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Chapter 1 - The Basic Concepts

1.1. Introduction

Developing a GUI in Haskell should be easy. Yet despite a whole slew of systems, it’s still difficult to
knock up a quick interface, let alone develop a complex, dynamic one. A range of different paradigms
have been suggested, based on callbacks or full concurrency. They’ve all got their problems. Building a
complex system can result in a mess of callbacks and mutable references that can seriously confuse the
structure of your program. Concurrent programming can help with some of this structure, but
encourages a whole range of alternative problems associated with mutual exclusion and multiple
processes.

The other major problem that we face is producing convincing looking, platform independent code.
Without the proper support this too can be a bit of a nightmare.

With FranTk (pronounced “ frantic” ), life should (hopefully) be a bit simpler. It’s designed to allow you
to build your application in a declarative manner. It uses behaviours and events, concepts from Conal
Elliot’s Functional Reactive Animation. These allow you to model a system over time. Events are used
to describe values that occur discretely, such as button clicks. Behaviors are continuous quantities that
vary over time. They are used to represent the state of an application. Events and behaviors can interact.
For instance, we can have a behavior that changes on every event. You can then render this application
on to an interface.

FranTk currently lives on top of Tcl-Tk. This provides a platform independent and robust language for
building GUIs. FranTk code will run unchanged on Windows and Unix, giving native look and feel on
each system. However, it has been designed to be as Tcl-Tk independent as possible. This means it can
be ported to other GUI systems. We are currently also investigating a version using Java’s swing
libraries. But enough marketing, let’s get on with a few examples.

1.2. First Example

Let’s start with a quick example to get across some basic concepts. The “Hello World”  program is
defined as follows:

mai n : :  I O ( )
mai n = st ar t  $ r ender  wi t hRoot Wi n $ mkLabel  [ t ext  “ Hel l o Wor l d” ]

(Here $ is used for function application, f $ b = f b. This cuts down on the number of brackets
necessary)

Let’s break that down. We create a label widget, with the text “Hello world” . The type signatures are as
follows:

mkLabel  : :  [ Conf  Label ]  - > Component
t ext  : :  Has_t ext  w => St r i ng - > Conf  w

We use mkLabel  to make a label. It takes a list of configuration information, in this case, some text to
display. As with TkGofer we use type classes to guarantee that only the correct configuration
information can be applied to any widget.  The t ext  function takes a String and returns a
configuration option that can be applied to any object that is a member of the Has_t ext  class. This
class includes labels, as they are capable of displaying text.
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The mkLabel  function returns a Component .

t ype Component  = GUI  Wi dget

A Component is an action that produces a Wi dget . This uses the GUI monad, which is an extension of
the standard IO monad. Values of type GUI  a represent actions that may have some side effect on the
user interface, such as creating a label, and return a value of type a.

A Wi dget  is an abstract data type representing primitive Tcl widgets. A Widget may in fact be made
up of several primitive tcl widgets, and may be dynamic, changing its appearance over time.

We now have to run the component within a window. In this example we run the component in the root
window, using wi t hRoot Wi ndow.

wi t hRoot Wi ndow : :  [ Conf  Wi ndow]  - > Component  - > WComponent

This takes a list of configuration options for a window, and produces a WComponent . This is an action
that produces a Wi ndowWi dget , which is an abstract representation of a window (that will contain
widgets).

t ype WComponent  = GUI  Wi ndowWi dget

We have now distinguished two different types of widgets
• Standard widgets, such as buttons and labels, that can be composed with operators such as above

and beside;
• Window widgets that represent actual windows

We will come across other types of widget later.

Now we need to render this window component onto the screen. We do this using r ender .

r ender  : :  WComponent  - > GUI  ( )

Finally, to run the GUI actions that we have produced we use start. This runs the action and then starts
up the tcl-tk event loop.  This event loop will run until the graphical user interface quits, at which point
it will return.

st ar t  : :  GUI  ( )  - > I O ( )

As st ar t  and r ender  are often used together there is a composite function display.

di spl ay : :  WComponent  - > I O ( )
di spl ay = st ar t  .  r ender

1.3.  Interactive Example I  – A Simple Counter

Now let’s try a simple interactive example that shows how you handle state in FranTk. Consider the
simple interface below.

It shows a simple counter with a label, an increment and decrement button, and a slider (known as a
scale widget). This widget has a current value shown by the slider and the label. Pressing the increment
or decrement button, or moving the slider will change this value. We therefore have multiple views of
some data.
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1.3.1. Representing State with BVars

To represent the state in the example we use a BVar . A value of type BVar  a represents some abstract
mutable state of type a.

dat a BVar  a

We can create a new BVar  within the GUI  or the I O monad.  Most commonly we will be using them
within the GUI  monad.

newBVar  : :  a - > I O ( BVar  a)
mkBVar  : :  a - > GUI  ( BVar  a)

We’ll come across other forms of BVar  later that can be created within the I O or GUI  monad. In
general we use the naming policy that the IO version is prefixed with new and the GUI  version with
mk .

It is possible to get a behavior from a Bvar.

bvar Behavi or  : :  BVar  a - > Behavi or  a

A value of type Behavi or  a is a time varying value of type a. The behavior therefore represents the
value of the counter at any give point in time.

It is possible to get an event from a BVar

bvar Event  : :  BVar  a - > Event  a

An event is a stream of occurrences, each of which has a specific time and value. The type Event  a
denotes an event that generates a value of type a when it happens. The event from a BVar  therefore
generates an occurrence every time the value of the BVar  changes.

In our example we would therefore represent the state of the counter as a value of type BVar  I nt .

1.3.2. Using the value of a BVar

What can we do with a behavior? We can tell the label and slider to display the behavior values that we
get from the BVar .

l bl  : :  BVar  I nt  - > Component
l bl  m = mkLabel  [ t ext B ( l i f t 1 show ( bvar Behavi or  m) ) ]

t ext B : :  Has_t ext  w => Behavi or  St r i ng - > Conf  w

l i f t 1 : :  ( a - > b)  - > Behavi or  a - > Behavi or  b

We can tell a label to display a St r i ng Behavi or  using the t ext B configuration option. We can
turn the I nt eger  Behavi or  (of the BVar ) into a St r i ng Behavi or  using l i f t 1, which maps
a function across across the Behavi or . Further combinators exist to compose several behaviors, such
as l i f t 2 shown below.

l i f t 2 : :  ( a - > b - > c)  - > Behavi or  a - > Behavi or  b - > Behavi or  c

We can tell the slider to use the value of the BVar  with scal eVal B. This sets the value of the slider
to that of an integer behavior. (We will fill in the rest of the definition (the .. part) later.)

scal e : :  BVar  I nt  - > Component
scal e m = mkHScal e [ scal eVal B ( bvar Behavi or  m) ]  ( . . )

scal eVal B : :  Behavi or  I nt  - > Conf  w
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1.3.3. Setting the value of a BVar

We can set the value of a BVar  using its Li st ener .

bvar I nput  : :  BVar  a - > Li st ener  a
bvar UpdI nput  : :  BVar  a - > Li st ener  ( a - > a)

A listener is an abstract type, but it can be thought of as Li st ener  a = a - > I O ( ) .  A value of
type Li st ener  a, is a function, that given a value of type a, performs a side-effecting I O action with
it. Listeners are therefore consumers of values.

The listener accessed by bvar I nput  updates the BVar  to its given value. This will alter the value of
the BVar ’ s  behavior and generate an event occurrence. The listener accessed by bvar UpdI nput
updates the BVar  by applying the given function to its current value.

We can therefore define the increment button as follows.

i ncb : :  BVar  I nt  - > Component
i ncb m = mkBut t on [ t ext  “ i nc” ]   ( t el l L ( bvar UpdI nput  m)  ( +1) )

mkBut t on : :  [ Conf  But t on]  - > Li st ener  ( )  - > Component

The function mkBut t on takes a list of configuration information for a button. This defines its
appearance. Note that Button is also an instance of the Has_t ext  class. It also takes a listener which
is passed the value () every time the button is pressed.

We therefore need to make the button talk to the listener provided by the BVar . We do this using
t el l L.

t el l L : :  Li st ener  a - > a - > Li st ener  b

The function t el l L takes a listener and a value, and returns a listener that ignores its argument and
always performs its action with this value. (t el l L is one of a number of listener functions described in
chapter 2).

In the definition of incb we therefore produce a listener that that ignores its argument and always
updates the BVar  using the function (+1).

The slider simply updates the BVar  with its changed value. The slider’s listener is fired with its current
value every time the slider is moved. We use mkHScal e to make a horizontal slider.

scal e m = mkHScal e [ . . ]  ( bvar I nput  m)
mkHScal e : :  [ Conf  Scal e]  - > Li st ener  I nt  - > Component

1.3.4. Composing Components

Finally we compose the components

count er B : :  BVar  I nt  - > Component
count er B m = above ( l bl  m)  ( besi de ( i ncb m)  ( decb m) )

composi t e : :  BVar  I nt  - > Component
composi t e m = above ( count er B m)  ( scal e m)

Note that above and beside are used here to compose components.

Listener 1

valuetellL
Listener
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above : :  Component  - > Component  - > Component
besi de : :  Component  - > Component  - > Component

The complete code for the example is therefore:

mai n : :  I O ( )
mai n = di spl ay $ wi t hRoot Wi ndow [ ]  $ scal eAndBut t on

scal eAndBut t on : :  Component
scal eAndBut t on = do { m <-  newBVar  0;  composi t e m}

composi t e, scal e, count er B, l bl , i ncb, decb : :  BVar  I nt  - > Component

composi t e m = above ( count er B m)  ( scal e m)

scal e m = mkHScal e [ scal eVal B ( bvar Behavi or  m) ]  ( bvar I nput  m)
count er B m = above ( l bl  m)  ( besi de ( i ncb m)  ( decb m) )

l bl  m = mkLabel  [ t ext B ( l i f t 1 show ( bvar Behavi or  m) ]
i ncb m = mkBut t on [ t ext  “ i nc” ]  ( t el l L ( bvar UpdI nput  m)  ( +1) )
decb m = mkBut t on [ t ext  “ dec” ]  ( t el l L ( bvar UpdI nput  m)

    ( subt r act  1) )

1.4. A br ief aside - The Has_Event class

In fact, BVar , along with Wi r e, which we will come across later, is a member of a more general class
called Has_Event . This provides access to its listener and event.

cl ass Has_Event  c wher e
 i nput  : :  c  a - > Li st ener  a
 event  : :  c  a - > Event  a

i nst ance Has_Event  BVar  wher e
 i nput  = bvar I nput
 event  = bvar Event

1.5. Interactive Example I I  – A Distance Converter

To illustrate some other important concepts we’ ll look at a second interactive example. Consider a
distance converter. It can operate in inches, feet, yards and miles. Distances are typed into an entry area;
pressing the return key sets the current value. Changing the mode causes the distance to be converted to
the alternate units.

We’ ll now implement this converter. To make a converter we pass in a BVar  representing conversion
mode, which consists of a pair of functions to translate to and from standard units; a BVar  representing
the current value of the converter in standard units; and a list of convertion modes with their names.

t ype Conver t  = ( Doubl e - > Doubl e, Doubl e - > Doubl e)

conver t er  : :  BVar  Conver t  - > BVar  Doubl e - > [ ( St r i ng, Conver t ) ]
  - > Component

1.5.1. Using Text Entr ies

The converter consists of an entry and a set of radio buttons. We’ ll deal with the entry first. We create
the entry itself using the function mkEnt r yRt r n.

mkEnt r yRt r n : :  [ Conf  Ent r y]  - > Li st ener  St r i ng - > Component
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This expects a list of entry configuration information and a listener. It tells the listener the current value
of the entry every time that the return key is pressed.

The entry displays the current value of the converter in terms of the current units. We can create this
value with the function cur r ent Val ue.

cur r ent Val ue : :  BVar  Conver t  - > BVar  Doubl e - > Behavi or  St r i ng
cur r ent Val ue st at e val ue =

l i f t 2 get Val  ( bvar Behavi or  st at e)  ( bvar Behavi or  val ue)
  wher e get Val  : :  Conver t  - > Real Val  - > St r i ng
        get Val  ( t oUni t , f r omUni t )  uni t  = show $ f r omUni t  uni t

l i f t 2 : :  ( a - > b - > c)  - > Behavi or  a - > Behavi or  b - > Behavi or  c

Note that we use l i f t 2 here to compose two behaviors with a mapping function to make a third
behavior.

1.5.2. Sampling behaviors

When the return key is pressed the converter needs to take the new value from the text entry, convert
from current units into standard units, then set the value BVar  with this value. We need to sample the
current mode to do this. The mkEnt r yRt r n function expects a listener that will be told about string
values. The set Val ue listener is therefore implemented as follows.

set Val ue : :  BVar  Conver t  - > BVar  Doubl e - > Li st ener  St r i ng
set Val ue st at e val ue =

wi t hSnapL set Val  ( bvar Behavi or  st at e)  ( i nput  val ue)
  wher e

set Val  : :  St r i ng - > Conver t  - > Real Val
set Val  val  ( t oUni t , f r omUni t )  = t oUni t  $ r ead val

wi t hSnapL : :  ( a - > b - > c)  - >Behavi or  b - >Li st ener  c - > Li st ener  a

We use wi t hSnapL to make a listener that snapshot a behavior and consumes its current value. Its
first argument is a function that composes the value passed to the listener and the value of the behavior
to create a new value.

Note the funny looking type. This is because listeners are consumers of values not producers. If we
think of Li st ener  as being of type a - > I O ( ) ,  then, given some I O function sample, that
samples a behavior, we can think of the definition of wi t hSnapL as follows:

sampl e : :  Behavi or  a - > I O a

wi t hSnapL f  b l  = \ x - > do { v <-  sampl e b; l  ( f  x  b) }

The set Val ue listener, formed from wi t hSnapL, consumes Strings, samples the current mode
behavior, applies set Val  to the String and mode to get a new distance, and tells the value BVar
about this distance.

Finally, we can define the entry as follows:

ent r y : :  BVar  Conver t  - > BVar  Doubl e - > Component
ent r y st at e val ue = mkEnt r yRt r n [ t ext B ( cur r ent Val ue st at e val ue) ]
                                ( set Val ue st at e val ue)

Listener 1
input value

       setVal val state

snapshotL

behavior
state

 val
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1.5.3. Using Radio buttons

The next stage is to define the set of radio buttons that set the current mode. We can do this as follows.

r adi obut t ons : :  BVar  Conver t  - > [ ( St r i ng, Conver t ) ]  - > Component
r adi obut t ons st at e t ypes = do
 r  <-  mkRadi o ( Just  $ f st  $ head t ypes)
 l et  r adi o ( s, i nf o)  =

mkRadi obut t on [ t ext  s, useRadi o r  s]
  ( t el l L ( i nput  st at e)  i nf o)

 nbesi de ( map r adi o t ypes)

We can break this down as follows.  The set of radio buttons is generated from a list of name and
conversion function pairs. When a radio button is pressed it sets the current mode by setting the state
BVar .

We create a radio object, using mkRadi o, which all the radiobuttons share. This sets them as a group
and guarantees that only one of the buttons may be set at a time. It takes a value to say which radio item
should be set initially. (In this case the first element is “ Inches”).

mkRadi o : :  Eq a => Maybe a - > GUI  ( Radi o a)

We create a radio button using mkRadi obut t on, which as usual takes a list of configuration
information and a listener that it tells about button clicks.

mkRadi obut t on : :  [ Conf  Radi obut t on]  - > Li st ener  ( )  - > Component

Each radio button displays its own String name, such as Inches (the t ext  s  configuration option). Its
listener sets the state BVar  with its own conversion functions when pressed. Finally it uses the radio
produced earlier, set with useRadi o.

useRadi o : :  ( Has_useRadi o w,  Eq a)  => Radi o a - > a - > Conf  w

Note that useRadi o also takes a value of type a, which is used as the element’s reference. This results
in the  “ Inches”  element becoming the current element.

