Published in Joint International Conference on Open Distributed Processing and Distributed

Platforms. May 1997. Chapman & Hall.

Federated Naming in an ODP Environment

P. Kahkipuro, L. Kutvonen, L. Marttinen

Department of Computer Science, University of Helsinki

P.O. Box 26, FIN-00014 University of Helsinki, FINLAND phone: +358 9 708 51, fax: +358 9 708 44441

{Pekka.Kahkipuro, Lea.Kutvonen, Liisa.Marttinen}@cs.Helsinki.FI

Abstract

Open distributed computing heavilyrelies on a shared infrastructure model. Within the infra - structure, a naming service is the most fundamentalcomponent because other compo nents, such as trading and type repositoryservices, relyon it. Currentlya naming framework is under standardization within ODP-RM (Open Distributed Processing Reference ModelofISO and

ITU ). The keyrequirement˘and problem˘for a naming framework is an effective modelfor name federation between sovereign computing systems. This paper proposes a fed erative modelfor naming in an ODP environment. The modelseparates user-levelnaming, i.e. local needs, fromthe infrastructure levelname management that solves problems arising fromglobal integration. Although the paper was induced byques tions related to standardization, the more important goalofthis paper is to show two important aspects ofdistributed systems. First, we illus trate how sys tem auton omy manifests itself; second, w e show how to deal with fed eration.

Keywords

Open Distributed Processing (ODP), Autonomous systems, Distributed platforms, Naming

1 INTRODUCTION

The current architecture for open distributed computing represented bythe Open Distributed

Processing Reference Model(ODP-RM) (ISO/IEC, 1995a, 1995b) supports the integration of services across or ganizations. This architecture relies on a shared infrastructure model, but al - lows the partici pating computing systems to staysovereign. Each participant implements a nd administers the basic infrastructure services autonomously. Everyinfrastructure server controls and serves onlythe resources and the active objects ofthe localcomputing system˘thus con - trolling a domain. In addition to serving its own domain, the server can request services from other federating servers in order to support a global service across domains.

Naming is one ofthe most fundamentalfunctions in the infrastructure, and other infra - structure functions relyon naming. For example, the trading service requires the interpreta tion oftype names; the type repositoryservice requires the resolutions ofdescription language names; and the federated binding function requires the translation ofinterface location names to physical addresses.

A name is a relationship between a termand an entity. The format ofthe terms is restricted bynaming conventions that maybe independentlydesigned for different kinds ofentities or for different kinds oftechnicalsolutions. The named entities mayinclude users, hardware compo - nents, protocols, applications˘even names. For each class ofnamed entities, there is an author - itythat is responsible for interpreting the names, such as type managers and traders. The termentityrelationships can have ad ditionalproperties meaningfulto the authoritythat inter prets the relationship. The structure of terms is an example of such a property.

Names that have a common termstructure can be gathered into collections that are called naming contexts. A naming context is the scope in which a name needs to be resolved. Logi - callyenough, we mayalso give names for naming contexts. For addressing entities out side the current naming context, compound names can be used. A compound name is a struc tured composition ofsimple names that can be resolved to denote a single entity. For exam ple, a compound name in a UNIX file system is a se quence ofsimple names, where the last name de - notes an arbitraryentity, and allother names denote naming contexts. Thus, com pound names allow us to give structure for the names in a system.

There are two traditionalsolutions for handling names in distributed systems, globalnam ing and context-relative naming. In both solutions, names are compound. In globalnam ing, terms for named entities are arranged into a single tree hierarchyofcontexts. To refer to an entity, terms are concatenated along the path fromthe root to the entity. Context-rela tive naming supports arbitrarycontext networks instead ofa single hi erarchy. The globalnaming sc heme is thus a spe cial case of the context-relative naming scheme.

The context-relative naming scheme has been chosen as a basis for the ODP Naming

Framework (ISO/IEC, 1996a). Most modern naming solutions use similar approaches, in clud - ing the Object Management Group´s Name Service (1994) and the ANSA Naming Model(van der Linden, 1993). However, the ODP and ANSA ap proaches use term-entityrelationships as names, while the OMG uses terms as names. The difference affects name communication. If names are communicated bysending and receiving terms, ad ditional mechanisms must be de - vised to en sure that the receiver can interpret the terms cor rectlyonce theyhave been received.

