes within that class will al
set or modified either by the service, or via human intervention, but not b
What do we mean by this? A service is unlikely to be able to determine that it
been moved from one room to another, for example, so we would not expec
fields of a “location” attribute class to be changed by the service itself. Simila
we do not expect that a human operator will need to change the name of the
dor of a particular service. This idea has implications for our approach to ensu
that the values of attributes are valid.

Attributes Must Interoperate with JavaBeans Components

The JavaBeans specification provides a number of facilities relating to the lo
ized display and modification of properties, and has been widely adopted. It
our advantage to provide a familiar set of mechanisms for manipulating attrib
in these ways.

LS.1.3 Dependencies

This document relies on the following other specifications:

◆ The Jini Technology Core Platform Specification, “Entry”

◆ Jini Entry Utilities Specification

◆ JavaBeans Specification
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS



144 INTRODUCTION



JINI LOOKUP ATTRIBUTE SCHEMA SPECIFICATION, version 1.1 145

an
ly,
ide-

Sec-

d

the

ses.
t sat-
LS.2 Human Access to Attributes

LS.2.1 Providing a Single View of an Attribute’s Value

CONSIDER the following entry class:

public class Foo implements net.jini.core.entry.Entry {

    public Bar baz;

}

public class Bar {

    int quux;

    boolean zot;

}

A visual search tool is going to have a difficult time rendering the value of
instance of classBar in a manner that is comprehensible to humans. According
to avoid such situations, entry class implementors should use the following gu
lines when designing a class that is to act as a value for an attribute:

◆ Provide a property editor class of the appropriate type, as described in
tion 9.2 of theJavaBeans Specification.

◆ Extend thejava.awt.Component class; this allows a value to be represente
by a JavaBeans component or some other “active” object.

◆ Provide either a non-default implementation of theObject.toString
method or inherit directly or indirectly from a class that does so (since
default implementation ofObject.toString is not useful).

One of the above guidelines should be followed for all attribute value clas
Authors of entry classes should assume that any attribute value that does no
isfy one of these guidelines will be ignored by some or all user interfaces.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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LS.3 JavaBeans Components and Design
Patterns

LS.3.1 Allowing Display and Modification of Attributes

WE use JavaBeans components to provide a layer of abstraction on top o
individual classes that implement thenet.jini.core.entry.Entry interface.
This provides us with several benefits:

◆ This approach uses an existing standard and thus reduces the amou
unfamiliar material for programmers.

◆ JavaBeans components provide mechanisms for localized display
attribute values and descriptions.

◆ Modification of attributes is also handled, via property editors.

LS.3.1.1 Using JavaBeans Components with Entry Classes

Many, if not most, entry classes should have a bean class associated with
Our use of JavaBeans components provides a familiar mechanism for autho
browse/search tools to represent information about a service’s attributes, su
its icons and appropriately localized descriptions of the meanings and values
attributes. JavaBeans components also play a role in permitting administrator
service to modify some of its attributes, as they can manipulate the values o
attributes using standard JavaBeans component mechanisms.

For example, obtaining ajava.beans.BeanDescriptor for a JavaBeans
component that is linked to a “location” entry object for a particular service allo
a programmer to obtain an icon that gives a visual indication of what that e
class is for, along with a short textual description of the class and the values o
individual attributes in the location object. It also permits an administrative too
view and change certain fields in the location, such as the floor number.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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LS.3.2 Associating JavaBeans Components with Entry Classes

The pattern for establishing a link between an entry object and an instance o
JavaBeans component is simple enough, as this example illustrates:

package org.example.foo;

import java.io.Serializable;

import net.jini.lookup.entry.EntryBean;

import net.jini.entry.AbstractEntry;

public class Size {

    public int value;

}

public class Cavenewt extends AbstractEntry {

    public Cavenewt() {

    }

    public Cavenewt(Size anvilSize) {

        this.anvilSize = anvilSize;

    }

    public Size anvilSize;

}

public class CavenewtBean implements EntryBean, Serializable {

    protected Cavenewt assoc;

    public CavenewtBean() {

        super();

        assoc = new Cavenewt();

    }

    public void setAnvilSize(Size x) {

        assoc.anvilSize = x;

    }

    public Size getAnvilSize() {

        return assoc.anvilSize;

    }

    public void makeLink(Entry obj) {

         assoc = (Cavenewt) obj;

    }

    public Entry followLink() {
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        return assoc;

    }

}

From the above, the pattern should be relatively clear:

◆ The name of a JavaBeans component is derived by taking the fully quali
entry class name and appending the stringBean; for example, the name of
the JavaBeans component associated with the entry classfoo.bar.Baz is
foo.bar.BazBean. This implies that an entry class and its associated Ja
Beans component must reside in the same package.

◆ The class has both a public no-arg constructor and a public constructor
takes each public object field of the class and its superclasses as param
The former constructs an empty instance of the class, and the latter in
izes each field of the new instance to the given parameter.

◆ The class implements thenet.jini.core.entry.Entry interface, prefera-
bly by extending thenet.jini.entry.AbstractEntry class, and the Java-
Beans component implements thenet.jini.lookup.entry.EntryBean
interface.

◆ There is a one-to-one link between a JavaBeans component and a part
entry object. ThemakeLink method establishes this link and will throw an
exception if the association is with an entry class of the wrong type. T
followLink method returns the entry object associated with a particu
JavaBeans component.

◆ The no-arg public constructor for a JavaBeans component creates and m
a link to an empty entry object.

◆ For each public object fieldfoo in an entry class, there exist both asetFoo
and agetFoo method in the associated JavaBeans component. ThesetFoo

method takes a single argument of the same type as thefoo field in the asso-
ciated entry and sets the value of that field to its argument. ThegetFoo

method returns the value of that field.
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LS.3.3 Supporting Interfaces and Classes

The following classes and interfaces provide facilities for handling entry clas
and their associated JavaBeans components.

package net.jini.lookup.entry;

public class EntryBeans {

    public static EntryBean createBean(Entry e)

        throws ClassNotFoundException, java.io.IOException {…}

    public static Class getBeanClass(Class c)

        throws ClassNotFoundException {…}

}

public interface EntryBean {

    void makeLink(Entry e);

    Entry followLink();

}

TheEntryBeans class cannot be instantiated. Its sole method,createBean, cre-
ates and initializes a new JavaBeans component and links it to the entry objec
passed. If a problem occurs creating the JavaBeans component, the method t
eitherjava.io.IOException or ClassNotFoundException.

The createBean method uses the same mechanism for instantiating a Ja
Beans component as thejava.beans.Beans.instantiate method. It will ini-
tially try to instantiate the JavaBeans component using the same class load
the entry it is passed. If that fails, it will fall back to using the default class loa

The getBeanClass method returns the class of the JavaBeans compon
associated with the given attribute class. If the class passed in does not imple
the net.jini.core.entry.Entry interface, anIllegalArgumentException is
thrown. If the given attribute class cannot be found, aClassNotFoundException

is thrown.
TheEntryBean interface must be implemented by all JavaBeans compone

that are intended to be linked to entry objects. ThemakeLink method establishes a
link between a JavaBeans component object and an entry object, and
followLink method returns the entry object linked to by a particular JavaBe
component. Note that objects that implement theEntryBean interface should not
be assumed to perform any internal synchronization in their implementation
themakeLink or followLink methods, or in thesetFoo or getFoo patterns.
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LS.4 Generic Attribute Classes

WE will now describe some attribute classes that are generic to many or all
vices and the JavaBeans components that are associated with each. Unless
wise stated, all classes defined here live in thenet.jini.lookup.entry

package. The definitions assume the following classes to have been importe

java.io.Serializable

net.jini.entry.AbstractEntry

LS.4.1 Indicating User Modifiability

To indicate that certain entry classes should only be modified by the service
registered itself with instances of these entry classes, we annotate them wit
ServiceControlled interface.

public interface ServiceControlled {

}

Authors of administrative tools that modify fields of attribute objects at the look
service should not permit users to either modify any fields or add any n
instances of objects that implement this interface.

LS.4.2 Basic Service Information

TheServiceInfo attribute class provides some basic information about a serv

public class ServiceInfo extends AbstractEntry

    implements ServiceControlled

{

    public ServiceInfo() {…}

    public ServiceInfo(String name, String manufacturer,

                       String vendor, String version,

                       String model, String serialNumber) {…}
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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    public String name;

    public String manufacturer;

    public String vendor;

    public String version;

    public String model;

    public String serialNumber;

}

public class ServiceInfoBean

    implements EntryBean, Serializable

{

    public String getName() {…}

    public void setName(String s) {…}

    public String getManufacturer() {…}

    public void setManufacturer(String s) {…}

    public String getVendor() {…}

    public void setVendor(String s) {…}

    public String getVersion() {…}

    public void setVersion(String s) {…}

    public String getModel() {…}

    public void setModel(String s) {…}

    public String getSerialNumber() {…}

    public void setSerialNumber(String s) {…}

}

Each service should register itself with only one instance of this class. The fi
of theServiceInfo class have the following meanings:

◆ Thename field contains a specific product name, such as"Ultra 30" (for a
particular workstation) or"JavaSafe" (for a specific configuration manage
ment service). This string should not include the name of the manufact
or vendor.

◆ Themanufacturer field provides the name of the company that “built” thi
service. This might be a hardware manufacturer or a software autho
company.

◆ Thevendor field contains the name of the company that sells the softw
or hardware that provides this service. This may be the same name as
themanufacturer field, or it could be the name of areseller. This field exists
so that in cases in whichresellersrelabel products built by other companies
users will be able to search based on either name.
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◆ Theversion field provides information about the version of this service.
is a free-form field, though we expect that service implementors will follo
normal version-naming conventions in using it.

◆ Themodel field contains the specific model name or number of the produ
if any.

◆ TheserialNumber field provides the serial number of this instance of th
service, if any.

LS.4.3 More Specific Information

TheServiceType class allows an author of a service to deliver information that
specific to a particular instance of a service, rather than to services in genera

public class ServiceType extends AbstractEntry

        implements ServiceControlled

{

    public ServiceType() {…}

    public java.awt.Image getIcon(int iconKind) {…}

    public String getDisplayName() {…}

    public String getShortDescription() {…}

}

Each service may register itself with multiple instances of this class, usually w
one instance for each type of service interface it implements.

This class has no public fields and, as a result, has no associated Java
component.

ThegetIcon method returns an icon of the appropriate kind for the service
works in the same way as thegetIcon method in thejava.beans.BeanInfo
interface, with the value oficonKind being taken from the possibilities defined in
that interface. ThegetDisplayName andgetShortDescription methods return
a localized human-readable name and description for the service, in the s
manner as their counterparts in thejava.beans.FeatureDescriptor class. Each
of these methods returnsnull if no information of the appropriate kind is defined

In case the distinction between the information this class provides and
provided by a JavaBeans component’s meta-information is unclear, the c
ServiceType is meant to be used in the lookup service as one of the entry cla
with which a service registers itself, and so it can be customized on a per-se
basis. By contrast, theFeatureDescriptor and BeanInfo objects for all
EntryBean classes provide only generic information about those classes and n
about specific instances of those classes.
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LS.4.4 Naming a Service

People like to associate names with particular services and may do so usin
Name class.

public class Name extends AbstractEntry {

    public Name() {…}

    public Name(String name) {…}

    public String name;

}

public class NameBean implements EntryBean, Serializable {

    public String getName() {…}

    public void setName(String s) {…}

}

Services may register themselves with multiple instances of this class, and e
services or administrators may add, modify, or remove instances of this class
the attribute set under which a service is registered.

Thename field provides a short name for a particular instance of a service (
example, “Bob’s toaster”).

LS.4.5 Adding a Comment to a Service

In cases in which some kind of comment is appropriate for a service (for exam
“this toaster tends to burn bagels”), theComment class provides an appro-
priate facility.

public class Comment extends AbstractEntry {

    public Comment() {…}

    public Comment(String comment) {…}

    public String comment;

}

public class CommentBean implements EntryBean, Serializable {

    public String getComment() {…}

    public void setComment(String s) {…}

}
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A service may have more than one comment associated with it, and comm
may be added, removed, or edited by either a service itself, administrator
users.

LS.4.6 Physical Location

TheLocation andAddress classes provide information about the physical loc
tion of a particular service.

Since many services have no physical location, some have one, and a few
have more than one, it might make sense for a service to register itself with ze
more instances of either of these classes, depending on its nature.

