P a r t I C h a p t e r 5 I n p u t a n d O u t p u t 5 . 1 C h a n g i n g t h e w o r l d 5 . 2 C o m b i n a t i o n o f i n p u t / o u t p u t f u n c t i o n s 5 . 3 S o m e s i m p l e d i a l o g s 5 . 4 A s i m p l e w i n d o w 5 . 5 T i m e r s 5 . 6 A l i n e d r a w i n g p r o g r a m 5 . 7 E x e r c i s e s

In this chapter it is described how interactive functional programs can be written. Thischapter uses the (to Clean 1.1 converted) 0.8 version of the I/O library.In the previous Chapter we introduced the two key techniques for interactive functionalprogramming:•environment passing which is used to control the order in which I/O is performed;•the environment can be passed in such a way that the uniqueness of references is guaran-teed, such that destructive updates can be used (in that case the technique is also cal-led state-transition).5.1Changing the worldSuppose we want to write a program that copies a complete file. It is easy to define anextension of the examples in the previous section such that not just one or two charactersare written but a complete list of characters is copied to a file. Combining this with a (asyet unspecified) function to read characters from a file gives a function to copy a file.CharListWrite :: [Char] *File -> *FileCharListWrite [] f = fCharListWrite [c:cs] f = CharListWrite cs (fwritec c f)CharFileCopy :: File *File -> *FileCharFileCopy infile outfile = CharListWrite (CharListRead infile) outfileThe function CharListWrite is left-recursive and strict such that its machine code will bevery close to the code of a classical loop.Reading characters from a file requires a few more lines than writing since for readingnot only an environment (the file, i.e. the pointer in the file to the next character to read)has to be passed but also a result has to be yielded. The file from which characters areread is not required to be unique since no destructive update is involved in reading.The read function is lazy. So, character by character the file will be read when the charac-ters are needed for the evaluation (the actual library implementation of sfreadc will pro-bably use some kind of buffering scheme).CharListRead :: File -> [Char]CharListRead f| not readok = []| otherwise = [char:CharListRead filewithchangedreadpointer]where(readok,char,filewithchangedreadpointer) = sfreadc f

96Functional Programming in Clean

This completes the file copy function but we do not have a file copy program yet. What ismissing is functions to open and close the files in question and, of course, we have to ar-range that the file system is accessible. A copy function that also opens and closes files isgiven below:CopyFile :: String String *Files -> *FilesCopyFile inputfname outputfname filesys| readok && writeok && closeok = finalfilesystem| not readok= abort ("Cannot open input file: ’" +++ inputfname +++ "’")| not writeok= abort ("Cannot open output file: ’" +++ outputfname +++ "’")| not closeok= abort ("Cannot close output file: ’" +++ outputfname +++ "’")where(readok,inputfile,touchedfilesys) = sfopen inputfname FReadText filesys(writeok,outputfile,nwfilesys) = fopen outputfname FWriteText touchedfilesyscopiedfile= CharFileCopy inputfile outputfile(closeok,finalfilesystem)= fclose copiedfile nwfilesysThe definition above uses the library functions fopen and sfopen to open files. The differ-ence between them is that fopen requires the file to be unique and sfopen allows sharing ofthe file. Both functions have argument attributes indicating the way the file is used(FReadText, FWriteText). Another possible attribute would be FAppendText. Similar attri-butes exist for dealing with files with data.Accessing the file system itself means accessing the ’outside world’ of the program. Thisis made possible by allowing the Start rule to have an abstract parameter World which en-capsulates the complete status of the machine.a aWorldopenfilesclosefilesStart :: *World -> *WorldStart world = CopyFileInWorld worldCopyFileInWorld :: *World -> *WorldCopyFileInWorld world = newworldwhere(filesystem,worldwithoutfilesystem)= openfiles worldfinalfilesystem= CopyFile inputfilename outputfilename filesystemnewworld= closefiles finalfilesystem worldwithoutfilesysteminputfilename= "source.txt"outputfilename= "copy.txt"LineListRead :: File -> [String]LineListRead f| sfend f= []| otherwise= [line:LineListRead filerest]where(line,filerest) = sfreadline f // line still includes newline character

