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This chapter describes how a simple window-based text editor can be programmed in
Clean. This chapter not only shows how such a program can be written in Clean, it also
shows how in general window, keyboard and mouse actions can be defined.

3.1 The editor program state

The program state of the editor consists of a record of type progst at e With various kinds
of mformatlon

: WidwFun .s .io == (s,i0) -> (s,i0)
i *ProgState =
/* Sect. 3.2 */{ name :o String
/* Sect. 3.2 */, file o *File
/* Sect. 3.2 */, fil eopened Bool
/* Sect. 3.2 */, files IFiles
/* Sect. 3.2 */, lines [String]
/* Sect. 3.4 */, startblinking :: WdwFun ProgState (I CState ProgState)
/* Sect. 3.4 */, stopblinking 1 WidwFun ProgState (I Cstate ProgState)
/* Sect. 3.4 */, cursorvisible Bool
/* Sect. 3.4 */, cursorpos (Int,Int) /1 X,y wi ndowcoor di nat es
/* Sect. 3.2 */, clipboard [String]
/* Sect. 3.2 */, selected Bool
/* Sect. 3.2 */, selection ((Int,Int),(Int,Int))
/1l fromto textcoordi nates

/* Sect. 3.2 */, prevnouse ButtonState
/* Sect. 3.2 */, font | nf oFont }

EDSIO == (ProgState, | Cstate ProgState)

The use of the various fields will be explained in the corresponding sections.

Initialisation is done in a modular way assuring that an error will occur when a field is
not properly initialised.

InitProgranttate ::

InitProgranttate fs

=

nane = abort
file = abort
fil eopened = abort
files =fs,

l'i nes = abort

IFiles -> ProgState;

(" nane" +++ errorstring),
("file" +++ errorstring),
("fil eopened" +++ errorstring),

("l'ines” +++ errorstring),
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cl i pboard = abort ("clipboard" +++ errorstring),
sel ected = abort ("sel ected" +++ errorstring),
sel ection = abort ("selection" +++ errorstring),
pr evnouse = abort ("prevrouse" +++ errorstring),
cur sor pos = abort ("cursorpos" +++ errorstring),
cursorvisible = abort ("cursorvisible"+++ errorstring),
font = abort ("font" +++ errorstring),
startblinking = abort ("startblinking"+++ errorstring),
st opbl i nki ng = abort ("stopblinking" +++ errorstring)
}
wher e
errorstring =" field of state not properly initialized"

Start world = closefiles finalfiles (O oseEvents restevents
wor | dwi t hout fi | esandevent s)
wher e
({files=finalfiles},restevents)
= StartlOdevices (initialstate fs) [InitBlinker blinkTinerld] events
(event s, worl dwi t hout event s) = (penEvents world
(fs,worl dwithoutfilesandevents) = openfiles worl dwithoutevents

bl i nkTi nerld
devi ces
initialstate fs

inc DontCareld
[ MenuSystem [ Fi | eMenu, Edi t Menu, Sear chMenu] ]
seq [ I nit SaneMouse, I nitQursor, | nitH ghlight,
InitFiles,InitFont,|nitText,|nitdipBoard]
(InitProgranttate fs)

3.2 File access

The field nane in the program state refers to the name of the file of which the text is
being manipulated by the program. This name is used by the library functions for file
I/0. It includes the path of directories or folders towards the file. Usually, when a file
name is shown in a window this is done without the path. The function stri poi rs provides
the appropriate functionality.

stripDirs:: .a->a | toString, fronBtring a

stripDrs namew thdirectories

= toString (last (splitBy DrSeparator (fronBtring nanew thdirectories)))

The functionality for reading files is the same as for the examples used in Chapter 1.5.
The filesystem is kept in the field files of the program state.

Similar functionality is used for writing files. An important aspect is that for writing to
a file, that file must be unique. So, in the program state we have a field fi1e of type *rile
to represent the file to be manipulated. Furthermore, there is a boolean fi1 eopened
indicating whether or not a file has been opened. This boolean is used to provide
assistance to a user which attempts to perform operations wihtout opening a file.

When a file is opened its contents is read into the field 1i nes: a list of strings representing
the lines of the files. As an experiment we have chosen here to keep each string exactly as
it is read as a line: including the newline character. This leads to a slight redundancy but
it makes the code somewhat more straightforward at certain points.

The complete code for the file menu is given below. Note that since code from previous
chapters is re-used it may be required to re-open a file for writing if it was opened for
reading in an earlier stage.

InitFiles s = {s&uame="",file=abort "No file opened", fil eopened=Fal se}

Fi l eMenu = Pul | DownMenu Dont Careld "File" Able
[ MenultemDontCareld "New. .." (Key "N) Able New

Menul tem Dont Careld "Qpen..." (Key 'O) Able pen
MenuSepar at or

Menultem Dont Carel d "d ose" (Key 'W) Able (QpenFirst O ose)
Menultem Dont Carel d "Save" (Key 'S) Able ((penFirst Save)
,Menultem Dont Careld "Save as..." NoKey Abl e (QpenFirst SaveAs)
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, MenuSepar at or
, MenultemDontCareld "Quit" (Key '"Q) Able Qit]

New s i o0
= QutputFileDialog "Enter a name for the file:" "Untitled" NewFile (s,io0)

pen s io0 = Fil eReadD al og (Show Li neLi st Read FReadText) (s,i0)

Quit state= {fileopened=Fal se} io = (state, QitlOio)
Qit state /*fil eopened=True*/ io =1CF QitlO (dose state i0)

O ose state=:{file,files,fileopened} io // no check for saved
| not fileopened = (state,io)

| cl oseok = (cl osedst at e, d oseActi veW ndow i 0)
| otherw se = (closedstate,inform["Error on d ose",
"Check your file systeni]
(4 oseActi veWndow i 0))
wher e

(cl oseok, newfilesys) = fclose file files
closedstate = {state&ile=abort "no file opened after close",
sel ect ed=Fal se, cur sor pos=(0, 0),
fil eopened=Fal se, fil es=newfi| esys}

Save state=:{nanme} io = FileWite name (state,io)
SaveAs s=:{nane} io

= QutputFileD al og "Save as:" nane
(\'n sio-> ChangeFi |l eNanel nActiveWndowTitle (FileWite n sio))