The Location class is intended to provide information about the physic
location of a service in a single building or on a small, unified campus. T
Address class provides more information and may be appropriate for use with
Location class in a larger, more geographically distributed organization.

public class Location extends AbstractEntry {

    public Location() {…}

    public Location(String floor, String room,

                    String building) {…}

    public String floor;

    public String room;

    public String building;

}

public class LocationBean implements EntryBean, Serializable {

    public String getFloor() {…}

    public void setFloor(String s) {…}

    public String getRoom() {…}

    public void setRoom(String s) {…}

    public String getBuilding() {…}

    public void setBuilding(String s) {…}

}

public class Address extends AbstractEntry {

    public Address() {…}

    public Address(String street, String organization,

                   String organizationalUnit, String locality,

                   String stateOrProvince, String postalCode,
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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                   String country) {…}

    public String street;

    public String organization;

    public String organizationalUnit;

    public String locality;

    public String stateOrProvince;

    public String postalCode;

    public String country;

}

public class AddressBean implements EntryBean, Serializable {

    public String getStreet() {…}

    public void setStreet(String s) {…}

    public String getOrganization() {…}

    public void setOrganization(String s) {…}

    public String getOrganizationalUnit() {…}

    public void setOrganizationalUnit(String s) {…}

    public String getLocality() {…}

    public void setLocality(String s) {…}

    public String getStateOrProvince() {…}

    public void setStateOrProvince(String s) {…}

    public String getPostalCode() {…}

    public void setPostalCode(String s) {…}

    public String getCountry() {…}

    public void setCountry(String s) {…}

}

We believe the fields of these classes to be self-explanatory, with the pos
exception of thelocality field of theAddress class, which would typically hold
the name of a city.

LS.4.7 Status Information

Some attributes of a service may constitute long-lived status, such as an indic
that a printer is out of paper. We provide a class,Status, that implementors can
use as a base for providing status-related entry classes.

public abstract class Status extends AbstractEntry {

    protected Status() {…}

    protected Status(StatusType severity) {…}
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    public StatusType severity;

}

public class StatusType implements Serializable {

    private final int type;

    private StatusType(int t) { type = t; }

    public static final StatusType ERROR =  new StatusType(1);

    public static final StatusType WARNING =

                                            new StatusType(2);

    public static final StatusType NOTICE = new StatusType(3);

    public static final StatusType NORMAL = new StatusType(4);

}

public abstract class StatusBean

    implements EntryBean, Serializable

{

    public StatusType getSeverity() {…}

    public void setSeverity(StatusType i) {…}

}

We define a separateStatusType class to make it possible to write a property ed
tor that will work with theStatusBean class (we do not currently provide a prop
erty editor implementation).

LS.4.8 Serialized Forms

Class serialVersionUID Serialized Fields

Address 2896136903322046578Lall public fields

AddressBean 4491500432084550577LAddress asoc

Comment 7138608904371928208Lall public fields

CommentBean 5272583409036504625LComment asoc

Location –3275276677967431315Lall public fields

LocationBean –4182591284470292829LLocation asoc

Name 2743215148071307201Lall public fields

NameBean –6026791845102735793LName asoc
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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ServiceInfo –1116664185758541509Lall public fields

ServiceInfoBean 8352546663361067804LServiceInfo asoc

ServiceType –6443809721367395836Lall public fields

Status –5193075846115040838Lall public fields

StatusBean –1975539395914887503LStatus asoc

StatusType –8268735508512712203Lint type

Class serialVersionUID Serialized Fields
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Jini Lookup Discovery
Service

LD.1 Introduction

PART of The Jini Technology Core Platform Specification,“Discovery and Join”
is devoted to defining the discovery requirements for well-behaved Jini clients
services, calleddiscovering entities, which are required to participate in the multi
cast discovery protocols. Discovering entities are required to send multicast
covery requests to lookup services with which the entities wish to interact
addition, they must continuously listen for and act on announcements from
desired lookup services. Interactions with a discovered lookup service
involve registration with that lookup service, or may simply involve querying t
lookup service for services of interest (or both). To findspecificlookup services,
discovering entities also need to be able to participate in the unicast discovery
tocol.

Under certain circumstances, a discovering entity may find it useful to allo
third party to perform the entity’s discovery duties. For example, an activata
entity that wishes to deactivate may wish to employ a special Jini technolo
enabled service (Jini service)—referred to as alookup discovery service—to per-
form discovery duties on its behalf. Such an entity may wish to deactivate for
ious reasons, one being to conserve computational resources. While the en
inactive, the lookup discovery service, running on the same or a separate
would employ the discovery protocols to find lookup services in which the en
has expressed interest and would notify the entity when a previously unavail
lookup service has become available.

The facilities of the lookup discovery service are of particular value in a s
nario in which a new lookup service is added to a long-lived djinn containing m
159
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tiple inactive services. Without the use of a lookup discovery service, the t
frame over which the new lookup service is fully populated can be both unpred
able and unbounded.

To understand why this time frame can be unpredictable, consider the fact
an inactive service has no way of discovering a new lookup service. This me
that each inactive service in the djinn that wishes to discover and join a
lookup service must first activate. Since activation of a service occurs when s
client attempts to use the service, the amount of time that passes betwee
arrival of the new lookup service and the activation of the service can vary gre
over the range of services in the djinn. Thus, the time frame over which the loo
service becomes fully populated cannot be predicted because it could take
trarily long before all of the services activate and then discover and join the
lookup service.

In addition to being unpredictable, the time it takes for the lookup service
fully populate can also be unbounded. This is because there is no guarante
the lookup service will send multicast announcements between the time the
vice activates and the time it deactivates. If the timing is right, it is possible t
one or more of the services in the djinn may never discover and join the
lookup service. Thus, without the use of the lookup discovery service, the
lookup service may never fully populate.

As another example of a discovering entity that may find it useful to allow
third party to perform the entity’s discovery duties, consider an entity that exist
an environment with one of the following characteristics:

◆ The environment does not support multicast.

◆ The environment contains no lookup services within the entity’smulticast
radius (roughly, the number of hops beyond which neither the multica
requests from the entity nor the multicast announcements from the loo
service will propagate).

◆ The environment does contain lookup service(s) within the entity’s multic
radius, but at least one service needed by the entity is not registered with
lookup service within that radius.

If such an entity was provided with references to lookup services—loca
outside of the entity’s multicast radius—that contain services needed by the e
the entity could contact each lookup service and retrieve the desired service r
ences. One way to provide the entity with access to those lookup services m
be to configure the entity to find and use a lookup discovery service, opera
beyond the entity’s range, that can employ multicast discovery to find nea
lookup services belonging to groups in which the entity has expressed inte
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After acquiring references to the targeted lookup services, the lookup disco
service would pass those references to the entity, providing the entity with ac
to the services registered with each lookup service. In this way, the entity par
pates in the multicast discovery protocols through a proxy relationship with
lookup discovery service, gaining access not only to lookup services outside o
own range, but also to all of the services registered with those lookup service

Note that the scenario just described does not come without restrictions
the lookup discovery service to be able to “link” an entity with lookup services
the way just described, the lookup discovery service must be registered w
lookup service having a location that either is known to the entity or is within
multicast radius of the entity. Furthermore, the lookup discovery service mus
running on a host that is located within the multicast radius of the lookup serv
with which the entity wishes to be linked. That is, the entity must be able to fi
the lookup discovery service, and the lookup discovery service must be ab
find the other desired lookup services.

To address these scenarios, the lookup discovery service participates in
the multicast discovery protocols and the unicast discovery protocol on behalf
registered discovering entity orclient. This service will listen for and process mul
ticast announcement packets from Jini lookup services and will, until succes
repeatedly attempt to discover specific lookup services that the client is intere
in finding.

Upon discovery of a previously undiscovered lookup service of interest,
lookup discovery service notifies all entities that have requested the discove
that lookup service that such an event has occurred. The event mecha
employed by the lookup discovery service satisfies the requirements define
The Jini Technology Core Platform Specification, “Distributed Events”. Note that
the entity that receives such an event notification does not have to be the clie
the lookup discovery service; it may be a third-party event-handling service s
as an event mailbox service. Once a client is notified of the discovery of a loo
service, it is left to the client to define the semantics of how it interacts with t
lookup service. For example, the client may wish to join the lookup service, s
ply query it for other useful services, or both.

The lookup discovery service must be implemented as a well-behaved
service and must comply with all of the policies embodied in the Jini technolo
programming model. Thus, the resources granted by this service are leased
implementations of this service must adhere to the distributed leasing mode
Jini technology as defined inThe Jini Technology Core Platform Specification
“Distributed Leasing”. That is, the lookup discovery service will grant its se
vices for only a limited period of time without an active expression of continui
interest on the part of the client.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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LD.1.1 Goals and Requirements

The requirements of the interfaces and classes specified in this document ar

◆ To define a service that not only employs the Jini discovery protocols to
cover, by way of either group association orLookupLocator association,
lookup services in which clients have registered interest, but that also n
fies its clients of the discovery of those lookup services

◆ To provide this service in such a way that it can be used by entities that d
tivate

◆ To comply with the policies of the Jini technology programming model

The goals of this document are as follows:

◆ To describe the lookup discovery service

◆ To provide guidance in the use and deployment of services that implem
theLookupDiscoveryService interface and related classes and interface

LD.1.2 Other Types

The types defined in the specification of theLookupDiscoveryService interface
are in thenet.jini.discovery package. The following object types may be re
erenced in this chapter. Whenever referenced, these object types will be r
enced in unqualified form:

net.jini.core.discovery.LookupLocator

net.jini.core.event.EventRegistration

net.jini.core.event.RemoteEventListener

net.jini.core.lease.Lease

net.jini.core.lookup.ServiceID

net.jini.core.lookup.ServiceRegistrar

net.jini.discovery.DiscoveryEvent

net.jini.discovery.DiscoveryGroupManagement

net.jini.discovery.DiscoveryListener

java.io.IOException

java.rmi.MarshalledObject

java.rmi.NoSuchObjectException

java.rmi.RemoteException

java.util.Map
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LD.2 The Interface

THE LookupDiscoveryService interface defines the service—referred to as t
lookup discovery service—previously introduced in this specification. Throug
this interface, other Jini services and clients may request that discovery proce
be performed on their behalf. This interface belongs to thenet.jini.discovery

package, and any service implementing this interface must comply with the d
nition of a Jini service. This interface is not a remote interface; each impleme
tion of this service exports a front-end proxy object that implements this interf
local to the client, using an implementation-specific protocol to communicate w
the actual remote server (the back end). All of the proxy methods must obey
mal Java Remote Method Invocation (RMI) remote interface semantics excep
where explicitly noted. Two proxy objects are equal (using theequals method) if
they are proxies for the same lookup discovery service.

The one method defined in this interface throws aRemoteException, and
requires only the default serialization semantics so that this interface can
implemented directly using JavaRMI.

package net.jini.discovery;

public interface LookupDiscoveryService {

    public LookupDiscoveryRegistration register(

                              String[] groups,

                              LookupLocator[] locators,

                              RemoteEventListener listener,

                              MarshalledObject handback,

                              long leaseDuration)

                                      throws RemoteException;

}

When requesting a registration with the lookup discovery service, the cl
indicates the lookup services it is interested in discovering by submitting two
of objects. Each set may contain zero or more elements. One set consists o
names of the groups whose members are lookup services the client wishes
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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discovered. The other set consists ofLookupLocator objects, each corresponding
to a specific lookup service the client wishes to be discovered.

For each successful registration the lookup discovery service will man
both the set of group names and the set of locators submitted. These sets w
referred to as themanaged set of groupsand themanaged set of locators, respec-
tively. The managed set of groups associated with a particular registration
tains the names of the groups whose members consist of lookup services th
client wishes to be discovered throughmulticast discovery. Similarly, the man-
aged set of locators contains instances ofLookupLocator, each corresponding to
a specific lookup service that the client wishes to be discovered throughunicast
discovery. The references to the lookup services that have been discovered w
maintained in a set referred to as themanaged set of lookup services(or managed
set ofregistrars).

Note that when the general termmanaged setis used, it should be clear from
the context whether groups, locators, or registrars are being discussed. Fu
more, when the termgroup discoveryor locator discoveryis used, it should be
taken to mean, respectively, the employment of either the multicast discovery
tocols or the unicast discovery protocol to discover lookup services that co
spond to members of the appropriate managed set.
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LD.3 The Semantics

TO employ the lookup discovery service to perform discovery on its behal
client must first register with the lookup discovery service by invoking t
register method defined in theLookupDiscoveryService interface. The
register method is the only method specified by this interface.

LD.3.1 Registration Semantics

An invocation of theregister method produces an object—referred to as aregis-
tration object(or simply aregistration)—that is mutable. That is, the registration
object contains methods through which it may be changed. Because registra
are mutable, each invocation of theregister method produces a new registratio
object. Thus, theregister method is not idempotent.

Theregister method may throw aRemoteException. Typically, this excep-
tion occurs when there is a communication failure between the client and
lookup discovery service. When this exception does occur, the registration ma
may not have been successful.

