1The Ins and Outs of Clean I/OPETER ACHTEN AND RINUS PLASMEIJERComputing Science Institute, University of Nijmegen,1 Toernooiveld, 6525ED, Nijmegen, the Netherlands(e-mail: peter88@cs.kun.nl, rinus@cs.kun.nl)Abstract

Functional programming languages have banned assignment because of its undesirableproperties. The reward of this rigorous decision is that functional programming languagesare side-effect free. There is another side to the coin: because assignment plays a crucialrole in Input/Output (I/O), functional languages have a hard time dealing with I/O. Func-tional programming languages have therefore often been stigmatised as inferior to imper-ative programming languages because they cannot deal with I/O very well. In this paperwe show that I/O can be incorporated in a functional programming language without lossof any of the generally accepted advantages of functional programming languages. Thisdiscussion is supported by an extensive account of the I/O system offered by the lazy, pu-rely functional programming language Clean. Two aspects that are paramount in its I/Osystem make the approach novel with respect to other approaches. These aspects are thetechnique of explicit multiple environment passing, and the Event I/O framework to pro-gram Graphical User I/O in a highly structured and high-level way. Clean file I/O is aspowerful and flexible as it is in common imperative languages (one can read, write, andseek directly in a file). Clean Event I/O provides programmers with a high-level frame-work to specify complex Graphical User I/O. It has been used to write applications suchas a window-based text editor, an object based drawing program, a relational database,and a spreadsheet program. These graphical interactive programs are completely machineindependent, but still obey the look-and-feel of the concrete window environment beingused. The specifications are completely functional and make extensive use of uniquenesstyping, higher-order functions, and algebraic data types. Efficient implementations arepresent on the Macintosh, Sun (X Windows under Open Look), and PC (OS/2).1Introduction

Functional programming languages live in a world from which assignment (or de-structive updating) has been banned because of its undesirable properties. Livingwithout assignment has proven to be very successful, and many accounts havebeen written of the advantages of living in a world free of side-effects (Backus,1978; Hughes, 1990). However, in order to write useful applications, it must bepossible for functional programs to interact with the outside world. Doing I/Omeans manipulation of I/O resources, such as files, keyboards, mice, and screens.In the real world these resources are globally accessible, and manipulations ofthem are in essence assignments. This implies that functional languages cannotuse I/O resources in the same direct, unrestricted way as for example imperative

2languages can. For this reason functional languages are often stigmatised as infe-rior to imperative programming languages because they cannot deal with I/Overy well.Research on the incorporation of purely functional I/O into functional program-ming languages has evolved into basically two styles of solutions: stream basedsolutions and environment based solutions. Stream based methods have been pro-posed in a (token) stream style (Henderson, 1982; Turner, 1990; Hudak et al,1992; Carlsson and Hallgren, 1993) and continuation style (Thompson, 1990;Dwelly, 1989; Perry, 1988). Essentially, stream based methods transform an inputstream into an output stream. The output stream is not exclusively used for pro-ducing output only, it is also used for requesting input. Some entity outside theprogram (usually the operating system) handles the output requests and providesthe proper input. Environment based methods are environment passing methods(Williams and Wimmers, 1988; Backus et al, 1990) and methods using monads(Peyton Jones and Wadler, 1993). In these solutions functions essentially operatedirectly on a special object, the environment, that represents the state of theworld. In literature environment based methods are also known as side-effectingI/O systems (Gordon, 1993).The Clean I/O system that is presented in this paper is an environment basedapproach and contributes to the research in functional I/O in two major aspects.The first aspect is the use of an explicit multiple environment passing stylethroughout the system giving explicit and direct access to I/O resources. This hasbeen made possible by the Uniqueness Type System of Clean (Smetsers et al,1993; Barendsen and Smetsers, 1993a-b; Plasmeijer and van Eekelen, 1993)which enables safe and restricted updates in a pure and functional framework. Thesecond aspect provides programmers with the Clean Event I/O framework(Achten et al, 1993; Achten and Plasmeijer, 1993) to program Graphical User I/Oin a highly structured and declarative way. The specifications of interactive pro-grams are functional and programs can be reasoned about without any assumptionabout operating systems. The I/O system demonstrates that functional languagesare well suited for I/O, by making extensive use of uniqueness typing, and well-known functional programming features such as higher-order functions, polymor-phism, and algebraic types.The paper starts with brief introductions to Clean and Uniqueness Types(sections 2 and 3). The explicit multiple environment passing style is defined insection 4. Clean file I/O is discussed in section 5, and section 6 presents the CleanEvent I/O system. Section 7 discusses how interactive programs can be construc-ted in the Clean Event I/O system, and section 8 briefly views the implementationof the Clean Event I/O system. Section 9 compares some related work with ourapproach. Finally the conclusions are presented in section 10, and current and fu-ture research on functional I/O is presented in section 11.

