Object Naming and Object CompositionD. Ramazani, G. v. Bochmann and P. FlocchiniPublication #1135D�partement d’informatique et de recherche op�rationnelleUniversit� de Montr�alNovembre 1998

Object Naming and Object CompositionD. Ramazani, Universit� de Montr�alP. Flocchini, Universit� du Qu�bec � HullG. v. Bochmann, Universit� d’OttawaAbstractIn this paper, we show that a flat domain of object names is inappropriate in the context ofobject composition since new naming requirements must be fulfilled. These requirements canbe summarized by: (1) visibility and hiding of components, (2) checking whether twoobjects belong to the same composition, (3) sharing of components between compositions,(4) reference from one composition to another composition. Object naming in the objectparadigm is based on the use of the concept of object identity which can be considered as anintrinsic and universal name of the object. It does not record information about the structureof objects. This naming mechanism is inadequate for fulfilling the requirements stated above.For instance, once you have the identity of an object you can access that object. This meansyou can not achieve component hiding within the composition.There are many alternatives for solving this problem including the design of complex namingmechanisms. Our solution consists of recognizing that referencing objects is contextual whilethe concept of object identity is context independent. Based on this observation, we view theexecution of an application as an evolving structure of labelled graphs of objects. Each stateof the application is represented by a graph of objects. This allows us to use the concept ofsense of direction [Floc98a] for designing various kinds of naming mechanisms.In this paper, we designed three naming mechanisms using sense of direction. The first isbased on a chordal sense of direction. The second is hierarchical naming without componentsharing. The last is a slight modification of the second to allow component sharing. This isachieved by introducing special names for shared components.Keywords: Composition, Naming, Object identity, Sense of Direction.

Object Naming and Object Compositionpage 21. IntroductionDesigning object-oriented distributed applications consists of defining precisely collective andindividual behaviors as well as the states of the objects forming the application. The way wedescribe interactions between these objects plays a significant role in the specification of thebehavior of objects; ultimately, it influences how we implement applications. Interactionsbetween objects require that at least some of these objects be referred to. This is achieved bymeans of an object naming mechanism. Such a mechanism affects three aspects of theapplication, namely :1) the definition of object interfaces: it determines how we hide certain details of objects;2) the algorithms that implement the object operations, as well as the data structures used forrepresenting the object state;3) object communication with one another, as well as the representation of associationsbetween objects.In many object-oriented languages, the concept of object identity is used as an object name.Since object identities are intrinsic properties of objects, this corresponds to the use of globalnames for objects. The obvious implementation for the concept of object identity is a pointer(or reference) which represents a memory address. In the distributed context, this can becomplemented with network addresses and task identifiers. As mentioned above, an objectnaming mechanism plays a significant role in the description of the collective and individualbehaviors as well as the states of objects. In this context, one may ask if global names arestill appropriate for applications with composite objects. Intuitively, the linkage between thestructure and the behavior of composite objects established in [Rama95a] suggests that thisstructure will influence the way objects communicate. This will in turn impact on how wedesignate and reference the communicating objects.1.1. Summary of our experienceIn this paper, we show that global names are inappropriate for applications having compositeobjects since new naming requirements must be fulfilled in these applications. Theserequirements include : (1) visibility and hiding of components, (2) checking whether twoobjects belong to the same composition, (3) sharing of components between compositions,(4) reference from one composition to another composition. These naming requirements arenot totally fulfilled by the existing object naming mechanisms, especially those based on theconcept of object identity as unique name provided by an object. For instance, if we consider

Object Naming and Object Compositionpage 3the necessity to hide some components, object naming in the object paradigm is such thatonce you have the identity of an object you can access that object. This means that, if acomponent before its insertion into the composite object was known to an object outside thecomposition, the latter object can still access the component even after its insertion within thecomposition as a hidden component. There is no means for preventing such an access exceptby removing all the references from objects outside the composition to the component beforeits insertion within the composition. This operation virtually implies the access to all objects.On the other hand, if we want to check if two objects belong to the same composition, thiscan not be achieved by using the identity of these objects since the identity of an object has norecord of the context in which the object is located, nor it records the structure of the objects.There are many alternatives for solving this problem including the design of complex namingmechanisms. Our solution is simple and practical, it consists to recognize that referencingobjects is contextual while the concept of object identity is context independent. Based on thisobservation, we view the execution of an application as an evolving structure of labelledgraphs of objects. Each state of the application is represented by a graph of objects. Viewingthe state of an application as a graph of objects allows us to use the concept of sense ofdirection [Floc98a] for designing various kinds of naming mechanisms. Sense of directionexhibits many properties that allow the design of naming mechanisms which can: distinguishbetween objects, permit the transfer of object names between objects, handle sharing ofcomponents, and preserve the locality of names. We later show how many properties ofsense of direction relate to the properties of naming mechanisms. In this paper, we describethree naming mechanisms using sense of direction. The first is based on a chordal sense ofdirection. The second is hierarchical naming without component sharing. The last is a slightmodification of the first to allow component sharing, this is achieved by introducing specialnames for shared components.We have considered naming based on a chordal sense of direction. It is based on a chordallabeling of the graph of objects which is defined by fixing some arbitrary cyclic ordering ofthe nodes and labeling each incident edge by the distance in the above cycle. This means for agiven object system, the number of objects forming this system is used for fixing the cyclicordering of the nodes, and local names attributed by one object to the objects it knows arebased on this number. In addition, for this chordal labeling to be a sense of direction, thelocal names attributed by one object to the other objects must be relative distances in thecyclic ordering [Floc98a]. The main difference with hierarchical naming is that the naming isnot linked to the structure of the application and its objects.