1.5.4. The complete code

The complete code for the example can therefore be seen below.

mai n : :  I O ( )
mai n = di spl ay $ mkWi ndow [ t i t l e “ Conver t er ” ]  $ do

st at e <-  mkBVar  ( snd $ head uni t s)
    val ue <-  mkBVar  0
    conver t er  st at e val ue uni t s

t ype Conver t  = ( Doubl e - > Doubl e, Doubl e - > Doubl e)

uni t s : :  [ ( St r i ng, Conver t ) ]
uni t s = [ ( " I nches" , ( i d, i d) ) ,
         ( " Feet " , ( \ x  - > x *  12, \ x - > x /  12) ) ,
         ( " Yar ds" , ( \ x  - > x *  36,  \ x  - > x /  36) ) ,
         ( " Mi l es" ,  ( \ x  - > x *  63400, \ x - > x / 63400) ) ]

conver t er  : :  BVar  Conver t  - > BVar  Doubl e - > [ ( St r i ng, Conver t ) ]
  - > Component

conver t er  st at e val ue t ypes =
  r adi obut t ons st at e t ypes ` above`  ent r y st at e val ue

ent r y : :  BVar  Conver t  - > BVar  Doubl e - > Component
ent r y st at e val ue =
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mkEnt r yRt r n [ t ext B ( cur r ent Val ue st at e val ue) ]  
     ( set Val ue st at e val ue)

cur r ent Val ue : :  BVar  Conver t  - > BVar  Doubl e
             - > Behavi or  St r i ng
cur r ent Val ue st at e val ue =

l i f t 2 get Val  ( bvar Behavi or  st at e)  ( bvar Behavi or  val ue)
  wher e
 get Val  : :  Conver t  - > Real Val  - > St r i ng

get Val  ( t oUni t , f r omUni t )  uni t  = show $ f r omUni t  uni t

set Val ue : :  BVar  Conver t  - > BVar  Doubl e - > Li st ener  St r i ng
set Val ue st at e val ue =

wi t hSnapL set Val  ( bvar Behavi or  st at e)  ( i nput  val ue)
  wher e

set Val  : :  St r i ng - > Conver t  - > Real Val
set Val  val  ( t oUni t , f r omUni t )  = t oUni t  $ r ead val

r adi obut t ons : :  BVar  Conver t  - > [ ( St r i ng, Conver t ) ]  - > Component
r adi obut t ons st at e t ypes = do
 r  <-  mkRadi o ( Just  $ f st  $ head t ypes)
 l et  r adi o ( s, i nf o)  =

mkRadi obut t on [ t ext  s, useRadi o r  s]
  ( t el l L ( i nput  st at e)  i nf o)

 nbesi de ( map r adi o t ypes)

1.6. A Dynamic Example

We’ll now consider a more dynamic example. Consider the interface below. It allows a group of users
to log on to a system and monitor who else is also logged on. Users can log on with the register
window. They each have an individual window that displays their name in the title bar. They can
change their own details using the entry area. Pressing the “set”  button updates their details with the
current value of the entry area. Each user can each see the name of the other users and if they wish their
details. The “details”  field is only shown when the “view”  checkbutton is selected.

1.6.1. Defining an individual node

We’ll now implement this example. First of all let’s start by defining one of the individual nodes that
display a user’s name and details. The data for each user will be shared, so we’ ll define a data type
Publ i cUser  which has a static name and a string behavior representing the dynamic details
information for that user.

dat a Publ i cUser  = Publ i cUser  {
publ i cName : :  St r i ng,
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publ i cDet ai l s  : :  Behavi or  St r i ng
}

We can then define how to create a component that displays this information.

mkPubl i cNode : :  Publ i cUser  - > Component
mkPubl i cNode ( Publ i cUser  nm det ai l s)  = do
 v i sdet ai l s  <-  mkBVar  Tr ue
 l et  name = mkLabel  [ t ext  nm]
     v i scheck = mkCheckbut t on [ t ext  " v i ew" ,  checkVal  Tr ue]

  ( i nput  v i sdet ai l s)
     det ai l sLbl  = mkLabel  [ t ext B $ det ai l s ]
 above ( nbesi de [ name, vi scheck] )
       ( i f B ( bvar Behavi or  v i sdet ai l s)  det ai l sLbl  empt yComponent )

A public node consists of a label for the name, a check button and a label for the details. We create a
Boolean BVar  that models the visibility of the details label. The checkbutton then talks to this BVar .
To make a checkbutton we use mkCheckbut t on.

mkCheckbut t on : :  [ Conf  Checkbut t on]  - > Li st ener  Bool  - > Component

We set it so that it is in set position initially using checkVal .

checkVal  : :  Has_checkVal  w => Bool  - > Conf  w
i nst ance Has_checkVal  Checkbut t on

We can conditionally display a component using i f B.

cl ass GBehavi or  w wher e
  i f B : :  GBehavi or  w => Behavi or  Bool  - > w - > w - > w
i nst ance GBehavi or  Component

When applied to components i f B b w1 w2 displays component w1 when b is True and w2
otherwise. (Other members of the GBehavi or  class include Behavi or s  and Event s .) In this
example we display the details label when visdetails is True and an empty component otherwise.

empt yComponent  : :  Component

1.6.2. Defining a User ’s View

Now we define a window for a user. These consist of a button and entry widget to update details, a
collection of public nodes and the window itself with a menu that allows a user to exit.

1.6.2.1. The Button and Entry Widget – Introducing Wires

We’ll start by defining the button and entry widget. The entry and button together update a String
BVar , as shown below.

mkEnt r yWi t hBut t on : :  St r i ng - > Li st ener  St r i ng - > Component
mkEnt r yWi t hBut t on bname i nput L = do
 wi r e <-  mkWi r e
 l et  but t on = mkBut t on [ t ext  bname]  ( t el l L ( i nput  wi r e)  ( ) )
     ent r y = mkEnt r y [ ]  ( event  wi r e)  i nput L
 besi de ent r y but t on

This uses a new concept called a Wi r e. A Wi r e is a limited version of a BVar . It has only an input
listener and an event. It is therefore a member of the Has_Event  class.

mkWi r e : :  GUI  ( Wi r e a)
newWi r e : :  I O ( Wi r e a)

wi r eI nput  : :  Wi r e a - > Li st ener  a
wi r eEvent  : :  Wi r e a - > Event  a
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i nst ance Has_Event  Wi r e

We therefore have the following structure –

• The button talks to the wire when it is clicked
• When the entry hears something on the wire it sends its current value to the BVar

1.6.2.2. Defining the Collection – Introducing Behavioral Collections

Now we’ ll define the collection of nodes that make up one user’s view of those logged on. We do this
using a behavioral collection, in this case a list.

user sAr ea : :  Li st B Publ i cUser  - > Component
user sAr ea user s = nabove $ f map mkPubl i cNode user s

Given a behavioral list of Publ i cUser s  we can map the mkPubl i cNode along the list and then
place the objects above each other. Note that nabove places a collection of components above each
other.

t ype Li st B a
i nst ance Funct or  Li st B

cl ass PackCol l ect i on c w wher e
 nabove : :  c  w - > w

i nst ance PackCol l ect i on Li st B Component

When rendered the Li st B will incrementally update the screen only making necessary changes, rather
than redisplaying everything.

1.6.2.3. Making list collections

To make a list collection we use a special type of BVar , a Li st BVar .

t ype Li st BVar  a

mkLi st BVar  : :  Eq a => [ a]  - > GUI  ( Li st BVar  a)
newLi st BVar  : :  Eq a => [ a]  - > I O ( Li st Var  a)

When creating a Li st BVar  we give it an initial list of values. Elements in a behavioral list must have
equality defined upon them.

For the purposes of this example we will need to append elements to this list and delete them. We can
do this using appendLi st B and del et eLi st B.

appendLi st B : :  Eq a => Li st BVar  a - > Li st ener  a
del et eLi st B : :  Eq a => Li st BVar  a - > Li st ener  a

We can extract the Li st B from the Li st BVar  using collection.

col l ect i on : :  Li st BVar  a - > Li st B a

We can also create a Li st B that always contains just a constant single list using const ant Li st B.

const ant Li st B : :  [ a]  - > Li st B a

button entry BVar
Listener Event

Wire
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These behavioral collections are powerful. We can for, instance, apply filter and sort to Li st Bs . For
the full range of operations on behavioral collections see Chapter 3.

1.6.2.4. Defining the Window and Menu

We now define an individual user window. Firstly, we define the data for a private user. These have a
name, some details information that is held in a BVar , they know about a list of other users, and they
have an exit listener that is used to log them off.

dat a Pr i vat eUser  = Pr i vat eUser  {
name : :  St r i ng,
det ai l s  : :  BVar  St r i ng,
ot her User s : :  Li st B Publ i cUser ,
exi t  : :  Li st ener  ( )
}

We define the user window as follows.

mkUser Wi ndow : :  Pr i vat eUser  - > WComponent
mkUser Wi ndow ( Pr i vat eUser  nm det ai l s  ot her s exi t )  = do
 l et  wi nmenu = mkMenu [ ]  [ mcascade [ t ext  " Run" ]

( mkMenu [ ]  [ mbut t on [ t ext  " Exi t " ]  exi t ] ) ]
 mkWi ndow [ t i t l e $ " User  "  ++ nm, useMenu wi nmenu]  $
   l et  edi t ar ea = mkEdi t Wi t hBut t on " set "  ( i nput  det ai l s)
       user sar ea = user sAr ea ot her s
   i n above edi t ar ea user sar ea

This definition can be broken down into several parts. We create a new window component using
mkWindow.

mkWi ndow : :  [ Conf  Wi ndow]  - > Component  - > WComponent

We give it a specific title using t i t l e.

t i t l e : :  St r i ng - > Conf  Wi ndow

We give it a specific menu using useMenu.

useMenu : :  GUI  Menu - > Conf  Wi ndow

We create a menu using mkMenu.

mkMenu : :  [ Conf  Menu]  - > [ MenuI t em]  - > GUI  Menu

This takes a list of menu items as well as its configuration information and displays that list. (There is
also a version of mkMenu that displays a dynamic Li st B of menu elements. See section 4.10.)

In our case we create one cascading menu over the menu bar of the window and place a single menu
button item within this cascading menu. We then just tell the exit menu button to talk to the exit
listener.

mcascade : :  [ Conf  Cascade]  –> GUI  Menu - > MenuI t em
mbut t on : :  [ Conf  Cascade]  - > Li st ener  ( )  - > MenuI t em

1.6.3. Creating the Whole Application

As our final stage we need to create the whole application by making the register window, the pile of
windows and the application code.

The register window component simply consists of a button and entry within a window.

r egi st er Wi ndow : :  Li st ener  St r i ng - > WComponent
r egi st er Wi ndow add = mkWi ndow [ t i t l e “ Regi st er  user ” ]  $
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  mkEnt r yWi t hBut t on “ add”  add

The pile of windows simply consists of one window for each user and the registerWindow.

wi ndows : :  Li st ener  St r i ng - > Li st B Pr i vat eUser  - > WComponent
wi ndows add user s = pi l e [ r egi st er Wi ndow add,
                          pi l e $ f map mkUser Wi ndow user s]

Here pile is a class function that displays a collection of components.

cl ass Pi l e c w wher e
 pi l e : :  c  w - > w

i nst ance Pi l e Li st B WComponent
i nst ance Pi l e [ ]  WComponent

Finally we have to create the application code, that is the list of users, and render the list of windows.

mai n : :  I O ( )
mai n = st ar t  $ do
 pr i vat el st  <-  mkLi st BVar  [ ]
 wi ndows ( addUser  pr i vat el st )  ( col l ect i on pr i vat el st )

We need to create a user from a String. We can do this using mapIOL . This is another member of the
family of listener operations and allows us to apply an IO operation to a value before passing it to a
listener.

mapI OL : :  ( a - > I O b)  - > Li st ener  b - > Li st ener  a

Again note the funny looking type. If we think of Listener  as being of type a - > I O ( ) ,  then we
can think of the definition of mapIOL as follows:

mapI OL f  l  = \ x - > do { y <-  f  x  ;  l   y}

Note that we apply the function f to any values we receive and then pass the value on to l.

addUser  : :  Li st BVar  Pr i vat eUser  - > Li st ener  St r i ng
addUser  l s t  = mapI OL mkUser  ( appendLi st B l s t )
  wher e
     mkUser  : :  St r i ng - > I O Pr i vat eUser
     mkUser  nm = do

det ai l s  <-  newBVar  " "
   l et  exi t  = t el l L ( del et eLi st B l s t )  pu
      pu = Pr i vat eUser  nm det ai l s  ot her s exi t

    ot her s = f map t oPubl i c  $
      f i l t er LB ( \ x - > name x / = nm)  $

               col l ect i on l s t
r et ur n pu

     t oPubl i c  : :  Pr i vat eUser  - > Publ i cUser
     t oPubl i c  ( Pr i vat eUser  { name = nm, det ai l s  = ds} )  =

Publ i cUser  nm ( bvar Behavi or  ds)

To make each user’s public list we filter it so that it does not include an item for themselves and map
private user info to public user info. We perform the filtering using filterLB.

f i l t er LB : :  ( a - > Bool )  - > Li st B a - > Li st B a

Listener l

   f
Listener
formed by
mapIOL f l
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That’s it. The complete code for the example is shown again below. A multi-user program in only 70
lines of code.

mai n : :  I O ( )
mai n = di spl ay $ do
 pr i vat el st  <-  mkLi st BVar  [ ]
 wi ndows ( addUser  pr i vat el st )  ( col l ect i on pr i vat el st )

dat a Publ i cUser  = Publ i cUser  {
publ i cName : :  St r i ng,
publ i cDet ai l s  : :  Behavi or  St r i ng
}

mkPubl i cNode : :  Publ i cUser  - > Component
mkPubl i cNode ( Publ i cUser  nm det ai l s)  = do
 v i sdet ai l s  <-  mkBVar  Tr ue
 l et  name = mkLabel  [ t ext  nm]
     v i scheck = mkCheckbut t on [ t ext  " v i ew" ,  checkVal  Tr ue]

  ( i nput  v i sdet ai l s)
     det ai l sLbl  = mkLabel  [ t ext B $ det ai l s ]
 above ( nbesi de [ name, vi scheck] )
       ( i f B ( bvar Behavi or  v i sdet ai l s)  det ai l sLbl  empt yComponent )

dat a Pr i vat eUser  = Pr i vat eUser  {
name : :  St r i ng,
det ai l s  : :  BVar  St r i ng,
ot her User s : :  Li st B Publ i cUser ,
exi t  : :  Li st ener  ( )
}

i nst ance Eq Pr i vat eUser  wher e
 p == p1 = name p == name p1

mkEnt r yWi t hBut t on : :  St r i ng - > Li st ener  St r i ng - > Component
mkEnt r yWi t hBut t on bname i nput L = do
 wi r e <-  mkWi r e
 l et  but t on = mkBut t on [ t ext  bname]  ( t el l L ( i nput  wi r e)  ( ) )
     ent r y = mkEnt r y [ ]  ( event  wi r e)  i nput L
 besi de ent r y but t on

user sAr ea : :  Li st B Publ i cUser  - > Component
user sAr ea user s = nabove $ f map mkPubl i cNode user s

mkUser Wi ndow : :  Pr i vat eUser  - > WComponent
mkUser Wi ndow ( Pr i vat eUser  nm det ai l s  ot her s exi t )  = do
 l et  wi nmenu = mkMenu [ ]  [ mcascade [ t ext  " Run" ]

( mkMenu [ ]  [ mbut t on [ t ext  " Exi t " ]  exi t ] ) ]
 mkWi ndow [ t i t l e $ " User  "  ++ nm, useMenu wi nmenu]  $
   l et  edi t ar ea = mkEnt r yWi t hBut t on " set "  ( i nput  det ai l s)
       user sar ea = user sAr ea ot her s
   i n above edi t ar ea user sar ea

r egi st er Wi ndow : :  Li st ener  St r i ng - > WComponent
r egi st er Wi ndow add = mkWi ndow [ t i t l e " Regi st er  user " ]  $

mkEnt r yWi t hBut t on " add"  add

wi ndows : :  Li st ener  St r i ng - > Li st B Pr i vat eUser  - > WComponent
wi ndows add user s = pi l e [ r egi st er Wi ndow add,
           pi l e $ f map mkUser Wi ndow user s]
addUser  : :  Li st BVar  Pr i vat eUser  - > Li st ener  St r i ng
addUser  l s t  = mapI OL mkUser  ( appendLi st B l s t )
  wher e
     mkUser  : :  St r i ng - > I O Pr i vat eUser
     mkUser  nm = do

det ai l s  <-  newBVar  " "
   l et  exi t  = t el l L ( del et eLi st B l s t )  pu
      pu = Pr i vat eUser  nm det ai l s  ot her s exi t

    ot her s = f map t oPubl i c  $
      f i l t er LB ( \ x - > name x / = nm)  $
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col l ect i on l s t
r et ur n pu

     t oPubl i c  : :  Pr i vat eUser  - > Publ i cUser
     t oPubl i c  ( Pr i vat eUser  { name = nm, det ai l s  = ds} )  =

Publ i cUser  nm ( bvar Behavi or  ds)

1.7. Concepts Summary

We’ve come across a number of important concepts in this chapter through our set of examples. Here’s
a summary of the important ones.

1.7.1. The GUI Monad

All widget based GUI actions take place in the GUI monad, which is an extension of the standard IO
monad.

1.7.2. Of Behaviors, Events and L isteners

The three basic concepts used in FranTk to manipulate state are Behavi or s , Event s  and
Li st ener s .

A Behavi or  is a continuous value that changes over time. A value of type Behavi or  a is a time
varying value of type a. Though it is abstract, it can be thought of as Behavi or  a = Ti me - > a .

An Event  is a stream of occurrences, each of which has a specific time and value. The type Event  a
denotes an event that generates a value of type a when it happens. Though abstract, it can be thought of
as Event  a = [ ( Ti me, a) ] .

