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ForewordThe EULISP group �rst met in September 1985 at IRCAM inParis to discuss the need for a common European dialect ofLisp. Subsequent meetings formulated the view of EULISPthat was presented at the 1986 ACM Conference on Lispand Functional Programming held at MIT, Cambridge, Mas-sachussetts [Padget et al, 1986] and at the European Confer-ence on Arti�cial Intelligence (ECAI-86) held in Brighton,Sussex [Stoyan et al, 1986]. Since then, progress has notbeen steady, but happening as various people had su�cienttime and energy to develop part of the language. Conse-quently, although the vision of the language has in the mostpart been shared over this period, only certain parts wereturned into physical descriptions and implementations. Fora nine month period starting in January 1989, through thesupport of INRIA, it became possible to start writing thisdocument, the EULISP de�nition. Since then, a�airs havereturned to their previous state, but with the evolution ofthe implementations of EULISP and the background of thefoundations laid by the INRIA supported work, there is con-vergence to a consistent and practical de�nition.The acknowledgements for this report fall into three cate-gories: intellectual, personal, and �nancial.The ancestors of EULISP (in alphabetical order) are Com-mon Lisp[Steele, 1984/90], InterLISP[Teitelman, 1978], LE-LISP [Chailloux et al, 1984], LISP/VM [Alberga et al, 1986],Scheme [Clinger & Rees, 1986], and T [Rees et al, 1986][Slade, 1987]. There has also been some feedback from a lan-guage which has been inuenced by EuLisp, namely Dylan[Shalit, 1992]. Thus, the authors of this report are pleased toacknowledge both the authors of the manuals and de�nitionsof the above languages and the many who have dissected andextended those languages in individual papers. The variouspapers on Standard ML [Milner et al, 1986] and the draftreport on Haskell [Hudak, Wadler et al., 1988] have also pro-vided much useful input.The writing of this report has, at various stages, been sup-ported by Bull S.A., Ecole Polytechnique (LIX), ILOG S.A.,Institut National de Recherche en Informatique et en Au-tomatique (INRIA), University of Bath, and Universit�e ParisVI (LITP). The authors gratefully acknowledge this sup-port. Many people from European Community countrieshave attended and contributed to EULISP meetings since

they started, and the authors would like to thank all thosewho have helped in the development of EULISP.Initially, funding for the EULISP group came from individu-als' institutions or companies, but since 1987 the Commis-sion of the European Communities (CEC, as the EULISPTechnical Interest Group (TIG), also called the EULISPcommittee, supported by DG XIII) has provided the as-sistance without which this e�ort would have faded away.In addition, the EULISP group is grateful for the sup-port of: British Council in France (Alliance programme),British Council in Spain (Acciones Integradas programme),British Council in Germany (Academic Research Collab-oration programme), British Standards Institute, Centred'Estudis Avan�cats de Blanes, CSIC, Departament de Llen-guatges i Sistemes Inform�atics (LSI, Universitat Polit�ecnicade Catalunya), Gesellschaft f�ur Mathematik und Datenver-arbeitung (GMD), ILOG S.A., Insiders GmbH., Institut Na-tional de Recherche en Informatique et en Automatique (IN-RIA), Institut de Recherche et de Coordination AcoustiqueMusique (IRCAM), Rank Xerox France, Science and Engi-neering Research Council, Siemens AG, University of Bath,University of Technology, Delft, University of Edinburgh,Universit�at Erlangen, Universit�e Paris VI (LITP).The following people (in alphabetical order) have con-tributed in various ways to the evolution of the language:Giuseppe Attardi, Javier B�ejar, Russell Bradford, HarryBretthauer, Peter Broadbery, Christopher Burdorf, J�erômeChailloux, Thomas Christaller, Je� Dalton, Klaus D�a�ler,Harley Davis, David DeRoure, John Fitch, Richard Gabriel,Brigitte Glas, Nicolas Graube, Dieter Kolb, J�urgen Kopp,Pascal Kuczynski, Antonio Moreno, Eugen Neidl, Pierre Par-quier, Keith Playford, Willem van der Poel, Christian Quein-nec, Enric Sesa, Herbert Stoyan, and Richard Tobin.The editors wish particularly to acknowledge the work ofHarley Davis on the �rst version of the description of theobject system and of Harry Bretthauer on the second version.Julian Padget (jap@maths.bath.ac.uk)School of Mathematical SciencesUniversity of BathBath, Avon, BA2 7AY, UKGreg Nuyens (nuyens@ilog.fr)ILOG SA2, Avenue Galli�eni94353 Gentilly CEDEX, FRANCEeditors. 1



Programming Language EuLisp, version 0.95
IntroductionThe purpose of this document is to de�ne the programminglanguage EULISP. EULISP is a dialect of Lisp and as suchowes much to the great body of work that has been doneon language design in the name of Lisp over the last thirtyyears. EULISP is the outcome of e�orts on the part of manypeople in countries of the European Community since 1986.The guiding principles of the language are simplicity, expres-siveness, completeness, orthogonality of constructs, formalde�nition and e�cient implementation.EULISP does not claim any particular Lisp dialect as itsclosest relative, although parts of it were inuenced by fea-tures found in Common Lisp, InterLISP, LE-LISP, LISP/VM,Scheme, and T.EULISP both introduces new ideas and takes from theseLisps. It also extends or simpli�es their ideas as necessary.It takes a class system, but extends the notion by integrat-ing the primitive types (classes) with user-de�ned classes.It has a condition system. It introduces a module mecha-nism for information hiding and separate compilation and ithas �rst-class continuations. But this is not the place for adetailed language comparison. That can be drawn from therest of this report. However, it is important to stress that thedistinguishing features of EULISP are the integration of theclassical Lisp type system and the object system into a sin-gle class hierarchy, the complementary abstraction facilitiesprovided by the class and the module mechanism and su-port for concurrent execution. EULISP inherits from Schemethe properties of static-scoping, a single lexical environmentfor all variables and the uniform treatment of operator andoperands.NOTE (version 0.95) | Changes between this version and 0.8are: further improvements to the parallel processing model andthe addition and revision of some of the thread operations; a ma-jor rewrite of input/output functions and the associated streamclasses; a major rewrite of telos to account for the revised meta-object protocol; a major reorganisation of the document to reectbetter the structure of the language and (hopefully) to make iteasier to grasp the essentials of the design on �rst reading.OverviewThe operator and the operands of forms are treated in a uni-form manner. Here, EULISP continues the tradition exempli-�ed in Scheme, T, LISP/VM and Cambridge LISP [Fitch &Norman, 1977]. In common with other LISP-like languages,function parameters are passed by value, and, in commonwith Scheme and some other Lisps, functions themselves are�rst-class values.

EULISP breaks with LISP tradition in describing all its types(in fact, classes) in terms of an object system. This is calledThe EULISP Object System, or TELOS. TELOS incorporateselements of the Common Lisp Object System (CLOS) [Bo-brow et al., 1988], ObjVLisp [Cointe, 1987], Oaklisp [Lang &Pearlmutter, 1988], and MicroCeyx [Chailloux et al, 1987].The greatest debt of TELOS is to CLOS, from which it takesthe ideas of generic functions and multi-methods. In addi-tion, most of the terminology, the names and format of theuser-level macros, and the names of many of the functions inthe internal protocol are inspired by CLOS. From ObjVLisp,TELOS takes the principle of a reective architecture, whichemphasizes the power of metaclasses as an implementationstrategy. From Oaklisp, TELOS takes the idea of anonymousclasses. Finally, from MicroCeyx, TELOS takes the idea ofa small, highly e�cient kernel tightly integrated with therest of the language. In TELOS, this integration is achievedthrough the total merging of types with classes and message-passing through normal function application. Classes are�rst-class values. The class structure integrates the primitiveclasses describing fundamental datatypes, the de�ned classesand user-de�ned classes. The function class-of, given anobject, returns the class of which it is a direct instance.Modules and classes are the building blocks of both theEULISP language and of applications written in EULISP. Themodule system exists to limit access to items by name. Thatis, modules allow for hidden de�nitions. Each module de�nesa fresh, empty, lexical environment. This fresh environmentis the top-lexical environment of that module. A de�ningform creates a new binding in the top lexical environment ofthe lexical environment in which it is evaluated.Continuations are �rst-class in EULISP, but they are not asgeneral as in Scheme. They are weaker because they canonly be used within the dynamic extent of their creation.That also implies they can only be used once. These weakercontinuations are suitable for controlling simple non-localexits and form the basis of the condition system of handlers.Functions, too, are �rst-class, comprising the environmentof de�nition (the closure of the de�nition) and an expressionas described by Landin in ISWIM [Landin, 1966].Dynamically scoped bindings can be created in EULISP, buttheir use is much more restricted than in most Lisps up tonow|except Scheme. EULISP enforces a strong distinctionbetween lexical bindings and dynamic bindings by requir-ing the use of a special form (called dynamic-let) for theircreation and two other special forms (called dynamic anddynamic-setq) for access and update, respectively.Multiple control threads can be created in EULISP and or-derly access to data shared between more than one controlthread can be mediated by means of semaphores.Language StructureThe EULISP de�nition comprises the following items:Level-0 | comprises all the level-0 functions, macrosand special forms, which is this document minus annex B.The class system can be extended by user-de�ned struc-ture classes, and generic functions.Level-1 | extends level-0 with the functions, macrosand special forms de�ned in annex B The class systemcan be extended by user-de�ned classes and metaclasses.2



Programming Language EuLisp, version 0.95The implementation of level-1 is not necessarily written orwritable as a conforming level-0 program.Level-2 | is yet to be elaborated.A level-0 function is a (generic) function de�ned by this re-port to be part of a conforming processor for level-0. A func-tion de�ned in terms of level-0 operations is an example of alevel-0 application. Note that, apart from new special forms,the functionality for all level-1 functions can be de�ned interms of level-0 operations. Thus, any level-1 function is alevel-0 application. The same constructive de�nition appliesto level-2 functions being level-1 applications.Much of the functionality of EULISP is de�ned in terms ofmodules. These modules might be available (and used) atany level, but certain modules are required at certain levels.Whenever a module depends on the operations available agiven level, that dependency will be speci�ed.The main part of this document de�nes the kernel of level-0of EuLisp. The annex A de�nes all the remaining classes andmodules which comprise level-0. The de�ned name of themodule providing level-0 of EuLisp is level-0-eulispwhichimports and re-exports the modules speci�ed in Table 1.Table 1 | Modules comprising level-0Module Sectioncharacter A.1collection A.2compare A.3convert A.4copy A.5double A.6elementary-functions A.7formatted-io A.8null A.9number A.10pair A.11semaphore 13.2spint A.12stream A.13string A.14symbol A.15table A.16thread 13.1vector A.17Level-1 of EuLisp is de�ned in annex B.1 ScopeThis document speci�es the syntax and semantics of thecomputer programming language EULISP by de�ning the re-quirements for a conforming EULISP processor and a con-forming EULISP program (the textual represenation of dataand algorithms).This document does not specify:a) The size or complexity of an EULISP program thatwill exceed the capacity of any speci�c con�guration orprocessor, nor the actions to be taken when those limitsare exceeded.

b) The minimal requirements of a con�guration that iscapable of supporting an implementation of an EULISPprocessor.c) The method of preparation of an EULISP program forexecution or the method of activation of this EULISP pro-gram once prepared.d) The method of reporting errors, warnings or excep-tions.e) The typographical representation of an EULISP pro-gram for human reading.To clarify certain instances of the use of English in this doc-ument the following de�nitions are provided:must | a verbal form used to introduce a required prop-erty. All conforming processors must satisfy the property.should | A verbal form used to introduce a strongly rec-ommended property. Implementers of processors are urged(but not required) to satisfy the property.2 Normative ReferencesThe following standards contain provisions, which throughreferences in this document constitute provisions of this def-inition. At the time of writing, the editions indicated werevalid. All standards are subject to revision and parties mak-ing use of this de�nition are encouraged to apply the mostrecent edition of the standard listed below.ISO 646, Information processing | ISO 7-bit coded char-acter set for information interchange, 1983. Note: this stan-dard is currently under revision and interested parties shouldreference the 1990 Draft International Standard version ofISO/IEC 646.ISO 2382, Data processing | vocabulary.ISO TR 10034 : 1990, Information technology | Guide-lines for the preparation of conformity clauses in program-ming language standards.ISO TR 10176 : 1991, Information technology | Guide-lines for the preparation of programming language standards.Note: this is currently a draft technical report.BS 6154, Method of de�ning | Syntactic metalanguage,1981.3 Conformance De�nitionsThe following terms are general in that they could be appliedto the de�nition of any programming language. They arederived from ISO/IEC TR 10034: 1990.3.1 con�guration: Host and target computers, any op-erating systems(s) and software (run-time system) used tooperate a language processor.3.2 conformity clause: Statement that is not part ofthe language de�nition but that speci�es requirements forcompliance with the language standard. 3



Programming Language EuLisp, version 0.953.3 conforming program: Program which is written inthe language de�ned by the language standard and whichobeys all the conformity clauses for programs in the languagestandard.3.4 conforming processor: Processor which processesconforming programs and program units and which obeys allthe conformity clauses for processors in the language stan-dard.3.5 error: Incorrect program construct or incorrectfunctioning of a program as de�ned by the language stan-dard.3.6 extension: Facility in the processor that is not spec-i�ed in the language standard but that does not cause anyambiguity or contradiction when added to the language stan-dard.3.7 implementation-de�ned: Speci�c to the proces-sor, but required by the language standard to be de�nedand documented by the implementer.3.8 processor: Compiler, translator or interpreter work-ing in combination with a con�guration.4 Error De�nitionsErrors in the languge described in this de�nition fall into oneof the following three classes:4.1 dynamic error: An error which is detected duringthe execution of an EULISP program or which is a violationof the dynamic semantics of EULISP. Dynamic errors havetwo classi�cations:a) Where a conforming processor is required to detectthe erroneous situation or behaviour and report it. This issigni�ed by the phrase an error is signaled. The conditionclass to be signaled is speci�ed. Signalling an error con-sists of identifying the condition class related to the errorand allocating an instance of it. This instance is initial-ized with information dependent on the condition class. Aconforming EULISP program can rely on the fact that thiscondition will be signaled.b) Where a conforming processormight or might not de-tect and report upon the error. This is signi�ed by thephrase . . . is an error. Such errors should be detected andreported.4.2 environmental error: An error which is detectedby the con�guration supporting the EULISP processor. Theprocessor must signal the corresponding dynamic error whichis identi�ed and handled as described above.4.3 static error: An error which is detected during thepreparation of a EULISP program for execution, such as aviolation of the syntax or static semantics of EULISP by theEULISP program under preparation.

NOTE | The violation of the syntatic or static semantic re-quirements is not an error, but an error might be signaled by theprogram performing the analysis of the EULISP program.All errors speci�ed in this de�nition are dynamic unless ex-plicitly stated otherwise.5 ComplianceAn EULISP processor can conform at any of the three levelsde�ned under Language Structure in the Introduction. Thusa level-0 conforming processor must support all the basicexpressions, classes and class operations de�ned at level-0.A level-1 conforming processor must support all the basicexpressions, classes, class operations and modules de�ned atlevel-1. A level-2 conforming processor must support all theclasses, class operations and all of the modules de�ned atlevel-2.The following two rules govern the conformance of a proces-sor at a given level.a) A conforming processormust correctly process all pro-grams conforming both to the standard at the speci�edlevel and the implementation-de�ned features of the pro-cessor.b) A conforming processor should o�er a facility to reportthe use of an extension which is statically determinablesolely from inspection of a program, without execution.(It is also considered desirable that a facility to report theuse of an extensionwhich is only determinable dynamicallybe o�ered.)A level-0 conforming program is one which observes the syn-tax and semantics de�ned for level-0. A level-0 conformingprogram might not conform at level-1. A strictly-conforminglevel-0 program is one that also conforms at level-1. A level-1 conforming program observes the syntax and semanticsde�ned for level-1. A level-1 conforming program is also alevel-2 conforming program. Hence, by extension, a level-0 strictly-conforming program is also a level-2 conformingprogram.In addition, a conforming program at any level must not useany extensions implemented by a language processor, but itcan rely on implementation-de�ned features.The documentation of a conforming processor must include:a) A list of all the implementation-de�ned de�nitions orvalues.b) A list of all the features of the language standardwhich are dependent on the processor and not imple-mented by this processor due to non-support of a partic-ular facility, where such non-support is permitted by thestandard.c) A list of all the features of the language implementedby this processorwhich are extensions to the standard lan-guage.d) A statement of conformity, giving the complete ref-erence of the language standard with which conformityis claimed, and, if appropriate, the level of the languagesupported by this processor.4



Programming Language EuLisp, version 0.956 ConventionsThis section de�nes the conventions employed in this docu-ment, how de�nitions will be will be laid out, the typefaceto be used, the meta-language used in descriptions and thenaming conventions. A later section (7) contains de�nitionsof the terms used in this document.6.1 Layout and TypographyBoth layout and fonts are used to help in the descriptionof EULISP. A language element is de�ned with its name asthe heading of a clause, coupled with its classi�cation, forexample:special-form-name special formfunction-name functiongeneric-function-name genericgeneric-function-name methodcondition-name super conditionThus a sample entry might appear as:sample-function functionArgumentsarg1: | An instance of class x1.arg2: | An instance of class x2.[arg3]: | An optional argument of class x3.6.1.0.1 ResultThe result class.6.1.0.2 RemarksSome clarifying background to the actions of the function.6.1.0.3 ExamplesSome examples of calling the function with certain argu-ments and the result that should be returned.6.1.0.4 See also: Cross references to other sections or toother individual relevant language elements.6.2 Meta-languageThe terms used in the following descriptions are de�ned insection 7.A standard function denotes a immutable module binding ofthe de�ned name. All the de�nitions in this document arebindings in some module except for the special form opera-tors, which have no bindings anywhere. All bindings and allthe special form operators can be renamed.Frequently, a class-descriptive name will be used in the ar-gument list of a function description to indicate a restrictionon the domain to which that argument belongs. In the caseof a function, it is an error to call it with a value outsidethe speci�ed domain. In the case of a generic function, thedomain can be widened arbitrarily by the de�nition of newmethods, similarly the range, except when the generic func-tion was de�ned with a particular domain and/or range. In

this case, any new methods must respect the domain and/orrange of the generic function to which they are to be at-tached. The use of a class-descriptive name in the contextof a generic function de�nition de�nes the intention of thede�nition, and is not necessarily a policed restriction.If it is required to indicate repetition, the notation:expression� and expression+ will be used for zero or moreand one or more occurrences, respectively. The arguments insome function descriptions are enclosed in square brackets|graphic representation \[" and \]". This indicates that theargument is optional. The accompanying text will explainwhat default values are used.The result-class of an operation, except in one case, refersto a primitive or a de�ned class described in this de�nition.The exception is for predicates. Predicates are de�ned toreturn either the empty list|written ()|representing theboolean value false, or any value other than (), representingtrue. Although the class containing this set of values is notde�ned in the language, notation is abused for convenienceand boolean is de�ned, for the purposes of this report, tomean that set of values. If the true value is a useful value,it is speci�ed precisely in the description of the function.6.3 NamingNaming conventions are applied in the descriptions of prim-itive and de�ned classes as well as in the choice of otherfunction names. Here is a list of the conventions and someexamples of their use.6.1 \<name>" wrapping: By convention, the initialbindings of classes have names which begin with \<" andend with \>".6.2 \binary-" pre�x: The two argument version of a n-ary argument function. There is not always a correspondencebetween the root and the name of the n-ary function, forexample binary-plus is the two argument (generic) functioncorresponding to the n-ary argument + function.6.3 \-class" su�x: The name of a metaclass of a set ofrelated classes. For example, function-class, which is themetaclass of function, generic-function and any of theirsubclasses and condition-class is the class of all conditions.The exception is class itself which is the default metaclass.The pre�x should describe the general domain of the classesin question, but not necessarily any particular class in theset.6.4 \generic-" pre�x: The generic version of the func-tion named by the stem.6.5 hyphenation: Function and class names made upof more than one word are hyphenated, for example:compute-primitive-reader-using-slot-description.6.6 \p" su�x: A predicate function is named by a \p"su�x if the function or class name is not hyphenated, forinstance, consp, and is named by a \-p" su�x if it is, forinstance compatible-superclass-p. 5



Programming Language EuLisp, version 0.956.7 \-ref" su�x: For each builtin or de�ned class,there is a �eld accessor named class-name-ref|whereappropriate|and a corresponding �eld updator (setterclass-name-ref)|also where appropriate, for exampletable-ref. This convention is broken by historical prece-dent for the accessors to slots of pairs, which are called carand cdr.7 De�nitionsThis set of de�nitions, which will be used throughout thisdocument, is self-consistent but might not agree with notionsaccepted in other language de�nitions. The terms are de�nedin alphabetical rather than dependency order and where ade�nition uses a term de�ned elsewhere in this section itis written in italics. Some of the terms de�ned here areredundant. Names in courier font refer to entities de�nedin the language.7.1 accessor: An accessor is a association of a reader anda writer.7.2 applicable method: A method is applicable for aparticular set of arguments if each element in its signature isa superclass of the class of the corresponding argument.7.3 applicable method list: An applicable method listis a list of all the methods applicable for a particular list ofarguments to a generic function, sorted according to methodsignature speci�city.7.4 applicable object: An applicable object is an in-stance of function.7.5 binding: A location containing a value.7.6 binding form: Any form or any macro expressionexpanding into a form which causes the creation of innerdynamic or inner lexical bindings.7.7 bound variable: A variable x is bound in an ex-pression E if x occurs in the scope of a de�ning form whichcreates inner-lexical bindings or of a binding form occurringin E whose variable binding list contains x.7.8 class: A class is an object which describes the struc-ture and behavior of a set of objects which are its instances.A class object contains inheritance information and a set ofslot descriptions which de�ne the structure of its instances.A class object is an instance of a metaclass. All classes inEULISP are subclasses of object, and all instances of classare classes.7.9 class precedence list: Each class has a linearizedlist of all its superclasses, direct and indirect, beginningwith the class itself and ending with the root of the in-heritance graph, the class object. This list determinesthe speci�city of slot and method inheritance. A class'sclass precedence list may be accessed through the functionclass-precedence-list. The rules used to compute this

list are determined by the class of the class through methodsof the generic function compute-class-precedence-list.7.10 class option: A keyword and its associated valueapplying to a class appearing in a class de�nition form, forexample: the predicatekeyword and its value, which de�nesa predicate function for the class being de�ned.7.11 closure: The closure of an expression E is the setof all free variables that occur in E.7.12 congruent: A constraint on the form of thelambda-list of a method, which requires it to have the samenumber of elements as the generic function to which it is tobe attached.7.13 constant: A number, string, character or theempty list.7.14 constructor: A constructor is a function whichcreates an instance of a particular class.7.15 continuation: A continuation is a function of oneparameter which represents the rest of the program. For ev-ery point in a program there is the remainder of the programcoming after that point. This can be viewed as a functionof one argument awaiting the result of that point. Such afunction is called a continuation.7.16 converter function: The generic function associ-ated with a class (the target) that is used to project an in-stance of another class (the source) to an instance of thetarget.7.17 de�ning form: Any form or any macro ex-pression expanding into a form whose operator is oneof defclass, defcondition, defconstant, defgeneric,deflocal, defmacro, defmetaclass, defstruct, defun,defvar.7.18 direct instance: A direct instance of a class class1is any object whose class is class1.7.19 direct slot description: A class's direct slot de-scriptions are de�ned speci�cally for the class.7.20 direct subclass: A class1 is a direct subclass ofclass2 if class1 is a subclass of class2, class1 is not identicalto class2, and there is no other class3 which is a superclassof class1 and a subclass of class2.7.21 direct superclass: A direct superclass of a classclass1 is any class for which class1 is a direct subclass.7.22 discrimination: Generic function application con-sists of two parts: �nding a set of methods applicable to thegiven set of arguments, and application of the method func-tions of those methods. The �rst part is called discrimination6



Programming Language EuLisp, version 0.95ormethod lookup. Generic functionshave an associated func-tion called the discriminating functionwhich implements thediscrimination. Users can de�ne new classes of generic func-tions which implement discrimination in new ways.7.23 dynamic environment: The inner and top dy-namic environment, taken together, are referred to as thedynamic environment.7.24 dynamic extent: A lifetime constraint, such thatthe entity is created on control entering an expression anddestroyed when control exits the expression. Thus the entityonly exists for the time between control entering and exitingthe expression.7.25 dynamic scope: An access constraint, such thatthe scope of the entity is limited to the dynamic extent ofthe expression that created the entity.7.26 dynamically closer: If a form F2 is executed inthe dynamic extent of a form F1 then within the dynamicextent of F2, F2 is dynamically closer than F1.7.27 extent: That lifetime for which an entity exists.Extent is constrained to be either dynamic or inde�nite.7.28 form: One of constant, symbol, literal, function callor special form.7.29 free variable: A variable x is free in an expressionE if x does not occur in the lexical scope of any de�ningwhichcreates inner-lexical bindings or any binding form occurringin E whose variable binding list contains x.7.30 function: A function comprises at least: an expres-sion, a set of identi�ers, which occur in the expression, calledthe parameters and the closure of the expression with re-spect to the lexical environment in which it occurs, less theparameter identi�ers. Note: this is not a de�nition of theclass function.7.31 generic function: Generic functions are functionsfor which the method executed depends on the class of itsarguments. A generic function is de�ned in terms of methodswhich describe the action of the generic function for a speci�cset of argument classes called the method's signature.7.32 identi�er: An identi�er is the syntactic represen-tation of a variable.7.33 improper list: An improper list is a list whose �-nal pair contains something other than the empty list in itscdr �eld.7.34 inde�nite extent: A lifetime constraint, such thatthe entity exists for ever. In practice, this means for as longas the entity is accessible.

7.35 inde�nite scope: An access constraint, such thatthe scope of the variable is unlimited.7.36 indirect instance: A indirect instance of a classclass1 is any object whose class is a subclass of class1.7.37 indirect slot description: A slot description is in-direct for a class1 if the slot description is de�ned for class1,but was originally de�ned for another class2 which is a su-perclass of class1 and incorporated into class1 through inher-itance. An indirect slot description is also called an inheritedslot description.7.38 indirect subclass: A class1 is an indirect subclassof class2 if class1 is a subclass of class2, class1 is not identicalto class2, and there is at least one other class3 which is asuperclass of class1 and a subclass of class2.7.39 inheritance graph: A directed labelled acyclicgraph whose nodes are classes and whose edges are de�nedby the subclass relations between the nodes. This graph hasa distinguished root, the class object, which is a superclassof every class.7.40 inherited slot description: See indirect slot de-scription.7.41 initarg: A symbol used as a keyword in an initlistto mark the value of some slot. Used in conjunction withmake and the other object initialization functions to specifyinitial slot values. An initarg may be declared for a slot in aclass de�nition form using the initarg slot option.7.42 initform: A form which is evaluated to produce adefault initial slot value. Initforms are closed in their lexi-cal environments and the resulting closure is called an init-function. An initform may be declared for a slot in a classde�nition form using the initform slot option.7.43 initfunction: A function of no arguments whoseresult is used as the default value of a slot. Initfunctionscapture the lexical environment of an initform declaration ina class de�nition form.7.44 initlist: A list of alternating keywords and valueswhich describes some not-yet instantiated object. Generallythe keywords correspond to the initargs of some slot descrip-tion of some class.7.45 inner dynamic: Inner dynamic bindings are cre-ated by dynamic-let, referenced by dynamic and modi�edby dynamic-setq. Inner dynamic bindings extend|and canshadow|the dynamically enclosing dynamic environment.7.46 inner lexical: Inner lexical bindings are created bylambda and let/cc, referenced by variables and modi�ed bysetq. Inner lexical bindings extend|and can shadow|thelexically enclosing lexical environment. Note that let/cccreates an immutable binding. 7



Programming Language EuLisp, version 0.957.47 instance: Every object is the instance of someclass. An instance thus describes an object in relation toits class. An instance takes on the structure and behaviordescribed by its class. An instance can be either direct orindirect.7.48 instantiation graph: A directed graph whosenodes are objects and whose edges are de�ned by the in-stance relations between the objects. This graph has onlyone cycle, an edge from class to itself. The instantationgraph is a tree and class is the root.7.49 lexically closer: If a form F2 occurs in a form F1,then any bindings created by F2 are lexically closer thanthose of F1.7.50 lexical environment: The inner and top lexicalenvironment of a module are together referred to as the lex-ical environment except when it is necessary to distinguishbetween them.7.51 lexical scope: An access constraint, such that thescope of the entity is limited to the textual region of the formcreating the entity. See also lexically closer and shadow.7.52 literal: An object created by use of the quote op-erator.7.53 macro: A macro is a function. A macro is distin-guished from a function by when it is used: macro functionsare only used during the syntax expansion of modules totransform expressions.7.54 macro expression: A form whose operator namesa macro expansion function.7.55 metaclass: A metaclass is a class object whose in-stances are themselves classes. All metaclasses in EULISP areinstances of class, which is an instance of itself. All meta-classes are also subclasses of class. class is a metaclass.7.56 method: A method describes the action of ageneric function for a particular list of argument classescalled the method's signature. A method is thus said to addto the behavior of each of the classes in its signature. Meth-ods are not functions but objectswhich contain, among otherinformation, a function representing the method's behavior.7.57 method-combination:The applicable methodlist for an argument list determines the next method calledby the special form call-next-method: for any method inthe list, the next method is simply the method following it inthe list.7.58 method function: A function which implementsthe behavior of a particular method. Method functions havespecial restrictions which do not apply to all functions: theirformal parameter bindings are immutable, and the specialforms call-next-method and next-method-p are only validwithin the lexical scope of a method function.

7.59 method lookup: See discrimination.7.60 method speci�city: A signature signature1 ismore speci�c than another signature2 if the �rst class insignature1 is a subclass of the �rst class in signature2, or,if they are the same, the rest of signature1 is more speci�cthan the rest of signature2.7.61 multi-method: A method which specializes on allits arguments. All methods in this de�nition are multi-methods.7.62 new instance: A newly allocated instance, whichis distinct, but can be isomorphic to other instances.7.63 object: Any entity that can be bound to avariable|including entities from outside LISP's memory. Ev-ery object is an instance of some class.7.64 proper list: A proper list is a list whose �nal paircontains the empty list in its cdr �eld, or is just the emptylist.7.65 reader: A reader is a function of one argumentwhich returns the value of a particular slot in instances of aparticular class.7.66 reective: A system which can examine and mod-ify its own state is said to be reective. EULISP is reective tothe extent that it has explicit class objects and metaclasses,and user-extensible operations upon them.7.67 scope: That part of the extent in which a givenvariable is accessible. Scope is constrained to be lexical, dy-namic or inde�nite.7.68 self-instantiated class: A class which is an in-stance of itself. In EULISP, class is the only example ofa self-instantiated class.7.69 setter function: The function associated with thefunction that accesses a place in an entity, which changes thevalue stored that place.7.70 shadow: If two entities are created for which thesame means of reference is used, and either the form creatingone occurs lexically in the form creating the other (where themeans of reference has lexical scope) or the form creating oneis executed in the dynamic extent of the form creating theother (where the means of reference has dynamic scope), thenthe outer entity is shadowed by the inner one.7.71 signature: A signature is a list of classes derivedfrom a list of arguments, or the list of classes for which amethod is applicable.7.72 slot: A named component of an object which canbe accessed using the slot's accessor. Each slot of an object8



Programming Language EuLisp, version 0.95is described by a slot description object associated with theclass of the object. When we refer to the structure of anobject, this usually means its set of slots.7.73 slot description: A slot description object de-scribes a slot in the instances of a class. This descrip-tion includes the slot's name, its logical position in in-stances, and a way to determine its default value. Aclass's slot descriptions may be accessed through the func-tion class-slot-descriptions. A slot description can beeither direct or indirect.7.74 slot option: A keyword and its associated valueapplying to one of the slots appearing in a class de�nitionform, for example: the accessor keyword and its value,which de�nes a function used to read or write the value of aparticular slot.7.75 special form: A special form is a semantic prim-itive of the language. In consequence, any processor (forexample, a compiler or a code-walker) need be able to pro-cess only the special forms of the language and compositionsof them.any form which must be evaluated in a speci�c way.7.76 specialize: A verbal form used to describe the cre-ation of a more speci�c version of some entity. Normallyapplied to classes, slot-descriptions and methods.7.77 specialize on: A verbal form used to describe re-lationship of methods and the classes speci�ed in their sig-natures.7.78 subclass: The behavior and structure de�ned by aclass class1 are inherited by a set of classeswhich are termedsubclasses of class1. A subclass can be either direct or indi-rect.7.79 superclass: A class1 is a superclass of class2 i�class2 is a subclass of class1. A superclass can be eitherdirect or indirect.7.80 symbol: A symbol is a data structure, often usedto represent an identi�er.7.81 textual slot description: A list of alternatingkeywords and values (starting with a keyword) which rep-resents a not-yet-created slot description during class initial-isation.7.82 top dynamic: Top dynamic bindings are cre-ated by defvar, referenced by dynamic and modi�ed bydynamic-setq. There is only one top dynamic environment.7.83 top lexical:Top lexical bindings are created in the top lexical environ-ment of a module by defclass,defcondition,defconstant,defgeneric,defmacro,defmetaclass,defstructand defun.