Object Naming and Object Compositionpage 4Our naming scheme based on hierarchies of objects considers the application as being acomposition of objects which can later be refined into other compositions. At the initial level,there are the application and its objects. The application has a naming context which attributesnames to the objects, i.e. a naming context is a mapping between names and objects. In anaming context, names are unambiguous. In addition, objects may be refined intocompositions. For each composition, there is an associated naming context. Components of agiven composition have local names in that composition. They may refer to each other usingthese local names. An object of one composition may reference an object of anothercomposition through the compositions, i.e. reference between compositions requires acomposite name which includes the names of the compositions which are involved in thisreference (naming action). This simple mechanism allows to take care of many of the namingrequirements except component sharing.In these experiences, we found that allowing component sharing complicates a lot thenaming mechanisms. This raises the question of the necessity of allowing component sharingbetween compositions. From a modeling point of view, compositions which sharecomponents might be considered as a single composition. Therefore, component sharing is amodeling artifact which can be ignored. This is the approach taken by many authors[Rumb94].1.2. Organization of this paperIt will be pretentious to provide in this paper an in depth analysis and a complete account ofall the aspects of object naming in the context of composite objects. The reader is referred to[Wier94, Kent91] for other aspects of object naming. Therefore, we shall purposely focus onthe naming mechanisms we propose with regard to the new requirements in the context ofobject composition.The paper is organized as follows. Section 2 introduces the basic concepts of object namingwhich are relevant for understanding the rest of this paper. Next, Section 3 describes thenew requirements of object naming imposed by object composition. Section 4 introduces theconcept of sense of direction and its application to naming mechanisms. It describes howchordal naming and hierarchical naming can be used in the context of object composition. Inaddition, it describes related work. Section 5 concludes the paper and describes futureresearch.

Object Naming and Object Compositionpage 52. Object Naming2.1. Characterizing object namingMany aspects characterize object naming [Kent91, Wier94]. First are the syntax and thesemantics of object names. Generally, name syntaxes are implementation dependent. Forexample, object names may be user defined, e.g. containment relationships may be taken intoaccount when attributing names to objects. On the other hand, object names may be systemgenerated. Furthermore, in the context of object databases and distributed systems, we maydistinguish physical object names which are implementation dependent from logical objectnames which tend to be independent of any implementation. For example, the concept ofobject identity has been used as a special name provided by each object. In object-orientednotations and programming languages, the aim of object identity is to provide a means fordistinguishing between objects independently of their states and/or behaviors.Apart from its distinguishing capability, the semantics of an object name may embed otherproperties. For instance, in the context of object databases and distributed systems, thecurrent location of an object (e.g. within the database, within the application cache, or withinthe application memory) may be encoded in its name. Access control and object lockinginformation may also be encoded along or within the name of an object.Both the syntax and the semantics of names are grouped into a single concept, namely thenaming convention which stands for the syntactic representation of names as well as theirsemantic interpretation. A name space or domain is a set of names complying with a givennaming convention. The operations allowed on object names are performed in the context ofa naming mechanism. Object names are used to refer to objects; to provide information aboutthose objects (e.g. type information); to locate objects given only their names; and to accessthose objects. All these functionalities of an object naming mechanism are based on theoperations one may perform on object names. Among these operations, we find comparison,assignment of a name to an object (also known as binding), resolution (i.e. finding theobject behind the name), etc.In addition to these properties, Wieringa and de Jonge [Wier94] require that an object namingmechanism should be monotonic. An object naming mechanism is monotonic when fromone state of the application to another :1) the name refers to the same object;2) the object remains named by the same name.This precludes object renaming and reuse of object names.

Object Naming and Object Compositionpage 62.2. Structure of the set of object namesThe set of object names may be flat or structured. By structured, we mean it is partitionedaccording to some criteria. For example, some authors propose to structure object namesbased on the hierarchical relationships that exist between the named objects. Others proposeto partition the set of object names into contexts or spaces defining the validity of the name.By a valid name, we mean a name which can be successfully resolved.Generally, when the set of object names is structured, this is reflected on the syntax and thesemantics of object names. Flat sets of object names go along with flat (or primitive) objectnames. Structured sets of object names may imply partitioned object names which in turn arecommonly structured as a series of primitive object names. In addition, the names can beglobal or local. When the set of names is partitioned into sets, these sets define the validity ofnames. A local name is only valid in a given set of names, while a global name is valid in anyset of names with respect to the naming convention considered.2.3. Object identity and smart pointersAs explained before, in the object paradigm, the concept of object identity is used for namingobjects. The object’s identity can be considered as a global name provided by the object.However, in many ways, the concept of object identity does not fulfill the needs ofapplication designers. As a matter of fact, the advent of smart pointers in C++ illustrates theneed for other kinds of object names [Meye96]. In other words, object identity is inadequateas an object name since it conveys only the information that allows to distinguish betweenobjects and no more. In C++, smart pointers are objects that are designed to look, act, andfeel like built-in pointers (i.e. object names), but offer greater functionality. In particular,they allow to gain control on:¥ construction and destruction of pointers to objects;¥ copying and assignment.¥ dereferencing (pointer resolution), for instance in database applications, you may decide tobring the object in memory. The smart pointer transparently handles the object location.As a matter of fact, the object database standard relies on the use of smart pointers totransparently access transient and persistent objects in database applications. With smartpointers, software designers express the insufficiencies of the object naming mechanismprovided by C++, i.e. the use of the concept of object identity as an object name. Thisnaming mechanism conforms to what is expected with the object paradigm. Is this the plea