On the other hand, ifcommunication uses term-entitypairs (i.e. relationships between terms and entities), the receiver can immediatelyuse the names because theycarrytheir meaning with them. A name is communicated cor rectlyifit denotes the same entitybefore and after commu - nication. The actualterm mayhave changed. The use ofname-entitypairs simplifies applica - tions because the burden ofname in terpretation is partlydelegated to the infrastructure. Our approach is based on interpreting names as term-entity pairs.

The naming framework design should find a solution for two problems. First, the contextrelative nam ing is often used in a waythat forces users (end users or application programmers) to know fromwhich con text the name resolution should start and identifythat context using some formofglobalnaming scheme. Second, in distributed environments we have multiple al - ter natives for choosing how federation is modeled and designed.

In this paper, we propose a federative modelfor naming in open distributed environments.

Traditionally, applications have been dealing directlywith federated names, such as URLs in the Internet environment, and this has com pli cated application development. In our approach, the problems caused byfederation are solved in a generic manner and delegated to the infra - structure. Hence, our model supports ap plication development at a more abstract level.

The modelseparates user-levelnaming fromthe infrastructure-levelname management, be - cause these two are separate functions. The user-levelnaming service fulfills the localneeds of a user or a sovereign application object. The infrastructure levelnaming services solve the problems faced when integrating existing name spaces ofindependent computing systems. The

316 infor ma tion needed for federation is embedded in the name objects themsel ves. This so lution makes federation protocols more flexible compared to the case where federation is re alized at the name server level.

Section 2 ofthis paper discusses the separation ofuser-leveland infrastructure names, and sections 3˘5 concentrate on naming related activities. The proposed naming solution has its foundations in the ODP Naming Framework, and the presentation follows the ODP view points because we believe that framework standards should be structured along the view points. This paper illustrates some generic features ofODP viewpoint specifi ca tions. In the proposed model, most ofthe consequences ofsystem integration are discussed in the in formation view - point. It is typi calfor the infrastructure functions and frameworks that distri bu tion is visible, not onlyin the computationalviewpoint, but also in the enterprise and in forma tion viewpoints.

Section 6 dis cusses the feasibilityofthe proposed approach and demonstrates that it is compa - rable to ex isting naming solutions. Section 7 concludes the discussion.

2 USER-LEVEL AND INFRASTRUCTURE NAM ES

To understand the scope ofnaming, we distinguish between user-levelnames and infrastruc - ture names. User-levelnames are intended for end users and applications. Theyare always in - terpreted relative to a private naming context ofthe object. User-levelnames are typicallysim - ple and user-friendly. Infrastructure names are in tended for system-wide use. A specialuserlevelname translation is needed to map user-levelnames into infrastructure names. Allnames in a private naming context are mapped to a set ofnaming contexts in the infrastruc ture. These contexts together constitute the localnaming context offered to that particular user. Hence, lo - calnaming context is a view that al lows the user to exploit infrastructure names. The solution transfers the burden ofnaming context management fromusers to the in frastructure. Similar techniques have been applied in related areas.

The example in Figure 1 illustrates a configuration where user u 1 has a private naming con - text with user-levelnames n 1 and c 2 . The user-levelname n 1 corresponds to the infra struc ture name n 1 that de notes some entity e 1. The name c 2 corresponds to the infrastructure name c 2 that denotes some naming context C 2 . To reach fromthe context C 1 the entity e 3 , a com pound name ( c 2 , c 3 , n 3 ) can be used. Users do not need names for their private or localcon texts. For example, u 3 does not know that his localcontext has an infrastructure name ( c 2 , c 3 ) in the con - text C 1 . In spite of this, u 3 can access the name n 3 in his local context.

C 3 C 2 C 1

u 1

Local naming context f or u 1

User-lev el names

User-lev el name translation

Inf rastructure names

Users’ priv ate naming contexts

Other naming contexts

e 1 c 3

n 1 n 1

c 2 c 2 e 3

n 3 n 3

u 3

Figure 1 Infrastructure mapping transforms user-level names into infrastructure names.

It is important to separate user-levelnames from infrastructure names, because otherwise applications must use unnecessarilycomplex names. An indication ofthe complexityofcon - text-relative naming without the proposed distinction can be found in Siegel’s example (1996).