All these bindings are immutable. deflocal creates a muta-ble top-lexical binding. All such bindings are referenced byvariables and those made by deflocal are modi�ed by setq.Each module de�nes its own distinct top lexical environment.7.84 variable: A variable denotes a binding and is ameans to reference the value stored in the binding.7.85 writer: A writer is a function of two argumentswhich changes the value of a particular slot in instances of aparticular class.

9



Programming Language EuLisp, version 0.958 SyntaxCase is distinguished in each of characters, strings and iden-ti�ers, so that variable-name and Variable-name are dif-ferent, but where a character is used in a positional numberrepresentation (e.g. \#x3Ad) the case is ignored. Thus, caseis also signi�cant in this document and, as will be observedlater, all the special form and standard function names arelower case. In this section, and throughout this document,the names for individual character glyphs are those used inISO/IEC DIS 646:1990.The minimal character set to support EULISP is de�ned inTable 2. The language as de�ned in this document usesonly the characters given in this table. Thus, left hand sidesof the productions in this table de�ne and name groups ofcharacters which are used later in this de�nition: digit, upper,lower, other, special and alphabetic.The syntax of the classes of objects that can be read byEULISP is de�ned in the section of this document correspond-ing to the class: <character>(A.1), <double-float>(??),<null>(A.9), <pair>(A.11), <spint>(A.12),<string>(A.14), <symbol>(A.15) and <vector>(A.17). Thesyntax for identi�ers corresponds to that for symbols.8.1 Whitespace and CommentsWhitespace characters are space and newline. The newlinecharacter is also used to represent end of record for con�gu-rations providing such an input model, thus, a reference tonewline in this de�nition should also be read as a referenceto end of record. The only use of whitespace is to improvethe legibility of programs for human readers. Whitespaceseparates tokens and is only signi�cant in a string or whenit occurs escaped within an identi�er.A comment is introduced by the comment-begin glyph, calledsemicolon (;) and continues up to, but does not include,the end of the line. Hence, a comment cannot occur in themiddle of a token because of the whitespace in the form ofthe newline. Thus a comment is equivalent to whitespace.

9 ModulesThe EULISP module scheme has several inuences: the exist-ing Le-Lisp implementation, the model de�ned in the func-tional language Haskell, the ML module system [MacQueen,1984], the make-environmentmodule mechanism used in C-Scheme and T's locales.The module mechanism provides a means of abstraction anda means of security for programs in a complementary style tothat provided by the object system. Indeed, although objectsdo support data abstraction, they do not support all formsof information hiding. For this reason it is important toprovide a mechanism o�ering the complete hiding of names.A module de�nes a mapping between a set of names and thebindings of those names in the imported module. Most suchbindings are immutable. The exception are those bindingscreated by deflocal which may be modi�ed by the de�ningand importing modules. There are no implicit imports intoa module, and not even the special forms are available in amodule that imports nothing. A module exports nothing bydefault.A module de�nition creates two, new, empty lexicalenvironments|the internal and the external top-lexical en-vironments of the module. All the bindings in the modulebody are stored in the internal top-lexical along with thosebindings shared (by importation) with other modules. Theexternal top-lexical shares those bindings from the internaltop-lexical that are exported and also those of all the exposedmodules (modules which are exported but not imported).The names of modules are bound in a disjoint binding en-vironment which is only accessible via the module de�nitionform. That is to say, modules are not �rst-class. The rep-resentation of the module environment is implementation-de�ned. The body of a module de�nition comprises an im-port directive followed by a syntax directive and a sequenceof de�nitions, expressions and export directives. The pro-cessing of each of these is now discussed in detail.9.1 ImportsThe import directive is expressed in terms of module namesand the �lters except, only and rename. The syntax ofimport speci�cations is given in Table 3. An import-specis a sequence of module-names and or module-directives anddenotes the union of all the names generated by each elementof the sequence.In processing import directives, every name should bethought of as a pair of (module-name local-name) coupledwith some attributes (mutable, immutable, syntax, value).Intuitively, a namelist of module-name/local-name pairs isgenerated by giving the module name and then �ltered byexcept, only and rename. In addition, all names with asyntax attribute are �ltered out because syntax functionscan have no use at execution time. In an import directive,when a namelist has been �ltered, the names are regarded asbeing de�ned in the internal top-lexical environment of themodule into which they have been imported. Should any twoinstances of local-name have di�erent module-names, thenthere is a name clash which is a static error. Elements of animport-spec are interpreted as follows:except | Filters the names from each module-directivediscarding those speci�ed and keeping all other names.The except directive is convenient when almost all of the10



Programming Language EuLisp, version 0.95Table 2 | Minimal character setdigit ::= 0 j 1 j 2 j 3 j 4 j 5 j 6 j 7 j 8 j 9upper ::= A j B j C j D j E j F j G j H j I j J j K j L j M j N j O j P jQ j R j S j T j U j V j W j X j Y j Zlower ::= a j b j c j d j e j f j g j h j i j j j k j l j m j n j o j p jq j r j s j t j u j v j w j x j y j zother ::= ! j $ j % j & j * j / j : j < j = j > j ? j ^ j _ j ~ j [ j ] j { j } j + j - j @ j .special ::= ; j ' j , j \ j " j # j ( j ) j ` jalert j backspace j delete j formfeed j linefeed j newline j return j space j tab j vertical-tabalphabetic ::= upper j lowernames exported by a module are required, since it is onlynecessary to name those few that are not wanted to ex-clude them.module-name| All the exported names from module-name.only | Filters the names from each module-directivekeeping only those names speci�ed and discarding all othernames. The only directive is convenient when only a fewnames exported by a module are requied, since it is onlynecessary to name those that are wanted to include them.rename | Filters the names from each module-directivereplacing those with old-name by new-name. Any namenot mentioned in the replacement list is passed unchanged.Note that once a name has been replaced the new-nameis not compared against the replacement list again. Thus,a binding can only be renamed once by a single renamedirective. In consequence, name exchanges are possible.9.2 SyntaxThe syntax section de�nes the expansion functions for thebody of the module. This section comprises an import di-rective for access to expanders de�ned in other modules anda sequence of de�nitions. The import directive is processedas described above except that all names which do not havea syntax attribute are �ltered out. The body of the syntaxsection is expanded according to the syntax environment de-�ned by the import directive of the syntax section. All theresulting functions are added to the syntax environment andthe body of the module is then expanded according to thatenvironment.NOTE (version 0.95)| Currently the semantics of syntax expan-sion are unsatisfactory because expanders are not opaque to theuser. That is to say, the resulting expansion can contain referencesto bindings imported into the syntax module and those modulesmust also be imported explicitlyby the user of the macro using thesame binding renamings as the syntax module. Neither is there arequirement for hygienic expansion, so expander and user boundvariables may interfere with one another. It is intended that thenext version of this document should specify a syntax expansionscheme that is opaque to the user.The basic expansion mechanism examines each form in themodule body, applying the following process:a) If the form is not a list, the result is the original form.b) If the form is a list and the operator is an identi�erwhich is bound in the syntax environment then the asso-ciated expansion function is called on a list of the (un-evaluated) operands of the form. The expansion processis applied to the resulting form.

c) If the identi�er names a special form then the formspeci�c expansion function is invoked.d) If the form is a list the expansion process is appliedto the operator and the operands of the form. The resultis a form containing the results of the expansion of theoperator and the operands in the order corresponding tothe order of the operator and the operands in the originalform. The expansion process is applied to the resultingform.The result of each step of the expansion process is a formcontaining references to the bindings visible from the modulein which the expansion function is de�ned.9.3 ExportsThe export directive is expressed either in terms of bindingsnames, using export or export-syntax, or module namesusing expose.. The syntax of export speci�cations is givenin Table 3.Processing export directives employs the same model as forimports, namely, a module-name/local-name pair with thesame �ltering operations. When the namelist has been �l-tered, the names are added to the set of exportations of thismodule. It is the union of all the export directives in thebody of a module de�nes the externally visible top-lexicalenvironment of the module. Should any two instances oflocal-namehave di�erent module-names, then there is a nameclash, which is a static error. Note that the external top-lexical environment might not be a subset of the internaltop-lexical environment because the external one can refer-ence modules which have not been imported.The sequence of export-specs in the module body is treatedas the union of all the names generated by each export-spec.It is a static error if any name occurs more than once. Eachexport-spec is interpreted as follows:export | Each of the names appearing in the exportform is added to the external top-lexical environment ofthe module.export-syntax| Each of the names appearing in theexport form is added to the external top-lexical environ-ment of the module with the syntax attribute set.expose | Processes each of themodule-directives appear-ing in the expose form following the rules for import-specand adds the resulting set of names to the external top-lexical environment of the module. 11



Programming Language EuLisp, version 0.95Figure 1 | Example of import and export directives(defmodule example(module-1 ;;import everything from module-1(except (function-a) module-2) ;;all but function-a from module-2(only (function-b) module-3) ;;but just function-b from module-3(rename ((function-c function-d) ;;exchange the names of the bindings of function-c andfunction-d (function-d function-c)) module-4)) ;;from module-4(syntaxsyntax-module-1 ;;all of the module syntax-module-1((rename ((syntax-a syntax-b)) syntax-module-2) ;;rename the binding of syntax-a from syntax-module-2 tosyntax-b(rename ((syntax-c syntax-a)) syntax-module-3)) ;;now rename syntax-c from syntax-module-3 as syntax-a...)...(expose module-5 ;;export all of module-5(except (function-e) module-6)) ;;export all of module-6 except function-e...(export local-definition-1 ;;but just three bindngs from this modulelocal-definition-2local-definition-3)...)9.4 De�nitions and ExpressionsDe�nitions in a module only contain unquali�ed names|that is, local-names, using the above terminology. All top-lexical module bindings are only ever created once and areshared with all modules that import the module creating thebindings. Only top-lexical bindings created by deflocal aremutable and it is an error to modify an immutable bind-ing. Expressions, that is non-de�ning forms, are collectedand evaluated in order of appearance at the end of the mod-ule de�nition process when the top-lexical environment iscomplete. The exception to this is the progn form, which isdescended and the forms within it are treated as if the prognwere not present.9.5 Module ProcessingThe following steps summarize the module de�nition pro-cess:Import Processing | Module import clauses eitherspecify the importation of a module in its entirety or theselective importation of speci�ed bindings from a module.For each import speci�cation, the originating module mustexist and, in the case of selective speci�cations, the namedbinding(s) must be exported from it. Each import speci�-cation contributes a set of bindings to the top-lexical envi-ronment of the module being de�ned. Each such bindingis checked for name-conict, since no two imported namescan be the same. Note that mutually referential modulesare not possible because of the de�nition before use re-quirement. Hence, the importation dependencies form aDAG.Syntax Expansion | The syntax section speci�es themodules required for syntax expansion and any locallyde�ned syntax. The body of the module is expanded ac-

cording to the operators de�ned in the syntax environmentconstructed from the syntax import directive and the localde�nitions.Environment Construction | All the de�ned variablesare collected and added to the module's top-lexical en-vironment.Export Processing | The exportations are collected andthe set of exported names is constructed.Static Analysis | The expanded body of the module isanalysed. It is a static error, if a variable in the body doesnot have a binding in the top-lexical environment.Initialization | The module is initialized by evaluatingthe forms in the body in the order they appear.9.6 Module De�nition9.6.1 defmodule syntax9.6.1.1 SyntaxThe syntax of the text of a module is given in Table 3.9.6.1.2 Argumentsmodule-name: A symbol used to name the module.import-spec: An expression specifying the modules onwhich the execution of this module depends and how theirexports are to be named for reference in this module.12



Programming Language EuLisp, version 0.95Table 3 | Module syntaximport-spec ::= (module-directive�)syntax-spec ::= () j (syntax import-spec defmacro�)export-spec ::= export j export-syntax j exposeexport ::= (export name�)export-syntax ::= (export-syntax name�)expose ::= (expose module-directive�)module-directive ::= module-name j module-�ltermodule-�lter ::= except j only j renameexcept ::= (except (name�) module-directive+)only ::= (only (name�) module-directive+)rename ::= (rename ((old-name new-name)�) module-directive+)module-expression ::= export-spec j level-0-expression j de�nition j (progn expression)de�nition ::= level-0-de�nitionfdefmodulegsyntax-spec: An expression specifying the modules onwhich the expansion of this module depends and how theirexports are to be named for reference in this modulemodule-expression�: A sequence of de�nitions, expres-sions and export speci�cations.9.6.1.3 RemarksThe defmodule form de�nes a module named by module-name and stores a module object in the module binding en-vironment under the name module-name.9.6.1.4 ExamplesAn example module de�nition with explanatory commentsis given in Figure 1.
10 ObjectsIn EULISP, every object in the system has a speci�c class.Classes themselves are �rst-class objects. In this respectEULISP di�ers from statically-typed object-oriented lan-guages such as C++ and �CEYX. The EULISP object systemis called TELOS.Programs written using TELOS typically involve the designof a class hierarchy, where each class represents a category ofentities in the problem domain, and a protocol, which de�nesthe operations on the objects in the problem domain.A class de�nes the structure and behavior of its instances.Structure is the information contained in the class's instancesand behavior is the way in which the instances are treatedby the protocol de�ned for them.A protocol de�nes the operations which can be applied to in-stances of a set of classes. This protocol is typically de�nedin terms of a set of generic functions, which are functionswhose behavior depends on the classes of their arguments.The particular class-speci�c behavior is partitioned into sep-arate units called methods. A method is not a function itself,but is a closed expression which is a component of a genericfunction.It may be possible in an implementation to acquire a pointerthat does not correspond to any EULISP object. It is an errorto pass such a pointer to a function. The default domain forarguments of functions is <object>.10.1 Creating and Initializing ObjectsObjects can be created calling| constructors (prede�ned or user de�ned) or| make, the general constructor function.The general constructor make creates a new object callingallocate and initializes it calling initialize. allocatediscriminates on the class, while initialize discriminateson the new object. Both initialize and allocate, as wellas more speci�c constructors, are described in more detailin section ??. The default allocate method creates a newuninitialized object, that is, all slots are unbound. The de-fault initialize method (see below) is applicable to anyobject, although there are also more speci�c methods forclasses, slot descriptors, generic functions and methods. 13



Programming Language EuLisp, version 0.9510.1.1 initialize generic function10.1.1.1 Generic Arguments(object <object>): The object to initialize.(initlist <list>): The list of initialization arguments.10.1.1.2 ResultThe initialized object.10.1.1.3 RemarksInitializes an object using the most speci�c method for theclass of the object and returns the initialized object as theresult.10.1.2 initialize method10.1.2.1 Specialized Arguments(object <object>): The object to initialize.(initlist <list>): The list of initialization arguments.10.1.2.2 ResultThe initialized object.10.1.2.3 RemarksThis is the default method attached to initialize. Thismethod performs the following steps:a) Check if the supplied initargs are legal and signal anerror otherwise. Legal initargs are those speci�ed in theclass de�nition directly or inherited from a superclass. Ini-targs may be slot-names or other symbols.b) Initialize the slots of the object according to the ini-targ, if supplied, or according to the initfunction storedin the slot-description followed by calling the anonymouswriter stored in the slot-description. The initfunction mayreturn \unbound" if no initform has been speci�ed di-rectly in the class de�nition or none was inherited from asuperclass.Legal initargs which do not name a slot are ignored by thedefault initialize method. The default method can bespecialized by calling call-next-method from more speci�cinitialize methods.10.1.2.4 See also: initializemethods for classes, slot de-scriptors, generic functions and methods, make, allocate.10.2 Accessing SlotsObject components (slots) can be accessed using reader andwriter functions (accessors) only. For system de�ned objectclasses there are prede�ned readers and writers. Some ofthe writers are accessible using the setter function. If there

Table 4 | generic-prin output syntaxprin-datum ::= prin-character j number j prin-string jstructure j prin-symbolprin-character ::= any-characterprin-string ::= prin-string-char�prin-symbol ::= prin-stringprin-string-char ::= any-characteris no writer for a slot, its value cannot be changed. Whenusers de�ne new classes, they can specify which readers andwriters should be accessible in a module and by which bind-ing. Accessor bindings are not exported automatically whena class (binding) is exported. They can only be exportedexplicitly.At the metalevel there is a protocol which allows user de-�ned methods for the computation of special accessors, forexample, those checking the type of a value when storing anew one.10.3 External Representation10.3.1 generic-prin generic function10.3.1.1 Generic Arguments(object <object>): An object to be output on stream.(stream <stream>): The stream on which object is to beoutput.10.3.1.2 ResultThe object supplied as the �rst argument.10.3.1.3 RemarksThe individual methods for speci�c classes de�ne the for-mat of the output. The representation produced bygeneric-prin, may be more convenient for human reading,but is not guaranteed to by syntactically correct input for aEuLisp processor. Speci�cally, generic-prin will not out-put escaping information in characters, strings or symbols.This is summarised in the grammar in Table 4.10.3.2 generic-write generic function10.3.2.1 Generic Arguments(object <object>): An object to be output on stream.(stream <stream>): The stream on which object is to beoutput.10.3.2.2 ResultThe object supplied as the �rst argument.14



Programming Language EuLisp, version 0.95Table 5 | generic-write output syntaxdatum ::= character j number j string j structure jsymbolstructure ::= list j vector10.3.2.3 RemarksThe individual methods for speci�c classes de�ne the for-mat of the output. The representation produced bygeneric-write is guaranteed to be syntactically correct in-put for a EuLisp processor and will result in an object equalto the original entity. The syntax of objects output bygeneric-write is given in Table 5.
11 Classes and Slot DesciptionsA class describes a set of objects, called its instances, inthe problem domain. Classes de�ne the structure of theirinstances through a set of slots which each instance contains.Classes also de�ne the behavior of their instances throughthe methods which specialize on them.Inheritance is implemented through classes. Each class hasa class precedence list, a linearized list of all the class's su-perclasses, which de�nes the classes from which the classinherits structure and behavior. Slots and methods de�nedfor a class will also be de�ned for its subclasses but a subclassmay specialize them.In EULISP, classes are �rst-class objects and are instances ofsome speci�c class. These classes of classes are called meta-classes. Extensions, such as multiple inheritance, supportfor the change-class functionality of CLOS, and persistentobjects can be supported through metaclasses. In addition,metaclasses can provide new kinds of classes with reducedpower but increased e�ciency; the class <structure-class>is an example.Classes are de�ned using the defstruct (11.4.1),defcondition (??) and defclass (??) de�ning forms. Newmetaclasses are de�ned using defmetaclass (??).11.1 InheritanceThe structure and behaviour de�ned for a class is inheritedby all of its subclasses. In practice, this means that an in-stance of a class will contain all the slots de�ned directly inthe class as well as all of those de�ned in the class's super-classes. In addition, a method specialized on a particularclass will be applicable for direct and indirect instances ofthe class.TELOS level-0 provides only single inheritance, meaning thata class can have exactly one superclass|but inde�nitelymany subclasses. In fact, all classes in the level-0 class in-heritance tree have exactly one superclass except the rootclass <object> which has no superclass.Metaclasses control the structure and behaviour of their in-stances and the representation of their metainstances. Itmight not be possible to form a subclass link between twoclasses of di�erent metaclasses. The meta-object protocol(MOP) provides means to control compatibility betweenclasses with respect to the subclass relationhsip.11.2 Slot DescriptionsThe components of an object are called its slots. Each slot ofan object is de�ned by its class. It is represented by a slot de-scription object, which de�nes where the slot is to be stored,how it can be accessed, and its default value. At level-1 ofEULISP and above the slot description mechanism is special-izable and extensible. New slot description classes to supportextensions such as the facets found in many knowledge rep-resentation languages, multi-valued slots, typed slots, andslots whose values are not stored in the instance. Slotsare de�ned within a defstruct, defcondition or defclassde�ning form. New slot description classes are de�ned bydefclass. 15



Programming Language EuLisp, version 0.9511.3 System De�ned ClassesThe basic classes of EULISP are elements of the object systemclass hierarchy, which is shown in Figure 2. Indentation indi-cates a subclass relationship to the class under which the linehas been indented, for example, <condition> is a subclassof <object> and the name following the class is the nameof the metaclass, for example, the class of <condition>is<condition-class>. The names given here correspond tothe bindings of names to classes as they are exported fromthe level-0, level-1 or level-2 modules.Figure 2 | Level-0 initial class hierarchy<object> [<class>]<character> [<class>]<class> [<class>]<condition-class> [<class>]<function-class> [<class>]<number-class> [<class>]<structure-class> [<class>]...<condition> [<condition-class>]...<function> [<function-class>]...<method> [<class>]<null> [<class>]<number> [<number-class>]...<pair> [<class>]<semaphore> [<class>]<stream> [<class>]<string> [<class>]<structure> [<structure-class>]<symbol> [<class>]<table> [<class>]<thread> [<class>]<vector> [<class>]The root of the instantiation hierarchy is the class <class>,which is an instance of itself. The root of the inheritancehierarchy is the class <object>. <class> de�nes the basicmethods for access and modi�cation of objects components.In this de�nition, unless otherwise speci�ed, all objects de-clared to be of a certain class may be indirect instances ofthat class. Furthermore, unless otherwise speci�ed, classesdeclared to be subclasses of other classes may be indirectsubclasses.11.4 De�ning Classes11.4.1 defstruct de�ning form11.4.1.1 Syntax(defstruct class-name superclass (slot-description�) class-option�)11.4.1.2 Argumentsclass-name: A symbol naming a binding to be initialisedwith the new structure class.superclass: A symbol naming a binding of a class to beused as the superclass of the new structure class.

(slot-description�): A list of slot speci�cations (see be-low), comprising either a slot-name or a list of a slot-namefollowed by some slot-options.class-option�: A sequence of keys and values (see below).11.4.1.3 Remarksdefstruct creates a new structure class. The �rst argumentis the name to which the new class will be bound. Thesecond is identi�er which names a variable to which the su-perclass is bound. If superclass is (), the superclass is takento be the root structure class <structure>. The list of slot-descriptions is described below. Finally, a class-option is aidenti�er followed by a corresponding value, which, takentogether, apply to the class as a whole. The syntax ofdefstruct is de�ned in Table 6.The slot-options are interpreted as follows:initarg symbol: The value of this option is a identi�ernaming a symbol, which is the name of an argument to besupplied in the init-options of a call to make on the newclass. The value of this argument in the call to make is theinitial value of the slot. This option must only be speci�edonce for a particular slot. The same initarg name may beused for several slots, in which case they will share thesame initial value if the initarg is given to make.initform form: The value of this option is a form, whichis evaluated as the default value of the slot, to be used ifno initarg is de�ned for the slot or given to a call to make.The form is evaluated in the lexical environment of the callto defstruct and the dynamic environment of the call tomake. The form is evaluated each time make is called andthe default value is called for. The order of evaluation ofthe initforms in all the slots is determined by initialize.This option must only be speci�ed once for a particularslot.reader symbol: The value is the identi�er of the variableto which the reader function will be bound. The readerfunction is a means to access the slot. The reader functionis a function of one argument, which should be an instanceof the new class. No writer function is automatically cre-ated with this option. This option can be speci�ed morethan once for a slot, creating several readers. It is an errorto specify the same reader, writer, or accessor name fortwo di�erent slots.writer symbol: The value is the identi�er of the variableto which the writer function will be bound. The writerfunction is a means to change the slot value. The creationof the writer is analogous to that of the reader function.This option can be speci�ed more than once for a slot. Itis an error to specify the same reader, writer, or accessorname for two di�erent slots.accessor symbol: The value is the identi�er of the vari-able to which the reader function will be bound. In ad-dition, the use of this slot-option causes the creation ofa writer function, which is anonymous, but associated tothe reader via the setter mechanism. This option can bespeci�ed more than once for a slot. It is an error to specifythe same reader, writer, or accessor name for two di�erentslots.The class options are interpreted as follows:16



Programming Language EuLisp, version 0.95Table 6 | defstruct syntaxclass-name ::= identi�ersuperclass ::= fan instance of <structure-class>gslot-description ::= slot-name j (slot-name slot-option�)slot-name ::= identi�erslot-option ::= initarg identi�er jinitform form jreader reader-name jwriter writer-name jaccessor reader-namereader-name ::= identi�erwriter-name ::= identi�erclass-option ::= constructor constructor-spec jpredicate predicate-nameconstructor-spec ::= (constructor-name init-option�)constructor-name ::= identi�erpredicate-name ::= identi�erconstructor constructor-spec: Createsa constructor function for the new class. The construc-tor speci�cation gives the name to which the constructorfunction will be bound, followed by a sequence of legal ini-targs for the class. The new function creates an instanceof the class and �lls in the slots according to the matchbetween the speci�ed initargs and the given arguments tothe constructor function. This option may be speci�ed anynumber of times for a class. Specifying the constructor inthis way is equivalent to writing a defconstructor formfor the class.predicate symbol: Creates a predicate function for thenew class. The predicate speci�cation gives the name towhich the predicate function will be bound. This optionmay be speci�ed any number of times for a class. Speci-fying the constructor in this way is equivalent to writinga defpredicate form for the class.11.4.2 defclass de�ning form11.4.2.1 Syntax(defclass class-name (superclass) (slot-description�)class-option�)11.4.2.2 Argumentsclass-name: A symbol naming a binding to be initialisedwith the new class.(superclass�): A list of a single symbol naming the bind-ing of the class to be used as the superclass of the newclass. Multiple superclasses can be speci�ed at level-1 (seesection B.1.1).(slot-description�): A list of slot speci�cations (see be-low), comprising either a slot-name or a list of a slot-namefollowed by some slot-options.class-option�: A sequence of keys and values (see below).11.4.2.3 RemarksThis de�ning form de�nes a new class. The resulting classwill be bound to class-name. The second argument is a list

containing the superclass. If this list is empty, the superclassis <object>. The third argument is a list of slot-descriptions,the format of which is an extension of that for defstruct.The remaining arguments are class options. The syntax ofdefclass is given in Table 7. All the slot options and classoptions are exactly the same way as for defstruct (11.4.1).11.4.3 <slot-description> classThe abstract class of all slot descriptions.11.5 Creating Objects11.5.1 make function11.5.1.1 Argumentsclass: The class of the object to create.key1 obj1 ... keyn objn: Initialization arguments.11.5.1.2 ResultAn instance of class.11.5.1.3 RemarksThe general constructor make creates a new object callingallocate and initializes it by calling initialize. allocatediscriminates on the class, while initialize discriminateson the new object.11.5.2 telos-condition conditionThis is the general condition class for conditions arising fromoperations in the object system. 17



Programming Language EuLisp, version 0.95Table 7 | defclass syntax (level-0)class-name ::= identi�ersuperclass ::= f<class> or the name of one of its subclassesgslot-description ::= slot-name j (slot-name slot-option�)slot-name ::= identi�erlevel-0-slot-option ::= initarg identi�er jinitform form jreader reader-name jwriter writer-name jaccessor reader-name jlevel-0-class-option ::= constructor constructor-specpredicate predicate-name12 Generic Functions and MethodsA generic function is a function whose application behaviouris determined by the classes of its arguments. Each potentialbehavior is de�ned by a method, which speci�es a signatureof classes for which it is applicable. A program's protocolis a set of generic functions and the relationships betweenthem.Generic functions replace the send construct found in manyobject-oriented languages. In contrast to sending a messageto a particular object, which it must know how to handle,the method executed by a generic function is determined byall of its arguments. Methods which specialize on more thanone of their arguments are called multi-methods.Generic functions are de�ned using the defgeneric de�ningform, which creates a named generic function in the top-lexical environment of the module in which is appears, andgeneric-lambda, which creates an anonymous generic func-tion. These forms are described in detail later in this section.A method describes the application behaviour of a genericfunction for a particular sequence of classes, called themethod's domain. Methods are not functions themselves,but objects attached to a generic function containing closedexpressions.Like slots, methods are inherited from the superclass(es) ofan object. That is, if a method is applicable for a classC1, it is also applicable for all of C1's subclasses as well.New methods may also be de�ned for these subclasses, andthese methods are said to be more speci�c than the meth-ods de�ned on the super classes. However, the more generalmethods are accessible from the more speci�c through thecall-next-method form. Thus, behavior can be inheritedand extended in subclasses.Methods can either be de�ned at the same time as the genericfunction, or else de�ned separately using the defmethodmacro, which adds a new method to an existing generic func-tion. This macro is described in detail later in this section.12.1 De�ning Generic Functions and Methods12.1.1 defgeneric de�ning form12.1.1.1 Syntax(defgeneric gf-name gen-lambda-list level-0-init-option�)

12.1.1.2 Argumentsgf-name: One of a symbol, or a form denoting a setterfunction or a converter function.gen-lambda-list: The parameter list of the generic func-tion, which may be specialised to restrict the domain ofmethods to be attached to the generic function.init-option�: Options as speci�ed below.12.1.1.3 RemarksThis de�ning form de�nes a new generic function. The re-sulting generic function will be bound to gf-name. Thesecond argument is the formal parameter list. An er-ror is signaled (condition: non-congruent-lambda-lists)if any method de�ned on this generic function does nothave a lambda list congruent to that of the genericfunction. In addition, an error is signaled (condition:incompatible-method-signature) if the method's special-ized lambda list widens the domain of the generic function.In other words, the lambda lists of all methods must spe-cialize on subclasses of the classes in the lambda list of thegeneric function. This applies both to methods de�ned atthe same time as the generic function and to any methodsadded subsequently by defmethod or add-method. An init-option is a identi�er followed by a corresponding value. Thesyntax of defgeneric is given in Table 8:The init-option is:method method-spec: This option is followed by a methoddescription. A method description is a list comprising thespecialized lambda list of the method, which denotes thesignature, and a sequence of forms, denoting the methodbody. The method body is closed in the lexical envi-ronment in which the generic function de�nition appears.This option may be speci�ed more than once.12.1.1.4 ExamplesIn the following example of the use of defgeneric a genericfunction named gf-0 is de�ned with three methods attachedto it. The domain of gf-0 is constrained to be <object>�<class-a>. In consequence, each method added to thegeneric function, both here and later (by defmethod), musthave a domain which is a subclass of <object>� <class-a>,which is to say that <class-c>, <class-e> and <class-g>must all be subclass of <class-a>.(defgeneric gf-0 (arg1 (arg2 <class-a>))method (((m1-arg1 <class-b>) (m1-arg2 <class-c>)) ...)18



Programming Language EuLisp, version 0.95Table 8 | defgeneric syntax (level-0)gf-name ::= identi�er j (setter identi�er) j (converter identi�er)gen-lambda-list ::= spec-lambda-listlevel-0-init-option ::= method method-descriptionmethod-description ::= (spec-lambda-list form�)spec-lambda-list ::= (spec-variable� [. variable])spec-variable ::= (variable class) j variableclass ::= class-namemethod (((m2-arg1 <class-d>) (m2-arg2 <class-e>)) ...)method (((m3-arg1 <class-f>) (m3-arg2 <class-g>)) ...))12.1.1.5 See also: add-method.12.1.2 defmethod macro12.1.2.1 Syntax(defmethod gf-name spec-lambda-list form�)or(defmethod (setter identi�er) spec-lambda-list form�)or(defmethod (converter identi�er) spec-lambda-list form�)12.1.2.2 RemarksThis macro is used for de�ning new methods on generic func-tions. A new method object is de�ned with the speci�edbody and with the signature given by the specialized lambdalist. This method is added to the generic function bound togf-name or convertor function associated with class. In theformer case, if the specialized-lambda-list is not congruentwith that of the generic function, an error is signaled (condi-tion: non-congruent-lambda-lists). In addition, an erroris signaled (condition: incompatible-method-signature) ifthe method's specialized lambda list would widen the domainof the generic function.12.1.3 no-applicable-method telos-condition12.1.3.1 Init-optionsgeneric function: The generic function which was ap-plied.domain list: The domain of the sought method.12.1.3.2 RemarksSignalled by the discriminating function of a generic functionwhen there is no method which satis�es the given signature.12.1.4 incompatible-method-signature telos-condition12.1.4.1 Init-optionsgeneric function: The generic function to be extended.method method: The method to be added.