Each registration with the lookup discovery service is persistent acr
restarts (or crashes) of the lookup discovery service until the lease on the reg
tion expires or is cancelled.

Theregister method takes the following as arguments:

◆ A String array, none of whose elements may benull, consisting of zero or
more elements in which each element is the name of a group whose m
bers are lookup services that the client requesting the registration wish
be discovered via group discovery

◆ An array ofLookupLocator objects, none of whose elements may benull,
consisting of zero or more elements in which each element corresponds
specific lookup service that the client requesting the registration wishe
be discovered via locator discovery
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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◆ A non-null RemoteEventListener object which specifies the entity tha
will receive events notifying the registration when a lookup service of int
est is discovered or discarded

◆ Eithernull or an instance ofMarshalledObject specifying an object that
will be included in the notification event that the lookup discovery servi
sends to the registered listener

◆ A long value representing the amount of time (in milliseconds) for whi
the resources of the lookup discovery service are being requested

The register method returns an object that implements th
LookupDiscoveryRegistration interface. It is through this returned object tha
the client interacts with the lookup discovery service. This interaction inclu
activities such as group and locator management, state retrieval, and disca
discovered but unavailable lookup services so that they are eligible for redisco
(see Section LD.4.1, “The LookupDiscoveryRegistration Interface” for definiti
of the semantics of the methods of theLookupDiscoveryRegistration inter-
face).

Thegroups argument takes aString array, none of whose elements may b
null. Although it is acceptable to specifynull (which is equivalent to
DiscoveryGroupManagement.ALL_GROUPS) for thegroups argument itself, if the
argument contains one or morenull elements, aNullPointerException is
thrown. If the value isnull, the lookup discovery service will attempt to discove
all lookup services located within the multicast radius of the host on which
lookup discovery service is running. If an empty array (equivalent
DiscoveryGroupManagement.NO_GROUPS) is passed in, then no group discover
will be performed for the associated registration until the client, through the re
tration’ssetGroups or addGroups method, changes the contents of the manag
set of groups to either a non-empty set of group names ornull.

The locators argument takes an array ofLookupLocator objects, none of
whose elements may benull. If either the empty array ornull is passed in as the
locators argument, then no locator discovery will be performed for the asso
ated registration until the client, through the registration’saddLocators or
setLocators method, changes the managed set of locators to a non-empty s
locators. Although it is acceptable to inputnull for thelocators argument itself,
if the argument contains one or morenull elements, aNullPointerException is
thrown.

If the register method is invoked with a set of group names and a set
locators in which either or both sets contain duplicate elements (where dupli
locators are determined byLookupLocator.equals), the invocation is equivalent
to constructing this class with no duplicates in either set.
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Upon discovery of a lookup service, through either group discovery or loca
discovery, the lookup discovery service will send an event, referred to as adiscov-
ered event, to the listener associated with the registration produced by the ca
register.

After initial discovery of a lookup service, the lookup discovery service w
continue to monitor the group membership state reflected in the multic
announcements from that lookup service. Depending on the lookup service’s
rent group membership, the lookup discovery service may send either a dis
ered event or an event referred to as adiscarded event. The conditions under
which either a discovered event or a discarded event will be sent are as follo

◆ If the multicast announcements from an already discovered lookup ser
indicate that the lookup service is a member of a new group, a discove
event will be sent to the listener of each registration that has yet to recei
discovered event for that lookup service, but that has previously registe
interest in the new group.

◆ If the multicast announcements from an already discovered lookup ser
indicate that the lookup service has changed its group membership in su
way that the lookup service is no longer of interest to one or more of the r
istrations that previously registered interest in the groups of that lookup
vice, a discarded event will be sent to the listener of each such registra
This type of discarded event is sometimes referred to as apassive no-interest
discarded event(“passive” because the lookup discovery service, rather th
the client, initiated the discard process).

◆ If the multicast announcements from an already discovered lookup ser
are no longer being received, a discarded event will be sent to the listen
each registration that previously registered interest in one or more of
lookup service’s member groups. This type of discarded event is someti
referred to as apassive communication discarded event.

It is important to note that when the lookup discovery service (passively) d
cards a lookup service, due to group membership changes (lost interes
unavailability (communication failure), the discarded event will be sent to o
the listeners of those registrations that have previously requested that the aff
lookup service be discovered through at least group discovery. That is, the list
of any registration that is interested in the affected lookup service throughonly
locator discovery will not be sent either type of passive discarded event. Th
because the semantics of the lookup discovery service assume that since th
ent, through the registration request, expressed no interest in discovering
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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lookup service through its group membership, the client must also have no int
in any group-related changes in that lookup service’s state.

A more detailed discussion of the event semantics of the lookup discov
service is presented in Section LD.3.2, “Event Semantics”.

A valid parameter must be passed as thelistener argument of theregister
method. If anull value is input to this argument, then aNullPointerException
will be thrown and the registration fails.

Note that if an indefinite exception occurs while attempting to send a disc
ered or discarded event to a registration’s listener, the lookup discovery se
will continue to attempt to send the event until either the event is successf
delivered or the client’s lease on that registration expires. If
UnknownEventException, a bad object exception, or a bad invocation excepti
occurs while attempting to send a discovered or discarded event to a registra
listener, the lookup discovery service assumes that the client is in an unkn
possibly corrupt state, and will cancel the lease on the registration and clea
registration from its managed set.

The state information maintained by the lookup discovery service includes
set of group names, locators, and listeners submitted by each client through
invocation of theregister method, with duplicates eliminated. This state info
mation contains no knowledge of the clients that register with the lookup disc
ery service. Thus, there is no requirement that a client identify itself during
registration process.

LD.3.2 Event Semantics

For each registration created by the lookup discovery service, an event iden
will be generated that uniquely maps the registration to the listener as well a
the registration’s managed set of groups and managed set of locators. This
identifier is returned as a part of the returned registration object and is un
across all other active registrations with the lookup discovery service.

Whenever the lookup discovery service finds a lookup service matching
discovery criteria of one or more of its registrations, it sends an instance
RemoteDiscoveryEvent (a subclass ofRemoteEvent) to the listener correspond-
ing to each such registration. The event sent to each listener will contain
appropriate event identifier.

Once an event signaling the discovery (by group or locator) of a des
lookup service has been sent, no other discovered events for that lookup se
will be sent to a registration’s listener until the lookup service is discarded (eit
actively, by the client through the registration, or passively by the lookup disc
ery service) and then rediscovered. Note that more information about wh
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means for a lookup service to be discarded is presented in Section LD.3.1, “R
tration Semantics” and the section of this specification titled “Discarding Look
Services”.

If, between the time a lookup service is discarded and the time it is redisc
ered, a new registration is requested having parameters indicating interest in
lookup service, upon rediscovery of the lookup service an event will also be
to that new registration’s listener.

The sequence numbers for a given event identifier are strictly increasing
defined in The Jini Technology Core Platform Specification, “Distribute
Events”), which means that when any two such successive events have sequ
numbers that differ by only a value of 1, then no events have been missed. O
other hand, when the set of received events is viewed in order, if the differe
between the sequence numbers of two successive events is greater than 1, th
or more events may or may not have been missed. For example, a differ
greater than 1 could occur if the lookup discovery service crashes, even i
events are lost because of the crash. When two such successive events
sequence numbers whose difference is greater than 1, there is said to begap
between the events.

When a gap occurs between events, the local state (on the client) related
discovered lookup services may or may not fall out of sync with the correspo
ing remote state maintained by the lookup discovery service. For example, i
gap corresponds to a missed event representing the (initial) discovery of a tar
lookup service, the remote state will reflect this discovery, whereas the clie
local state will not. To allow clients to identify and correct such a situation, ea
registration object provides a method that returns a set consisting of the proxi
the lookup services that have been discovered for that registration. With this in
mation the client can update its local state.

When requesting a registration with the lookup discovery service, a cl
may also supply (as a parameter to theregister method) a reference to an objec
wrapped in aMarshalledObject, referred to as ahandback. When the lookup
discovery service sends an event to a registration’s listener, the event will
contain a reference to this handback object. The lookup discovery service wil
change the handback object. That is, the handback object contained in the
sent by the lookup discovery service will be identical to the handback object re
tered by the client with the event mechanism.

The semantics of the object input to thehandback argument are left to each
client to define, althoughnull may be input to this argument. The role of th
handback object in the remote event mechanism is detailed inThe Jini Technol-
ogy Core Platform Specification, “Distributed Events”.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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LD.3.3 Leasing Semantics

When a client registers with the lookup discovery service, it is effectively requ
ing a lease on the resources provided by that service. The initial duration o
lease granted to a client by the lookup discovery service will be less than or e
to the requested duration reflected in the value input to theleaseDuration argu-
ment. That value must be positive,Lease.FOREVER, or Lease.ANY. If any other
value is input to this argument, anIllegalArgumentException will be thrown.
The client may obtain a reference to theLease object granted by the lookup dis-
covery service through the associated registration returned by the service
Section LD.4.1, “The LookupDiscoveryRegistration Interface”).
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LD.4 Supporting Interfaces and Classes

THE lookup discovery service depends on theLookupDiscoveryRegistration

interface, as well as on the concrete classesRemoteDiscoveryEvent and
LookupUnmarshalException.

LD.4.1 TheLookupDiscoveryRegistration Interface

When a client requests a registration with the lookup discovery service, an ob
that implements theLookupDiscoveryRegistration interface is returned. It is
through this interface that the client manages the state of its registration with
lookup discovery service.

package net.jini.discovery;

public interface LookupDiscoveryRegistration {

    public EventRegistration getEventRegistration();

    public Lease getLease();

    public ServiceRegistrar[] getRegistrars()

                             throws LookupUnmarshalException,

                                    RemoteException;

    public String[] getGroups() throws RemoteException;

    public LookupLocator[] getLocators()

                                      throws RemoteException;

    public void addGroups(String[] groups)

                                      throws RemoteException;

    public void setGroups(String[] groups)

                                      throws RemoteException;

    public void removeGroups(String[] groups)

                                      throws RemoteException;

    public void addLocators(LookupLocator[] locators)

                                      throws RemoteException;

    public void setLocators(LookupLocator[] locators)
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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                                      throws RemoteException;

    public void removeLocators(LookupLocator[] locators)

                                      throws RemoteException;

    public void discard(ServiceRegistrar registrar)

                                      throws RemoteException;

}

As with the LookupDiscoveryService interface, the
LookupDiscoveryRegistration interface is not a remote interface. Each imple
mentation of the lookup discovery service exports proxy objects that implem
this interface local to the client, using an implementation-specific protoco
communicate with the actual remote server. All of the proxy methods must o
normal JavaRMI remote interface semantics except where explicitly noted. T
proxy objects are equal (using theequals method) if they are proxies for the sam
registration created by the same lookup discovery service.

The discovery facility of the lookup discovery service, together with its eve
mechanism, make up the set of resources clients register to use. Becaus
resources of the lookup discovery service are leased, access is granted for o
limited period of time unless there is an active expression of continuing interes
the part of the client.

When a client uses the registration process to request that a lookup disco
service perform discovery of a set of desired lookup services, the client is
registered with the service’s event mechanism. Because of this implicit regis
tion with the event mechanism, the lookup discovery service “bundles” b
resources under a single lease. When that lease expires, both discovery proc
and event notifications will cease with respect to the registration that resulted f
the client’s request.

To facilitate lease management and event handling,
LookupDiscoveryRegistration interface defines methods that allow the clien
to retrieve its event registration information. Additional methods defined by t
interface allow the client to retrieve references to the registration’s currently
covered lookup services, as well as to modify the managed sets of groups
locators.

If the client’s registration with the lookup discovery service has expired
been cancelled, then any invocation of a remote method defined in this inter
will result in aNoSuchObjectException. That is, any method that communicate
with the back end server of the lookup discovery service will throw
NoSuchObjectException if the registration on which the method is invoked n
longer exists. Note that if a client receives aNoSuchObjectException as a result
of an invocation of such a method, although the client can assume that the r
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tration no longer exists, the client cannot assume that the lookup discovery se
itself no longer exists.

Each remote method of this interface may throw aRemoteException. Typi-
cally, this exception occurs when there is a communication failure between
client and the lookup discovery service. Whenever this exception occurs
result of the invocation of one of these methods, the method may or may not
completed its processing successfully.

LD.4.1.1 The Semantics

The methods defined by this interface are organized into a set of accessor m
ods, a set of group mutator methods, a set of locator mutator methods, an
discard method. Through the accessor methods, various elements of a reg
tion’s state can be retrieved. The mutator methods provide a mechanism
changing the set of groups and locators to be discovered for the registra
Through thediscard method, a particular lookup service may be made eligib
for rediscovery.

The Accessor Methods

ThegetEventRegistration method returns anEventRegistration object that
encapsulates the information the client needs to identify a notification sent by
lookup discovery service to the registration’s listener. This method is not rem
and takes no arguments.