32CleanClean (Brus et al, 1987; N�cker et al, 1991; Plasmeijer and van Eekelen, 1993) isa lazy functional programming language based on Term Graph Rewriting(Barendregt et al, 1987). To give an idea of what Clean programs look like, figure1 presents an example of the well-known fibonacci function. The examples in thispaper are presented in the new Clean 1.0 syntax (Plasmeijer and van Eekelen,1994, in preparation). Where appropriate, the text includes remarks on peculiari-ties of this notation.fib :: Int -> Intfib 1= 1fib 2= 2fib n= fib (n - 1) + fib (n - 2)Start :: IntStart = fib 100Figure 1A Clean program for fibonacci. Function definitions are optionallypreceded by their type definition. Type symbols start with a capital,(type) variables always start in lowercase. Function names can starteither with a capital or in lowercase. An n-ary function named f witharguments of type t1�tn, and result type t has a type definition f ::t1 t2�tn fi t. The special function named Start gives the initial ex-pression of the program.Term Graph Rewriting systems are well suited for efficient implementations offunctional languages (Groningen et al, 1991; Smetsers et al, 1991; Plasmeijer andvan Eekelen, 1993). Graph rewriting is actually used in many implementations offunctional languages. The main difference between Clean and other lazy functio-nal languages is that in Clean graph rewriting is explicitly in the semantics of thelanguage. In Clean, the function application to be evaluated is represented by apossibly cyclic computation graph. Function definitions are actually Term GraphRewriting rules. Each rule alternative is a graph with a left-hand side root(L.H.S.) and a right-hand side root (R.H.S.). Figure 2 depicts the graph structureof the third fib alternative. Each node in the graph contains a symbol (fib, +, -, 1,2) and arguments pointing to other nodes.

4Figure 2The third alternative of the fibonacci rule depicted as a graph.the semantics of Clean prescribe that the argument node n is shared in the computation of functional languages.formal rewrite step of the computation graph fib 100 of the fibonacci example (thea) con, which matches the third alternafibnew graph is created for those nodes of the right-hand side of the rule that are newbelled fib, and no--12sion (tending the computation graph, the original computation graph root is overwrittenleft-hand side root to the right-hand side root. Finally, the nodes that have becomelectedd).(a) The root expression(b) Graph extension

(c) Graph redirection(d) Garbage collectionFigure 3One rewrite step of the initial expression of the fibonacci example.conof this paper when we discuss Clean we will use the term functions for rewrite ru-les and vice versa for convenience.Uniqueness Typesuniquelyproperty is stated as follows (Plasmeijer and van Eekelen, 1993):uniquereachable from the root of via and there exists exactly one path from to

Figure 4The uniqueness property depicted.