In this example, a simple application was de signed and implemented with eight dif fer ent

CORBA environments. Naming service was identified as a keycomponent in the design phase, but the standard context-relative Naming Service was not used in the im ple menta tion. A sim ple

Pseudo Name Service was proposed as a replacement, and the main differ ence to the stan dard is that it is not context-relative. The fact that the OMG Name Service forces ap plica tions to be fully aware of naming contexts has lead to the use of a non-stan dard re place ment.

User-levelnames are important for application developers, but a globalnaming solution al - ways operates at the infrastructure leveland onlyprovides a mapping to the user level. When - ever new applications are installed, user-levelnames are bound to the corresponding in fra - structure names. This maysometimes require additionalconfiguration work, but the result is application portabilityacross different naming environments. The rest ofthis paper con cen - trates on infrastructure names because they provide the basis for successful naming.

3 SCOPE OF NAM ING

This section focuses on the enterprise viewpoint ofthe proposed naming solu tion. It presents the different roles (i.e. enterprise objects), activities, and policies that are needed for under - standing the purpose and the scope of naming.

The primarypurpose ofnaming is to provide means for identifying entities in infor ma tion systems. This is necessaryfor two reasons. First, to interact with an entity, we must dis tin guish it fromallother entities. Second, we need a wayto denote an entityeven when we are not di - rectlyin ter acting with it. Especially, naming is needed for binding to objects, identify ing system re sources, selecting objects interactively, etc.

In particular, naming excludes two functions. First, naming is not used for securitypur - poses. For example, the knowledge ofa particular name does not im plythe right to commu ni - cate with the entityit denotes. Second, naming is not used for typing purposes. Name alone should not be the basis for determining the properties ofthe entitythat it denotes. These two restric tions allow us to simplify the naming solution and to make it eas ier to use.

We define a naming context to be a 3-tuple ( T , C , E ) where T is a set ofpossible terms, E is a set ofnamable entities, and C is a relation between the other two. Hence, the naming context

C can be anysubset ofthe Cartesian product T ´ E . A name is formallydefined to be a termen tit ypair ( t , e ) belonging to C . Ifwe have ( t , e ) Î C , we saythat the context C contains the term t referring to the entity e . The choice ofthe set ofterms T is imple men tation dependent, but it must be a subset ofa single name space determining those terms that can be used as names. The set E determines which enti ties can be named. In principle, E is al lowed to con tain anyentities, including names and naming contexts. In practice, implementa tions mayset limits to the extent of E .

Naming domain is the basic environment for allactivities that are related to naming. Nam ing domain is controlled bya single naming authority, and it uses a single naming convention that determines the syntax ofnames. Formally, we represent naming domain with a 3-tuple

( T , Dom D ( C ) , E ) where Dom D ( C ) denotes those entities in the context C that are controlled by the naming authorityofthe domain D . Naming authorityis an object responsible for con trol - ling the do main’s activities. It mayimpose different kinds ofpolici es for the domain. For exam - ple, homonyms maybe forbidden or the number ofsynonyms maybe restricted. Note that a

318 single naming context maybe divided into multiple parts, each ofwhich is controlled bya dif - ferent naming authority and hence belongs to a different naming domain.

We define naming federation to be a set of federated naming domains. The purpose of fed - eration is to collectivelysupport naming contexts. Each domain pre serves its autonomyof control, but there is a mutualaccordance to allow some activities hap pen over domain bor ders.

Federation agreement determines these joint activities in more detail. Typically, name bindings effectuated in one domain may be visible in other domains through name resolution.

The following roles can be identified for the users of the naming framework:

· Name creator associates names to entities.

· Name user uses the name resolution mechanism to know what the names denote.

· Name sender transmits names to other parties.

· Name receiver obtains names from name senders.

· Naming authority controls the naming domain.

The above roles are relative to a particular naming domain. It is practicalthat name creators are also name senders, and name users are in most cases also name re ceiv ers. The identified roles participate in the following activities:

· Name resolution attempts to find, for a given name, associations to those entities that the name denotes.

· Name comparison attempts to resolve two names up to a point where it is pos sible to determine iftheydenote the same entityor not. Even ifthe resolution succeeds, it may stillbe impossible to establish whether theyrefer to the same entity. For example, it is possible that an entitydoes not support operations for revealing its identity, or it maynot allow some users to invoke these operations. Hence, name com parison should have four different outcomes: equal, not equal, undetermined, and resolu tion failed.