Object Naming and Object Compositionpage 7that we need changes to the object paradigm with respect to object naming? We believe so,because with the use of smart pointers, we are altering the way we perceive and understandobject names. Smart pointers may add access control and other information to the objectnames. In addition, smart pointers may reflect the organization of the set of objects.3. Operations on namesIn this Section, we describe the various operations which can be executed on object names.These operations are classified into general operations, and operations specific to objectcomposition. Once the syntax and semantics of names are defined, it should be stated howthe names are used in specification, design and programming of applications. The operationson names reported in this section cover these steps of application development.3.1. General operations on namesFour generic operations can be defined on names, namely attribution, comparison,resolution, and communication. Attribution denotes the operation through which a name isassociated to an object, i.e. the object is named. This operation is sometimes referred to asbinding a name to an object. It occurs when an object is created or when another object wantsto reference the latter object using a name it assigns to that object. When global naming isused, object names are usually system generated, and objects usually have unique names.When local naming is used, an object may have multiple names according to the objectswhich are referencing this latter object.Once a name is attributed to an object, it can be used to define the semantics of object actions.For instance, one object may want to know if two objects are equal. This can be achieved bycomparing the names of these two objects. Comparison of names is based on the equivalencerelation defined between names. This relation assumes that two names belong to the sameequivalence class when they denote the same object. This relation is used for defining acomparison relation between names. When global naming is used, such an equivalencerelation between names is easy to implement since it consists of partitioning the set of names.However, when local naming is used, comparing names can be cumbersome. We will seelater how it can be achieved in the context of local naming.In addition to comparing names, an object may want to access to another object through itsname. For instance, it may want to query the value of an attribute of the a given object, or itmay want to call an operation of a given object. To achieve that, the object should be able to

Object Naming and Object Compositionpage 8find an object by using its name. This is called name resolution, it means having access to anobject through its name. In this case, when global naming is used, it is implemented bymeans of a mapping between names and objects. When local naming is used, since an objectmay have multiple names, resolving a name can be a non-trivial task.Objects may also exchange information about other objects. This can be achieved byexchanging the names of objects. This means sending to a given object the name of anotherobject, even its own name. To that extent, the receiving object must be able to understand thename which is communicated to it. This corresponds to communication of names. Whenglobal naming is used, every object is able to understand the names it receives, they arecommunicated as they are. In the context of local naming, names understood by one objectmay not be by another object. This requires translation of names so that the latter object maynow understand the name which is received.3.2. Issues related to object compositionVisibility and hiding of componentsWhen considering a composition, the objects that belong to the composition are thecomponent objects and the objects which do not belong to the composition are the objectsoutside the composition. Visible components are the components whose names can beexported to objects outside the composition. Hidden components are the components thatmust remain unknown to objects outside the composition. Component hiding implies thefollowing restrictions:R1: An object not belonging to a given composition may not interact with a hiddencomponent .R2: There is no restriction on a hidden component to interact with other objects outside thecomposition.Visibility and hiding of components requires that we clarify how we reference a componentfrom another component, from the composite object, and from an object outside thecomposition. Such a reference operation may use global names or local names. For instance,since in the object paradigm, the object identity is used as a name of the object, thiscorresponds to global naming. Another naming mechanism may use local names which inturn may be role-based or not. In a composition, the names of components are role-basedwhen they are relative to the role played by the component in the composition. The names ofcomponents are not role-based when they are based on their identity. For instance, if we

Object Naming and Object Compositionpage 9substitute a component in this context, we should use another name to reference thesubstituting component, while in the former case, the old name is still meaningful.Once the mechanism used to reference the components is known, we must decide how wemake components visible or hidden. In fact, there are many advantages to achieve visibilityor hiding by including this capability into the naming mechanism. When the names areresolved, we can deny or grant the access to an object. This means each time an interactionhas to take place between two objects, the object naming mechanism must make sure thatsuch an interaction is desirable. This supposes that the object naming mechanism must beaware of the componenthood of the interacting objects. We require that the restrictions relatedto hiding of object must be enforced by the object naming mechanism since they can not bestatically checked. In fact, visibility and hiding of objects, when the objects are manipulatedthrough their names, can be viewed as an extension of the name resolution mechanism, i.e.when names are resolved, we can deny or grant the access to an object based on the objectusing the name and the target object.Checking if two objects belong to the same compositionIt may be useful to know if two objects belong to the same composition. This will ease thedesign of algorithms dealing with recursive data structures. With composition, we may takeadvantage of the preorder relation between objects based on the hierarchical relationshipsbetween the objects. For instance, when we are copying a hierarchy of objects, it is importantto know if an object was already copied based on the composition to which it belongs. Inaddition, many distributed applications are based on hierarchies. For instance, networkmanagement assumes that the network is made of various components which in turn aremade of other components. The failure of one component may cause the failure of thecomposition and also the malfunctioning of the other components. In such a context, we areinterested to know whether a faulty network card is in the same equipment as a givencommunication port. Checking whether two objects belong to the same composition is anoperation which can be seen as an extension of the operation of comparing object’s names.Checking if one object is a component of another object is a variant of checking whether twoobjects belong to the same composition. One of the best approaches to checking whether twoobjects belong to the same composition should be based on operating at the level of the objectnames. This suggests that the object name records the information about the object hierarchy.This can not be achieved when object identities are used as object names. In addition, globalnames are independent of the organization of objects in the application. This means, global