matching the right-hand side of the rule alternative. The redex root is redirected toandthen it will become garbage. In that case a new object can be constructed by making use of the old one. This means that one can structively update such an argu-the argument because it might be shared.funca-b-agraphscial role. Uniqueness Types restrict the use of graphs and function applications ina proinitionsoperations which safety is warranted by the type system.(1993-btribute synonymalgebraictype.sha-ring analysisducewhennot-sharedsharedwise). There are several cases to mark a reference not-shared. In case there is onlyenceevaluguard and its guarded expression. The guard will be evaluated before the guarded is evaluated. As a result, unique objects are allowed to be observed in guards.sharing analysis is input for the type system to check uniqueness type consistency.termined how many other referen-uniqueof a function to check that when a parameter or a result of a uniqueness type is de-mandedofferedmanthe uniqueness attribute.has been done by Chirimar et al, 1992 for a language based on Linear Types), andguages with theimperative world.Explicit multiple environment passingsequencesactive programs it is vital that these sequences be evaluated in a predictable orderbeforeimmediatescheme that will provide these vital properties for a lazy functional language. Thisscheme is used throughout the I/O system.4.1Explicit environment passingenvironmentencoding of (changes in) the state of the worldronimmediately effecthyper-strictbeforepressed as sequences of function applications on the environment.program looks like. Suppose we have an environment of type World. The functionechoWorldgetCharputCharechocharacter, denoted with �\n�, has been retrieved by getCharecho :: World -> Worldecho worldc = �\n�world2echo world2where(c, world1)=: getChar worldworld2=: putChar c world1sions) are defined by the symbol rather than the more customary symbol.worldWorldacterc1�cn�\n�cscreen will show the character sequence �c. Moreover, the program expres-ses successcimmediately afhas been read and before character ci+1 is being read.The idea of using explicit unrestricted environment passing schemes is indeed not the other sequences. Because the world has been updated according to some interthe state of that updated world anymore.catchworld1 as pre-c�1c�2�c�n+1 (£in+1), c�=�\n�, c�=cj<i=cj-1j>iworld1world2c�1c�2�c�n+1world1�\n�world2state c1�cn�\n�. Neither environment correctly reflects the state of the world.catch :: World -> (World, World)catch world(world1, world2)whereworld1 =: putChar �\n� worldworld2 =: echo worlding.*WorldStartnature of the actual world repment opera-uniquenessexample functions have the types getChar ::*World (Char, *World) and putChar::Char *World fi *World). Due to the Uniqueness Typing the Clean I/O system recatchputCharworld*WorldworldWorldcatchworldthe offered type cannot be coerced to obtain the uniqueness attribute. The functionechoClean definition (see figure 7).

echo :: *World -> *Worldecho worldc = �\n�world2echo world2where(c, world1)=: getChar worldworld2=: putChar c world1Figure 7The function echo now as a correctly typed Clean program.4.2Multiple environmentsEnvironment pass enforce program-mers to create a spine of I/O function applicationsover determine order of evaluation. To our knowledge, this is basically true for allsection 9.2), and also for all stream based approastream that carries the I/O operations).Reconsider for example the echo function in figure 7. In this program the spineputChar,…fixing an evaluation order.powmultiple environments. Introducparallelsupport modular programming of interactive programs.reenvironmentof the specificenvironment. In the Clean environment hierarchy the top environment is the envi*Worldenvironment by decompositionterface elements. Their corresponding types are *Files and *Events respectively.

Figure 8The Clean environment hierarchy.The decomposition rule OpenWorldcompositionCloseWorldfi *World. InronFile I/OClean file I/O is a good example of an I/O system using the explicit multiple envi*Filesindividual files themFigure 9The Clean environments for file handling.File or *File*Filequeness attribute. Once a writeable file has been opened it cannot be opened again made garbage safely when they are not needed anymore.fi-types of files (File as well as *File) it is possible to perform random access (seeks).read from files. One can write to and read from writeable files in any order.gram that illustraWorldFilesFileworldfileseventssourcereading, using the predefined function , and then dest is opened writeableFOpensourcedestness attricopyFilesourceterto destand the final world is composed from the file system and the event stream.Start :: *World -> *WorldStart worldnewWorldwhere(files, events)=: OpenWorld world=: SFOpen�Source�FReadData files=: FOpen�Dest�FWriteData files1=: copyFile source destnewWorld=: CloseWorld (CloseFile dest1 files2) eventscopyFile :: File *File -> *FilecopyFile source destcopyFile source1 (FWriteC c dest)where(readOK, c, source1) =: SFReadC sourceFigure 10A program copying a file named Source to a file named Dest terestUser Interface system the Graphical User I/O is done entirely with Graphical UserInterwindowsmenusdialoguesGraphicordfrom different sources: the user of a program communicates with that program viamouse movements). The opcate to the pro-ble,proevent A precedes event B iff A has occurred before B.face. Inabstractdeviceswindowmenudialoguetimeralgebraic typesAbstract device specifications define Graphical User Interface elements arehowinteractcontextdlers. An abstract event handler is a function that is included in the abstract devicestateenvironment*IOStatestract events.