A Li st ener  is an abstract type, but it can be thought of as Li st ener  a = a - > I O ( ) .  A
value of type Li st ener  a, is a function, that given a value of type a, performs a side-effecting I O
action with it. Listeners are therefore consumers of values.

There is an algebra of operations for behaviors, for events and for listeners described in Chapter 2.

1.7.3. Sampling Behaviors

It is often useful to be able to sample the current state on some user input. For instance, to sample
interpret some input in terms of the current mode. We can do with using wi t hSnapL.

wi t hSnapL : :  ( a - > b - > c)  - >Behavi or  b - >Li st ener  c - > Li st ener  a

Note the somewhat back to front type signature that results from listeners being consumers of values.
The new listener receives a value, composes it with the current value of the behavior, using the given
function, and passes it to the original listener.

1.7.4. Representing State

To represent state in FranTk we use a BVar . A value of type BVar  a represents some abstract mutable
state of type a.

dat a BVar  a

We can create a new BVar  within the GUI  or the I O monad.  Most commonly we will be using them
within the GUI  monad.

mkBVar  : :  a - > GUI  ( BVar  a)
newBVar  : :  a - > I O ( BVar  a)

It is possible to get a Behavi or  from a BVar .
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bvar Behavi or  : :  BVar  a - > Behavi or  a

It is possible to get an Event  from a BVar

bvar Event  : :  BVar  a - > Event  a

We can set the value of a BVar  using its Li st ener .

bvar I nput  : :  BVar  a - > Li st ener  a
bvar UpdI nput  : :  BVar  a - > Li st ener  ( a - > a)

The listener accessed by bvar I nput  updates the BVar  to its given value. This will alter the value of
the BVar’s behavior and generate an event occurrence. The listener accessed by bvar UpdI nput
updates the BVar by applying the given function to its current value.

1.7.5. Of Wires

When we only need events and listeners we can use a simpler abstraction called a Wi r e. A Wi r e is a
limited version of a BVar . It has only an input Li st ener  and an Event .

mkWi r e : :  GUI  ( Wi r e a)
newWi r e : :  I O ( Wi r e a)

wi r eI nput  : :  Wi r e a - > Li st ener  a
wi r eEvent  : :  Wi r e a - > Event  a

1.7.6. The Has_Event class

To simplify names a little, BVar  and Wi r e are both instances of the Has_Event  class.

cl ass Has_Event  c wher e
 i nput  : :  c  a - > Li st ener  a
 event  : :  c  a - > Event  a

1.7.7. Of Behavioral Collections

There are collection versions of BVar  that represent behavioral collections but are more efficient to
display as they can be rendered incrementally.

For instance, we can have a Li st BVar  which is a behavioral list collection variable.

t ype Li st BVar  a

mkLi st BVar  : :  Eq a => [ a]  - > GUI  ( Li st BVar  a)
newLi st BVar  : :  Eq a => [ a]  - > I O ( Li st Var  a)

There are operations to update these collections specific to their type. For instance a ListBVar contains
an operation to append items to the list.

appendLi st B : :  Eq a => Li st BVar  a - > Li st ener  a

We can extract the behavioral collection such as ListB from the ListBVar using the function collection.

col l ect i on : :  Li st BVar  a - > Li st B a

1.7.8. Of Components and Widgets

All functions that create objects such as buttons and labels produce components.

t ype Component  = GUI  Wi dget
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A Component  is an action that produces a Wi dget . A Wi dget  is an abstract data type representing
primitive Tcl widgets. A Wi dget  may in fact be made up of several primitive tcl widgets, and may be
dynamic changing its appearance over time.

As well as basic components there are several other types including window components. We display
basic components by running them inside window components.

t ype WComponent  = GUI  Wi ndowWi dget
wi t hRoot Wi ndow : :  [ Conf  Wi ndow]  - > Component  - > WComponent
mkWi ndow : :  [ Conf  Wi ndow]  - > Component  - > WComponent

1.7.9. Configuration Information

To set the appearance of a component we pass in configuration information. This configuration
information is typed so that it can only be applied to the correct sort of widget. We use type classes to
overload the configuration options to keep names simple. For instance, both a button and a label can
take textual configuration information and so are members of the Has_t ext  class.

cl ass Has_t ext  w
t ext  : :  Has_t ext  w => St r i ng - > Conf  w
i nst ance Has_t ext  Label
mkLabel  : :  [ Conf  Label ]  - > Component

To make a component that changes dynamically we use behavioral configuration information. For
instance, we can set some changing text using a String behavior.

t ext B : :  Has_t ext  w => Behavi or  St r i ng - > Conf  w

1.7.10. Composing Components

We compose components using operators such as above and besi de.

cl ass Packabl e w wher e
 above,  besi de : :  w - > w - > w

i nst ance Packabl e Component

We can also compose collections of components.

cl ass PackCol l ect i on c w wher e
  nabove, nbesi de : :  c  w - > w

i nst ance PackCol l ect i on Li st B Component
i nst ance PackCol l ect i on [ ]  Component

We compose window components using pile.

cl ass Pi l e c w wher e
 pi l e : :  c  w - > w

i nst ance Pi l e Li st B WComponent
i nst ance Pi l e [ ]  WComponent

When rendering a static number of windows, we could just render each individually. The use of piles is,
however, vital for rendering a dynamic list of components.

1.7.11. Render ing Components

We render a window component using render.

r ender  : :  WComponent  - > GUI  ( )
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Finally, to run the GUI actions that we have produced we use start. This runs the action and then starts
up the tcl-tk event loop.  This event loop will run until the graphical user interface quits, at which point
it will return.

st ar t  : :  GUI  ( )  - > I O ( )
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Chapter 2 - Dealing with State in FranTk

The previous chapter discussed the basic concepts in FranTk. The most significant feature about
FranTk is that all state is modelled in terms of listeners, events and behaviors. In this chapter we’ ll
present the algebra of operators available on each. You probably won’ t need most of these in day to day
life but sometimes they can be very handy.

2.1. What can we really do with L isteners

To summarise again, a Li st ener  is an abstract type, but it can be thought of as Li st ener  a = a
- > I O ( ) .  A value of type Li st ener  a, is a function, that given a value of type a, performs a
side-effecting IO action with it.

Listeners are therefore consumers of values. This has important concepts for how the listener algebra is
structured. The types seem to be reversed as we apply a function to values that a listener is about to
receive before passing them to a listener to be consumed.

2.1.1. The listener  algebra

The first simple listener we have is never L. This is a listener that does nothing with any value it
receives.

never L : :  Li st ener  a

Next we have mer geL which merges two listeners to produce a new listener. The combined listener
consumes values and passes them to both l 1 and l 2.

mer geL : :  Li st ener  a - > Li st ener  a - > Li st ener  a

There is also a version of mergeL that takes a list of listeners and merges them all.

anyL : :  [ Li st ener  a]  - > Li st ener  a
anyL = f ol dr  mer geL never L

Now we come to mapping functions across listeners. There are two versions of map one for pure
functions and one for mapping IO actions across listeners

mapL : :  ( a - > b)  - > Li st ener  b - > Li st ener  a
mapI OL : :  ( a - > I O b)  - > Li st ener  b - > Li st ener  a

Note the strangely inverted type. This is because listeners are consumers of values not producers. If we
think of Li st ener  as being of type a - > I O ( ) ,  then we can think of the definitions of mapL and
mapI OL as follows:

mapL f  l  = \ x - > l  ( f  x)
mapI OL f  l  = \ x - > do { y <-  f  x  ;  l   y}

Listener 1

Listener 1

Listener l

   f
Listener
formed by
mapL f l
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Note that we apply the function f to any values we receive and then pass the value on to l.

There is a version of mapI OL for applying GUI actions to listeners, mapGUI L. As there is
environment being carried around in the GUI monad this function needs to be applied within the GUI
monad.

mapGUI L : :  ( a - > GUI  b)  - > Li st ener  b - > GUI  ( Li st ener  a)

The next important, and very commonly used function is t el l L. This takes a listener and a value, and
returns a listener that ignores its argument and always performs its action with this value. It is just a
special version of mapL.

t el l L : :  Li st ener  a - > a - > Li st ener  b
t el l L l  a = mapL ( const  a)  l

The next set of functions filter the values being received by a listener. There is a version of filter,
similar to mapMaybe, that takes an ( a - > Maybe b)  function, and uses it to filter only values that
return Just  b. Note that mapMaybeL takes a listener, l, and makes a new listener that filters the
value it receives, before passing them to l.

mapMaybeL : :  ( a - > Maybe b)  - > Li st ener  b - > Li st ener  a

Built on top of this there is a combinator that behaves similarly to the standard filter function.

f i l t er L : :  ( a - > Bool )  - > Li st ener  a - > Li st ener  a
f i l t er L f  l  = mapMaybeL ( \ a - > i f  f  a t hen Just  a el se Not hi ng)  l

There is also a version that makes a listener that hears maybe values but only consumes the Just
values.

i sJust L : :  Li st ener  a - > Li st ener  ( Maybe a)
i sJust L = mapMaybeL i d

We can produce a listener accepting a list of values, and tell it to consume each in turn using
f r omLi st L.

f r omLi st L : :  Li st ener  a - > Li st ener  [ a]

This is defined in terms of a more general mapping function mapLs  which takes a listener, l, accepting
values of type b, and a function, f, producing a list of bs. Every time it hears a value, it applies f, and
then tells l to consume each b value in turn.

mapLs : :  ( a - > [ b] )  - > Li st ener  b - > Li st ener  a

We define f r omLi st L simply as follows.

f r omLi st L = mapLs i d

We can create a one shot listener that consumes one value and then behaves as neverL using onceL.

onceL : :  Li st ener  a - > Li st ener  a

Here we see some of the power hidden within the listener abstraction. A listener has the ability to
remove itself when it has finished performing useful activity.

We can make a listener snapshot a behavior and consume its current value. For instance, we have
snapshot L.

snapshot L : :  Behavi or  b - > Li st ener  ( a, b)  - > Li st ener  a
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Another useful function is withSnapL that also accepts a function to apply to the values from the
behavior and the listener.

wi t hSnapL : :  ( a - > b - > c)  - > Behavi or  b - > Li st ener  c
          - > Li st ener  a
wi t hSnapL f  bh l  = snapshot L bh ( mapL ( uncur r y f )  l )

These functions are very useful. As all state in FranTk is held in behaviors, and updated through
listeners, the ability to snapshot the value of a behavior is the fundamental operation to read the current
value of mutable state. (See section 1.5.2 for an example of use.)

We can get access to the time that a listener consumes a value using wi t hTi meL.

wi t hTi meL : :  Li st ener  ( a, Ti me)  - > Li st ener  a

Here the type Time is a synonym for Double, and represents the number of seconds since the start of the
program.

We can make a listener that simply performs an IO action using mkL.

mkL : :  ( a - > I O ( ) )  - > Li st ener  a

We can also make a listener that performs a GUI action, though this requires a GUI action to produce,
to extract the necessary environment information from the monad.

mkGUI L : :  ( a - > GUI  ( ) )  - > GUI  ( Li st ener  a)

If we need to fire a listener manually we can achieve this via f i r eLi st ener . This provides the
listener via an IO action.

f i r eLi st ener  : :  Li st ener  a - > I O ( a - > I O ( ) )

These can be useful if you want to make a listener that performs some explicit IO, such as printing
something out for debugging reasons. However, most of the time it is not necessary, as listeners are
produced by all of the behavior variables and wires, discussed in chapter 1. In particular, it is important
not to deconstruct and then reconstruct listeners using these primitives. This may have undesirable
effects. For instance, the listener formed by r emakeL l  will not behave as efficiently as l.

r emakeL : :  Li st ener  a - > I O ( Li st ener  a)
r emakeL l  = do
  act  <-  f i r eLi st ener  l
  mkL act

2.1.2. Pr imitive L istener  Operations

There are a few more primitive listener operations that can be used to define all of the algebra above.
These are l i f t L1 and l i f t L2. These compose listeners and allow us to apply functions over them.
The first l i f t L1 takes one listener and produces another by redefining what it does with its action
when it consumes a value.

l i f t L1 : :  ( ( a - > I O ( ) )  - > b - > I O ( ) )  - > Li st ener  a - > Li st ener  b

Listener 1

 (a,b)snapshotL

behavior
b

 a
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This can best be seen by example. For instance, we can define mapL in terms of l i f t L1.

mapL : :  ( a - > b)  - > Li st ener  b - > Li st ener  a
mapL f  = l i f t L1 $ \ act  val  - > act  ( f  val )

The function l i f t L2 allows us to merge two listeners and redefine their behavior.

l i f t L2 : :  ( ( a - > I O ( ) )  - > ( b - > I O ( ) )  - > Occ c - > I O ( ) )
       - > Li st ener  a - > Li st ener  b - > Li st ener  c

We can define mer geL using l i f t L2.

mer geL : :  Li st ener  a - > Li st ener  a - > Li st ener  a
mer geL = l i f t L2 $ \ act 1 act 2 val  - > do act 1 val ; act 2 val

2.2. What can we really do with Events

Recall from chapter 1 that an Event  is a stream of occurrences, each of which has a specific time and
value. The type Event  a denotes an event that generates a value of type a when it happens.

The algebra of operations available on events resemble closely those available for listeners. The types
of the event algebra are mirror images of those in the listener algebra, being structured in the more
obvious manner. This is because events are producers of values.

2.2.1. Connecting listeners and events

Given an event we can add listeners to that event. These will perform actions on every event
occurrence. Listeners and events meet with addLi st ener .

addLi st ener  : :  Event  a - > Li st ener  a - > I O Remover
t ype Remover  = I O ( )

The function addLi st ener  adds a listener to an event. The remove action that is returned will then
delete that listener when necessary at a later date. Events therefore serve client listeners.

2.2.2. The Event Algebra

We can make an event that never produces any occurrences using never E.

never E : :  Event  a

We can merge two events using mer geE. There is also an infix version of this function . | .  Here we
see the first of a number of infix operators that make up the event algebra.

mer geE, ( . | . )  : :  Event  a- > Event  a - > Event  a

Again there is a list version of merge for events

anyE : :  [ Event  a]  - > Event  a
anyE = f ol dr  ( . | . )  never E

We can map functions over events using mapE.

mapE : :  ( a - > b)  - > Event  a - > Event  b

There are also infix operator versions of mapE, as well as a version that ignores the value produced and
just uses the new value.

( - =>)  : :  Event  a - > b - > Event  b
( ==>)  : :  Event  a - > ( a - > b)  - > Event  b
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We can apply a filter function to events in a similar way to listeners.

mapMaybeE : :  Event  a - > ( a - > Maybe b)  - > Event  b

f i l t er E : :  Event  a - > ( a - > Bool )  - > Event  a
f i l t er E e f  = mapMaybeE ( \ v - > i f  f  v  t hen Just  v el se Not hi ng)

f i l t er E_ : :  Event  a - > ( a - > Bool )  - > Event  ( )
f i l t er E_ e f  = f i l t er E e f  - => ( )

We can also take an event of maybe occurrences, and drop all those that are Not hi ng, using
i sJust E.

i sJust E : :  Event  ( Maybe a)  - > Event  a
i sJust E = mapMaybeE i d

As with listeners we can convert an event with occurrences that contain lists of values into occurrences
for each value.

mapEs : :  Event  a - > ( a - > [ b] )  - > Event  b

f r omLi st E : :  Event  [ a]  - > Event  a
f r omLi st E = mapEs i d

We can define a one shot event using onceE. This generates only one occurrence from its argument
event and then behaves like never E.

onceE : :  Event  a - > Event  a

We can sample the time when an event occurs using wi t hTi meE.

wi t hTi meE : :  Event  a - > Event  ( a,  Ti me)
wi t hTi meE_ : :  Event  a - > Event  Ti me

We can sample behaviors on event occurrences using snapshot E. This is one of a range of functions
that composes events with behaviors. We’ ll come across the full range in section 2.3.4 when we go on
to discuss behaviors.

snapshot E : :  Event  a - > Behavi or  b - > Event  ( a, b)
snapshot E_ : :  Event  a - > Behavi or  b - > Event  b

To aid in debugging there is t r aceE which prints a String on every event occurrence.

t r aceE : :  Show a => Event  a - > St r i ng - > Event  a

2.2.3. The IO based combinators

There are a number of event combinators that accumulate values over time. These live within the IO
monad. We’ ll see why with our first example accumE.

We can accumulate a value via a function valued event using accumE.

accumE : :  a - > Event  ( a - > a)  - > I O ( Event  a)

The behavior of this function can be seen in the following example.

t est  = do
  wi r e <-  mkWi r e
  e <-  accumE 0 ( event  wi r e)
  addLi st ener  e ( mkL pr i nt )
  op <-  f i r eLi st ener  ( i nput  wi r e)
  op ( + 1)
  op ( + 1)
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  op ( + 1)

This makes a wire and attaches a listener to the that prints out every occurrence. We there prepare to
fire the listener, and fire it three times. This will produce the output:

1
2
3

Note that it is important that accumE lives within the IO monad so that listeners added at different times
will all see the same occurrences. For instance, if we had added the listener after op was run for the
first time we would have seen the output 2 3 as the event accumulates values from the point when
accumE is run.