I.5 Input and Output (Draft, 12 augustus 1997)

MegStringsRead :: File ->[String]MegStringsRead f| sfend f= []| otherwise= [string:MegStringsRead filerest]where(string,filerest)= sfreads f MegaByteMegaByte = 1024 * 102415 . 2 WriteAB :: *File -> *FileWriteAB file = fileABwherefileA= fwritec ’a’ filefileAB= fwritec ’b’ fileAWriteAB :: *File -> *FileWriteAB file = fwritec ’b’ (fwritec ’a’ file)sing functions.fileAfileABfile1file2filefileted.WriteAB :: (*File -> *File) //brackets indicate function is defined with arity 0WriteAB = fwritec ’b’ o fwritec ’a’WriteAB :: (*File -> *File)WriteAB = seq [fwritec ’a’,fwritec ’b’]WriteAB :: *File -> *FileWriteAB file = seq [fwritec ’a’,fwritec ’b’] fileseqseqseq :: [s->s] s -> s //restricted type: see section Polymorphic Uniqueness belowseq [] x = xseq [f:fs] x = seq fs (f x) function is given which reads in the entire file at once.CharListReadEntireFile:: File -> [Char]CharListReadEntireFile f| not readok = []| otherwise = let! chars = CharListReadEntireFile filewithchangedreadpointer in [char : chars]where(readok,char,filewithchangedreadpointer) = sfreadc f seq:: St s a :== s -> (a,s) // type of the functions to be combined// restricted type: see 5.2.3 belowseqList :: [St s a] s -> ([a],s)// results are collected in a listseqList [] state = ([],state)seqList [f:fs] state = ([a:as],state2)where(as,state2) = seqList fs state1(a,state1) = f statereadzipcode file = seqList [readarea,readregion] filewherereadarea = readstring 4readregion = readstring 2readstring int file= freads file int5.2.1Monadic stylefreadcfreads‘bind‘‘bind‘monadicStsawith the manipulation functions ‘bind‘ and return is called the monad(‘bind‘) infix 0 :: (St s a) (a -> (St s b)) -> (St s b) // restricted type(‘bind‘) f_sta a_fstb = stbwherestb st = a_fstb a nstwhere(a,nst) = f_sta streturn :: a -> (St s a)// restricted typereturn x = \s -> (x,s)readzipcode :: (*File -> ((Int,Char,Char),*File))readzipcode file=freadint ‘bind‘ \(b1,i)->freadchar ‘bind‘ \(b2,c1)->freadchar ‘bind‘ \(b3,c2) ->if (b1 && b2 && b3)(return (i,c1,c2))(abort "readzipcode failure")wherefreadint file = ((b,i),file1) where (b,i,file1) = freadi filefreadchar file = ((b,c),file1) where (b,c,file1) = freadc file2

I.5 Input and Output (Draft, 12 augustus 1997)

5.2.2let#readzipcode :: *File -> ((Int,Char,Char),*File)readzipcode file# (b1,i,file) = freadi file# (b2,c1,file) = freadc file# (b3,c2,file) = freadc file| b1 && b2 && b3 = ((i,c1,c2), file)| otherwise = abort "readzipcode failure"readzipcode :: *File -> ((Int,Char,Char),*File)readzipcode file# (b1,i,file1) = freadi file# (b2,c1,file2) = freadc file1# (b3,c2,file3) = freadc file2| b1 && b2 && b3 = ((i,c1,c2), file3)| otherwise = abort "readzipcode failure"where###where##filewherewhere#filewherereadzipcodefilefreadcletwith5.2.3Polymorphic UniquenessIn fact, the types of seqListreturn and (‘bind‘)in the library are more general. Theinferredseq :: ![.(.s -> .s)] .s -> .s// fn-1 (..(f1 (f0 x))..)seqList :: ![St .s .a] .s -> ([.a],.s)// fn-1 (..(f1 (f0 x))..)(‘bind‘) infix 0 :: u:(St .s .a) u:(.a -> .(St .s .b)) -> u:(St .s .b)return :: u:a -> u:(St .s u:a) in the corresponding argument.5 . 3 5.3.1 A File Copy Dialogand response on the screen must be given.fetched as an abstract unique part from the world (using OpenEvents and CloseEvents).