· Name communication involves transmitting a name froma sender to a receiver through the infrastructure. This mayinvolve name transformations, especiallyifthe sender and the receiver are in dif fer ent domains.

At the enterprise level, the proposed naming solution has important benefits for the us ers ofthe naming framework:

· Name receivers, users, and senders do not need to know whether their naming domain belongs to a federation or not, and whether the names are localor federated. Theysim ply receive, use, and send names as if they were always local.

· Name creators that create bindings for localentities can also ignore naming federation.

Name creators need to be aware of federation onlyiftheyinitiate name bindings that in - volve the activity of a different naming domain.

· Naming authorities need to be aware of naming federa tions at all times.

4 BASIC NAM ING CONCEPTS

This section describes the information viewpoint ofthe proposed solution. We first define the basic semantics ofname processing without federation and, then, we give the additionaldefi ni - tions needed for naming federations. Finally, the general information contents ofnames willbe discussed.

4 .1 Semantics of name processing

The purpose ofname processing is to manage naming contexts. Naming contexts can be changed bytwo atomic actions, name binding and name un bind ing. The former adds a new term-entitypair to a context, and the latter removes an existing one. For a given naming con - text C , term t , and entity e , we define the ac tions as follows:

Bind( C , t , e ) : C a C È {( t, e )},

Unbind( C , t, e ) : C a C - {( t, e )}.

Other actions can be defined using the above two actions. For example, a renaming action is an atomic sequence ofUnbind( C , n 1 , e ) and Bind( C , n 2 , e ) for some entity e . A name rebind ing action is an atomic sequence ofUnbind( C , t , e 1 ) and Bind( C , t , e 2 ) for some term t . In princi - ple, everynaming context is initiallyempty. In practice, however, naming contexts are seldom created at systemstart-up time and theyusuallycontain some pre-installed names that allow the systemto start its operation smoothly. For example, the name ofthe trading service is usu - ally available so it can used it for reaching other services.

We can easilyextend the set ofentities that can be reached froma given naming context by combining the naming context´s name with the name ofsome entityin that context. Formally, we define a compound name in context C 1 to be a sequence ofterms ( t 1 , � , t k ) where ( t i , C i +1 )

Î C i for all i = 1, � , k - 1 . Thus, we require that allname components except the last one are bound to a naming con text. Im plementations often use character strings to represent both sim - ple and compound names. Syntacticalconventions indicate how the com ponent names can be found fromthe string. For example, slashes are used to separate indi vidualterms in the UNIX file system path names.

Name resolution is a process that attempts to find, for a given term t and a given naming context C , allpairs ( t, e ) that be long to C. We use the symbol Res( C , t ) to denote the set of found term-entitypairs. Name resolution does not necessarilyfind allsuitable pairs be cause it maybe affected byother concerns, such as those related to security. To support compound names, we specify recursively the results of the name resolution process:

Res( C 1 , t ) Ì {( t , e ) | ( t , e ) Î C 1 },

Res( C 1 , t 1 , � , t k ) Ì {( t k , e ) | $ C k : ( t k , e ) Î C k and ( t k - 1 , C k ) Î Res( C 1 , t 1 , � , t k - 1 )}.

The first line specifies name resolution for simple names. The second line corresponds to com - pound names. The intention ofthe second line is to separate the last element fromthe fullse - quence so that the re cursive definition can be applied again to the first part ofthe com pound name. In practice, name resolution is a stepwise process where each step corre sponds to one application ofthe recursive definition. The process starts fromthe first element t 1 ofa com - pound name ( t 1 , � , t i ) , and it proceeds bycreating one byone the needed in ter mediate re sults

Res( C 1 , t 1 ), Res( C 1 , t 1 , t 2 ) , etc.

Name resolution can terminate in three ways: success, failure, and undetermined. Ifthe whole compound name can be processed and the finalset Res( C 1 , t 1 , �, t k ) is non-empty, the resolution succeeded. Ifthe finalset is empty, the resolution failed. Finally, ifthe name cannot be processed because one ofthe intermediate sets Res( C 1 , t 1 , �, t i ), where i< k, is empty, the result of name resolution is undetermined.

Name communication transmits names fromsenders to receivers through the infrastruc ture.