ThegetLease method returns theLease object that controls a client’s regis-
tration with the lookup discovery service. It is through theLease object returned
by this method that the client requests the renewal or cancellation of the regi
tion with the lookup discovery service. This method is not remote and takes
arguments.

Note that the object returned by thegetEventRegistration method also
provides agetLease method. That method and thegetLease method defined by
theLookupDiscoveryRegistration interface both return the sameLease object.
ThegetLease method defined here is provided as a convenience to avoid the i
rection associated with thegetLease method on theEventRegistration object,
as well as to avoid the overhead of making two method calls.

The getRegistrars method returns a set of instances of th
ServiceRegistrar interface. Each element in the set is a proxy to one of t
lookup services that have already been discovered for the registration. Addi
ally, each element in the set will be unique with respect to all other elements in
set, as determined by theequals method provided by each element. The conten
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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of the set make up the current remote state of the set of lookup services disco
for the registration. This method returns a new array on each invocation.

This method can be used to maintain synchronization between the set of
covered lookup services making up a registration’s local state on the client an
registration’s corresponding remote state maintained by the lookup discovery
vice. The local state can become unsynchronized with the remote state when
occurs in the events received by the registration’s listener.

According to the event semantics of the lookup discovery service, if ther
no gap between two sequence numbers, no events have been missed and th
remain synchronized with each other; if there is a gap, events may or may
have been missed. Therefore, upon finding gaps in the sequence of events, t
ent can invoke this method and use the returned information to synchronize
local state with the remote state.

To construct its return set, thegetRegistrars method retrieves from the
lookup discovery service the set of lookup service proxies making up the regis
tion’s current remote state. When the lookup discovery service sends
requested set of proxies, the set is sent as a set of marshalled instances
ServiceRegistrar interface. The lookup discovery service individually marsha
each proxy in the set that it sends because if it were not to do so,anydeserializa-
tion failure on the set would result in anIOException, and failure would be
declared for the whole deserialization process, not just an individual element.
would mean that all elements of the set sent by the lookup discovery servic
even those that were successfully deserialized—would be unavailable to the
ent. Individually marshalling each element in the set minimizes the “all or no
ing” aspect of the deserialization process, allowing the client to recover th
proxies that can be successfully unmarshalled and to proceed with processin
might not be possible otherwise.

When constructing the return set, this method attempts to unmarshal each
ment of the set of marshalled proxy objects sent by the lookup discovery ser
When failure occurs while attempting to unmarshal any of those elements,
method throws an exception of typeLookupUnmarshalException (described
later). It is through the contents of that exception that the client can recover
available proxies and perform error handling related to the unavailable prox
The contents of theLookupUnmarshalException provide the client with the fol-
lowing useful information:

◆ The knowledge that a problem has occurred while unmarshalling at least
of the elements making up the remote state of the registration’s discov
lookup services
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◆ The set of proxy objects that were successfully unmarshalled by
getRegistrars method

◆ The set of marshalled proxy objects that could not be unmarshalled by
getRegistrars method

◆ The set of exceptions corresponding to each failed attempt at unmarsha

The type of exception that occurs when attempting to unmarshal an elem
of the set sent by the lookup discovery service is typically anIOException or a
ClassNotFoundException (usually the more common of the two). A
ClassNotFoundException occurs whenever a remote object on which the ma
shalled proxy depends cannot be retrieved and loaded, usually because the
base of one of the object’s classes or interfaces is currently “down.” To add
this situation, the client may wish to proceed with its processing using the s
cessfully unmarshalled proxies, and attempt to unmarshal the unavailable pr
(or re-invoke this method) at some later time.

If the getRegistrars method returns successfully without throwing
LookupUnmarshalException, the client is guaranteed that all marshalled proxi
belonging to the set sent by the lookup discovery service have each been suc
fully unmarshalled; the client then has a snapshot—relative to the point in t
when this method is invoked—of the remote state of the lookup services dis
ered for the associated registration.

ThegetGroups method returns an array consisting of the group names fr
the registration’s managed set; that is, the names of the groups the lookup di
ery service is currently configured to discover for the associated registration. I
managed set of groups is empty, this method returns the empty array. If there
managed set of groups associated with the registration (that is, the lookup dis
ery service is configured to discoverDiscoveryGroupManagement.ALL_GROUPS
for the registration), thennull is returned.

ThegetLocators method returns an array consisting of theLookupLocator

objects from the registration’s managed set; that is, the locators of the spe
lookup services the lookup discovery service is currently configured to disco
for the associated registration. If the managed set of locators is empty, this me
returns the empty array.

The Group Mutator Methods

With respect to a particular registration, the groups to be discovered may be m
ified using the methods described in this section. In each case, a set of grou
represented as aString array, none of whose elements may benull. If any set of
groups input to one of these methods contains one or morenull elements, a
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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NullPointerException is thrown. The empty set is denoted by the empty arr
(DiscoveryGroupManagement.NO_GROUPS), and “no set” is indicated bynull
(DiscoveryGroupManagement.ALL_GROUPS). No set indicates that all lookup ser
vices within the multicast radius should be discovered, regardless of group m
bership. Invoking any of these methods with an input set of groups that cont
duplicate names is equivalent to performing the invocation with the duplic
group names removed from the input set.

TheaddGroups method adds a set of group names to the registration’s m
aged set. This method takes one argument: aString array consisting of the set of
group names with which to augment the registration’s managed set.

If the registration has no current managed set of groups to augment,
method throws anUnsupportedOperationException. If the parameter value is
null, this method throws aNullPointerException. If the parameter value is the
empty array, then the registration’s managed set of groups will not change.

The setGroups method replaces all of the group names in the registratio
managed set with names from a new set. This method takes one argume
String array consisting of the set of group names with which to replace the c
rent names in the registration’s managed set.

If null is passed tosetGroups, the lookup discovery service will attempt to
discover any undiscovered lookup services located within range of the lookup
covery service, regardless of group membership.

If the empty set is passed tosetGroups, then group discovery will be halted
until the registration’s managed set of groups is changed—through a subseq
call to this method or toaddGroups—to a set that is either a non-empty set o
group names ornull.

The removeGroups method deletes a set of group names from the regist
tion’s managed set. This method takes one argument: aString array containing
the set of group names to remove from the registration’s managed set.

If the registration has no current managed set of groups from which to rem
elements, this method throws anUnsupportedOperationException. If null is
input, this method throws aNullPointerException. If the registration does have
a managed set of groups from which to remove elements, but either the input
empty or none of the elements in the input set match any element in the man
set, then the registration’s managed set of groups will not change.

Once a new group name has been placed in the registration’s managed se
result of an invocation of eitheraddGroups or setGroups, if there are lookup ser-
vices belonging to that group that have already been discovered for that reg
tion, no event will be sent to the registration’s listener for those particular look
services. However, attempts to discover any undiscovered lookup services be
ing to that group will continue to be made on behalf of the registration.



JINI LOOKUP DISCOVERY SERVICE, version 1.1 177

the
on of

es

ew

ble
not
.

be
loca-
s

of

d by

of the

loca-

’s
e

cur-

sub-

ntain-
Any already discovered lookup service that is a member of one or more of
groups removed from the registration’s managed set as a result of an invocati
eithersetGroups or removeGroups will be discarded and will no longer be eligi-
ble for discovery (for that registration), but only if that lookup service satisfi
both of the following conditions:

◆ The lookup service is not a member of any group in the registration’s n
managed set resulting from the invocation ofsetGroups or removeGroups

◆ With respect to the registration, the lookup service is not currently eligi
for discovery through locator discovery; that is, the lookup service does
correspond to any element in the registration’s managed set of locators

The Locator Mutator Methods

With respect to a particular registration, the set of locators to discover may
modified using the methods described in this section. In each case, a set of
tors is represented as an array ofLookupLocator objects, none of whose element
may benull. If any set of locators input to one of these methods contains one
morenull elements, aNullPointerException is thrown. Invoking any of these
methods with a set of locators that contains duplicate locators (as determine
LookupLocator.equals) is equivalent to performing the invocation with the
duplicates removed from the input set.

TheaddLocators method adds a set ofLookupLocator objects to the regis-
tration’s managed set. This method takes one argument: an array consisting
set of locators with which to augment the registration’s managed set.

If null is passed toaddLocators, aNullPointerException will be thrown.
If the parameter value is the empty array, the registration’s managed set of
tors will not change.

The setLocators method replaces all of the locators in the registration
managed set withLookupLocator objects from a new set. This method takes on
argument: an array consisting of the set of locators with which to replace the
rent locators in the registration’s managed set.

If null is passed tosetLocators, aNullPointerException will be thrown.
If the empty set is passed tosetLocators, then locator discovery will be

halted until the registration’s managed set of locators is changed—through a
sequent call to this method or toaddLocators—to a set that is non-null and non-
empty.

The removeLocators method deletes a set ofLookupLocator objects from
the registration’s managed set. This method takes one argument: an array co
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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ing the set ofLookupLocator objects to remove from the registration’s manage
set.

If null is passed toremoveLocators, a NullPointerException will be
thrown. If any element of the set of locators to remove is not contained in the
istration’s managed set,removeLocators takes no action with respect to that ele
ment. If the parameter value is the empty array, the managed set of locators
not change.

Whenever a new locator is placed in the managed set as a result of an inv
tion of one of the locator mutator methods and that new locator equals none o
previously discovered locators (across all registrations), the lookup discovery
vice will attempt unicast discovery of the lookup service associated with the n
locator.

If locator discovery is attempted for a registration, such discovery attem
will be repeated until one of the following events occurs:

◆ The lookup service is discovered

◆ The client’s lease on the registration expires

◆ The client explicitly removes the locator from the registration’s managed

Upon discovery of the lookup service corresponding to the new locator, or u
finding a match between the new locator and a previously discovered lookup
vice, a discovered event will be sent to the registration’s listener, unless
lookup service was previously discovered for that registration through group
covery.

Any already discovered lookup service corresponding to a locator tha
removed from the registration’s managed set as a result of an invocation of e
setLocators or removeLocators will be discarded and will no longer be eligible
for discovery, but only if it is not currently eligible for discovery through grou
discovery—that is, only if the lookup service is not also a member of one or m
of the groups in the registration’s managed set of groups.

Discarding Lookup Services

When the lookup discovery service removes an already discovered lookup se
from a registration’s managed set of lookup services, the lookup service is sa
bediscarded.

There are a number of situations in which the lookup discovery service
discard a lookup service:
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◆ In response to a discard request resulting from an invocation of a regis
tion’s discard method

◆ In response to a declaration—via an invocation of one of the mutator m
ods on a registration—that there is no longer any interest in one or mor
the registration’s already discovered lookup services

◆ In response to the determination that the multicast announcements from
already discovered lookup service indicate that the lookup service
changed its group membership in such a way that the lookup service i
longer of interest to one or more of the registrations that previously reg
tered interest in the groups of that lookup service

◆ In response to the determination that the multicast announcements from
already discovered lookup service are no longer being received

For each of these cases, whenever the lookup discovery service disca
lookup service, it will send an event to the registration’s listener to notify it th
the lookup service has been discarded.

The discard method provides a mechanism for registered clients to info
the lookup discovery service of the existence of an unavailable—orunreach-
able—lookup service, and to request that the lookup discovery service disc
that lookup service and make it eligible for rediscovery.

Thediscard method takes a single argument: the proxy to the lookup serv
to discard. This method takes no action if the parameter to this method eq
none of the proxies reflected in the managed set (using proxy equality as de
in The Jini Technology Core Platform Specification,“Lookup Service”. Ifnull is
passed todiscard, aNullPointerException is thrown.

Although the lookup discovery service monitors the multicast announcem
from all discovered lookup services for indications of unavailability, it should
noted that there are conditions under which the lookup discovery service will
discard such a lookup service, even when the lookup service is found to
unreachable. Whether or not the lookup discovery service discards suc
unreachable lookup service is dependent on how each registration is config
for discovery with respect to that lookup service. If every registration that is c
figured to discover the unreachable lookup service is configured to discov
through locator discovery only, the lookup discovery service will not discard
lookup service. In other words, in order for the lookup discovery service to d
card a lookup service it has determined is unreachable, at least one registr
must be configured for discovery of at least one group in which that lookup
vice is a member.

Thus, whenever a client determines that a previously discovered lookup
vice has become unreachable, it should not rely on the lookup discovery servi
discard the lookup service. Instead, the client should inform the lookup disco
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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service—through the invocation of the registration’sdiscard method—that the
previously discovered lookup service is no longer available and that attem
should be made to rediscover that lookup service for the registration. Typical
client determines that a lookup service is unavailable when the client attemp
use the lookup service but receives an indefinite exception, a bad object excep
or a bad invocation exception as a result of the attempt.