IOState

Figure 5.3 The IOState and its components.StartIOStartIOQuitIO

I.5 Input and Output (Draft, 12 augustus 1997)

StartIOStartIOStartIOStartIOQuitIOStartIOgram state and the unprocessed events after the evaluation of . Events without an ap-The function StartIO also has an argument containing4module copyfileimport StdEnv,deltaEventIO,deltaFont,deltaDialog,deltaSystemStart :: *World -> *WorldStart world = CopyFileDialogInWorld worldCopyFileDialogInWorld :: *World -> *WorldCopyFileDialogInWorld world = newworldwhere(filesystem,worldwithoutfilesystem) = openfiles world(events,emptyworld)= OpenEvents worldwithoutfilesystem(finalstate,leftoverevents)= StartIO devicedefs initstate initialio eventsfinalfilesystem= finalstateworldwithevents= CloseEvents leftoverevents emptyworldnewworld = closefiles finalfilesystem worldwitheventsdevicedefs= [MenuSystem [QuitMenu] ,DialogSystem [CopyFileDialog CopyFile] ]initstate= filesysteminitialio= []:: *ProgState= {files :: Files}

CopyFileDialogInWorld :: *World -> *WorldCopyFileDialogInWorld world= newworldwhere(filesystem,worldwithoutfilesystem)= openfiles world(events,emptyworld)= OpenEvents worldwithoutfilesystem(finalstate,leftoverevents)= StartIO devicedefs initstate initialio eventsfinalfilesystem= finalstate.filesworldwithevents= CloseEvents leftoverevents emptyworldnewworld = closefiles finalfilesystem worldwitheventsdevicedefs= [MenuSystem [QuitMenu] ,DialogSystem [CopyFileDialog CopyFile] ]initstate= {files = filesystem}initialio= []ample.Quitcally using the constructors PullDownMenu and MenuItem. The definition of the type MenuDefQuitMenu :: MenuDef *s (IOState *s)QuitMenu = PullDownMenu menId "File" Able[MenuItem qId "Quit" (Key ’Q’) Able QuitFun]whereQuitFun s io = (s,QuitIO io)[menId,qId:_] = [0..]-> DialogDef *ProgState (IOState *ProgState)CopyFileDialog copyfun =CommandDialog dlgId "File Copy" [] okIdStaticText srcId Left ("file to read: ")EditText srcInputId (RightTo srcId) inputlength nrlines defaultinputStaticText dstId Left ("copied file name: ")EditText dstInputId (Below srcInputId) inputlength nrlines defaultinputDialogButton cancelId (Below dstId) "Cancel" Able (cancel dlgId)

I.5 Input and Output (Draft, 12 augustus 1997)

DialogButton okId (RightTo cancelId) "OK" Able (ok copyfun)whereinputlength = MM 50.0nrlines = 1defaultinput = ""cancel id dlginfo s io = (s, CloseDialog id io)ok fun dlginfo s io = ({s & files = newfilesys},CloseDialog dlgId io)wherenewfilesys = fun inputfilename outputfilename s.filesinputfilename= GetEditText srcInputId dlginfooutputfilename= GetEditText dstInputId dlginfo[dlgId,srcId,srcInputId,dstId,dstInputId,cancelId,okId:_] = [0..]DialogDef*ProgState(IOState*ProgState)BelowdstIdGetEditTextons (okcopyfun and canceldlgId).deltaFileSelectthe actual machine the program will be running on.import deltaFileSelectFileReadDialog fun state io| notcancel= fun name nwstate nwio| otherwise= (nwstate,nwio)wherenwstate= {state & files = nwfiles}(notcancel,name,nwfiles,nwio)= SelectInputFile state.files ioFileWriteDialog fun state io| notcancel = fun name nwstate nwio| otherwise = (nwstate,nwio)where nwstate= {state & files = nwfiles} (notcancel,name,nwfiles,nwio)= SelectOutputFile prompt default state.files io prompt = "Write output as:" default = "file.copy"