The communication takes place between the private contexts. During communication, the in -

320 frastructure mayattempt to optimize the name (e.g. to minimize the resolution time) byre - placing it with a synonym. For sim ple names, this means that the term t 1 maybe received as a dif ferent term t 2 ifboth ( t 1 , e ) and ( t 2 , e ) exist in the naming context for some entity e . For compound names, also the num ber ofelements in the sequence maychange ifthe infrastruc ture is able to optimize the name. The name maychange significantlyduring communication, espe - ciallyifthecom munication takes place between users having different local contexts.

Name communication often induces severalname bindings at the infrastructure level. Sup - pose that we have two localnaming contexts C 1 and C 2 , such that C 1 has a name for C 2 but C 2 has no name for C 1 . This is illustrated in Figure 2 , where the context C 1 sees the con text C 2 and mayhave access to its names through compound names. On the other hand, the context C 2 cannot see the context C 1 and, consequently, can not see the term t 1 in C 1 . Suppose that u 1 sends the term t 1 denoting the entity e to user u 2 . As far as naming is concerned, this is possi ble because C 1 can denote u 2 with the compound name ( c 2 , m ). However, there is no wayfor C 2 to offer u 2 a meaningful synonym for t 1 in the given situation.

The solution is to create a new name binding during name communication. The purpose is to produce a new synonymfor the term t 1 in u 2 ’s localnaming context C 2 . Name communi ca - tion can then proceed normallybydelivering the new synonymto u 2 . There are two possi bili - ties. The first possibilityis to use Bind( C 2 , t 2 , e ) to bind a new term t 2 directlyto e . In this case, user u 2 receives the term t 2 . The second possibilityis to support indirect access through C 1 by using Bind( C 2 , c 1 , C 1 ). In this case, user u 2 receives the compound name ( c 1 , t 1 ). These two possi bilities are indicated bythe two alternatives in Figure 3 . The choice depends on the im - plementation. In traditionalcontext-relative naming, u 2 would receive both the context C 1 and the term t 1 . This would force u 2 to be aware oftwo localnaming con texts. In the long run, there would be a multitude ofnaming contexts for everyuser in the system˘obviouslyan un - satisfactory so lution.

4 .2 Federated name resolution

Naming federations make name processing more complicated. Naming domains are charac ter - ized bythose term-entitypairs that are con trolled bythe domain’s naming authority. The authorityensures that the terms conformto the naming convention and that naming policies are

C 1 c 2

u 1 t 1

m e

C 2

u 2

Figure 2 User u 2 cannot receive a synonym for t 1 .

C 1 c 2 t 1

t 2

User u 2 has indirect access to e User u 2 has direct access to e

e

C 2

u 1 u 2 m

C 1 c 1

c 2 t 1 e

C 2

u 1 u 2 m

Figure 3 User u 2 gets synonyms for t 1 after new bindings.

respected. The federation agreement determines the ownership ofallexisting and future termentitypairs in each naming con text. Naming contexts maybe di vided into multi ple parti tions, and each partition maybe controlled bya different authority. Figure 4 illus trates a con figu ra - tion with two naming authorities and three naming contexts. Authority a 1 controls the con text

C 2 and part of C 3 , and authority a 2 controls the context C 1 and part of C 3 .

Naming federation affects the name resolution process because everynaming authorityde - termines which term-entitypairs in its domain can be used in name resolution. Since the com - ponents ofa compound name can be controlled bymultiple authorities, name processing has to be distributed. Therefore, name resolution is no longer an atomic opera tion and name resolu - tion changes accordingly. The result ofname resolution can some times be unde ter mined. For example, the communication mayfailor some ofthe naming authorities mayde cide to hide information from the resolution process.

We use the symbol Dom D ( C ) to denote the set ofterm-entitypairs ( t , e ) Î C that are con - trolled bythe naming authorityofthe domain D . A naming context mayhave elements from multiple naming domains, but everyelement must belong to one domain. Hence, for every naming context C,

C = U

D

Dom D ( C ).

To controlthe name resolution process, each domain authoritydefines a view for everyprin ci - pal(i.e. name user) initiating name resolution. The view determines what term-entitypairs can be used in name resolution. We use the symbol View D,p ( C ) to denote those pairs

( t , e ) Î Dom D ( C ) that the prin cipal p is allowed to use during name resolution.