We can ask for only distinct occurrences of an event using di st i nct E.

di st i nct E : :  Eq a => Event  a - > I O ( Event  a)

We can associate the values from an event stream with the values from a list using wi t hEl emE.

wi t hEl emE : :  Event  a - > [ b]  - > I O ( Event  ( a, b) )
wi t hEl emE_ : :  Event  a - > [ b]  - > I O ( Event  b)
wi t hEl emE_ e bs = wi t hEl emE e bs ==> snd

We can generate an event level switcher using swi t cher E.

swi t cher E : :  Event  a - > Event  ( Event  a)  - > I O ( Event  a)

Consider the definition.

ev <-  swi t cher  e ee

The event ev starts out behaving like e. Every time an event appears on ee, ev loses interest in the last
event and starts behaving like the new event.

If we don’ t want to lose interest in the first event we can do this using manyE.

manyE : :  Event  a - > Event  ( Event  a)  - > I O ( Event  a)

This can be useful when defining composite events. For instance, we can define a double click using
mer geE. Firstly, we define bindMany. This is like monadic bind for events. Every time ev occurs,
bi ndManyE ev f will also gain interest in the event produced by f. (We start out like never E because
ev has not yet occurred.)

bi ndMany : :  Event  a - > ( a - > Event  b)  - > I O ( Event  b)
bi ndMany ev f  = never E ‘ manyE‘  ( ev ==> f )

We also make use of al ar mE which given the current time and a wait time delays for that period.

al ar mE : :  Ti me - > Ti me - > Event  ( )

We therefore define double click as follows.

doubl ecl i ck : :  Event  ( )
doubl ecl i ck = wi t hTi meE_ cl i ck ‘ bi ndMany‘

\ t  - > ( onceE ( al ar mE t  t i meout val )  c l i ck)

On every click we sample the time. We then wait for one of either the timeout to occur or a second click
to occur.

We can define a version of scan on events using accumE.
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scanl E : :  ( a - > b - > a)  - > a - > Event  b - > I O ( Event  a)
scanl E accum a0 e = a0 ‘ accumE‘  ( e ==> f l i p accum)

Finally there is also a cominator to add the previous occurrence to the current occurrence,
wi t hPr evE.

wi t hPr evE : :  Event  a - > a - > I O ( Event  ( a, a) )
e ‘ wi t hPr evE‘  a0 = scanl E ( \ ( ol der , ol d)  new - > ( ol d, new) )
                          ( er r or  " wi t hPr evE:  no pr ev" ,  a0)
                          e

wi t hPr evE_ : :  Event  a - > a - > I O ( Event  a)
e ‘ wi t hPr evE_‘  a0 = e ‘ wi t hPr evE‘  a0 ==> snd

2.3. What can we really do with Behaviors

Finally we come to dealing with behaviors. Recall that a Behavi or  is a continuous value that changes
over time. A value of type Behavi or  a is a time varying value of type a, that is a function from
Ti me - > a.

There are two simple built in behaviors to start with.

t i me : :  Behavi or  Ti me
const ant B : :  a - > Behavi or  a

The t i me behavior is just a simple behavior representing the current time.
The const ant B behavior is a behavior that always has a single constant value.

To avoid clutter in type signatures involving Behavi or  many types have pre-defined synonyms for
their behavioral counterparts. For instance, there is StringB for Behavior String. A full list is available
with the type signature summary in the Fran appendix.

2.3.1. Lifted Behaviors

We say a type or function, which has been raised from the domain of ordinary Haskell values to
behaviors is "lifted". For example, a function such as

( &&)  : :  Bool  - > Bool  - > Bool

can be promoted to a corresponding function over behaviors:

( &&* )  : :  Bool B - > Bool B - > Bool B

The type Bool B is a synonym for Behavi or  Bool ; most commonly used types have a behavioral
synonym defined in FranTk. The name &&*  arises from a simple naming convention in Fran: lifted
operators are appended with a *  and lifted vars are appended with B.

The renaming required by && can sometimes be avoided using type classes. For example, an instance
declaration such as the following

i nst ance Num a => Num ( Behavi or  a)

allows all of the methods in Num to be applied directly to behaviors without renaming. Constant types
in the class definition cannot be lifted by such a declaration. In the Num instance above, the type of
f r omI nt eger  is

f r omI nt eger  : :  Num a => I nt eger  - > ( Behavi or  a)
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The argument to f r omI nt eger  is not lifted - only the result. This allows integer constants to be
treated as constant behaviors. While f r omI nt eger  works in the expected way, other class methods
cannot be used. In the declaration

i nst ance Or d a => Or d ( Behavi or  a)

is not useful since it defines operations such as

( >)  : :  Behavi or  a - > Behavi or  a - > Bool

Unfortunately, FranTk needs a > function which returns Behavi or  Bool  instead of just Bool . The
Eq and Or d classes are not lifted using instance declarations. Rather, each method is individually
renamed and lifted. These are the lifting functions: they transform a non-behavioral function into its
behavioral counterpart:

( $* )             : :  Behavi or  ( a - > b)  - > Behavi or  a - > Behavi or  b

l i f t 0           : :  a - > Behavi or  a
l i f t 0           =  const ant B

l i f t 1           : :  ( a - > b)  - > Behavi or  a - > Behavi or  b
l i f t 1 f  b1      = l i f t 0 f  $*  b1

l i f t 2           : :  ( a - > b - > c)  - > Behavi or  a - > Behavi or  b
- > Behavi or  c

l i f t 2 f  b1 b2   = l i f t 1 f  b1 $*  b2
. . .
l i f t 7  . . .

Using these functions, the definition of ( >* )  is

( >* )   = l i f t 2 ( >)

Many Prelude functions have been lifted in FranTk via overloading. For instance, behaviors are
instances of Num, Integral, Fractional, Floating.

2.3.2. Reactive Behaviors

Events are used to build reactive behaviors which change course in response to events. Reactive
behaviors are defined using the swi t cher B function:

swi t cher B : :  Behavi or  a - > Event  ( Behavi or  a)  - > I O ( Behavi or  a)

It assembles a behavior piecewise from an event and an initial one. For instance, swi t cher  b e
starts off behaving like b, but changes every time a behavior appears on e.

We can define two very important behavior based functions on top of these.

A st epper  is a switcher for generating a behavior from constant pieces.

stepper :: a -> Event a -> IO (Behavior a)
stepper x0 e = switcherB (constantB x0) (e ==> constantB)

We can use st epAccum to generate a switcher that starts out behaving as x0 and is updated by the
function occurrences of change.

stepAccum :: a -> Event (a -> a) -> IO (Behavior a)
stepAccum x0 change = do { e <- accumE x0 change;stepper x0 e}

For instance, we can define a counting behavior with stepAccum that counts the number of event
occurrences since it was created.
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count B : :  Event  ( )  - > I O ( Behavi or  I nt )
count B e = 0 ‘ s t epAccum‘  e - => ( +1)

The implicit parentheses are around the - => expression, since ‘ s t epAccum‘  has a lower fixity than
- => .

2.3.3. The Reactive classes

There are two important classes here that we use to define a range of operations. The first important
class is swi t cher M.

cl ass Swi t cher M b m wher e
  swi t cher M : :  a - > Event  a - > m a

On top of this we have untilB. This behaves as a until the next occurrence of e after which it behaves
as the occurrence value.

unt i l B : :  Swi t cher M a m => a - > Event  a - > m a
unt i l B a e = swi t cher M a ( onceE e)

The function accumB accumulates a behavior using f .

accumB : :  Swi t chabl eM bv m => ( bv - > b - > bv)  - > bv - > Event  b
            - > m bv
accumB f  soFar  e = swi t cher M soFar  ( scanl E f  soFar  e)

The instances of class Swi t cher M include the following.

i nst ance Swi t cher M ( Behavi or  a)  I O
i nst ance Swi t cher M ( Behavi or  a)  GUI

i nst ance Swi t cher M ( Event  a)  I O
i nst ance Swi t cher M ( Event  a)  GUI

There are instances of swi t cher M for behavioral collections such as Li st B.

i nst ance Swi t cher M ( Li st B a)  I O
i nst ance Swi t cher M ( Li st B a)  GUI

The other important class is GBehavi or .

cl ass GBehavi or  w wher e
  i f B : :  Bool B - > w - > w - > w

This provides a behavior conditional operation. Its instances include

i nst ance GBehavi or  ( Event  a)
i nst ance GBehavi or  ( Behavi or  a)
i nst ance GBehavi or  Component
i nst ance GBehavi or  WComponent

2.3.4. Turning behaviors into events

We can turn a behavior into an event using t oSt r eam.

t oSt r eam : :  Behavi or  a - > I O ( Event  a)

This produces a stream of values every time the behavior changes. If applied to a continuous behavior
such as t i me : :  Behavi or  Doubl e,  it will generate an occurrence at every clock cycle.
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We can define a predicate function in terms of this that generates an event every time a behavior has the
value true.

pr edi cat eB : :  Behavi or  Bool  - > I O ( Event  ( ) )
pr edi cat eB b = f map ( f l i p f i l t er E_ i d)  $ t oSt r eam b

2.3.5. Sampling behaviors with events

Finally there are a range of other functions that allow sampling of behaviors with events.

We can create and snapshot a behavior at an event occurrence

snapshot F : :  Event  a - > ( a - > Behavi or  b)  - > Event  ( a, b)
snapshot F_ : :  Event  a - > ( a - > Behavi or  b)  - > Event  b

There is a generalised version of i f B and snapshot F.

whenSnap : :  Event  a - > Behavi or  b - > ( a - > b - > Bool )  - > Event  a
whenSnap e b pr ed = e ‘ snapshot ‘  b ‘ f i l t er E‘  uncur r y pr ed ==> f st

Choosing a behavior or an event from an array based on a behavior.

cl ass Behavi or Ar r ay b wher e
( ! * )  : :  I x  i x  => Ar r ay i x  bv - > Behavi or  i x  - > bv

i nst ance Behavi or Ar r ay ( Event  a)
i nst ance Behavi or Ar r ay ( Behavi or  a)

2.3.6. Sampling behaviors in the IO monad

Sometimes you may need to sample a behavior from the IO monad. At any time a behavior has a given
value. You can therefore get its value using at  and get Ti me. The latter samples a behavior at a given
time, the former returns the current time in seconds. These two are in fact the primitives used by the
various wi t hTi me and snapshot  functions.

get Ti me : :  I O Ti me
at  : :  Behavi or  a - > Ti me - > I O a

It is important to note here that the time is constant in any step. A step begins whenever some user input
is handled. A behavior will therefore not change until immediately after the input event that updates it.
All updates based on the input will be handled, all behaviors will then change and the display will be
updated.

2.4. BVars and Wires

In the first chapter we explained how to create BVar s  and Li st ener s , that provide access to
behaviors and events. Recall a BVar is a mutable object with a behavior, listener and an event. A wire
is an object with only a listener and an event. The interface for producing a Wi r e is:

dat a Wi r e a
mkWi r e : :  GUI  ( Wi r e a)
newWi r e : :  I O ( Wi r e a)

wi r eI nput  : :  Wi r e a - > Li st ener  a
wi r eEvent  : :  Wi r e a - > Event  a

The interface for producing BVar s  is:

dat a BVar  a

newBVar  : :  a - > I O ( BVar  a)
mkBVar  : :  a - > GUI  ( BVar  a)
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bvar Behavi or  : :  BVar  a - > Behavi or  a
bvar Event  : :  BVar  a - > Event  a

bvar I nput  : :  BVar  a - > Li st ener  a
bvar UpdI nput  : :  BVar  a - > Li st ener  ( a - > a)

To simplify names a little, BVar and Wire are both instances of the Has_Event class.

cl ass Has_Event  c wher e
 i nput  : :  c  a - > Li st ener  a
 event  : :  c  a - > Event  a

We are now in fact in a position to understand a possible implementation of BVar. A BVar is made
from a wire using accumE to accumulate an event value based on a function valued event. We then use
stepper to turn the event into a behavior.

dat a BVar  a = BVar  {
  bvar UpdI nput  : :  Li st ener  ( a - > a) ,
  bvar Behavi or  : :  Behavi or  a,
  bvar Event  : :  Event  a
  }

mkBVar  : :  a - > I O ( BVar )
mkBVar  a = do
 w <-  mkWi r e
 e <-  accumE a ( event  w)
 b <-  st epper  a e
 r et ur n $ Behavi or  ( i nput  w)  b e
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Chapter 3 - Dealing with Collections

3.1. Behavioral Collections

In chapter 1 we introduced the concept of a behavioral collection. These allow us to model dynamic
collections of objects, and treat them as behaviors. They can, however, also be incrementally rendered
onto a set of widgets so that only changes are redrawn, not the whole collection.

Currently there are two sorts of behavioral collection available, list and set collections.  There is no
particular reason why we should be restricted to only these types. Others may appear in the future. The
type of a behavioral collection is defined as follows.

dat a Col l ect i onB evop c a

The collection is parameterised over its update event, collection type and value. The update event
would be of type evop a, and the static collection of type c a.

3.1.1. The MapG class

Before we begin we should introduce one quick class that proves useful when deailing with collections.
The MapG class. This is a more general version of mapM, that will operate over a given collection and
class. There are two initial basic instances for lists and arrays.

cl ass MapG c a b m wher e
  mapG : :  ( a - > m b)  - > c a - > m ( c b)

i nst ance Monad m => MapG [ ]  a b m
i nst ance Monad m => MapG ( Ar r ay I )  a b m

3.1.2. List Collections

List collections offer the following interface.

t ype Li st B a = Col l ect i onB Li st Op Li st  a

dat a Li st Op a
dat a Li st  a

We can create a constant Li st B that will always contain the same list.

const ant Li st B : :  [ a]  - > Li st B a

We can get a Behavi or  from a Li st B.

l i s t Behavi or  : :  Li st B a - > Behavi or  [ a]

This allows us to treat Li st B s as normal behaviors when convenient. For instance, we could lift
standard list functions and apply them to the list behavior, such as defining a lifted elem function.

el emB : :  Behavi or  a - > Li st B a  - > Bool B
el emB b l s  = l i f t 2 el em b ( l i s t Behavi or  l s)

Li st B is a member of the Funct or  and MapG classes, making it easy to map functions along the list.

i nst ance Funct or  Li st B
i nst ance MapG Li st B a b I O
i nst ance MapG Li st B a b GUI
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Currently we can filter and sort elements in the ListB. These sort the list for all time by applying the
sorting functions. There are two versions of each function, a simple one that uses a static function to
sort or filter, and a dynamic one.

f i l t er LB : :  ( a - > Bool )  - > Li st B a - > Li st B b
sor t LB : :  ( a - > a - > Or der i ng)  - > Li st B - > Li st B a

The dynamic functions deserve more discussion. Their type signatures are as shown below.

f i l t er Li st B : :  ( a - > Behavi or  b)  - > Behavi or  ( b - > Bool )
  - > Li st B a

   - > Li st B b
sor t Li st B : :  ( a - > Behavi or  b)  - > Behavi or  ( b - > b - > Or der i ng)
          - > Li st B b

- > Li st B b

They each take a function to extract a behavior from a list element, and a function valued behavior to
sort or filter and apply these. We can understand what’s going on here best through an example.

Consider our multiuser logon system from section 1.6. Recall each user had a view showing a widget,
displaying the name and details, of every other user. Imagine if we wanted to filter that list of objects
based on the user’s details.

user sAr ea : :  Li st B Publ i cUser  - > Component
user sAr ea user s = nabove $ f map mkPubl i cNode user s

dat a Publ i cUser  = Publ i cUser  {
publ i cName : :  St r i ng,
publ i cDet ai l s  : :  Behavi or  St r i ng
}

We would need a dynamic or behavior based function to perform the filter. We also need to filter based
on the publicDetails field which is a behavior. We therefore redefine usersArea so that it takes a
behavioral filter function and filters based on the publicDetails field.

user sAr ea : :  Behavi or  ( St r i ng - > Bool )  - > Li st B Publ i cUser
- > Component

user sAr ea i sval i d user s =
nabove $ f map mkPubl i cNode $

   $ f i l t er Li st B publ i cDet ai l s  i sval i d user s

We can use the ListB type when piling windows or widgets. We also use this type to make menus,
listboxes and text areas displaying dynamic data. These uses will be presented in the next chapter.