.DialogTitle .TextWidth .Int *World-> .World | toString b & fromString, toString a/* Apply FunctionTest e.g as a test for the sin function on reals: 0.0 is theinitial value in the inputbox.module functiontestimport StdEnv,IOUtilitiesStart world = FunctionTest sin 0.0 "sin" (MM 100.0) 5 worldinstance fromString Real where fromString s = toReal s/* needed only if it is not defined already in some library */*/

I.5 Input and Output (Draft, 12 augustus 1997)

StartIOFunctionTestusing the parameter fnameimplementation module funtestimport StdEnvimport deltaDialog,deltaEventIO,deltaSystemimport deltaWindow,deltaControls,deltaFileSelectFunctionTest :: (a -> b) a .DialogTitle .TextWidth .Int *World-> .World | toString b & fromString, toString aFunctionTest function initval fname width nrlines world= CloseEvents leftoverevents worldwithouteventswhere(events, worldwithoutevents) = OpenEvents world(_, leftoverevents) = StartIO devicedefs [] [] eventsdevicedefs= [ DialogSystem [FunDialog], MenuSystem [PullDownMenu DontCareId "File" Able menuitems]menuitems =[ MenuItem DontCareId ("Open "+++fname) (Key ’O’) Able Open , MenuSeparator, MenuItem DontCareId "Quit" (Key ’Q’) Able QuitFunDialog = functiondialog fname width nrlines dialogfunction dialoginitvalwheredialoginitval = toString initvaldialogfunction x = toString (function (fromString x))Open s io = (s,OpenDialog FunctionDialog io)Quit s io = (s, QuitIO io)DontCareId :== 0functiondialogStringtoStringfromString combined with the general polymorphic function parameter (dialogfunctionfunc-tiondialogfunctiondialogfunctiondialog :: .DialogTitle .TextWidth .Int (String -> String) String-> .DialogDef *a (IOState *a)functiondialog name width nrlines fun initstring= CommandDialog dlgId name [] okId[ StaticText intextId Left (name+++" input: "), EditText inputId (RightTo intextId) width nrlines initstring, StaticText outtextId Left (name+++" output: "), EditText outputId (Below inputId) width nrlines "", DialogButton cancelId Left "Cancel" Able (cancel dlgId), DialogButton okId (Below outputId) "OK" Able (ok fun)]whereok fun dlginfo s io= (s,ChangeDialog dlgId [ChangeEditText outputId (fun input)] io)whereinput = GetEditText inputId dlginfo[dlgId,intextId,outtextId,inputId,outputId,cancelId,okId:_]= [inc DontCareId..]

cancel :: .DialogId .DialogInfo *s (IOState *s) -> (*s,IOState *s)// type is more restrictive than deduced typecancel id dialoginfo s io = (s, CloseDialog id io)MenuFunction *s (IOState *s))) *s (IOState *s)-> (*s,IOState *s) | fromString ainputdialog name width fun s io = (s,OpenDialog dialogdef io)wheredialogdef= CommandDialog dlgId name [] okId[StaticText nameId Left (name+++": "),EditText inputId (RightTo nameId) width 1 "",DialogButton cancelId (Below inputId) "Cancel" Able (cancel dlgId),DialogButton okId (RightTo cancelId) "OK" Able (ok fun)]ok fun dlginfo s io = fun input s (CloseDialog dlgId io)whereinput = fromString (GetEditText inputId dlginfo)[dlgId,nameId,inputId,cancelId,okId:_] = [0..]The type MenuFunction used in the type of inputdialog is defined in the library.::MenuFunction *s *io :== s -> *(io -> (s, io))It is the type of a menu function like opentest sin and quit in the previous examples.input-

I.5 Input and Output (Draft, 12 augustus 1997)

