
Nil and None considered Null and VoidThomas K�uhne (kuehne@isa.informatik.th-darmstadt.de)Department of Computer Science, TU DarmstadtMagdalenenstr. 11c, D-64289 DarmstadtAbstractObject references in object-oriented languages suf-fer from their pointer heritage. In this paperwe discourage the use of a single magic value,shared among all reference types, to denote a non-referencing state. The advantages of void values,which include uniform treatment of void and non-void data, provision of default-behavior, termina-tion of recursive de�nitions, and gracefully dealingwith error situations are presented in pattern form.We then investigate the impact of the Void Valuepattern for language design, extending the appli-cations to implicit creation, abstract method ex-ecution, and simpli�ed module usage. Finally wepoint out related mechanisms like pattern match-ing in functional programming languages and com-pare void values to nullcases.1 IntroductionObjects are mutable [30]. Objects are frequentlypassed around and their state is modi�ed by otherobjects. In order to achieve a natural form of com-munication and to maintain e�ciency, often thenotion of sharing is used. As a result, object vari-ables are analogous to pointers in more traditionallanguages. Yet, object pointers may not pointto arbitrary entities like at other pointers nor dothey support pointer arithmetic (e.g., possible inC [15]). As a further di�erence, object pointervariables are typically polymorphic entities, i.e.,they are allowed to point to an object of a partic-ular class and all its subclasses. For these reasonsthey are typically referred to as references ratherthan pointers. Several object-oriented languagesmake references transparent to the programmer(Smalltalk [14], Ei�el [20], Self [28]). They ap-pear as normal variables without extra dereferenc-ing and address operators. Hence, pointer seman-

tics only occurs implicitly.However, the object reference still seems tocarry an ancient relic, inherited from its pointerancestry: Object references, just as pointers, pos-sess a default magic value, known under vari-ous names as None (Simula [9] & Beta [19]), Nil(Smalltalk [14]), Null (C++ [27, 12]), and Void(Ei�el [20]). Even a language based on prototypeslike Self uses a special nil value [28]. Nil is magicin two avors. First, it is a polymorphic value com-mon to all reference types. For instance, Ei�el ac-counts for this, by making Void of class NONE whichinherits all classes by de�nition1. Second, Nil isused to account for references that do not refer-ence any object. Hence, it could be considered anexception. It does not appear as such, since theexception is encoded in the reference's co-domain.We question this convention by pointing out thedisadvantages of a single untyped void value thatdoes not support any behavior. Rather than treat-ing the non-referencing state of references as anexception we propose to conceptually avoid it atall. We replace Nil with a real value called voidvalue. Section 2 describes the usefulness of explicitvoid values in the form of a design pattern, as in-troduced in [13]. Section 3 discusses the impact ofthis pattern for language design. Section 4 pointsout related concepts and Section 5 concludes.2 Design Pattern: Void Value2.1 IntentRaise Nil to a �rst-class value. This allows to treatvoid and non-void data uniformly, is a way to pro-vide default behavior, facilitates the de�nition ofrecursive methods, and enables to deal with errorsituations more gracefully.1While this repairs the situation, it appears to cure asymptom rather than the disease.1