Object Naming and Object Compositionpage 10names can not record information about the object hierarchy. This leaves as only alternativeto use local names.Sharing of components between compositionsFrom the modeling point of view, we may be interested to model compositions which sharecomponents. There is no particular problem with component sharing when we use globalnaming, especially object identities, to name objects. However, when local naming is usedand objects are named on a per composition basis, component sharing implies that acomponent may have more than a name since it may belong to more than one composition.How can we check that two names resolve to the same object? In addition, how does theshared component resolve the names of other objects. This is a matter of concerns since twocomponents of different compositions may have the same name.Referencing objects between compositionsInteractions between objects are not limited to objects belonging to the same composition.Objects belonging to different compositions may also communicate. This means the object inone composition should be able to reference an object in another composition. When globalnaming is used, there is no particular problem. However, with local naming, and in particularwhen names are attributed on a per composition basis, it is not clear how an object in a givencomposition may reference an object in another composition. In this context, composition ofnames may allow us to cope with reference between compositions, i.e. the objects in othercompositions are refered to using a combination of the name of the composition and the localname of the object in the composition.3.3. Alternatives to the object naming in the object paradigmIn this section, we have exposed various issues which need to be addressed with respect tonaming in the context of object composition. These issues can be considered as additionalnaming requirements which must be fulfilled by any naming mechanism which has to dealadequately with object composition. In order to fulfill these new naming requirements, wemay change the way we interpret object naming. A shift in our thinking could consist ofviewing an object name as a channel which allows to communicate with an object. Onlycommunication paths between objects are named and not the objects themselves. Or, wecould recognize that the new naming requirements can not be fulfilled by the available objectnaming mechanism, since they represent orthogonal requirements to that actually fulfilled bythe concept of object identity. As a consequence, a different concept may be more adequatefor tackling these new naming requirements. For instance, we may use different concepts for

Object Naming and Object Compositionpage 11different purposes, i.e. the identity to distinguish intrinsically one object from another, and(contextual) names to reference the objects. In addition, object identity is not contextualbecause the concept of object identity is aimed at distinguishing the objects independently oftheir use. However, object reference is contextual. It implies a context, a lifetime, arelationship, and a meaning. As a consequence this context can be used to find out the objectdenoted by a name.A variety of alternatives are at our disposal for fulfilling these new naming requirementsimposed by composite objects. We may adopt the "do not care" approach, ignoring theserequirements and leaving each software designer with the trouble of devising specificmodeling and implementation artifacts for coping with these naming requirements. Instead,we prefer to address the problem by proposing another approach to designating objects, evenat the expense of changing the way we view object naming in the object paradigm.It is interesting to notice that based on the syntax, semantics and operations on names, agraph remains a good abstraction for discussing about these concepts. The name syntax,semantics and operations can be described by means of graphs. For instance, assume a graphG=(E,N). Its nodes N represent the objects. The edges E represent the references betweenthe objects. Assume also that the edges are labelled using labels at the start and at the end ofthe edge. The labeling convention represents the naming convention in the sense that whenglobal naming is used, all the edges ending at a given object have the same labels. When theedges ending at the same node may have different labels according to the starting nodes, thiscorresponds to local naming. The syntax of labels corresponds to the syntax of names. Inaddition, one object may reference an object which is not directly reachable from it based onthe graph G. Such references may be handled by adding a new edge to the graph, or byconsidering the sequence of edges leading to the referenced object from the referencingobject. Operations on names are interpreted as follows. Attributing a name to an objectconsists of drawing an edge to that object. Comparing the names becomes an operation onthe labels of edges and the nodes of the graph. Resolving a name is traversing the graph tothe required object. Communication of names is interpreted as drawing a new edge from thereceiving object to the object denoted by the received name.On the other hand, operations on names in the context of object composition are interpretedas follows. Notice that these operations apply only on the hierarchical relationships betweenobjects. Therefore, we may limit the graph of objects to a tree representing the hierarchicalrelationships between the objects. This tree is derived from the graph based on the

Object Naming and Object Compositionpage 12assumption that each composition is able to reference its components and each componenthas a reference to the composition to which it belongs. This assumption is used to prune thegraph with non-hierarchical references between the objects reducing the graph to a tree.Now, armed with this tree, we interpret the operations on names in the context of objectcomposition as follows: visibility and hiding of components is linked to the way we traversethe tree. For instance, hidden objects can be tagged so that when we resolve a name, we cancheck if the object is visible or not from the standpoint of the object using that name.Checking if two objects belong to the same composition is achieved by operating on the tree.We shall see later how this interpretation of name syntax, semantics, and operations in termsof graph and graph operations leads to a formalization of naming.4. An Approach to naming4.1. Basic ideaWe would like to handle the new requirements explained in Section 3 using a formalframework. In the past, naming mechanisms have been formalized with mathematicalrelations and partial functions, see [Wier94, Kent91] for more detail. Such a frameworkadequately captures the relationship between names and objects, and the issues related to theresolution of names, but it tends to be oriented towards global naming.We have stressed that the new requirements require contextual reasoning for manipulatingand attributing names. This has led us to model the state of an application as far as naming isconcerned, as a labeled graph of objects. Instead of devising a completely new formalframework, we advocate the use of existing ones. Sense of direction, described in [Floc98a],appears to be a formal framework in which deep semantic issues of naming mechanisms canbe addressed. Hereafter, we show how the new requirements can be described and fulfilledusing the concept of sense of direction. One of the advantages of sense of direction is that wecan study both, global and local naming. In addition, many properties of naming mechanismscan be described in terms of sense of direction. It is less low-level than graph theory, ormathematical relations, and partial functions.In this paper, we use two kinds of sense of direction, one is based on hierarchical naming,and the other on a chordal naming. The reasons for adopting a hierarchical design in thecontext of object composition is largely that hierarchies are easy to understand and toimplement. Hierarchy helps to ensure the uniqueness of names, to reduce ambiguity, and toimpose common names for all objects.