Note that the lookup discovery service may be acting on behalf of numer
clients that have access to the same lookup service. If that lookup service bec
unavailable, many of those clients may invokediscard between the time the
lookup service becomes unavailable and the time it is rediscovered. Upon the
invocation ofdiscard, the lookup discovery service will re-initiate discovery o
the relevant lookup service for the registration of the client that made the invo
tion. For all other invocations made prior to rediscovery, the registrations thro
which the invocation is made are sent a discarded event, and added to the l
registrations that will be notified when rediscovery of the lookup service d
occur. That is, upon rediscovery of the lookup service, only those registrat
through which thediscard method was invoked will be notified.

Upon successful completion of thediscard method, the proxy requested to
be discarded is guaranteed to have been removed from the managed set of th
istration through which the invocation was made. No such guarantee is made
respect to when the discarded event is sent to each such registration’s lis
That is, the event notifying the listeners that the lookup service has been disca
may or may not be sent asynchronously.

LD.4.2 TheRemoteDiscoveryEvent Class

When the lookup discovery service discovers or discards a lookup service ma
ing the criteria established through one of its registrations, the lookup disco
service sends an instance of theRemoteDiscoveryEvent class to the
RemoteEventListener implemented by the client and registered with the looku
discovery service.

package net.jini.discovery;

public class RemoteDiscoveryEvent extends RemoteEvent {

    public RemoteDiscoveryEvent(Object source,

                                long eventID,

                                long seqNum,

                                MarshalledObject handback,

                                boolean discarded,
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                                Map groups)

                                       throws IOException {…}

    public boolean isDiscarded() {…}

    public ServiceRegistrar[] getRegistrars()

                          throws LookupUnmarshalException {…}

    public Map getGroups() {…}

}

TheRemoteDiscoveryEvent class provides an encapsulation of event info
mation that the lookup discovery service uses to notify a registration of the oc
rence of an event involving one or moreServiceRegistrar objects (lookup
services) in which the registration has registered interest. The lookup disco
service passes an instance of this class to the registration’s discovery listener
one of the following events occurs:

◆ Each lookup service referenced in the event has been discovered for the
time or rediscovered after having been discarded.

◆ Each lookup service referenced in the event has been either actively or
sively discarded.

RemoteDiscoveryEvent is a subclass ofRemoteEvent, adding the following
additional items of abstract state:

◆ A boolean indicating whether the lookup services referenced by the ev
have been discovered or discarded

◆ A set of marshalled instances of theServiceRegistrar interface having the
characteristic that when each element is unmarshalled, the result is a p
to one of the discovered or discarded lookup services referenced by the e

◆ A Map instance in which the elements of the map’s key set are the instan
of ServiceID that correspond to each lookup service reference returne
the event, and the map’s value set contains the corresponding mem
groups of each lookup service reference

Methods are defined through which this additional state may be retrie
upon receipt of an instance of this class.

Clients need to know not only when a targeted lookup service has been
covered, but also when it has been discarded. The lookup discovery service
an instance ofRemoteDiscoveryEvent to notify a registration when either of
these events occurs, as indicated by the value of theboolean state variable. When
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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the value of that variable istrue, the event is referred to as adiscarded event;
whenfalse, it is referred to as adiscovered event.

LD.4.2.1 The Semantics

The constructor of theRemoteDiscoveryEvent class takes the following parame
ters as input:

◆ A reference to the lookup discovery service that generated the event

◆ The event identifier that maps a particular registration to both its listener
its targeted groups and locators

◆ The sequence number of the event being constructed

◆ The client-defined handback (which may benull)

◆ A flag indicating whether the event being constructed is a discovered e
or a discarded event

◆ A Map whose key set contains the proxies to newly discovered or discar
lookup service(s) the event is to reference, and whose value set contain
corresponding member groups of each lookup service

If the groups parameter is empty, the constructor will throw a
IllegalArgumentException. If null is input to thegroups parameter, the con-
structor will throw aNullPointerException. If none of the proxies referenced in
thegroups parameter can be successfully serialized, the constructor will throw
IOException.

TheisDiscarded method returns aboolean that indicates whether the even
is a discovered event or a discarded event. If the event is a discovered event
this method returnsfalse. If the event is a discarded event,true is retuned.

The getRegistrars method returns an array consisting of instances of t
ServiceRegistrar interface. Each element in the returned set is a proxy to o
of the newly discovered or discarded lookup services that caused
RemoteDiscoveryEvent to be sent. Additionally, each element in the returned s
will be unique with respect to all other elements in the set, as determined by
equals method provided by each element. This method does not make a rem
call. With respect to multiple invocations of this method, each invocation w
return a new array.

When the lookup discovery service sends an instance
RemoteDiscoveryEvent to the listener of a client’s registration, the set of looku
service proxies contained in the event consists of marshalled instances o
ServiceRegistrar interface. The lookup discovery service individually marsha
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each proxy associated with the event because if it were not to do so,anydeserial-
ization failure on the set would result in anIOException, and failure would be
declared for the whole deserialization process, not just an individual element.
would mean that all elements of the set sent in the event—even those that c
successfully deserialized—would be unavailable to the client through this met
Just as with the getRegistrars method defined by the
LookupDiscoveryRegistration interface, individually marshalling each ele
ment in the set minimizes the “all or nothing” aspect of the deserialization p
cess, allowing the client to recover those proxies that can be success
unmarshalled and to proceed with processing that might not be possible o
wise.

When constructing the return set, this method attempts to unmarshal each
ment of the set of marshalled proxy objects contained in the event. When fa
occurs while attempting to unmarshal any of the elements of that set, this me
throws an exception of typeLookupUnmarshalException. It is through the con-
tents of this exception that the client can recover any available proxies and
form error handling with respect to the unavailable proxies.

If the getRegistrars method returns successfully without throwing
LookupUnmarshalException, the client is guaranteed that all marshalled proxi
sent in the event have each been successfully unmarshalled during that part
invocation. Furthermore, after the first such successful invocation, no m
unmarshalling attempts will be made (because such attempts are no longer n
sary), and all future invocations of this method are guaranteed to return an a
with contents identical to the contents of the array returned by the first succe
invocation.

Note that an array, rather than a single proxy, is returned by
getRegistrars method so that implementations of the lookup discovery serv
can choose to “batch” the information sent to a registration. With respect to
coveries, batching the information may be particularly useful when a client fi
registers with the lookup discovery service.

Upon initial registration, multiple lookup services are typically found over
short period of time, providing the lookup discovery service with the opportun
to send all of the initially discovered lookup services in only one event. Aft
ward, as so-called “late joiner” lookup services are found sporadically, the loo
discovery service may send events referencing only one lookup service.

Note that the event sequence numbers, as defined earlier in Section LD
“Event Semantics”, are strictly increasing, even when the information is batch

ThegetGroups method returns aMap in which the elements of the map’s key
set are the instances ofServiceID that correspond to each lookup service fo
which the event was constructed and sent. Each element of the returned m
value set is aString array containing the names of the member groups of t
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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associated lookup service whoseServiceID equals to the corresponding key. Thi
method does not make a remote call. On each invocation of this method, the
Map object is returned; that is, a copy is not made.

The Map returned by thegetGroups method is keyed by theServiceID of
each lookup service in the event, rather than by the proxy of each lookup se
to avoid the deserialization issues addressed by thegetRegistrars method.
Thus, client’s wishing to retrieve the set of member groups corresponding to
element of the array returned by thegetRegistrars method, must use the
ServiceID of the desired element from that array as the key to theget method of
theMap returned by this method and then cast toString[].

LD.4.2.2 Serialized Forms

LD.4.3 TheLookupUnmarshalException Class

Recall that when unmarshalling an instance ofMarshalledObject, one of the fol-
lowing checked exceptions is possible:

◆ An IOException, which can occur while deserializing the object from it
internal representation

◆ A ClassNotFoundException, which can occur if, while deserializing the
object from its internal representation, either the class file of the object c
not be found, or the class file of an interface or class referenced by the ob
being deserialized cannot be found. Typically, aClassNotFoundException

occurs when the codebase from which to retrieve the needed class file i
currently available

TheLookupUnmarshalException class provides a mechanism that clients
the lookup discovery service may use for efficient handling of the exceptions
may occur when unmarshalling elements of a set of marshalled instances o
ServiceRegistrar interface. When elements in such a set are unmarshalled,

Class serialVersionUID Serialized Fields

RemoteDiscoveryEvent -9171289945014585248Lboolean discarded
ArrayList marshalledR

ServiceRegistrar[] re

Map groups
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LookupUnmarshalException class may be used to collect and report pertine
information generated when failure occurs during the unmarshalling process

package net.jini.discovery;

public class LookupUnmarshalException extends Exception {

    public LookupUnmarshalException

                    (ServiceRegistrar[] registrars,

                     MarshalledObject[] marshalledRegistrars,

                     Throwable[] exceptions) {…}

    public LookupUnmarshalException

                    (ServiceRegistrar[] registrars,

                     MarshalledObject[] marshalledRegistrars,

                     Throwable[] exceptions,

                     String message) {…}

    public ServiceRegistrar[] getRegistrars() {…}

    public MarshalledObject[] getMarshalledRegistrars() {…}

    public Throwable[] getExceptions() {…}

}

The LookupUnmarshalException class is a subclass ofException, adding
the following additional items of abstract state:

◆ A set ofServiceRegistrar instances in which each element is the result
a successful unmarshalling attempt

◆ A set of marshalled instances ofServiceRegistrar in which each element
is the result of an unsuccessful unmarshalling attempt

◆ A set of exceptions (IOException, ClassNotFoundException, or some
unchecked exception) in which each element corresponds to one of
unsuccessful unmarshalling attempts

When exceptional conditions occur while unmarshalling a set of marsha
instances ofServiceRegistrar, the LookupUnmarshalException class can be
used not only to indicate that an exceptional condition has occurred, but als
provide information that can be used to perform error handling activities such

◆ Determining if it is feasible to continue with processing

◆ Reporting errors

◆ Attempting recovery

◆ Performing debug activities
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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LD.4.3.1 The Semantics

The constructor of theLookupUnmarshalException class has two forms. The
first form of the constructor takes the following parameters as input:

◆ An array containing the set of instances ofServiceRegistrar that were
successfully unmarshalled

◆ An array containing the set of marshalledServiceRegistrar instances that
could not be unmarshalled

◆ An array containing the set of exceptions that occurred during the unm
shalling process

The second form of the constructor takes the same arguments as the firs
one additional argument: aString describing the nature of the exception.

Each element in theexceptions parameter should be an instance o
IOException, ClassNotFoundException, or some unchecked exception. Fur
thermore, there is a one-to-one correspondence between each element
exceptions parameter and each element in themarshalledRegistrars parame-
ter. That is, the element of theexceptions parameter corresponding to indexi
should be an instance of the exception that occurred while attempting to un
shal the element at indexi of themarshalledRegistrars parameter.

If the number of elements in theexceptions parameter does not equal th
number of elements in themarshalledRegistrars parameter, the constructo
will throw anIllegalArgumentException.

ThegetRegistrars method is an accessor method that returns an array c
sisting of instances ofServiceRegistrar, where each element of the array corre
sponds to a successfully unmarshalled object. Note that the same array is ret
on each invocation of this method; that is, a copy is not made.

The getMarshalledRegistrars method is an accessor method that retur
an array consisting of instances ofMarshalledObject, where each element of the
array is a marshalled instance of theServiceRegistrar interface and corre-
sponds to an object that could not be successfully unmarshalled. Note tha
same array is returned on each invocation of this method; that is, a copy is
made.

ThegetExceptions method is an accessor method that returns an array c
sisting of instances ofThrowable, where each element of the array corresponds
one of the exceptions that occurred during the unmarshalling process. Each
ment in the return set is an instance ofIOException, ClassNotFoundException,
or some unchecked exception. Additionally, there should be a one-to-one c
spondence between each element in the array returned by this method an
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array returned by thegetMarshalledRegistrars method. Note that the same
array is returned on each invocation of this method; that is, a copy is not mad

LD.4.3.2 Serialized Forms

Class serialVersionUID Serialized Fields

LookupUnmarshalException 2956893184719950537LServiceRegistrar[]
  registars

MarshalledObject[]

  marshalledRegistrars

Throwable[] exceptions
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LR.1 Introduction

L EASING is a key concept in the Jini architecture; in general, Jini technolo
enabled services (Jini services) grant access to a resource only for as long as t
clients of those Jini services actively express interest in the resource being m
tained. This pattern is in contrast to many other systems, in which access
resource is granted until the client explicitly releases the resource. Using a lea
model generally makes a distributed system more robust by allowing stale in
mation and services to be cleaned up, but it also places additional requiremen
clients and services.