5.3.4 More Generic Dialog Definitionsplanatory./*warning on function to be applied: default Cancel */warnCancel :: a .(MenuFunction *s (IOState *s)) *s (IOState *s)-> (*s,IOState *s) | toString awarnCancel info fun s io| choiceId == cancelId = (s,nio)| otherwise = fun s niowhere(choiceId,nio) = OpenNotice warningdef iowarningdef = Notice [toString info] (NoticeButton cancelId "Cancel")[NoticeButton okId "OK"][cancelId,okId:_] = [0..]/*warning on function to be applied: default OK */warnOK :: a .(MenuFunction *s (IOState *s)) *s (IOState *s)-> (*s,IOState *s) | toString awarnOK info fun s io| choiceId == cancelId = (s,nio)| otherwise = fun s niowhere(choiceId,nio) = OpenNotice warningdef iowarningdef = Notice [toString info] (NoticeButton okId "OK") [NoticeButton cancelId "Cancel"][cancelId,okId:_] = [0..]/*message to user: continu on OK */inform:: [String] (IOState *s) -> IOState *sinform strings io = nwiowhere(_,nwio) = OpenNotice (Notice strings (NoticeButton DontCareId "OK") []) io5 . 4

PointPoint(0,0)(0,0)something in the part of the picture area that is not in the current window nothing happens.up-datefunctionand a mouse function.module displayfileinwindowimport StdEnv, LibExt:: *ProgState =select:: Boolselectedline:: Intfiles:: FilesStart world = closefiles finalfs (CloseEvents finales world‘‘)where({files=finalfs},finales)= StartIO [MenuSystem Menus] initstate [] es(es,world‘)= OpenEvents world(fs,world‘‘)= openfiles world‘initstate = {select=False,selectedline=abort "No line selected",files=fs}Menus =PullDownMenu DontCareId "File" AbleMenuItem DontCareId "Read File..." (Key ’O’) Able(FileReadDialog (Show LineListRead))MenuSeparatorMenuItem DontCareId "Quit" (Key ’Q’) Able QuitQuit s io =(s, QuitIO io)ShowDisplayInwindow

I.5 Input and Output (Draft, 12 augustus 1997)

Show readfun name s io| not readok = abort ("Could not open input file ’" +++ name +++ "’")| otherwise = ({s & files = nwfiles}, DisplayInWindow (readfun file) io)where(readok,file,nwfiles) = sfopen name FReadText s.filesDisplayInWindow text io = OpenWindows [windowdef] iowherewindowdef= ScrollWindow DontCareId (0,0) "Read Result" // id,position,title (ScrollBar (Thumb (~whiteMargin)) (Scroll Font.width)) // horizontal (ScrollBar (Thumb 0) (Scroll Font.height)) // vertical ((~whiteMargin,0),(maxLineWidth,length lines*Font.height)) // domain (10,10) (640,480)// minimum size,init size (updatefunction lines) // window drawfunction[Keyboard Able getkeys// keyboard handling,Mouse Able getmouse// mouse handling]wherelines = splitby ’\n’ (flatten (map fromString text))whiteMargin = 5maxLineWidth = 1024:: InfoFontfont:: Fontwidth:: Intheight:: Intup:: IntFont =:font= fntwidth= maxwidthheight= ascent+descent+leadingup= ascent+leadingwhere(ascent,descent,maxwidth,leading)= FontMetrics fnt(_,fnt) = SelectFont name styles size(name,styles,size) = DefaultFontwhiteMarginmaxLineWidthupdatefunction textlines domains s=:{select,selectedline}(s,flatten (map update domains))whereupdate domain=:((_,top),(_,bot)) // draw (again) in between top and bot=EraseRectangle ((~whiteMargin,top),(maxLineWidth,bot))drawlines (tolinenumber top) (tolinenumber (dec bot)) textlinesdrawlines first last textlines=hilite ++MovePenTo (0,(towindowcoordinate first) + Font.up)flatten (map drawline (textlines%(first,last))) wherehiliteselect&&(selectedline >= first || selectedline <= last)= hiliteline selectedline| otherwise= []drawline xs=DrawString lineMovePen (~(FontStringWidth line Font.font),Font.height)whereline = toString xsco-ordinates.tolinenumber windowcoordinate = windowcoordinate / Font.heighttowindowcoordinate linenumber = linenumber * Font.height // top of the linehiliteline linenrSetPenMode HiliteModeFillRectangle (towindowrectangle linenr)SetPenNormaltowindowrectangle linenumber= ((~whiteMargin,winco), (maxLineWidth,winco + Font.height))wherewinco= towindowcoordinate linenumbermeta-keymo-difierthe state and the iostate. Its result is a tuple of state and iostateChangeActiveScrollBargetkeys (kcode,kstate,modifs=:(shift,opt,comm,contr)) s io| IsKeyUp kstate= (s,io)| key == LeftKey= horscroll (horthumb - Font.width) s io1| key == RightKey= horscroll (horthumb + Font.width) s io1| key == UpKey= verscroll (verthumb - Font.height) s io1| key == DownKey= verscroll (verthumb + Font.height) s io1| key == PgUpKey= verscroll (verthumb - pagesize) s io1| key == PgDownKey= verscroll (verthumb + pagesize) s io1| otherwise = (s,io)wherekey= toChar kcodepagesize= verdown - verthumb(((horthumb,verthumb),(_,verdown)),io1)= ActiveWindowGetFrame iohorscroll newvalue= ChangeActiveScrollBar (ChangeHThumb newvalue)verscroll newvalue= ChangeActiveScrollBar (ChangeVThumb newvalue)IsKeyUp KeyUp= TrueIsKeyUp keystate= Falsedown) and of course the state and the iostate. Its result is a tuple of state and iostate