12.1.4.2 RemarksSignalled by add-method if the signature of the methodwould widen the domain (that is, is less speci�c) than thegeneric function.12.1.5 non-congruent-lambda-lists telos-condition12.1.5.1 Init-optionsgeneric function: The generic function to be extended.method method: The method to be added.12.1.5.2 RemarksSignalled by add-method if the lambda list of the method isnot congruent to that of the generic function.12.2 Specializing MethodsThe following operators(call-next-method and next-method-p) are used to spe-cialize more general methods by calling them and perhapsperforming some additional computations before and/or af-ter calling the next method. It is an error to use either ofthese operators outside a method body. Argument bindingsinside methods are immutable. Therefore an argument in-side a method retains its specialized class throughout theprocessing of the method.12.2.1 call-next-method special form12.2.1.1 Syntax(call-next-method)12.2.1.2 ResultThe result of calling the next most speci�c applicablemethod.12.2.1.3 RemarksThe next most speci�c applicable method is called with thesame arguments as the current method. An error is signaled(condition: no-next-method) if there is no next most speci�cmethod.12.2.2 no-next-method telos-condition12.2.2.1 Init-options 19



Programming Language EuLisp, version 0.95method method: The method which calledcall-next-method.operand-list list: A list of the arguments to have beenpassed to the next method.12.2.2.2 RemarksSignalled by call-next-method if there is no next most spe-ci�c method.12.2.3 next-method-p special form12.2.3.1 Syntax(next-method-p)12.2.3.2 ResultIf there is a next most speci�c method, next-method-p re-turns a non-() value, otherwise, it returns ().
13 Threads and SemaphoresThe basic elements of parallel processing in EULISP are pro-cesses and mutal exclusion, which are provided by the classesthread and semaphore respectively.A thread is an abstract data type protecting someimplementation-de�ned data. A thread is allocated and ini-tialised like all other object, by using make. This functionis called the initial function and is where execution startsthe �rst time the thread is dispatched by the scheduler. Thediscussion identi�es four states of a thread: new, running,aborted and �nished. These are for conceptual purposes onlyand are not distinguishable in practice. The transitions be-tween these states are summarised in �gure 3. The initialstate of a thread is new. The union of the two �nal states isknown as determined.A thread is made available for dispatch by starting it, us-ing the function thread-start, which changes its state torunning. From running a thread becomes either �nished oraborted. When a thread has �nished, the result of the initialfunction may be accessed using thread-value. If a threadis aborted, which can only occur as a result of a signal han-dled by the default handler, then thread-value will signalthe condition on the thread accessing the value. Note thatthread-value blocks until the speci�ed thread has been de-termined.Access to shared resources or an undetermined thread whilea thread is running may cause it to become blocked. Thus,a thread may be blocked on a semaphore, input-output orthread-value. In each of these cases, thread-resecheduleis called to allow another thread to execute. This functionmay also be called voluntarily. A thread may be unblockedby some other thread executing close-semaphore on thesemaphore on which the �rst thread is blocked. Thus, thecall to thread-reschedule returns.The actions of a thread can be inuenced externally bysignal. This function registers a condition to be sig-nalled when the speci�ed thread is rescheduled for execu-tion. The condition must be an instance of a subclass ofthread-condition. Conditions are delivered to the threadin order of receipt. A signal on a determined thread has noe�ect on either the signalled or signalling thread. See alsosection 14.A semaphore is an abstract data type protecting a binaryvalue; call these values zero and one. The operations on asempahore are close-semaphore and open-semaphore. Theopen-semaphore operations sets the value to zero if it is one,or changes the state of the thread executing the operationto blocked, if the value is zero and reschedules the thread.The close-semaphore operation sets the value to one and ifthere are any threads blocked on this semaphore, one will beselected and unblocked.The programming model is that of concurrently executingthreads, regardless of whether the con�guration is a multi-processor or not, with some constraints and some weak fair-ness guarantees.a) A processor is free to use run-to-completion, timeslic-ing and/or concurrent execution.b) A conforming program must assume the possibility ofconcurrent execution of threads and will have the same20



Programming Language EuLisp, version 0.95Figure 3 | State diagram for threads|make ||VNEW|thread-start ||VRUNNING/ \default / \ initialsignal / \ functionhandler / \ returnsV VABORTED FINISHEDsemantics in all cases|see discussion of fairness which fol-lows.c) The default condition handler for a new thread, wheninvoked, will change the state of the thread to aborted,save the signalled condition and reschedule the thread.d) An error is signaled (condition: wrong-thread), if acontinuation is called from a thread other than the one onwhich it was created. That is to say, a continuation mustonly be called from within its dynamic extent.e) The lexical environment (inner and top) associatedwith the initial function is shared by the thread, as is thetop-dynamic environment, but each thread has a distinctinner-dynamic environment.f) The creation and starting of a thread representchanges to the state of the processor and as such are nota�ected by the processor's handling of errors signaled sub-sequently on the creating/starting thread (c.f. streams).That is to say, a non-local exit to a point dynamically out-side the creation of the subsidiary thread has no defaulte�ect on the subsidiary thread.g) The behaviour of i/o on the same stream by multiplethreads is unde�ned.The parallel semantics are preserved on a sequential run-to-completion implementation by requiring communicationbetween threads to use only thread primitives and shareddata protected by semaphores|both the thread primitivesand semaphores will cause rescheduling, so other threads canbe assumed to have a chance of execution.There is no guarantee about which thread is selected next.However, a fairness guarantee is needed to provide the il-lusion that every other thread is running. A strong guar-antee would ensure that every other thread gets scheduledbefore a thread which reschedules itself is scheduled again.Such a scheme is usually called \round-robin". This couldbe stronger than the guarantee provided by a parallel imple-mentation or the scheduler of the host operating system.A weak but su�cient guarantee is that if any thread resched-ules in�nitely often then every other thread will be scheduledin�nitely often. Hence if a thread is waiting for shared datato be changed by another thread and is using a semaphore,the other thread is guaranteed to have the opportunity to

change the data. If it is not using a semaphore, the fairnessguarantee ensures that in the same scenario the followingloop will exit eventually:(while (= data 0) (thread-reschedule))13.1 ThreadsThe de�ned name of this module is thread. This sectionde�nes the operations on threads.13.1.1 <thread> classThe class of all instances of <thread>.13.1.1.1 Init-optionsinitfn initial-function: an instance of function whichwill be called when the resulting thread is started.size integer: a positive integer specifying, inimplementationde�ned units, the size of the thread to beallocated.13.1.2 threadp function13.1.2.1 Argumentsobj: object to examine.13.1.2.2 ResultThe supplied argument if it is an instance of thread, other-wise ().13.1.3 thread-reschedule functionThis function takes no arguments.13.1.3.1 ResultThe result is ().13.1.3.2 RemarksThis function is called for side-e�ect only and causes thethread which executes it to become blocked. If conditions arepending on the thread when thread-reschedule continues,one is selected arbitrarily and signalled. No further pendingconditions will be signalled until the handler processing thecondition has exited. Upon exit from the handler the threadis rescheduled again.13.1.3.3 See also: thread-value, thread-signal.13.1.4 current-thread functionThis function takes no arguments. 21



Programming Language EuLisp, version 0.9513.1.4.1 ResultThe thread on which current-thread was executed.13.1.5 thread-start function13.1.5.1 Argumentsthread: the thread to be started, which must be in statenew. If not an error is signaled (condition: old-thread).obj1 . . .objn: values to be passed as the arguments to theinitial function of thread.13.1.5.2 ResultThe thread which was was supplied as the �rst argument.13.1.5.3 RemarksThe state of thread is changed to running. The values obj1to objn will be passed as arguments to the initial function ofthread.13.1.6 thread-value function13.1.6.1 Argumentsthread: the thread whose �nished value is to be accessed.13.1.6.2 ResultThe result of the initial function applied to the argumentspassed from thread-start. However, if a condition is sig-nalled on thread which is handled by the default handlerthe condition will now be signalled on the thread executingthread-value.13.1.6.3 RemarksIf thread is not determined, the thread executingthread-value is blocked until thread is determined.13.1.6.4 See also: thread-reschedule, thread-signal.13.1.6.5 ResultThe result is ()13.1.6.6 RemarksRegisters the speci�ed condition, or, by default, an instanceof thread-condition, to be signalled when thread is resched-uled for execution. A thread-signal on a determined threadhas no e�ect on either the signalled or signalling thread.13.1.6.7 See also: thread-reschedule, thread-value.

13.1.7 wait method13.1.7.1 Specialized Arguments(thread <thread>): The thread on which to wait.(timeout <object>): The timeout period.13.1.7.2 ResultReturns thread if thread is determined.13.1.7.3 See also: wait.13.1.8 thread-condition condition13.1.8.1 Init-optionscurrent-thread thread: Thread which is signalling thecondition.13.1.8.2 RemarksThis is the general condition class for all conditions arisingfrom thread operations.13.1.9 wrong-thread thread-condition13.1.9.1 Init-optionscontinuation continuation: A continuation.thread thread: Thread on which continuation was cre-ated.13.1.9.2 RemarksSignalled if the given continuation is called on a thread otherthan the one on which it was created.13.1.10 old-thread thread-condition13.1.10.1 Init-optionsthread thread: A thread.13.1.10.2 RemarksSignalled by thread-start if the given thread has beenstarted already.13.1.11 generic-prin method13.1.12 generic-write method13.1.12.1 Specialized Arguments22



Programming Language EuLisp, version 0.95(thread <thread>): The thread to be ouptut on stream(stream <stream>): The stream on which the represen-tation is to be output.13.1.12.2 ResultThe thread supplied as the �rst argument.13.1.12.3 RemarksOutputs the external representation of thread on stream.The external representation of thread is processor-de�ned.13.2 SemaphoresThe de�ned name of this module is semaphore.13.2.1 <semaphore> classThe class of all instances of <semaphore>. This class has noinit-options. The result of calling make on <semaphore> is anew, open semaphore.13.2.2 semaphorep function13.2.2.1 Argumentsobj: object to examine.13.2.2.2 ResultThe supplied argument if it is an instance of semaphore,otherwise ().13.2.3 open-semaphore function13.2.3.1 Argumentssemaphore: the semaphore to be opened.13.2.3.2 ResultThe semaphore supplied as argument.13.2.3.3 RemarksSet the value of semaphore to zero if it is one or block thethread executing open-semaphore if the value is to zero andcall thread-reschedule. This operation is atomic. On be-ing unblocked the call to open-semaphore will continue byattempting to open the semaphore.13.2.3.4 See also: close-semaphore

13.2.4 close-semaphore function13.2.4.1 Argumentssemaphore: the semaphore to be closed.13.2.4.2 ResultThe semaphore supplied as argument.13.2.4.3 RemarksSet the value of semaphore to one and if there are any threadsblocked on this semaphore, select one and unblock it. Thisoperation is atomic. That thread may then attempt to openthe semaphore again.13.2.4.4 See also: open-semaphore13.2.5 generic-prin method13.2.5.1 Argumentssemaphore: the semaphore to be ouptut on streamstream: the stream on which the representation is to beoutput.13.2.5.2 ResultThe thread supplied as the �rst argument.13.2.5.3 RemarksOutputs the external representation of semaphore on stream.The external representation of semaphore is processor-de�ned.13.2.6 generic-write method13.2.6.1 Argumentssemaphore: the semaphore to be ouptut on streamstream: the stream on which the representation is to beoutput.13.2.6.2 ResultThe thread supplied as the �rst argument.13.2.6.3 RemarksOutputs the external representation of semaphore on stream.The external representation of semaphore is processor-de�ned. 23



Programming Language EuLisp, version 0.9514 ConditionsThe de�ned name of this module is condition.The condition system owes much to the Common Lisp er-ror system [Pitman, 1988] and to the Standard ML excep-tion mechanism. It is a simpli�cation of the former and anextension of the latter. Following standard practice, thisdocument has de�ned the behaviour of functions in termsof their normal behaviour. Where an exceptional behaviourmight arise, this has been de�ned in terms of a condition.However, not all exceptional situations are errors. FollowingPitman, we use condition to be a kind of occasion in a pro-gram when an exceptional situation has been signaled. Anerror is a kind of condition|error and condition are also usedas terms for the objects that describe exceptional situations.A condition can be signaled continuably or non-continuably.These two classes are characterised as follows:a) A condition might be signaled when some limit hasbeen transgressed and some corrective action is neededbefore processing can resume. For example, memory zoneexhaustion on attempting to heap-allocate an item can becorrected by calling the memory management scheme torecover dead space. However, if no space was recovered anew kind of condition has arisen. Another example arisesin the use of IEEE oating point arithmetic, where a con-dition might be signaled to indicate divergence of an op-eration. A continuable condition should be signaled whenthere is a strategy for recovery from the condition.b) Alternatively, a condition might be signaled whensome catastrophic situation is recognised, such as thememory manager being unable to allocate more memoryor unable to recover su�cent memory from that alreadyallocated. a non-continuable condition should be signaledwhen there is no reasonable way to resume processing.A condition class is de�ned with defcondition or defclass.The de�nition of a condition causes the creation of a newclass of condition, including a new condition class construc-tor. A condition is signaled using the function signal, whichtakes an instance of a condition and a resume continuationor the empty list, signifying a non-continuable condition, asarguments. A condition can be handled using the specialform with-handler, which takes a function|the handlerfunction|and a sequence of forms to be protected. Theinitial condition class hierarchy is shown in Figure 4.14.0.1 <condition> class14.0.1.1 Init-optionsmessage string: A string, continaing information whichshould pertain to the situation which caused the conditionto be signalled.14.0.1.2 RemarksThe class which is the superclass of all condition classes.

Figure 4 | Level-0 initial condition class hierarchy<condition> [<condition-class>]<execution-condition> [<condition>]<invalid-operator> [<condition>]<bad-apply-argument> [<condition>]<cannot-update-setter> [<condition>]<no-setter> [<condition>]<improper-unquote-splice> [<condition>]<environment-condition> [<condition>]<arithmetic-condition> [<condition>]<division-by-zero> [<condition>]<conversion-condition> [<condition>]<no-converter> [<condition>]<stream-condition> [<condition>]<syntax-error> [<condition>]<thread-condition> [<condition>]<telos-condition> [<condition>]<no-next-method> [<condition>]<non-congruent-lambda-lists> [<condition>]<incompatible-method-signature> [<condition>]<no-applicable-method> [<condition>]14.0.2 execution-condition conditionThis is the general condition class for conditions arising fromthe execution of programs by the processor.14.0.3 environment-condition conditionThis is the general condition class for conditions arising fromthe environment of the processor.14.1 Condition HandlingConditions are handled with a function called a handler.Handlers are established dynamically and have dynamicscope and extent. Thus, when a condition is signaled, theprocessor will call the dynamically closest handler. Note thatit is the �rst handler accepting to process the condition thatis used and not necessarily the most speci�c. Handlers areestablished by the special form with-handler.14.1.1 signal functionCalled to indicate that speci�ed condition has arisen duringthe exection of a program.14.1.1.1 Argumentscondition: The condition to be signaled.function: The function (or continuation) to be called ifthe condition is handled and resumed, that is to say, thecondition is continuable.[thread]: If this argument is not supplied, the conditionis signalled on the thread which called signal, otherwise,thread indicates the thread on which condition is to besignalled.24



Programming Language EuLisp, version 0.9514.1.1.2 Resultsignal should never return. It is an error to call signal'scontinuation.14.1.1.3 RemarksIf the third argument is not supplied, signal calls the dy-namically closest handler with condition|the condition be-ing signaled|and either continuation or (). If the secondargument is a subclass of function, that is the resume con-tinuation to be used in the case of a handler deciding to re-sume from a continuable condition. If the second argumentis (), it indicates that the condition was signaled as a non-continuable condition|in this way the handler is informedof the signaler's intention.If the third argument is supplied, signal registers thespeci�ed condition to be signalled when thread is resched-uled for execution. The condition must be an instance ofthread-condition, otherwise an error is signalled (condi-tion: wrong-condition-class) on the thread calling signal.A signal on a determined thread has no e�ect on either thesignalled or signalling thread.14.1.1.4 See also: thread-reschedule, thread-value,with-handler.14.1.2 wrong-condition-class thread-condition14.1.2.1 Init-optionscondition condition: A condition.Signalled by signal if the given condition is not an instanceof thread-condition.14.1.3 with-handler special form14.1.3.1 Syntax(with-handler handler-function protected-form)14.1.3.2 Argumentshandler-function: A function or a generic function whichwill be called if a condition is signaled during thesynamic extent of protected-forms. A handler functiontakes two arguments|a condition, and a resume func-tion/continuation. The condition is the condition objectthat was passed to signal as its �rst argument. The re-sume continuation is the continuation (or ()) that wasgiven to signal as its second argument.protected-form�: The sequence of forms whose executionis protected by the handler-function speci�ed above.14.1.3.3 ResultThe value of the last form in the sequence of protected-forms.

14.1.3.4 RemarksA with-handler form is evaluated in four steps:a) The new handler-function is constructed and identi�esthe dynamically closest handler.b) The dynamically closest handler is shadowed by theestablishment of the new handler-function.c) The sequence of protected-forms is evaluated in orderand the value of the last one is returned as the result ofthe with-handler expression.d) the handler-function is disestablished, and the previ-ous handler is no longer shadowed.The above is the normal behaviour of with-handler. Theexceptional behaviour of with-handler happens when thereis a call to signal during the evaluation of protected-form.signal calls the dynamically closest handler-function pass-ing on the two arguments given to signal. The handler-function is executed in the dynamic extent of the call tosignal. However, any signals occurring during the exe-cution of handler-function are dealt with by the dynami-cally closest handler outside the extent of the form whichestablished handler-function. A handler-function takes oneof three actions:a) Return. This causes the next-closest enclosinghandler-function to be called, passing on the conditionand the resume continuation. This is termed decliningthe condition. The situation when there is no next closestenclosing handler is discussed later.b) Call the resume continuation. This action might betaken if the condition is recognised by the handler functionand might be preceded by some corrective action. This istermed resuming the condition.c) Not return and not call the resume continuation. Thisaction might be taken if the condition is recognised by thehandler function and might be preceded by some correctiveaction before some kind of transfer of control. This istermed accepting the condition.It is an error if the condition is declined and there is no nextclosest enclosing handler. In this circumstance the identi�ederror is delivered to the con�guration to be dealt with in animplementation-de�ned way.14.1.3.5 ExamplesAn illustration of the use of all three cases is given in thefollowing (unrealistic) example:(let/cc accept(with-handler(generic-lambda (condition resume)method ;;error �xable, return to cerror (resume)(((c continuable-condition))(resume (fix (condition))))method ;;serious error, exit from with-handler (accept)(((c condition))(accept));;otherwise, by omission, let another handler deal;;with it (decline));;the protected expression(something-which-might-signal-an-error))) 25



Programming Language EuLisp, version 0.9514.1.3.6 See also: signal.14.2 Conditions14.2.1 conditionp function14.2.1.1 Argumentsobj: object to examine.14.2.1.2 ResultReturns obj if obj is a subclass of condition, otherwise ().14.2.2 condition-message function14.2.2.1 Argumentscondition: an instance of condition.14.2.2.2 ResultReturns the contents of the message slot of condition, whichis a string.14.2.3 initialize-instance method14.2.3.1 Argumentscondition: an instance of condition.init-option�: a sequence of options.14.2.3.2 ResultA new, initialised condition.14.2.3.3 RemarksFirst calls call-next-method to carry out initialization spec-i�ed by superclasses then does the condition speci�c ini-tialization. The following init-option is recognised by thismethod:message: | The value must be a string, which should beused to convey information about the condition that hasarisen.14.2.4 error function14.2.5 cerror function14.2.5.1 Argumentserror-message: a string containing relevant information.condition-class: the class of condition to be signalled.

init-option�: a sequence of options to be passed toinitialize-instance when making the instance of con-dition.14.2.5.2 ResultThe result of both of these functions is ().14.2.5.3 RemarksThe cerror and error functions signal continuable and non-continuable errors, respectively. Each calls signal with aninstance of a condition of condition-class initialized from init-options, the error-message and a resume continuation. In thecase of cerror the resume continuation is the continuationof the cerror expression. In the case of error, it is (),signifying that the condition was not signaled continuably.cerror and error can be de�ned in terms of more primitiveoperations:(cerror error-message condition init-arg�)�(let/cc cerror-fixed-up(let ((c (make condition init-arg�)))(signal c cerror-fixed-up);; return comes here(no-handler c cerror-fixed-up)));; resume comes here(error error-message condition init-arg�)�(let ((c (make condition init-arg�)))(signal c ());; return comes here(no-handler c ())))The function no-handler is that which changes the state ofthe thread to aborted and saves the signaled condition forfuture reference. This function is called after all handlershave declined the condition. That is, no-handler is onlycalled when none of the handlers can deal with the condition.Note that both the condition and the resume continuationare given to no-handler, as for any other handler function,so that, for instance, execution could be resumed from thedebugger. Also note that no-handler is called in the envi-ronment of the signal, so that all the handlers in force atthe time of signaling are also in force during the call to no-handler.14.2.6 defcondition de�ning form14.2.6.1 Syntax(defcondition condition-name superclass init-option�)14.2.6.2 Argumentscondition-name: A symbol naming a binding to be ini-tialised with the new condition class.superclass: A symbol naming a binding of a class to beused as the superclass of the new condition class.init-option�: A sequence of symbols and expressions tobe passed to allocate-instance and initialize-instance.26



Programming Language EuLisp, version 0.9514.2.6.3 RemarksThis de�ning form de�nes a new condition class. The �rstargument is the name to which the new condition class willbe bound. The second is the superclass of the new conditionand an init-option is a identi�er followed by its (default)initial value. If superclass is (), the superclass is taken to becondition. Otherwise superclass must be condition or oneof its subclasses. 15 Expressions, De�nitions and ControlFormsThis section gives the informal syntax of well-formed expres-sions and describes the semantics of the special-forms, func-tions and macros of the level-0 language. In the case of level-0 macros, the description is augmented with an expansionwhich has the required semantics. However, these descrip-tions are not prescriptive of any processor and a conformingprogram cannot rely on adherence to these expansions.15.1 Atomic Expressions15.1.1 constant syntaxThere are two kinds of constant, literal constants and de�nedconstants. The latter are considered under symbols. A literalconstant is a number, a string, a character, or the empty list.The result of processing such a literal constant is the constantitself|that is, it denotes itself. The external representationof the empty list is (). The empty list is the only instanceof the class null. For historical reasons, the symbol nil isde�ned to be immutably bound to the empty list.15.1.1.1 Examples() the empty list123 a single precision integer#\a a character"abc" a string15.1.2 defconstant de�ning form15.1.2.1 Syntax(defconstant identi�er form)15.1.2.2 Argumentsidenti�er: A symbol naming an immutable top-lexicalbinding containing the value of form.form: The form whose value will be stored in the bindingof identi�er.15.1.2.3 RemarksThe value of form is stored as the module value of name. Itis an error to set the value of a de�ned constant to a di�erentvalue.15.1.3 symbol syntaxThe current lexical binding of symbol is returned. A symbolcan also name a de�ned constant|that is, an immutabletop-lexical binding. The de�ned constant t has the value t .The de�ned constant nil has the value () , which representsthe abstract boolean value false. The abstract boolean valuetrue can represented by any value other than false|that is,other than (). 27



Programming Language EuLisp, version 0.9515.1.4 deflocal de�ning form15.1.4.1 Syntax(deflocal identi�er form)15.1.4.2 Argumentsidenti�er: A symbol naming a binding containing thevalue of form.form: The form whose value will be stored in the bindingof identi�er.15.1.4.3 RemarksThe value of form is stored as the module binding value ofname. The binding created by a deflocal form is mutable.15.2 Literal Expressions15.2.1 quote special form15.2.1.1 Syntax(quote datum)15.2.1.2 Argumentsdatum: the datum to be quoted.15.2.1.3 ResultThe result is datum.15.2.1.4 RemarksThe result of processing the expression (quote datum) is da-tum. The object datum can be any external representation ofa EULISP object. The special form quote can be abbreviatedusing apostrophe|graphic representation ' in the standardtokenisation scheme|so that (quote a) can be written 'a.These two notations are used to incorporate literal constantsin programs. It is an error to modify the contents of a literalexpression. Within a single module, multiple references tothe same (eq) literal produce the same literal.15.3 Functions, Application, De�nition15.3.1 lambda special form15.3.1.1 Syntax(lambda lambda-list body)15.3.1.2 Argumentslambda-list: The parameter list of the function conform-ing to the syntax speci�ed below.body: A sequence of forms.

15.3.1.3 ResultA function with the speci�ed lambda-list and body.15.3.1.4 RemarksThe function construction operator is lambda. Access to thelexical environment of de�nition is guaranteed, which maycause the creation of a closure. The syntax of lambda-list isde�ned by the following grammar:lambda-list ::= identi�er j simple-list j rest-listsimple-list ::= (identi�er�)rest-list ::= (identi�er+ . identi�er)If lambda-list is an identi�er, it is bound to a newly allo-cated list of the actual parameters. This binding has lexicalscope and inde�nite extent. If lambda-list is a simple-list,the arguments are bound to the corresponding identi�ers.Otherwise, lambda-list must be a rest-list. In this case, eachidenti�er preceding the dot is bound to the correspondingargument and the identi�er succeeding the dot is bound toa newly allocated list whose elements are the remaining ar-guments. These bindings have lexical scope and extent. Itis an error if the same identi�er appears more than once ina lambda-list.15.3.2 function call special form15.3.2.1 Syntax(operator operand�)15.3.2.2 Argumentsoperator: This may be a symbol|being either the nameof a special form, or a lexical variable|or a function call,which must result in an instance of function. An error issignaled (condition: invalid-operator) if the operator isneither the name of a special form nor a function.operand�: Each operandmust be either an atomic expres-sion, a literal expression or a function call.15.3.2.3 ResultThe result is the result of the application of operator to theevaluation of operand�.15.3.2.4 RemarksThe operand expressions are evaluated in order from left toright. The operator expression may be evaluated at any timebefore, during or after the evaluation of the operands.15.3.2.5 See also: constant, symbol, quote.15.3.3 invalid-operator execution-condition15.3.3.1 Init-optionsinvalid-operator object: The object which was beingused as an operator.28



Programming Language EuLisp, version 0.95operand-list list: The operands prepared for the oper-ator.15.3.3.2 RemarksSignalled by function call if the operator is not an instanceof function.15.3.4 defmacro de�ning form15.3.4.1 Syntax(defmacro macro-name lambda-list body)15.3.4.2 Argumentsmacro-name: A symbol naming a binding containing thefunction with the speci�ed lambda-list and body.lambda-list: The parameter list of the function conform-ing to the syntax speci�ed under lambda.body: A sequence of forms.15.3.4.3 RemarksThe defmacro form de�nes a function named by macro-nameand stores the de�nition as the module binding value ofmacro-name. In addition, the function macro-name is ex-ported with the syntax attribute set. The interpretation ofthe lambda-list is as de�ned for lambda (see section 15.6).The binding created by defmacro is immutable.15.3.4.4 See also: lambda.15.3.5 defun de�ning form15.3.5.1 Syntax(defun function-name lambda-list body)or(defun (setter function-name) lambda-list body)15.3.5.2 Arguments: The �rst argument can take two forms:function-name| A symbol naming a binding contain-ing the function with the speci�ed lambda-list and body.(setter function-name)| An expression denotingthe setter function to correspond to function-name.lambda-list: The parameter list of the function conform-ing to the syntax speci�ed under lambda.body: A sequence of forms.15.3.5.3 RemarksThe defun form de�nes a function named by function-nameand stores the de�nition as the module value of function-name. The interpretation of the lambda-list is as de�ned forlambda (see section 15.6). The binding created by defun isimmutable.

15.3.6 apply function15.3.6.1 Syntax(apply function obj1 ... objn)15.3.6.2 Argumentsfunction: An expression which must evaluate to an in-stance of function.obj1 ... objn�1: A sequence of expressions, which wil beevaluated according to the rules given in function call.objn: An expression which must evaluate to a proper list.An error is signaled (condition: bad-apply-argument) ifobjn is not a proper list.15.3.6.3 ResultThe result is the result of calling function with the actualparameter list created by appending objn to a list of thearguments obj1 through objn�1. An error is signalled (con-dition: invalid-operator) if the �rst argument is not aninstance of function.15.3.6.4 See also: function call.15.3.7 bad-apply-argument execution-condition15.3.7.1 Init-optionsarglist list: A list of the objects passed to apply.15.3.7.2 RemarksSignalled by apply if its �rst argument is not an instance offunction.15.4 AssignmentsAn assignment operation modi�es the contents of a bindingnamed by a identi�er|that is, a variable.15.4.1 setq special form15.4.1.1 Syntax(setq identi�er expression)15.4.1.2 Argumentsidenti�er: The identi�er whose lexical binding is to beupdated.form: An expression whose value is to be stored in thebinding of identi�er15.4.1.3 ResultThe result is the value of form. 29



Programming Language EuLisp, version 0.9515.4.1.4 RemarksThe form is evaluated and the result is stored in either theclosest lexical binding named by identi�er. It is an error tomodify an immutable binding.15.4.2 setter function15.4.2.1 Argumentsaccess-function: An expression which must evaluate toan instance of function.15.4.2.2 ResultThe update-function corresponding to access-function.15.4.2.3 RemarksA generalized place update facility is provided by setter.Given access-function, setter returns the corresponding up-date function. If no such function is known to setter, an er-ror is signaled (condition: no-setter). Thus (setter car)returns the function to update the car of a pair. New up-date functions can be added by using setter's update func-tion, which is accessed by the expression (setter setter).Thus ((setter setter) an-accessor an-updator) installsthe function which is the value of an-updator as the updatorof the accessor function which is the value of an-accessor.De�ned updator functions in this report have the same im-mutable status as other standard functions, such that at-tempting to rede�ne such a function, for example ((settersetter) car a-new-value), signals an error (condition:cannot-update-setter)15.4.2.4 See also: defun, defmethod.15.4.3 no-setter execution-condition15.4.3.1 Init-optionsobject object: The object given to setter.15.4.3.2 RemarksSignalled by setter if there is no updator for the given func-tion.15.4.4 cannot-update-setter execution-condition15.4.4.1 Init-optionsaccessor object1: The given accessor object.updator object2: The given updator object.15.4.4.2 RemarksSignalled by (setter setter) if the updator of the givenaccessor is immutable.15.4.4.3 See also: setter.

15.5 Conditional Expressions15.5.1 if special form15.5.1.1 Syntax(if expression expression expression)15.5.1.2 Argumentsantecedent: An expression which may evaluate to any ob-ject.consequence: An expression which may evaluate to anyobject.alternative: An expression which may evaluate to any ob-ject.15.5.1.3 ResultEither the value of consequence or alternative depending onthe value of antecedent.15.5.1.4 RemarksThe antecedent is evaluated. If the result is true the conse-quence is evaluated, otherwise the alternative is evaluated.Both consequence and alternative must be speci�ed. Theresult of if is the result of the evaluation of whichever ofconsequence or alternative is chosen. consequence is a singleform, but alternative is a sequence of forms. Each form in al-ternative is evaluated in order and the result of the last formis the result of the if expression. Additional conditionalforms (when, unless) are given in section B.20.15.5.2 cond macro15.5.2.1 Syntax(cond (antecedent form�)�)15.5.2.2 RemarksThe cond macro provides a convenient syntax for collectionsof if-then-elif...else expressions. The rewrite rules for condare:(cond) � ()(cond (antecedent) . . . ) � (or antecedent . . . )(cond (t form�)) � (progn form�)(cond(antecedent1)(antecedent2 form�). . . ) � (or antecedent1(cond(antecedent2 form�). . . ))(cond(antecedent1 form�)(antecedent2 form�). . . ) � (if antecedent1(progn form�)(cond(antecedent2 form�). . . )))15.5.3 and macro15.5.3.1 Syntax(and form�)30



Programming Language EuLisp, version 0.9515.5.3.2 RemarksThe expansion of an and form leads to the evaluation of thesequence of forms from left to right. The the �rst form inthe sequence that evaluates to () stops evaluation and noneof the forms to its right will be evaluated. The result of andis (). If none of the forms evaluate to (), the value of thelast form is returned. The rewrite rules for and are:(and) � t(and form) � form(and form1 form2 . . .) � (if form1 (and form2 . . . ) ())15.5.4 or macro15.5.4.1 Syntax(or form�)15.5.4.2 RemarksThe expansion of an or form leads to the evaluation of thesequence of forms from left to right. The value of the �rstform that evaluates to true is the result of the or form andnone of the forms to its right will be evaluated. If none of theforms evaluate to true, the value of the last form is returned.The rewrite rules for or are:(or) � ()(or form) � form(or form1 form2 . . . ) � (let ((x form1))(if x x (or form2 . . . )))where x does not occur free in any of form2 . . . formn.15.6 Variable Binding and Sequences15.6.1 let/cc special form15.6.1.1 Syntax(let/cc identi�er body)15.6.1.2 Argumentsidenti�er: To be bound to the continuation of the let/ccform.body: A sequence of forms.15.6.1.3 ResultThe result of evaluating the last form in body.15.6.1.4 RemarksThe identi�er is bound to a new location, which is initial-ized with the continuation of the let/cc form. This bindingis immutable and has lexical scope and inde�nite extent.Each form in body is evaluated in order in the environmentextended by the above binding. It is an error to call the con-tinuation outside the dynamic extent of the let/cc form thatcreated it. The continuation is a function of one argument.