A client of a leased service may run into difficulties if that client deactivat
Unless the client ensures that some other process renews the client’s leases
it is inactive, or that the client is activated before its leases begin to expire, the
ent will lose access to the resources it has acquired. This loss can be particu
dramatic in the case of lookup service registrations. A service’s registration w
lookup service is leased—if the service deactivates (maybe to conserve com
tional resources on its host) and it does not take appropriate steps, its registra
with lookup services will expire, and before long it will be inaccessible. If th
service becomes active only when clients invoke its methods, it may ne
become active again, because at this point new clients may not be able to fin

The need to renew leases creates a constant load on clients, servers, a
network. Although batching lease renewals can help (seeThe Jini Technology
Core Platform Specification, “Distributed Leasing”), a given client is unlikely to
have very many leases granted by any one service at any given time, thus red
the opportunities for meaningful batching.
189
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This additional load may be an especially great burden on clients that alw
have the ability to access the network but cannot be continuously connecte
cell phone always has the ability to connect; however, being connected all the
will drain its batteries and accumulate airtime charges. One or two leases ma
pose a problem, but a large number of leases could force the phone to be o
network all the time.

A lease renewal service can help mitigate these problems. Clients that wis
become inactive can pass the responsibility for renewing the leases they have
granted to a renewal service. Those clients can then deactivate without risk o
ing access to the resources that they have acquired. Clients that have conti
access to the network but cannot be continuously connected, such as the
phone described previously, can also register with a renewal service that ca
continuously connected. The renewal service will renew the client’s leases, al
ing the client to remain disconnected most of the time. Lastly, if multiple clie
pass their leases to a given renewal service, more opportunities for batc
renewals will be created.

Like other Jini services, the lease renewal service will grant its services
only a limited period of time without an active expression of continuing intere
To break the recursive cycle that would otherwise result, the renewal service
vides an optional event that is triggered before the leases that it grants expire.
event gives activatable processes that have deactivated the opportunity to wa
and renew their lease with the renewal service. Although it may seem odd fo
lease renewal service to lease its resources, it is very important that it does so
did not, then the lease renewal service could be used to subvert the leasing m

Lease renewal services are likely to grant longer leases than other Jini
vices. In some cases the lease may be so long that the client will not need to w
about renewing the lease at all. In other cases the lease may be long enough
client that deactivates will rarely need to reactivate for the sole purpose of ren
ing its lease with the renewal service. In any case, the leases that the renewa
vice grants are likely to be sufficiently long such that the actual renewal calls
not place a significant additional load on the client, the renewal service, or the
work.

LR.1.1  Goals and Requirements

The requirements of the set of classes and interfaces in this specification are

◆ To provide a service for renewing leases
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◆ To provide this service in such a way that it can be used by activatable
cesses that deactivate

◆ To provide this service in a way that does not overly weaken the leas
model

The goals of this specification are:

◆ To describe the lease renewal service

◆ To provide guidance in the use, deployment, and implementation of the le
renewal service

LR.1.2 Other Types

The types defined in the specification of theLeaseRenewalService interface are
in thenet.jini.lease package. The following object types may be referenced
this chapter. Whenever referenced, these object types will be reference
unqualified form:

java.io.IOException

java.rmi.MarshalledObject

java.rmi.RemoteException

java.rmi.NoSuchObjectException

net.jini.core.lease.Lease

net.jini.core.lease.UnknownLeaseException

net.jini.core.event.RemoteEvent

net.jini.core.event.RemoteEventListener

net.jini.core.event.EventRegistration
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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LR.2 The Interface

THE LeaseRenewalService (in the net.jini.lease package) defines the
interface to the renewal service. The interface is not a remote interface;
implementation of the renewal service exports proxy objects that implement
LeaseRenewalService interface local to the client, using an implementation-sp
cific protocol to communicate with the actual remote server. All of the pro
methods obey normalRMI remote interface semantics. Two proxy objects a
equal (using theequals method) if they are proxies for the same renewal servic
All the methods ofLeaseRenewalService throw RemoteException and require
only the default serialization semantics. Therefore,LeaseRenewalService can be
implemented directly usingRMI.

package net.jini.lease;

public interface LeaseRenewalService {

    public LeaseRenewalSet createLeaseRenewalSet(

            long leaseDuration)

        throws RemoteException;

}

Clients of the renewal service organize the leases they wish to have rene
into lease renewal sets(or sets, for short). A method is provided by the
LeaseRenewalService interface to create these sets. These sets are then p
lated by methods on the sets themselves. Two leases in the same set need
granted by the same service or have the same expiration time; in addition, the
be added or removed from the set independently.

Every method invocation on a renewal service (whether the invocation
directly on the service or indirectly on aset the service has created) is atomi
with respect other invocations.

The termclient leaseis used to refer to a lease that has been placed int
renewal set. Client leases are distinct from the leases that the renewal se
grants on renewal sets it has created.

In general, there will be times when an implementation of the renewal ser
needs to pass one client lease as an argument to a method call on a second
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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lease. There is a security risk in doing so, because such actions can let the s
client lease “capture” the first. Implementations may want to verify that their
ents can be trusted not to place leases in the set that would take such ac
Another alterative is to pass oneLease object to another only if they trust each
other. Depending on the environment, conservative tests for such trust c
include: ensuring the codebases of both leases are constructed from the sam
of URLs, or that all of theURLs come from a common set of hosts or host/po
pairs.

Each client lease has two expiration related times associated with it:
desired expirationtime for the lease and theactual expirationtime granted when
the lease is created or last renewed. The desired expiration represents whe
client would like the lease to expire. The actual expiration represents when
lease is going to expire if it is not renewed. Both time values are absolute tim
not relative time durations. When a client lease’s desired expiration arrives,
lease will be removed from the set without further client intervention.

Each client lease also has two other associated attributes: arenewal duration
and aremaining desired duration. The remaining desired duration is always th
desired expiration less the current time. The renewal duration is usually a pos
number and represents the duration that will be requested when the renewa
vice renews the client lease, unless the renewal duration is greater than
remaining desired duration. If the renewal duration is greater than the remai
desired duration, then the remaining desired duration will be requested w
renewing the client lease. One exception is that when the desired expiratio
Lease.FOREVER, the renewal duration may beLease.ANY, in which case
Lease.ANY will be requested when renewing the client lease, regardless of
value of the remaining desired duration.

For example, if the renewal duration associated with a given client leas
360,000 milliseconds, then when the renewal service renews the client lea
will ask for a new duration of 360,000 milliseconds—unless the client lease
going to reach its desired expiration in less than 360,000 milliseconds. If the c
lease’s desired expiration is within 360,000 milliseconds, the renewal service
ask for the difference between the current time and the desired expiration. I
renewal duration had beenLease.ANY, the renewal service would have asked for
new duration ofLease.ANY.

If a lease’s actual expiration is later than the lease’s desired expiration,
renewal service will not renew the lease; the lease will remain in the set unti
desired expiration is reached, the set is destroyed, or it is removed by the clie

Each set is leased from the renewal service. If the lease on a set expires
cancelled, the renewal service will destroy the set and take no further action
regard to the client leases in the set. Each lease renewal set has associated
an expiration warning event that occurs at a client-specified time before the l
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on the setexpires. Clients can register for warning events using methods provi
by the set. A registration for warning events does not have its own lease,
instead is covered by the same lease under which the set was granted.

The termdefinite exceptionis used to refer to an exception that could b
thrown by an operation on a client lease (such as a remote method call) that w
be indicative of a permanent failure of the client lease. In this specification, all
object exceptions, bad invocation exceptions, andLeaseExceptions are consid-
ered to be definite exceptions (seeIntroduction to Helper Utilities and Services,
Section US.2.6, “What Exceptions Imply about Future Behavior”).

Each lease renewal set has associated with it a renewal failure event tha
occur in either of two cases: if any client lease in the set reaches its actual ex
tion before its desired expiration is reached, or if the renewal service attemp
renew a client lease and gets a definite exception. Clients can register for fa
events using methods provided by the set. A registration for failure events d
not have its own lease but instead is covered by the same lease under which t
was granted.

Once placed in a set, a client lease will stay there until one or more of the
lowing occurs:

◆ The lease on the set itself expires or is cancelled, causing destruction o
set.

◆ The client lease is removed by the client.

◆ The client lease’s desired expiration is reached.

◆ The client lease’s actual expiration is reached; this will generate a rene
failure event.

◆ A renewal attempt on the client lease results in a definite exception; this
generate a renewal failure event.

Each client lease in a set will be renewed as long as it is in the set. If a ren
call throws an indefinite exception (seeIntroduction to Helper Utilities and Ser-
vices, Section US.2.6, “What Exceptions Imply about Future Behavior”), t
renewal service should retry the lease renewal until the lease would otherwis
removed from the set. The preferred method of cancelling a client lease is fo
client to first remove the lease from the set and then callcancel on it. It is also
permissible for the client to cancel the lease without first removing the lease f
the set, although this is likely to result in additional network traffic.

The client creates a set by calling thecreateLeaseRenewalSet method of a
LeaseRenewalService. The leaseDuration argument specifies how long (in
milliseconds) the client wants the set's initial lease duration to be. The dura
initially granted for the set's lease will be equal to or shorter than this reques
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS



196 THE INTERFACE

ed by

ase
n of

om-
mal
ects
e
h the

ver, it
will not be longer. The value of theleaseDuration argument must be positive,
Lease.FOREVER, or Lease.ANY; otherwise, anIllegalArgumentException will
be thrown. Two calls to thecreateLeaseRenewalSet method will never return
objects that are equal. The set's lease is obtained through a method provid
the set.

LeaseRenewalSet defines the interface to the sets created by the le
renewal service. This interface is not a remote interface. Each implementatio
the renewal service exports proxy objects that implement theLeaseRenewalSet

interface local to the client and use an implementation-specific protocol to c
municate with the actual remote server. All of the proxy methods obey nor
RMI remote interface semantics except where explicitly noted. The proxy obj
for two sets are equal (using theequals method) if they are proxies for the sam
set created by the same renewal service. Any method that communicates wit
remote server should throw aNoSuchObjectException if the set no longer exists.
If a client receives aNoSuchObjectException from one of the operations on a
lease renewal set, the client can infer that the set has been destroyed; howe
shouldnot infer that the renewal service has been destroyed.

package net.jini.lease;

public interface LeaseRenewalSet {

    final public static long RENEWAL_FAILURE_EVENT_ID = 0;

    final public static long EXPIRATION_WARNING_EVENT_ID = 1;

    public void renewFor(Lease leaseToRenew,

                     long  desiredDuration,

                     long  renewDuration)

        throws RemoteException;

    public void renewFor(Lease leaseToRenew,

                         long  desiredDuration)

        throws RemoteException;

    public EventRegistration setExpirationWarningListener(

            RemoteEventListener listener,

            long                minWarning,

            MarshalledObject    handback)

        throws RemoteException;

    public void clearExpirationWarningListener()

        throws RemoteException;
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    public EventRegistration setRenewalFailureListener(

            RemoteEventListener listener,

            MarshalledObject    handback)

        throws RemoteException;

    public void clearRenewalFailureListener()

        throws RemoteException;

    public Lease remove(Lease leaseToRemove)

        throws RemoteException;

    public Lease[] getLeases()

        throws LeaseUnmarshalException, RemoteException;

    public Lease getRenewalSetLease();

}

Leases can be added to the set through therenewFor methods. There are two
forms of this method: a three-argument form and a two-argument form. The th
argument form will be described first. TheleaseToRenew argument specifies the
lease to be renewed. AnIllegalArgumentException will be thrown if the lease
has not expired and was granted by the renewal service itself.
IllegalArgumentException will also be thrown if the lease is currently a mem
ber of another set allocated by the same renewal service. IfleaseToRenew is
null, aNullPointerException will be thrown.

ThedesiredDuration parameter is the number of milliseconds that the clie
would like for the client lease to remain in the set. It is used to calculate the cl
lease’s desired expiration by addingdesiredDuration to the current time (as
viewed by the service). If this causes an overflow, a desired expiration
Long.MAX_VALUE will be used. Unlike a lease duration, the desired duration
unilaterally specified by the client, not negotiated between the client and the
vice. Note that a negative value fordesiredDuration (includingLease.ANY) will
result in a desired expiration that is in the past. This will cause the client leas
be dropped immediately from the set and will not result in an exception.
renewal failure event will be generated if and only if the client’s actual expirat
is before its desired expiration.

If the actual expiration time of the client lease being added to the set is be
both the current time (as viewed by the renewal service) and the client lea
desired expiration time, the method will return normally. However, the client le
will be dropped from the set, and a renewal failure event will be generated. If
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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actual expiration time is before the current time and equal to or after the des
expiration time, the method will return normally, the client lease will be dropp
from the set, and no event will be generated.