Object Naming and Object Compositionpage 134.2. Sense of DirectionSense of direction is a property of labelled graphs which has been extensively studied in thecontext of distributed computing (e.g., [FRS96, Floc95, Floc97]; for a survey see[FlSa98]). It provides a framework in which answers to deep semantic questionsconcerning naming can be addressed, and solutions can be proposed based on semanticcoherence and theoretical feasibility. As an example, communication of names may involvethe transfer of a name to an object which interprets names in a different context than thesender. How can we prove that the naming mechanism is consistent with respect to thecommunication of names? We shall see later in this paper how this can be achieved in theformal framework provided by sense of direction.Definition of Sense of DirectionLet G=(V, E) be a graph where nodes correspond to objects and edges to references betweenthe objects. Let E(x) denotes the set of edges incident to node x. Every node associates alabel to each incident edge. Let lx(x,z) denote the label associated by x to the edge (x,z) inE(x). lx is a local edge labeling function such that lx : E(x) -> l where l is a set oflabels. Let l denote the set of all lx. We say that l is a local orientation if each node candistinguish among its incident edges, i.e. " x ˛ V, " e1, e2 ˛ E(x): lx(e1) = lx(e2) iff e1 =e2.A path in G is a sequence of edges in which the end point of one edge is the starting point ofthe next edge. Let P[x] denote the set of all paths with x as a starting point, and let P[x,y]denote the set of paths starting from node x and ending in node y. Let L be the extension ofthe labeling function l from edges to paths. Lx : P[x] -> l+ be the path-labeling functiondefined as follows: for every path p ˛ P[x], Lx (p) = (lx(x,x1), lx1(x1,x2), .., lxm-1(xm-1,xm)) where p = [(x,x1), (x1,x2), .., (xm-1,xm)].Coding functionWe now introduce the notion of coding and decoding functions. We also show how to usethem in order to construct local names. A coding function is a function that maps a sequenceof labels corresponding to a path in G into a value, in such a way that two sequencescorresponding to different paths starting from the same node are mapped in the same value iffthe ending point of the paths are the same.More formally, a coding function ~ of a system (G, l) is a function such that :" x,y,z ˛ V, p1 ˛ P[x,y], p2 ˛ P[x,z], ~(Lx(p1)) = ~(Lx(p2)) iff y = z.

Object Naming and Object Compositionpage 14In other words, the coding function allows the node to understand, from the labels associatedto the edges whether different paths from any given node x end in the same node or indifferent nodes.Decoding functionA decoding function h for ~ is a function that given a label and a coding of a string (sequenceof labels), returns the coding of the concatenation of the label and the string. It allows nodesto translate the local names of their neighbors.More precisely, given a coding function ~, a decoding function h for ~ is such that for all x,y, z ˛ V, such that (x,y) ˛ E(x) and p ˛ P[y,z], we have h(lx(x,z), ~(Ly(p))) =~(lx(x,z) . Lx(p)), where "." is the concatenation operator.Sense of direction [Floc98a]A system (G, l), has a sense of direction (SD) iff the following conditions hold:1) l is a local orientation,2) there exists a coding function ~,3) there exists a decoding function h for ~.We shall also say that (~,h) is a sense of direction in (G, l). Several examples of sense ofdirections (e.g., cartographic, chordal, neighboring) have been described in [Floc98a].Naming schemeIn a given labelled graph G, we can define a local naming scheme as follows. Each nodeassociates a local name to the other nodes in the system; let us denote by bx(y) the name thatnode x locally associates to y and by b the set of all bx. The set { bx(y): y ˛ E(x)} is alsocalled local view of x. The collection of all local object naming schemes b = { bx: x ˛ V}constitutes the object naming scheme.In the case of a graph with sense of direction, an object naming scheme can be constructedbased on the existence of the coding function ~; more precisely, the name that an object givesto another object is either the label of the link between them (if there is such a direct link), orthe coding of a sequence of labels leading to it. In other words, given a coding function ~, alocal object naming scheme bx for x is constructed as follows:

Object Naming and Object Compositionpage 15"x,y: bx(y) = {ƒ(a) otherwiselx(x,y) if y ˛ E(x)where a is the sequence of labels corresponding to an arbitrary path between x and y. Given a graph representing an object system, many different labelings could be constructedto have different senses of direction, each one providing a different naming scheme.Sense of direction allows to define names which can be used in contexts where they are notdefined. When the labeling is a sense of direction, it is possible to understand from the labelsassociated to the edges, whether different paths from any given node x end in the same nodeor in different nodes. Using this characteristic, we may distinguish between objects. In alabeled graph with sense of direction, there is a function which maps the sequences of labelsassociated to the paths from x to y to the local name bx(y) used by x to refer to y. This lattercharacteristic allows an object to refer to objects which are not directly reachable from it. Ifthere is sense of direction, node x, based on the label lx(x,y) and on the name by(z), candeduce that the received information is about the node locally called bx(z). This allowsobjects to exchange valid object names, i.e. names which can be understood.4.3. Relation between naming mechanisms and sense of directionAs observed in Section 3, a labelled graph is a good abstraction of a naming mechanism.This has led us to examine how the concept of sense of direction which is a property oflabelled graphs is linked to naming. The concepts underlying sense of direction can be relatedthe properties which characterize object naming mechanisms.An object naming mechanism has two aspects, the naming convention and the operations onnames. In a framework with sense of direction, the name syntax is captured by the edge-labeling function l and its extension to paths L. The semantics of names are captured by thenode-labeling function b. In particular, the name attributed by the node x to the object y isbx(y). On the other hand, the operations on names such as attribution, comparison, andresolution of names are captured by the node-labeling function and its properties.Communication of names is handled by the existence of a coding and a decoding function.This latter function is used to translate the names so that an object can understand the names itreceives from the other objects. In the following, we illustrate how a chordal naming withsense of direction can be used as a naming framework.