15.6.1.5 See also: block, return-from.15.6.2 labels special form15.6.2.1 Syntax(labels (function-name lambda-list body)� labels-body)15.6.2.2 RemarksThe labels operator provides for local mutually recursivefunction creation. Each function-name is bound to a newlocation holding an unspeci�ed value, making a new envi-ronment extended by those bindings. Then for each set offormal parameters and body, a function is constructed, usinglambda, and the binding of the corresponding function-nameis updated to have the value of the lambda expression. Thescope of the function-names is the entire labels form. Thelambda-list is either a single variable or a list of variables|see lambda. Each form in labels-body is evaluated in order inthe above extended environment. The result of evaluatingthe last form is returned as the result of the labels form.15.6.3 let macro15.6.3.1 Syntax(let [identi�er] (binding�) body)15.6.3.2 RemarksThe optional identi�erdenotes that the let form can be calledfrom within its body. This is an abbreviation for labels com-bined with let. A binding is speci�ed by either an identi�eror a two element list of an identi�er and an initializing form.All the initializing forms are evaluated in order from left toright in the current environment and the variables namedby the identi�ers in the bindings are bound to new locationsholding the results. Each form in body is evaluated in orderin the environment extended by the above bindings. Theresult of evaluating the last form in body is returned as theresult of the let form. The rewrite rule for let is:(let () form�) � (progn form�)(let ((id1 form1)(id2 form2)id3. . . )form�) � ((lambda (id1 id2 id3 . . .)form�)form1 form2 () . . . )15.6.4 let* macro15.6.4.1 Syntax(let* [identi�er] (binding�) body)15.6.4.2 RemarksThe optional identi�erdenotes that the let form can be calledfrom within its body. This is an abbreviation for labels com-bined with let*. A binding is speci�ed by a two element listof a variable and an initializing form. The �rst initializingform is evaluated in the current environment and the corre-sponding variable is bound to a new location containing that31



Programming Language EuLisp, version 0.95result. Subsequent bindings are processed in turn, evaluat-ing the initializing form in the environment extended by theprevious binding. Each form in body is evaluated in order inthe environment extended by the above bindings. The resultof evaluating the last form is returned as the result of thelet* form. The rewrite rules for let* are:(let* () form�) � (progn form�)(let* ((var1 form1)(var2 form2)var3. . .)form�) � (let ((var1 form1))(let* ((var2 form2)var3. . .)form�))15.6.5 progn special form15.6.5.1 Syntax(progn form�)15.6.5.2 Argumentsform�: A sequence of forms and in certain circumstances,de�ning forms.15.6.5.3 ResultThe sequence of forms is evaluated in order, returning thevalue of the last one as the result of the progn form.15.6.5.4 RemarksIf the progn form occurs enclosed only by progn forms anda defmodule form, then the forms within the progn can bede�ning forms. It is a static error if this rule is violated.15.6.6 unwind-protect special form15.6.6.1 Syntax(unwind-protect protected-form after-form�)15.6.6.2 Argumentsprotected-form: A form.after-form�: A sequence of forms.15.6.6.3 ResultThe value of protected-form.15.6.6.4 RemarksThe normal action of unwind-protect is to process protected-form and then each of after-forms in order, returning thevalue of protected-form as the result of unwind-protect. Anon-local exit from the dynamic extent of protected-form,which can be caused by processing a non-local exit form,will cause each of after-forms to be processed before con-trol goes to the continuation speci�ed in the non-local exitform. The after-forms are not protected in any way by thecurrent unwind-protect. Should any kind of non-local exit

occur during the processing of the after-forms, the after-forms being processed are not reentered. Instead, control istransferred to wherever speci�ed by the new non-local exitbut the after-forms of any intervening unwind-protects be-tween the dynamic extent of the target of control transferand the current unwind-protect are evaluated in increasingorder of dynamic extent.15.7 Waiting on Events15.7.1 wait generic function15.7.1.1 Argumentsobj: An object.timeout: One of (), t or an instance of integer.15.7.1.2 ResultReturns () if timeout was reached, otherwise a non-() value.15.7.1.3 Remarkswait provides a generic interface to blocking operations. Ex-ecution of the current thread will continue beyond the waitform only when one of the following happened:a) A predicate associated with obj returns true;b) After timeout time units;c) A signal is received.wait returns () if timeout occurs, else it returns a non-nilvalue.A timeout argument of () or zero denotes a polling opera-tion. A timeout argument of t denotes inde�nite blocking.A timeout argument of a non-negative integer denotes theminimum number of time units before timeout. The numberof time units in a second is given by the implementation-de�ned constant ticks-per-second.15.7.1.4 ExamplesThis code fragment copies characters from stream s to thecurrent output stream until no data is received on the streamfor a period of at least 1 second.(labels ((loop ()(when (wait s cuckoo-heartbeat)(print (read-char s))(loop))))(loop))15.7.1.5 See also: threads, streams.15.7.2 ticks-per-second double-oatThe number of time units in a second expressed as adouble precision oating point number. This value isimplementation-de�ned.32



Programming Language EuLisp, version 0.95Table 9 | Quasiquote Syntaxanti-quotation ::= `unquotation ::= ,unquote-splice ::= ,@quasiquotation ::= quasiquotation1template0 ::= expressionquasiquotationi ::= `templatei j (quasiquote templatei)templatei ::= oneofsimple-datum, list-templatei, vector-templatei, unquotationilist-templatei ::= (template-or-splice�i) j (template-or-splice+i . templatei) j'templatei j quasiquotationi+1vector-templatei ::= #(template-or-splice�i)unquotationi ::= ,templatei�1 j (unquote templatei�1)template-or-splicei ::= templatei j splicing-unquotationisplicing-unquotationi ::= ,@templatei�1 j (unquote-splicing templatei�1)15.8 Quasiquotation Expressions15.8.1 quasiquote macro15.8.1.1 Syntax(quasiquote skeleton) or `skeleton15.8.1.2 RemarksQuasiquotation is also known as \backquoting". Aquasiquoted expression is a convenient way of building astructure. The skeleton describes the shape and, generally,many of the entries in the structure but some holes remainto be �lled. The quasiquotemacro might be abbreviated byusing the glyph called grave accent (`), so that (quasiquoteexpression) can be written `expression. A complete de�-nition of the syntax of quasiquote expressions is given inTable 9.15.8.2 unquote syntax15.8.2.1 Syntax(unquote form) or ,form15.8.2.2 RemarksSee unquote-splicing.15.8.3 unquote-splicing syntax15.8.3.1 Syntax(unquote-splicing form) or ,@form15.8.3.2 RemarksThe holes in a quasiquoted expression are identi�ed by un-quote expressions of which there are two kinds|forms whosevalue is to be inserted at that location in the structure andforms whose value is to be spliced into the structure at thatlocation. The former is indicated by an unquote expres-sion and the latter by an unquote-splicing expression. Inunquote-splice the form must result in a proper list. Anerror is signaled (condition: improper-unquote-splice) on

attempting to unquote-splice an improper list. The in-sertion of the result of an unquote-splice expression is as ifthe opening and closing parentheses of the list are removedand all the elements of the list are appended in place of theunquote-splice expression.The syntax forms unquote and unquote-splicing can beabbreviated respectively by using the glyph called comma(,) preceding an expression and by using the diphthongcomma followed by the glyph called commercial at (,@) pre-ceding a form. Thus, (unquote a) may be written ,a and(unquote-splicing a) can be written ,@a.15.8.4 improper-unquote-splice execution-condition15.8.4.1 Init-optionsskeleton skeleton: The skeleton that unquote is process-ing.splice-list list: The improper list which has lead tothe error.15.8.4.2 RemarksSignalled by quasiquoteif the result of an unquote-splicing form is not a properlist.15.9 Summary of Level-0 Expressions and Def-initionsThe syntax of all level-0 expressions and de�nitions is givenin Table 10. Any productions unde�ned here appear else-where in the de�nition, speci�cally: the syntax of certainclasses of data are de�ned in their own sections.
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Programming Language EuLisp, version 0.95Table 10 | Expressions and De�nitions (level-0)level-0-de�nition ::= defconstant j defcondition j deocal j defmacro j defmodule j defstruct j defundefcondition ::= (defcondition condition-name superclass init-option�)defconstant ::= (defconstant identi�er form)deocal ::= (deflocal identi�er form)defmacro ::= (defmacro macro-name lambda-list body)defmodule ::= (defmodule module-name import-spec syntax-spec module-expression�)import-spec ::= (module-directive�)syntax-spec ::= () j (syntax import-spec defmacro�)export-spec ::= export j export-syntax j exposeexport ::= (export name�)export-syntax ::= (export-syntax name�)expose ::= (expose module-directive�)module-directive ::= module-name j module-�ltermodule-�lter ::= except j only j renameexcept ::= (except (name�) module-directive+)only ::= (only (name�) module-directive+)rename ::= (rename ((old-name new-name)�) module-directive+)module-expression ::= export-spec j level-0-expression j de�nition j (progn expression)de�nition ::= level-0-de�nitionfdefmodulegdefgeneric ::= (defgeneric gf-name gen-lambda-list level-0-init-option�)gf-name ::= identi�er j (setter identi�er) j (converter identi�er)gen-lambda-list ::= spec-lambda-listlevel-0-init-option ::= method method-descriptionmethod-description ::= (spec-lambda-list form�)spec-lambda-list ::= (spec-variable� [. variable])spec-variable ::= (variable class) j variableclass ::= class-namedefstruct ::= (defstruct class-name superclass (slot-description�) class-option�)defun ::= (defun function-name lambda-list body) j(defun (setter function-name) lambda-list body)level-0-expression ::= lex-ref j literal j procedure-call j macro-call j level-0-special j quasiquotationlevel-0-special ::= conditional j lambda j let/cc j progn j lex-assign j unwind-protect jwith-handlerlex-ref ::= identi�erliteral ::= quotation j self-evaluatingquotation ::= (quote datum)lex-assign ::= (setq identi�er expression)conditional ::= (if expression expression expression)lambda ::= (lambda lambda-list body)lambda-list ::= identi�er j simple-list j rest-listsimple-list ::= (identi�er�)rest-list ::= (identi�er+ . identi�er)let/cc ::= (let/cc identi�er body)progn ::= (progn form�)with-handler ::= (with-handler handler-function protected-form)unwind-protect ::= (unwind-protect protected-form after-form�)self-evaluating ::= character j number j string j vectorprocedure-call ::= (procedure-operator operand�)macro-call ::= (macro-operator operand�)procedure-operator ::= expressionoperand ::= expressionmacro-operator ::= symbolvariable ::= identi�erbody ::= expression�34



Programming Language EuLisp, version 0.95Annex A(normative)Level-0 Module LibraryA.1 CharactersThe de�ned name of this module is character.A.1.1 character syntaxCharacter literals are denoted by the extension glyph, calledhash (#), followed by the character-extension glyph, calledreverse solidus (\), followed by the name of the character.For most characters, their name is the same as the glyph as-sociated with the character, for example: the character \a"has the name \a" and has the external representation #\a.Certain characters in the group named special (see Table 2and also Table A.2) have symbolic names, for example: thenewline character has the name newline and has the exter-nal representation #\newline. These special cases are thecharacters named in Table A.2.Table A.2 | Special Character SyntaxName Syntaxalert #\alertbackspace #\backspacedelete #\deleteformfeed \formfeedlinefeed #\linefeednewline #\newlinereturn #\returntab #\tabspace #\spacevertical-tab #\vertical-tabAny character which does not have a name, and therebyan external representation dealt with by the above cases isrepresented by #\x followed by up to four hexadecimal dig-its. The value of the hexadecimal number represents theposition of the character in the current character set. Exam-ples of such character literals are #\x0 and #\xabcd, whichdenote, respectively, the characters at position 0 and at po-sition 43981 in the character set current at the time of read-ing or writing. The syntax for the external representation ofcharacters is de�ned in Table A.1.NOTE | At present this document refers to the \current char-acter set" but de�nes no means of selecting alternative charactersets. This is to allow for future extensions and implementation-de�ned extensions which support more than one character set.A.1.2 <character> classThe class of all instances of <character>.A.1.3 characterp functionA.1.3.1 Argumentsobj: Object to examine.

A.1.3.2 ResultReturns obj if obj is an instance of a subclass character,otherwise ().A.1.4 (converter integer) methodA.1.4.1 Argumentscharacter: A character.A.1.4.2 ResultReturns an instance of single-precision-integer whichcorresponds to the position of the instance of character inthe default character set.A.1.5 equal methodA.1.5.1 Argumentscharacter1: an instance of character.character2: an instance of character.A.1.5.2 ResultEach instance of character is converted to a integer and thetwo values are compared using =. The result of equal is the�rst argument if the result of = is non-(). If not, the resultis ().A.1.6 copy methodA.1.6.1 Argumentscharacter: A characterA.1.6.2 ResultConstructs and returns an instance of character, whosevalue is the same (under equal) as the source.A.1.7 generic-prin methodA.1.8 generic-write methodA.1.8.1 Argumentscharacter: Character to be ouptut on stream.stream: Stream on which character is to be ouptut. 35



Programming Language EuLisp, version 0.95Table A.1 | Character Syntaxcharacter ::= extension character-extension character-namecharacter-name ::= literal-name j special-name j control-name j numericliteral-name ::= alphanumeric j non-alphacontrol-name ::= control-extension literal-namespecial-name ::= alert j backspace j delete j formfeed j linefeed j newline jreturn j tab j space j vertical-tabcharacter-extension ::= \control-extension ::= ^numeric ::= string-hex digit(16) [digit(16) [digit(16) [digit(16)]]]A.1.8.2 ResultThe character character.A.1.8.3 RemarksOutput the interpretation of character on stream.A.1.9 generic-write methodA.1.9.1 Argumentscharacter: Character to be ouptut on stream.stream: Stream on which character is to be ouptut.A.1.9.2 ResultThe character character.A.1.9.3 RemarksOutput external representation of character on stream in theformat #\name as described at the beginning of this section.
A.2 CollectionsThe de�ned name of this module is collection. A collectionis de�ned as an instance of one of string, list, vector,table or any user-de�ned class for which a method is addedto any of the collection manipulation functions. Collectiondoes not name a class and does not form a part of the classhierarchy.A.2.1 empty-p generic functionA.2.2 size generic functionA.2.3 member generic functionA.2.4 do generic functionA.2.5 map generic functionA.2.6 reduce generic functionA.2.7 reduce1 generic functionA.2.8 fill generic functionA.2.9 catenate generic functionA.2.10 filter generic function
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Programming Language EuLisp, version 0.95A.3 Comparing ObjectsThe de�ned name of this module is compare. Four functionsfor comparing objects are de�ned in EULISP of which = isspeci�cally for comparing numeric values and eq, eql andequal are for all objects. The latter three are related in thefollowing way:(eq a b) ) (eql a b) ) (equal a b)(eq a b) 6( (eql a b) 6( (equal a b)A.3.1 eq functionA.3.1.1 Argumentsobj1: an object.obj2: an object.A.3.1.2 ResultCompares obj1 and obj2 and returns t if they are the sameobject, otherwise ().A.3.1.3 RemarksIn the case of numbers and characters the behaviour of eqmight di�er between processors because of implementationchoices about internal representations. Therefore, eq mightreturn t or () for numbers which are = and similarly for char-acters which are equal, depending on the implementation.A.3.2 = generic functionA.3.2.1 Argumentsnumber1: an instance of numbernumber2: an instance of numberA.3.2.2 ResultOne of the arguments, or ().A.3.2.3 RemarksDe�ned over all number types. If both numbers are of thesame class, they are compared according to the compari-son function for numbers of that class. If the two instancesare numerically equal, the result is the �rst argument (anon-() value). If not, the result is (). Methods are de-�ned for the following classes: single-precision-integer,variable-precision-integer, ratio, float and complex.In the case of complex, the result is determined by the con-junction of the pairwise application of = to the real parts andthe imaginary parts.If the numbers are not of the same class, then one of the num-bers is converted to the class of the other number accordingto the protocol given in section A.10.A.3.2.4 See also: Class speci�c sections which de�ne meth-ods on copy|single precision integer and double oat.

A.3.3 eql functionA.3.3.1 Argumentsobj1:obj2:A.3.3.2 ResultIf the class of obj1 and of obj2 is the same and is a subclassof number, the result is that of comparing them under =. Ifthe class of obj1 and of obj2 is the same and is a subclassof character, the result is that of comparing them underequal. Otherwise the result is that of comparing them undereq.A.3.4 equal generic functionA.3.4.1 Argumentsobj1:obj2:A.3.4.2 ResultThe result is determined by whichever of the methods de�nedhere is applicable. It is implementation-de�ned whether ornot equal will terminate on self-referential structures.A.3.4.3 See also: Class speci�c sections which de�ne meth-ods on copy.A.3.5 equal methodA.3.5.1 Argumentsobject1: an object.object2: an object.A.3.5.2 ResultIf the class of each instance of object is the same, then theresult is the conjunction of the pairwise application of equalto the contents of the slots of the arguments. If not the resultis ().
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Programming Language EuLisp, version 0.95A.4 ConversionThe de�ned name of this module is convert.It may seem that the natural way to de�ne (convert objtarget-class) is as a generic function specializing on both pa-rameters. However, because we want the behaviour to de-pend on the target-class and not on the class of target-class,we would have to use class prototypes (as in up to version0.7) or eql methods in order to make it work. Neither isdesirable. Some classes that might be targets for conversion(for instance pair, number) cannot easily have prototypesbecause they cannot have direct instances. eql methods, ifthey are desirable at all, are too great a complication forlevel-0. This suggests that it may have been a mistake tothink in terms of multi-methods. Fortunately, if we forgetthem and consider classical methods, a fairly reasonable so-lution appears.Advantages are that it is object-oriented in a natural way,there is no need for class prototypes or eql methods and itis asymmetric in the right direction (the converter of a classconverts to rather than from instance of the class).Disadvantages are that methods are not inherited from moregeneral target classes|although this could be argued theother way round too.Conversion between classes is provided by the functionconvert which accesses a set of converter functions usingthe target class (the second argument to convert) as a key.The resulting converter function is a generic function whichdiscriminates on the class of the object which is to be con-verted.A.4.1 convert functionA.4.1.1 Argumentsobj: An instance of some class to be converted to an in-stance of class.class: The class to which obj is to be converted.A.4.1.2 ResultReturns an instance of classwhich is equivalent in some class-speci�c sense to obj, which may be an instance of any type.Calls the converter function associated with the class classto carry out the conversion operation. An error is signalled(condition: no-converter) if there is no associated function.An error is signalled (condition: no-applicable-method) ifthere is no method to convert an instance of the class of objto an instance of class.A.4.2 conversion-condition conditionThis is the general condition class for all conditions arisingfrom conversion operations.A.4.3 no-converter conversion-conditionA.4.3.1 Init-options

source object: The object to be converted.class class: The class with which no converter functionis associated.A.4.3.2 RemarksSignalled by convert if there is no converter function for thegiven target class.A.4.4 converter functionA.4.4.1 Argumentstarget-class: The class whose set of conversion methodsis required.A.4.4.2 ResultThe accessor returns the converter function for the classtarget-class. The converter is a generic-function with meth-ods specialized on the class of the object to be converted.Note that all converters de�ned here whose target class isstring produce a string containing a representation of thesource object as if it had output by write.A.4.5 (setter converter) setterA.4.5.1 Argumentstarget-class: The class whose converter function is to bereplaced.generic-function: The new converter function.A.4.5.2 ResultThe new converter function. The setter function replacesthe converter function for the class target-class by generic-function. The new converter function must be an instanceof generic-function.A.4.5.3 See also: Converter methods from one class to an-other are de�ned in the section pertaining to the sourceclass.
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Programming Language EuLisp, version 0.95A.5 Copying ObjectsThe de�ned name of this module is copy.A.5.1 copy generic functionA.5.1.1 Argumentsobj: An object to be copied.A.5.1.2 ResultConstructs and returns a copy of the source which is thesame (under some class speci�c predicate) as the source. Theexact behaviour for each class of obj is de�ned by the mostapplicable method for obj.A.5.1.3 See also: Class speci�c sections which de�ne meth-ods on copy.A.5.2 copy methodA.5.2.1 Argumentsobject: An object (the default method).A.5.2.2 ResultConstructs and returns an instance of the same class as thesource, whose slot values are the same as those of the source(under eql), so that the resulting object is the same (underequal) as the source.

Table A.4 | Methods for double precision oatsbinary-plusbinary-differencenegatebinary-timesbinary-dividebinary-ltabszeropsignumpositivepnegativepA.6 Double Precision FloatsA.6.1 double-float syntaxA oating point number has six forms of external repre-sentation depending on whether either or both the wholeand the fractional part are speci�ed and on whether an ex-ponent is speci�ed. In addition, a positive oating pointnumber is optionally preceded by a plus sign and a neg-ative oating point number is preceded by a minus sign.For example: +123. (simple-oat-1), -.456 (simple-oat-2),123.456 (simple-oat-3); and with exponents: +123456.D3-,1.23455D2, -.123456D3,The syntax for the external representation of double preci-sion oating point literals is de�ned in Table A.3. The rep-resentation used by write and prin is that based on simple-oat without an exponent, namely: [sign] simple-oat-3.Finer control over the format of the output of oating pointnumbers is provided by some of the formatting speci�cationsof format (see section A.8).The de�ned name of this module is double. Arithmetic op-erations for double-float are de�ned by methods to be at-tached to the generic functions listed in Table A.4.A.6.2 <double-float> classThe class of all instances of double precision oat.A.6.3 double-float-p functionA.6.3.1 Argumentsobj: Object to examine.A.6.3.2 ResultIf obj is an instance of float the result is obj, otherwise ().The function float returns obj if obj is a subclass of floatand the double-float-p returns obj if it is an instance ofdouble-float. Otherwise both return (). 39



Programming Language EuLisp, version 0.95Table A.3 | Floating Point Syntaxoat ::= [sign] uoatsign ::= f+ j -guoat ::= simple-oat [exponent]simple-oat ::= simple-oat-1 j simple-oat-2 j simple-oat-3simple-oat-1 ::= udecimal oat-separatorsimple-oat-2 ::= oat-separator udecimalsimple-oat-3 ::= udecimal oat-separator udecimaloat-separator ::= .exponent ::= dexpt-mark [sign] udecimaldexpt-mark ::= fd j Dgudecimal ::= digit(10)+digit(10) ::= f0 j . . . j 9gA.6.4 most-positive-double-float double-oatA.6.4.1 RemarksThe value of most-positive-double-float is that positivedouble precision oating point number closest in value to(but not equal to) positive in�nity that the processor pro-vides.A.6.5 least-positive-double-float double-oatA.6.5.1 RemarksThe value of least-positive-double-float is that positivedouble precision oating point number closest in value to(but not equal to) zero that the processor provides. Thisvalue is the same as the result of (succ 0.0).A.6.6 least-negative-double-float double-oatA.6.6.1 RemarksThe value of least-negative-double-float is that negativedouble precision oating point number closest in value to(but not equal to) zero that the processor provides. Even ifthe processor provide negative zero, this value must not benegative zero. This value is the same as the result of (pred0.0).A.6.7 most-negative-double-float double-oatA.6.7.1 RemarksThe value of most-negative-double-float is that negativedouble precision oating point number closest in value to(but not equal to) negative in�nity that the processor pro-vides.A.6.8 truncate generic functionA.6.8.1 Argumentsoat: An instance of float.[precision]: A single precision integer.

A.6.8.2 ResultGiven one argument, returns the greatest integer value whosemagnitude is less than or equal to x. Given two argumentswith an integer value as the second to specify precision, re-turns a oating point number which is the result of zeroingout the low (n� precision) digits, where n is the number ofdigits of precision provided by the representation. It is anerror if precision is greater than n.A.6.9 truncate methodA.6.9.1 RemarksImplements truncate for double-float.A.6.10 round generic functionA.6.10.1 Argumentsoat: An instance of float.[precision]: A single precision integer.A.6.10.2 ResultGiven one argument, returns the integer whose value is clos-est to x, except in the case when x is exactly half-way be-tween two integers, when it is rounded to the one that iseven. Given two arguments with an integer value as thesecond to specify precision, returns a oating point numberwhich is the result of zeroing out the low (n � precision)digits, where n is the number of digits of precision providedby the representation. The number of digits of precision andthe radix of the precision are implementation-de�ned val-ues. If the resulting value is exactly half-way between twoprecision-digit oating point numbers the result is the onewith the even least signi�cant digit. It is an error if precisionis greater than n.A.6.11 round methodA.6.11.1 RemarksImplements round for double-float.40



Programming Language EuLisp, version 0.95A.6.12 floor generic functionA.6.12.1 Argumentsoat: An instance of float.A.6.12.2 ResultComputes the greatest integer value which is less than orequal to oat.A.6.13 floor methodA.6.13.1 RemarksImplements floor for double-float.A.6.14 ceiling generic functionA.6.14.1 Argumentsoat: An instance of float.A.6.14.2 ResultComputes the least integer value that is greater than or equalto oat.A.6.15 ceiling methodA.6.15.1 RemarksImplements ceiling for double-float.A.6.16 (converter string) methodA.6.16.1 Argumentsdouble-oat: A double precision oat.A.6.16.2 ResultConstructs and returns a string, the characters of which cor-respond to the external representation of the instance ofdouble-float.A.6.17 (converter single-precision-integer) methodA.6.17.1 Argumentsdouble-oat: A double precision oat.

A.6.17.2 ResultReturns an instance of single-precision-integer whosevalue is closest to that of the oating point source.This is the same function as round without specifyingthe second argument. An error is signaled (condition:integer-conversion-overflow) if the oating point num-ber cannot be represented as a single precision integer.A.6.18 integer-conversion-overflowconversion-conditionA.6.18.1 Init-optionssource double: The double oat to be converted.A.6.18.2 RemarksSignalled by the double method of (converter spint) ifthe magnitude of the double oat is greater than can bereprented by a single precision integer.A.6.19 copy methodA.6.19.1 Argumentsdouble-oat: A double precision oat.A.6.19.2 ResultConstructs and returns an instance of double-float, whosevalue is the same (under =) as the source.A.6.20 generic-prin methodA.6.21 generic-write methodA.6.21.1 Argumentsx: The double oat to be output on stream.stream: The stream on which the representation is to beoutput.A.6.21.2 ResultThe double oat supplied as the �rst argument.A.6.21.3 RemarksOutput the external representation of x on stream, as de-scribed in the introduction to this section, namely: [sign]simple-oat-3. Finer control over the format of the output ofoating point numbers is provided by some of the formattingspeci�cations of format (see section A.8). 41



Programming Language EuLisp, version 0.95A.7 Elementary FunctionsThe de�ned name of this module is elementary-functions.The contents of this module are de�ned as if all the num-ber classes of EULISP exist (including complex. Depend-ing on the level of conformance of a given implementation,only the methods for the number classes de�ned at the levelof the processor need be supplied to provide a compliantelementary-functions library module.A.7.1 pi double-oatA.7.1.1 RemarksThe value of pi is the ratio the circumference of a circle to itsdiameter stored to double precision oating point accuracy.A.7.2 sin generic functionA.7.3 cos generic functionA.7.4 tan generic functionA.7.4.1 Argumentsz: A number.A.7.4.2 Resultsin returns the sine of its argument, cos the cosine and tanthe tangent. The unit of the argument is radians. Methodsare de�ned for the appropriate subclasses of integer andfloat and for ratio and complex. The methods for integerand ratio coerce their argument to float and then computethe result. The methods for float produce a float result,the methods for complex produce a complex result.A.7.5 acos generic functionA.7.6 asin generic functionA.7.6.1 Argumentsz: A number.A.7.6.2 Resultacos returns the principal arc cosine and asin the princi-pal arc sine of its argument. The unit of the result is radi-ans. Methods are de�ned for the appropriate subclasses ofinteger and float and for ratio and complex. The meth-ods for integer and ratio coerce their argument to floatand then compute the result. The methods for float pro-duce a float result when �1 � z � 1, otherwise a complexresult. The methods for complex produce a complex result.

A.7.7 atan generic functionA.7.7.1 Argumentsz: A number.A.7.7.2 Resultatan returns the arc tangent of its argument. The unit of theargument is radians. Methods are de�ned for the appropriatesubclasses of integer and float and for ratio and complex.The methods for integer and ratio coerce their argumentto float and then compute the result. The method for floatproduces a float result, the method for complex produces acomplex result.A.7.8 atan2 generic functionA.7.8.1 Argumentsx1 x2: Two numbers.A.7.8.2 Resultatan2 returns the arc tangent of the quantity x1=x2, treatingthe case x2 = 0 correctly. Methods are de�ned for (integerinteger), (float float) and (ratio ratio). If the argu-ments are not of the same subclass of number but in theset given above, the lower one is coerced to the class of thehigher according to the protocol for the level being used (see�gure A.1). The methods for integer and ratio coerce theirarguments to float and then compute the result. A floatresult is returned.The range of the real-part of the values returned by atanand atan2 is (�pi;pi].A.7.9 exp generic functionA.7.9.1 Argumentsz: A number.A.7.9.2 Resultexp returns e raised to the power of x, where e is the baseof the natural logarithms. Methods are de�ned for the ap-propriate subclasses of integer and float and for ratioand complex. The methods for integer and ratio coercetheir argument to float and then compute the result. Themethod for float produces a float result, the method forcomplex produces a complex result.A.7.10 log generic functionA.7.11 log2 generic function42



Programming Language EuLisp, version 0.95A.7.12 log10 generic functionA.7.12.1 Argumentsz: A number.A.7.12.2 Resultlog returns the logarithm of z to the base of the natural log-arithms. log2 returns the logarithm of z to base 2. log10returns the logarithm of z to base 10. The result can beeither float or complex. Methods are de�ned for the ap-propriate subclasses of integer and float and for ratioand complex. The methods for integer and ratio coercetheir argument to float and then compute the result. Themethods for float produce a float result when z is realand positive, otherwise a complex result. The methods forcomplex produce a complex result.A.7.13 sqrt generic functionA.7.13.1 Argumentsz: A number.sqrt returns the principal square root of z.A.7.14 sqrt methodA.7.14.1 Argumentsinteger: An integer.A.7.14.2 ResultThe method for integer returns an integer if the argument isa positive perfect square, a gaussian integer if the argumentis a negative perfect square, otherwise a float is returnedif the argument is positive, or a complex if the argument isnegative.A.7.15 sqrt methodA.7.15.1 Argumentsdouble-oat: A double oat.A.7.15.2 ResultThe method for double-float returns a double-float if theargument is non-negative and a complex if it is not.A.7.16 expt generic functionA.7.16.1 Argumentsz1 z2: Two numbers.