3.1.3. Set Collections

The set collection implements a similar interface to Li st B.

t ype Set B = Col l ect i onB Set Op Set  a
dat a Set Op
dat a Set

We can create a constant set and get a behavior from a set. Note that at present sets are just simple lists.

const ant Set B : :  [ a]  - > Set B a
set Behavi or  : :  Set B a - > Behavi or  [ a]

i nst ance Funct or  Li st B
i nst ance MapG Li st B a b I O
i nst ance MapG Li st B a b GUI

We can filter a set as with lists.

f i l t er SB : :  ( a - > Bool )  - > Set B a - > Set B b
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f i l t er Set B : :  ( a - > Behavi or  b)  - > Behavi or  ( b - > Bool )
 - > Set B a - > Set B b

(NB : This function is not yet implemented, coming soon)

There are a few set specific functions as well. We can form the union, the intersection and the set minus
of two behavioral sets.

uni onSet B : :  Eq a => Set B a - > Set B a - > Set B a
i nt er sect Set B : :  Eq a => Set B a - > Set B a - > Set B a
mi nusSet B : :  Eq a => Set B a - > Set B a - > Set B a

3.2. Collection BVars

We need a way to create behavior collections. As we saw in Chapter 1, for this we use Col l ect i on
BVar s . Col l ect i on BVar s  are all of the following general type.

dat a Col l ect i onBVar  evop c a

As with behavioral collections they are parameterised over their update event, collection type and
value.

We can extract the behavioral collection from a Col l ect i onBVar  using the function col l ect i on.

col l ect i on : :  Col l ect i onBVar  evop c a - > Col l ect i onB evop c a

3.2.1. The ListBVar  Inter face

The interface for a Li st BVar  is as follows.

t ype Li st BVar  a = Col l ect i onBVar  Li st Op Li st  a

We can make a Li st BVar  using  mkLi st BVar . Note that this requires equality to be defined on list
elements.

newLi st BVar  : :  Eq a => [ a]  - > I O ( Li st BVar  a)
mkLi st BVar  : :  Eq a => [ a]  - > GUI  ( Li st BVar  a)

We can extract the behavior from a ListBVar using l i s t VBehavi or .

l i s t VBehavi or  : :  Li st BVar  a - > Behavi or  [ a]
l i s t VBehavi or  s = l i s t Behavi or  $ col l ect i on s

All of the updates to this collection occur through the BVar’s listeners.

We can add insert elements into a list using i nser t Li st B. This takes a value and a position to place
the element and puts the value at that position in the list.

i nser t Li st B : :  Li st BVar  a - > Li st ener  ( a,  Pl acePos a)

dat a Pl acePos a = Pl aceTop |  Pl aceBot t om |  Pl aceBef or e a
|  Pl aceAf t er  a

We can delete elements using del et eLi st B.

del et eLi st B : :  Li st BVar  a - > Li st ener  a

We can also move elements around in a list using moveLi st B.

moveLi st B : :  Li st BVar  a - > Li st ener  ( a, Pl acePos a)
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We can reset the list to a whole new set of values using r eset Li st B.

r eset Li st B : :  Li st BVar  a - > Li st ener  [ a]

There are also convenience functions to append and cons  an element onto a list.

appendLi st B : :  Li st BVar  a - > Li st ener  a
appendLi st B l  = mapL ( \ v - > ( v, Pl aceBot t om) )  $ i nser t Li st B l

consLi st B : :  Li st BVar  a - > Li st ener  a
consLi st B l  = mapL ( \ v - > ( v, Pl aceTop) )  $ i nser t Li st B l

A ListBVar can be created more efficiently using mkLi st BVar ’ .

newLi st BVar ’  : :  ( a - > I dent )  - > [ a]  - > I O ( Li st BVar  a)
mkLi st BVar ’  : :  ( a - > I dent )  - > [ a]  - > GUI  ( Li st BVar  a)

This requires that we can map elements to a unique identfier of type I dent . This I dent  value should
be a unique identifier for the object.

dat a I dent
  der i v i ng ( Eq, Or d)

This can be done with the I dent i f i abl e class.

cl ass I dent i f i abl e w wher e
  i dent i f y  : :  w - > I dent

Initial members of the I dent i f i abl e class include String and Int.

i nst ance I dent i f i abl e St r i ng
i nst ance I dent i f i abl e I nt

3.2.2. The SetBVar  inter face

The Set BVar  interface is again similar to the Li st BVar  interface.

t ype Set BVar  a = Col l ect i onBVar  Set Op Set  a

We create a Set BVar  using mkSet BVar . We can create one more efficiently when elements are
members of the I dent i f i abl e class.

newSet BVar  : :  Eq a => [ a]  - > I O ( Set BVar  a)
mkSet BVar  : :  Eq a => [ a]  - > GUI  ( Set BVar  a)

newSet BVar ’  : :  ( a - > I dent )  - > [ a]  - > I O ( Set BVar  a)
mkSet BVar ’  : :  ( a - > I dent )  - > [ a]  - > GUI  ( Set BVar  a)

We can get a behavior from set Set BVar  using set VBehavi or .

set VBehavi or  : :  Set BVar  a - > Behavi or  [ a]
set VBehavi or  s = set Behavi or  $ col l ect i on s

We can add elements using i nser t Set B, delete elements using del et eSet B, and reset to a new set
of elements using r eset Set B.

i nser t Set B : :  Set BVar  a - > Li st ener  a
del et eSet B : :  Set BVar  a - > Li st ener  a
r eset Set B : :  Set BVar  a - > Li st ener  [ a]

That’s all you need to know about behavioral collections for now. If you want to write your own, look
in CollectionB.hs SetB.hs ListB.hs and CollectionBVar.hs for some hints.
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Chapter 4 - Introducing Widgets

4.1. Components and Widgets

As we saw in Chapter 1, in FranTk, all widget creation commands create Components. A Component is
an action that produces a Widget. A Widget is an abstract representation of a primitive widget. A
Widget may be dynamic. There are several types of Component and Widget, representing top level
windows; widgets, such as buttons, that live inside top level windows; and canvas items, that live in
canvases. We’ ll see more on canvases in section 4.12.

There is a generic widget type that represents any widget.

dat a Wi dget B a

There are a few functions that will work on any abstract component or widget.

We can create an empty component or widget.

empt yWi dget  : :  Wi dget B a
empt yComponent  : :  GUI  ( Wi dget B a)

All components and widgets are instances of the GBehavior type discussed in section 2.3.3.

i nst ance GBehavi or  ( Wi dget B a)
i nst ance GBehavi or  ( GUI  ( Wi dget B a) )

All components and widgets can listen to user input. See section 4.13 for more on listening to input.

i nst ance Has_I nput  ( GUI  ( Wi dget B a) )
i nst ance Has_I nput  ( Wi dget B a)

We’ll now go on to present the different widgets available.

4.2. Windows

A user interface may contain many windows. A window acts as a container for other widgets. A
Window Widget represents a window. A WComponent is an action that produces a Wi ndow Wi dget .

dat a WW
t ype Wi ndowWi dget  = Wi dget B WW
t ype WComponent  = GUI  Wi ndowWi dget

The application has a root window, which we can access through wi t hRoot Wi ndow. We can also
create new windows using mkWi ndow. Windows may use configuration information and contain a
component.

wi t hRoot Wi ndow : :  [ Conf  Wi ndow]  - > Component  - > WComponent
mkWi ndow : :  [ Conf  Wi ndow]  - > Component  - > WComponent

dat a Wi ndow

We can render a collection of WComponent s  using pi l e.

cl ass Pi l e c w wher e
  pi l e : :  c  w - > w

i nst ance Pi l e Li st B WComponent
i nst ance Pi l e Li st B Wi ndowWi dget
i nst ance Pi l e [ ]  WComponent
i nst ance Pi l e [ ]  Wi ndowWi dget
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We can configure a window to display some title text, or some behavior text. We can set it with a size
represented as a 2-D vector. We can also set its position.

t i t l e : :  St r i ng - > Conf  Wi ndow
t i t l eB : :  St r i ngB - > Conf  Wi ndow

wi nsi ze : :  Vect or 2 - > Conf  Wi ndow
wi nsi zeB : :  Vect or 2B - > Conf  Wi ndow

wi nposi t i on : :  Poi nt 2 - > Conf  Wi ndow
wi nposi t i onB : :  Poi nt 2B - > Conf  Wi ndow

We can give a window a particular menu.  See section 4.10 for more on menus.

useMenu : :  GUI  Menu - > Conf  Wi ndow

General configuration options available to a Window are background, borderwidth, cursor, height,
width, relief, takefocus, highlightbackground, highlightforeground and highlightthicness.

4.3. Components and Layout

Window widgets contain components. A Component  is an action that produces a Wi dget .

dat a PW
t ype Wi dget  = Wi dget B PW
t ype Component  = GUI  Wi dget

We can compose components with a number of basic layout combinators.

We can pack components above and beside each other using the Packabl e class. This provides for

cl ass Packabl e w wher e
 above, besi de : :  w - > w - > w
 expandB : :  Behavi or  Bool  - > w - > w
 f i l l B : :  Behavi or  Fi l l  - > w - > w
 expand : :  Bool  - > w - > w
 f i l l  : :  Fi l l  - > w - > w
 pad : :  Pad - > w - > w
 padB : :  Behavi or  Pad - > w - > w
 padI  : :  Pad - > w - > w
 padI B : :  Behavi or  Pad - > w - > w
 anchor  : :  Anchor  - > w - > w
 anchor B : :  Behavi or  Anchor  - > w - > w

dat a Fi l l  = Fi l l  |  Fi l l Y |  Fi l l XY
  der i v i ng ( Eq, Show)

dat a Pad = PadX I nt  |  PadY I nt
  der i v i ng ( Eq, Show)

dat a Anchor  = N |  S |  E |  W |  NE |  NW |  SE |  SW |  C
  der i v i ng ( Eq, Show)

As can be seen, as well as providing simple above and beside combinators, the packable class also
provides a range of other functions. Widgets can be made to fill extra space in the X, Y or in both X
and Y, using f i l l  and f i l l B. Widgets can be made to expand to take up available space in their
parent, using expand and expandB. Widgets can be anchored to a particular corner using anchor
and anchor B. Finally, widgets can be given internal or external padding with padI / padI B and
pad/ padB respectively.

To understand the difference between expand and f i l l  note the following. Consider the example
function, besi de a b. We will refer to the resulting widget as the parent of a and b. With every
widget we can associate an inherited area a widget gets from its parent. The occupied area is actually
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used for displaying information, and is always a centered subarea of the inherited one. Initially, the
occupied and inherited area, equal the minimal dimensions needed by the widget to display its
information. After combination with some other widget, the occupied area of the parent is minimal
again. If widget a is bigger than widget b, the inherited area of a will equal its occupied area, and the
inherited area of b will equal the rest of the occupied area of the parent. The f i l l  functions make a
widget occupy its inherited area either horizontally or vertically. The expand function makes a widget
claim from its parent all occupied area that is not inherited by one of the other children.

There are a number of infix combinators that build on these basic functions. These combinators apply
the same layout function on both arguments. For example ~- ~ places two widgets above each other and
aligns them in length, <| > places them next to each other, aligned in height; + is just a compbination of
|  and - . Finally, *  applies an expand operation on the right and left operand.

( <>) , ( <- >) , ( <| >) , ( <+>)  : :  Packabl e w => w - > w - > w
( ~~) , ( ~- ~) , ( ~| ~) , ( ~+~)  : :  Packabl e w => w - > w - > w

a <> b = a ‘ besi de‘  b
a <- > b =  f i l l X a ‘ besi de‘  f i l l Y b
a <| > b = f i l l Y a ‘ besi de‘  f i l l Y b
a <+> b = f i l l XY a ‘ besi de‘  f i l l XY b

a ~~ b = a ‘ above‘  b
a ~- ~ b = f i l l X a ‘ above‘  f i l l X b
a ~| ~ b = f i l l Y a ‘ above‘  f i l l Y b
a ~+~ b = f i l l XY a ‘ above‘  f i l l XY b

f i l l X, f i l l Y, f i l l XY, f l ex i bl e : :  Packabl e w => w - > w
f i l l X = f i l l  Fi l l X
f i l l Y = f i l l  Fi l l Y
f i l l XY = f i l l  Fi l l XY
f l exi bl e = expand Tr ue .  f i l l XY

To pack a collection of widgets beside or above each other use the PackCol l ect i on class.

cl ass PackCol l ect i on c w wher e
 nabove : :  c  w - > w
 nbesi de : :  c  w - > w

A basic widget and a component are both instances of the Packabl e class.

i nst ance Packabl e Wi dget
i nst ance Packabl e Component

Lists and dynamic lists (ListB) of widgets and Components can be packed above and beside each other.

i nst ance PackCol l ect i on [ ]  Wi dget
i nst ance PackCol l ect i on Li st B Wi dget
i nst ance PackCol l ect i on [ ]  Component
i nst ance PackCol l ect i on Li st B Component

We can also lay out components in a grid. (NB the grid functions are not yet implemented)

gr i d : :  [ [ Gr i dI t em] ]  - > Component
gr i dI t em : :  Behavi or  [ Gr i dBagConst r ai nt ]  - > Component  - > Gr i dI t em

4.4. Labels and Messages

4.4.1. Labels

To display information we can use a label. We came across these in section 1.2. A label can display a
string or a bitmap. Other valid configuration information includes setting its background color or
dimensions.
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mkLabel  : :  [ Conf  Label ]  - > Component

General configuration options available to a Label are anchor, background, bitmap, borderwidth,
cursor, font, foreground, height, highlightbackground, highlightcolor, highlightthickness, justify, padx,
pady, relief, takefocus, text, underline, width, wraplength.

4.4.2. Messages

Message widgets are similar to labels except that they display structured multi-line strings. A message
breaks a long string up into lines. We can use aspect to affect the aspect ratio and justify text left, right
or centred. An example message widget is shown below.

messageExampl e : :  WComponent
messageExampl e =

mkWi ndow [ t i t l e “ What ’ s t he message” ]  $ mat r i x  3 $
[ mkMessage [ t ext  msg,  aspect  ( 75 *  i ) ,  j ust i f y  pos]
|  pos <-  [ Lef t J, Cent er J, Ri ght J] ,  i   <-  [ 1 . .  3] ]

   wher e
      msg = “ t he message wi dget  di spl ays and f or mat s a t ext ”

We create a message using mkMessage.

mkMessage : :  [ Conf  Message]  - > Component

The other configuration options available to a Message are anchor, font, highlightthickness,
takefocus, background, foreground, padx, text, borderwidth, highlightbackground, pady, cursor,
highlightcolor, relief, width.

This example also demonstrates the mat r i x  function. This layout function takes a number of columns
and a list of components and lays out its arguments in a 2-D matrix.

mat r i x : :  I nt  - > [ Component ]  - > Component

4.5. Buttons

In this section we briefly summaries the available range of button widgets.

4.5.1. Command buttons

We came across simple command buttons in section 1.3. When making a button we pass it some
configuration information to describe its appearance and a listener to tell about button clicks.
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mkBut t on : :  [ Conf  But t on]  - > Li st ener  ( )  - > Component

The configuration options available to a Button are activebackground, activeforeground, anchor,
background, bitmap, borderwidth, cursor, font, foreground, height, highlightbackground, highlightcolor,
highlightthickness, justify, active_state, padx, pady, relief, takefocus, text, underline, width, wraplength

4.5.2. Check buttons

Checkbuttons have a binary state, True or False. This listener argument is told the current value of the
check button when it is selected. Checkbut t ons  were first introduced in section 1.6.1.

mkCheckbut t on : :  [ Conf  Checkbut t on]  - > Li st ener  Bool  - > Component

The state of the checkbutton can be set with checkVal , or with a behavioral checkVal B. (Using the
second currently causes the state of the checkbutton to be set every time the value of the behavior
changes.)

cl ass Has_checkVal  w
checkVal  : :  Has_checkVal  w => Bool  - > Conf  w
checkVal B : :  Has_checkVal  w => Behavi or  Bool  - > Conf  w

i nst ance Has_checkVal  Checkbut t on

(Menu checkbuttons are also instances of Has_checkVal . See section 4.10.2 for more details.)

The configuration options available to a Checkbut t on are activebackground, activeforeground,
anchor, background, bitmap, borderwidth, cursor, font, foreground, height, highlightbackground,
highlightcolor, highlightthickness, indicatoron justify, active_state, padx, pady, relief, selectcolor,
takefocus, text, underline, width, wraplength.

4.5.3. Radio buttons

A radiobutton is a  member of a group of buttons. Setting one button causes the other buttons to be
unset. Radi obut t ons  were first introduced in section 1.5.3.

mkRadi obut t on : :  [ Conf  Radi obut t on]  - > Li st ener  ( )  - > Component

All radiobuttons in a group share a Radi o, and so Radi obut t on is an instance of the
Has_useRadi o class. See section 4.6 for more on the Radi o type.

The other configuration options available to a Radiobutton are activebackground, activeforeground,
anchor, background, bitmap, borderwidth, cursor, font, foreground, height, highlightbackground,
highlightcolor, highlightthickness, indicatoron justify, active_state, padx, pady, relief, selectcolor,
takefocus, text, underline, width, wraplength.