(s,io0)
Qut put Fi | eDi al og message suggest edname fun (state=:{files},io)
| notcancel = fun fnane ({state & files = nwfiles}, nw 0)
| otherwise = ({state & files = nwfil es}, nwi o)
wher e
(not cancel , fname, nwfil es, nwi 0) = Sel ect Qut putFi | e message suggest ednane
files io

ChangeFi | eNanel nActi veWndowTi tl e (s=:{nane},io) = (s, ChangeActiveWndowTitle
(stripDrs nane) io)

FileWite fname (s=:{files,file, nane, |ines},io)
| fname == name = ({s & files=nwfiles,file=LineListWite |ines (MakeWiteable
nare file)},io)

| openok = ({s &files=nwfiles, file=LineListWite |ines
witefile, name=f nane}, i 0)

| otherwi se = ({s &files=nwfiles},inform["Could not open output file"] io)
wher e

(openok, witefile, nwfiles) = fopen fname FWiteText files

MakeWi t eabl e nane readfil e

| ok =witefile
| otherwise = abort ("Could not wite to file '"+++tname+++""'")
wher e

(ok, witefile) = freopen readfile FWiteText

Li neLi stWite [] f f

LineListWite:: [String] *File -> *File
LineListWite [line:lines] f = LineListWite lines (fwites (toString line) f)

Fil eReadD al og fun (state=:{files},io)

| notcancel = fun {state & files = nwfiles, name = fname} nw o
| otherwise = ({state & files = nwfiles}, nw 0)
wher e

(not cancel , fname, nwfiles,nwio) = SelectlnputFile files io

NewFi | e newfilename (s,io) = seqlO[ dose
, curry (Sf (\s-

>{ s&nane=newf i | ename, cur sor pos=(0, 0), sel ect ed=Fal se}))
, Show (\f->([],f)) FWiteText
1 (s,io)
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InitText s = {s& lines=[]}

Show readfun filenode s=:{nane,files} io
| not readok = ({s&iles=nwfiles},inform["Could not open input file
""+++nane+++""' "] i0)
| otherwi se = D splayl nWndow A ose
({s& il e=readf,fil eopened=True, fil es=nwfil es,|ines=linestext}, io0)
wher e

nonenpt yt ext =if (iskEmwty text) [fromChar '\n'] text

| i nest ext if (lastline.[upb lastline] <> '\n") (init nonenptytext
++ [lastline+++"\n"]) nonenptytext

lastline = | ast nonenpt yt ext

(text,readf) readfun f

(readok, f, nwfil es) fopen nane filenode files //FReadText files

3.3 Displaying the text

The text is displayed in a similar way as in Chapter I.5. Important differences are the
blinking of the cursor (see Section ...), the mousefunction (Section ...) and the
keyboardfunction (Section ...). Operations on the text use as much as possible the general
update function to perform the appropriate operations on the screen. Clearly, most of the
programming work is in the user interface. Performing the required operations on the list
of strings is rather straightforward.

D spl ayl nWndow :: (WndowFunction ProgState (I Cstate ProgState))
EDSIO -> EDSIQ
Di spl ayl nWndow cl ose (s=:{lines, name, font, startblinking},io)
/1l lines nust be non-enpty, and al ways include a newline character
= startblinking (s,
ChangeAct i veW ndowQur sor | BeanCur sor (QpenWndows [wi ndef] i0))
wher e
wi ndef = Scrol | Wndow Dont Careld (0,0) (stripD rs nare)
//id,position,title
(ScrollBar (Thunb (~whiteMargin)) (Scroll font.width))
/1 horizontal
(ScrollBar (Thunb 0) (Scroll font. height)) /1 vertical
(toPictureDomain font (length lines)) (FontStringWdth (stripDrs
nane) font.sysfont,font. height) MaxScrol | WndowSi ze // active domai n, m ni num
size,init size

updat ef uncti on /1 wi ndow dr awf uncti on
[ GAwnay cl ose, /1l close file on close of the w ndow
Keyboard Abl e (getkeys True), /1 keyboard handl i ng

Mouse Abl e (SaneMovecl i ckTrackMouse novecl i cknouse tracknmouse)]//
nouse handl i ng

/1l donmains are erased and all drawfuns are clipped when updatefunction is called
by the I/O1lib
updat ef uncti on domai ns s=:{sel ect ed, sel ecti on, cursorvi si bl e, cursor pos, font, | i nes}
= (s, HghlightUpdate font sel ected sel ection |ines
++ Qursor Updat e font cursorpos cursorvisible domains
++ Text Update font |ines domains)

Text Update font lines donains = flatten (map update donai ns)
wher e

update ((_,top),(_,bot)) = drawines (tolinenunber font top) (tolinenunber
font (dec bot))

drawlines first last = [ MvePenTo (O, (towi ndowcoordi nate font first) +
font. up)
: flatten (map (drawline font) (lines%first,last)))

]

drawine font line = [Drawstring |ine, MvePen (~(FontStringWdth |ine
font.sysfont), font. hei ght)]

Update :: [((.Int,.Int),(.Int,.Int))] EDSIO-> EDSIQ



11.3 An Editor (Draft, 12 augustus 1997) 179

Updat e domai ns (s,io0) = (ns, Drawl nActi veWndow (nap erasedonai n domai ns ++
drawf uns) i o)
where // does no clipping: highlight update

erasedonain ((_,top),(_,bot)) = EraseRectangl e
((~whi t eMar gi n, t op), (maxLi neWdt h, bot))

(ns, drawfuns) = updatefunction domains s

Updat eScreen :: EDSIO -> EDSIQ
Updat eScreen (s,i0) = Update [screen] (s,touchedio) // draw uns outside
wi ndowfrane will be clipped
wher e
(screen, touchedi 0) = Acti veWndowGet Frane io

Updat eScreenBel ow font (_,yco) (s,io0)
| downdraw ngpos >= down = Scrol |l Vertical (up + nax font.hei ght (pagesize / 2))
(s, touchedi o)
| updraw ngpos <= up
(s, touchedi o)
| otherw se
(s, touchedi o)
wher e
downdr awi ngpos = inc (yco + font. hei ght)
updr awi hgpos yco + font.up
pagesize = down - up
(((left,up), (right,down)),touchedio) = ActiveW ndowCet Frare io

Scrol I Vertical (up - max font. hei ght (pagesize / 2))

Update [((left,yco+font. height), (right, down))]