Object Naming and Object Compositionpage 16Sense of direction has many properties which help to handle some of the issues related toobject composition. For instance, checking whether two objects belong to the samecomposition can be achieved by exploiting the fact that the naming convention is a sense ofdirection. An algorithm based on message broadcasting in a graph, as explained in [Floc98b]can be devised. Since the naming convention is a sense of direction, the algorithm isguaranteed to complete in linear time over the entire graph. This is possible because withsense of direction, we can distinguish between two nodes based on their names, and thenames known by one node can be understood by another node. Checking whether an objectis a component of another composed object is a special case of checking whether two objectsbelong to the same composition. Depending on the naming convention, specific algorithmscan be devised for answering to these questions as we shall see later in this paper.With sense of direction, we can also handle visibility and hiding of objects in a composition.Recall that we have introduced this property as an extension of the operation of resolving aname based on the object using that name and the target object. It suffices to extend thenode-labeling function such that it can now query a map defining the visibility of objects incompositions. In addition, communication of names between compositions is handled byimposing the translation of names before they can be used by another object. This is achievedthrough the decoding function h of the sense of direction. In fact, " x, y, z: p ˛ P[y,z] , wehave ~(Ly(p)) = by(z) , and bx(z) = h(lx(x,y), ~(Ly(p))), i.e. from ~(Ly(p)) and lx(x,y)we can deduce bx(z).4.4. Exemplifying the use of sense of direction as a namingframeworkAssume that each object uses its own local names to reference other objects. We also assumethat an object uses different local names to refer to different objects. A chordal labeling of agraph G=(V,E), with |V| = n , is defined by fixing a cyclic ordering of the nodes and labelingeach incident link (x,y) of x by the distance (modulo n) of the two nodes in the above cycle.More precisely, assume the graph G=(V,E), with |V| = n . Let g: V->V be a successorfunction defining a cyclic ordering of G and let gk(x) = gk-1(g(x)) for k > 0. Let d: V2 ->{0, .., n-1} be the corresponding distance function, i.e. d(x,y) is the smallest k such thatgk(x) = y. The labeling l in G is defined such that lx(x,y) = d(x,y). It can be easily shownthat a graph with a chordal labeling has a sense of direction (see [Floch98a] for more detail).The coding function ~ is defined as follows"p ˛ P[x0], p = [(x0,x1), (x1,x2), .., (xm-1,xm)] :

Object Naming and Object Compositionpage 17~(Lx0(p)) = lxi(xi, xi+1) mod n�i=0m-1Its corresponding decoding function h is:" (x0,y0) ˛ E(x0), " p ˛ P[y0], p = [(y0,y1), (y1,y2), .., (ym-1,ym)] :h(lx0(x0,y), ~(Ly0(p)) ) =lx0(x0,y0) + ~(Ly0(p)) mod nTo build an object naming scheme based on a chordal sense of direction we use thefollowing. Given a coding function ~, the local object naming scheme bx for x is constructedas follows: " x,y: bx(y) = ~(a) where a is the sequence of labels corresponding to a pathbetween x and y. The collection of all local object naming schemes b = {bx : x ˛ V}constitutes the (global) object naming scheme. In this naming, we can not know if an objectis a component of another object or if they belong to the same composition since chordalnaming does not record the hierarchical relationships between objects. However, translationof names is fairly easy. For instance, when an object, say "x" wants to communicate to theobject "y" the name of the object "z", this name can be translated. By definition of thedecoding function h, " (x,y) ˛ E(x) and p ˛ P[y,z], h(lx(x,z), ~(Ly(p))) = lx(x,z) +~(Ly(p)) . By definition of the coding function ~, ~(Ly(p))) = by(z), moreover lx(x,z) +~(Ly(p)) = bx(z). It follows that bx(z) = h(lx(x,z), by(z)).The figure below illustrates the application of this naming to a network consisting of threecomputers, namely c1, c2, and c3. The computer c1 is managing a large disk array "d"; c2 ismanaging a laser printer "p"; and c3 is managing a satellite dish "s".

c1c3c2dps c1dpsc3c2152415241524Computer networkGraph with chordal labelingFigure 8.1: Chordal labeling of a computer networkIn the graph with chordal labeling, the objects are represented by small squares. The localedge labels are used as follows. For instance, consider the object "c1". When "c1" references

Object Naming and Object Compositionpage 18the object "d", it uses "1". When the object "d" references "c1", it uses "5". When "c1"references "c2", it uses "2" and when "c2" references "c1", it uses "4", and so on. Thetranslation of names occurs when the computer c1 wants to send a document to the printermanaged by the computer c2. c1 receives the name of the printer as "1" from the computer c2.c1 understands this name as bc1(d) = "3".4.5. Hierarchical NamingIn [Floc98b], it is shown that in a tree any labeling with local orientation is a sense ofdirection. Remember that a local orientation in a labelled graph is characterized by theproperty that a node uses different labels for its adjacent edges. This observation can be usedfor devising a hierarchical naming from the graph of objects. This is achieved by deriving atree that reflects the hierarchical organization of the application. In particular, we introduce aroot object which represents the application itself. In addition, we assume that there is nosharing of components between compositions. The object is created in the context of a givencomposition. The application itself is considered as a composition.Nodes of the tree are compositions. Each composition has a local labeling function lxcharacterized by the labels in lx are from the set L where L = L0 ¨ L0- ¨ {self}. Thespecial label self denotes the composition. This means a node can reference itself using thelabel self. Elements of L0 are written n, and L0- = { n- | n ˛ L0}. n- is the symmetric formof n in L. n and n- are labels of edges linking two nodes x and y such that if x is acomposition and y is a component of x, the edge (x,y) is labeled n and the edge (y,x) islabeled n-.As shown in [Floc98a], this labeling is a variant of a contracted sense of direction. Thecoding function ~ maps a sequence of labels corresponding to any path between two objectsinto the shoertest path between them. Here also, the name bx(y) = ~(a) where a is thesequence of labels representing a path between x and y. The figure below illustrates thecomputer network with this hierarchical labeling.