I.5 Input and Output (Draft, 12 augustus 1997) getmouse ((_,y),ButtonDoubleDown,_) s=:{select,selectedline=oldselection} io={s & select = True,selectedline = selection}DrawInActiveWindow (changeselection oldselection selection) iowhereselection= tolinenumber ychangeselection old new| select= hiliteline old ++ hiliteline new| otherwise= hiliteline newgetmouse _ s io = (s,io)

newfile = LineListWrite lines file(_,file,nwfiles)= fopen (name+++".copy") FWriteText state.filesMenuItem AutoSaveId "Enable AutoSave" (Key ’S’) Able AutoSave,AutoSaveId = 1AutoSave s io= (s,seq [EnableTimer TimerId,ChangeMenuItemFunctions [(AutoSaveId,NoAutoSave)],ChangeMenuItemTitles[(AutoSaveId,"Disable AutoSave")]]io)NoAutoSave s io= (s,seq [ChangeMenuItemTitles [(AutoSaveId,"Enable AutoSave")],ChangeMenuItemFunctions [(AutoSaveId,AutoSave)],DisableTimer TimerId]io)this auto-save function.5 . 6 Linedrawstructs and contain useful comments about the used and semantics of these constructs.module Linedrawimport StdEnv, deltaFileSelect, deltaDialog, deltaSystem, deltaTimerimport deltaEventIO, deltaIOSystem, deltaPicture, deltaWindow, deltaMenuPicturePicture::Point:== (!Int, !Int);::Line:== (!Point, !Point);::DrawFunction:== Picture -> Picture;IO

I.5 Input and Output (Draft, 12 augustus 1997)