Updat eThi sLi ne ol dpos newpos new eststring new inestring |ineindex (s= {font},io)
= seq ([ MoveQursor newpos
, | (Drawl nActiveWndow [ EraseRectangl e (torestoflinerectangl e
font newdr awpos)
, MovePenToCQursor font newdrawpos
, Drawstring new eststring])
St (ChangeLi ne new i nestring |inei ndex)

1) (s.io)
wher e

newdr awpos = if (beforeWnCo ol dpos newpos) ol dpos newpos

RenoveSel ection :: EDSIO -> EDSIQ
RenoveSel ection (s=:{sel ection=(fr,to),lines,font,startblinking},io)
= seq [ Sf RenoveSel ect edText
, MoveQursor newcur sor pos
, startblinking
, Scrol | ToMovedQur sor
, Update [torestoflinerectangl e font newcursorpos]
, Updat eScr eenBel ow font newcur sor pos
, Adapt Pi ct ur eDormai n
1 (s,io)
wher e
newcur sor pos = tow ndowpos font lines fr

DoPaste :: EDSIO -> EDSIQ
DoPast e (s=:{cursorpos, clipboard,font},io)
=seq [ S (\s->Insert clipboard s)
, Scrol | ToMvedCQur sor
, Update [torestoflinerectangle font cursorpos]
, Updat eScr eenBel ow font cur sor pos
, Adapt Pi ct ur eDormai n
] (s,i0)

TypeChar char (s,io0)

| char == ReturnKey || char == EnterKey = TypeReturn (s,io)

| char == BackSpKey = TypeBackSpace (s, i 0)

| otherwi se = TypeStdChar char (s,io0)

TypeBackSpace (s=:{li nes, cursorpos=cp=:(x,y),font},io)
| strindex >0 = Updat eThi sLi ne cp newpos new estline new ine |lineindex (s,io)
| lineindex == 0 = (s, Beep io)
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| otherw se = Joi nBackwards (s,i0)

wher e
newpos = (x-FontCharWdth (line.[dec strindex]) font.sysfont,y)
(_, (strindex,|ineindex)) = MusePosToCQursorPos font |ines cp

line = lines!linei ndex
newestline = |ine%strindex, upb |ine)
new i ne = line%0, strindex - 2)+++newestline

Joi nBackwar ds (s=:{lines, cursorpos,font},io)
= seq ([ Updat eThi sLine cursorpos newpos |ine joinedline prevlinei ndex
, St (Del eteLine |ineindex)
Updat eScr eenBel ow font newpos
Adapt Pi ct ur eDonai n

1) (s.io)
wher e

newpos = (Font StringWdth prevline font.sysfont,tow ndowoordi nate font
prevl i nei ndex)

(_, (_, l'inei ndex)) MousePosToCQur sor Pos font |ines cursorpos

l'ine = lines!linei ndex

prevl i nei ndex = dec |i nei ndex

prevline = li nes! prevlinei ndex

j oi nedli ne = prevline%0,dec (upb prevline))+++ine

TypeReturn (s=:{lines, cursorpos=cp=:(x,y),font},io)
= seq ([ Updat eThi sLine cp newpos "" changel i ne |inei ndex
, St (InsertLine insertline new inei ndex)
Adapt Pi ct ur eDonai n
Updat eScr eenBel ow font (0, t owi ndowcoordi nate font |inei ndex)

1) (s.io)
wher e

newpos = (0, towi ndowcoordi nate font new i nei ndex)

(_, (strindex,lineindex)) = MusePosToQursorPos font |ines cp
l'ine = lines!linei ndex

new i nei ndex = inc |inei ndex

changeline = 1ine%0,dec strindex)+++ oString ReturnKey
insertline = 1line%strindex, upb |ine)

TypeSt dChar char (s=:{lines, cursorpos=cp=:(x,y),font},io) //cp needed due to bug
i n syntax

= Updat eThi sLi ne cp newpos new estline newine |ineindex (s,io)
wher e

newpos = (x+Font CharWdth char font.sysfont,y)

(_, (strindex,|ineindex)) = MusePosToQursorPos font |ines cp

l'ine = lines!linei ndex
newestline = toString char+++ i ne%strindex, upb |ine)
new i ne = line%0, dec strindex)+++new estline

ChangeLi ne newl ine index s=:{lines} = {s&ines=updateAt index newine |ines}
InsertLine new ine index s=:{lines} = {s& ines=insertAt index new ine |ines}

Insert :: [{# Char}] ProgState -> ProgState
Insert text s=:{font,|ines, cursorpos}
| text ==[] =s
| otherwise = Dolnsert (fronpos,frontineindex) (thisline%fronpos,upb thisline))
text s
wher e
thisline = lines!froniinei ndex
(_, (fronpos, from i nei ndex)) = MusePosToCQursorPos font |ines cursorpos

Dol nsert (fronpos, fromineindex) oldrestline [] s = InsertLine oldrestline
frontineindex s

Dol nsert (fronpos, fronineindex) oldrestline [onestring] s=:{lines}

| onestring.[upb onestring] == '\n'" = seq [ ChangeLi ne newfrom i ne
from i nei ndex,

InsertLine oldrestline (inc

fromineindex)] s

| otherw se = ChangelLi ne (newfronl i ne+++ol drestline)
fromineindex s

wher e
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thisline = lines!frominei ndex

newf roni i ne

| fronpos == 0 = onestring

| otherw se = thisline%0, dec fronpos)+++onestring

Dol nsert (fronpos, fromineindex) oldrestline [firstline:rest] s=: {lines}
= seq (flatten

[ [ ChangeLi ne newfroni i ne
fron i nei ndex],

[InsertLine line index \\ line <-
init rest & index <-[inc froniineindex..]],

[InsertLine (Iast
rest+++ol drestline) (fromineindex+ ength rest)]

1) s
wher e
thisline = lines!from i nei ndex
newfroni i ne
| fronmpos == 0 = firstline
| otherw se = thislineX0, dec fronpos)+++firstline
Del et eLi ne i ndex s=:{lines} = {s&ines=renoveAt index |ines}

Del et eLi nes (from ndex, toi ndex) s=:{lines} = {s& ines=renoveel enents
(from ndex, t oi ndex) Iines}

RenoveSel ect edText s=:{sel ecti on=: ((fronpos, fronine), (topos,toline)),lines}
= seq [DeleteLines (fromine, toline),lnsertLine (fronpart+++topart)
fromine] {s&sel ected=Fal se}

wher e
fronpart = (if (fronpos == 0) "" (lines!fromine%0,dec fronpos)))
topart = lines!toline%topos,upb (lines!'toline))

3.4 Cursor handling

The cursor is displayed by a function that is invoked by a timer. The functions to start
and stop blinking (necessary when selections are made) are put in the state (in the fields
startblinking and stopblinking). This makes it possible to define the id of the timer
locally where the function InitBlinker is called. This restricts the use of this id to the
expression where InitBlinker is called (StartlO).