2.2 MotivationClasses are often regarded as representing abstractdata types (ADTs). Typically, the empty construc-tor of an ADT is translated to Nil. For instance,an empty BINARY TREE is represented by Nil anda tree leaf is represented by setting both child at-tributes to Nil. It is tempting to identify emptyconstructors with the special pointer content Nil,since there are some reasons in favor of it:� In analogy to empty, Nil does not support anyview operations.� Nil does not waste any storage.� Most languages initialize references to Nil, i.e.,provide the empty case by default.However, such a design decision puts a greatburden on the clients of the ADT. Before theclient can apply operations on a tree, it must checkwhether it is void or not. Otherwise, invoking amethod through a Nil reference would produce aruntime-exception or even -error. Typical (Ei�el)code2 is:Result:= (tree /= Void) and thentree.has (v)orif tree /= Void thenio.putstring (tree.out)endCode example 1: Robust behavior.We can replace the above code with the underlinedparts only, if we abandon Nil (Void) and replace itwith an extra class (VoidTree) (see Figure 1).Now we can de�ne VoidTree to return false ona has message and to produce no output on out.In fact, we applied the general pattern to replacecase analysis (testing for Nil) with dynamic binding(provision of an extra type constructor VoidValue).As a result many such if statements as above canbe removed from client code.An important special case of robust behavior isa Null iterator (also see Iterator [13]). Instead ofif set /= Void thenloop over all set elements.2All code examples in this paper have been extractedfrom a commercially available library; identi�ers have beenadapted for presentation, though
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Figure 1: Empty tree as void value.one should use internal iteration, e.g.,set iterator.do allCode example 2: Null iterator.and let void sets do nothing on iteration.Answering queries to void values with defaultvalues again leaves the underlined code part only.if tree /= Void thenmax plane := tree.max planeelsemax plane := Default max planeendCode example 3: Default Behavior.This obviously improves the treatment of treesfrom a client's perspective, but there is more togain. Let us count the number of nodes in a tree:Result:=1if left /= void thenResult:=Result+left.countendif right /= void thenResult:=Result+right.countendCode example 4: Base case de�nition.The recursive calls must be guarded with if state-ments when tree leafs are represented with Nil. Ifvoid tree values return 0 as their count, then thecode becomes much more readable and better ex-presses the function's spirit:Result:=1+left.count+right.count2



The provision of base cases by void values isa special case of the general scheme to distributecases. Complicated nesting, likeequal(me: ANY; you: ANY): : : :Result:=(me=Void and you=Void)or else ((me/=Void and you/=Void)and then me.is equal(you))Code example 5: Case distribution.becomes Result:=you.is void (in class VoidAny)and Result:=is equal(you) (in class AnyObject)respectively. Note that obj.is void is di�erent toobj = Void. The former tests for voidness as well,but allows the representations for void objects tobe changed. This is useful for multiple void valuesas well as for standard objects which just happento be in an empty or void state.It is worth mentioning, that we may providevoid trees, -nodes, and -leafs independently withpossibly di�ering behavior. See section 4 foran analogous example when this is useful. Alsonote that while void values are a natural con-cept for container classes their applicability ex-tends to all types of classes. For instance, thesubordinatesmethod of a VOID EMPLOYEE can re-turn an empty list. Its salary method may cre-ate a no-valid-employee exception, return 0, ora VOID SALARY instance, depending on the desiredsemantics. All three possibilities may coexist inseparate void values. Application parts can indi-vidually choose to inject the appropriate void valueinto server calculations.2.3 Applicability� Uniformity. Clients bene�t from Void Valueby uniformly treating void and non-void data.Inquiring information and invoking behaviorcan be done independently of the data's voidstate, without the eventual need for creatinginitial instances �rst.� Default behavior. Void Values allow to spec-ify default behavior. In contrast to Nil, a Voidvalue may specify results and behavior for anyof its interface methods. This is useful forproviding reasonable behavior for uninitializeddata and void result values.� Error handling. Void Value can be used as anexceptional value [8] when most of the code

should not deal with error situations. An ex-ceptional value may either behave properly in-dicating an error situation (e.g., by describ-ing the error when by default displayed to theuser) or can be caught by error checking codeat the application's top-level code.� Termination. Use Void Value to relieve recur-sive de�nitions from testing the base case. Arecursive call can then be made regardless ofpossibly void arguments. Accordingly, the de-�nition for the base case can be given at thebase values (i.e., void values) instead of onestep before. Here, Void Value plays the role ofa �rst-class terminator.2.4 Structure
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Figure 2: Void Value structure.2.5 Participants� Client{ accesses both MutableObject and Void-Value through ObjectInterface.� ObjectInterface{ provides the common interface for Muta-bleObject and VoidValue.{ may provide common abstract3 behaviorto MutableObject and VoidValue.� MutableObject{ de�nes the standard object behavior.3Concrete methods do not rely on state (attributes), buton an abstract interface, only.3