Views have an important role in the semantics ofname processing. First, theyreflect the dynamic nature ofdistributed systems, because the expression View D,p ( C ) is typicallyevalu ated at run-time and it maychange its contents fromone evaluation to another. Second, views pro - vide means for hiding naming information. For example, adding a term-entitypair to a context does not necessarilyinduce anychanges in the views. Third, views can also modelname transformations that take place in manyrealsystems. An element ( t , e ) in context C does not necessarilycause the same element to be visible in View

D , p

( C ). For exam ple, the authorityof the domain D maydecide that p must not see the entity e and decides to include another pair

( t , e’ ) in the view instead. In other words, a view is a realization ofa name inter ceptor that can both transform and conceal naming information.

To modelname resolution initiated bya principal p , we must consider the totalview seen by p . The symbol View p ( C ) denotes all pairs ( t , e ) Î C that p can use for name resolution:

View p ( C ) = U

D

View D,p ( C ).

C 3 C 2 C 1 Legend

Naming context boundary

Naming domain boundary

Name-entity pair a 2

a 1

Figure 4 Naming federation is controlled by naming authorities a 1 and a 2 .

322

By definition, we have

View D,p ( C ) Ì Dom D ( C ) Ì C ,

View D,p ( C ) Ì View p ( C ) Ì C for everyprincipal p and domain D . We have now the means to define name resolution in the presence ofnaming federation and naming authorities. When a principal p initiates name reso - lu tion, the resulting term-entity pairs are characterized by the following recursive defini tion:

Res p ( C 1 , t ) Ì {( t , e ) | ( t , e ) Î View p ( C 1 )},

Res p ( C 1 , t 1 ,�, t k ) Ì {( t k , e ) | $ C k : ( t k , e ) Î View p ( C k ) and ( t k - 1 , C k ) Î Res p ( C 1 , t 1 ,�, t k - 1 )}.

The definition is the same as in section 4.1 except that the naming contexts in each resolution step are replaced byviews that are visible to the principal p . This way, naming authorities can con trolthe progress ofname resolution. The resolution oftraditionalpath names, such as

" /usr/share/man ", proceeds component bycomponent, and the intermediate results correspond directlyto the path name. However, the resolution process and the views involved can some - times produce veryun conventional intermediate results. This mayhappen, for example, when the resolution step moves from one naming convention to another.

4 .3 Information contents of term-entity pairs

The use of federated naming and the cooperation between naming domains changes the struc - ture ofnaming information. Properties that were previouslydefined for complete name servers must now be specified for individualnames. This allows the naming authorityto fullycontrol naming activities. In this section, properties are defined for each term-entitypair indi vidually, but implemen ta tions maysup port grou ping for easier management. For ex ample, an imple - mentation with a tree-struc tured name space mayallow properties to be de fined for complete sub-trees.

Mutability policy determines when and how term-entity pairs can be changed:

· Immutable . No changes are allowed.

· Conditionally mutable . Changes are allowed, but the naming authoritymust perform some additionalactions when changes occur. This mayinvolve negotiation with other authorities, announce ments, or keeping record ofthe change for some given time pe riod.

Conditionallymutable names usuallyhave additionalproperties related to the change protocol in use.

· Mutable . Changes are allowed.

Similar mutabilitypolicies are also used in the ODP Type RepositoryFunction (ISO/IEC,

1996b). In addi tion to the mutability policy, also the target of the policy must be selected:

· Ifthe policyis term related , it controls onlythe terms, and the corresponding entities can change without restrictions. For example, the pair ( t , e ) is term-immutable ifthe term t is guaranteed to denote some entity(not necessarily e ). A term-immutable pair can be removed from the context, but this can only happen through name rebinding.

· Ifthe policyis name related , both the termand the entityare considered important. For example, a name-immutable pair cannot be removed or changed.

Name-immutable pairs can be safelyreplicated for implementing efficient and reliable name resolution in distributed environ ments. Term-immutability, on the other hand, is usefulfor guaranteeing that a given service can always be reached through a known naming context, but the service implementation can stillevolve over time. Sometimes term-immutabilityis strength - ened with conditions that determine the type of the entity that can be bound to the fixed name.