Certain operations require that the cursor is moved. That operations need to know the
cursorsp position and whether the cursor is visible at that moment (fields of the state:
cursorpos and cursorvisible). At certain points the mouse-coordinates of the cursor have to
be converted to text-coordinates and vice-versa (see Section ...).

InitQursor :: ProgState -> ProgState
InitQursor s = {s&ursorpos=(0, 0), cursorvisi bl e=Fal se}

QursorUpdate :: .InfoFont (.Int,.Int) .Bool [((.Int,.Int),(.Int,.Int))]->
[.(Picture -> Picture)]
Qur sor Updat e font cursorpos cursorvisi bl e donai ns
| cursorvisible & mustbeupdated = [DrawCursor font cursorpos]
| otherwi se =[]
wher e
nust beupdated = or (map (i nsi de cursorpos) donains)

i nsi de cursorpos domain = or [insideDonmain (x,y) domain \\ y <-
[ yup. . ydown] ]

((x,yup), (_, ydown)) = QursorDrawArea font cursorpos

InitBlinker :: .Timerld ProgState (1 CState ProgState) -> EDSIO

InitBlinker blinkTinerld s io

| blink >0 = (InitBlinkState s, CpenTimer (Timer blinkTinerld Unabl e blink
Bl i nkQursor) touchedi o)

| otherwise = (InitBlinkState s, touchedi o)

wher e
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(blink,touchedio) = GetTimerBlinklnterval io

InitBlinkState s = {s&startblinking=StartBlinking, stopblinking=StopBlinking}
StopBlinking (s,io) = (s,D sableTiner blinkTinerld io)

StartBlinking (s,i0) = (s, Enabl eTimer blinkTimerld io)

BlinkQursor :: .a ProgState (I Cstate *b) -> (ProgState, | Cstate *b)

Bl i nkQursor nrinterval spassed s=:{cursorpos, cursorvisible=oldvisibility,font} io
= ({s&cursorvisibl e=not ol dvi sibility}, Draw nActi veW ndow [ DrawCur sor font

cursorpos] io)

DrawCur sor font cursorpos pic
/1 = Set PenMbde CopyMode (DrawLi ne ((x,y+font.lead), (x,y+dec font. height))
(' Set PenMbde Xor Mbde pi c))
= seq [ Set PenMbde Xor Mode, DrawLi ne (Qursor DrawArea font cursorpos), Set PenMbde
CopyMbde] pic

QursorDrawArea font (x,y) = ((x,y+font.lead), (x,y+dec font. hei ght))

MoveQursor :: (.Int,.Int) (ProgState,|CState *a) -> (ProgState, | CBtate *a)
MoveCQur sor newpos (s,i0) = SetQursorpos newpos (RenoveCQursor (s,io0))

MoveQursorLeft :: (ProgState,|Ctate *a) -> (ProgState, | CBtate *a)
MoveCQur sorLeft (s=:{font, |ines, cursorpos=: cur sor pos=: ( Xpos, ypos) }, i 0)

| strindex == 0 && | i nenunber == 0 = (s, Beep i0)

| strindex == 0 = MoveCQursor (tow ndowpos font |ines (size (lines!(dec

| i nenunber)), dec |inenunber)) (s,io)

| otherw se = MoveCQursor (tow ndowpos font |ines (strindex-1,!inenunber))
(s,i0)

wher e

(_, (strindex,|inenunber)) = MousePosToQursorPos font |ines cursorpos

MoveQursorR ght :: Bool (ProgState,|Cstate *a) -> (ProgState, | CState *a)
MoveCQur sor R ght beep (s=:{font, |ines, cursorpos=: cur sor pos=: ( Xpos, ypos)}, i o)
| strindex == upbline & |inenunber == dec (length lines) & beep = (s, Beep i0)

| strindex == upbline & |inenunber == dec (length lines) = (s,io0)

| strindex == upbline = MveQursor (tow ndowpos font lines (0,inc |inenunber))
(s,i0)

| otherw se = MoveCQursor (tow ndowpos font lines (inc

strindex, | i nenunber)) (s,io)

wher e

(_, (strindex, linenunber)) = MusePosToCursorPos font |ines cursorpos
upbline = dec (size (lines!linenunber))

MoveQursorUp :: (ProgState, | CState *a) -> (ProgState, | Cstate *a)
MoveCQur sor Up (s=:{font,|ines, cursorpos=: cursorpos=: (Xpos,_)},i0)
| linenunber == 0 = (s, Beep i0)
| otherw se = MoveCQursor (tow ndowpos font |ines (newstrindex,dec
|'i nenunber)) (s,io)
wher e
(_, (newstrindex, _)) = MusePosToQursorPos font |ines (xpos,tow ndowcoordi nate
font (dec |inenunber))
(_,(_,linenunber)) = MusePosToCQursorPos font |ines cursorpos

MoveQursorDown :: (ProgState, | Cstate *a) -> (ProgState, | Ctate *a)
MoveCQur sor Down (s=:{font, | i nes, cur sor pos=: cur sor pos=: (Xpos, _)},i0)

| l'inenunber == dec (length lines) = (s,Beep io)

| otherw se = MoveCQursor (tow ndowpos font |ines (newstrindex,inc |inenunber))
(s,i0)

wher e

(_, (newstrindex, )) = MusePosToQursorPos font |ines (xpos,tow ndowcoordi nate
font (inc |inenunber))
(_, (_, linenunber)) = MusePosToCursorPos font |ines cursorpos

RenoveQur sor (s=:{cursorpos, cursorvisible, font},io)

| cursorvisible = ({s&cursorvisibl e=Fal se}, Drawl nActi veW ndow [ DrawCur sor f ont
cursorpos] io)

| otherwi se = (s,i0)
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Set Qur sor pos newpos (s,i0) = ({s&cursorpos=newpos}, i 0)

MovePenToQursor :: .InfoFont (.Int,.Int) -> .(Picture -> Picture)
MovePenToQursor font (x,y) = MyvePenTo (X, y+font. up)

Scrol | ToStart :: EDSIO-> EDSIO
Scrol | ToStart (s=:{font,lines},io)