4.5.4. Making a popup menu button

To make a component button that causes a menu to popup when pressed use a Menubut t on.

mkMenubut t on : :  [ Conf  Menubut t on]  - > Component

We can set a menu button to use a given menu using wi t hMenu and wi t hMenuLB.

wi t hMenu : :  [ Conf  Menu]  - > [ MenuI t em]  - > Conf  Menubut t on
wi t hMenuL : :  [ Conf  Menu]  - > Li st B [ MenuI t em]  - > Conf  Menubut t on

See section 4.10 for more on menus.
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The other configuration options available to a Radiobutton are activebackground, activeforeground,
anchor, background, bitmap, borderwidth, cursor, font, foreground, height, highlightbackground,
highlightcolor, highlightthickness, indicatoron justify, active_state, padx, pady, relief, selectcolor,
takefocus, text, underline, width, wraplength.

4.6. The Radio object

We create a radio object, using mkRadi o, that all radiobuttons in a group share. This sets them as a
group and guarantees that only one of the buttons may be set at a time. It takes a maybe value which
names the element which should be set initially.

mkRadi o : :  Eq a => Maybe a - > GUI  ( Radi o a)

We alter the initial value of the radio using set Radi o.

set Radi o : :  Eq a => Radi o a - > a - > GUI  ( )

We can also set the value of the radio through a listener.

r adi oI nput  : :  Eq a => Radi o a - > Li st ener  a

The collection of radio objects all share the Radio with useRadi o.

useRadi o : :  ( Has_useRadi o w,  Eq a)  => Radi o a - > a - > Conf  w

Note that useRadi o also takes a value of type a, which it uses as the elements reference.

4.7. Scale Widgets

A scale widget is a widget that allows a user to select a value from a range of values. Scale widgets
were first introduced in section 1.2. We create a horizontal or vertical scale using mkHScal e and
mkVScal e respectively. The listener argument is told the current value of the slider every time it
changes.

mkHScal e : :  [ Conf  Sl i der ]  - > Li st ener  I nt  - > Component
mkVScal e : :  [ Conf  Sl i der ]  - > Li st ener  I nt  - > Component

To set the value of the scale widget, use scal eVal . (Using scal eVal B currently causes the state of
the checkbutton to be set every time the value of the behavior changes.)

scal eVal  : :  I nt  - > Conf  Sl i der
scal eVal B : :  I nt B - > Conf  Sl i der

The other configuration options available to a Radiobutton are activebackground, background,
borderwidth, cursor, font, foreground, highlightbackground, highlightcolor, highlightthickness,
hor_orient, active_state, relief, sca_from, sca_length, sca_to, takefocus, tickinterval, troughcolor, width,
text.

4.8. Listboxes

A listbox is a widget that displays a list of strings, which may be selected.

We can create a listbox using mkListbox.

mkLi st box : :  [ Conf  Li st box]  - > Component

We can set the entries in a listbox to be a static string, a behavior list of strings, or a dynamic list
(ListB) of strings.

l i s t I t ems : :  [ St r i ng]  - > Conf  Li st box
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l i s t I t emsB : :  Behavi or  [ St r i ng]  - > Conf  Li st box

l i s t I t emsLB : :  Li st B St r i ng - > Conf  Li st box
    (NB: this is not implemented yet)

(To do: accessing the selected elements of a listbox).

The configuration options available to a listbox are background, foreground, font, borderwidth, cursor,
relief, width, hightlightbackground, highlightcolor, highlightthickness, takefocus, height,
selectbackground, selectforeground, selectborderwidth, setgrid.

Listboxes are scrollable in X and Y. See section 4.9.

4.9. Scrollbars and scrolling widgets

We create a vertical and horizontal scrollbar using mkVScr ol l bar , and mkHScr ol l bar .

mkVScr ol l bar  : :  [ Conf  Scr ol l bar ]  - > Component
mkHScr ol l bar  : :  [ Conf  Scr ol l bar ]  - > Component

Other configuration options available to scrollbars are background, borderwidth, cursor, hor_orient,
hightlightbackground, highlightcolor, highlightthickness, relief, troughcolor, takefocus, width.

Scrollbars must be connected to scrollable widgets. We do this using the Scr ol l  type.

dat a Scr ol l

We create vertical and horizontal scroll data using mkVScr ol l  and mkHScr ol l .

mkVScr ol l  : :  GUI  Scr ol l
mkHScr ol l  : :  GUI  Scr ol l

We then make the scrollbar and scrollable widget share the scroll data with useScr ol l .

cl ass Has_useScr ol l  w wher e
 useScr ol l  : :  Scr ol l  - > Conf  w

i nst ance Has_useScr ol l  Scr ol l bar

Currently scrollable widgets include Li st box , Canvas,  Ent r y  and Edi t .

As an example, we can define a scrollable listbox as follows.

mkScr ol l abl eLi st box : :  [ Conf  Li st box]
                 - > [ Conf  Scr ol l bar ]  - > [ Conf  Scr ol l bar ]
                 - > Component
mkScr ol l abl eEdi t  cs hs vs = do
 v <-  mkVScr ol l
 h <-  mkHScr ol l
 ( mkLi st box ( [ useScr ol l  v , useScr ol l  h]  ++ cs)
  ‘ besi de‘
  ( f i l l Y $ mkVScr ol l bar  $ [ useScr ol l  v ]  ++ vs) )
  ‘ above‘
  ( f i l l X $ mkHScr ol l bar  $ [ useScr ol l  h]  ++ hs)

We first make vertical and horizontal scroll data. We then make a listbox that uses this scroll data. We
place this beside a vertical scrollbar, that uses the vertical scroll data, and above a horizontal scrollbar
that uses the horizontal scroll data. Note that we make the vertical scrollbar fill available vertical space,
and the horizontal scrollbar fill available horizontal space, so that they match the dimensions of the
listbox.
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4.10. Menus

Menus were first introduced in section 1.6.2.4. We can create a menu that displays either a static list of
items, a behavior list of items or a dynamic list (ListB) of menu items.

mkMenu : :  [ Conf  Menu]  - > [ MenuI t em]  - > GUI  Menu
mkMenuB : :  [ Conf  Menu]  - > Behavi or  [ MenuI t em]  - > GUI  Menu
mkMenuL : :  [ Conf  Menu]  - > Li st B MenuI t em - > GUI  Menu

A menu can be made to popup and vanish on event occurrences using popup. A value of Just p, causes
the menu to popup at position p. A value of Nothing causes the menu to vanish.

popupE : :  Event  ( Maybe Poi nt 2)  - > Conf  Menu

The configuration options available to a menu are background, borderwidth, cursor, relief, tearoff.

We will now go on to discuss the possible different menu items.

4.10.1. Menu I tem - Button

A menu item button is a simple button that fires a listener when clicked.

mbut t on : :  [ Conf  Mbut t on]  - > Li st ener  ( )  - > MenuI t em

The possible configuration options for an MButton are activebackground, activeforeground,
background, bitmap, font, foreground, active_state, underline, text.

4.10.2. Menu I tem – Checkbutton

A menu item checkbutton is a button with a binary state. When clicked the buttons tells its listener
argument whether the check is selected.

mcheckbut t on : :  [ Conf  MCheckbut t on]  - > Li st ener  Bool  - > MenuI t em

The value of the checkbutton can be set with checkVal, using the Has_checkVal  class. (See section
4.5.2 for more details on this class.)

i nst ance Has_checkVal  MCheckbut t on

The other possible configuration options for an MCheckbutton are activebackground, activeforeground,
background, bitmap, font, foreground, indicatoron, selectcolor, active_state, underline, text.

4.10.3. MenuI tem - Radiobutton

A menu item radiobutton is a button that is a member of a radio group. Only one of the group can be
selected at a time.

mr adi obut t on : :  [ Conf  MRadi obut t on]  - > Li st ener  ( )  - > MenuI t em

The button can be made a member of a radio group with useRadi o. See section 4.6 for more details.

The other possible configuration options for an MRadiobutton are activebackground, activeforeground,
background, bitmap, font, foreground, indicatoron, selectcolor, active_state, underline, text.

4.10.4. Menu I tem - Cascade

We can make a cascading menu with mcascade. This creates a button that displays a given menu when
pressed.

mcascade : :  [ Conf  MCascade]  - > GUI  Menu - > MenuI t em
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The possible configuration options available to an MCascade item are activebackground,
activeforeground, background, bitmap, font, foreground, underline, active_state, underline, text.

4.10.5. Menu I tem – Separator

To add a separator to provide space in a menu use mseparator. A separator accepts no configuration
information and has no behavior.

msepar at or  : :  MenuI t em

4.11. Enter ing Text

There are two types of text entry widgets, entry areas which allow simple single line text entry, and the
much more powerful edit areas, which have much of the functionality of a full scale text editor.

4.11.1. Entry Areas

Text entry areas were first introduced in sections 1.5.1 and 1.6.2.1.

We can make a text entry area using mkEnt r y ’ .

mkEnt r y '  : :  [ Conf  Ent r y]  - > Component

We can sample the value of a text area using snapEnt r y . Given an event, a listener and a
composition function we can set up a sampling function. When a value is heard on the event, the state
of the entry is sampled. The value is composed with the String from the entry, using the composition
function, and is then told to the listener.

snapEnt r y : :  ( a - > St r i ng - > b)  - > Event  a - > Li st ener  b
          - > Conf  Ent r y

There is a creation function which takes an event and listener, and sends out the state of the entry when
a value is heard on the event.

mkEnt r y : :  [ Conf  Ent r y]  - > Event  ( )  - > Li st ener  St r i ng
        - > Component
mkEnt r y cs ev l  = mkEnt r y '  ( snapEnt r y ( \ _ s - > s)  ev l : cs)

There is also a creation function that makes an entry that tells its argument listener the value of the
entry, every time the return key is pressed.

mkEnt r yRt r n : :  [ Conf  Ent r y]  - > Li st ener  St r i ng - > Component
mkEnt r yRt r n cs l  = do
 w <-  mkWi r e
 keyPr ess Ret ur n ( i nput  w)  $ mkEnt r y cs ( event  w)  l

keyPr ess : :  Key - > Li st ener  ( )  - > Component  - > Component

To do this we create a wire, and bind any Ret ur n key press to talk to that wire. We then tell the entry
to sample the entry every time a value is heard on the wire. More information on listening to events is
available in section 4.13.

(To do: sampling and setting the selection of a text entry)

The other configuration options open to entries are background, borderwidth, cursor, font, foreground,
highlightbackground, highlightcolor, highlightthickness, justify, password, readOnly, relief, takefocus,
width, text.

Entry widgets are scrollable. (See section 4.9)
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4.11.2. Edit Areas

Edit areas are much more powerful and allow full scale, multiline text editing. We create an edit widget
using mkEdit.

mkEdi t  : :  [ Conf  Edi t ]  - > Component

We can sample the value of the edit widet using snapEdit. This operates similarly to snapEntry,
discussed in the previous section.

snapEdi t  : :  ( a - > St r i ng - > b)  - > Event  a - > Li st ener  b
- > Conf  Edi t

The other general configuration options open to entries are background, borderwidth, cursor, font,
foreground, height, highlightbackground, highlightcolor, highlightthickness, padx, pady, readOnly,
relief, setgrid, takefocus, width, wrap, text.

Edit widgets are scrollable. (See section 4.9)

4.11.2.1. Sharing state between edit widgets

One of the powerful features provided by Edit widgets is support for writing a shared editor. For
instance, below we have two edit widgets side by side. Typing in either alters the text in both.

We can write this text widget with the following code.

t est Shar ed : :  WComponent
t est Shar ed = mkWi ndow [ t i t l e " Text  Edi t " ]  $ do
              s t  <-  mkEdi t Val B empt yEdi t St at e
              mkEdi t  [ edi t Val B st , edi t Val L $ edi t Val I nput  st ]
               ‘ above‘
               mkEdi t  [ edi t Val L $ edi t Val I nput  st , edi t Val B st ]

This can be broken down as follows. Firstly we create an Edi t Val B. This is an abstract type
representing the state of an edit widget. It can be incrementally updates, and is therefore a form of
behavioral collection.

dat a Edi t Val B

We can make an edit state object using mkEdi t Val B and newEdi t Val B.

mkEdi t Val B : :  Edi t St at e - > GUI  Edi t Val B
newEdi t Val B : :  Edi t St at e - > I O Edi t Val B

The current state of an editor is represented using Edi t St at e. This is an abstract type with operations
to create an initial edit state containing a String or an empty edit state.

dat a Edi t St at e
i ni t Edi t St at e : :  St r i ng - > Edi t St at e
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empt yEdi t St at e : :  Edi t St at e
empt yEdi t St at e = i ni t Edi t St at e “ ”

In our example we have therefore create an initial empty Edi t Val B object. We make two edit widgets
and tell each to talk to the Edi t Val B object.

edi t Val I nput  : :  Edi t Val B - > Li st ener  Edi t Val
edi t Val L : :  Li st ener  Edi t Val  - > Conf  Edi t

This causes every use action to be passed on to the Edi t Val B object.
(NB: There are a few currently a few bugs with this implementation, with obscure characters. Tcl-Tk
does not recognise certain character inputs correctly on some platforms. For instance, with UK
keyboards the pound sign may not be recognised properly under NT. There are also some special
control shortcuts not handled properly yet, and copy and paste is not handled yet.)

We tell each editor to listen to and display the text of an Edi t Val B using edi t Val B. The
implementation keeps track of where updates originate from so that a given edit widget will not update
itself with changes caused by its own user input.

edi t Val B : :  Edi t Val B - > Conf  Edi t

We can get a String behavior representing the state of the Edi t Val B object.

edi t Behavi or  : :  Edi t Val B - > Behavi or  St r i ng

(NB: This has not yet been implemented. In particular, the state of the Edi t Val B is not fully updated
yet. Adding an editor to an Edi t Val B that has been passed changes will therefore also currently have
unpredictable results.)

From an EditValB object we can also get an event noting every update change.

edi t Val Event  : :  Edi t Val B - > Event  Edi t Val

We can make an edit widget update its view using an Edi t Val  event using edi t Val E.

edi t Val E : :  Event  Edi t Val  - > Conf  Edi t

We can also set an edit widget with an initial list of EditVal updates, or a behavior list of edit val
updates.

edi t Val s : :  [ Edi t Val ]  - > Conf  Edi t
edi t Val sB : :  Behavi or  [ Edi t Val ]  - > Conf  Edi t

4.11.2.2. What exactly is an Edit update

Updates to an edit state are defined using the Edi t Val  data type.

dat a Edi t Val

There are number of functions to construct values of type Edi t Val . We can insert text at a given point
(i nser t Edi t Val ), delete text between two given points (del et eEdi t Val ), reset the text
(r eset Edi t Val ), or clear it (cl ear Edi t Val ).

i nser t Edi t Val  : :  St r i ng - > TI ndex - > Edi t Val
del et eEdi t Val  : :  TI ndex - > TI ndex - > Edi t Val
r eset Edi t Val  : :  St r i ng - > Edi t Val

c l ear Edi t Val  : :  Edi t Val
c l ear Edi t Val  = r eset Edi t Val  “ ”



47

We can insert an Edi t Mar k , or an Edi t Tag. An Edi t Mar k  puts a mark at particular point in some
text. An Edi t Tag is a way of tagging, and therefore changing the attributes of some section of text.
These are discussed in sections 4.11.2.3 and 4.11.2.6 respectively.

i nser t Mar kEdi t Val  : :  GUI  Edi t Mar k - > Edi t Val
i nser t TagEdi t Val  : :  GUI  Edi t Tag - > Edi t Val

We can also insert some text at a given point, with an Edi t Tag associated with.

i nser t TaggedEdi t Val  : :  St r i ng - > TI ndex - > GUI  Edi t Tag - > Edi t Val

Note that a given Edi t Tag or Edi t Mar k  can only be added to a single edit widget. This is why we
pass in a value of type GUI  Edi t Tag (or Edi t Mar k ), which is an action that produces an Edi t Tag
(or Edi t Mar k ).

To define a given point in an edit area we use the TI ndex  type.

dat a TI ndex
  der i v i ng ( Eq, Show)

This has constructor functions to define a point: at a given line number and column number (t i ndex ),
starting at 1, 1; at the start (t i ndexSt ar t ) or end (t i ndexEnd) of the text; at a particular mark
(t i ndexMar k ); at the start (t i ndexTagFi r st ) or end (t i ndexTagLast ) of a tag; or at a given
offset from an index (t i ndexModMove).

t i ndex : :  I nt  - > I nt  - > TI ndex
t i ndexEnd : :  TI ndex
t i ndexSt ar t  : :  TI ndex
t i ndexMar k : :  I dent  - > TI ndex
t i ndexTagFi r st  : :  I dent  - > TI ndex
t i ndexTagLast  : :  I dent  - > TI ndex
t i ndexModMove : :  TI ndex - > ModMove - > TI ndex

The possible offsets are to the beginning (Li neSt ar t ) or end of the current line (Li neEnd);
beginning (Wor dSt ar t ) or end (Wor dEnd) of the current word; moving by a given number of
characters (ModChar s ); or moving by a given number of lines (ModLi nes ).

dat a ModMove = Li neSt ar t  |  Li neEnd |  Wor dSt ar t  |  Wor dEnd
             |  ModChar s I nt  |  ModLi nes I nt
  der i v i ng ( Eq, Show)

4.11.2.3. Edit Tags

As mentioned in the previous section an Edi t Tag can be used to alter the attributes or bind user input
to a particular section of text. We can make an edit tag using mkEdi t Tag. Some examples of the use
of edit tags are given in the following two sections.

mkEdi t Tag : :  [ Conf  Edi t Tag]  - > GUI  Edi t Tag

A special form of edit tag is the selection edit tag. This represents the selected area of an edit widget.
An edit widget may only have one of these.

sel ect Edi t Tag : :  [ Conf  Edi t Tag]  - > GUI  Edi t Tag

Edit tags are added to an edit widget using the EditVal updates, discussed in section 4.11.2.2.