To complete the semantic discussion, we brieflydescribe two additionalproperties that characterize term-entitypairs in a naming context. First, everyterm-entitypair has a control ler that controls its life cycle, and decides whether it participates in a given name resolution proc - ess or not. The controller’s impact on name processing has alreadybeen covered with naming domains. Second, an identifier ofthe entity e maybe considered as a propertyofthe pair ( t , e ).

Its purpose is to identifyunambiguouslythe entity. In practice, name resolution is often imple - mented as a function that transforms the term t to a low-level identifier of e . There maybe ad - ditionalpredicates for term-entitypairs in a naming context, but theydepend on the se lected implementation and name resolutions techniques.

5 NAM E SERVICE

Name service is the computationalequivalent ofthe controller ofa naming domain. It offers a name service interface for its clients with operations for binding, unbinding, resolving, com par - ing and communicating names. When using the interface, the client is always attached to an im - plicit localnaming context that determines how names are interpreted and where name resolu - tion starts. The client does not identifyits localnaming context in anyway. Specialop erations, externalize and internalize, can be used for name communication between two or more users.

The externalize operation converts a name into a generic name-string that can be sent to any - one through the infrastructure. The receiver can use the internalize operation to convert the generic name-string back to a name that can be used in the receiver’s private nam ing context.

Naming service is made responsible for creating and interpreting anyinternalstructures that maybe present in the name. Typically, compound names are created byseparating name com - ponents with a separator character, but this choice is implementation dependent. The client simply uses both compound and simple names as if they were character strings.

Name communication does not require the existence ofa universalname representation or a naming tree with a globalroot. The reason is simple: iftwo infrastructure implementations can send and receive data, theyalso have the means to mutuallyagree on anyconversations be - tween different name representations. In practice, when two infrastructures implementations are linked together, theyalso agree on how names externalized in one environment are inter - nalized in the other environment.

6 DISCUSSION

In our proposal, the name service takes responsibilityfor functions that were previouslydele - gated to applications and are not included in tradi tionalname services. Transparent name translation is needed to provide clients with their single localnam ing context, and name com - munication is also necessary. Questions mayrise about the feasibilityand the performance of the pro posed solution. We discuss this topic through four different aspects.

The first aspect is concerned with applications that are aware ofnaming domains. A tradi - tionalname service returns a reference to an entitywhen given a valid name and a starting context. This approach is verysimple, but it cannot be used as such in fault tolerant applica -

324 tions that provide alternative ways to access services when the normal methods can not be used. This is because realnames have different degrees ofreliability. For example, there are names that can always be trusted (e.g. myown name), reliable localnames, less reli able names within the same domain, and unreliable names in externaldomains. Fault tolerant naming aware appli cations must distinguish between these names and maintain name related infor ma tion to sup port actions during partialfailures. However, traditionalname services do not pro vide such information at name leveland, consequently, the application cannot imple ment fault tolerant behavior even if this was possible in theory.

In the proposed solution, the name service (not the application) is fullyaware ofthe differ - ent name categories and the existence ofnaming federation. Therefore, it can provide the needed fault tolerance behavior for the applications. The fact that predicates are now de fined at the name levelallows the name service to be flexible. The new and the traditionalap proaches probablyuse similar algorithms for overcoming systemfailures and their re source consumption is at the same level. Hence, the fact that naming federation is now handled within the infra - structure, increases systemflexibilityand simplifies the applications. The amount ofprocessing and, consequently, the system efficiency remains approximately the same.

The second aspect deals with the qualityofservice (QoS) concerns. Traditionalname serv - ices do have some QoS functionality, e.g. related to the name´s origin, but usuallythis is re - lated to the whole service and not to individualnames. The proposed solution supports the specification and utilization ofQoS attributes at the name level, such as the name´s mutability.

This offers increased func tionalitythan was previouslyim plemented at the applications, and sometimes was not possible to implement because of the lack of necessary information.

The third aspect deals with ordinaryapplications without anyspecialconcerns for nam ing or name federation. Such applications usuallydo not require efficient name process ing be cause theyuse the name service fairlyseldom, mainlyto discover systemresources at startup time.

Hence, theyuse the name service as such, without anyadditionaltricks. There is no ob servable perform ance penaltyfor these applications when the improved name service is in tro duced.

How ever, the applications become more intelligent because the improved name serv ice can offer them im proved functionalitywithout anyneed to change the application logic. Typically, such applications become more fault tolerant because now the name service can attempt alter - native techniques when a traditional name service would simply report an er ror.