= ChangeActi veScrol | Bar (ChangeThunbs |eft up) s io
wher e

((left,up),_) = toPictureDomain font (length |ines)

Scrol | ToEnd :: EDSIO -> EDSIO
Scrol | Toend (s=:{font,lines},io) =

ChangeActi veScrol | Bar (ChangeThunbs | eft down) s io
wher e

((left, ),(_,dow)) = toPictureDomain font (length |ines)

Scrol I 1 fQutFFrame:: (((Int,Int),(Int,Int))->(Int,Int,Int,Int)) EDSI O >EDSI O
Scrol | 1 fQut O Frane cal cnewt hunbs (s=: {cursorpos=(x,y),font},io)
I
I
|
I
I

X < hort hunb = Scrol | Hori zontal new eft (s,io0l)
x >= horri ght = Scrol | Hori zontal newight (s,iol)
y < verthunb = Scrol | Verti cal newup (s,i01)
y + font. hei ght >= verdown = Scrol | Verti cal newdown (s, i o01)
ot herw se = (s,io01)

wher e

(frane=: ((horthunb, vert hunb), (horri ght, verdown)), i ol)
= Acti veWndowGet Frane io
cal cnewt hunbs frane

(newl ef t, new i ght, newup, newdown)

Scrol | Sl owl yWt hMovi ngQursor :: EDSI O -> EDSI O
Scrol | Sl ol yWt hMovi ngQursor (s=:{font},i0)
= Scrol | [ fQut O Frame (nove font. height) (s,io)
wher e
nove of fset ((horthunb, verthunb), (horright, verdown))
= (horthunb - offset, horthunb + of fset,
verthunb - offset,verthunb + of fset)

Scrol | Wt hMovi ngQursor @ : EDSI O -> EDSI O
Scrol | Wt hMovi ngQursor (s=:{font},io0)
= Scrol I I fQut O Franme (novehal f page font. height) (s,io)
wher e
nmovehal f page of fset ((horthunb, verthunb), (horright, verdown))
= (horthunb - horoffset, horthunb + horoffset,
verthunb - veroffset, verthunb + veroffset)

wher e
horoffset = max font.hei ght (pagew dth/2)
verof fset = max font.hei ght (pagel ength/2)
pagel ength = verdown - verthunb
pagew dth = horright - horthunb

Scrol | ToMbvedQursor :: EDSIO -> EDSI O
Scrol | ToMbvedQur sor (s=: {cursorpos}, i o)

= Scrol | [ fQut O Frame (topos cursorpos) (s,io)
wher e

topos (x,y) frame = (x,X,VY,Y)

MousePosToCQur sor Pos: : . I nfoFont . [{#Char}] (.Int,.Int)->
(.(Int,Int),.(Int,Int))
MousePosToCur sor Pos font |ines (xco,yco) // no corrections (yet) for being
hori zontal |y outside the donain
| yco <0 =((0,0),(0,0))
| l'ineindex >= length |ines
= ( (FontStringWdth (lines!naxi ndex) font.sysfont,
t owi ndowcoor di nate font naxi ndex),
(upb (I'ines! maxi ndex), maxi ndex))
| otherw se = ((xpos, ypos), (strindex, |ineindex))
wher e
ypos = t owi ndowcoor di nate font |inei ndex
|'i nei ndex = tolinenunber font yco
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l'i nes!l'i nei ndex

size linestring

findpos (0,0) // ->(pos in string,w ndowcoordi nate)
dec (length lines)

l'inestring

I engthstring
('strindex, xpos)
maxi ndex

findpos thispos=: (thisindex,thisco)
| thisindex == dec lengthstring = thispos
| nextco >= xco if (nextco - xco < xco - thisco) nextpos thispos

| otherw se fi ndpos next pos

wher e
next pos = (inc thisindex, nextco)
next co

| thisindex < lengthstring
= thisco + FontCharWdth linestring.[thisindex] font.sysfont
| otherw se = naxLi neWdth

3.5 Text and window coordinates
tolinenunber :: !.InfoFont !.Int -> Int;
tol i nenunber font w ndowcoordi nat e
| wi ndowcoordinate > 0 = wi ndowcoordi nate / font. hei ght

| otherwi se 0

t owi ndowcoordinate :: !.InfoFont !.Int -> Int;

t owi ndowcoor di nate font |inenunber = |inenunber * font.height // top of the line
whiteMargin :: .Int;

whiteMargin =5

maxLi neWdth :: .Int;

maxLi neWdth = 1024

toPictureDomain :: .InfoFont .Int -> ((Int,Int),(Int,Int))

toPi ctureDomai n font nrlines = ((~whiteMrgin,0), maxdom MaxScrol | WndowSi ze
(maxLi neWdt h, nrlines*font. height))

wher e
naxdom x y
| beforeWnCo x y =y
| otherw se =X
towi ndowectangle :: .InfoFont .Int -> (.(Int,Int),(.Int,Int));

t owi ndow ectangl e font |inenunber = ((0, wi nco), (nmaxLi neWdt h, wi nco +
font.height)) // surrounding rectangl e
wher e

wi nco = t owi ndowcoordi nate font |inenunber

tow ndowpos :: .InfoFont [.{#Char}] !(.Int,.Int) -> .(Int,Int);
towi ndowpos font |ines (xco,yco) = (tow ndowk font (lines!yco)
xco, t owi ndowcoor di nate font yco)

tow ndowx :: .InfoFont .{#Char} !.Int -> Int;
tow ndowx font |ine xco
| xco == =0

| otherwi se = FontStringWdth (line%0,dec xco)) font.sysfont

torestoflinerectangle :: .InfoFont 'u:(.a,Int) -> (v:(.a,Int),(.Int,Int)), [u <=
vl;

torestoflinerectangle font cursorpos=:(_,yco) =

(cursor pos, (maxLi neWdt h, yco+f ont . hei ght))

Adapt Pi ctureDonain :: EDSIO-> EDSI O
Adapt Pi ctureDonai n (s=:{font,lines},io) = ChangeActi vePi ct ureDomai n
(toPictureDomain font (length lines)) s io

3.6 Editing with keyboard actions
Edi t Menu = Pul | DownMenu Dont Careld "Edit" Able
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Menul tem Dont Carel d "Undo" (Key 'Z') Unabl e Not I npl enent ed
MenuSepar at or