{ introduces attributes for object state.{ does not care for recursion base cases,default- and error behavior.� VoidValue{ replaces Nil.{ de�nes base cases for recursion, default-and error behavior.2.6 Collaborations� Clients use the ObjectInterface to manipulatevoid, non-void, default, and error objects. IfMutableObject extends the interface of Ob-jectInterface, clients may maintain specializedreferences to MutableObject, provided theyare guaranteed to receive objects of type Mu-tableObject only.2.7 Consequences� Abstraction. Void Value abstracts from theimplementation detail to represent void oruninitialized data with Nil. Clients, therefore,are relieved of the need to treat data with Nildi�erently from data which does not use Nilfor its representation.� Object-Orientation. Checking for Nil, i.e.,case analysis, is replaced with dynamic bind-ing. This moves all case analysis from theprogram to a single distinction between nor-mal object and void value. Object behaviormust be de�ned at two places (object and voidvalue). One the one hand, this allows to com-bine several void values with a single object.On the other hand, changing a single methodmight mean to change two class de�nitions(object and value class).� E�ciency. It is more storage friendly to usevoid values, instead of full blown objects thatsimply have the state of being empty or unini-tialized, but carry the overhead of unused at-tributes. Note, however, that void values arenot as easily turned into objects again with-out support for \Implicit creation" (see sec-tions 2.8 & 3).Depending on the implementation of dynamicbinding a calling overhead may be incurred,

compared to if statements. Note, however,although no call must be made for void trees,in the traditional solution of Code example 4,at least aritydepth�1arity�1 non-void trees (inner nodesand non-void leafs) are unnecessarily checkedfor being void!� Immutability. If void values should not needmore storage than Nil, they have to be im-mutable. MutableObjects without attributesjust claim code space for their methods once,and possibly a little storage for housekeepingmechanisms such as RTTI (Run Time TypeIdenti�cation) and object identi�cation.� Separation. Program code relying on VoidValues describes the standard case only. Inanalogy to language support for exceptionhandling framework code or algorithm de-scriptions thus become easier to write andread (see Code examples). Handling of errors,denoted by void values, can be done in a fewplaces at the application's top level. Lowerlevel code can be designed to smoothly passerror values around, until they are identi�edby the top level.� Implicit initialization. In order to avoid anyoccurrences of Nil, one must tie the creationof objects to the declaration of references. Seesection 2.8 for suggestions how to automati-cally achieve initialization to void values.� Initialization Errors. Exceptions, caused bythe application of operations on Nil, are dealtwith more gracefully. Instead of triggering anexception or halting the system a possibly in-appropriate behavior is executed, but usersare still able to continue the application. Thedownside of this is that a missing initializa-tion might go unnoticed, only to be discov-ered as unexpected application behavior verymuch later in the execution. According to theexperiences of the UFO project [23], however,unnoticed initialization has not been found tobe a problem in practice. Additionally, it isalmost as easy to pass Nil around undetected.Error messages simply become more meaning-ful with void values [24]. If the void value isone among several alternatives for a type, itsidentity allows to better trace back its origin.4



2.8 Implementation� Interface extension. In analogy to the Com-posite pattern [13], MutableObject might ex-tend the interface of ObjectInterface, in or-der to provide operations that make no senseto VoidValue. Each such extension, however,will minimize the applicability of VoidValueto play the role of an error value. Clientsusing the extended MutableObject interface,will not be able to transparently work on voidvalues too. In this context, it is better to havethe full interface at ObjectInterface and to de-�ne exception (e.g., error reporting) methodsin VoidValue respectively.� Storage requirements. Any behavior that goesto ObjectInterface should rely on abstractstate only, i.e. \Implement behavior with ab-stract state" [2]. Any attributes will incur aspace penalty on VoidValue.� Value Initialization. If representation of acomplex constant (requiring creation e�ort)is more important than preserving minimalspace requirements, then a void value maycalculate the constant information (possiblytaking creation arguments) and store it in at-tributes. Accordingly, VoidValue is best im-plemented as a Singleton [13] in order to allowsharing of the constant data.� Multiple Inheritance. In statically typed lan-guages VoidValue needs to multiply inheritfrom its interface class and another void valueclass, if code reuse is desired between voidvalue classes. One of the inheritance paths isused only for interface inheritance though, un-less the interface classes implement commonbehavior for VoidValue and MutableObject.In the latter case the language should properlysupport repeated inheritance of code (e.g., asin Ei�el).� Reference Initialization. The value to begained from Void Value partly depends on howthoroughly we can eliminate any Nil valuesfrom program execution. To this end, onemay replace standard references with default-references, akin to smart references [11].A DefaultReference (see Figure 3) is a value(e.g., non-reference type in C++, expanded
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hasFigure 3: Automatic reference initialization.type in Ei�el, part-object in Beta, etc.). Con-sequently, it is initialized by declaration, i.e.,can not take the value Nil. After initializa-tion it delegates any message to VoidValueby default. Hence, any usage of DefaultRe-ference without prior initialization results inapplications to VoidValue, instead of Nil. Ul-timately, DefaultReference will be initialized(e.g., using a method called make) to refer-ence a MutableObject. In the structure ofFigure 3 DefaultReference plays the role of anObjectProxy. Implementation issues, such asusing overloading of the member access oper-ator (->) in C++, are discussed in the im-plementation section of Proxy [13]. Note thatusing a DefaultReference involves a delegationoverhead for each access to either VoidValueor MutableObject. This might be a price toohigh to pay just for gaining automatic initial-ization of references.Of course, we can achieve automatic initial-ization of MutableObject by directly declar-ing it to be a value, resulting in a muchsimpler structure and no delegation overhead.Yet, this is possible only if value semantics(e.g., no sharing, no e�cient updates) is in-tended [18, 10].� Implicit creation. Smalltalk allows to changethe type of an object without a�ecting itsidentity. Ergo, a void value may change toan object and vice versa. If a void value cannot deal with a message it may delegate it toits associated object and then become:4 theobject itself. Hence, there is no need for ex-4Smalltalk's method name to replace objects.5