The last aspect is concerned with the implementation ofefficient naming. Ifthe proposed name service is used within a single naming convention, the extra overhead is typicallythe ad - dition ofa prefix before giving the name to the application, and the mapping ofthis prefix to a con text identifier when receiving the name fromthe application. This kind ofadditionalproc - essing is verysmallcompared to the cost ofnode-to-node communication. On the other hand, ifa name uses an externalnaming convention or is otherwise complex to process, the extra over head is significantlybigger. However, the same overhead would probablyalso in cur with tra ditional name services, but it would have to be implemented within the ap plica tion.

Since the proposed name service is able to optimize its behavior across applica tions, caching and other similar techniques can improve its performance. The keyissue is the localityof names. The working set for names is usuallyrelativelysmallbecause users in one organiza tion tend to work with the same things. Hence, name caching across applications and users can yield sig nifi cant per formance improvements. In addition, applications often organize their names in con texts that reflect the application structure, and name pre-fetching can be im ple - mented on a per-context basis. Ifresources are accessed bynavigating through naming con - texts (e.g. in interactive systems), context pre-fetching mayresult in dramatic performance im - prove ments. As a result, the overall performance of the new nami ng solu tion may be superior.

7 CONCLUSION

In this paper, we have presented a federative naming solution. It is based on tradi tionalcon - text-relative naming, but it uses term-entitypairs instead ofterms as names. Fur thermore, the solution makes a distinction between user-leveland infrastructure names. We have also pre - sented a semantic modelfor the solution to illustrate how federation affects dif ferent naming related activities, and we have briefly sketched an example name service.

The main contribution ofthis paper is to demonstrate that complex naming solutions can be simplified byunderstanding that names are in realityterm-entitypairs. For example, tradi tional naming solutions, such as globalnaming, support only"termcommunication~ and the neces - saryname conversions are left to the applications. The presented approach allows applications and end users to employnames that are best suited for their work. For example, the OMG´s name service standard uses a complex data structure for representing arbitrarynames. Appli - cations that use the OMG name service must always convert names between this particular data structure and other formats that are used byother systemservice. On the other hand, our solution takes automaticallycare ofthe necessaryconversions and, therefore, it is directly compatible with a large number of already existing interfaces using names.

The proposed solution fits wellto the RM-ODP’s infrastructure modelthat attempts to delegate alltedious tasks to the computational infrastructure instead of forcing applications to do them. The simplicityofthe proposed solution implies that it can also be used inside the in - frastructure without significant performance penalty. Compared to traditionalnaming, we have relocated two name related functions. First, the responsibilityfor naming federation and for handling the cooperation ofmultiple naming domains has been moved fromthe appli ca tions to the infrastructure. Second, the qualityofservice concerns and name attributes are now speci - fied at name leveland handled bythe infrastructure. The proposed solution is con genialwith the ODP Naming Framework. The contribu tion ofthis paper is to further develop certain parts of the framework, particularly the ones related to naming federation.

While the solution increases name processing in some cases, we have demon strated that the efficiencyofthe new solution is comparable to the existing alternatives. In some cases, the performance ofthe new solution can even be better byusing caching and other techniques that were not reasonable in traditionalsolutions. Our solution gives enhanced functionalitywith less overhead costs than would incur if applications themselves implemented the same func tionality.

REFERENCES

ISO/IEC (1995a) Reference Model of Open Distributed Processing Part 2. Foundations . In - ter national Standard IS10746 -2.

ISO/IEC (1995b) Reference Model of Open Distributed Processing Part 3. Ar chitecture . In - ter national Standard IS10746 -3.

ISO/IEC (1996a) JTC1/SC21 N 10390, ODP Naming Framework , May 1996.

ISO/IEC (1996b) JTC1/SC21 N 10389, ODP Type Repository Function , May 1996.

Object Management Group (1994) Common Object Services Specification, Volume I . OMG

Docu ment 94.1.1, Framingham, Massachusetts, USA.

van der Linden, R. (1993) The ANSA Naming Model , APM.1003.01 . Architecture Projects

Man age ment Ltd., Cambridge, United Kingdom.

Siegel , J. (1996) CORBA Fundamentals and Programming . John Wiley& Sons Inc., New

York, USA.