A.7.16.2 Resultexpt returns the principal value that results from raising z1to the power z2. The complexity in the de�nition of exptstems from the di�erent combinations of argument classesand what might be a reasonable result class for a given pair ofargument classes. For the purpose of de�ning the behaviourof this function, the number classes are considered to form atower as follows: complexcomplex(ratio)complex(integer)floatratiointegerwhere the classes correspond to and approximate the ab-stract mathematical objects: C, Q[i], Z[i],R, Q, Z. For eachargument class combination, the entry in Table A.5 showsthe lowest class in which the result might be expressed. Inthis sense, we de�ne the lower bound class in which the resultcan occur for a given pair of arguments. The result of exptshould be in the lowest class possible for a given argumentcombination without loss of information.A.7.17 sinh generic functionA.7.18 cosh generic functionA.7.19 tanh generic functionA.7.20 asinh generic functionA.7.21 acosh generic functionA.7.22 atanh generic functionA.7.22.1 Argumentsz: A number.A.7.22.2 ResultThese functions compute the hyperbolic sine, cosine, tan-gent, arc sine, arc cosine and arc tangent functions. Theresult can be float or complex. Methods are de�ned for theappropriate subclasses of integer and float and for rationand complex. The methods for integer and rational coercetheir argument to float and then compute the result. Forthe sine, cosine, tangent and arc sine, the methods for floatproduce a float result. For the arc cosine, the method forfloat produces a float if z > 1, otherwise a complex. Forthe arc tangent, the method for float produces a float if�1 � z � 1, otherwise a complex.All methods produce a complex result for a complex argu-ment.NOTE|more detailed speci�cation is required for thislibrary module, in particular with respect to the han-43



Programming Language EuLisp, version 0.95Table A.5 | expt result classesBase Exponent ClassClass integer ratio float complexinteger integer integer float complexratio integer integer float complexfloat float float float complexcomplex(integer) integer integer complex complexcomplex(ratio) integer integer complex complexcomplex complex complex complex complexdling of negative 0.0 and the stating of branches andcuts. A.8 Formatted-IOThe de�ned name of this module is formatted-io.A.8.1 scan-mismatch stream-conditionA.8.1.1 Init-optionsformat-string string: The value of this option is the for-mat string that was passed to scan.input list: The value of this option is a list of the itemsread by scan up to and including the object that causedthe condition to be signaled.A.8.1.2 RemarksThis condition is signaled by scan if the format string doesnot agree with the data received from stream.A.8.2 scan functionA.8.2.1 Argumentsformat-string: A string containing format directives.[stream]: A stream from which input is to be taken.A.8.2.2 ResultReturns a list of objects which have been read.A.8.2.3 RemarksThis function provides support for formatted input. Theformat-string speci�es reading directives, and inputs arematched according to these directives. An error is signaled(condition: scan-mismatch) if the class of the object readis not campatible with the speci�ed directive. The second(optional) argument speci�es a stream from which to take in-put. If stream is not supplied input is taken from the streamwhich is the value of calling standard-input-stream. Scanreturns a list of the values read in.| ~a any: accept any object| ~b binary: an integer in binary format.| ~c character: a single character| ~d decimal: an integer decimal format.44



Programming Language EuLisp, version 0.95| ~m.ne a �xed-format oating-point number in FOR-TRAN \E" format.| ~m.nf an exponential-format oating-point numberin FORTRAN \F" format.| ~m.ng a generalized oating-point number in either�xed or exponential format. either �xed-format or expo-nential notation as appropriate.| ~o octal: an integer in octal format.| ~r radix: an integer in speci�ed radix format.| ~x hexadecimal: an integer in hexadecimal format.| ~% newline: matches a #\newline character in theinput.A.8.3 format functionA.8.3.1 Argumentsstream: One of (), t or an instance of stream.format-string: A string containing format directives.[obj�]:A.8.3.2 ResultReturns a list of unconsumed objs.A.8.3.3 RemarksHas side-e�ect of printing according to format-string. Ifstream is t the output is to the current output stream. Ifstream is (), a formatted string is returned as the result ofthe call. Otherwise stream must be a valid output stream.Characters are output as if the string were output by theprin function with the exception of those pre�xed by tilde{graphic representation ~{as follows:| ~a any: use prin to output the object.| ~b binary: the integer argument is output in binaryformat.| ~c character: the next argument is displayed as acharacter.| ~d decimal: the integer argument is output in deci-mal format.| ~m.ne �xed-format oating-point: the oating-pointargument is output in FORTRAN \E" format.| ~m.nf exponential oating-point: the oating-pointargument is output in FORTRAN \F" format.| ~m.ng generalized oating-point: output theoating-point argument using either �xed-format or ex-ponential notation as appropriate.| ~o octal: the integer argument is output in octalformat.

| ~nr radix: the integer argument is output in radix n.| ~s s-expression: uses write to output the object.| ~t tab: output su�cient spaces to reach the nexttab-stop.| ~x hexadecimal: the integer argument is output inhexadecimal format.| ~% newline: output a #\newline character.| ~& conditional newline: output a #\newline charac-ter if it cannot be determined that the output stream isat the beginning of a fresh line.| ~| page separator: output a page separator.| ~~ tilde: output a tilde.
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Programming Language EuLisp, version 0.95A.9 The empty listThe de�ned name of this module is null. The empty list isdisjoint from the class <pair>. The combination of <null>and <pair> allows the creation of proper lists, since a properlist is one whose last pair contains the empty list in its cdr�eld.A.9.1 () syntaxA.9.1.1 RemarksThe empty list, which is the only instance of the class <null>,has as its external representation an open parenthesis fol-lowed by a close parenthesis. The empty list is also used todenote the boolean value false.A.9.2 <null> classThe class whose only instance is the empty list, denoted ().A.9.3 null functionA.9.3.1 Argumentsobj: Object to examine.A.9.3.2 ResultReturns t if obj is the empty list, otherwise ().A.9.4 length methodA.9.4.1 Argumentsnull: The empty list.A.9.4.2 ResultReturns zero.A.9.5 generic-prin methodA.9.6 generic-write methodA.9.6.1 Argumentsnull: The empty list.stream: The stream on which the representation is to beoutput.A.9.6.2 ResultThe empty list.

A.9.6.3 RemarksOutput the external representation of the empty list onstream as described above.
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Programming Language EuLisp, version 0.95A.10 NumbersThe de�ned name of this module is number. The namingconventions described in section 6 are applied in the followingde�nitions.Numbers can take on many forms with unusual properties,specialized for di�erent tasks, but two classes of number nor-mally su�ce for the majority of needs. Thus, at level-0, onlya limited set of number classes are de�ned.In Figure A.1 is an example of what the initial number classhierarchy for level-0 might look like. The inheritance rela-tionships by this diagram are part of this de�nition, but itis not de�ned whether they are direct or not. For example,integer and float are not necessarily direct subclasses ofnumber and the class of each number class might be a sub-class of number-class. Since there are only two concretenumber classes at level-0, coercion is simple, as shown in �g-ure A.1. Any level-0 version of a library module, for example,elementary-functions, need only de�ne methods for thesetwo classes.A.10.1 <number> classThe abstract class which is the superclass of all numberclasses.A.10.2 numberp functionA.10.2.1 Argumentsobj: Object to examine.A.10.2.2 ResultIf the class of obj is a subclass of number the result is obj,otherwise ().A.10.3 <integer> classThe abstract class which is the superclass of all integer num-bers.A.10.4 integerp functionA.10.4.1 Argumentsobj: Object to examine.A.10.4.2 ResultIf the class of obj is a subclass of integer the result is obj,otherwise ().A.10.5 <float> classThe abstract class which is the superclass of all oating pointnumbers.

A.10.6 floatp functionA.10.6.1 Argumentsobj: Object to examine.A.10.6.2 ResultIf the class of obj is a subclass of float the result is obj,otherwise ().A.10.7 arithmetic-condition conditionA.10.7.1 Init-optionsoperator object: The operator which signalled the con-dition.operand-list list: The operands passed to the operator.A.10.7.2 RemarksThis is the general condition class for conditions arising fromarithmetic operations.A.10.8 equal methodA.10.8.1 Argumentsnumber1: an instance of number.number2: an instance of number.A.10.8.2 ResultIf the class of number1 and number2 is the same subclass ofnumber, the result of equal is the result of =. If the instancesare not of the same subclass of number, the result is ().A.10.9 + functionA.10.9.1 Arguments[z1 z2 ...]: A sequence of instances of number.A.10.9.2 ResultComputes the sum of the arguments using the generic func-tion binary-plus. Given zero arguments, + returns 0 ofclass integer. One argument returns that argument. Thearguments are combined left-associatively.A.10.10 - functionA.10.10.1 Argumentsz1 [z2 ...]: A non-empty sequence of instances of number.47



Programming Language EuLisp, version 0.95Figure A.1 | Level-0 number class hierarchy and coercion chart<number> [<number-class><float> [<number-class>]<double-float> [<number-class>]<integer> [<number-class>]<single-precision-integer> [<number-class>] single-precision-integer! double-floatA.10.10.2 ResultComputes the result of subtracting successive arguments|from the second to the last|from the �rst using the genericfunction binary-difference. Zero arguments is an error.One argument returns the negation of the argument. Thearguments are combined left-associatively.A.10.11 * functionA.10.11.1 Arguments[z1 z2 ...]: A sequence of instances of number.A.10.11.2 ResultComputes the product of the arguments using the genericfunction binary-times. Given zero arguments, * returns 1of class integer. One argument returns that argument. Thearguments are combined left-associatively.A.10.12 / functionA.10.12.1 Argumentsz1 [z2 ...]: A non-empty sequence of instances of number.A.10.12.2 ResultComputes the result of dividing the �rst argumentby its succeeding arguments using the generic functionbinary-divide. Zero arguments is an error. One argumentcomputes the reciprocal of the argument.A.10.13 < functionA.10.13.1 Argumentsx1 x2 ...: A sequence of at least two instances of number.A.10.13.2 ResultDetermines whether the sequence of numbers x1 up toxn is strictly increasing according to the generic functionbinary-lt.A.10.14 > functionA.10.14.1 Argumentsx1 x2 ...: A sequence of at least two instances of number.

A.10.14.2 ResultDetermines whether the sequence of numbers x1 up toxn is strictly decreasing, according to the generic functionbinary-lt.A.10.15 <= functionA.10.15.1 Argumentsx1 x2 ...: A sequence of at least two instances of number.A.10.15.2 ResultDetermines whether the sequence of numbers x1 up to xn isincreasing, according to the generic function binary-le.A.10.16 >= functionA.10.16.1 Argumentsx1 x2 ...: A sequence of at least two instances of number.A.10.16.2 ResultDetermines whether the sequence of numbers x1 up to xn isdecreasing, according to the generic function binary-ge.A.10.17 max functionA.10.17.1 Argumentsx1 [x2 ...]: A non-empty sequence of instances ofnumber.A.10.17.2 ResultDetermines the maximal element of the numbers x1 up toxn using the generic function binary-lt. Zero arguments isan error. One argument returns x1.A.10.18 min functionA.10.18.1 Argumentsx1 [x2 ...]: A non-empty sequence of instances ofnumber.A.10.18.2 ResultDetermines the minimal element of the numbers x1 up to xnusing the generic function binary-lt. Zero arguments is anerror. One argument returns x1.48



Programming Language EuLisp, version 0.95A.10.19 gcd generic functionA.10.19.1 Argumentsz1 [z2 ...]: A non-empty sequence of instances of num-ber.A.10.19.2 ResultComputes the greatest common divisor of z1 up to zn usingthe generic function binary-gcd. Zero arguments is an error.One argument returns z1.A.10.20 lcm generic functionA.10.20.1 Argumentsq1 [q2 ...]: A non-empty sequence of instances ofnumber.A.10.20.2 ResultComputes the least common multiple of q1 up to qn usingthe generic function binary-lcm. Zero arguments is an error.One argument returns q1.A.10.21 abs generic functionA.10.21.1 Argumentsz: An instance of number.A.10.21.2 ResultCompute the absolute value of z.A.10.22 zerop generic functionA.10.22.1 Argumentsx: An instance of number.A.10.22.2 ResultCompares z with the zero element of the class of z using thegeneric function =.A.10.23 signum generic functionA.10.23.1 Argumentsx: An instance of number.A.10.23.2 ResultIf zerop x then returns x. Otherwise returns the result ofconverting �1 to the class of x with the sign of x.

A.10.24 positivep generic functionA.10.24.1 Argumentsx: An instance of number.A.10.24.2 ResultCompares x against the zero element of the class of x usingthe generic function binary-lt.A.10.25 negativep generic functionA.10.25.1 Argumentsx: An instance of number.A.10.25.2 ResultCompares x against the zero element of the class of x usingthe generic function binary-lt.A.10.26 binary-plus generic functionA.10.26.1 Argumentsz1 z2: Two instances of number.A.10.26.2 ResultCompute the sum of z1 and z2.A.10.27 binary-difference generic functionA.10.27.1 Argumentsz1 z2: Two instances of number.A.10.27.2 ResultCompute the di�erence of z1 and z2.A.10.28 negate generic functionA.10.28.1 Argumentsz: An instance of number.A.10.28.2 ResultCompute the additive inverse of x.A.10.29 binary-times generic functionA.10.29.1 Argumentsz1 z2: Two instances of number. 49



Programming Language EuLisp, version 0.95A.10.29.2 ResultCompute the product of z1 and z2.A.10.30 binary-divide generic functionA.10.30.1 Argumentsz1 z2: Two instances of number.A.10.30.2 ResultCompute the ratio of z1 and z2. If the divisor is thezero element of the class an error is signaled (condition:division-by-zero).A.10.31 binary-lt generic functionA.10.31.1 Argumentsx1 x2: Two instances of number.A.10.31.2 ResultCompare x1 with x2 returning t if x1 precedes x2 accordingto the ordering method of the class of higher class of x1 andx2.A.10.32 binary-gcd generic functionA.10.32.1 Argumentsq1 q2: Two instances of number.A.10.32.2 ResultCompute the greatest common divisor of q1 and q2.A.10.33 binary-lcm generic functionA.10.33.1 Argumentsq1 q2: Two instances of number.A.10.33.2 ResultCompute the lowest common multiple of q1 and q2.

A.11 Pairs and ListsThe de�ned name of this module is pair.A.11.1 pair syntaxA pair is written as (obj1 . obj2), where obj1 is the car andobj2 is the cdr. There are two special cases in the printrepresentation of pair. If obj2 is the empty list, then thepair is written as (obj1). If obj2 is an instance of pair,then the pair is written as (obj1 obj3 . obj4), where obj3is the car of obj2 and obj4 is the cdr with the above rulefor the empty list applying. By induction, a list of lengthn is written as (obj1 . . .objn�1 . objn), with the above rulefor the empty list applying. The representations of obj1 andobj2 are determined by the external representations de�nedin other sections of this de�nition (see <character>(A.1),<double-float>(A.6), <null>(A.9), <spint>(A.12),<string>(A.14), <symbol>(A.15) and <vector>(A.17), aswell as instances of <pair> itself. The syntax for the externalrepresentation of pairs and lists is de�ned in Table A.6.A.11.2 <pair> classThe class of all instances of <pair>. Instances of the class<pair> (also known informally as a dotted pair) is a 2-tuple,whose slots are called, for historical reasons, car and cdr.Pairs are created by the function cons and the slots are ac-cessed by the functions car and cdr. The major use of pairsis in the construction of (proper) lists. A (proper) list is de-�ned as either the empty list (denoted by ()) or a pair whosecdr is a proper list. An improper list is one containing a cdrwhich is not a list (see Table A.6.A.11.3 consp functionA.11.3.1 Argumentsobj: Object to examine.A.11.3.2 ResultReturns obj if obj is a subclass of pair, otherwise ().A.11.4 atom functionA.11.4.1 Argumentsobj: Object to examine.A.11.4.2 ResultIf obj is not an instance pair, obj is returned, otherwise ().A.11.5 cons functionA.11.5.1 Arguments50



Programming Language EuLisp, version 0.95Table A.6 | Pair and List Syntaxpair ::= pair-begin obj1 pair-separator obj2 pair-endpair-begin ::= (pair-separator ::= whitespace . whitespacepair-end ::= )list ::= empty-list j list-headempty-list ::= ()list-head ::= pair-begin obj1 list-tail1list-taili ::= improper-taili j pair-end j obji list-taili+1improper-taili ::= pair-separator objiobj1: An object to be stored in the car �eld of the resultpair.obj2: An object to be stored in the cdr �eld of the resultpair.A.11.5.2 ResultAllocates a new pair initialized to obj1 and obj2.A.11.6 car functionA.11.7 cdr functionA.11.7.1 Argumentspair: An instance of pair.A.11.7.2 ResultGiven an instance of pair, such as the result of (cons obj1obj2), the function car returns obj1 and cdr returns obj2.A.11.7.3 RemarksIt is an error to apply car or cdr functions to anything otherthan a pair. The empty list|written ()|is not a pair. (car()) and (cdr ()) is an error.A.11.8 (setter car) setterA.11.9 (setter cdr) setterA.11.9.1 Argumentspair: An instance of pair.obj: An object.A.11.9.2 ResultGiven an instance of pair, such as the result of (cons obj1obj2), the function (setter car) replaces obj1 with obj and(setter cdr) replaces obj2 with obj. The setter functionsreturn obj.

A.11.9.3 RemarksNote that if obj is not (), then the use of (setter cdr) willmake pair an improper list. It is an error to apply thesesetter functions to anything other than a pair.A.11.10 (converter string) methodA.11.10.1 Argumentspair: A list of characters.A.11.10.2 ResultConstructs and returns a string, the characters of which cor-respond to the characters comprising the �rst elements of thetop-level pairs of the instance of pair. It is an error if thesource is not a proper list. An error is signaled (condition:not-a-character) unless all of those elements are instancesof the class character.A.11.11 not-a-character conversion-conditionA.11.11.1 Init-optionssource list: The list of objects to be converted into astring.A.11.11.2 RemarksSignalled by the pairmethod of (converter string) unlessthe source list contains only characters.A.11.12 (converter string) methodA.11.12.1 Argumentspair: A list of characters.A.11.12.2 ResultConstructs and returns a vector the elements of which corre-spond to �rst elements of the top-level pairs in the instanceof pair. It is an error if the source is not a proper list.A.11.13 equal methodA.11.13.1 Arguments 51



Programming Language EuLisp, version 0.95pair1: an instance of pair.pair2: an instance of pair.A.11.13.2 ResultThe result is the conjunction of the pairwise application ofequal to the car �elds and the cdr �elds of the arguments.A.11.14 copy methodA.11.14.1 Argumentspair: A pair.A.11.14.2 ResultConstructs and returns an instance of pair whose elementsare the same as those of the source (under eql), so that theresulting pair is the same (under equal) as the source.A.11.15 list functionA.11.15.1 Arguments[obj1 ... objn]: A sequence of objects.A.11.15.2 ResultAllocates a set of pairs each of which has been initialized withobji in the car �eld and the pair whose car �eld containsobji+1 in the cdr �eld. Returns the pair whose car �eldcontains obj1.A.11.16 length methodA.11.16.1 Argumentspair: A pair.A.11.16.2 ResultReturns the count of the number of top-level pairs in list.A.11.16.3 RemarksThe list need not be a proper list.A.11.16.4 Examples(length ()) ;;result is 0(length (cons 1 ())) ;;result is 1(length (cons 1 . 2)) ;;result is 1(length (cons 1 (cons 2 . 3))) ;;result is 2

A.11.17 copy-alist functionA.11.17.1 Argumentsalist: A proper list of pairs.A.11.17.2 ResultConstructs and returns a copy of the list alist copying boththe top-level pairs and the second level pairs (the associa-tions).A.11.18 copy-list functionA.11.18.1 Argumentslist: A list|proper or improper.A.11.18.2 ResultConstructs and returns a copy of list by copying the top-levelpairs only.A.11.19 copy-tree functionA.11.19.1 Argumentslist: A list|proper or improper.A.11.19.2 ResultConstructs and returns a copy of list by copying the top-levelpairs and then operates recursively on each of those pairs,thus copying every pair in list.A.11.20 generic-prin methodA.11.21 generic-write methodA.11.21.1 Argumentspair: The pair to be output on stream.stream: The stream on which the representation is to beoutput.A.11.21.2 ResultThe pair supplied as the �rst argument.A.11.21.3 RemarksOutput the external representation of pair on stream as de-scribed in the introduction to this section. Both methodscall the generic function again to produce the external rep-resentation of the car and cdr slots of the pair.52



Programming Language EuLisp, version 0.95Table A.8 | Methods for single precision integersbinary-plusbinary-differencenegatebinary-timesbinary-ltbinary-gcdbinary-lcmabszeropsignumpositivepnegativepA.12 Single Precision IntegersThe de�ned name of this module is spint.A.12.1 single-precision-integer syntaxA positive integer is has its external representation as a se-quence of digits optionally preceded by a plus sign. A nega-tive integer is written as a sequence of digits preceded by aminus sign. For example, 1234567890, -456, +1959.Integer literals have an external representation in any baseup to base 36. For convenience, base 2, base 8 and base 16have distinguished notations|#b, #o and #x, respectively.For example: 1234, #b10011010010, #o2322 and #x4d2 alldenote the same value.The general notation for an arbitrary base is #baser, wherebase is an unsigned decimal number. Thus, the above ex-amples may also be written: #10r1234, #2r10011010010,#8r2322, #16r4d2 or #36rya. The syntax for the externalrepresentation of integer literals is de�ned in Table A.7.NOTE | At present this document does not de�ne a class inte-ger with variable precision. It is planned this should appear in afuture version at level-1 of the language. The class will be namedvariable-precision-integer, with the shorter alias vpint. Thesyntax given here is applicable to both single and variable preci-sion integers.The class is named <single-precision-integer>, but it isalso called by the shorter alias <spint>. Arithmetic opera-tions for single-precision-integerare de�ned by methodsto be attached to the generic functions listed in Table A.8.A.12.2 <single-precision-integer> classThe class of all instances of single precision integers. Alsonamed <spint>.A.12.3 single-precision-integer-p functionA.12.3.1 Argumentsobj: Object to examine.

A.12.3.2 ResultReturns obj if obj is an instance of <spint>.A.12.4 evenp generic functionA.12.4.1 Argumentsnumber: An instance of number.A.12.4.2 ResultIf number is an instance of a suitable subclass of number,returns t if the remainder from dividing i by two is zero,otherwise ().A.12.5 evenp methodA.12.5.1 RemarksImplements evenp for single precision integers.A.12.6 oddp generic functionA.12.6.1 Argumentsnumber: An instance of number.A.12.6.2 ResultIf number is an instance of a suitable subclass of number,returns t if the remainder from dividing i by two is non-zero, otherwise ().A.12.7 oddp methodImplements oddp for single precision integer.A.12.8 division-by-zero arithmetic-conditionSignalled by any of quotient, remainder and modulo if theirsecond argument is zero.A.12.9 quotient generic functionA.12.9.1 Argumentsinteger1 integer2: Two instances of integer.A.12.9.2 ResultIf number is an instance of a suitable subclass of number,returns q by solving the equation number1 = number2�q+r,where r lies between zero (inclusive) and the number2 �sign(number1) (exclusive). Sign combination for quotientis as follows: 53



Programming Language EuLisp, version 0.95Table A.7 | Integer Syntaxinteger ::= [sign] uintegersign ::= f+ j -guinteger ::= ubinary j uoctal j udecimal j uhexadecimal j uinteger-with-baseubinary ::= extension fb j Bg digit(2)+uoctal ::= extension fo j Og digit(8)+udecimal ::= digit(10)+uhexadecimal ::= extension fx j Xg digit(16)+uinteger-with-base ::= extension udecimal fr j Rg digit(udecimal)+digit(2) ::= f0 j 1g. . . . . .digit(10) ::= f0 j . . . j 9gdigit(11) ::= f0 j . . . j 9 j fa j Agg. . . . . .digit(35) ::= f0 j . . . j 9 j fa j Ag j . . . j fy j Yggdigit(36) ::= f0 j . . . j 9 j fa j Ag j . . . j fy j Yg j fz j Zgginteger2 �integer2integer1 q �q�integer1 �q qA.12.10 quotient methodA.12.10.1 RemarksImplements quotient for single precision integer. An error issignalled (condition: division-by-zero) if integer2 is zero.A.12.11 remainder generic functioni1 i2iA.12.11.1 Argumentsinteger1 integer2: Two instances of integer.A.12.11.2 ResultIf integer is an instance of a suitable subclass of integer,returns r by solving the equation integer1 = integer2 � q +r, where r lies between zero (inclusive) and the integer2 �sign(integer1) (exclusive). Sign combination for remainderis as follows: integer2 �integer2integer1 r �r�integer1 �r rA.12.12 remainder methodA.12.12.1 RemarksImplements remainder for single precision integer. An er-ror is signalled (condition: division-by-zero) if integer2 iszero.A.12.13 modulo generic functioni1 i2i

A.12.13.1 Argumentsi1 i2: Two instances of integer.A.12.13.2 ResultIf i is an instance of a suitable subclass of integer, returnsm by solving the equation integer1 = integer2 � q + r,where r lies between zero (inclusive) and the integer2 �sign(integer1) (exclusive) and m is constrained by 0 �m <jqj. Sign combination for modulo is given in Table A.9.A.12.14 modulo methodA.12.14.1 RemarksImplements modulo for single precision integer. An error issignalled (condition: division-by-zero) if integer2 is zero.A.12.15 most-positive-single-precision-integersingle-precision-integerA.12.15.1 RemarksThis is an implementation-de�ned constant. A conform-ing processor must support a value greater than or equalto 32767 and greater than or equal to the value ofmaximum-vector-index.A.12.16 most-negative-single-precision-integersingle-precision-integerA.12.16.1 RemarksThis is an implementation-de�ned constant. A conformingprocessor must support a value less than or equal to �32768.A.12.17 (converter character) methodA.12.17.1 Argumentssingle-precision-integer: A single-precision-integer.54



Programming Language EuLisp, version 0.95Table A.9 | Sign combination in modulointeger2 �integer2integer1 r remainder(i2+remainder(i1,i2),i2)�integer1 remainder(i2+remainder(i1,i2),i2) rA.12.17.2 ResultReturns an instance of character whose position in thedefault character set corresponds to that speci�ed by theinstance of integer. An error is signaled (condition:cannot-convert-to-character) if the speci�ed positiondoes not exist.A.12.18 no-such-character conversion-conditionSignalled by the conversion method from <spint> to<character> if there is no character in the defaul characterset corresponding to the position speci�ed by the integer.A.12.18.1 See also: (converter character).A.12.19 (converter string) methodA.12.19.1 Argumentssingle-precision-integer: A single-precision-integer.A.12.19.2 ResultConstructs and returns a string, the characters of which cor-respond to the external representation of the instance ofsingle-precision-integer in decimal.A.12.20 (converter double-float) methodA.12.20.1 Argumentssingle-precision-integer: A single precision integer.A.12.20.2 ResultReturns an instance of double-float whose value is theoating point approximation to the single precision integersource.A.12.21 copy methodA.12.21.1 Argumentssingle-precision-integer: A single precision integer.A.12.21.2 ResultConstructs and returnsan instance of single-precision-integer, whose value isthe same (under =) as the source.

A.12.22 generic-prin methodA.12.23 generic-write methodA.12.23.1 Argumentsi: The single precision integer to be output on stream.stream: The stream on which the representation is to beoutput.A.12.23.2 ResultThe single precision integer supplied as the �rst argument.A.12.23.3 RemarksOutput external representation of i on stream in decimal asdescribed in the introduction to this section.
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Programming Language EuLisp, version 0.95Table A.10 | Initial stream class hiearchy<stream> [<stream-class>]<file-stream> [<stream>]<stream-properties> [<stream-properties-class>]<stream-direction> [<stream-properties>]<input-stream><output-stream><io-stream><stream-unit> [<stream-properties>]...<stream-positionable-p> [<stream-properties>]...A.13 StreamsThe de�ned name of this module is stream.A.13.1 <stream> classThe abstract class of all instances of <stream>.The initial class hiearchy of streams and stream propertiesis shown in Table A.10.A.13.2 <file-stream> classThe class of all instances of <file-stream>. This is the onlysubclass of stream de�ned at level-0.A.13.2.1 Init-optionsdirection direction: An instance of<stream-direction>.transaction-unit unit: An instance of <stream-unit>,or <character>(indicating a character stream) or<spint>(indicating a binary stream).positionable boolean: Either () or non-().A.13.3 input-stream stream-directionUsed to indicate stream direction when making instances of<file-stream>.A.13.4 io-stream stream-directionUsed to indicate stream direction when making instances of<file-stream>.A.13.5 ouput-stream stream-directionUsed to indicate stream direction when making instances of<file-stream>.

A.13.6 file-streamp functionA.13.6.1 Argumentsobj: object to examine.A.13.6.2 ResultThe supplied argument if it is an instance of <file-stream>,otherwise ().A.13.7 stream-condition conditionThis is the general condition class for conditions arising fromoperations on streams.A.13.8 syntax-error conditionThis is the general condition class for conditions arising fromusing the function read.A.13.9 input-stream-p functionA.13.9.1 Argumentsobj: Object to examine.A.13.9.2 ResultThe supplied argument if one of its stream direction is aninstance of <input-stream>, otherwise ().A.13.10 output-stream-p functionA.13.10.1 Argumentsobj: Object to examine.A.13.10.2 ResultThe supplied argument if one of its stream direction is aninstance of <output-stream>, otherwise ().A.13.11 io-stream-p functionA.13.11.1 Argumentsobj: Object to examine.A.13.11.2 ResultThe supplied argument if one of its stream direction is aninstance of <output-stream>, otherwise ().56



Programming Language EuLisp, version 0.95A.13.12 character-stream-p functionA.13.12.1 Argumentsobj: Object to examine.A.13.12.2 ResultThe supplied argument if one of its properties is an instanceof <character-stream>, otherwise ().A.13.13 binary-stream-p functionA.13.13.1 Argumentsobj: Object to examine.A.13.13.2 ResultThe supplied argument if one of its properties is an instanceof <binary-stream>, otherwise ().A.13.14 open generic functionA.13.14.1 Generic Arguments(stream <stream>): The stream to be opened.(handle <object>): The name of the object (internal orexternal to the processor).(initlist <list>): A list of initialization options.A.13.14.2 ResultA stream.A.13.15 open methodA.13.15.1 Specialized Arguments(stream <file-stream>): The stream to be opened.(handle <string>): The name of the �le to be openend.(initlist <list>): A list of initialization options as fol-lows:direction direction: An instance of<stream-direction>.transaction-unit unit: An instance of<stream-unit>.positionable boolean: Either () or non-().

A.13.15.2 ResultA stream.NOTE (version 0.95) | In a future version it is forseen that amore general approach to �le naming will be adopted, such as thepathnames of Common Lisp. At that time it will be appropriateto add another method to open, where the handle argument isan instance of pathname. Thus, at present, no implementationindependent way of naming �les is provided.A.13.16 open-p generic functionA.13.16.1 Generic Arguments(stream <stream>): A stream.A.13.16.2 ResultA non-() value if stream is open, otherwise ().A.13.17 open-p methodA.13.17.1 Specialized Arguments(stream <file-stream>): A �le stream.A.13.17.2 ResultA non-() value if stream is open, otherwise ().A.13.18 close generic functionA.13.18.1 Generic Arguments(stream <stream>): A stream.A.13.18.2 ResultIf stream is open, it is closed. Returns ()).A.13.19 close methodA.13.19.1 Specialized Arguments(stream <file-stream>): A �le stream.A.13.19.2 ResultIf stream is open, it is closed. Returns ()).A.13.20 write-unit generic functionA.13.20.1 Generic Arguments(stream <stream>): A stream.(object <object>): An object. 57



Programming Language EuLisp, version 0.95A.13.20.2 ResultThe object is written to stream. Returns ().A.13.21 write-unit methodA.13.21.1 Specialized Arguments(stream <file-stream>): A �le stream.(character <character>): A character.A.13.21.2 ResultIf the transaction unit of stream is <character>, the char-acter is written to stream. Returns ().A.13.22 write-unit methodA.13.22.1 Specialized Arguments(stream <file-stream>): A �le stream.(integer <spint>): A single precision integer.A.13.22.2 ResultIf the transaction unit of stream is <spint>, the integer iswritten to stream. Returns ().A.13.23 write functionA.13.23.1 Argumentsobject:[stream]:A.13.23.2 ResultIf stream is open, object is output on stream.A.13.24 generic-write generic functionA.13.24.1 Generic Arguments(stream <stream>): The stream on which object is to beoutput.(object <object>): The object to be output on stream.A.13.24.2 ResultIf stream is open, object is output on stream.A.13.24.3 See also: Sections on the di�erent classes de-�ned at level-0 for methods oon this function.