device. Finally, section 6.5 gives a small example of an interactive program.6.1Defining abstract devicesfully specifies how the individual interface elements of that abstract device shouldtype variable which reflects the type of the program state.DeviceSystem sTimerSystem[TimerDefMenuSystemWindowSystem[WindowDefDialogSystem[boldfacealgebraic type (variants of the type).MenuDef sPullDownMenuMenuId MenuTitle SelectState[MenuElement s]MenuElement sMenuItemMenuItemId ItemTitle KeyShortcut SelectState (MenuFunctionCheckMenuItem (MenuFunction s)SubMenuItemMenuId ItemTitle SelectState[MenuElement s]MenuItemGroupMenuItemGroupId[MenuElement s]MenuRadioItems MenuItemId[RadioElement s]MenuSeparatorRadioElement sMenuRadioItemMenuItemId ItemTitle KeyShortcut SelectState (MenuFunction==s (IOState s) -> (s, IOState s)Key KeyCode | NoKeyMenuDefMenuFunction is a synonym type.

the case of the menu definition being mapped to a Macintosh system.PullDownMenu FileId �File� AbleMenuItem�New�Key �n�) AbleNewMenuItem�Open� (Key �o�) AbleOpenMenuItem�Close�Key �w�) Unable CloseMenuSeparatorMenuItem SaveId�Save�Key �s�) UnableSaveMenuItem SaveAsId �Save As� NoKeyUnable SaveAsMenuSeparatorMenuItem QuitId�Quit�Key �q�) AbleQuit

�Open�tion Openstate of the program. In orderthe program is a data object which has a fixed type (not a fixed value) because anyof the available abstract event handlers must be applicable.ments of the program. This component is a uniquely attributed environment that isabstract event handlers, which types are based on the program state of type ).gramen-viAll depes are of the form :: � *(IOState *s) fi (, *IOState *s). For example, typicalenabling and disablingthe entire menu system (also of separate menus or menu elements), adding and removingmarkingchanging titles or abstract event handlers of menu elements (see figure 14). As all envieffectenvironment.

EnableMenuSystem*(IOState *s) -> *IOState*sDisableMenuSystem*(IOState *s) -> *IOState*s*(IOState *s) -> *IOState*s*(IOState *s) -> *IOState*sEnableMenuItems[MenuItemId]*(IOState *s) -> *IOState*sDisableMenuItems[MenuItemId]*(IOState *s) -> *IOState*sMarkMenuItems[MenuItemId]*(IOState *s) -> *IOState*sUnmarkMenuItems[MenuItemId]*(IOState *s) -> *IOState*sSelectMenuRadioItemMenuItemId*(IOState *s) -> *IOState*s*(IOState *s) -> *IOState*s*(IOState *s) -> *IOState*sMenuItemGroupId Int [MenuElement *s]*(IOState *s) -> *IOState*sAppendMenuItemsMenuItemGroupId Int [MenuElement *s]*(IOState *s) -> *IOState*s[MenuItemId]*(IOState *s) -> *IOState*s*(IOState *s) -> *IOState*ssystem.6.3Interactionstwo secstract devices, discussed abstract event handlers, and introduced the state of a prointeraction conceptThis relation is roughly illustrated by the following equalities:abstract device definitions + event stream = IOStateIOState+ program state = interactiontransitions are defi-DeviceSystemStartIOIOSystemtion of type InitIO), and the event stream environment:

StartIO :: (IOSystem *s) *s (InitIO *s) *Events -> (*s, *Events)StartIOteraction, (2) evaluation of the initial actions of the interaction, and (3) the evalua-tion of the interaction until termination.(1) *IOState is(2) The second action of StartIO is the evaluation of the initial actions of the in-teraction. Suppose the initial actions are the list of transition functions [f�f, and(s, io)(s,ioÆfn-1Æ�Æf,io)quit the interaction by applying the function QuitIO to its IOState environment).concrete interaction state (s,io interaction(si+1,ioi+1)effectioi+1termi-natesIOStateStartIOnot been parsed by the interaction.An interlibrary function QuitIO *IOState *s. QuitIO releasesthe IOState component.6.4The other abstract deviceset alin prepa-ration).