We can give an Edi t Tag a particular unique identifier with Has_useI dent .

cl ass Has_useI dent  w wher e
  useI dent  : :  I dent  - > Conf  w

i nst ance Has_useI dent  Edi t Tag
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It is this unique identifier that is referred to by TI ndex value (see section 4.11.2.2).

An Edit tag can have input bound to it. It is therefore a member of the Has_Input class. See section 4.13
for more on this.

i nst ance Has_I nput  ( GUI  Edi t Tag)

An EditTag may be set at a given index using the Has_wi t hI ndex  class. It can be given an initial
index, or an event stream of indices, or a behavior index. A value of Just t means set the index to t; a
value of Nothing means remove the tag from the edit area.

cl ass Has_wi t hI ndex t  w
wi t hI ndex : :  Has_wi t hI ndex w => Maybe t  - > Conf  w
wi t hI ndexE : :  Has_wi t hI ndex w => Event  ( Maybe t )  - > Conf  w
wi t hI ndexB : :  Has_wi t hI ndex w => Behavi or  ( Maybe t )  - > Conf  w

We can sample the indices of an edit tag, from a listener using snapTagL and from an event using
snapTagE.

snapTagL : :  Edi t Tag - > Li st ener  ( Maybe ( I nt , I nt ) , a)  - > Li st ener  a
snapTagL_ : :  Edi t Tag - > Li st ener  ( Maybe ( I nt , I nt ) )  - > Li st ener  a

snapTagE : :  Event  a - > Edi t Tag - > Event  ( a, Maybe ( I nt , I nt ) )
snapTagE_ : :  Event  a - > Edi t Tag - > Event  ( Maybe ( I nt , I nt ) )

The other configuration options to an edit tag available are background, borderwidth, font, foreground,
justify, relief, underline, wrap.

We’ ll see how to use edit tags through two examples now.

4.11.2.4. Edit Tags I - A hypertext example

Consider a simple hypertext system as seen in the figure below.

Hypertext entries are either headings, in bold, 14 point font; hyperlinks to an address; or simple text.

t ype Hyper t ext  = [ Hyper t ext Tag]
dat a Hyper t ext Tag = Headi ng St r i ng |  Text  St r i ng
                  |  Li nk St r i ng Addr ess
t ype Addr ess = St r i ng

We can display a hypertext page as follows. We define a hypertext page as displaying a hypertext
Behavi or , that may therefore change over time. When we find an address we pass the address to a
listener, which will presumably change the page.

hyper t ext Page : :  Behavi or  Hyper t ext  - > Li st ener  Addr ess
              - > Component
hyper t ext Page hyper t ext  r eadPage = do
 mkEdi t  [ edi t Val sB $ l i f t 1 ( map ( t ag r eadPage) )  hyper t ext ,

     r eadOnl y Tr ue]
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edi t Val sB : :  Behavi or  [ Edi t Val ]  - > Conf  Edi t

We make an edit widget that displays the hypertext, using editValsB. Recall from section 4.11.2.1 that
editValsB displays a behavior list of EditVals. We make the hypertext page read only. We therefore
need to convert hypertext entries into EditVal entries.

t ag : :  Li st ener  Addr ess - > Hyper t ext Tag - > Edi t Val

Plain text is results in a String being added to the end of the edit area.

t ag change ( Text  s)  = i nser t Edi t Val  s t i ndexEnd
A heading translates into tagged text. We add the String at the end, tagging it with an edit tag, that sets
the font for that bit of text to 14 point, bold.

t ag change ( Headi ng s)  =
        i nser t TaggedEdi t Val  ( s ++ “ \ n” )  t i ndexEnd

     ( mkEdi t Tag [ f ont  $ namedFont  " Hel vet i ca"  14 [ Bol d] ] )

A hyperlink also translates into tagged text. In this case we make the tagged text blue, and bind mouse
presses with button 1 to tell the change listener about the address.

t ag change ( Li nk s addr )  = i nser t TaggedEdi t Val  s t i ndexEnd
              ( mousePr ess 1 ( t el l L change addr )  $
               mkEdi t Tag [ f or egr ound S. bl ue] )

mousePr ess : :  Has_I nput  w => I nt  - > Li st ener  ( )  - > w - > w

Finally we can make an instance of the hypertext editor. We make a BVar that holds the current page.
Pressing a hyperlink will therefore cause the page to be set with the relevant hypertext for the new
address.

t est 10 : :  WComponent
t est 10 = mkWi ndow [ t i t l e " Hyper t ext " ]  $ do
          pagest at e <-  mkBVar  i ni t
          hyper t ext Page ( bvar Behavi or  pagest at e)

( mapL get  $ i nput  pagest at e)
 wher e
  get  : :  Addr ess - > Hyper t ext
  get  " web: 1"  = i ni t
  get  " web: 2"  = back

  back,  i ni t  : :  Hyper t ext

  back = [ Headi ng " Next  document " ,
      Text  " Go back t o " ,
      Li nk " pr evi ous document "  " web: 1" ]

  i ni t  = [ Headi ng " Thi s document " ,
      Text  " What  i s  t hi s al l  about .  To f i nd out  mor e t r y " ,

          Li nk " t hi s"  " web: 2" ]

4.11.2.5. Edit Tags II – A more complex text editor

Now consider a more complex text editor. As well as an edit area, users can select an area of text and
give it a color, or change its font size.
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t ext Edi t or  : :  Edi t Val B - > WComponent
t ext Edi t or  evb = do
  sel ect  <-  sel ect Edi t Tag [ ]
  mkWi ndow [ t i t l e " Edi t or " , useMenu ( t ext Menu sel ect  evb) ]  $

mkEdi t  [ f ont  ( namedFont  " Ti mes"  8 [ ] ) ,
  edi t Val B evb,
  edi t Val s [ i nser t TagEdi t Val  ( r et ur n sel ect ) ] ,
  edi t Val L ( edi t Val I nput  evb) ]

We make a text editor that uses a shared edit state (Edi t Val B). We make the editor display the shared
text (edi t Val B evb); and talk to it (edi t Val L ( edi t Val I nput  evb) ). We also create a
selection tag, to give access to the current selection, and add it to the edit widget.

We make a menu that uses the selection edit tag. It consists of two radio groups, separated by a menu
separator. The first radio group sets the text color, and the second the font size. When a font or color is
set a tag is added to the edit state. We make a listener for tag creation using mkTag, and make a radio
group with r adi oGr oup. (See section 4.10 for more on the menu operations.)

t ext Menu : :  Edi t Tag - > Edi t Val B - > GUI  Menu
t ext Menu sel ect  evb = do

   l et  t agL : :  Li st ener  [ Conf  Edi t Tag]
 t agL = mkTag sel ect  evb

   mkMenu [ ]
       [ mcascade [ t ext  " St y l e" ]   $ mkMenu [ ]  $

                [ r adi oGr oup t agL " Text  Col or "  " bl ack"
                            f or egr oundB
                            [ ( " bl ack" , bl ack) , ( " r ed" , r ed) ,

                   ( " gr een" , gr een) , ( " bl ue" , bl ue) ] ,
                 msepar at or ,
                 l et  mkf ont  : :  I nt  - > Conf  Edi t Tag
                     mkf ont  x = f ont  ( namedFont  " Ti mes"  x [ ] )
                 i n r adi oGr oup t agL " Font "  " 8"  mkf ont

       ( map ( \ x - > ( show x, x) )  [ 8, 10, 12, 14] )
                ]

 ]

A r adi oGr oup is a cascading menu item, with a group of radio buttons. There is a button for each
entry in the vals list; the first item is the name of the entry and the second forms the configuration
option for the edit tag. For instance, setting the color sets the foreground of the new tag to the given
color. (See section 4.6 for more on the Radi o type.)

r adi oGr oup : :  Edi t Tag - > Edi t Val B
           - > St r i ng - > St r i ng - > ( a - > Conf  Edi t Tag)
           - > [ ( St r i ng, a) ]
           - > MenuI t em
r adi oGr oup sel ect  evb gpname i ni t  conf i g val s =
       mcascade [ t ext  gpname]  $ do
             r ad <-  mkRadi o ( Just  i ni t )
             mkMenu [ ]  $
              l et  mr  ( c, v)  =
                   mr adi obut t on [ t ext  c, useRadi o r ad c]

( mkTag [ conf i g v]  sel ect  evb)
      i n map mr  val s

To make a new tag, we snapshot the indices of the current selection tag (snapTagL sel ect ). This
tells us what area of text the new configuration option will cover. If the selection is empty (Not hi ng),
we don’ t create a tag. If the selection is non-empty, we insert an edit tag, with its initial index equal to
the area of the selection. We tell the edit state about new tags (edi t Val I nput  evb). Recall that
mapMaybeL filters values with a Maybe valued function before passing them to its argument listener.

mapMaybeL : :  ( a - > Maybe b)  - > Li st ener  b - > Li st ener  a

mkTag : :  Edi t Tag - > Edi t Val B - > Li st ener  [ Conf  Edi t Tag]
mkTag sel ect  evb =
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     snapTagL sel ect  ( mapMaybeL i nser t Edi t  ( edi t Val I nput  evb) )
 wher e
  i nser t Edi t  : :  ( [ Conf  Edi t Tag] , Maybe ( ( I nt , I nt ) , ( I nt , I nt ) ) )
             - > Maybe Edi t Val
  i nser t Edi t  ( cs, Not hi ng)  = Not hi ng
  i nser t Edi t  ( cs, Just  ( ( x, y) , ( a, b) ) )  = Just  $
   i nser t TagEdi t Val
       ( mkEdi t Tag ( wi t hI ndex ( Just  $ ( t i ndex x y, t i ndex a b) ) : cs) )

4.11.2.6. Edit Marks

An Edi t Mar k  is a mark that can be placed in an edit area. It moves around as the text moves, and so
is a way of marking important points in the text such as the beginning of a section. We can create an
EditMark using mkEdi t Mar k .

mkEdi t Mar k : :  [ Conf  Edi t Mar k]  - > GUI  Edi t Mar k

The insertion cursor in an edit widget is just a special type of edit mark.

i nser t Edi t Mar k : :  GUI  Edi t Mar k

As with Edi t Tags , we can give an Edi t Mar k  a particular identifier with the useI dent ; and set its
location using wi t hI ndex . Note that where and Edi t Tag has two indices noting its first and last
point, a mark has only a single index. (See section 4.11.2.3 for more on useIdent and withIndex).

i nst ance Has_useI dent  Edi t Mar k
i nst ance Has_wi t hI ndex TI ndex Edi t Mar k

We can sample the index of an edit tag, from a listener using snapMarkL and from an event using
snapMarkE.

snapMar kL : :  Edi t Mar k - >Li st ener  ( Maybe ( I nt , I nt ) , a)  - > Li st ener  a
snapMar kL_ : :  Edi t Mar k - > Li st ener  ( Maybe ( I nt , I nt ) )  - > Li st ener  a

snapMar kE : :  Event  a - > Edi t Mar k - > Event  ( a, Maybe ( I nt , I nt ) )
snapMar kE_ : :  Event  a - > Edi t Mar k - > Event  ( Maybe ( I nt , I nt ) )

4.11.2.7. Copy and Paste

An edit widget will accept copy, cut and paste commands. We can do this using the cl i pboar dE
configuration option. This accepts an event stream of clipboard actions and makes the edit widget react
to these commands.

dat a Cl i pboar dAct i on = Copy |  Cut  |  Past e

cl i pboar dE : :  Event  Cl i pboar dAct i on - > Conf  Edi t

For instance, we can make an edit widget with a menu accepting copy, cut and paste commands. We
first create a wire for the menu buttons to talk to, and then make an edit widget that listens to those
clipboard commands.

t ext Edi t or  : :  I O ( )
t ext Edi t or  = di spl ay $ do
  c l i pB <-  mkWi r e
  l et  menu =

     mcascade [ t ext  " Edi t " ]  $ mkMenu [ ]  $
       [ mbut t on [ t ext  " Copy" ]  ( t el l L ( i nput  c l i pB)  Copy) ,

  mbut t on [ t ext  " Cut " ]  ( t el l L ( i nput  c l i pB)  Cut ) ,
  mbut t on [ t ext  " Past e" ]  ( t el l L ( i nput  c l i pB)  Past e) ]

  mkWi ndow [ useMenu menu]  $ mkEdi t  [ c l i pboar dE ( event  c l i pB) ]
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4.11.2.8. Searching text

An edit widget will also accept search commands. Every time a String appears on an event stream, it
searches for a given String, and tells a listener the location of that String. This is coming soon…

edi t Fi ndE : :  Event  St r i ng - >Li st ener  ( Maybe ( ( I nt , I nt ) , ( I nt , I nt ) ) )
          - > Conf  Edi t

4.12. Canvas

4.12.1. The Canvas Definition

A Canvas  is a drawing area that contains a collection of drawing items, such as ovals, or lines, as well
standard components such as buttons. To create a canvas we pass in a list of configuration options, and
a CComponent , which represents the contents of canvas. A canvas example is presented in section
4.12.11.

mkCanvas : :  [ Conf  Canvas]  - > CComponent  - > Component

The configuration options available to a canvas are background, borderwidth, cursor, height,
highlightbackground, highlightcolor, highlightthickness, relief, scrollregion, takefocus, width.

Canvases are scrollable. (See section 4.9)

4.12.2. The CComponent type

Canvases contain canvas widgets. A value of type CComponent  is an action that produces a canvas
widget.

t ype CanvasWi dget  = Wi dget B CW
t ype CComponent  = GUI  CanvasWi dget

We can place a canvas widget over another using over .

cl ass Over  w wher e
  over  : :  w - > w - > w

i nst ance Over  CanvasWi dget
i nst ance Over  CComponent

We can stack a pile of canvas objects using pile. The object at the front of the list appears at the top; the
object at the end of the list at the bottom. (Recall that we introduced the pile class with Window widgets
in section 4.2)

cl ass Pi l e c w wher e
  pi l e : :  c  w - > w

i nst ance Pi l e Li st B CComponent
i nst ance Pi l e [ ]  CComponent
i nst ance Pi l e Li st B CanvasWi dget
i nst ance Pi l e [ ]  CanvasWi dget

We can transform canvas items using the Tr ansf or mabl e2B class.

cl ass Tr ansf or mabl e2B w wher e
 ( * %)  : :  Tr ansf or m2B - > w - > w

i nst ance Tr ansf or mabl e2B CComponent

This provides operations to move and scale canvas items.  (NB: With Tcl they can’ t be rotated.)
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move : :  Tr ansf or mabl e2B bv => Vect or 2B - > bv - > bv
moveXY : :  Tr ansf or mabl e2B bv => Real B - > Real B - > bv - > bv
moveTo : :  Tr ansf or mabl e2B bv => Poi nt 2B - > bv - > bv
st r et ch,  shr i nk : :  Tr ansf or mabl e2B bv => Real B - > bv - > bv

The full set of Fran transformation operations are presented in Fran appendix.

4.12.3. Canvas I tem - Ovals

The function mkCOval , creates an oval with a size given by the argument vector.

mkCOval  : :  Vect or 2B - > [ Conf  COval ]  - > CComponent

The configuration options available to ovals are fillColor, outline, tags, width.

4.12.4. Canvas I tems - L ines

The function mkCLi ne creates a line that passes through the list of points provided by the argument
list.

mkCLi ne : :  [ Poi nt 2B]  –> [ Conf  CLi ne]  - > CComponent

The configuration options available to lines are fillColor, tags, width.

4.12.5. Canvas I tems – Arc

The function mkCAr c  creates an arc. It has a radius based on the vector argument. It starts at an angle
based on the first real (measured counter-clockwise from the 3 o’clock position); it extends for a
number of degrees based on the second argument.

mkCAr c : :  Vect or 2B - > I nt B - > I nt B - > [ Conf  CAr c]
       - > CComponent

The configuration options available to arcs are fillColor, outline, tags, width.

4.12.6. Canvas I tems – Rectangle

The function mkCRect angl e creates a rectangle, with a size bsed on the argument vector.

mkCRect angl e : :  Vect or 2B - > [ Conf  CRect angl e]  - > CComponent

The configuration options available to rectangles are fillColor, outline, tags, width.