plicitly creating objects anymore, since voidvalues can be made responsible for this. Inthe absence of a become mechanism, implicitcreation can still be achieved by \ReferenceInitialization" (see above).2.9 Related PatternsIn the following we relate Void Value in terms ofits nature, implementation and, collaboration po-tential to patterns to be found in [13].2.9.1 Classi�cationComposite Both Composite and Void Value pro-vide uniform access to components (value &object) of a structure (type). A VoidValueplays the role of a special immutable compo-nent leaf. As a di�erence, Void Value does notinvolve issues of child management.Singleton A void value is a Singleton, in that itcan be shared by all objects of a type. As it isimmutable, there is no need to have multipleinstances. (see section 3.4 for an exception).Flyweight VoidValue can be regarded as a Con-creteFlyweight, as it holds intrinsic data andis shared among all clients that use it.State When used as described in Implicit creationat section 2.8, VoidValue and MutableObjectplay the role of ConcreteStates, representingthe void and non-void states of data.2.9.2 ImplementationProxy DefaultReference (see Figure 3) works as aProxy since it keeps a reference to an objectwhose interface it shares.Bridge DefaultReference behaves like a bridge, inthat it shields the clients from the two \imple-mentations" VoidValue and MutableObject.2.9.3 CollaborationAbstract Factory, Factory MethodA void value can be used as a return valuefor not available products, e.g., unsupportedwidget types with regard to a speci�c windowfactory.

Iterator, Visitor, Chain of ResponsibilityAll these patterns are based on iteration andVoid Value can help to de�ne their termina-tion behavior, analogous to a base case in re-cursion.Memento A Void Memento can be used as a de-fault and reset state.Command Void Command may stand for defaultor idle behavior.State, Strategy Void State may represent theinitial or an error state. While used like VoidState, Void Strategy would allow Strategy-Context creation without a Strategy selection.Template Method While subclass responsibil-ity [14] normally requires at least one con-crete subclass, Void Value can be used as adefault subclass, allowing the execution of ab-stract methods. Of course, Void Value is just aspecial concrete subclass, so this collaborationis a lot more dramatic with language supportfor void values (see section 3).3 Impact on language designIt is well known that one language's patterns areanother language's features [13, 3]. Especially VoidValue's heavy interaction with other patterns andthe increase of safety to be gained, makes it a hotcandidate for becoming a language feature.We have seen that trying to achieve automaticinitialization of references to void values involvessome additional complexity (see Figure 3) and in-troduces both storage (for DefaultReference) andcomputation (for delegation) overhead (see Refer-ence Initialization in section 2.8). Consequently,language semantics should not initialize referencesto Nil, but to their associated void values. As aresult, it would become easier to force program ex-ecution to \stay in the game", i.e., stay within thedomain of language semantics without creation ofruntime aborts or implementation dependent ef-fects [1]. With regard to the caveat of unnoticederrors, introduced by not stopping on not explic-itly initialized data (see Initialization Errors insection 2.7), one may still provide no, or excep-tion generating behavior, for void values, in order6