A desiredDuration of Long.MAX_VALUE does not imply that the client lease
will remain in the set forever. The client lease will be ejected from the set if the
is destroyed, the client lease itself expires, the client lease is removed from th
or the renewal service makes a renewal attempt on the client lease that result
definite exception.

TherenewDuration is the renewal duration to associate with the client lea
(in milliseconds). If desiredDuration is exactly Long.MAX_VALUE, the
renewDuration may be any positive number orLease.ANY; otherwise it must be
a positive number. If these requirements are not met, the renewal service
throw anIllegalArgumentException.

CallingrenewFor with a lease that is equivalent to a client lease already in
set will associate the existing client lease in the set with the new desired dura
and renew duration. The original copy of the client lease is not replaced with
new one. These semantics also allowrenewFor to be used in an idempotent fash
ion.

The two-argument form ofrenewFor is equivalent to

   renewFor(leaseToRenew, desiredDuration, Lease.FOREVER)

Client leases get returned to clients in a number of ways (viaremove and
getLeases calls, as components of events, etc.). The serial format of client lea
returned to clients may be eitherLease.DURATION or Lease.ABSOLUTE. In partic-
ular it may be necessary to use theLease.ABSOLUTE format if the implementation
has access to the client lease only in marshalled form and is unable to unma
the client lease before sending it to the client.

Whenever a client lease gets returned to a client, its actual expiration sh
reflect either:

◆ The result of the last recorded successful renewal of the client lease
formed by the renewal service; or

◆ The expiration time the client lease originally had when it was added to
set, if the renewal service has been unable to successfully renew the c
lease and record the result

Although it is impossible for a renewal service to guarantee that all rene
attempts will be recorded, persistent implementations should attempt to kee
interval between the renewal of a client lease and the logging of the result
minimum.



JINI LEASE RENEWAL SERVICE SPECIFICATION, version 1.1 199

the

ient
rned.
ases

the

the
ero-
l be

the
ed

-
nec-
hrew
Client leases are removed from the set by using theremove method. Removal
from the set will not cause the lease to be cancelled. The method will return
lease that is being removed. If the lease is not in the set,null will be returned; and
this call will not be blocked by in-progress renewal attempts. As a result, a cl
lease removed by this method might be renewed after the method has retu
Implementations should keep the window where renewals of removed le
could occur as small as possible.

ThegetLeases method returns all the client leases in the set at the time of
call, as an array of typeLease. If one or more of theLeases in the array cannot be
deserialized, aLeaseUnmarshalException is thrown.

package net.jini.lease;

public class LeaseUnmarshalException extends Exception {

    public LeaseUnmarshalException(

            Lease[]            leases,

            MarshalledObject[] marshalledLeases,

            Throwable[]        exceptions) {…}

    public LeaseUnmarshalException(

            Lease[]            leases,

            MarshalledObject[] marshalledLeases,

            Throwable[]        exceptions,

            String             message) {…}

    public Lease[] getLeases() {…}

    public MarshalledObject[] getMarshalledLeases() {…}

    public Throwable[] getExceptions() {…}

}

The leases that could be successfully deserialized will be returned by
getLeases method of the exception. If no leases could be deserialized, a z
length array will be returned. The leases that could not be deserialized wil
returned in the form ofMarshalledObjects by the getMarshalledLeases

method of the exception. For each element of the array returned by
getMarshalledLeases method, the corresponding element of the array return
by the getExceptions method will hold aThrowable that indicates why the
given lease could not be deserialized.

Throwing aLeaseUnmarshalException represents a (possibly transient) fail
ure in the ability to unmarshal one or more client leases in the set; it does not
essarily imply anything about the state of the renewal service or the set that t
the exception.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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The getRenewalSetLease method ofLeaseSet returns the lease associate
with the set itself. This method does not make a remote call.

LR.2.1 Events

The lease renewal service does not support multiple simultaneous event lis
registrations for the same kind of event. Although it would be useful in some l
ited circumstances, to do so would require event registrations to be leased
rately from the set they are associated with. For the average client of the l
renewal service, this ability would increase the number of leases that it wo
have to manage. Since the renewal service is based on the premise that som
ents have difficulty managing their own leases, increasing the number of le
that a client would need to manage could significantly complicate the implem
tation of those clients. Because there can be at most one listener for each ki
event, a given set provides aset/clear interface instead of the more commo
addListener/removeListener or addListener/lease.cancel interfaces.

The source field of each event generated by a lease renewal service i
renewal set that the event is associated with. In the case of an expiration wa
event, this is the set that is about to expire. In the case of a renewal failure e
this is the set the client lease was in when the event occurred. Note that the
of the source field will in general be a copy of the set in question, theequals

method will returntrue for any other copies of the set the client has in its poss
sion, but in general it will not be the same object (that is, comparing two s
using== will usually returnfalse).

The event IDLeaseRenewalSet.EXPIRATION_WARNING_EVENT_ID is used
for all expiration warning events. One event ID is used because there is only
kind of expiration warning event. Similarly, all renewal failure events will ha
the event IDLeaseRenewalSet.RENEWAL_FAILURE_EVENT_ID.

Because all of the expiration warning events generated by a given set
have the same source and event ID, the sequence number of any given expi
warning event generated by the set will be different from the sequence numb
any other expiration warning event generated by the set. Similarly, the sequ
number of any renewal failure event generated by a given set will be differ
from the sequence number of any other renewal failure event generated by th
Two different events with the same source and event ID will have differ
sequence numbers even if different event registration were in effect when
event was generated.

If a RemoteEventListener registered for a renewal failure or expiration
warning event throws anUnknownEventException, this action will only clear the
specific event registration. It will not cancel the lease on the renewal set or a



JINI LEASE RENEWAL SERVICE SPECIFICATION, version 1.1 201

cep-
lear

the

the
ese

gis-
ple-

mall

bout
-

d be
pts if
The

an

-

a-
d

n
nt
e
their
the
l-
be

his
istra-
st be
any other event registration on the set. If the listener throws a bad object ex
tion, the renewal service may clear that specific event registration; it will not c
any registration associated with other listeners, nor will it cancel the lease on
associated renewal set.

If an event listener is replaced and one or more event delivery attempts on
original listener failed, implementations may choose to send some or all of th
events to the new listener.

Event listeners may receive notification of events that they are no longer re
tered to receive, if those events occurred before they were unregistered. Im
mentations should keep the window where such notifications could occur as s
as possible.

The setExpirationWarningListener method ofLeaseRenewalSet allows
the client to register for notification of the approaching expiration of theset’s
lease. Expiration warning events are not generated for client leases. Thelistener

argument specifies which listener should be notified when the set’s lease is a
to expire. TheminWarning argument specifies the minimum number of millisec
onds before set lease expiration that the first event delivery attempt shoul
made by the service. The service may also make subsequent delivery attem
the first and any subsequent attempts resulted in an indefinite exception.
minWarning argument must be zero or a positive number; if it is not,
IllegalArgumentException must be thrown. If the current expiration of the
set’s lease is less thanminWarning milliseconds away, the event will occur imme
diately (though it will take time to propagate to the handler).

The handback argument tosetExpirationWarningListener specifies an
object that will be part of the expiration warning event notification. This mech
nism is detailed inThe Jini Technology Core Platform Specification, “Distribute
Events”.

ThesetExpirationWarningListener method returns the event registratio
for this event. TheLease object associated with the registration will be equivale
(in the sense of theequals method) to theLease on the renewal set. Because th
event registration shares a lease with the set, clients that want to just remove
expiration warning registration without destroying the set should use
clearExpirationWarningListener method described below, instead of cance
ling the registration’s lease. The event ID returned with the registration will
LeaseRenewalSet.EXPIRATION_WARNING_EVENT_ID. The source of the registra-
tion will be the set. The method will throw aNullPointerException if the
listener argument isnull. If an event handler has already been specified for t
event, the current registration is replaced with the new one. Because both reg
tions are for the same kind of event, the events sent to the new registration mu
in the same sequence as the events sent to the old registration.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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The clearExpirationWarningListener method of LeaseRenewalSet

removes the event registration currently associated with the approaching ex
tion of the set’s lease. It is acceptable to call this method even if there is no a
registration.

ThesetRenewalFailureListener method ofLeaseRenewalSet allows the
client to register for the event associated with the failure to renew a client leas
the set. These events are generated when a client lease in the set reaches its
expiration before its desired expiration or when the service attempts to rene
client lease and gets a definite exception. Thelistener argument specifies the
listener to be notified if a client lease could not be renewed.

Thehandback argument tosetRenewalFailureListener specifies an object
that will be part of the renewal failure event notification. This mechanism
detailed in The Jini Technology Core Platform Specification, “Distribute
Events”.

ThesetRenewalFailureListener method returns the event registration fo
this event. TheLease object associated with the registration will be equivalent (
the sense of theequals method) to theLease on the renewal set. Because th
event registration shares a lease with the set, clients that want to just remove
expiration warning registration without destroying the set should use
clearRenewalFailureListener method (described below) instead of cancellin
the registration’s lease. The registration ID returned with the registration will
LeaseRenewalSet.RENEWAL_FAILURE_EVENT_ID. The source of the registration
will be the set. The method will throwNullPointerException if the listener

argument isnull. If an event handler has already been specified for this event,
current registration is replaced with the new one. Because both registration
for the same kind of event, the events sent to the new registration must be in
same sequence as the events sent to the old registration.

TheclearRenewalFailureListener method ofLeaseRenewalSet removes
the event registration currently associated with the failure to renew client lease
is acceptable to call this method even if there is no active registration.

package net.jini.lease;

public class ExpirationWarningEvent extends RemoteEvent {

    public ExpirationWarningEvent(

            LeaseRenewalSet  source,

            long             seqNum,

            MarshalledObject handback) {…}

    public Lease getRenewalSetLease() {…}

}
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ExpirationWarningEvent objects are passed to the event handlers specifi
in calls to theLeaseRenewalSet method,setExpirationWarningListener. The
ExpirationWarningEvent is a subclass ofRemoteEvent and adds no additional
state. Because the source of aExpirationWarningEvent is the set that is about to
expire, the lease that needs to be renewed can be obtained by: callinggetSource,
casting the result to aLeaseRenewalSet and then invoking the set’s
getRenewalSetLease method. The convenience methodgetRenewalSetLease
in ExpirationWarningEvent uses this technique to retrieve the lease on the s
TheLease object returned will be equivalent (in the sense of theequals method)
to otherLease objects associated with the set but may not be the same object.
notable consequence of having two different objects is that thegetExpiration

method of theLease object returned by the event’sgetRenewalSetLease method
may return a different time than thegetExpiration methods of otherLease
objects granted on the same set.

The expiration time associated with theLease object returned by the
getRenewalSetLease method will reflect the expiration the lease had when t
event occurred. Renewal calls may have changed the expiration time of the u
lying lease between the time when the event was generated and when it was
ered.

Other aspects of the event’s state are described inThe Jini Technology Core
Platform Specification, “Distributed Events”. Sequence numbers for a give
event ID are increasing. If there is no gap between two sequence number
events have been missed; if there is a gap, events might (but might not) have
missed.

package net.jini.lease;

public abstract class RenewalFailureEvent

    extends RemoteEvent

{

    public RenewalFailureEvent(LeaseRenewalSet  source,

                               long             seqNum,

                               MarshalledObject handback) {…}

    abstract public Lease getLease()

        throws IOException, ClassNotFoundException;

    abstract public Throwable getThrowable()

        throws IOException, ClassNotFoundException;

}

RenewalFailureEvent objects are passed to the event handlers specified
calls to the LeaseRenewalSet method, setRenewalFailureListener. The
RenewalFailureEvent is a subclass ofRemoteEvent, adding two additional
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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items of abstract state: the client lease that could not be renewed before expir
and theThrowable object that was thrown by the last recorded renewal attempt
any). The client lease is returned by thegetLease method, and theThrowable
object is returned by thegetThrowable method. If theThrowable object isnull,
it can be assumed that during the time between the last-recorded, succe
renewal (or when the client lease was added to the set if there have been no re
als) and the actual expiration time of the client lease the renewal service
either unable to attempt a renewal of the client lease, or that it attempted a ren
but was unable to record the result.

Both thegetLease andgetThrowable methods may throwIOException or
ClassNotFoundException. This declaration allows implementations to dela
unmarshalling this state until it is actually needed. Once either method of a g
RenewalFailureEvent object returns normally, future calls on that method mu
return the same object and may not throw an exception.

If the renewal service was able to renew the client lease and record the r
before the event occurred, the expiration time of theLease object returned by the
event’sgetLease method will reflect the result of the last-recorded success
renewal call. Note that this time may be distorted by clock skew between hos
it is currently set to use theLease.ABSOLUTE serial format. If theLease object is
using theLease.DURATION serial format, and the event only unmarshals the lea
whengetLease is called, the expiration time may be distorted if a long time h
passed between the time the event was generated by the renewal service and
the client calledgetLease. When a renewal failure event is generated for a giv
lease, that lease is removed from the set.