A.13.25 prin functionA.13.25.1 Argumentsobject:[stream]:A.13.25.2 ResultIf stream is open, object is output on stream.A.13.26 generic-prin generic functionA.13.26.1 Generic Arguments(stream <stream>): The stream on which object is to beoutput.(object <object>): The object to be output on stream.A.13.26.2 ResultIf stream is open, object is output on stream.A.13.26.3 See also: Sections on the di�erent classes de-�ned at level-0 for methods oon this function.A.13.27 read-unit generic functionA.13.27.1 Generic Arguments(stream <stream>): A stream.A.13.27.2 ResultThe next object input from stream. The class of the objectis restricted to that of the transaction unit of the stream.A.13.28 read-unit methodA.13.28.1 Specialized Arguments(stream <file-stream>): A �le stream.A.13.28.2 ResultAn object representing the next transaction unit input fromstream. The class of this object is determined by the trans-action unit property of stream.A.13.29 read functionA.13.29.1 Arguments[stream]: An instance of stream.58



Programming Language EuLisp, version 0.95A.13.29.2 ResultAn object corresponding to the next element processed byread from stream.A.13.29.3 RemarksWhen a syntax error is detected an error is signaled (condi-tion: syntax-error). The position of the stream being readis unde�ned after such an error occurs.A.13.30 generic-read generic functionA.13.30.1 Generic Arguments(stream <stream>): A stream.(prototype <object>): An object.A.13.30.2 ResultThe next object input from stream.A.13.31 generic-read methodA.13.31.1 Specialized Arguments(stream <file-stream>): A �le stream.(prototype <object>): An object.A.13.31.2 ResultThe next object input from stream. What is protptype for?A.13.32 peek-unit generic functionA.13.32.1 Generic Arguments(stream <stream>): A stream.A.13.32.2 ResultThe next object that could be input from stream. The classof the object is restricted to that of the transaction unit ofthe stream.A.13.33 peek-unit methodA.13.33.1 Specialized Arguments(stream <file-stream>): A �le stream.A.13.33.2 ResultAn object representing the next transaction unit that oculdbe input from stream. The class of this object is determinedby the transaction unit property of stream.

A.13.34 flush generic functionA.13.34.1 Generic Arguments(stream <stream>): A stream.A.13.34.2 ResultAny remaining bu�ered output to stream is forced out.A.13.35 flush methodA.13.35.1 Specialized Arguments(stream <file-stream>): A �le stream.A.13.35.2 ResultAny remaining bu�ered output to stream is forced out.A.13.36 wait methodA.13.36.1 Specialized Arguments(stream <file-stream>): The file-stream> on whichto wait.(timeout <object>): The timeout period.A.13.36.2 ResultReturns stream if stream is an input-stream or an io-streamand has input available.A.13.36.3 See also: wait.
59



Programming Language EuLisp, version 0.95A.14 StringsThe de�ned name of this module is string.A.14.1 string syntaxString literals are delimited by the string-begin and string-end glyphs, which are both de�ned as the glyph called quo-tation mark ("). For example, "abcd".Sometimes it might be desirable to include string delimitercharacters in strings. The aim of escaping in strings is to ful-�ll this need. The string-escape glyph is de�ned as reversesolidus (\). String escaping can also be used to include cer-tain other characters that would otherwise be di�cult to de-note. The set of named special characters (see section A.1)have a particular syntax to allow their appearance in strings.To allow arbitrary characters to appear in strings, the argu-ment to the hex-insertion digram is an integer denoting theposition of the character in the current character set. In thecase of hex insertion, each d denotes any hexadecimal digit.A summary of string-escape digrams appears in Table A.11.Some examples of string literals appear in Table A.12.Table A.11 | String escape digramsDigram Interpretation\a alert\b backspace\d delete\f formfeed\l linefeed\n newline\r return\t tab\v vertical-tab\" string-begin\" string-end\\ string-escape\xdddd hex-insertionThe syntax for the external representation of strings is de-�ned in Table A.13.NOTE | At present this document refers to the \current char-acter set" but de�nes no means of selecting alternative charactersets. This is to allow for future extensions and implementation-de�ned extensions which support more than one character set.The function write outputs a re-readable form of any es-caped characters in the string. For example, "a\n\\b" (inputnotation) is the string containing the characters #\newline,#\a, #\\ and #\b. The function write produces "a\n\\b",whilst prin producesa\bCharacters which do not have a glyph associated with theirposition in the character set are output as a hex insertionin which all four hex digits are speci�ed, even if there areleading zeros. The function prin outputs the interpretationof the characters according to the de�nitions in section A.1and omits the string-begin and string-end characters.

Table A.12 | Examples of string literalsExample Contents"a\nb" #\a, #\newline and #\b"c\\" #\c and #\\"\x1 " #\x1 followed by #\space"\xabcde" #\xabcd followed by #\e"\x1\x2" #\x1 followed by #\x2"\x12+" #\x12 followed by #\+"\xabcg" #\xabc followed by #\g"\x00abc" #\xab followed by #\cA.14.2 <string> classThe class of all instances of <string>.A.14.2.1 Init-optionssize spint: The number of characters in the string.Strings are zero-based and thus the maximum index issize-1. If not supplied the size is zero.fill character: A character with which to initialize thestring. If not supplied the �ll character is #\x0.A.14.3 stringp functionA.14.3.1 Argumentsobj: Object to examine.A.14.3.2 ResultReturns obj if obj is an instance of a subclass string, other-wise ().A.14.4 string-ref functionA.14.5 (setter string-ref) setterA.14.5.1 Argumentsstring: Source string.n: An instance of single-precision-integer.character: An instance of character (for setter).A.14.5.2 ResultAccess and update elements of a string. It is an error if nis outside the range zero to one less than the length of thestring.A.14.6 (converter pair) methodA.14.6.1 Specialized Arguments60



Programming Language EuLisp, version 0.95Table A.13 | String Syntaxstring ::= string-begin string-char� string-endstring-begin ::= "string-char ::= normal-char j escape-diphthongstring-end ::= "normal-char ::= any-character-begin-end-or-escape-exceptedescape-diphthong ::= string-escape string-insertionstring-escape ::= \string-insertion ::= string-begin j string-end j string-escape j hex-insertion j string-newlinehex-insertion ::= string-hex digit(16) [digit(16) [digit(16) [digit(16)]]]string-newline ::= n j Nstring-hex ::= x j X(string <string>): A string to be converted to a list ofcharacters.A.14.6.2 ResultConstructs and returns a proper list of characters, the ele-ments of which correspond to the characters in the externalrepresentation of the instance of string as would be gener-ated by write.A.14.7 equal methodA.14.7.1 Specialized Arguments(string1 <string>): an instance of string.(string2 <string>): an instance of string.A.14.7.2 ResultIf the length of each instance of string is the same, then theresult is the conjunction of the pairwise application of equalto the elements of the arguments. If not the result is ().A.14.8 copy methodA.14.8.1 Specialized Arguments(string <string>): A string.A.14.8.2 ResultConstructs and returns an instance of string, whose char-acters are the same as the source and such that the resultingstring is the same (under equal) as the source.A.14.9 length methodA.14.9.1 Specialized Arguments(string <string>): An instance of string.A.14.9.2 ResultReturns the number of characters in string.

A.14.10 string-lt functionA.14.10.1 Argumentsstring1 string2: Two instances of string.A.14.10.2 ResultIf the sequence of characters in string1 is alphabetically lessthan that in string2 returns t, else ().A.14.11 string-slice functionA.14.11.1 Argumentsstring: An instance of string.start: An instance of single-precision-integer.: An instance of single-precision-integer.A.14.11.2 ResultReturns a newly allocated string containing the charactersof string starting at start up to end.A.14.12 string-append functionA.14.12.1 Argumentsstring1 string2: Two instances of string.A.14.12.2 ResultReturns a newly allocated string containing the charactersof string1 followed by the characters of string2.A.14.13 generic-prin methodA.14.13.1 Specialized Arguments(string <string>): String to be ouptut on stream.(stream <stream>): Stream on which string is to be oup-tut. 61



Programming Language EuLisp, version 0.95A.14.13.2 ResultThe string string.Output external representation of string on stream as de-scribed in the introduction to this section, interpreting eachof the characters in the string. The opening and closing quo-tation marks are not output.A.14.14 generic-write methodA.14.14.1 Specialized Arguments(string <string>): String to be ouptut on stream.(stream <stream>): Stream on which string is to be oup-tut.A.14.14.2 ResultThe string string.Output external representation of string on stream as de-scribed in the introduction to this section, replacing singlecharacters with escape sequences if necessary. Opening andclosing quotation marks are output.
A.15 SymbolsThe de�ned name of this module is symbol.A.15.1 symbol syntaxThe syntax of symbols also serves as the syntax for identi-�ers. Identi�ers in EULISP are very similar lexically to iden-ti�ers in other Lisps and in other programming languages.Informally, an identi�er is a sequence of alphabetic, digit andother characters starting with a character that is not a digit.Characters which are special (see section A.1) must be es-caped if they are to be used in the names of identi�ers.However, because the common notations for arithmetic oper-ations are the glyphs for plus (+) and minus (-) have anotheruse to indicate the sign of a number, these glyphs are classi-�ed as identi�ers in their own right as well as being part ofthe syntax of a number.Sometimes, it might be desirable to incorporate charactersin an identi�er that are normally not legal constituents. Theaim of escaping in identi�ers is to change the meaning ofparticular characters so that they can appear where they areotherwise illegal. Identi�ers containing characters that arenot ordinarily legal constituents can be written by delimitingthe sequence of characters by multiple-escape, the glyph forwhich is called vertical bar (|). The multiple-escape denotesthe beginning of an escaped part of an identi�er and thenext multiple-escape denotes the end of an escaped part ofan identi�er. A single character that would otherwise notbe a legal constituent can be written by preceding it withsingle-escape, the glyph for which is called reverse solidus(\). Therefore, single-escape can be used to incorporate themultiple-escape or the single-escape character in an identi�er,delimited (or not) by multiple-escapes. For example, |).(|is the identi�er whose name contains the three characters#\), #\. and #\(, and a|b| is the identi�er whose namecontains the characters #\a and #\b. The sequence || isthe identi�er with no name, and so is ||||, but |\|| is theidenti�er whose name contains the single character |, whichcan also be written \|, without delimiting multiple-escapes.Any identi�er can be used as a literal, in which cases it de-notes a symbol. Because there are two escaping mechanismsand because the �rst character of a token a�ects the inter-pretation of the remainder, there are many ways in which toinput the same identi�er. If this identi�er is used as a literalthe results of processing each token denoting the identi�erwill be eq to one another. For example, the following tokensall denote the same symbol:|123|, \123, |1|23, ||123, ||||123which will be output by the function write as |123|. If out-put by write, the representation of the symbol will permitreconstruction by read|escape characters are preserved|so that equivalence is maintained between read and writefor symbols. For example: |a(b| and abc.def are two sym-bols as output by write such that read can read them astwo symbols. If output by prin, the escapes necessary tore-read the symbol will not be included. Thus, taking thesame examples, prin outputs a(b and abc.def, which readinterprets as the symbol a followed by the start of a list, thesymbol b and the symbol abc.def.The syntax of the external representation of identi�ers and62



Programming Language EuLisp, version 0.95Table A.14 | Identi�er/Symbol Syntaxsymbol ::= identi�eridenti�er ::= normal-identi�er j peculiar-identi�ernormal-identi�er ::= non-digit constituent�peculiar-identi�er ::= sign-identi�er j point-identi�ersign-identi�er ::= fsign j sign fnon-digit j sign j pointgg constituent�point-identi�er ::= point fnon-digit j sign j pointg constituent�constituent ::= non-digit j digit j sign j pointalphanumeric ::= alphabetic j digitnon-digit ::= alphabetic j other j escapedescaped ::= single-escaped j multiple-escapedmultiple-escaped ::= multiple-escape fsingle-escaped j non-escapeg� multiple-escapesingle-escaped ::= single-escape fany-charactergnon-escape ::= not(single-escape, multiple-escape)multiple-escape ::= |single-escape ::= \point ::= .symbols is de�ned in Table A.14.A.15.2 <symbol> classThe class of all instances of <symbol>.A.15.2.1 Init-optionsstring string: The string containing the characters to beused to name the symbol.A.15.3 symbolp functionA.15.3.1 Argumentsobj: Object to examine.A.15.3.2 ResultReturns obj if obj is an instance of a subclass of symbol.A.15.4 gensym functionA.15.4.1 Arguments[string]: A string contain characters to be prepended tothe name of the new symbol.A.15.4.2 ResultMakes a new symbol with a name generated by a processor-de�ned mechanism. Optionally, a pre�x string for this namemay be speci�ed.A.15.5 symbol-name functionA.15.5.1 Argumentssymbol: An instance of symbol.

A.15.5.2 ResultReturns a stringwhich is equal to that given as the argumentto the call to make-symbol which created symbol.A.15.6 symbol-exists-p functionA.15.6.1 Argumentsstring: A string containing the characters to be used todetermine the existence of a symbol with that name.A.15.6.2 ResultReturns the symbol whose name is string if that symbol hasalready been constructed by make-symbol. Otherwise, re-turns ().A.15.7 generic-prin methodA.15.8 generic-write methodA.15.8.1 Specialized Arguments(symbol <symbol>): The symbol to be output on stream.(stream <stream>): The stream on which the represen-tation is to be output.A.15.8.2 ResultThe symbol supplied as the �rst argument.A.15.8.3 RemarksOutputs the external representation of symbol on stream asdescribed in the introduction to this section, interpretingeach of the characters in the name.A.15.9 generic-write methodA.15.9.1 Specialized Arguments 63



Programming Language EuLisp, version 0.95(symbol <symbol>): The symbol to be output on stream.(stream <stream>): The stream on which the represen-tation is to be output.A.15.9.2 ResultThe symbol supplied as the �rst argument.A.15.9.3 RemarksOutputs the external representation of symbol on stream asdescribed in the introduction to this section. If any charac-ters in the name would not normally be legal constituents ofan identi�er or symbol, the output is preceded and succeededby multiple-escape characters.
A.16 TablesThe de�ned name of this module is table. Tables provide ageneral key to value association mechanism.A.16.1 <table> classThe class of all instances of <table>.A.16.1.1 Init-optionscomparator function: The function to be used to com-pare keys.A.16.2 tablep functionA.16.2.1 Argumentsobj: Object to examine.A.16.2.2 ResultReturns obj is obj is an instance of table.A.16.3 table-ref functionA.16.3.1 Argumentstable: An instance of table.key: An object to be used to identify an entry in thetable.[no-entry-value]: An object to be returned in the casethat key is not found.A.16.3.2 ResultIf key is in table, matched by the comparator function, thenthe associated value is returned. If key is not in table, thevalue () is returned. However, if the optional parameterno-entry-value is provided and key is not in table, the valueno-entry-value is returned.A.16.4 (setter table-ref) setterA.16.4.1 Argumentstable: An instance of table.key: An object to be used to identify an entry (new orexisting) in the table.value: An object to be associated with key in table.A.16.4.2 ResultIf key does not occur in table a new entry is made associatingkey and value. If key does occur, then the association ischanged to value. value-obj is returned.64



Programming Language EuLisp, version 0.95A.16.5 table-delete functionA.16.5.1 Argumentstable: An instance of table.key: An object to be used to identify an entry (new orexisting) in the table.A.16.5.2 ResultIf key occurs in table, both the key and its associated valueare deleted from the table. If key does not occur in table, noaction is taken.A.16.6 generic-prin methodA.16.7 generic-write methodA.16.7.1 Argumentstable: The table to be output on stream.stream: The stream on which the representation is to beoutput.A.16.7.2 ResultThe table supplied as the �rst argument.A.16.7.3 RemarksOutput the external representation of table on stream.The external representation of instances of table isimplementation-de�ned.

Table A.15 | Vector Syntaxvector ::= extension vector-begin obj� vector-endextension ::= #vector-begin ::= (vector-end ::= )A.17 VectorsThe de�ned name of this module is vector.A.17.1 vector syntaxA vector is written as #(obj1 . . .objn). For example:#(1 2 3) is a vector of three elements, the integers 1, 2and 3. The representations of obji are determined by theexternal representations de�ned in other sections of thisde�nition (see <character>(A.1), <double-float>(A.6),<null>(A.9), <pair>(A.11), <spint>(A.12), <string>(A.14)and <symbol>(A.15), as well as instances of <vector> itself.The syntax for the external representation of vectors is de-�ned in Table A.15.A.17.2 <vector> classThe class of all instances of <vector>.A.17.2.1 Init-optionssize spint: The number of elements in the vector. Vec-tors are zero-based and thus the maximum index is size-1.If not supplied the size is zero.fill object: An object with which to initialize the string.If not supplied the �ll object is ().A.17.3 vectorp functionA.17.3.1 Argumentsobj: Object to examine.A.17.3.2 ResultReturns obj if obj is an instance of vector.A.17.4 length methodA.17.4.1 Argumentsvector: A vector.A.17.4.2 ResultReturns the length of vector, which is the maximum indexplus one. 65



Programming Language EuLisp, version 0.95A.17.5 vector-ref functionA.17.6 (setter vector-ref) setterA.17.6.1 Argumentsvector: A vector.n: An integer to specify the index of an element in thevector.obj: An object to be stored as element n of vector.A.17.6.2 ResultThe accessor returns and the updator changes the contentsof the nth index of vector. The value stored in index positionn is obj, which is returned.A.17.7 make-initialized-vector functionA.17.7.1 Argumentsobj1 obj2 ... objn: A sequence of objects.A.17.7.2 ResultAllocate a vector of size n and store obj1 in (vector-refv 0), obj2 in position (vector-ref v 1), up to objn in(vector-ref v n-1). Returns the initialized vector.A.17.8 maximum-vector-index integerA.17.8.1 RemarksThis is an implementation-de�ned constant. A conformingprocessor must support a maximum vector index of at least32767.A.17.9 (converter pair) methodA.17.9.1 Argumentsvector: A vector.A.17.9.2 ResultConstructs and returns a proper list, the elements of whichcorrespond to the elements stored in the instance of vector.A.17.10 equal methodA.17.10.1 Argumentsvector1: an instance of vector.vector2: an instance of vector.

A.17.10.2 ResultIf the maximum index of each instance of vector is the same(under =), then the result is the conjunction of the pairwiseapplication of equal to the elements of the arguments. Ifnot the result is ().A.17.11 copy methodA.17.11.1 Argumentsvector: A vector.A.17.11.2 ResultConstructs and returns an instance of vector, whose ele-ments are the same as those of the source (under eql), sothat the resulting vector is the same (under equal) as thesource.A.17.12 generic-prin methodA.17.13 generic-write methodA.17.13.1 Argumentsvector: the vector to be ouptut on streamstream: the stream on which the representation is to beoutput.A.17.13.2 ResultThe vector supplied as the �rst argument.A.17.13.3 RemarksOutput the external representation of pair on stream as de-scribed in the introduction to this section. Both methodscall the generic function again to produce the external rep-resentation of the elements stored in the vector.
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Programming Language EuLisp, version 0.95Annex B(normative)Programming Language EuLisp, Level-1B.1 Classes and ObjectsB.1.1 defclass de�ning formB.1.1.1 Syntax(defclass class-name (superclass�) (slot-description�)class-option�)B.1.1.2 Argumentsclass-name: A symbol naming a binding to be initialisedwith the new class.(superclass�): A list of symbols naming bindings ofclasses to be used as the superclasses of the new class.This is di�erent from defcalss at level-0, where only onesuperclass may be speci�ed.(slot-description�): A list of slot speci�cations (see be-low), comprising either a slot-name or a list of a slot-namefollowed by some slot-options. An additional class optionat level-1 allows for the speci�cation of the class of the slotdescription.class-option�: A sequence of keys and values (see below).An additional class options at level-1 allows for the speci-�cation of the metaclass of the class.B.1.1.3 RemarksThis de�ning form de�nes a new class. The resulting classwill be bound to class-name. The second argument is a list ofsuperclasses. If this list is empty, the superclass is <object>.The third argument is a list of slot-descriptions. The remain-ing arguments are class options. The syntax of defclass isgiven in Table B.1.Table B.1 | defclass syntax (level-1)class-name ::= identi�ersuperclass ::= f<class> or one of its subclassesgslot-description ::= slot-name j(slot-name slot-option�)slot-name ::= identi�erslot-option ::= slot-class slot-description-class jidenti�er expressionlevel-0-slot-optionclass-option ::= metaclass class-name jidenti�er expressionlevel-0-class-optionThe additional slot-options are:slot-class class: The corresponding value is a sub-class of <slot-description>. An implementationconforming at level-1 provides the slot descriptionclass <local-slot-description>, for slots particu-lar to instances. Extension modules can de�ne

<shared-slot-description>, for slots whose values areshared by all the instances of the class. New slot descrip-tion classes can be de�ned and used here. This option canonly be speci�ed once for a particular slot. Within a classdi�erent slots can have di�erent slot description classes.identi�er expression: The symbol named by identi�erand the value of expression are passed to make of the slotdescription class along with other slot options. The valuesare evaluated in the lexical and dynamic environment ofthe defclass. For the language de�ned slot descriptionclasses, no slot initargs are de�ned which are not speci�edby particular defclass slot options.The additional class-options are:metaclass class: The value of this option is the class ofthe new class. By default, this is <class>. This optionmust only be speci�ed once for the new class.identi�er expression: The symbol named by identi�erand the value of expression are passed to make on the classof the new class. This list is appended to the end of thelist that defclass constructs. The values are evaluatedin the lexical and dynamic environment of the defclass.This option is used for metaclasses which need extra in-formation not provided by the standard options.
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Programming Language EuLisp, version 0.95B.2 Generic FunctionsB.2.1 defgeneric de�ning formB.2.1.1 Syntax(defgeneric gf-name gen-lambda-list level-1-init-option�)B.2.1.2 Argumentsgf-name: As level-0. See section 12.1.1.lambda-list: As level-0. See section 12.1.1.init-option�: Format as level-0, but with additional op-tions, which are de�ned below.B.2.1.3 RemarksThis de�ning form de�nes a new generic function. The re-sulting generic function will be bound to gf-name. The sec-ond argument is the formal parameter list. An error is sig-naled (condition: non-congruent-lambda-lists) if any ofthe methods de�ned on this generic function do not havelambda lists congruent to that of the generic function. Thisapplies both to methods de�ned at the same time as thegeneric function and to any methods added subsequently bydefmethod or add-method. An init-option is a identi�er fol-lowed by its initial value. The syntax of defgeneric is anextension of the level-0 syntax|see Table B.2.The additional init-options are interpreted as follows:class gf-class: The class of the new generic function.This must be a subclass of <generic-function>. The de-fault is <generic-function>.method-class method-class: The class of all methods tobe de�ned on this generic function. All methods of ageneric function must be instances of this class or of oneof its subclasses. The method class must be a subclass of<method> and is, by default, <method>.identi�er expression: The symbol named by identi�erand the value of expression are passed to make on the in-stance of the new generic function and each new method.The values are evaluated in the lexical and dynamic envi-ronment of the defgeneric. This option is used for classeswhich need extra information not provided by the stan-dard options.B.2.1.4 ExamplesIn the following example of the use of defgeneric a genericfunction named gf-1 is de�ned. The di�erences between thisfunction and gf-0 (see 12.1.1) area) The class of the generic function is speci�ed(<another-gf-class>) along with some init-options re-lated to the creation of an instance of that class.b) The class of the methods to be attached to thegeneric function is speci�ed (<another-method-class>)along with an init-option related to the creation of an in-stance of that class.

(defgeneric gf-1 (arg1 (arg2 <class-a>))class <another-gf-class>class-key-a class-value-aclass-key-b class-value-bmethod (method-class <another-method-class-a>method-class-a-key-a method-class-a-value-a((m1-arg1 <class-b>) (m1-arg2 <class-c>))...)method (method-class <another-method-class-b>method-class-b-key-a method-class-b-value-a((m2-arg1 <class-d>) (m2-arg2 <class-e>))...)method (method-class <another-method-class-c>method-class-c-key-a method-class-c-value-a((m3-arg1 <class-f>) (m3-arg2 <class-g>))...))B.2.2 defmethod macroB.2.2.1 Syntax(defmethod method-init-option� gf-name spec-lambda-listform�)or(defmethod method-init-option� (setter identi�er) spec-lambda-list form�)or(defmethod method-init-option� (converter identi�er)spec-lambda-list form�)B.2.2.2 RemarksThe syntax of defmethod is extended to accept init-optionsfor the method-class of the generic function to which themethod is to be attached. Otherwise, the behaviour is asthat de�ned in level-0.B.2.3 generic-lambda macroB.2.3.1 Syntax(generic-lambda lambda-list level-1-init-option�)B.2.3.2 Remarksgeneric-lambda creates and returns an anonymous genericfunction that can be applied immediately, much like the nor-mal lambda. The �rst argument is a lambda list, whilethe init-options are interpreted exactly as for the level-1de�nition of defgeneric. An error is signaled (condition:no-applicable-method) if an attempt is made to apply ageneric function which has no applicable methods for theclasses of the arguments supplied.B.2.3.3 ExamplesIn the following example an anonymous version of gf-1 (seedefgeneric above) is de�ned. In all other respects the re-sulting object is the same as gf-1.(generic-lambda (arg1 (arg2 <class-a>))class <another-gf-class>class-key-a class-value-a68



Programming Language EuLisp, version 0.95Table B.2 | defgeneric syntax (level-1)level-1-init-option ::= level-0-init-option jclass gf-class jmethod-class method-class jmethod (level-1-method-description) jgf-init-optiongf-class ::= a subclass of <generic-function>method-class ::= a subclass of <method>level-1-method-description ::= (method-init-option� spec-lambda-list form�)gf-init-option ::= identi�er expressionmethod-init-option ::= identi�er expressionclass-key-b class-value-bmethod (method-class <another-method-class-a>method-class-a-key-a method-class-a-value-a((m1-arg1 <class-b>) (m1-arg2 <class-c>))...)method (method-class <another-method-class-b>method-class-b-key-a method-class-b-value-a((m2-arg1 <class-d>) (m2-arg2 <class-e>))...)method (method-class <another-method-class-c>method-class-c-key-a method-class-c-value-a((m3-arg1 <class-f>) (m3-arg2 <class-g>))...))B.2.3.4 See also: defgeneric.B.2.4 generic-labels macroB.2.4.1 Syntax(generic-labels (lambda-list level-1-init-option�) form�)B.2.4.2 RemarksThis form is analogous to the normal labels. The �rst ar-gument is a binding list, of the same form as that speci�edfor the level-1 de�nition of defgeneric. The lexical environ-ment of each de�ned generic function includes the others,just like labels.B.2.4.3 ExamplesIn the following example, two generic functions (gf-1a andgf-1b) are de�ned. In addition the same init-options,namely class and method-class can be speci�ed.(generic-labels ((gf-1a (arg1 (arg2 <class-a>))method (method-class <another-method-class-a>method-class-a-key-a method-class-a-value-a((m1-arg1 <class-b>) (m1-arg2 <class-c>))...)method (method-class <another-method-class-b>method-class-b-key-a method-class-b-value-a((m2-arg1 <class-d>) (m2-arg2 <class-e>))...)method (method-class <another-method-class-c>method-class-c-key-a method-class-c-value-a((m3-arg1 <class-f>) (m3-arg2 <class-g>))...))(gf-1b ((arg1 <class-b>) (arg2 <class-c>))method (((m1-arg1 <class-b>) (m1-arg2 <class-c>))

...)method (((m2-arg1 <class-d>) (m2-arg2 <class-e>))...)))...)
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Programming Language EuLisp, version 0.95B.3 Reection on ObjectsThe only reective capability of any object is the access toits class, that is, introspection.B.3.1 class-of functionB.3.1.1 Argumentsobject: An object.B.3.1.2 ResultThe class of the object.B.3.1.3 Remarksclass-of is a total function capable of taking any entity inthe system and returning an object representing the class ofthat entity. The composition of this function with itself is afunction that returns the metaclass of an object. class-ofis a reective operation.B.3.1.4 ExamplesIn the following examples we explore the class hierarchystarting from the single precision integer 1.(class-of 1)! #<single-precision-integer>(class-of (class-of 1))! #<class>(class-of (class-of (class-of 1)))! #<metaclass>(class-of (class-of (class-of (class-of 1))))! #<metaclass>

Table B.3 | Slot Description Metaobject Classes<object> [<abstract-class>]<class> [<metaclass>]<metaclass> [<metaclass>]<abstract-class> [<metaclass>]<slot-description> [<class>]B.4 Reection on Classes and Slot DescriptionsStandard classes are not rede�nable and support single in-heritance only. General multiple inheritance or mixin in-heritance can be provided by extensions. Nor is it possi-ble to use a class as a superclass which is not de�ned atthe time of class de�nition. Again, such forward referencefacilities can be provided by extensions. The distinctionbetween metaclasses and non-metaclasses is made explicitby a special class, named <metaclass>, which is the classof all metaclasses. This is di�erent from ObjVlisp, wherewhether a class is a metaclass depends on the superclass listof the class in question. It is implementation-de�ned whether<metaclass> itself is specializable or not. This implies thatimplementations are free to restrict the instantiation tree(excluding the sel�nstantiation loop of <metaclass>) to adepth of three levels.The minimal information associated with a class metaobjectis:a) The name, which has no semantic e�ect.b) The class precedence list, ordered most speci�c �rst,beginning with the class itself.c) The list of (e�ective) slot descriptions.d) The list of (e�ective) initargs.Standard classes support local slots only. Shared slots can beprovided by extensions. The minimal information associatedwith a slot description metaobject is:a) The name, which is required to perform inheritancecomputations.b) The initfunction, called by default to compute theinitial slot value when creating a new instance.c) The reader, which is a function to read the correspond-ing slot value of an instance.d) The writer, which is a function to write the corre-sponding slot of an instance.The metaobject classes de�ned for slot descriptions at level-1are shown in Table B.3.B.4.1 <slot-description> classThe abstract class of all slot descriptions.B.4.2 <local-slot-description> classThe class of all local slot descriptions.70



Programming Language EuLisp, version 0.95B.4.2.1 Init-optionsname string: The name of the slot; useful for debuggingonly.reader function: The function to access the slot.writer function: The function to update the slot.initfunction function: The function to compute theinitial value in the absence of supplied value.B.4.3 class-name functionB.4.3.1 Argumentsclass: A class.B.4.3.2 ResultThe symbol which was given as the �rst argument todefstruct or defclass when the class was de�ned.B.4.3.3 RemarksThe class name has no signi�cance other than for debugging.B.4.4 class-precedence-list functionB.4.4.1 Argumentsclass: A class.B.4.4.2 ResultA list of classes, which are the superclasses of class in orderof increasing generality.B.4.4.3 RemarksThe class precedence list controls the inheritance of slots andmethods.B.4.5 class-slot-descriptions functionB.4.5.1 Argumentsclass: A class.B.4.5.2 ResultA list of slot-descriptions, one for each of the slots of aninstance of class.B.4.5.3 RemarksThe slot-descriptions determine the instance size (number ofslots) and the slot access.