The timer devicevi-vals that have passed. The ac-The window devicewindows at most one window is tivecide which winapplica*Picturedimensions, given by the PictureDomainThe dialogue devicecan change the modemodalModelessless,usual or dangerous situations.dows. These dia- between dialogue elements needs to be de-logue elements haveItemPos

LeftCenterRightearlierRightToBelowXOffsetYOffset), or in absolute terms (XY, ItemBox).6.5Examplebraries. The pro-the application running on a Macintosh system.AddressBook),AddressBookStyleternatween {} in a program. The arguments of a record expression can be selected by anextended form of pattern-matching, and by the field names of the arguments.Add, DeleteQuitOpenAddresseslist of addresses is shown. Add opens the Edit Address dialogue by which the userDeletedisabledaddress. before terminating the interaction asks the user if any changes to thedatabase should be actually saved to the database file. This is done via a noticeAddAddAddress. This function recreases the picture range of the Addresses window, and redraws its contents.Addresses window. The abstract mouse events in the Addresses window are han-Selectlected,Deletelogue with the address fields values of the selected address.

2 1 Start worldfinalWorldwhere(fs, es)=: OpenWorld world({files = fs1}, es1)=: StartIO [MenuSystem menus] initialBook initialIO es=: [PullDownMenu AddressMenuId "Book" Able [MenuItem"Open"Key ’o’) AbleOpen

MenuItem"Add�"Key ’a’) AbleAddMenuItem"Delete"Key ’d’) Unable DeleteMenuSeparatorMenuItem QuitId"Quit"Key ’q’) AbleQuit ]]=: {addresslist = [ ], selection = 0, files = fs}initialIO=: [ ReadAddressBook, finalWorld=: CloseWorld fs1 es1Open :: *AddressBook *IO -> (*AddressBook, *IO)Open addressBook =: {addresslist = addresses} iowhere=: ScrollWindow AddressesId (10,10) "Addresses"ScrollBar (Thumb left) (Scroll bookStyle.maxWidth))ScrollBar (Thumb top) (Scroll bookStyle.lineHeight))domain (100, itemHeight) (200, 200)UpdateWindowMouse AbleSelect ]((left, top), _) =: domaindomain=: AddressesGetPictureDomain addressesbookStyle=: AddressBookStyle=: NrLinesPerItem * bookStyle.lineHeightSelect :: MouseState *AddressBook *IO -> (*AddressBook, *IO)Select ((x,y), ButtonDown, _) addressBook=:{addresslist = addresses, selection = index} io=EmptyList addresses(addressBook, io)({addressBook & selection = index1}, io1)whereio1 =: ChangeIOState [fillTextFields=: [address.name,ChangeEditText CityTIdaddress.city,address.street,=: GetIndex index addressesindex1=: (y / itemHeight) + (Minimum 1 (y % itemHeight))=: NrLinesPerItem * AddressBookStyle.lineHeightSelect _ addressBook io = (addressBook, io)Add :: *AddressBook *IO -> (*AddressBook, *IO)Add addressBook iowhere editDialog =: CommandDialog AddDialogId "Edit Address" [ ] AddId [StaticTextNameSIdLeft "Name:",EditTextNameTIdRightTo NameSId) (MM 70.0) 1 "",StaticTextLeft "City:",EditTextCityTIdBelow NameTId)MM 50.0) 1 "",StaticTextStrtSIdLeft "Street:",EditTextBelow CityTId)MM 50.0) 1 "",StaticTextTelNrSIdLeft "Tel.Nr:",EditTextTelNrTIdBelow StrtTId)MM 30.0) 1 "",DialogButton AddIdCenter "Add" AbleAddAddress :: DialogInfo *AddressBook *IO -> (*AddressBook, *IO)AddAddress dialogInfo addressBook =: {addresslist = addresses} ioDrawInWindowFrame AddressesId UpdateWindow addressBook2 io1where(addressBook2, io1) =: ChangePictureDomain AddressesId domain addressBook1 ioaddressBook1=: {addressBook & addresslist = addresses1}domain=: AddressesGetPictureDomain addresses1addresses1=: Insert address addresses=: {name= GetEditText NameTId dialogInfo,city= GetEditText CityTIddialogInfo,street= GetEditText StrtTIddialogInfo,tel= GetEditText TelNrTIdDelete :: *AddressBook *IO -> (*AddressBook, *IO)Delete addressBook =: {selection = index} ioDrawInWindowFrame AddressesId UpdateWindow addressBook2 io2where=: DisableMenuItems [DeleteId] io1(addressBook2, io1)=: ChangePictureDomain AddressesId domain addressBook1 ioaddressBook1=: {addressBook & addresslist = addresses1, selection = 0}domain=: AddressesGetPictureDomain addresses1addresses1=: RemoveIndex index addressesQuit :: *AddressBook *IO -> (*AddressBook, *IO)button = noButton(addressBook, io2)where=: QuitIO io1=: OpenNotice (Notice["Save changes to address file?"]NoticeButton yesButton=: 1 "Yes")NoticeButton noButton=: 2 "No"]) io