papplicationc1 yxzwuyxzwu----- dc3c2 vv-s

Object Naming and Object Compositionpage 19Figure 8.2: Example handled with hierarchical namingAs explained, the labeling of the graph may allow us to use simpler algorithms than onebased on message broadcasting in a graph with sense of direction in order to check whethertwo objects belong to the same composition. Let bx(y), bx(z) be the names the object xattributes to the objects y and z with x „ y, y „ z, and x „ z. The algorithm used by theobject x to tell whether y and z belong to the same composition is based on the followingproperties. Keep in mind that we always assume that the application itself is a compositionand all the objects are its components. This algorithm is applied at a given object x using theinformation provided by sense of direction. We assume tha each node is able to name the rootof the hierarchy, i.e. bx(root) is known. From the object x, the objects y and z belong to thesame composition iff:¥ bx(root) is not a prefix of neither bx(y) nor bx(z);or¥ bx(root) is a prefix of both bx(y) and bx(z).On the other hand, for the object x to tell whether y is a component of z, x can takeadvantage of the algorithm presented above because y and z have to belong to the samecomposition. Here, we have two cases:(1) bx(y) has only labels in L0- and bx(z) has only labels in L0. Here z is a component of y.(2) bx(y) is a prefix of bx(z) and after cutting the prefix, the resulting bx(z) has labels onlyin L0 or only in L0-. If bx(z) has labels only in L0 then z is a component of y, otherwise y isa component of z.4.6. Hierarchical naming with component sharingTo achieve sharing of components in the hierarchical naming proposed in this paper, we usethe following artifact. We still consider the tree without component sharing. It is obtained byconsidering that objects have weight. Objects which are close to the root of the hierarchy aremore weighted than those far from the root of the hierarchy. Based on that assumption, whena component is shared, it first belongs to the composition closest to the root of the hierarchy.This artifact allows us to derive a tree according to the previous hierarchical naming. Now,we complement this tree with chords (i.e. direct edges) linking a given composition to itscomponents when such composition relationships are not portrayed by the previous tree. Thelabel assigned to such a chord to the composition equals to the sequence of labels of a pathbetween the two nodes linking the compositon to its component in the tree. Its symmetric isthe inverse path.

Object Naming and Object Compositionpage 20This labeling of the hierarchy is also a sense of direction. Its coding function ~ maps asequence of labels corresponding to any path between two objects into the shortest pathbetween them. The naming function b is also defined to be equivalent to the coding function~. However, with such a naming, we are not able to answer to the question whether twoobjects belong to the same composition using the algorithm proposed for hierarchicalnaming. To answer this question, we use the algorithm which is based on depth-first searchand message broadcasting in a graph with sense of direction as explained in subsection 4.3.Finally, we have also explored the combination the hierarchical and chordal namings, into asingle naming. The approach to their combination consists of structuring the application interms of its compositions. This structuring is captured in a hierarchy of compositions. Weuse hierarchical naming for referencing one composition from another. Within a composition,we use a chordal naming. This is made possible by extending the node labeling function b topairs of names, e.g. bx(y)=(a,b) where a is the name of the composition where y is locatedand b is the cyclic ordering of y within the composition. This results in a naming conventionwhich has the advantages of both hierarchical and chordal namings. However, this naming isnot intuitive.4.6. Related workA problematic similar to visibility and hiding of components have been studied by Hogg inthe context of removing aliasing in object-oriented languages [Hogg91]. In a programminglanguage with destructive read1, Hogg introduces the idea of islands. An island consists of acontainer, i.e. set of objects, and a manager, which represents a the bridge to the rest of theworld. An island is the transitive closure of a set of objects accessible from a bridge. Abridge is an object which can be considered as the container object for a set of objects. Assuch it is the unique access point to the objects in the container that make up the island; noobject that is not a member of the island holds any reference to an object within the islandexcept the bridge. An object outside the island can have a reference, by means of a variablewith destructive read, to an object inside the island only through the bridge which managesthe island. It can use the reference only once because of the mechanism of destructive read.This means if we associate a bridge to the composition, it can decides when to make availablethe references to its components, therefore enforcing visibility and hiding of components.Bridges and islands were originally devised as a technique for making proof systems forobject-oriented languages practical. The solutions proposed are implementation oriented, i.e.

1Variables with destructive read are such that once they are read their values are gone.

Object Naming and Object Compositionpage 21they are described in the context of imperative object-oriented programming languages. Theyare not abstract enough to be useful in analysis and design of applications.Chien and Dally have also studied the naming in the context of composite objects [Chien90].They propose the concept of a concurrent aggregate to model a homogeneous collection ofobjects. A concurrent aggregate represents a group of objects (called representatives).Messages sent to the aggregate are directed to arbitrary representatives. The representatives ofan aggregate can communicate by sending messages to one another. This is achieved throughlocal naming within an aggregate. The representatives in an aggregate have indices from 0 togroupsize-1. groupsize is the number of representatives in an aggregate. The expression(sibling group 0) would return the name of the 0th representative in an aggregate.Representative names are ordinary object names or identities. Chien and Dally concentrate onintra-aggregate naming while we are concerned with more broader issues.Local referential integrity introduced by Kappel and Schrefl is a concept which is in relationwith composition of objects [Kapp92]. It attempts to apply the idea of referential integritywithin the scope of a composite object. Referential integrity is satisfied if every objectreferenced exists. Accordingly, the concept of local referential integrity means that in anyobject reference, the referenced object and the referencing object belong to the samecomposite object. In addition, the authors mention that within their framework, objects arenamed using global and unique names which is proven in this paper to be inadequate forhandling the new requirements in the context of object composition.RM-ODP Naming [ODP97] is close to hierarchical naming as proposed in this paper. Inaddition, RM-ODP Naming introduces the concept of overlapping of naming contexts. Wheninterpreted in the context of object composition it means having components which have thesame names from one composition to another. However, RM-ODP Naming does not addressthe problem of checking if two objects belong to the same composition. In addition, thetreatment of name communication is rather informal.5. ConclusionsIn this paper, we gave a new formulation of naming requirements in the context of objectcomposition. These requirements can be summarized by: (1) visibility and hiding ofcomponents, (2) checking whether two objects belong to the same composition, (3) sharing