B.4.6 class-initargs functionB.4.6.1 Argumentsclass: A class.B.4.6.2 ResultA list of symbols, corresponding to the slot names speci�edwhen the class was de�ned and any additional keywords forslot-options or class-options.B.4.6.3 RemarksThe initargs contain the legal keywords which can be usedto initialize instances of the class.B.4.7 slot-description-name functionB.4.7.1 Argumentsslot-description: A slot description.B.4.7.2 ResultThe symbol which was used to name the slot when the class,of which the slot-description is part, was de�ned.B.4.7.3 RemarksThe slot description name is used to identify a slot descrip-tion in a class. It has no e�ect on bindings.B.4.8 slot-description-initfunction functionB.4.8.1 Argumentsslot-description: A slot description.B.4.8.2 ResultA function.B.4.9 slot-description-slot-reader functionB.4.9.1 Argumentsslot-description: A slot description.B.4.9.2 ResultA function.B.4.10 slot-description-slot-writer functionB.4.10.1 Argumentsslot-description: A slot description. 71



Programming Language EuLisp, version 0.95B.4.10.2 ResultA function.B.5 De�ning MetaclassesB.5.1 defmetaclass de�ning formB.5.1.1 Syntax(defmetaclass class-name superclass (slot-description�)class-option�)B.5.1.2 Argumentsclass-name: A symbol naming a binding to be initialisedwith the new class.superclass: A symbol naming a binding of a class to beused as the superclass of the new class.(slot-description�): A list of slot speci�cations (see be-low).class-option�: A sequence of symbols (see below).B.5.1.3 RemarksThis de�ning form de�nes a new metaclass. The resultingmetaclass will be bound to class-name. The second argu-ment is a superclass. A valid class-option is predicate.B.6 Initializing ClassesB.6.1 initialize methodB.6.1.1 Specialized Arguments(class <class>): A class.(initlist <list>): A list of initialization options as fol-lows:name symbol: Name of the class being initialized.direct-superclasses list: List of direct superclasses.direct-slot-descriptions list: List of slot speci�ca-tions.direct-initargs list: List of direct initargs.B.6.1.2 ResultThe initialized class.B.6.1.3 RemarksThe initialization of a class takes place as follows:a) Check compatibility of direct superclassesb) Perform the logical inheritance computations of:1) class precedence list

2) initargs3) slot descriptionsc) Compute new slot accessors and ensure all (new andinherited) accessors to work correctly on instances of thenew class.d) Make the results accessible by class readers.The basic call structure is laid out in Figure B.1B.7 Initializing Slot DescriptionsB.7.1 initialize methodB.7.1.1 Specialized Arguments(slot-description <slot-description>): A slot descrip-tion.(initlist <list>): A list of initialization options as fol-lows:name symbol: The name of the slot.initfunction function: A function.B.7.1.2 ResultThe initialized slot description.B.8 Inheritance ProtocolB.8.1 compatible-superclasses-p generic functionB.8.1.1 Generic Arguments(class <class>): Class being de�ned.(direct-superclasses <list>): List of potential direct su-perclasses.B.8.1.2 ResultTrue or false.B.8.1.3 RemarksChecks compatibility between class and the list of direct su-perclasses.B.8.2 compatible-superclasses-p methodB.8.2.1 Specialized Arguments(class <class>): Class being de�ned.(direct-superclasses <list>): List of potential direct su-perclasses.72



Programming Language EuLisp, version 0.95Figure B.1 | Initialization Call StructureCOMPATIBLE-SUPERCLASSES-P cl direct-superclasses -> booleanCOMPATIBLE-SUPERCLASS-P cl superclass -> booleanCOMPUTE-CLASS-PRECEDENCE-LIST cl direct-superclasses -> list(class)COMPUTE-INHERITED-INITARGS cl direct-superclasses -> list(list(initarg))COMPUTE-INITARGS cl direct-initargs <inherited-initargs> -> list(initarg)COMPUTE-INHERITED-SLOT-DESCRIPTIONS cl direct-superclasses -> list(list(slotd))COMPUTE-SLOT-DESCRIPTIONS cl direct-slotds <inherited-slotds> -> list(slotd)eitherCOMPUTE-DEFINED-SLOT-DESCRIPTION cl slotd-init-list -> slotdCOMPUTE-DEFINED-SLOT-DESCRIPTION-CLASS cl slotd-init-list -> slotd-classorCOMPUTE-SPECIALIZED-SLOT-DESCRIPTION cl inherited-slotds slotd-init-list -> slotdCOMPUTE-SPECIALIZED-SLOT-DESCRIPTION-CLASS cl inherited-slotds slotd-init-list -> slotd-classCOMPUTE-AND-ENSURE-SLOT-ACCESSORS cl <effective-slotds> <inherited-slotds> -> list(slotd)COMPUTE-SLOT-READER cl slotd <effective-slotds> -> functionCOMPUTE-SLOT-WRITER cl slotd <effective-slotds> -> functionENSURE-SLOT-READER cl slotd <effective-slotds> reader -> functionCOMPUTE-PRIMITIVE-READER-USING-SLOT-DESCRIPTION slotd cl <effective-slotds> -> functionCOMPUTE-PRIMITIVE-READER-USING-CLASS cl slotd <effective-slotds> -> functionENSURE-SLOT-WRITER cl slotd writer -> functionCOMPUTE-PRIMITIVE-WRITER-USING-SLOT-DESCRIPTION slotd cl <effective-slotds> -> functionCOMPUTE-PRIMITIVE-WRITER-USING-CLASS cl slotd <effective-slotds> -> functionB.8.2.2 ResultTrue or false.B.8.2.3 RemarksThe default method calls compatible-superclass-pon classand the �rst element of the direct-superclasses (single inher-itance assumption).B.8.3 compatible-superclass-p generic functionB.8.3.1 Generic Arguments(subclass <class>): Class being de�ned.(superclass <class>): Potential direct superclass.B.8.3.2 ResultTrue or false.B.8.3.3 RemarksChecks compatibility between a subclass being de�ned (�rstargument) and a potential superclass (second argument).B.8.4 compatible-superclass-p methodB.8.4.1 Specialized Arguments(subclass <class>): Class being de�ned.(superclass <class>): Potential direct superclass.B.8.4.2 ResultTrue or false.

B.8.4.3 RemarksThis method returns true, if the class of the �rst argumentis a subclass of the class of the second argument, false oth-erwise.B.8.5 compatible-superclass-p methodB.8.5.1 Specialized Arguments(subclass <class>): Class being de�ned.(superclass <abstract-class>): Potential direct super-class.B.8.5.2 ResultTrue.B.8.5.3 RemarksThis method always returns true.B.8.6 compatible-superclass-p methodB.8.6.1 Specialized Arguments(subclass <abstract-class>): Class being de�ned.(superclass <class>): Potential direct superclass.B.8.6.2 ResultFalse.B.8.6.3 RemarksThis method always returns false. 73



Programming Language EuLisp, version 0.95B.8.7 compute-class-precedence-list generic functionB.8.7.1 Generic Arguments(class <class>): Class being de�ned.(direct-superclasses <list>): List of direct superclasses.B.8.7.2 ResultList of classes.B.8.7.3 RemarksComputes and returns a list of classes which represents thelinearized inheritance hierarchy of class and the given listof direct superclasses, beginning with class and ending with<object>.B.8.8 compute-class-precedence-list methodB.8.8.1 Specialized Arguments(class <class>): Class being de�ned.(direct-superclasses <list>): List of direct superclasses.B.8.8.2 ResultList of classes.B.8.8.3 RemarksThis method can be considered to return a cons of its �rstargument and the class precedence list of the �rst elementof list (single inheritance assumption).B.8.9 compute-slot-descriptions generic functionB.8.9.1 Generic Arguments(class <class>): Class being de�ned.(direct-slot-descriptions <list>): A list of direct slot de-scriptions.(inherited-slot-descriptions <list>): A list of lists of in-herited slot descriptions.B.8.9.2 ResultList of e�ective slot descriptions.B.8.9.3 RemarksComputes and returns the list of e�ective slot descriptionsof class.B.8.9.4See also: compute-inherited-slot-descriptions.

B.8.10 compute-slot-descriptions methodB.8.10.1 Specialized Arguments(class <class>): Class being de�ned.(slot-specs <list>): List of (direct) slot speci�cations.(inherited-slot-description-lists <list>): A list of lists(in fact one list) of inherited slot descriptions.B.8.10.2 ResultList of e�ective slot descriptions.B.8.10.3 RemarksThe default method computes two sublists:a) Specialized slot descriptions by callingcompute-specialized-slot-description on class, eachinherited-slot-description wrapped by a list and the corre-sponding (same name) slot-speci�cation if there exits oneor () otherwise.b) New slot descriptions bycalling compute-defined-slot-description on class andeach slot-speci�cation which has no corresponding (samename) inherited-slot-description.The method returns the concatenation of these two lists asits result. The order of elements in the list is signi�cant.All specialized slot descriptions have the same position asin the e�ective slot descriptions list of the direct superclass(due to the single inheritance). The slot accessors (computedlater) may rely on this assumption minimizing the number ofmethods to one for all subclasses and minimizing the accesstime to an indexed reference.B.8.10.4See also: compute-specialized-slot-description,compute-defined-slot-description,compute-and-ensure-slot-accessors.B.8.11 compute-initargs generic functionB.8.11.1 Generic Arguments(class <class>): Class being de�ned.(initargs <list>): List of direct initargs.(inherited-initarg-lists <list>): A list of lists of inher-ited initargs.B.8.11.2 ResultList of symbols.B.8.11.3 RemarksComputes and returns all legal initargs for class.74



Programming Language EuLisp, version 0.95B.8.11.4 See also: compute-inherited-initargs.B.8.12 compute-initargs methodB.8.12.1 Specialized Arguments(class <class>): Class being de�ned.(initargs <list>): List of direct initargs.(inherited-initarg-lists <list>): A list of lists of inher-ited initargs.B.8.12.2 ResultList of symbols.B.8.12.3 RemarksThis method appends the second argument with the �rst ele-ment of the third argument (single inheritance assumption),removes duplicates and returns the result.B.8.13 compute-inherited-slot-descriptionsgeneric functionB.8.13.1 Generic Arguments(class <class>): Class being de�ned.(direct-superclasses <list>): List of direct superclasses.B.8.13.2 ResultList of lists of inherited slot descriptions.B.8.13.3 RemarksComputes and returns a list of e�ective slot description lists.B.8.13.4 See also: compute-slot-descriptions.B.8.14 compute-inherited-slot-descriptions methodB.8.14.1 Specialized Arguments(class <class>): Class being de�ned.(direct-superclasses <list>): List of direct superclasses.B.8.14.2 ResultList of lists of inherited slot descriptions.B.8.14.3 RemarksThe result of the default method is a list of one element: a listof e�ective slot descriptions of the �rst element of the secondargument (single inheritance assumption). Its result is usedby compute-slot-descriptions as an argument value.

B.8.15 compute-inherited-initargs generic functionB.8.15.1 Generic Arguments(class <class>): Class being de�ned.(direct-superclasses <list>): List of direct superclasses.B.8.15.2 ResultList of lists of symbols.B.8.15.3 RemarksComputes and returns a list of initarg-lists. Its result is usedby compute-initargs as an argument value.B.8.15.4 See also: compute-initargs.B.8.16 compute-inherited-initargs methodB.8.16.1 Specialized Arguments(class <class>): Class being de�ned.(direct-superclasses <list>): List of direct superclasses.B.8.16.2 ResultList of lists of symbols.B.8.16.3 RemarksThe result of the default method contains one list of legalinitargs of the �rst element of the second argument (singleinheritance assumption).B.8.17 compute-defined-slot-descriptiongeneric functionB.8.17.1 Generic Arguments(class <class>): Class being de�ned.(slot-spec <list>): Canonicalized slot speci�cation.B.8.17.2 ResultSlot description.B.8.17.3 RemarksComputes and returns a new e�ective slot description. Itis called by compute-slot-descriptions on each slot spec-i�cation which has no corresponding inherited slot descrip-tions.B.8.17.4See also: compute-defined-slot-description-class. 75



Programming Language EuLisp, version 0.95B.8.18 compute-defined-slot-description methodB.8.18.1 Specialized Arguments(class <class>): Class being de�ned.(slot-spec <list>): Canonicalized slot speci�cation.B.8.18.2 ResultSlot description.B.8.18.3 RemarksComputes and returns a new ef-fective slot description. Its class is determined by callingcompute-defined-slot-description-class.B.8.18.4See also: compute-defined-slot-description-class.B.8.19 compute-defined-slot-description-classgeneric functionB.8.19.1 Generic Arguments(class <class>): Class being de�ned.(slot-spec <list>): Canonicalized slot speci�cation.B.8.19.2 ResultSlot description class.B.8.19.3 RemarksDetermines and returns the slot description class correspond-ing to class and list .B.8.19.4 See also: compute-defined-slot-description.B.8.20 compute-defined-slot-description-classmethodB.8.20.1 Specialized Arguments(class <class>): Class being de�ned.(slot-spec <list>): Canonicalized slot speci�cation.B.8.20.2 ResultThe class <slot-description>.B.8.20.3 RemarksThis method just returns the class <slot-description>.

B.8.21 compute-specialized-slot-descriptiongeneric functionB.8.21.1 Generic Arguments(class <class>): Class being de�ned.(inherited-slot-descriptions <list>): List of inheritedslot descriptions.(slot-spec <list>): Canonicalized slot speci�cation or().B.8.21.2 ResultSlot description.B.8.21.3 RemarksComputes and returns a new e�ective slot description. It iscalled by compute-slot-descriptions on the class, each listof inherited slots with the same name and with the special-ising slot speci�cation list or () if no one is speci�ed withthe same name.B.8.21.4See also: compute-specialized-slot-description-class.B.8.22 compute-specialized-slot-description methodB.8.22.1 Specialized Arguments(class <class>): Class being de�ned.(inherited-slot-descriptions <list>): List of inheritedslot descriptions.(slot-spec <list>): Canonicalized slot speci�cation or().B.8.22.2 ResultSlot description.B.8.22.3 RemarksComputes and returns a new ef-fective slot description. Its class is determined by callingcompute-specialized-slot-description-class.B.8.22.4See also: compute-specialized-slot-description-class.B.8.23 compute-specialized-slot-description-classgeneric functionB.8.23.1 Generic Arguments(class <class>): Class being de�ned.76



Programming Language EuLisp, version 0.95(inherited-slot-descriptions <list>): List of inheritedslot descriptions.(slot-spec <list>): Canonicalized slot speci�cation or().B.8.23.2 ResultSlot description class.B.8.23.3 RemarksDetermines and returns the slot description class correspond-ing to (i) the class being de�ned, (ii) the inherited slot de-scriptions being specialized (iii) the specializing informationin slot-spec.B.8.23.4See also: compute-specialized-slot-description.B.8.24 compute-specialized-slot-description-classmethodB.8.24.1 Specialized Arguments(class <class>): Class being de�ned.(inherited-slot-descriptions <list>): List of inheritedslot descriptions.(slot-spec <list>): Canonicalized slot speci�cation or().B.8.24.2 ResultThe class <slot-description>.B.8.24.3 RemarksThis method just returns the class <slot-description>.B.9 Slot Access ProtocolThe slot access protocol is de�ned via accessors (readers andwriters) only. There is no primitive like CLOS's slot-value.The accessors are generic for standard classes, since theyhave to work on subclasses and should do the applicabilitycheck anyway. The key idea is that the discrimination onslot-descriptions and classes is performed once at class de�-nition time rather than again and again at slot access time.Each slot-description has exactly one reader and one writeras anonymous objects. If a reader/writer slot-option is speci-�ed in a class de�nition, the anonymous reader/writer of thatslot-description is bound to the speci�ed identi�er. Thus, ifa reader/writer option is speci�ed more than once, the sameobject is bound to all the identi�ers. If the accessor slot-option is speci�ed the anonymous writer will be installed asthe setter of the reader. Specialized slot-descriptions referto the same objects as those in the superclasses (single in-heritance makes that possible). Since the readers/writers aregeneric, it is possible for a subclass (at the meta-level) to addnew methods for inherited slot-descriptions in order to makethe readers/writers applicable on instances of the subclass.

A new method might be necessary if the subclasses have adi�erent instance allocation or if the slot positions cannotbe kept the same as in the superclass (in multiple inheri-tance extensions). This can be done during the initializationcomputations.B.9.1 compute-and-ensure-slot-accessorsgeneric functionB.9.1.1 Generic Arguments(class <class>): Class being de�ned.(slot-descriptions <list>): List of e�ective slot descrip-tions.(inherited-slot-descriptions <list>): List of inheritedslot descriptions.B.9.1.2 ResultList of e�ective slot descriptions.B.9.1.3 RemarksComputes new accessors or ensures that inherited accessorswork correctly for each e�ective slot description.B.9.2 compute-and-ensure-slot-accessors methodB.9.2.1 Specialized Arguments(class <class>): Class being de�ned.(slot-descriptions <list>): List of e�ective slot descrip-tions.(inherited-slot-descriptions <list>): List of inheritedslot descriptions.B.9.2.2 ResultList of e�ective slot descriptions.B.9.2.3 RemarksThe default method checks if it is a new slot description (notan inherited one). If yes,a) calls compute-slot-reader to compute a new slotreader and stores the result;b) calls compute-slot-writer to compute a new slotwriter and stores the result;If not, assumes that the inherited values remain valid. Last,it ensures the reader and writer to work correctly callingensure-slot-reader and ensure-slot-writer.B.9.3 compute-slot-reader generic functionB.9.3.1 Generic Arguments 77



Programming Language EuLisp, version 0.95(class <class>): Class.(slot-description <slot-description>): Slotdescription.(slot-descriptions <list>): List of e�ective slot descrip-tions.B.9.3.2 ResultFunction.B.9.3.3 RemarksComputes and returns a new slot reader applicable to in-stances of class returning the slot value corresponding toslot-description. The third argument can be used in order tocompute the logical slot position.B.9.4 compute-slot-reader methodB.9.4.1 Specialized Arguments(class <class>): Class.(slot-description <slot-description>): Slotdescription.(slot-descriptions <list>): List of e�ective slot descrip-tions.B.9.4.2 ResultGeneric function.B.9.4.3 RemarksThe default method returns a new generic function of oneargument without any methods. Its domain is class.B.9.5 compute-slot-writer generic functionB.9.5.1 Generic Arguments(class <class>): Class.(slot-description <slot-description>): Slotdescription.(slot-descriptions <list>): List of e�ective slot descrip-tions.B.9.5.2 ResultFunction.B.9.5.3 RemarksComputes and returns a new slot writer applicable to in-stances of class and any value to be stored as the new slotvalue corresponding to slot-description. The third argumentcan be used in order to compute the logical slot position.

B.9.6 compute-slot-writer methodB.9.6.1 Specialized Arguments(class <class>): Class.(slot-description <slot-description>): Slotdescription.(slot-descriptions <list>): List of e�ective slot descrip-tions.B.9.6.2 ResultGeneric function.B.9.6.3 RemarksThe default method returns a new generic function of twoarguments without any methods. Its domain is the productof class and <object>.B.9.7 ensure-slot-reader generic functionB.9.7.1 Generic Arguments(class <class>): Class.(slot-description <slot-description>): Slotdescription.(slot-descriptions <list>): List of e�ective slot descrip-tions.(reader <function>): The slot reader.B.9.7.2 ResultFunction.B.9.7.3 RemarksEnsures function works correctly on instances of class.B.9.8 ensure-slot-reader methodB.9.8.1 Specialized Arguments(class <class>): Class.(slot-description <slot-description>): Slotdescription.(slot-descriptions <list>): List of e�ective slot descrip-tions.(reader <generic-function>): The slot reader.B.9.8.2 ResultGeneric function.78



Programming Language EuLisp, version 0.95B.9.8.3 RemarksThe default method checks if there is a method in thegeneric-function. If not, it creates and adds a new one. Thenew method hasdomain: | (class)function: |(method-function-lambda ((object class))(primitive-reader object))compute-primitive-reader-using-slot-descriptionis called by the method function to compute the primitivereader.B.9.9 ensure-slot-writer generic functionB.9.9.1 Generic Arguments(class <class>): Class.(slot-description <slot-description>): Slotdescription.(slot-descriptions <list>): List of e�ective slot descrip-tions.(writer <function>): The slot writer.B.9.9.2 ResultFunction.B.9.9.3 RemarksEnsures function to work correctly on instances of class.B.9.10 ensure-slot-writer methodB.9.10.1 Specialized Arguments(class <class>): Class.(slot-description <slot-description>): Slotdescription.(slot-descriptions <list>): List of e�ective slot descrip-tions.(writer <generic-function>): The slot writer.B.9.10.2 ResultGeneric function.B.9.10.3 RemarksThe default method checks if there is a method in thegeneric-function. If not, creates and adds a new one. Thenew method hasdomain: | (class <object>)function: |(method-function-lambda ((obj class)(new-value <object>))(primitive-writer obj new-value))

compute-primitive-writer-using-slot-descriptionis called by the method function to compute the primitivewriter.B.9.11 compute-primitive-reader-using-slot-descriptiongeneric functionB.9.11.1 Generic Arguments(slot-description <slot-description>): Slotdescription.(class <class>): Class.(slot-descriptions <list>): List of e�ective slot descrip-tions.B.9.11.2 ResultFunction.B.9.11.3 RemarksComputes and returns a function which returns a slot valuewhen applied on an instance of class.B.9.12 compute-primitive-reader-using-slot-descriptionmethodB.9.12.1 Specialized Arguments(slot-description <slot-description>): Slotdescription.(class <class>): Class.(slot-descriptions <list>): List of e�ective slot descrip-tions.B.9.12.2 ResultFunction.B.9.12.3 RemarksCalls compute-primitive-reader-using-class. This is thedefault method.B.9.13 compute-primitive-reader-using-classgeneric functionB.9.13.1 Generic Arguments(class <class>): Class.(slot-description <slot-description>): Slotdescription.(slot-descriptions <list>): List of e�ective slot descrip-tions. 79



Programming Language EuLisp, version 0.95B.9.13.2 ResultFunction.B.9.13.3 RemarksComputes and returns a function which returns the slot valuewhen applied on an instance of class.B.9.14 compute-primitive-reader-using-class methodB.9.14.1 Specialized Arguments(class <class>): Class.(slot-description <slot-description>): Slotdescription.(slot-descriptions <list>): List of e�ective slot descrip-tions.B.9.14.2 ResultFunction.B.9.14.3 RemarksThe default method returns a function of one argument.B.9.15 compute-primitive-writer-using-slot-descriptiongeneric functionB.9.15.1 Generic Arguments(slot-description <slot-description>): Slotdescription.(class <class>): Class.(slot-descriptions <list>): List of e�ective slot descrip-tions.B.9.15.2 ResultFunction.B.9.15.3 RemarksComputes and returns a function which stores a new slotvalue when applied on an instance of class and a new value.B.9.16 compute-primitive-writer-using-slot-descriptionmethodB.9.16.1 Specialized Arguments(slot-description <slot-description>): Slotdescription.(class <class>): Class.(slot-descriptions <list>): List of e�ective slot descrip-tions.

B.9.16.2 ResultFunction.B.9.16.3 RemarksCalls compute-primitive-writer-using-class. This is thedefault method.B.9.17 compute-primitive-writer-using-classgeneric functionB.9.17.1 Generic Arguments(class <class>): Class.(slot-description <slot-description>): Slotdescription.(slot-descriptions <list>): List of e�ective slot descrip-tions.B.9.17.2 ResultFunction.B.9.17.3 RemarksComputes and returns a function which stores the new slotvalue when applied on an instance of class and new value.B.9.18 compute-primitive-reader-using-class methodB.9.18.1 Specialized Arguments(class <class>): Class.(slot-description <slot-description>): Slotdescription.(slot-descriptions <list>): List of e�ective slot descrip-tions.B.9.18.2 ResultFunction.B.9.18.3 RemarksThe default method returns a function of two arguments.B.10 Predicates and ConstructorsB.10.1 compute-predicate generic functionB.10.1.1 Generic Arguments(class <class>): Class.B.10.1.2 ResultFunction.80



Programming Language EuLisp, version 0.95B.10.1.3 RemarksComputes and returns a predicate function of one argument.B.10.2 compute-predicate methodB.10.2.1 Specialized Arguments(class <class>): Class.B.10.2.2 ResultFunction.B.10.2.3 RemarksComputes and returns a predicate function of one argument,which returns true when applied on direct or indirect in-stances of class and false otherwise.B.10.3 compute-constructor generic functionB.10.3.1 Generic Arguments(class <class>): Class.(parameters <list>): Argument list of the function be-ing created.B.10.3.2 ResultFunction.B.10.3.3 RemarksComputes and returns a constructor function.B.10.4 compute-constructor methodB.10.4.1 Specialized Arguments(class <class>): Class.(parameters <list>): Argument list of the function be-ing created.B.10.4.2 ResultFunction.B.10.4.3 RemarksComputes and returns a constructor function, which returnsa new instance of class when applied.B.11 Instance AllocationB.11.1 allocate generic functionB.11.1.1 Generic Arguments

(class <class>): A class.(initlist <list>): A list of initialization arguments.B.11.1.2 ResultAn instance of the �rst argument.B.11.1.3 RemarksCreates an instance of the �rst argument. Users may de�nenew methods for new metaclasses.B.11.2 allocate methodB.11.2.1 Specialized Arguments(class <class>): A class.(initlist <list>): A list of initialization arguments.B.11.2.2 ResultAn instance of the �rst argument.B.11.2.3 RemarksThe default method creates a new uninitialized instance ofthe �rst argument. The initlist is not used by this allocatemethod.B.12 Low Level Allocation PrimitivesThis module provides primitives which are necessary to im-plement new allocation methods portably. However, theyshould be de�ned in such a way that objects cannot be de-stroyed unintentionally. In consequence it is an error to useprimitive-class-of, primitive-ref and their setters onobjects not created by primitive-allocate.B.12.1 primitive-allocate functionB.12.1.1 Argumentsclass: A class.size: An integer.B.12.1.2 ResultAn instance of the �rst argument.B.12.1.3 RemarksThis function returns a new instance of the �rst argumentwhich has a vector like structure of length size. The com-ponents of the new instance can be accessed by meansof primitive-ref and (setter primitive-ref). It is in-tended to be used in new allocatemethods de�ned for newmetaclasses. 81



Programming Language EuLisp, version 0.95B.12.2 primitive-class-of functionB.12.2.1 Argumentsobject: An object created by primitive-allocate.B.12.2.2 ResultA class.B.12.2.3 RemarksThis function returns the class of an object. It is similar toclass-of, which has a de�ned behaviour on any object. It isan error to use primitive-class-of on objects which werenot created by primitive-allocate.B.12.3 (setter primitive-class-of) setterB.12.3.1 Argumentsobject: An object created by primitive-allocate.class: A class.B.12.3.2 ResultThe class.B.12.3.3 RemarksThis function supports portable implementations ofa) dynamic classi�cation like change-class in CLOS.b) automatic instance updating of rede�ned classes.B.12.4 primitive-ref functionB.12.4.1 Argumentsobject: An object created by primitive-allocate.index: The index of a component.B.12.4.2 ResultAn object.B.12.4.3 RemarksReturns the value of the objects component correspondingto the supplied index. It is an error if the index is out ofrange. This function is intended to be used when de�ningnew kinds of accessors for new metaclasses.

B.12.5 (setter primitive-ref) functionB.12.5.1 Argumentsobject: An object created by primitive-allocate.index: The index of a component.value: The new value, which can be any object.B.12.5.2 ResultThe new value.B.12.5.3 RemarksStores and returns the new value as the objects componentcorresponding to the supplied index. It is an error if theindex is out of range. This function is intended to be usedwhen de�ning new kinds of accessors for new metaclasses.
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Programming Language EuLisp, version 0.95Table B.4 | Metaobject ClassesTable B.5 | Generic Function Metaobject Classes<object> [<abstract-class>]<class> [<metaclass>]<metaclass> [<metaclass>]<abstract-class> [<metaclass>]<function-class> [<metaclass>]<generic-function> [<function-class>]<method> [<class>]B.13 Reection on Generic Functions andMethodsThe generic dispatch is class based, i.e. methods are classspeci�c. Instance speci�c methods can be provided (evenportably) in an extension module by de�ning a new genericfunction class. We think it is confusing to have generic func-tions with both, class speci�c and instance speci�c meth-ods. Combining di�erent discrimination strategies in a singlegeneric function is rather a shortcoming than an advantage.The argument precedence order is always left-to-right.The minimal information associated with a generic functionmetaobject is:a) The name, which has no semantic e�ect.b) The domain, restricting the domain of each addedmethod to a subdomain.c) The range, restricting the range of each added methodto a subrange.d) The method class, restricting each added method tobe an instance (direct or indirect) of that class.e) The list of all added methods.f) The method look-up function to collect and sort theapplicable methods.g) The discriminating function to perform the genericdispatch.The minimal information associated with a method metaob-ject is:a) The domain, which is a list of classes.b) The range, which is a class.c) The function comprising the code of the method.d) The generic function, if the method has been addedto one (at the most).The metaobject classes for generic functions de�ned at level-1 are shown in Table B.5.B.14 Introspection

B.14.1 generic-function-name functionB.14.1.1 Argumentsgeneric-function: A generic function.B.14.1.2 ResultA symbol.B.14.1.3 RemarksThe name has only debugging purposes.B.14.1.4 See also: class-name.B.14.2 generic-function-domain functionB.14.2.1 Argumentsgeneric-function: A generic function.B.14.2.2 ResultList of classes.B.14.2.3 RemarksReturns the domain of a generic function. All methods at-tached to a generic function have subdomains of it.B.14.3 generic-function-range functionB.14.3.1 Argumentsgeneric-function: A generic function.B.14.3.2 ResultA class.B.14.3.3 RemarksReturns the range of a generic function. Each method at-tached to a generic function must have a subrange of it.B.14.4 generic-function-method-class functionB.14.4.1 Argumentsgeneric-function: A generic function.B.14.4.2 ResultA class. 83



Programming Language EuLisp, version 0.95B.14.4.3 RemarksReturns the method class of a generic function. Each methodattached to a generic function must be an instance of thatclass. When a method is de�ned using defmethod it will bean instance of that class by default.B.14.5 generic-function-methods functionB.14.5.1 Argumentsgeneric-function: A generic function.B.14.5.2 ResultA list of methods.B.14.5.3 RemarksReturns a list of methods attached to the generic function.B.14.6 generic-function-method-lookup-functionfunctionB.14.6.1 Argumentsgeneric-function: A generic function.B.14.6.2 ResultA function.B.14.6.3 RemarksReturns a function applicable on same arguments as thegeneric function which returns a sorted list of applicablemethods when applied.B.14.7 generic-function-discriminating-functionfunctionB.14.7.1 Argumentsgeneric-function: A generic function.B.14.7.2 ResultA function.B.14.7.3 RemarksReturns a function applicable on same arguments as thegeneric function which is called everytime when the genericfunction is called. It performs the generic dispatch and callsthe applicable methods.B.14.8 method-domain functionB.14.8.1 Argumentsmethod: A method.