Menul t em Dont Carel d "Qut" (Key "X') Able (SelectFirst CQut)
Menul tem Dont Carel d "Copy" (Key 'C) Able (SelectFirst Copy)
Menul tem Dont Carel d "Paste" (Key 'V') Able Paste

Menultem Dont Carel d "d ear" NoKey Abl e d ear

O —

MenuSepar at or
Menul t em Dont Car el d " Bal ance" (Key 'B') Able Notlnpl erent ed
Menultem Dont Careld "Select A l" (Key 'A') Able (penFirst
SelectA l)
, MenuSepar at or
, MenultemDontCareld "Format..." (Key 'J') Able (QpenFirst
Format )]

Sear chMenu = Pul | DownMenu Dont Carel d "Search" Abl e

[ Menultem DontCareld "Find..." (Key 'F') Able Notlnpl enented
/1 (QpenFirst Find)

, Menultem Dont Careld "Find Next" (Key "G ) Able Notlnpl enented

, MenuSepar at or

, Menultem DontCareld "Goto Line..." NoKey Able (QpenFirst

Got oLi ne) ]

Not I npl emented s io = (s,inform["This Function is not (yet) inplemented'] io)
penFirst f s={fil eopened} io

| not fileopened = (s,inform["Please, first open a file."] io0)

| otherwise =f sio

SelectFirst f s=:{selected} io

| not selected = (s,inform["P ease, first make a selection."] io)
| otherwi se =f sio

/*

Find s io =inputdialog "Find" (MM50.0) findstring s io

wher e

findstring string s=:{lines} io
= case searchA | _RE (fronBtring string) (flatten (map fronString |ines))
of
PFound [([((_, (firstchar,lastchar)), ):_ ], ):_]
-> Select (toselection firstchar (lastchar-firstchar) |ines
(0,0)) (s,io)
/1 -> warntX (firstchar,lastchar) (curry (Select (toselection
firstchar (lastchar-firstchar) lines (0,0)))) s io
else -> (s, Beep io)

tosel ection charnr nrchars [] fr = (fr,fr)

tosel ection charnr nrchars [line:lines] (fronx,frony)

| upb line < charnr = toselection (charnr-size line) nrchars lines (0,inc
frony)

| otherw se = ((charnr,frony),taketo nrchars [|ine%charnr, upb
line):lines] (charnr,frony))

taketo nrchars [] (tox,toy) = (tox,toy)
taketo nrchars [line:lines] (tox,toy)
| upb line < nrchars = taketo (nrchars - size line) lines (0,inc toy)
| otherw se = (nrchars + tox,toy)
*/
InitdipBoard s = {s&clipboard=]}
QeardipBoard s = {s&lipboard=[]}

Qut s io = RenoveSel ection (Copy s io0)

/1l Paste s=:{clipboard} io = seql O [getkeys True

(key, KeyDown, ( Fal se, Fal se, Fal se, Fal se)) \\ key <- flatten (map fronString
clipboard)] (s,io)

Paste s=:{sel ected=True} io
Past e s/*sel ected=Fal se*/io

seq [ RenoveSel ection, DoPaste] (s,io)
DoPaste (s,i0)

Qear s={clipboard} io = (AeardipBoard s,io0)
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Copy s=:{selection,lines} io = ({sé&clipboard=copy selection |ines},io)
wher e

copy ((frx,frline),(tox,toline)) Ilines

| frline ==toline & frx == tox =[]

| frline == toline [(lines!frline)%frx,dec tox)]

| otherw se [(lines!frline)%frx, upb
(lines!'frline))] ++ copy ((O,inc frline), (tox,toline)) Ilines

Sel ect sel (s=:{selected, stopblinking},io)
| selected = seq [ RermoveH ghlight, DoSel ect sel] (s,io)
| otherwi se = seq [ stopblinking, DoSel ect sel] (s,io)
wher e
DoSel ect sel = (fr,to) (s=: {font,lines},io)
= seq [ Sf (\s->{sé&sel ected=True, sel ection=sel })
, MoveQursor (tow ndowpos font lines fr)
, H ghlight
, Scrol | ToMovedQur sor
1 (s,io0)

SelectAll s=:{lines} io = Select ((0,0), (upb (lines!lastindex),|astindex)) (s,io)
wher e
lastindex = dec (length |ines)

CGotoLine s io = inputdial og "Goto Line" (MM50.0) (\inputstring->CotoLi neN
(fronBtring inputstring)) s io
wher e
GotoLi neN linenr s=:{font,lines} io
| linenr >= length lines = (s,Beep io)
| otherw se = Scrol | ToMbvedQur sor ( MoveCQur sor
(0, t owi ndowcoordi nate font linenr) (s,io))

get keys beep (key, kstate, nmodi fs=: (shift, opt,commcontr)) s=:{selected} io
kstate == Keyp = (s,i0)

| key == BeginkKey = ScrollToStart (s,io0)

| key == EndKey Scrol | ToeEnd (s,10)

| key == PgpKey = ScrollPagep (s,io0)

| key == PgDownKey = Scrol | PageDown (s, i 0)

| key == LeftKey Scrol | Wt hMovi ngQur sor (MveCQursor Left  (s,i0))

| key == Ri ght Key Scrol | Wt hMovi ngQur sor (MoveQur sor R ght beep (s,i0))

|

I

I

|

key == UpKey Scrol | Wt hMovi ngQur sor  ( MoveCQur sor Up (s,i0))

key == DownKey Scrol | Wt hMovi ngQur sor  (MoveQur sor Down (s, 0))

(key == BackSpKey || key == Del Key) && sel ected = RemoveSel ection (s,io0)

key == Del Key = seql O [ getkeys (not beep) (R ghtKey, kstate, nodi fs),
get keys beep (BackSpKey, kstate, modi fs)] (s,io)

TypeChar key (RenoveSel ection (s,io0))

TypeChar key (s, io0)

| selected
| otherwi se

3.7 Highlighting

For high lighting it is important to know whether or not something is selected and which
part of the text is selected (fields in the state selected, selection). The selection
coordinates are text coordinates that have to be converted to window coordinates and
vice-versa. The screen effects of highlighting and de-highlighting are performed by one
and the same function which produces a list of screen draw functions that is its own reverse
(assuming that the default mode of drawing is copy mode). These functions set the screen
in hilitemode, fill the required rectangles and reset the screen to copy mode again.