Object Naming and Object Compositionpage 22of components between compositions, (4) from one composition referencing an object inanother composition. We show that global names are inappropriate for fulfilling theserequirements.In an attempt to solve the problems related to these naming requirements, we designednaming mechanisms which are based on viewing the execution of an application as anevolving structure of a labeled graph of objects. Each state of the application is representedby such a graph. This allowed us to take advantage of the concept of sense of direction in thedesign of the different naming schemes. Sense of direction exhibits many properties thatallow the design of naming mechanisms which can: distinguish between objects, permit thetransfer of object names between objects, handle sharing of components, and preserve thelocality of names. In this paper, we show how many properties of sense of direction relate tothe properties of naming mechanisms. We describe three naming mechanisms using sense ofdirection. The first is based on a chordal sense of direction. The second is hierarchicalnaming without component sharing. The last is a slight modification of the first to allowcomponent sharing, this is achieved by introducing special names for shared components.The main difference between chordal and hierarchical namings is that the hierarchical namingis not linked to the structure of the application and its objects. In these experiences, wefound that allowing component sharing complicates a lot the hierarchical namingmechanisms. This raises the question of the necessity of allowing component sharingbetween compositions. From a modeling point of view, compositions which sharecomponents might be considered as a single composition.Future developments of this work are concentrated in the area of formalization, especially theintegration of the naming mechanisms which are proposed into specification languages. Inthis context, p-Calculus [Miln93] may play an important role. Since p-Calculus is built uponthe notion of naming and because it provides a convient semantic substrate for object-orientedprogramming (see for [Miln93] more detail), the formal framework provided by sense ofdirection can be specified using p-Calculus, and later integrated in the formal semantics of anobject-oriented programming language. Walker explored first the use of the p-Calculus togive semantics to concurrent object-oriented programming [Walk90]. In his formalization, hedeals only with global names. We believe that sense of direction can be implemented as anaming discipline above the computational model provided by p-Calculus. Such aformalization will be more general than the one using sense of direction solely, because itwill include the mechanisms of object interactions and the handling of multiple interfaces for

Object Naming and Object Compositionpage 23objects. This formalization can later be used to describe the RM-ODP computational model.Future work of this research will explore the ideas sketched above.References[Chien90] Chien, A., Dally, W., Concurrent aggregate (ca), in Proceedings of SecondSymposium on Principles and Practice of Parallel Programming, ACM, March 1990.[Floc97] Flocchini, P., Mans, B., Santoro, N., On the impact of Sense of Direction onMessage Complexity, Information Processing Letters, vol. 63, no 1, pp. 23-31 1997.[Floc98a] Flocchini, P., Mans, B., Santoro, N., Sense of direction: formal definition andproperties. Networks, Volume 32, No 3, pp.165-180, 1998.[Floc98b] Flocchini, P., Santoro, N., Topological constraints for sense of direction,International Journal on Foundations of Computer Science, Vol. 9, No 2, pp.179-198,1998.[FlSa98] Flocchini, P., Santoro, N., Sense of direction in Distributed Computing,Proceedings of 12th international Symposium DISC ’98, Andros, Springer-Verlag, LNCS,vol. 1499, pag. 1-15, 1998.[Gosc91] Goscinski, A., Distributed Operating Systems: The Logical Design, Addison-Wesley Publishing Company Inc. 1991.[Hogg91] Hogg, J., Islands: Aliasing Protection in Object-Oriented Languages, inProceedings of OOPSLA’91, pp.271-285.[Kapp92] Kappel, G., Schrefl, M., Local referential integrity, in Proceedings of 11thInternational Conference On the Entity-Relationship Approach, Karlsruhe, germany, October1993, pp78-89.[Kent91] Kent, W., A rigorous model of object reference, identity, and existence. Journal ofObject-Oriented Programming, 4(3):28-36, June 1991.[Lano93] Lano, K, Haughton, H., Approaches to object identity. In EROS II Workshop.LBMS London, 1993.[Meye96] Meyers, S., More Effective C++: 32 New ways to Improve Your Programs andDesigns, Addison-Wesley, 1996.[Miln93] Milner, R., Elements of Interaction, Turing Award lecture, CACM Vol. 36, No. 1,January 1993, pp. 78-89.[ODP97] ISO/IEC JTC 1, Information technology -- Open Distributed Processing -- NamingFramework, ISO/IEC DIS147771, July 1997.[OLE93] Object Linking Embedding, Version 2.0, MicroSoft Release Notes and TechnicalSpecs, 1993.

Object Naming and Object Compositionpage 24[OMG95] OMG, Naming Service Specification Clause 3, CORBA Services, OMG, March1995.[Rama95] Ramazani, D., Bochmann, G.v., A Conceptual Framework For ObjectComposition and Dynamic Behavior Description, Publication d�partementale #949, DIRO,Universit� de Montr�al, Montr�al, Canada, 1995.[Rumb94] Rumbaugh, J., Building boxes: Composite objects, JOOP November/December1994, Vol. 7, No. 7, pp. 12-22.[Wier94] Wiering, R., de Jonge, W., Object identifiers, keys, and surrogates -- objectidentifiers revisited, Theory and Practice of Object Systems (October 94).[X.500] Information Processing - Open Systems Internconnections - The Directory, ITURecommendation X.500/ISO/IEC/IS 9594, Geneva, Switzerland, 1993.