Structuring interactive programsca-stract de-vice elements.sequentiallynestedStartIOtion of StartIOThe function and , first evalu-tro-duce a synonym type :: IODef s == (IOSystem s, s, InitIO s) that collects the interaction definition components.seq :: (IODef *s) (IODef *) *Events -> *Eventsseq (ioSystemA, programStateA, ioA) (ioSystemB, programStateB, ioB) eventseventsBwhere(_, eventsB) =: StartIO ioSystemB programStateB ioB eventsA(_, eventsA) =: StartIO ioSystemA programStateA ioA eventswhich is a convenient denotation for anonymous node identifiers.NestIOstart the evaluation of a new interaction during its own evaluation.NestIO :: (IOSystem *s) *s (InitIO *s) *(IOState *) -> (*s, *IOState *The type of NestIO is similar to the type of StartIO except for being applied to theIOState of the proterNestIOhiddenshown again. As editLineing facility.editLine :: String *(IOState *s) -> (String, *IOState *s)editLine line io(line1, io1)where=: getEditLine s1(s1, io1)=: NestIO IOSystemEditor (InitialEditorState line) InitIOEditor ioFigure 17A text editing interaction that can be used in arbitrary interactions.Another way to structure interactive programs is by the abstract device definitionscan be parameterizedsimpleDrawterized with an idand a picpolymorphicpes :: Add s == Point s s to addsdelete a point from the program state, and :: Get s == s (s, [Point]) to re-trieveDrawPointErasePointare both of type Point *Picture fi *Picture. The mouse event handler track erases adrawing window in action.simpleDraw :: WindowId PictureDomain (Add *s) (Del *s) (Get *s) -> WindowDef *sFixedWindow id (0,0) �Picture� pictureDomain (update get) [MouseAble (track id add del), Cursor CrossCursorupdate get _ s =where(s1, drawnPoints) =: get strack :: WindowId (Add *s) (Del *s) MouseState *s *(IOState *s) -> (*s, *IOState *s)track _ _ _ (_, ButtonUp, _) s io = (s, io)track id _ del (point, _, OptionOnly) s io= (del point s, DrawInWindow id [ErasePoint point] io)track id add _ (point, _, _) s io= (add point s, DrawInWindow id [DrawPoint point] io)Figure 18

2 6 OpenFunction==(DeviceSystem s) (IOState s) -> IOState sDoIOFunction==Event s (IOState s) -> (Bool, s, IOState s)CloseFunction==(IOState s) -> IOState s==(IOState s) -> IOState sFigure 20The types of the abstract device interface functions.

tions.Related worklo-FUDGETS (Carlsson and Hallgren, 1993).9.1Dialogue combinatorsdialogue combinatorsdic-table way. It is a discipline because programmers are not forced to program in this[Inputs])logue coms[Inputs]of type [Outputs], the new program state, and the user input that has not been con-sumed.NullDialogue, Joinand Cond Dlg s dialogue combinators d1d2uates d1d2d2d1. Con-ditionsCond: Cnd s Dlg s Dlg s d1d2d1 ifc holds and if not.TreeCasetercondition-action pairs [(c,a)�(c,a)] or rulesTreeCasec[(c,a)�(c,a)] [(c�,a�)�(c�,a�which is reTreeCase, and [Object tag s] initialhaviour of TreeCase the user inputs are known.gram the behaviour of dynamic interfaces, and the TreeCase dialogue combinatortions.9.2Monadsmonads-bOperations (or actionsno-atype is a special type of the empty tuple ()composesfi IO a, andfixmxakxytype are derived from unitIO and bindIO, namely doneIO :: IO () and seqIO :: IO a IOdoneIOm, andyields the result of implicitevaluathese can be defined in the explicit environment style.