to force a brute but early detection of unintendedvoid values.Applications for Void Value that go beyondwhat most languages allow to emulate are:3.1 Initialization by declarationEven if it is possible to tie initialization (assigninguseful default values) to creation (attaching an ob-ject to a reference), Nil values still exist \between"declaration and initialization. Void Value allowsto transfer the concept of automatic initializationknown for value types to reference variables, sinceeven variables of abstract type can be attached toa proper void value. An abstract class de�nitionthus not only provides an interface and templatemethods, but optionally also a void value descrip-tion.Beyond the implicit creation of void values, onemay extend the concept to allow automatic initial-ization to any object. In analogy to the creationclause for methods in Ei�el, one may select a cre-ation subclass to be used for implicit reference ini-tialization. In contrast to void values, the thus cre-ated instances, could be used to capture and holdstate right away.3.2 Module supportClasses are sometimes used as modules. For in-stance, the BASIC ROUTINES of Ei�el are simply acollection of routines. One Ei�el idiom of usinga module is to declare a variable with expanded(value) type, which avoids the creation of a moduleinstance. If modules are void values, then neithercreation nor declaration as an expanded type isnecessary to use the module. Void Value automat-ically works as an (stateless) Singleton for mod-ule access. Note that while we agree that in par-ticular the methods of BASIC ROUTINES should bedistributed to their appropriate argument classesthere are other applications for modules in object-oriented programming like namespaces, class clus-tering, and collection of true free functions.3.3 Abstract method executionIf abstract classes provide void values then execu-tion of their abstract methods becomes feasible.The void value plays the role of a concrete sub-class, needed to ful�ll subclass responsibilities [14].

Taking into account that void values are no real in-stances in that they can not hold state, their use assubclass surrogates seems to be of very limited util-ity. Yet, it may expand the scope of prototypingand testing of incomplete software. Also, Function-Objects [7, 16, 17] that do not need to keep anyfree variables or arguments internally (e.g., for cur-rying) may be used without the need for a previ-ous, formal creation of an object instance. In thesecases, the instances are created only to allow exe-cution of the Function-Object body.3.4 Implicit creationOne key di�erence between empty constructors ofADT speci�cations and Nil, is that the former al-lows constructor application, while the latter doesnot. Instead of forcing the programmer to guaran-tee the creation of an object instance in advance,it appears very useful to allow implicit creationof object instances. Note that \Initialization bydeclaration" refers to the automatic attachment ofreferences to void values, while \Implicit creation"refers to the automatic conversion of void valuesto objects. Whenever, a void value can not han-dle a message (e.g., state has to be accepted), itreplaces itself with an appropriate object. Such anautomatic conversion would make explicit creationcalls superuous:if array.item(key) = Void then!! set.makeinput_array.put(set, key)endarray.item(key).put(data)Code example 6: Initialization.In the presence of sharing the replacement ofthe above code with the underlined part is cor-rect only if previous references to the void arraymember set will reach the freshly created objectinstead. The change of an object's type (value toobject) is usually not supported by programminglanguages (Smalltalk being an exception (see Im-plicit creation in section 2.8)). Note, that implicitcreation demands void values to possess identity.Otherwise, it is not clear which references to, e.g.,void sets, should be a�ected.7



\Initialization by declaration" and \Implicitcreation" can work together to implement Lazy Ini-tialization, which avoids exposing concrete stateand initialization overhead, allows easy reset-ting, and provides a proper place for initializationcode [2]. Auer's solution requires to test variablesfor Nil values, i.e., for being not yet initialized. Au-tomatic initialization of references allows to applymessages to void values (instead of Nil), whereasautomatic conversion to objects allows to implic-itly create and provide results on demand. Thelatter step, may not even be necessary if the re-quired results do not need to hold state. As longas no object functionality is needed void values suf-�ce and do not create storage overhead for \empty"objects.4 Related WorkWhere is the place of void value in computerscience? If we take Nil as a starting point inan evolution, we note that Nil is a value, i.e.,immutable and lacking identity, supporting nooperations (except identi�cation of itself). Ifwe add operations, we arrive at the Smalltalkmodel of Nil [14]. Smalltalk provides a classUndefinedObject, which has a sole instance ac-cessible through nil. This is useful for catchingcalls to uninitialized references. We almost makea quantum leap, if we allow a special nil for eachtype, i.e., introduce void values. Now we can de�ne\unde�ned object" behavior for each type individ-ually, which allows us to specify much more speci�cand therefore useful behavior.4.1 Procedural vs. type abstractionAdding type and behavior to Nil, enables us toswitch from type abstraction to procedural abstrac-tion. Type abstraction is used in ADT speci�ca-tions (observations share a hidden representationand cope with supplied constructors). Proceduralabstraction is used in object-oriented program-ming (constructors de�ne observations indepen-dently and cope with requested observations) [6].An ADT observation (method) uses case analysisto distinguish between internal constructors, in-cluding Nil. In object-oriented programming theobservations are given for each constructor sep-arately and selection is done implicitly by dy-