I ni tH ghlight 1 ProgState -> ProgState
InitH ghlight s = {sé&sel ect ed=Fal se, sel ecti on=((0,0), (0,0))}

H ghlightUpdate :: .InfoFont .Bool ((Int,Int),(Int,Int)) [{# Char}] -> .[Picture
-> Picture] // textcoordinates

H ghli ght Update font selected (fr=(_,frline),to=:(_,toline)) lines

| beforeWwnCo to fr H ghl i ght Uodat e font selected (to,fr) I|ines

| selected H ghli ght DrawFuns (selrectangles font (frline,toline) sel)
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| otherwi se =]
wher e
sel = (tow ndowpos font |ines fr,tow ndowos font lines to)

RemoveH ghlight :: (ProgState, | CState *a) -> (ProgState, | CState *a)
RenoveH ghlight (s,io) = seq [H ghlight, Sf (\s->{s&sel ected=Fal se})] (s,iO0)

Hghlight :: (ProgState, | Cstate *a) -> (ProgState, | C8tate *a)
H ghlight (s=:{selection,font,lines},io)
= (s, Drawl nActiveWndow (H ghlight Update font True sel ection lines) io)

DrawH ghl i ght :: .InfoFont ((Int,Int),(Int,Int)) -> .[Picture -> Picture] //
wi ndowcoor di nat es
DrawH ghlight font selection=: ((_,frony),(_,toy))

= H ghlight DrawFuns (selrectangles font (frline, toline) selection)

wher e
frline = tolinenunber font frony
toline = tolinenunber font toy

selrectangles font (frline, toline) (fr= (fronx,frony),to=: (tox,toy)) //

t ext coor di nat es, w ndowcoor di nat es

| fr ==to =]

| frline ==toline =if (fromx <tox) [((fronx,frrectco), (tox,torectco))]

[((tox,frrectco), (fronx,torectco))]

| frline <toline = [((fronx,frrectco), (nmaxLi neWdth,tow ndowcoordi nate font

(inc frline)))] ++
map (towi ndowectangle font) [inc frline..dec toline] ++
[((O, tow ndowcoordinate font toline), (tox,torectco))]

| otherw se = selrectangles font (toline,frline) (to,fr)
wher e

frrectco = tow ndowcoordinate font frline

torectco = tow ndowcoordinate font (inc toline)
H ghl i ght DrawFuns rectangl es = [ Set PenMbde H |it eMbde]

++ map Fill Rectangl e rectangl es
++ [ Set PenMbde CopyMbde]

3.8 'Sane' mouse handling
I nitSaneMouse :: !ProgState -> ProgState;
I ni t SaneMouse s = {s&prevnouse=But t onUp}

Prevhbuse button s io = ({s&prevrmouse=button},i o)
MouseFun : == MouseFunction ProgState (|1 Cstate ProgState)

SaneMbuse: : MuseFun MuseState ProgState (1CState ProgState) -> EDSIO
SaneMbuse nousef un mousei nf o=: ( pos, button, modi fiers) s=:{prevrmouse} io
| button==ButtonStill Down &% prevnouse==ButtonUp = seql O [ PrevMuse button
, mousefun
(pos, But t onDown, nodi fi ers)
, nousefun nousei nfo
] (s,io)
PrevMuse button
, nousef un

| IsAick button & Isdick prevnouse

I
(%]
®

2
o

(pos, Butt onUp, nodi fi ers)
, nmousef un nousei nf o
] (s,io)
| IsAick button & prevnouse==ButtonStillDown = seql O [ PrevMuse button
, mousef un
(pos, ButtonUp, nodi fi ers)
, nousef un nousei nfo
(s,i0)
seql O [ PrevMuse button
, mousef un nousei nfo

] (s,i0)

SaneMovecl i ckTrackMouse :: MuseFun MuseFun MouseState ProgState (I Cstate
ProgState) -> EDSIO

| otherwise
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SaneMovecl i ckTrackMouse novecl i ckfun trackfun mousei nfo=: (pos, button, nodifiers)
s=:{prevrouse} io
| button==ButtonStill Down && prevrmouse==ButtonUp = seql O [ PrevMuse button
, nmovecl i ckfun
(pos, But t onDown, nodi fi ers)
, movecl i ckfun
nmousei nf o
, Swi t chToTr acki ng
trackfun novecl i ckfun
(s,i0)
PrevMbuse button
, movecl i ckfun

| button==ButtonStill Down

I
(%]
®

2
@]

nousei nf o
, Swi t chToTr acki ng
trackfun novecl i ckfun
(s,i0)
seql O [ PrevMuse button
, noveclickfun

| IsAick button & Isdick prevnouse

(pos, Butt onUp, nodi fi ers)
novecl i ckf un nousei nfo

1 (s.io)

| otherwise = seql O[ PrevMuse button

, novecl i ckfun
nmousei nfo

1 (s,io)
SaneTr ackMouse trackfun movecl i ckfun mousei nf o=: (pos, button, nodifiers) s io
| button == ButtonStillDown = trackfun mouseinfo s io
| button == ButtonUp = seql O [ PrevMbuse ButtonUp

, trackfun nouseinfo /1

finish tracking
, Swi t chToMovecl i cki ng novecl i ckfun trackfun
] (s,io0)

PrevMbuse button

, trackfun (pos, ButtonUp, nodifiers) //

| otherwi se

I
(%]
®

2
o

Insert ButtonUp: finish tracking

, movecl i ckf un nmousei nf o

,  Swi t chToMovecl i cki ng nmovecl i ckf un
trackfun] (s,io)

Swi t chToTr acki ng trackfun noveclickfun s io
= (s, ChangeActi veMbuseFunction (SaneTrackMuse trackfun rmoveclickfun) io)

Swi t chToMovecl i cki ng nmovecl i ckfun trackfun s io
= (s, ChangeAct i veMbuseFuncti on (SaneMovecl i ckTrackMuse novecl i ckf un
trackfun) io)

novecl i cknmouse nousei nf o=: (pos, but t onst at e, nodi fs=: (shift, opt,conmcontr)) s io

| Isdick buttonstate = clicknouse pos s io

| buttonstate == ButtonStillDown = endclicking s io

| otherw se /*ButtonUp*/ = (s,i0)

cli cknmouse nousepos s=:{sel ected, |ines, font,startblinking} io

| selected = seq [ MyveCQursor newcursorpos, RermoveH ghlight, startblinking ]
(s,i0)

| otherwi se = MoveQur sor newcur sor pos (s, i 0)

wher e

(newcur sor pos, _) = MusePosToCQur sorPos font |ines nmousepos

endcl i cki ng s=:{stopblinki ng, cursorpos, font,lines} io

= seq [stopblinking, Sf (\s-
>{s&sel ect ed=Tr ue, sel ecti on=(begi nt r ackpos, begi nt rackpos)})] (s,io)
wher e