B.14.8.2 ResultList of classes.B.14.8.3 RemarksReturns the domain of a method.B.14.9 method-range functionB.14.9.1 Argumentsmethod: A method.B.14.9.2 ResultA class.B.14.9.3 RemarksReturns the range of a method.B.14.10 method-function functionB.14.10.1 Argumentsmethod: A method.B.14.10.2 ResultA function.B.14.10.3 RemarksReturns the function which is called when a method is called.The method itself can not be applied or called as a function.B.14.11 method-generic-function functionB.14.11.1 Argumentsmethod, <method>: A method.B.14.11.2 ResultA generic function or false.B.14.11.3 RemarksReturns the generic function to which the method is at-tached, false otherwise.B.15 Special forms (or macros)The followin macros hide the implementation details of call-ing methods, arranging the next methods so that they areaccessible by call-next-method, etc.84



Programming Language EuLisp, version 0.95B.15.1 method-function-lambda macroB.15.2 call-method macroB.15.3 apply-method macroB.16 Initializing Generic Functions and Meth-odsB.16.1 initialize methodB.16.1.1 Specialized Arguments(generic-function <generic-function>): A genericfunction.(initlist <list>): A list of initialization options as fol-lows:name symbol: The name of the generic function.domain list: List of argument classes.range class: The class of the result.method-class class: Class of attached method.methods list: List of methods to be attached.B.16.1.2 ResultThe initialized generic function.B.16.1.3 RemarksInitializes and returns the generic-function. It callscompute-method-lookup-function,compute-discriminating-function and stores their resultsas well as the direct information passed as arguments.The basic call structure is:COMPUTE-METHOD-LOOKUP-FUNCTIONgeneric-function domain -> functionCOMPUTE-DISCRIMINATING-FUNCTIONgeneric-function domain lookup-fn methods -> functionB.16.2 initialize methodB.16.2.1 Specialized Arguments(method <method>): A method.(initlist <list>): A list of initialization options as fol-lows:domain list: List of argument classes.range class: The class of the result.function function: A function.

generic-function generic-function: A generic func-tion.B.16.2.2 ResultThe initialized method.B.16.2.3 RemarksInitializes and returns the method. There is nothing specialto specify for this method.B.17 Method Lookup and Generic DispatchB.17.1 compute-method-lookup-functiongeneric functionB.17.1.1 Generic Arguments(generic-function <generic-function>): A genericfunction.(domain <list>): A list of classes which span the do-main.B.17.1.2 ResultA function.B.17.1.3 RemarksComputes and returns a function which is called at least onesfor a particular domain in order to select and sort the appli-cable methods by the system provided dispatch mechanism.Users may de�ne new methods for it in order to implementdi�erent method lookup strategies. Althought, there is justone lookup strategie provided by the system, each genericfunction may have its own (more e�cient) lookup function.B.17.2 compute-method-lookup-function methodB.17.2.1 Specialized Arguments(generic-function <generic-function>): A genericfunction.(domain <list>): A list of classes which span the do-main.B.17.2.2 ResultA function.B.17.2.3 RemarksComputes and returns a function which is called at least onesfor a particular domain in order to select and sort the appli-cable methods by the system provided dispatch mechanism.It is not speci�ed, whether or not each generic function getsits own lookup function. 85



Programming Language EuLisp, version 0.95B.17.3 compute-discriminating-functiongeneric functionB.17.3.1 Generic Arguments(generic-function <generic-function>): A genericfunction.(domain <list>): A list of classes which span the do-main.(lookup-function <function>): The method lookupfunction.(methods <list>): A list of methods attached to thegeneric-function.B.17.3.2 ResultA function.B.17.3.3 RemarksComputes and returns a function which is called wheneverthe generic function is called. It is the controller of thegeneric dispatch. Users may de�ne new methods for newgeneric function classes in order to implement other dispatchstrategies, e.g. eql-discrimination as in CLOS.B.17.4 compute-discriminating-function methodB.17.4.1 Specialized Arguments(generic-function <generic-function>): A genericfunction.(domain <list>): A list of classes which span the do-main.(lookup-function <function>): The method lookupfunction.(methods <list>): A list of methods attached to thegeneric-function.B.17.4.2 ResultA function.B.17.4.3 RemarksComputes and returns a function which is called wheneverthe generic function is called. It is unspeci�ed which opti-mizations are provided by this function.B.18 Extending Generic Functions by NewMethodsThese operations provide means to add and remove meth-ods dynamically to/from generic functions. They are in-tended to support portable programming environment im-plementations. In contrast to CLOS, add-method does not

remove a method with the same domain as the method be-ing added. Instead, remove-method must be used explicitlybefore adding the new one.B.18.1 add-method generic functionB.18.1.1 Generic Arguments(generic-function <generic-function>): A genericfunction.(method <method>): A method to be attached.B.18.1.2 ResultThe generic function.B.18.1.3 RemarksAdds a method to a generic function. User may de�ne newmethods to it for new generic function and method classes.B.18.2 add-method methodB.18.2.1 Specialized Arguments(generic-function <generic-function>): A genericfunction.(method <method>): A method to be attached.B.18.2.2 ResultThe generic function.B.18.2.3 RemarksChecks if the domain, the range as well as the class of themethod are more special than those of the generic function.If not, signals an error. Checks if there is a method with thesame domain attached to the generic function already. Ifyes, signals an error. If no error occures, adds the method tothe generic function. Depending on particular optimizationsof the generic dispatch, adding a method may cause someupdating computations.B.18.3 remove-method generic functionB.18.3.1 Generic Arguments(generic-function <generic-function>): A genericfunction.(method <method>): A method to be removed.B.18.3.2 ResultThe generic function.B.18.3.3 RemarksRemoves a method from a generic function. User may de�nenew methods for new generic function and method classes.86



Programming Language EuLisp, version 0.95B.18.4 remove-method methodB.18.4.1 Specialized Arguments(generic-function <generic-function>): A genericfunction.(method <method>): A method to be removed.B.18.4.2 ResultThe generic function.B.18.4.3 RemarksIf the method is attached to the generic function it will beremoved as well as the backpointer from the method to thegeneric function. Depending on particular optimizations ofthe generic dispatch, removing a method may cause someupdating computations.
B.19 Dynamic BindingB.19.1 dynamic special formB.19.1.1 Syntax(dynamic identi�er)B.19.1.2 Argumentsidenti�er: A symbol naming a dynamic binding.B.19.1.3 ResultThe value of closest dynamic binding of symbol named byidenti�er is returned. If no such binding exists, an error issignaled (condition: unbound-dynamic-variable).B.19.2 dynamic-setq special formB.19.2.1 Syntax(dynamic-setq identi�er form)B.19.2.2 Argumentsidenti�er: A symbol naming a dynamic binding to beupdated.form: An expression whose value will be stored in thedynamic binding of identi�er.B.19.2.3 ResultThe value of form.B.19.2.4 RemarksThe form is evaluated and the result is stored in the closestdynamic binding of symbol named by identi�er. An erroris signaled (condition: unbound-dynamic-variable) if sym-bol is not dynamically apparent and has no dynamic globalvalue.B.19.3 unbound-dynamic-variable execution-conditionB.19.3.1 Init-optionssymbol symbol: A symbol naming the (unbound) dy-namic variable.B.19.3.2 RemarksSignalled by dynamic or dynamic-setq if the given dynamicvariable has no visible dynamic binding.B.19.4 dynamic-let special formB.19.4.1 Syntax(dynamic-let binding� form�) 87



Programming Language EuLisp, version 0.95B.19.4.2 Argumentsbinding�: A list of binding speci�ciers.body: A sequence of forms.B.19.4.3 ResultThe sequence of forms is evaluated in order, returning thevalue of the last one as the result of the dynamic-let form.B.19.4.4 RemarksA binding speci�er is either an identi�er or a two elementlist of an identi�er and an initializing form. All the initial-izing forms are evaluated from left to right in the currentenvironment and the new bindings for the symbols namedby the identi�ers are created in the dynamic environment tohold the results. These bindings have dynamic scope anddynamic extent. Each form in body is evaluated in order inthe environment extended by the above bindings. The resultof evaluating the last form in body is returned as the resultof dynamic-let.B.19.5 defvar de�ning formB.19.5.1 Syntax(defvar name expression)B.19.5.2 Argumentsidenti�er: A symbol naming a top dynamic binding con-taining the value of form.form: The form whose value will be stored in the topdynamic binding of identi�er.B.19.5.3 RemarksThe value of form is stored as the top dynamic valueof the symbol named by identi�er. The binding createdby defvar is mutable. An error is signaled (condition:dynamic-multiply-defined), on evaluating this form morethan once for the same identi�er.B.19.6 dynamic-multiply-defined execution-conditionB.19.6.1 Init-optionssymbol symbol: A symbol naming the dynamic variablewhich has already been de�ned.B.19.6.2 RemarksSignalled by defvar if the named dynamic variable alreadyexists.B.20 Conditional ExtensionsB.20.1 when macroB.20.1.1 Syntax

(when antecedent form�)B.20.1.2 RemarksThe when operator evaluates antecedent and if the result isnot (), the forms are evaluated from left to right. It isequivalent to if with a null alternative. If the evaluation ofantecedent is not (), the result of the when form is that ofthe evaluation of the last form, otherwise the result is ().The rewrite rule for when is:(when) � Is an error(when antecedent) � ()(when form1 form2 . . .) � (if form1 (progn form2 . . .) ())B.20.2 unless macroB.20.2.1 Syntax(unless antecedent form�)B.20.2.2 RemarksThe unless operator evaluates the �rst form and if the resultis (), the remaining forms are evaluated from left to right. Itis equivalent to if with a null consequence. If the evaluationof the �rst form is (), the result of the unless form is theresult of the evaluation of the last form, otherwise the resultis (). The rewrite rule for unless is:(unless) � Is an error(unless antecedent) � ()(unless form1 form2 . . .) � (if form1 () (progn form2 . . .))B.21 Exit ExtensionsB.21.1 block macroB.21.1.1 Syntax(block identi�er form�)B.21.1.2 RemarksThe block expression is used to establish a statically scopedbinding of an escape function. The block variable is boundto the continuation of the block. The continuation can beinvoked anywhere within the block by using return-from.The forms are evaluated in sequence and the value of thelast one is returned as the value of the block form. See alsolet/cc. The rewrite rules for block are:(block) � Is an error(block identi�er) � ()(block identi�er form�) � (let/cc identi�er form�)Exiting from a block, by whatever means, causes the restora-tion of the lexical environment and dynamic environmentthat existed before block entry. The above rewrite for block,does not prevent the block being exited from anywhere in itsdynamic extent, since the block-exit function is a �rst-classitem and can be passed as an argument like other values.88



Programming Language EuLisp, version 0.95B.21.1.3 See also: return-from.B.21.2 return-from macroB.21.2.1 Syntax(return-from identi�er [form])B.21.2.2 RemarksIn return-from, the identi�er names the continuation of the(lexical) block from which to return. return-from is theinvocation of the continuation of the block named by identi-�er. The form is evaluated and the value is returned as thevalue of the block named by identi�er. The rewrite rules forreturn-from are:(return-from) � Is an error(return-from identi�er) � (identi�er ())(return-from identi�er form) � (identi�er form)B.21.2.3 See also: block.B.21.3 catch macroB.21.3.1 Syntax(catch tag form�)B.21.3.2 RemarksThe catch operator is similar to block, except that the scopeof the name (tag) of the exit function is dynamic. The catchtagmust be a symbol because it is used as a dynamic variableto create a dynamically scoped binding of tag to the contin-uation of the catch form. The continuation can be invokedanywhere within the dynamic extent of the catch form byusing throw. The forms are evaluated in sequence and thevalue of the last one is returned as the value of the catchform. The rewrite rules for catch are:(catch) � Is an error(catch tag) � (progn tag ())(catch tag form�) � (let/cc tmp(dynamic-let ((tag tmp))form�))Exiting from a catch, by whatever means, causes the restora-tion of the lexical environment and dynamic environmentthat existed before the catchwas entered. The above rewritefor catch, causes the variable tmp to be shadowed. This isan artifact of the above presentation only and a conformingprocessor must not shadow any variables that could occur inthe body of catch in this way.B.21.3.3 See also: throw.B.21.4 throw macroB.21.4.1 Syntax(throw tag form)

B.21.4.2 RemarksIn throw, the tag names the continuation of the catch fromwhich to return. throw is the invocation of the continuationof the catch named tag. The form is evaluated and the valueare returned as the value of the catch named by variable. Thetag ia a symbol because it used to access the current dynamicbinding of the symbol, which is where the continuation isbound. The rewrite rules for throw are:(throw) � Is an error(throw tag) � ((dynamic tag) ())(throw tag form) � ((dynamic tag) form)B.21.4.3 See also: catch.B.22 Summary of Level-1 Expressions and Def-initionsThe syntax of all level-1 expressions and de�nitions is givenin Table B.6. Any productions unde�ned here appear else-where in the de�nition, speci�cally: the syntax of most ex-pressions and de�nitions is completed in the section de�ninglevel-0.
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Table B.6 | Expressions and De�nitions (level-1)module-expression ::= export-spec j level-1-expression j level-0-expression j de�nition j (progn expression)de�nition ::= level-1-de�nition j level-0-de�nitionfdefmoduleglevel-1-de�nition ::= defclass j defcondition j defgeneric j defvar jlevel-0-de�nitiondefclass ::= (defclass class-name (superclass�) (slot-description�) class-option�)class-name ::= identi�ersuperclass ::= f<class> or one of its subclassesgslot-description ::= slot-name j(slot-name slot-option�)slot-name ::= identi�erslot-option ::= slot-class slot-description-class jidenti�er expressionlevel-0-slot-optionclass-option ::= metaclass class-name jidenti�er expressionlevel-0-class-optiondefgeneric ::= (defgeneric gf-name gen-lambda-list level-1-init-option�)level-1-init-option ::= level-0-init-option jclass gf-class jmethod-class method-class jmethod (level-1-method-description) jgf-init-optiongf-class ::= a subclass of <generic-function>method-class ::= a subclass of <method>level-1-method-description ::= (method-init-option� spec-lambda-list form�)gf-init-option ::= identi�er expressionmethod-init-option ::= identi�er expressiondefvar ::= (defvar name expression)level-1-expression ::= dynamic-let j dyn-ref j dyn-assign j level-0-expressiondyn-ref ::= (dynamic identi�er)dyn-assign ::= (dynamic-setq identi�er form)dynamic-let ::= (dynamic-let binding� form�)
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Programming Language EuLisp, version 0.95Function Index* (number), 48+ (number), 47- (number), 47/ (number), 48<= (number), 48< (number), 48>= (number), 48> (number), 48apply (level-0), 29atom (pair), 50binary-stream-p (stream), 57car (pair), 51cdr (pair), 51cerror (condition), 26characterp (character), 35character-stream-p (stream), 56class-initargs (level-1), 71class-name (level-1), 71class-of (level-1), 70class-precedence-list (level-1), 71class-slot-descriptions (level-1), 71close-semaphore (semaphore), 23condition-message (condition), 26conditionp (condition), 26cons (pair), 50consp (pair), 50convert (convert), 38converter (convert), 38copy-alist (pair), 52copy-list (pair), 52copy-tree (pair), 52current-thread (thread), 21double-float-p (double), 39eq (compare), 37eql (compare), 37error (condition), 26file-streamp (stream), 56floatp (number), 47format (formatted-io), 45generic-function-discriminating-function (level-1),84generic-function-domain (level-1), 83generic-function-method-class (level-1), 83generic-function-method-lookup-function (level-1),84generic-function-methods (level-1), 84generic-function-name (level-1), 83generic-function-range (level-1), 83gensym (symbol), 63input-stream-p (stream), 56integerp (number), 47io-stream-p (stream), 56list (pair), 52make (level-0), 17make-initialized-vector (vector), 66max (number), 48method-domain (level-1), 84method-function (level-1), 84method-generic-function (level-1), 84method-range (level-1), 84min (number), 48null (null), 46numberp (number), 47open-semaphore (semaphore), 23output-stream-p (stream), 56

primitive-allocate (level-1), 81primitive-class-of (level-1), 81primitive-ref (level-1), 82prin (stream), 58read (stream), 58scan (formatted-io), 44semaphorep (semaphore), 23setter (level-0), 30(setter car) (pair), 51(setter cdr) (pair), 51(setter converter) (convert), 38(setter primitive-class-of) (level-1), 82(setter primitive-ref) (level-1), 82(setter string-ref) (string), 60(setter table-ref) (table), 64(setter vector-ref) (vector), 66signal (condition), 24single-precision-integer-p (spint), 53slot-description-initfunction (level-1), 71slot-description-name (level-1), 71slot-description-slot-reader (level-1), 71slot-description-slot-writer (level-1), 71string-append (string), 61string-lt (string), 61stringp (string), 60string-ref (string), 60string-slice (string), 61symbol-exists-p (symbol), 63symbol-name (symbol), 63symbolp (symbol), 63table-delete (table), 64tablep (table), 64table-ref (table), 64threadp (thread), 21thread-reschedule (thread), 21thread-start (thread), 22thread-value (thread), 22vectorp (vector), 65vector-ref (vector), 65write (stream), 58
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Programming Language EuLisp, version 0.95Macro Indexand (level-0), 30apply-method (level-1), 85block (level-1), 88call-method (level-1), 85catch (level-1), 89cond (level-0), 30defmethod (level-0), 19defmethod (level-1), 68generic-labels (level-1), 69generic-lambda (level-1), 68let* (level-0), 31let (level-0), 31method-function-lambda (level-1), 84or (level-0), 31quasiquote (level-0), 33return-from (level-1), 89throw (level-1), 89unless (level-1), 88when (level-1), 88
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Programming Language EuLisp, version 0.95Generic Function Index= (compare), 37abs (number), 49acos (elementary-functions), 42acosh (elementary-functions), 43add-method (level-1), 86allocate (level-1), 81asin (elementary-functions), 42asinh (elementary-functions), 43atan (elementary-functions), 42atan2 (elementary-functions), 42atanh (elementary-functions), 43binary-difference (number), 49binary-divide (number), 50binary-gcd (number), 50binary-lcm (number), 50binary-lt (number), 50binary-plus (number), 49binary-times (number), 49catenate (character), 36ceiling (double), 41close (stream), 57compatible-superclasses-p (level-1), 72compatible-superclass-p (level-1), 73compute-and-ensure-slot-accessors (level-1), 77compute-class-precedence-list (level-1), 73compute-constructor (level-1), 81compute-defined-slot-description (level-1), 75compute-defined-slot-description-class (level-1),76compute-discriminating-function (level-1), 85compute-inherited-initargs (level-1), 75compute-inherited-slot-descriptions (level-1), 75compute-initargs (level-1), 74compute-method-lookup-function (level-1), 85compute-predicate (level-1), 80compute-primitive-reader-using-class (level-1), 79compute-primitive-reader-using-slot-description(level-1), 79compute-primitive-writer-using-class (level-1), 80compute-primitive-writer-using-slot-description(level-1), 80compute-slot-descriptions (level-1), 74compute-slot-reader (level-1), 77compute-slot-writer (level-1), 78compute-specialized-slot-description (level-1), 76compute-specialized-slot-description-class(level-1), 76copy (copy), 39cos (elementary-functions), 42cosh (elementary-functions), 43do (character), 36empty-p (character), 36ensure-slot-reader (level-1), 78ensure-slot-writer (level-1), 79equal (compare), 37evenp (spint), 53exp (elementary-functions), 42expt (elementary-functions), 43fill (character), 36filter (character), 36floor (double), 40flush (stream), 59gcd (number), 48generic-prin (level-0), 14generic-prin (stream), 58

generic-read (stream), 59generic-write (level-0), 14generic-write (stream), 58initialize (level-0), 13lcm (number), 49log (elementary-functions), 42log10 (elementary-functions), 42log2 (elementary-functions), 42map (character), 36member (character), 36modulo (spint), 54negate (number), 49negativep (number), 49oddp (spint), 53open (stream), 57open-p (stream), 57peek-unit (stream), 59positivep (number), 49quotient (spint), 53read-unit (stream), 58reduce (character), 36reduce1 (character), 36remainder (spint), 54remove-method (level-1), 86round (double), 40signum (number), 49sin (elementary-functions), 42sinh (elementary-functions), 43size (character), 36sqrt (elementary-functions), 43tan (elementary-functions), 42tanh (elementary-functions), 43truncate (double), 40wait (level-0), 32write-unit (stream), 57zerop (number), 49
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Programming Language EuLisp, version 0.95Method Indexadd-method (level-1), 86allocate (level-1), 81ceiling (double), 41close (stream), 57compatible-superclasses-p (level-1), 72compatible-superclass-p (level-1), 73compatible-superclass-p (level-1), 73compatible-superclass-p (level-1), 73compute-and-ensure-slot-accessors (level-1), 77compute-class-precedence-list (level-1), 74compute-constructor (level-1), 81compute-defined-slot-description (level-1), 75compute-defined-slot-description-class (level-1),76compute-discriminating-function (level-1), 86compute-inherited-initargs (level-1), 75compute-inherited-slot-descriptions (level-1), 75compute-initargs (level-1), 75compute-method-lookup-function (level-1), 85compute-predicate (level-1), 81compute-primitive-reader-using-class (level-1), 80compute-primitive-reader-using-class (level-1), 80compute-primitive-reader-using-slot-description(level-1), 79compute-primitive-writer-using-slot-description(level-1), 80compute-slot-descriptions (level-1), 74compute-slot-reader (level-1), 78compute-slot-writer (level-1), 78compute-specialized-slot-description (level-1), 76compute-specialized-slot-description-class(level-1), 77(converter character) (spint), 54(converter double-float) (spint), 55(converter integer) (character), 35(converter pair) (string), 60(converter pair) (vector), 66(converter single-precision-integer) (double), 41(converter string) (double), 41(converter string) (pair), 51(converter string) (pair), 51(converter string) (spint), 55copy (character), 35copy (copy), 39copy (double), 41copy (pair), 52copy (spint), 55copy (string), 61copy (vector), 66ensure-slot-reader (level-1), 78ensure-slot-writer (level-1), 79equal (character), 35equal (compare), 37equal (number), 47equal (pair), 51equal (string), 61equal (vector), 66evenp (spint), 53floor (double), 41flush (stream), 59generic-prin (character), 35generic-prin (double), 41generic-prin (null), 46generic-prin (pair), 52generic-prin (semaphore), 23

generic-prin (spint), 55generic-prin (string), 61generic-prin (symbol), 63generic-prin (table), 65generic-prin (thread), 22generic-prin (vector), 66generic-read (stream), 59generic-write (character), 35generic-write (character), 36generic-write (double), 41generic-write (null), 46generic-write (pair), 52generic-write (semaphore), 23generic-write (spint), 55generic-write (string), 62generic-write (symbol), 63generic-write (symbol), 63generic-write (table), 65generic-write (thread), 22generic-write (vector), 66initialize (level-0), 14initialize (level-1), 72initialize (level-1), 72initialize (level-1), 85initialize (level-1), 85initialize-instance (condition), 26length (null), 46length (pair), 52length (string), 61length (vector), 65modulo (spint), 54oddp (spint), 53open (stream), 57open-p (stream), 57peek-unit (stream), 59quotient (spint), 54read-unit (stream), 58remainder (spint), 54remove-method (level-1), 86round (double), 40sqrt (elementary-functions), 43sqrt (elementary-functions), 43truncate (double), 40wait (stream), 59wait (thread), 22write-unit (stream), 58write-unit (stream), 58
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Programming Language EuLisp, version 0.95Condition Indexarithmetic-condition (number), 47bad-apply-argument (level-0), 29, 29cannot-convert-to-character (spint), 55cannot-update-setter (level-0), 30, 30conversion-condition (convert), 38division-by-zero (spint), 53, 50, 54, 54, 54dynamic-multiply-defined (level-1), 88, 88environment-condition (condition), 24execution-condition (condition), 24improper-unquote-splice (level-0), 33, 33incompatible-method-signature (level-0), 19, 18, 19integer-conversion-overflow (double), 41, 41invalid-operator (level-0), 28, 28, 29no-applicable-method (level-0), 19, 38, 68no-converter (convert), 38, 38non-congruent-lambda-lists (level-0), 19, 18, 19, 68no-next-method (level-0), 19, 19no-setter (level-0), 30, 30no-such-character (spint), 55not-a-character (pair), 51nt-character (pair), 51old-thread (thread), 22, 22scan-mismatch (formatted-io), 44, 44stream-condition (stream), 56syntax-error (stream), 56, 59telos-condition (level-0), 17thread-condition (thread), 22unbound-dynamic-variable (level-1), 87, 87, 87wrong-condition-class (condition), 25, 25wrong-thread (thread), 22, 21
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Programming Language EuLisp, version 0.95Constant Indexinput-stream (stream), 56io-stream (stream), 56least-negative-double-float (double), 40least-positive-double-float (double), 40maximum-vector-index (vector), 66most-negative-double-float (double), 40most-negative-single-precision-integer (spint), 54most-positive-double-float (double), 39most-positive-single-precision-integer (spint), 54nil (), 27ouput-stream (stream), 56pi (elementary-functions), 42t (), 27ticks-per-second (level-0), 32
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Programming Language EuLisp, version 0.95General Index21=, 37(), 46+, 47-, 47*, 48/, 48<, 48<=, 48>, 48>=, 48abs, 49accessor, 6acos, 42acosh, 43add-method, 86allocate, 81and, 30applicable method, 6applicable method list, 6applicable object, 6apply, 29apply-method, 85asin, 42asinh, 43assignment, 29atan, 42atan2, 42atanh, 43atom, 50backquoting, 33base, 53arbitrary base literals, 53limitation on input, 53binary literals, 53binary-difference, 49binary-divide, 50binary-gcd, 50binary-lcm, 50binary-lt, 50binary-plus, 49binary-stream-p, 57binary-times, 49binding, 6dynamically scoped, 2module, 27, 28, 29of module names, 10, 13top dynamic, 88binding form, 6block, 88see also let/cc, 88boolean, 5de�nition of, 5bound variable, 6call-method, 85call-next-method, 19Cambridge LISP, 2car, 51case sensitivity, 10catch, 89catenate, 36cdr, 51ceiling, 41cerror, 26character, 35

<character>, 35character, 35character-extension glyph, 35characterp, 35character-stream-p, 56Common Lisp, 1, 2class, 2, 6constructor, 6null, 27primitive, 2self-instantiated, 8class option, 6class precedence list, 6class-initargs, 71class-name, 71class-of, 2, 70class-precedence-list, 71class-slot-descriptions, 71CLOS, 2close, 57close-semaphore, 23closure, 6collection, 36comment, 10comment-begin glyph, 10Common Lisp Error System, 24compatible-superclasses-p, 72compatible-superclass-p, 73compliance, 4compute-and-ensure-slot-accessors, 77compute-class-precedence-list, 73, 74compute-constructor, 81compute-defined-slot-description, 75compute-defined-slot-description-class, 76compute-discriminating-function, 85, 86compute-inherited-initargs, 75compute-inherited-slot-descriptions, 75compute-initargs, 74, 75compute-method-lookup-function, 85compute-predicate, 80, 81compute-primitive-reader-using-class, 79, 80compute-primitive-reader-using-slot-description, 79compute-primitive-writer-using-class, 80compute-primitive-writer-using-slot-description, 80compute-slot-descriptions, 74compute-slot-reader, 77, 78compute-slot-writer, 78compute-specialized-slot-description, 76compute-specialized-slot-description-class, 76, 77cond, 30condition, 24<condition>, 24continuable, 24non-continuable, 24condition-message, 26conditionp, 26con�guration, 3conformance, 3, 42level-0, 4level-1, 4level-2, 4conforming processor, 4conforming program, 4conformity clause, 3least negative double precision oat, 4098



Programming Language EuLisp, version 0.95least positive double precision oat, 40maximum vector index, 66most negative double precision oat, 40most negative single precision integer, 54most positive double precision oat, 40most positive single precision integer, 54congruent, 6cons, 50consp, 50constant, 27de�ned, 27literal, 27constructor, 6continuation, 2, 6, 88, 89conventions, 5convert, 38converter, 38(converter character), 54(converter double-float), 55converter function, 6(converter integer), 35(converter pair), 60, 66(converter single-precision-integer), 41(converter string), 41, 51, 55copy, 35, 39, 41, 52, 55, 61, 66copy-alist, 52copy-list, 52copy-tree, 52cos, 42cosh, 43current-thread, 21defclass, 17, 67, 90defcondition, 26, 34defconstant, 27, 34defgeneric, 18, 34, 68, 90de�ning form, 6defclass, 17, 67defcondition, 26defconstant, 27defgeneric, 18, 68deflocal, 27defmacro, 29defmetaclass, 72defstruct, 16defun, 29defvar, 88deflocal, 27, 34defmacro, 29, 34defmetaclass, 72defmethod, 19, 68defmodule, 12, 34defstruct, 16, 34defun, 29, 34defvar, 88, 90direct instance, 6direct slot description, 6direct subclass, 6direct superclass, 6discrimination, 6do, 36double oat, 39<double-float>, 39double-float, 39double-float-p, 39dynamic, 87, 90dynamic environment, 7dynamic error, 4dynamic extent, 7

dynamic scope, 7dynamically closer, 7dynamic-let, 87, 90dynamic-setq, 87, 90elementary functions, 42empty list, 27empty-p, 36ensure-slot-reader, 78ensure-slot-writer, 79environmental error, 4eq, 37implementation-de�ned behaviour, 37eql, 37equal, 35, 37, 47, 51, 61, 66error, 4error, 26can be signaled, 4dynamic, 4environmental, 4handler, 24signaled, 4static, 4level-0, 2level-1, 2level-2, 3libraries, 3evenp, 53except, 13, 34exp, 42export, 13, 34export-syntax, 13, 34expose, 13, 34expt, 43extension, 4extent, 7empty list, 27oating point, 39integer, 53list, 50null (empty list), 46pair, 50string, 60vector, 65external representation (see also prin and write), 28write, 14<file-stream>, 56file-streamp, 56fill, 36filter, 36<float>, 47floatp, 47floor, 40, 41flush, 59form, 7format, 45formatted-io, 44free variable, 7function, 7accessor function, 30calling, 28standard function, 5updator function, 30gcd, 48generic arithmetic, 47generic function, 7discrimination, 6lambda-list, 19generic-function-discriminating-function, 84 99



Programming Language EuLisp, version 0.95generic-function-domain, 83generic-function-method-class, 83generic-function-method-lookup-function, 84generic-function-methods, 84generic-function-range, 83generic-labels, 69generic-lambda, 18, 68generic-prin, 14, 22, 23, 35, 41, 46, 52, 55, 58, 61,63, 65, 66generic-read, 59generic-write, 14, 22, 23, 35, 36, 41, 46, 52, 55, 58,62, 63, 65, 66gensym, 63Haskell, 1, 10hexadecimal, 60notation in strings, 60hexadecimal literals, 53identi�er, 7, 62de�nition of, 62peculiar identi�ers, 62syntax, 10if, 30, 34implementation-de�ned, 4behaviour of eq, 37behaviour of equal, 37oating-point precision, 40least negative double precision oat, 40least positive double precision oat, 40maximum vector index, 66module binding environment, 10most negative double precision oat, 40most negative single precision integer, 54most positive double precision oat, 40most positive single precision integer, 54representation of tables, 65time units per second, 32unhandled conditions, 25improper list, 7inde�nite extent, 7inde�nite scope, 7indirect instance, 7indirect slot description, 7indirect subclass, 7single, 15inheritance graph, 7inherited slot description, 7initarg, 7initform, 7initfunction, 7initialization, 13initialize, 13, 14, 72, 85initialize-instance, 26init-list, 7inner dynamic, 7inner lexical, 7input-stream-p, 56instance, 8direct, 6indirect, 7instantiation graph, 8<integer>, 47integerp, 47InterLISP, 1, 2io-stream-p, 56labels, 31lambda, 28, 34lambda-list, 28lcm, 49

LE-LISP, 1, 2LeLisp, 10length, 46, 52, 61, 65let, 31let*, 31let/cc, 31, 34see also block and return-from, 31level-0, 27level-0 classes, 3<character>, 35<double-float>, 39<float>, 47<integer>, 47<null>, 46<pair>, 50<semaphore>, 23<spint>, 53<stream>, 56<string>, 60<symbol>, 63<table>, 64<thread>, 21<vector>, 65level-0 modules, 3character, 35collection, 36compare, 37condition, 24convert, 38copy, 39double, 39elementary-functions, 42formatted-io, 44level-0-eulisp, 3null, 46number, 47pair, 50semaphore, 20spint, 53stream, 56string, 60symbol, 62table, 64thread, 20vector, 65lexical environment, 8lexical scope, 8lexically closer, 8LISP/VM, 1, 2list, 50list, 52empty, 27literal, 8, 28arbitrary base, 53binary, 53character, 35hexadecimal, 53modi�cation of, 28octal, 53quotation, 28<local-slot-description>, 70log, 42log10, 42log2, 42macro, 8, 29de�nition by defmacro, 29macro expansion|see also syntax, 12macro expression, 8100



Programming Language EuLisp, version 0.95macros|see also syntax, 12make, 17make-initialized-vector, 66map, 36max, 48member, 36metaclass, 8method, 8applicable, 6bindings, 19list of applicable, 6lookup, 6speci�city, 8method combination, 8method function, 8method lookup, 8method speci�city, 8method-domain, 84method-function, 84method-function-lambda, 84method-generic-function, 84method-range, 84MicroCeyx, 2min, 48module, 2, 10environments, 2imports, 10name bindings, 10, 13modulo, 54multi-method, 8negate, 49negativep, 49new instance, 8next-method-p, 20null, 46<null>, 46null, 46<number>, 47numberp, 47Oaklisp, 2object, 8, 13ObjVLisp, 2octal literals, 53oddp, 53only, 13, 34open, 57open-p, 57open-semaphore, 23or, 31output-stream-p, 56pair, 50<pair>, 50pair, 50peek-unit, 59positivep, 49primitive-allocate, 81primitive-class-of, 81primitive-ref, 82prin, 58constants, 27operand, 2operator, 2symbols, 27processor, 4representation of semaphore, 23representation of threads, 23gensym names, 63progn, 32

proper list, 8function call, 28quasiquotation, 33quasiquote, 33abbreviation with `, 33quotation, 34quote, 28abbreviation with ', 28quotient, 53, 54read, 58reader, 8read-unit, 58reduce, 36reduce1, 36reective, 8remainder, 54remove-method, 86rename, 13, 34return-from, 89see also let/cc, 89round, 40scan, 44scope, 3, 8in labels expressions, 31of dynamic-let bindings, 88of lambda bindings, 28of let/cc binding, 31self-instantiated class, 8semaphore, 20, 23<semaphore>, 23semaphorep, 23setq, 29setter, 30(setter car), 51(setter cdr), 51(setter converter), 38setter function, 8(setter primitive-class-of), 82(setter primitive-ref), 82(setter string-ref), 60(setter table-ref), 64(setter vector-ref), 66shadow, 8signal, 24signature, 8signum, 49sin, 42single inheritance, 15single precision integer, 53<single-precision-integer>, 53single-precision-integer, 53single-precision-integer-p, 53sinh, 43size, 36slot, 8accessor, 6reader, 8writer, 9slot description, 9direct, 6indirect, 7slot description list, 9slot option, 9<slot-description>, 17, 70slot-description-initfunction, 71slot-description-name, 71slot-description-slot-reader, 71slot-description-slot-writer, 71 101



Programming Language EuLisp, version 0.95special form, 2, 9call-next-method, 19dynamic, 87dynamic-let, 87dynamic-setq, 87if, 30labels, 31lambda, 28let/cc, 31next-method-p, 20progn, 32function call, 28quote, 28setq, 29unwind-protect, 32with-handler, 25specialize, 9specialize on, 9sqrt, 43Standard ML, 1, 10, 24standard module, 3static error, 4stream, 56<stream>, 56string, 60<string>, 60string, 60hex-insertion character, 60string-begin glyph, 60string-end glyph, 60escaping in, 60hexadecimal notation in, 60string-escape glyph, 60string-append, 61string-lt, 61stringp, 60string-ref, 60string-slice, 61subclass, 9direct, 6indirect, 7superclass, 9direct, 6symbol, 9symbol, 27, 62, 62<symbol>, 63symbol-exists-p, 63symbol-name, 63symbolp, 63syntax, 10, 12external representations, 14generic function lambda-list, 19identi�er, 10lambda-list, 28(), 46character, 35constant, 27defmodule, 12double-float, 39pair, 50single-precision-integer, 53string, 60symbol, 27, 62unquote, 33unquote-splicing, 33vector, 65syntax expansion, 12T, 1, 2
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