::* IO:== IOState ProgState::* ProgStatelines:: [Line]// The drawingfsys:: *Files// The file systemfname:: String// Name of file to store drawingStart#whereInitStatewithfsyswhereStart :: * World->* WorldStart world # (events, world) = OpenEvents world # (fsys,world) = openfiles world # (s, events) = StartIO [menus, window, dialog, timer] InitState [] eventswith InitState = {lines = [], fsys = fsys, fname = ""} = CloseEvents events (closefiles s.fsys world)wheremenus= MenuSystem [file,edit]file= PullDownMenu DoNotCareId "File" AbleMenuItem DoNotCareId "Open" (Key ’O’) Able OpenMenuItem DoNotCareId "Save" (Key ’S’) Able SaveMenuSeparatorMenuItem DoNotCareId "Quit" (Key ’Q’) Able Quitedit= PullDownMenu DoNotCareId "Edit" AbleMenuItem DoNotCareId "Remove Line" (Key ’R’) Able RemoveMenuSeparatorMenuItem DoNotCareId "Help" (Key ’H’) Able Helpwindow= WindowSystem[ ScrollWindowWId (0,0) "Picture"// Window Id, Pos, Title(ScrollBar (Thumb 0) (Scroll 10))// Horizontal scroll bar(ScrollBar (Thumb 0) (Scroll 10))// Vertical scroll barPictDomain// Picture domainMinWindowSize// Minimum window sizeInitWindowSize// Initial window size(\_ ps=:{lines} -> (ps,draw lines))// Window update[ Mouse Able MouseWait// Window attribute list, GoAway Quit, Keyboard Able HandleKeydialog= DialogSystem[ AboutDialog "Linedraw" ((0, 0), (160, 25))[MovePenTo (10, 10), DrawString "A line drawing tool"](AboutHelp "Help" Help)timer= TimerSystem [Timer TId Unable time remaindSave]of the menu structure or use a no-operation for the menu functions: \ s io -> (s,io). Also beginning, or we can again use a no-operation.Start�OKHelpdeltaDialogP r o g S t a t e , I O ) Quit state io = (state, QuitIO io)While the mouse button is pushed the line under construction is drawn like a rubber band.MouseWaitstartDrawstartDrawXorModeXorModeMouseWait :: MouseState ProgState IO -> (ProgState, IO)MouseWait (pos,ButtonDown,_) state io = (state,startDraw [] pos pos io)MouseWait _ state io = (state,io)startDraw :: [DrawFunction] Point Point IO -> IOstartDraw fs s e io

I.5 Input and Output (Draft, 12 augustus 1997)

=ChangeMouseFunction WId (MouseDraw s e)((DrawInWindow WId (fs++[SetPenMode XorMode,DrawLine (s,e)])) (timerOff io))MouseDrawButtonUpFor other mouse events we check whether the mouse is moved (y == z). If the mouse is notthe newline. The pen remains is XorModeMouseDraw :: Point Point MouseState ProgState IO -> (ProgState, IO)MouseDraw x y (z,ButtonUp,_) state=:{lines} io = ({state & lines = [(x,z):lines]} ,timerOn (ChangeActiveMouseFunction MouseWait(DrawInActiveWindow [DrawLine (x,y),SetPenNormal,DrawLine (x,z)] io)) )MouseDraw x y (z,_,_) state io | y == z = (state,io) = (state,ChangeActiveMouseFunction (MouseDraw x z)(DrawInActiveWindow [DrawLine (x,y),DrawLine (x,z)] io) RemoveRemove :: ProgState IO -> (ProgState,IO)Remove state=:{lines} io | isEmpty lines = (state,Beep io) = ({state & lines = lines‘} , timerOn (DrawInWindow WId (draw lines‘) io))where lines‘ = tl linesdraw :: [Line] -> [DrawFunction]draw ls = [EraseRectangle PictDomain,SetPenNormal:[DrawLine l \\ l <- ls]]MouseWaitceed as in the previous version of the function MouseWaittouchOptionOptionOptionMouseWait :: MouseState ProgState IO -> (ProgState, IO)MouseWait (pos,ButtonDown,(shift,_,_,_)) state=:{lines} io | shift = case touch pos lines ofYes ((s,e),ls) -> ({state & lines = ls}, startDraw (draw ls) s e io)No -> (state, io)