namic binding. Hence, moving all behavior re-siding in case analysis (testing for Nil) to ded-icated void types, corresponds to transformingADT- into object-oriented style. Code example5 clearly shows the increased readability of theobject-oriented version, as it avoids nested caseanalysis. Most object-oriented languages disguisethe di�erence between type abstraction and proce-dural abstraction, as they support both styles [6].4.2 Functional ProgrammingPattern matching in functional programming alsoseparately de�nes behavior for distinct cases [4].For instance, the de�nition of 0! can be given in-dependently from the de�nition of n!;where n > 0.In order to dispatch in a similar way on valuesin object-oriented languages, we have to turn thevalues into (sub-) types, for the reason that dy-namic binding works on types, instead of values.A void value is exactly a value turned into a typein order to allow implicit case analysis, like patternmatching in functional programming. Unlike pat-tern matching, Void Value does not break encap-sulation by revealing constructors, i.e., representa-tion [29, 5], unless clients are enabled to check forconcrete void values. If access is allowed throughthe procedural object interface only, clients do notcare for the actual constructors.4.3 Checks pattern languageThe utility of representing exceptions by valuesis demonstrated by the design patterns Excep-tional Value and Meaningless Behavior [8].Error- or quanti�cation defying values, are not sub-ject to be caught everywhere in the application.Instead, most methods are written without con-cern for possible failure. Therefore, exceptionalvalues are smoothly passed through methods, tobe caught by top level handlers. Void Value actsin exactly the same spirit as the above patternsand would �t well into the CHECKS pattern lan-guage [8].4.4 Void values vs. nullcasesThe UFO (United Functions and Objects) lan-guage also assigns each type its own distinct voidvalue, but \: : : the special case of matching anempty list, or other null object, is handled by the8



nullcase construct or by explicitly testing withis null." [23]. So, UFO uses dynamic binding ingeneral, but pattern matching for nullcases. UFOavoids decreased readability of functions caused by(nested) case analysis by a special syntax, e.g.,length: Int isnullcase: 0otherwise: 1 + self.tail.lengthFigure 4: UFO function de�nition.As this pattern matching decision concerns onlyone special constructor, the di�erence between voidvalue binding and nullcase matching does not havethe size of the fundamental dichotomy betweentype- and procedural abstraction. Yet, there aresome notable di�erences:As a consequence of the encapsulation break-ing properties of pattern matching, function def-initions in UFO are sensitive to the introductionand change of null values. For instance, if a setof functions is designed to always operate on non-null lists and later it is discovered that indeed nulllists may also occur, then all function de�nitionsmust be changed to include the nullcase branch.In contrast, methods of an object do not need tobe changed, since they operate on a non-void ob-ject per de�nition. The necessary addition hereconsists of adding one VoidClass.Similarly to the introduction of null values, itmay occur that a former null value should betransformed into a proper object, just as enumer-ation types are sometimes transformed into classtypes [25]. Consider a tree representing termi-nal leafs as void values. Now, we want to en-hance the tree with a display method and there-fore add attributes to the leafs, which store thedisplay position5. In fact, the example describesthe conversion of Void Value to Composite. Avoid class is easily converted into a standard class,but nullcases will not match object instances andmust be repackaged into a class de�nition.On the other hand, the introduction of a newfunction or the change of an existing one is morelocal with the UFO approach. Nullcase and theregular case are edited at one place (the functionde�nition) whereas one may need to visit both voidvalue and object class, in order to do the change.5If we do not want to treat leafs as Flyweights.