(_, begi ntrackpos) = MusePosToQur sorPos font |ines cursorpos

tracknouse (pos,ButtonStill Down, ) s=:{font,lines} io = showtracking pos s io
tracknouse _ /*ButtonUp*/ s io =-endtracking s io
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showt r acki ng nousepos=: ( xco, yco)
s=:{sel ecti on=(begi nt rackpos, _), cursorpos, font,lines} io
| ol dtextpos == newtextpos = Scroll S oW yWthMvi ngQursor (s,io) // if not
already there...
| otherwise = seq [ MyveQursor newcursor pos
, 1P (Drawl nActiveWndow (DrawH ghlight font
(cur sor pos, newcur sor pos) ) )
, S (\s->{sé&sel ecti on=(begi nt rackpos, newt ext pos) })

, Scrol | Sl ow yWt hMovi ngQur sor
1 (s,io)
wher e

(newcur sor pos, newt ext pos)
(_, ol dt ext pos)

MousePosToCQur sor Pos font |ines nmousepos
MbusePosToCQur sor Pos font |ines cursorpos

endt racki ng s=: {sel ecti on=(begi ntrackpos, ), font, |ines, cursorpos, startblinki ng}

io

| begintrackpos == cursortextpos = startblinking ({sé&sel ect ed=Fal se}, i 0)
| otherwi se = ({s&sel ecti on=or der WnCo

(begi ntrackpos, cursortextpos)},io)

wher e

(_, cursortext pos) = MusePosToCursorPos font |ines cursorpos

/I get nouse (pos=:(_,Y), ButtonDoubl eDown, ) s=: {stopblinking, font} io
/1 = seq [ stopblinking, MveCQursor pos, Hghlightline (tolinenunber font y) ]
(s,i0)

3.9 Changing Font

InitFont :: !ProgState -> ProgState
InitFont s = {s&f ont=Defaul t|nfoFont}

Format s=:{font} io = FontSel UpdateAndFont Change font s io
wher e
Updat eAndFont Change newfont (s, i 0)
= Updat eAf t er Font Change ({s&f ont =newfont},

Dr awl nAct i veW ndow [ Set Font Nane

new ont . f ont nane,
Set Font Si ze

newf ont . font si ze] i o)

Updat eAf t er Font Change (s=:{font,|ines, cursorpos},io)
= seq [ Adapt Pi ct ur eDonai n,
uncurry (ChangeActiveScrol | Bar (ChangeScrolls font.wi dth
font. height)),
MoveQur sor newcur sor pos,
Updat eScreen] (s, i0)
wher e
(newcur sor pos, _) = MbusePosToCQur sor Pos font |ines cursorpos

FontSel :: (InfoFont -> .((*a,|CBtate *a) -> (*a,|Cstate *a))) .InfoFont *a
(ICState *a) -> (*a,|Cetate *a)
Font Sel action font s io
= (penModal D al og (CommandDi al og Dont Carel d "Change Font" [ItenBpace (Pixel 12)
(Pixel 6)] okld
[ StaticText ftextld Left "Font:"
, ScrollingList scrollfnaneld (XOfset ftextld (MM1.0)) (MMO0.0) Able 5
font. font nane names adapt f oxandshowsi zes
, StaticText fsizetextld (R ghtTo scrollfnaneld) "Size:"
, ScrollingList scrollfsizeld (XCrfset fsizetextld (MM 1.0)) (MVO.0)
Able 5
(toString font.fontsize) (map toString
(Font Si zes font.fontname)) adaptfox
, DaloglconButton foxld Left ((0,0), (dial ogwi dth, 2*foxhei ght)) (fox
font) Unabl e buttondumy
, DialogButton cancel Id Left "Cancel" Abl e nof ont change
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, DialogButton okld (XCrfset cancelld (Pixel (dialogwidth - 140))) "X
Abl e (fontchange action)]) s io
wher e
di al ogwi dth = 260

nanes = nap tostring (sort (map tochars Font Nanes))

tostring [] =""
tostring [x:xs] =toString x +++ tostring xs

tochars:: String -> [Char]
tochars s = fronBtring s

[ftextld, scrol | fnaneld, fsizetextld, scrollfsizeld, foxld, cancelld,okld:_] =
[inc DontCareld..]

nof ont change dinfo s io = (s, doseActiveD al og i o)

fontchange action dinfo s io = action newfont (s, d oseActiveD al og i0)
wher e
newf ont Makel nf oFont (font nane, [], font si ze)

f ont nane
fontsize

Get Scrol lingListltemscrollfnameld dinfo
fronBtring (GetScrollingListltemscrollfsizeld dinfo)

fox {sysfont, ascent, hei ght} buttonsel ectstate
= [ SetFont sysfont
, MovePenTo (0, max ascent (foxheight/2))
, Drawstring firstline
, MovePen (~(FontStringWdth firstline sysfont), hei ght)
, Drawstring "junps over the |lazy dog"]
wher e
firstline = "The qui ck brown fox"

adaptfox dinfo dstate = Changel conLook foxld (fox (Mkel nfoFont
(fontnare, [],selsize))) dstate

wher e
f ont narre = GetScrol lingLi stltemscrollfnaneld dinfo
sel si ze = fit ol dfontsi ze (Font Si zes font nane)

ol dfontsize = fronBtring (GetScrollingListltemscrollfsizeld dinfo)
adapt f oxandshowsi zes dinfo dstate
= seq [ ChangeScrol lingList scrollfsizeld (toString sel size) (map
toString fontsizes)
, Changel conLook foxld (fox (Makel nfoFont (fontname,[], selsize)))]

dstate

wher e
ol dfontsize = fronBtring (GetScrollingListltemscrollfsizeld dinfo)
f ont narre = GetScrol lingListltemscrollfnaneld dinfo
sel si ze =fit ol dfontsize fontsizes
fontsizes = FontSizes fontname

fit nr [] = zero

fit nr [X] = X

fit nr [Xx,y:ys]

| nr <=x =X

| nr >x & nr <y =if (nr - x <y -nr) xy

| otherw se =fit nr [y:ys]

f oxhei ght = 32

3.10 Exercises