The event’s other state is described inThe Jini Technology Core Platform
Specification, “Distributed Events”. Sequence numbers for a given event ID a
increasing. If there is no gap between two sequence numbers, no events
been missed; if there is a gap, events might (but might not) have been miss

LR.2.2 Serialized Forms

Class serialVersionUID Serialized Fields

RenewalFailureEvent 889145704195932943L none

ExpirationWarningEvent -2020487536756927350L none

LeaseUnmarshalException -6736107321698417489L Lease[]unmarshalledLeases

MarshalledObject[]

     stillMarshalledLeases

Throwable[] exceptions
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Jini Event Mailbox Service
Specification

EM.1 Introduction

THE The Jini Technology Core Platform Specification,“Distributed Events”
states the ability to interpose third-party objects, or “agents,” into an event no
cation chain as one of its design goals. This specification also describes a not
tion mailbox object, which stores and forwards event notifications on behal
other objects, as an example of a useful third-party agent. These mailbox ob
can be particularly helpful for objects that need more control over how and w
they receive event notifications.

For example, it would be impossible to send event notifications to a trans
entity that has detached itself from a system of Jini technology-enabled serv
and/or devices (Jini system). In such a situation an entity could employ the se
vices of an event mailbox to store event notifications on its behalf before leav
the system. Upon rejoining the Jini system, the entity could then contact the e
mailbox to retrieve any collected events that it would otherwise have missed. S
ilarly, an entity that wishes to deactivate could use an event mailbox to col
event notifications on its behalf while dormant.

Like other Jini technology-enabled services (Jini services), the event mailbox
service will grant its services only for a limited period of time without an acti
expression of continuing interest. Therefore, event mailbox clients still nee
renew their leases if they intend to maintain the mailbox’s services beyond the
tially granted lease period. Any resources (for example, remote objects or sto
space) associated with a particular client can be freed once the client’s leas
expired or been cancelled. In the previous usage scenarios, it might also ben
transient or deactivatable entity to employ the services of a lease renewal se
205
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(see theJini Lease Renewal Service Specification)to help mitigate the issue of
lease maintenance.

The remainder of this specification defines the requirements, interfaces,
protocols of the event mailbox service.

EM.1.1 Goals and Requirements

The requirements of the set of interfaces specified in this document are:

◆ To define a service that is capable of storing event notifications on beha
its clients and capable of delivering stored event notifications to those clie
upon request

◆ To provide this service in such a way that it can be used by entities that
temporarily unable or unwilling to receive event notifications

◆ To provide a service that complies with the policies embodied in the J
technology programming model

The goals of this specification are:

◆ To describe the event mailbox service

◆ To provide guidance in the use and deployment of the event mailbox ser

EM.1.2 Other Types

The types defined in the specification of the event mailbox service are in
net.jini.event package. This specification assumes knowledge ofThe Jini
Technology Core Platform Specification,“Distributed Events” andThe Jini Tech-
nology Core Platform Specification, “Distributed Leasing”. The following object
types may be referenced in this chapter. Whenever referenced, these object
will be referenced in unqualified form:

java.rmi.NoSuchObjectException

java.rmi.RemoteException

net.jini.core.event.RemoteEvent

net.jini.core.event.RemoteEventListener

net.jini.core.lease.Lease

net.jini.core.lease.LeaseDeniedException
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EM.2 The Interface

THE EventMailbox defines the interface to the event mailbox service. Throu
this interface, other Jini services and clients may request that event notifica
management be performed on their behalf. This interface belongs to
net.jini.event package, and any service implementing this interface m
comply with the definition of a Jini service. This interface is not a remote int
face; each implementation exports a proxy object that implements this inter
local to the client, using an implementation-specific protocol to communicate w
the actual remote server. All of the proxy methods obey normal Java Rem
Method Invocation (RMI) interface semantics and can therefore be implemen
directly usingRMI (except where explicitly noted). Two proxy objects are equ
(using theequals method) if they are proxies for the same event mailbox serv

package net.jini.event;

public interface EventMailbox

{

    MailboxRegistration register(long leaseDuration)

        throws RemoteException, LeaseDeniedException;

}

Event mailbox clients wishing to use the mailbox service first register the
selves with the service using theregister method. Clients then use the method
of the returnedMailboxRegistration object (aregistration) in order to:

◆ Manage the lease for this particular registration

◆ Obtain aRemoteEventListener reference that can be registered withevent
generators(that is, objects that support event notification for changes
their abstract state). This listener will store any received notifications for
particular registration.

◆ Enable or disable the delivery of any stored notifications for this particu
registration
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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EM.3 The Semantics

TO employ the event mailbox service, a client must first register with the ev
mailbox service by invoking theEventMailbox interface’s only method,
register. Each invocation of theregister method produces a new registration

The register method may throw a RemoteException or a
LeaseDeniedException. Typically, aRemoteException occurs when there is a
communication failure between the client and the event mailbox service. If
exception does occur, the registration may or may not have been successf
LeaseDeniedException is thrown if the event mailbox service is unable o
unwilling to grant the registration request. It is implementation specific as
whether or not subsequent attempts (with or without the same argument) are l
to succeed.

Each registration with the event mailbox service is persistent across resta
crashes of the event mailbox service, until the lease on the registration expir
is cancelled.

The register method takes a single parameter of typelong that represents
the requested initial lease duration for the registration, in milliseconds. This d
tion value must be positive (except for the special value ofLease.ANY). Other-
wise, anIllegalArgumentException is thrown.

Every method invocation on an event mailbox service (whether the invoca
is directly on the service, or indirectly on aMailboxRegistration that the ser-
vice has created) is atomic with respect to other invocations.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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EM.4 Supporting Interfaces and Classes

THE register method returns an object that implements the interfa
MailboxRegistration. It is through this interface that the client controls its reg
istration and notification management with the event mailbox service.

package net.jini.event;

public interface MailboxRegistration

{

    Lease getLease();

    RemoteEventListener getListener();

    void enableDelivery(RemoteEventListener target)

        throws RemoteException;

    void disableDelivery() throws RemoteException;

}

TheMailboxRegistration interface is not a remote interface. Each implemen
tion of the event mailbox service exports proxy objects that implement this in
face local to the client. These proxies use an implementation-specific protoc
communicate with the remote server. All of the remote proxy methods obey
mal RMI interface semantics and can therefore be implemented usingRMI. Two
proxy objects are equal (using theequals method) if they are proxies for the sam
registration, created by the same event mailbox service.

Each remote method of this interface may throw aRemoteException. Typi-
cally, this exception occurs when there is a communication failure between
client and the event mailbox service. Whenever a method invocation results
RemoteException, the method may or may not have successfully completed.

Any invocation of a remote method defined in this interface will result in
NoSuchObjectException if the client’s registration with the event mailbox ser
vice has expired or has been cancelled. Note that upon receipt o
NoSuchObjectException, the client can assume that the registration no long
exists; the client cannot assume that the event mailbox service itself no lo
exists.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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EM.4.1 The Semantics

The getLease method returns theLease object associated with the registration
The client can renew or cancel the registration with the mailbox service thro
theLease object returned by this method (seeThe Jini Technology Core Platform
Specification, “Distributed Leasing”). This method is not remote and takes n
arguments.

The getListener method returns an object that implements the interfa
RemoteEventListener. This object, referred to as amailbox listener, can then be
submitted as theRemoteEventListener argument to an event generator’s regis
tration method(s) (seeThe Jini Technology Core Platform Specification,“Distrib-
uted Events”). Subsequent calls to this method will return equivalent objects
theequals sense). Note that mailbox listeners generated by different registrat
will not be equal. This method is not remote and takes no arguments.

The valid period of use for a mailbox listener is tied to the associated regis
tion’s lease. ANoSuchObjectException will be thrown if an attempt is made to
invoke thenotify method on a mailbox listener whose associated lease has te
nated.

Mailbox listener references, just like their associated registrations, are pe
tent across server restarts or crashes until their associated registration’s leas
minates.

TheenableDelivery method allows a client to initiate delivery of event noti
fications (received on its behalf by this particular registration) to the client-sp
fied listener, referred to as thetarget listener. This method takes a single argumen
of type RemoteEventListener. Subsequent calls to this method simply repla
the registration’s existing target listener, if any, with the specified target liste
Passingnull as the listener argument has the same effect as disabling deli
(see below).

Resubmitting a mailbox listener back to the same mailbox service that ge
ated it will result in anIllegalArgumentException being thrown. This is neces-
sary to prevent a recursive event notification chain. Therefore, the event mai
service must keep track of any listener objects that it generates and rejec
resubmission of those objects.

Once enabled, event delivery remains enabled until it is disabled. Any ev
received while delivery is enabled will also be scheduled for delivery.

Event delivery guarantees with respect to exception handling, ordering,
concurrency are implementation specific and are not specified in this docum
However, implementations are encouraged to support the following functiona
If an event delivery attempt produces an indefinite exception, then reason
efforts should be made to successfully redeliver the event until the associated
istration’s lease terminates. On the other hand, if an event delivery attempt
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duces a definite exception, then event delivery should be disabled for
associated registration until it is explicitly enabled again.

Also, implementations may concurrently deliver event notifications to
same target listener, which implies that events may be sent in a different o
than the order in which they were originally received. Hence, it is the target
tener’s responsibility to guard against potential concurrent, out-of-order ev
delivery.

Similarly, implementations are encouraged to support this method’s inten
semantics regarding listener replacement. That is, a mailbox client can reaso
assume that listener replacement has occurred upon successful return from
method and can therefore safely unexport the previous listener object. This
implies that any in-progress delivery attempts to the previous listener are e
successfully cancelled before returning from this method (blocking), or sub
quently retried using the replacement listener after returning from this met
(non-blocking). Note that the non-blocking case can potentially allow the previ
listener to be notified after successfully returning from this method.

ThedisableDelivery method allows the client to cease event delivery to t
existing target listener, if any. It is acceptable to call this method even if no ta
listener is currently enabled. This method takes no arguments.

Again, event delivery guarantees are implementation specific and are
specified in this document. Implementations are encouraged to support
method’s intended semantics regarding delivery suspension. That is, a ma
client can reasonably assume that event delivery has been suspended upo
cessful return from this method and can therefore safely unexport the previo
enabled listener object if desired. This also implies that any in-progress deli
attempts to the previously enabled listener are either successfully cancelled b
returning from this method (blocking), or subsequently retried using the n
enabled listener after returning from this method (non-blocking). Note that
non-blocking case can potentially allow the previously enabled listener to be n
fied after successfully returning from this method.

The event mailbox service does not normally concern itself with the attribu
of theRemoteEvents that it receives. The one circumstance about which it m
concern itself is when a target listener throws anUnknownEventException during
an event delivery attempt. The event mailbox service must maintain a list, o
per-registration basis, of the particular combinations of event identifier and so
reference (obtained from the offendingRemoteEvent object) that produced the
exception. The event mailbox must then propagate anUnknownEventException

back to any event generator that attempts to deliver aRemoteEvent with an identi-
fier-source combination held in a registration’s unknown exception list. The
vice will also skip the future delivery of any stored events that have an identifi
source combination held in this list.
A COLLECTION OF JINI™ TECHNOLOGY HELPER UTILITIES AND SERVICES  SPECIFICATIONS
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A registration’s unknown exception list is cleared upon re-enabling deliv
with any target listener. This list is persistent across service restarts or cra
until the associated registration’s lease terminates.

Note that the act of comparing event source objects for equality poses a s
rity risk because source objects are potentially given references to other so
objects that are currently using the mailbox. If security is a concern, then c
should be taken to prevent independent event sources from obtaining inform
about each other.

Again, although implementation details are not specified in this docum
service implementations need to carefully weigh the trade-offs of taking a part
lar security approach. For example, a low-security implementation could sim
compare source objects using theequals method. This approach assumes we
behavedequals methods that pose no security risk. A more secure implemen
tion might compare only source objects (usingequals) that have the same code
base on the assumption that classes from the same codebase are tr
Unfortunately, this approach will not work for services that evolve by chang
their codebase (presumably to the location of the upgraded class files).

The event mailbox does not support multiple, concurrent notification targ
per registration. As a result, the interface supports only a set/clear model ra
than the more common add/remove model.

Event persistence guarantees are not specified in this document becau
single policy can cover all the possible design trade-offs between reliability, e
ciency, and performance. It is expected that operational parameters—contro
how the event mailbox deals with issues such as persistence guarantees, s
quotas, and low space behavior—will be exposed through an administration i
face, which can vary across different event mailbox implementations.
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