= (state,startDraw [] pos pos io)MouseWait _ state io = (state,io):: Option x = Yes x | Notouch :: Point [Line] -> Option (Line,[Line])touch p [] = Notouch p [l=:(s,e):r]| closeTo p s = Yes ((e,s),r)| closeTo p e = Yes (l,r) = case touch p r of Yes (t,x) -> Yes (t,[l:x]) no -> nowhere closeTo (a,b) (x,y) = (a-x)^2 + (b-y)^2 <= 10deltaFileSelectSave :: ProgState IO -> (ProgState,IO)Save ps=:{fsys,fname} io # (ok,fn,fsys,io) = SelectOutputFile "Save as" fname fsys (timerOff io) | not ok = ({ps & fsys = fsys},timerOn io) # (ok,file,fsys) = fopen fn FWriteData fsys | not ok = ({ps&fsys=fsys},inform ["Cannot open file"] (timerOn io)) # file = seq (flatten [map fwritei [a,b,x,y]\\ ((a,b),(x,y)) <- ps.lines ]) file # (ok,fsys) = fclose file fsys | not ok = ({ps&fsys=fsys},inform ["Cannot close file"] (timerOn io)) = ({ps & fsys = fsys, fname = fn},resetTimer io)inform :: [String] (IOState *s) -> IOState *sinform m io = snd (OpenNotice (Notice m (NoticeButton DoNotCareId "OK") []) io)ficient.Open :: ProgState IO -> (ProgState,IO)Open ps=:{fsys} io # (ok,fn,fsys,io) = SelectInputFile fsys (timerOff io) | not ok = ({ps & fsys = fsys},timerOn io) # (ok,file,fsys) = fopen fn FReadData fsys // *File to allow reuse | not ok = ({ps&fsys=fsys},inform ["Cannot open file"] (timerOn io)) # (ints,file) = readInts file # (ok,fsys) = fclose file fsys | not ok = ({ps&fsys=fsys},inform ["Cannot close file"] (timerOn io))=({ps & fsys = fsys, fname = fn, lines = lines},DrawInWindow WId (draw lines) (resetTimer io)with lines = toLines intstoLines :: [Int] -> [Line]toLines [a,b,x,y:r] = [((a,b),(x,y)):toLines r]toLines _= []readInts :: *File -> ([Int],*File)readInts file# (end,file)= fend file| end= ([],file)# (ok,i,file)= freadi file| not ok= ([],file)

I.5 Input and Output (Draft, 12 augustus 1997)

# (is,file)= readInts file= ([i:is],file)re-moveKeyUpKeyDownKeyStillDownActiveWindowGetFramedeltaWindowBeepHandleKey (_,KeyUp,_) s io = (s,io)HandleKey (kcode,_,_) s=:{lines} io # (((htumb,vtumb),_),io) = ActiveWindowGetFrame io = case toChar kcode ofLeftKey -> ChangeActiveScrollBar (ChangeHThumb (htumb-10)) s ioRightKey -> ChangeActiveScrollBar (ChangeHThumb (htumb+10)) s ioUpKey -> ChangeActiveScrollBar (ChangeVThumb (vtumb-10)) s ioDownKey -> ChangeActiveScrollBar (ChangeVThumb (vtumb+10)) s ioBackSpKey -> Remove s io -> (s, Beep io)HelpHelp :: ProgState IO -> (ProgState,IO)Help s io = (s,inform helptext io)helptext :== ["Hold down shift to move end points of line" ,"Arrow keys scroll window" ,"Backspace deletes last line"]SaveresetTimer io :== timerOff (SetTimerInterval TId time io)timerOn io :== EnableTimer TId iotimerOff io :== DisableTimer TId ioremaindSave :: TimerState ProgState IO -> (ProgState,IO)remaindSave _ s io # (button,io) = OpenNotice (Notice ["Save now?"] (NoticeButton lid "Later") [NoticeButton sid "Save now"]) (DisableTimer TId io) | button==sid = Save s (resetTimer io) = (s,timerOn (resetTimer io))where [lid,sid:_] = [0..]+timeinstance + {#Char} // + for Stringwhere (+) s t = s +++ tPictDomain:== ((0,0), (1000,1000))MinWindowSize:== (50,50)InitWindowSize:== (500,300)time:== 5*60*TicksPerSecond// Time between save remaindersDoNotCareId:== 0WId:== 1TId:== 2

5 . 7 Exercises5.15.2Combine the FileReadDialog and FileWriteDialog functions into a complete copyfile program5.35.4SelectOutput-FileFileWriteDialogFilesProgStateFilesProgStatefopensfopensf-open can be neither updated nor closed.5.55.6RadioItemthat the user can select the transformation to be applied.5.7ScrollingList5.8Include in the program of exercise 5.6 a timer that scrolls to the next page automatically after a pe-5.9GetCurrentTimenice picture using the draw functions from the I/O module deltaPicture5.10your own window-based editor.5.115.12Extend the line drawing program such that the thickness of lines can be chosen from a sub-menu.