With both cases at one place it is also easier to seewhat the function does as a whole.Nevertheless, the extraction of the nullcases intoone class description produces an entity of its ownright:� The void value class acts as a compact doc-umentation of base case-, default-, and error-properties of a particular type.� When trying to understand a type, looking atthe void class immediately communicates theset of methods that create exceptions or im-plement implicit creation or delegate to otherde�nitions, etc.� With all null properties concentrated at oneplace it is easier to check for consistency, e.g.,to make sure that a terminal node does notanswer count with zero, but leaf with true.� The void value class provides a place for (pri-vate) initialization functions, needed and pos-sibly shared by void behavior methods.� Changing the void-behavior of a set of func-tions is regarded as providing new or changedvoid data, without changing the function def-initions.� It is possible to have multiple void values andto dynamically choose between them. Withthe nullcase approach, each time a new set offunctions (that must repeat the regular case)must be provided.An example for the utility of separately de�ningnull- and regular cases is the addition of numbers(assuming a void number shall behave like zero).The void value method simply returns the argu-ment (the number to be added), regardless whetherthe regular case would have used integer, or com-plex arithmetics. Void complex values, thus mayinherit this method from void integer values.In turn, one may want keep the regular behav-ior of a type, but vary the exception or termina-tion behavior. A fold (reduction operation) on anempty list may result in an error- or default valueobject, depending on which was given as the initialargument for folding.UFO's lacking ability to rede�ne null- and reg-ular cases independently is likely to be removed in9



the future [24]. However, inheriting null- and reg-ular cases separately, implies the loss of locality ofa function de�nition. As in the case of void val-ues, it will not be possible anymore to look at thefull de�nition at once. Finding the actual de�ni-tion becomes harder if rede�nition in a hierarchyof de�nitions is allowed6.Even if inheriting and overriding of null- andotherwise clauses is possible, still the problem ofconsistently changing the behavior of null valuesremains. Consider a list of books found duringa library retrieval. An empty result at the endof a non-empty list displays nothing and providesno actions. If we want to change that behaviorinto printing a help message (e.g., suggesting tobroaden the scope of search) we can provide theaction (invoking the help system on clicking) in thesame void value class de�nition. In other words,changes to void behavior a�ecting more than onefunction are still local.Note that void values are not restricted to pro-cedural abstraction only. Either by providing ais void or by using RTTI it is possible to check ar-guments or attributes for being void. That is, asin UFO it is possible to use the \voidness" of argu-ments (i.e., inspect their constructor) in order todo optimizations, such as returning the receiver ofan appendmessage if the argument to be appendedis void7.An argument in favor of nullcases is that they donot produce inheritance relationships (see MultipleInheritance in section 2.8). Also, they are possiblytoo rare in order to justify extra void class de�ni-tions. In 17K lines of code for the UFO compiler(without standard libraries) there are only about200 applications for nullcases [24]. However, otherprojects may yield di�erent numbers, and thereshould be no must to provide void classes. Anymissing void class or method could mean to inheritthe exception behavior of a root void class, akin toUndefinedBehavior in Smalltalk.In summary there are good reasons for bothapproaches and a decision is probably made onthe prospect of which disadvantages will be mostannoying. Note that sophisticated tool support6Ei�el in particular, provides the at format for classes,that could be used to resolve all inherited and rede�nedmethods of void value classes.7With procedural abstraction only, one is forced to addeach element of the receiver to the argument in any case.

makes most di�erences between Void Value andnullcase clauses disappear. After all, both ap-proaches just use di�erent organizations to de-scribe the same semantics. On top of both ap-proaches class- and method viewers could be de-�ned, which will allow (viewer-) local changes tomethod- or void value de�nitions. Consequently,nullcases would support null value documentationand their consistent editing too. Still, in order totransform null values into real objects, more so-phistication in tool support than just View-Editorswill be required.Assuming anything else equal, there is also themotivation to use just one instead of two conceptsfor dynamically looking up de�nitions. A voidvalue is simply a hierarchy sibling of standard ob-jects and other base-, default-, and error values.5 ConclusionWe have shown authentic code examples, whichcan be simpli�ed by lifting Nil to a �rst class value.The key aspects of the solution are to assign eachtype its own void value and to use dynamic bindingrather than case analysis. Although void values arevalues as opposed to objects, i.e., immutable, theycan play useful roles such as default- and error val-ues. Actually, the lacking identity of a void valueallows it to be shared by all clients, which causesno or only little storage overhead, compared to Nil.We were able to successfully use \Default Ref-erences" to automatically avoid Nil, since theytreat an unattached status as a reference property,rather than as an exceptional reference value. Di-rect language support for void values would allowto get rid of the additional overhead aligned withDefaultReferences. Furthermore, implicit creation,abstract method execution, and simpli�ed moduleusage will be enabled by proper language support.Main argument against void values are:1. Accesses to Nil correspond to exceptions andare better handled by clients. Di�erent Clientswant to react to an exception individually andthus should be in control of the action. Thereare, however, many accesses to Nil which donot correspond to exceptions (see Code exam-ples 1-5), but can be given a natural semanticswith respect to the corresponding data type.If clients really need to vary the behavior of10