fisparkinterleavedpend on the evaluadependent by definition. a by which a pro-program. This is clearly an example of unhygienic programpro*Worldapplying the composition rule to the event stream and file system environments.9.3UDGETSThe UDGETSfudget (functional widgetstrumentacceptssendsbtype F. The system provides a set of primitive fudgets.A program can create complex graphic interfaces by composing fudgets, and asna-tor >+< and of type b and F bF (bbEitherbbsition of f and bstream processing functions of predefined abstract data type SPa b. The operatorabsFSPabstract fudgetFSPprocessinput combinator b) SPboutputputSP :: [] stream processor sfand con-tinues as the stream processor . Finally, to get an executable program, the fudgetoperating system.

UDGETS system has no conlocalFUDGETSing a continu-gets dynamically.cognised for their highly dynamic use of interface elements.Conclusionscorporated in the lazy functional programming language Clean. File I/O is definedfaces is manterac-tiontosh. Wepisulting applica-tions obey the different look-and-feels of these systems. The libase application, a spreadsheet, a Turing machine programming environment, andtime perforpetitive withimperative programs.

tains these strengths.Current and future workcentratedvironment passing scheme can form a base for distributedinteractiveprogramstween interactions.We would like to thank Marko van Eekelen for comments on the text, and also forconventionwould also like to thank the referees of the paper for their valuable comReferencesSpecificaVerlag, Berlin, 1993, pp. 1-17.Achten, P.M. and Plasmeijer, M.J. 1993. The Beauty and the Beast. Technical ResityTechnical Reportin preparation. University of Nijmegen, The Netherlands.Functional Style and Its Algebra of Programs. In Communications of the ACM Nr.8, pp. 613-641.gramming, Addison-Wesley Publishing Company, pp. 219-247.

J.W. de, Nijman, A.J., and Treleaven, P.C. eds. Proceedings of Parallel Archi-259Vol.II. Springer-Verlag, Berlin, pp. 141-158.-ap-Technimatics and Informatics, University of Nijmegen.-bbay, India. LNCS 761. Springer-Verlag, Berlin, pp. 41-51.Proceedtecture274Springer-Verlag, pp. 364-384.Carlsson, M. and Hallgren, Th. 1993. June 1993. ACM Press, pp. 321-330.Conferpp. 371-381.TechniUniversity of Nijmegen.Girard, J-Y. 1987. Linear Logic. In Theoretical Computer Science50, pp. 1-102.University of Cambridge Computer Laboratory, Technical Report No. 285.puter SciencePro-tionalnical Report Series CSTR 91-07.

tions, Cambridge University Press, pp. 177-192.Hammond, K., Hughes, J., Johnsson, Th., Kieburtz, D., Nikhil, R., Partain, W.,ACMSigPlan Notices27, (5), pp. 1-164.Re-pany, pp. 17-42.puter ScienceCalifornia, Computer Society Press, pp. 14-23.M.J. 1991. Concurrent Clean. In Aarts, E.H.L., Leeuwen, J. van, Rem, M., eds,hoven, The Netherlands. LNCS 506, Springer-Verlag,pp. 202-219.College, London, Draft version.10-13, 1993, pp. 71-84.Parallel Graph Rewrit. Addison-Wesley Publishing Company 1993.Techni, in preparation. University of Nijmegen, The Netherlands.Technical Report CSRG-158.1991. Generating Efficient Code for Lazy Functional Languages. In Hughes, J.gram-523, Springer-Verlag pp. 592-617.formations in Computer Science, Schloss Dagstuhl, January 4-8, 1993. LectureNotes in Computer Science, Springer-Verlag, Berlin.Thompson, S. 1990. Interactive Functional Programs. A Method and a Formal SeAddison-Wesley Publishing Company, University of Kent, pp. 249-285.lishing Company, pp. 199-217.eds., Programming Concepts and Methods, Amsterdam North-Holland.

Wadler, Ph. 1990-b. Comprehending monads. In Proceedings of the ACM Confer-ence on Lisp and Functional Programming, Nice, ACM Press, pp. 61-78.SIGACT-SIGPLAN Symposium on Principles of Programming Languages, SanDiego, California, January, pp. 169-179.