void values they can do so by choosing the ap-propriate kind from multiple void values. Fi-nally, void values still can be identi�ed by caseanalysis so any client may provide its own ac-tions on receipt of a void value.2. Errors are hidden and thus harder to detect.Void values potentially can be passed aroundin applications, stored and retrieved, withoutcausing errors. Eventually, they surface as un-expected application behavior and then it canbe hard to �nd their origin. The easy wayout is not to use void values, falling back toearly and brute discovery of initialization fail-ures. Alternatively, one can check for voidvalue occurrences explicitly with case analy-sis, in order to \pull the brakes" before otherparts of the systems become \infected". Fur-thermore, instead of testing for runtime errors,specialized approaches for ensuring initializa-tion could be used [26, 22]. We think, it isadvantageous to additionally have the optionto replace runtime aborts with Meaninglessbehavior [8]. Consequently the only e�ectsof uninitialized references are incorrect out-put values, possibly identi�able as such, as op-posed to runtime aborts.3. Void Value classes introduce additional inheri-tance relationships. For instance, if code reuseis desired between void- or object implementa-tions of a descendent interface and its parentinterface implementations then multiple inher-itance is required (see Multiple Inheritance insection 2.8). We do not expect this to be aproblem in practice, but lack the experience,though. The problem is alleviated by the factthat one of the two paths realizes interface in-heritance only. With respect to language de-sign we feel that some languages will have noproblem at all (e.g., Sather [21]) and thosewho do will expose their aws at other cir-cumstances as well.4. Behavior for void data is rare and should betreated with nullcases in methods. UFO [23]uses pattern matching for null values. Thisgives \null value" a name, thus forbiddingtransparent addition, deletion or replace-ment of null values. If desired, void val-ues can be used in pattern matching style

too. The syntactic sugar of the nullcaseand otherwise clauses is simply replaceablewith a if-statement, testing for void valueswith is void. As a result, with only oneconcept instead of two, we may also achieveUFO's bene�ts of locality of function de�ni-tion change, etc.Void values represent a fresh view on the de�n-ition of void behavior. A VoidObject class rei�esthe void state of references into a value. It shouldbe regarded as a prototype of its object. It dependson the nature of implemented type (class), a con-crete purpose (role), and the particular operation(method) whether exception-, void propagation-,or default behavior is adequate.Although we presented Void Value in patternform it is not a pattern in its strict sense. At leastwe did not discover it by \pattern mining" existingsoftware. Be that as it may, Void Value's intercon-nection with many other design patterns suggestsits importance in object-oriented programming.Object oriented languages, thus, should not in-herit an outdated pointer model. They deserve amore appropriate treatment of uninitialized refer-ences. We �rmly believe other languages will followUFO's example and implement Void Value the oneor the other way.6 AcknowledgmentsWe like to express our thanks to John Sargeantwho provided lots of information about UFO. Heand Thilo Kielmann improved the paper by manyhelpful comments. We also thank Markku Sakkin-nen and the anonymous reviewers for useful sug-gestions. Thanks to Dirk Koschorek for advice onSmalltalk.References[1] Andrew W. Appel. A critique of standard ML.Journal of Functional Programming, 4(3):391{429,October 1993.[2] Ken Auer. Reusability through self-encapsulation.In James O. Coplien and Douglas C. Schmidt, edi-tors, Pattern Languages of Program Design, pages505{516. Addison-Wesley, 1994.[3] Gerald Baumgartner, Konstantin L�aufer, and Vin-cent F. Russo. On the interaction of object-11
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