4.12.7. Canvas I tems – Polygons

The function mkCPol ygon creates a polygon with corners at all the points in the argument point list.

mkCPol ygon : :  [ Poi nt 2B]  - > [ Conf  CPol y]  - > CComponent

The configuration options available to rectangles are fillColor, outline, tags, width.

4.12.8. Canvas I tems – Text

The function mkCText  creates a text item.

mkCText  : :  [ Conf  CText ]  - > CComponent

The configuration options available to text items are anchor, fillColor, font, justify, tags, text, width.

4.12.9. Canvas I tems – Bitmaps
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The function mkCBitmap creates a canvas items displaying a bitmap.

mkCBi t map : :  [ Conf  CBi t map]  - > CComponent

The configuration options available to bitmap items are anchor, selectbackground, selectforeground,
selectborderwidth, foreground, justify, bitmap, tags.

4.12.10. Canvas I tems – Displaying Standard Components

The function mkCWi ndow displays a standard Component  on a canvas.

mkCWi ndow : :  [ Conf  CWi ndow]  - > Component  - > CComponent

(NB : In Tcl-Tk canvas window items will always appear above (and therefore overlap) other more
lightweight canavas items (such as lines or ovals). The stacking order will therefore appear with all
canvas widgets stacked appropriately, then all other items stacked appropriately.)

(NB : At the moment reordering of the stacking order of canvas windows is totally broken. They will
not be raised or lowered.)

The configuration options available to a canvas window are anchor, justify, tags, width, height.

4.12.11. A Canvas Example

We’ll now demonstrate a simple example that shows how to display a dynamic list of canvas items.
Items are created using the buttons, moved by dragging with mouse button one, and deleted by pressing
mouse button 3.

We make a canvas that displays a given dynamic list. Note that each element of the list contains two
parts. A unique identifier (I dent ) and a widget to display (CComponent ). This is because list
elements must be uniquely identifiable for deletion. We display a pile of items, one for each entry in the
list. We listen to mouse movements on the canvas and pass them to each item on the canvas. Each item
also has access to the deletion listener, to delete itself from the canvas.

canvas : :  Li st BVar  ( I dent , CComponent )  - > Component
canvas l  = do
  mvW <-  mkWi r e
  l et  mkI t em = i t em ( del et eLi st B l )  ( event  mvW)
  mouseMove ( i nput  mvW)  $
   mkCanvas [ ]  $ pi l e $ f map mkI t em ( col l ect i on l ) )

We create each object using the functioni t em. We create two BVar s , one to record the location of the
item, and one to record whether it is moving. When the item is moving we update the location BVar
with any mouse movements (mvE). We move the item to the recorded location, and stretch it by a factor
of 5. On button 1 mouse presses we start the item moving; on button 1 mouse releases we stop the item
moving; and on button 3 presses we delete the item.

     i t em : :  Li st ener  ( I dent , CComponent )  - > Event  S. Poi nt 2
          - > ( I dent , CComponent )  - > CComponent
     i t em del et e mvE obj @( i d, c)  = do
       p <-  mkBVar  $ S. poi nt 2XY 10 10
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       m <-  mkBVar  Fal se
       l i f t I O $ addLi st ener  ( mvE ‘ whenE‘  ( bvar Behavi or  m) )

                  ( i nput  p)
       moveTo ( bvar Behavi or  p)  $ st r et ch 4 $
         mousePr ess 1 ( t el l L ( i nput  m)  Tr ue)  $
         mouseRel ease 1 ( t el l L ( i nput  m)  Fal se)  $
         mousePr ess 3 ( t el l L del et e obj )  $
         c

We make the set of creation buttons, one for each type of widget.

but t onSet  : :  Li st BVar  ( I dent , CComponent )  - > Component
but t onSet  = nbesi de ( map ( genBut t on l )  ops)

We produce a “create”  button with genButton. When the button is pressed it must first generate a
unique name for the widget, and then append an entry to the list of items, with that unique name and the
relevant CComponent . We can generate a unique name using get Uni queName.

get Uni queName : :  GUI  I nt

genBut t on : :  Li st BVar  ( I dent , CComponent )  - > ( St r i ng, CComponent )
       - > Component

genBut t on l  ( nm, w)  = do
       l et  mkact  : :  a - > GUI  ( I dent , CComponent )

   mkact  = const  $ do
n <-  get Uni queName
r et ur n ( i dent i f y  n, w)

       mk <-  mapGUI L mkact  ( appendLi st B l )
       mkBut t on [ t ext  nm]  mk

We have one button for each type of widget.

ops : :  [ ( St r i ng, CComponent ) ]
ops = z i p
   [ " oval " , " l i ne" , " ar c" , " r ect angl e" , " pol ygon" , " t ext " , " bi t map" ,

 " but t on" ]
   [ mkCOval  ( vect or 2XY 10 10)  [ f i l l Col or  S. gr een] ,

mkCLi ne [ poi nt 2XY 0 0,  poi nt 2XY 10 10]  [ f i l l Col or  S. bl ue] ,
mkCAr c ( vect or 2XY 10 10)  0 180 [ f i l l Col or  S. yel l ow] ,
mkCRect angl e ( vect or 2XY 10 10)  [ f i l l Col or  S. br own] ,
mkCPol ygon [ poi nt 2XY 10 0,  poi nt 2XY 0 10, poi nt 2XY 20 10]  [ ] ,
mkCText  [ t ext  " Text  i t em" , anchor  NW, f i l l Col or  S. whi t e] ,
mkCBi t map [ bi t map ( namedBi t map " hour gl ass" ) , anchor  NW] ,
mkCWi ndow [ anchor  NW]  $
mkBut t on [ t ext  " but t on" ]  ( mkL_ $ pr i nt  " ouch" )
]

Finally we create a window to put the buttons and canvas in, and the dynamic collection it is to display.

r unCanvas : :  I O ( )
r unCanvas = di spl ay $ mkWi dget  [ t i t l e “ Canvas” ]  $ do
   l  <-  mkLi st BVar ’  f s t  [ ]
   but t onSet  ` above`  canvas

4.13. Listening to user  input

We can bind input to any item that is a member of the Has_I nput  class.

cl ass Has_I nput  w

It is possible to bind input to any component or edit tag.

i nst ance Has_I nput  ( Wi dget B a)
i nst ance Has_I nput  ( GUI  ( Wi dget B a) )
i nst ance Has_I nput  ( GUI  Edi t Tag)
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There is a range of possible user input we can listen to.

We can listen to mouse button actions with a given button. The Bool  refers to whether we are to listen
to mouse press or mouse releases. The modifiers restrict what form of input we listen to.

mouseBut t on : :  Has_I nput  w => I nt  - > Bool  - > [ Modi f i er ]
            - > Li st ener  ( )  - > w - > w

The Modi f i er  type is defined as follows. We can restrict input to only repeated events, such as
double clicks (Doubl eM) or triple clicks (Tr i pl eM); to input only when the control (Cont r ol M), alt
(Al t M) or shift (Shi f t M) key is pressed; to input to when only a button is pressed
(But t onPr essedM). We can also use system specific modifiers through a String name. This allows
access to specific Tcl modifiers that are not covered here.

dat a Modi f i er  =
      Doubl eM

|  Tr i pl eM
|  Cont r ol M
|  Shi f t M
|  Al t M
|  But t onPr essedM I nt
|  AMod St r i ng

 der i v i ng ( Show, Eq)

We can define standard mouse press and release listeners in terms of mouseBut t on.

mousePr ess : :  Has_I nput  w => I nt  - > Li st ener  ( )  - > w - > w
mousePr ess n l  = mouseBut t on n Tr ue [ ]  l

mouseRel ease : :  Has_I nput  w => I nt  - > Li st ener  ( )  - > w - > w
mouseRel ease n l  = mouseBut t on n Fal se [ ]  l

We can listen to mouse movement. Again this may be restricted by a list of modifiers.

mouseMove’  : :  Has_I nput  w => [ Modi f i er ]  - > Li st ener  Poi nt 2
                          - > w - > w

mouseMove : :  Has_I nput  w => Li st ener  Poi nt 2 - > w - > w
mouseMove l  = mouseMove’  [ ]  l

We can listen to mouse enter and leave events, marking entry and exit from a widget. Again these may
be restricted with a list of modifiers.

mouseEnt er ’  : :  Has_I nput  w => [ Modi f i er ]  - > Li st ener  ( )  - > w - > w

mouseLeave’  : :  Has_I nput  w => [ Modi f i er ]  - > Li st ener  ( )  - > w - > w

mouseEnt er  : :  Has_I nput  w => Li st ener  ( )  - > w - > w
mouseEnt er  = mouseEnt er ’  [ ]

mouseLeave : :  Has_I nput  w => Li st ener  ( )  - > w - > w
mouseLeave = mouseLeave’  [ ]

We can listen to keyboard input. This may be a press or release (Bool  argument); we may restrict
ourselves to a given key ( Maybe Key  argument); and restrict with a list of modifiers.

key : :  Has_I nput  w => Bool  - > Maybe Key - > [ Modi f i er ]
                   - > Li st ener  Key - > w - > w

The possible key values are

dat a Key = Ret ur n |  Escape |  KeyChar  Char  |  Key St r i ng |  Tab
         |  Caps |  Shi f t  |  Cont r ol  |  Al t  |  Space |  App |  BackSpace
         |  Cur sor Lef t  |  Cur sor Down |  Cur sor Ri ght  |  Cur sor Up
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         |  Next  |  Pr i or  |  Del et e |  I nser t  |  Home |  End |  F I nt
 der i v i ng ( Eq, Show)

For convenience, there are a number of derived keyboard listener functions.

keyPr ess : :  Has_I nput  w => Key - > Li st ener  ( )  - > w - > w
keyPr ess k l  = key Tr ue ( Just  k)  [ ]  ( t el l L l  ( ) )

keyRel ease : :  Has_I nput  w => Key - > Li st ener  ( )  - > w - > w
keyRel ease k l  = key Fal se ( Just  k)  [ ]  ( t el l L l  ( ) )

keyPr essAny : :  Has_I nput  w => Li st ener  Key - > w - > w
keyPr essAny l  = key Tr ue Not hi ng [ ]  l

keyRel easeAny : :  Has_I nput  w => Li st ener  Key - > w - > w
keyRel easeAny l  = key Tr ue Not hi ng [ ]  l

We can listen to resize events on a widget.

r esi zeL : :  Has_I nput  w => Li st ener  Vect or 2 - > w - > w

We can listen to destroy events on a widget. These happen when, for instance, a window is closed.

dest r oyL : :  Has_I nput  w => Li st ener  ( )  - > w - > w

4.14. General Confuration Options

There are a range of configuration options that are can be applied to widgets. These are all defined in
terms of the Conf  type.

dat a Conf  w

We can define generic configuration options using conf GUI .

conf GUI  : :  ( w - > GUI  ( ) )  - > Conf  w

There are a range of predefined configuration options that can be applied to objects. As with TkGofer
we use type classes to guarantee that only the correct configuration options can be applied to any
widget. Along with each static configuration option, there is also a behavior version that has a B suffix
on the name. So for instance to set the background of a widget with a behavior color the relevant option
would be:

backgr oundB : :  Has_backgr ound w => Behavi or  Col or  - > Conf  w

All of these configuration classes require the widget to be a member of the Wi dget I t em class. This
class has methods to configure the widget, for instance, to set the color of the widget; to destroy the
widget; to get the unique identifier of the widget; to add a finaliser, which is an action that is run when
the widget is destroyed.

cl ass Wi dget I t em w wher e
 cset  : :  w - > [ Conf i g]  - > I O ( )  - -  conf i gur e t he wi dget
 dest r oy : :  w - > I O ( )  - -  dest r oy t he wi dget
 uni queI d : :  w - > I dent  - -  get  t he uni que I dent i f i er  of  t he wi dget
 addFi nal i ser W : :  w - > I O ( )  - > I O ( )  - -

Every configurable widget described in this chapter, such as But t on, is a member of this class.

4.14.1. Setting the color

Set the foreground and background colors of the widget. This uses the color type, defined in the Fran
appendix.

cl ass Wi dget I t em w => Has_backgr ound w wher e
  backgr ound   : :  Col or  - > Conf  w



58

cl ass Wi dget I t em w => Has_f or egr ound w wher e
  f or egr ound   : :  Col or  - > Conf  w

Set the foreground and background color of the widget when active.
cl ass Has_act i vebackgr ound w wher e
  act i vebackgr ound   : :  Col or  - > Conf  w
cl ass Has_act i vef or egr ound w wher e
  act i vef or egr ound : :  Col or  - > Conf  w

Set the background color of the widget when highlighted, and the highlight color.
cl ass Wi dget I t em w => Has_hi ghl i ght backgr ound w wher e
  hi ghl i ght backgr ound   : :  Col or  - > Conf  w
cl ass Wi dget I t em w => Has_hi ghl i ght col or  w wher e
  hi ghl i ght col or    : :  Col or  - > Conf  w

Set the foreground color when disabled.
cl ass Wi dget I t em w => Has_di sabl edf or egr ound w wher e
  di sabl edf or egr ound : :  Col or  - > Conf  w

Set the background, foreground and selected color of the selected area of a widget.
cl ass Wi dget I t em w => Has_sel ect backgr ound w wher e
  sel ect backgr ound   : :  Col or  - > Conf  w
cl ass Wi dget I t em w => Has_sel ect col or  w wher e
  sel ect col or    : :  Col or  - > Conf  w
cl ass Wi dget I t em w => Has_sel ect f or egr ound w wher e
  sel ect f or egr ound   : :  Col or  - > Conf  w

Set the color to fill in a widget
cl ass Wi dget I t em w => Has_f i l l Col or  w wher e
  f i l l Col or    : :  Col or  - > Conf  w

Set the outline color of a widget.
cl ass Wi dget I t em w => Has_out l i ne w wher e
  out l i ne   : :  Col or  - > Conf  w

Some widgets such as scrollbars have trough areas. Set the fill color for this area.
cl ass Wi dget I t em w => Has_t r oughcol or  w wher e
  t r oughcol or    : :  Col or  - > Conf  w

For widgets that can perform word-wrapping, this option specifies the maximum line length.
cl ass Wi dget I t em w => Has_wr apl engt h w wher e
  wr apl engt h   : :  I nt  - > Conf  w

4.14.2. Size based configuration options

Specifies a non-negative integer value indicating desired aspect ratio for the text.
cl ass Wi dget I t em w => Has_aspect  w wher e
 aspect  : :  I nt  - > Conf  w

Set the border width.
cl ass Wi dget I t em w => Has_bor der wi dt h w wher e
  bor der wi dt h   : :  I nt  - > Conf  w

Set the widget height and width.
cl ass Wi dget I t em w => Has_hei ght  w wher e
  hei ght    : :  I nt  - > Conf  w
cl ass Wi dget I t em w => Has_wi dt h w wher e
  wi dt h   : :  I nt  - > Conf  w

Specify a non-negative value indicating the width of the highlight rectangle to draw around the outside
of the widget when it has the input focus.

cl ass Wi dget I t em w => Has_hi ghl i ght t hi ckness w wher e
  hi ghl i ght t hi ckness   : :  I nt  - > Conf  w
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Specify extra padding to give the widget.
cl ass Wi dget I t em w => Has_padx w wher e
  padx   : :  I nt  - > Conf  w
cl ass Wi dget I t em w => Has_pady w wher e
  pady   : :  I nt  - > Conf  w

For scale widgets specify the starting value, finishing value and length of the scale.
cl ass Wi dget I t em w => Has_sca_f r om w wher e
  sca_f r om   : :  I nt  - > Conf  w
cl ass Wi dget I t em w => Has_sca_t o w wher e
  sca_t o   : :  I nt  - > Conf  w
cl ass Wi dget I t em w => Has_sca_l engt h w wher e
  sca_l engt h   : :  I nt  - > Conf  w

Specify the scroll region of the widget. The Rect data type is defined in the Fran appendix.

cl ass Wi dget I t em w => Has_scr ol l r egi on w wher e
  scr ol l r egi on   : :  Rect  - > Conf  w

Specify the width of the border to draw round the widget when selected.
cl ass Wi dget I t em w => Has_sel ect bor der wi dt h w wher e
  sel ect bor der wi dt h   : :  I nt  - > Conf  w

4.14.3. Miscellanious options

Set the corner to anchor the widget’s position from.
cl ass Wi dget I t em w => Has_anchor  w wher e
  anchor    : :  Anchor  - > Conf  w
dat a Anchor  = N |  S |  E |  W |  NE |  NW |  SE |  SW |  C
 der i v i ng ( Eq, Show)

Set the bitmap for the widget. Currently we can use bitmaps with a given name. This will be Tcl-Tk
dependent.

cl ass Wi dget I t em w => Has_bi t map w wher e
  bi t map   : :  Bi t map - > Conf  w
dat a Bi t map
namedBi t map : :  St r i ng - > Bi t map

Set the cursor when over the widget. Again currently we can use only Tcl-Tk dependent named cursors.
cl ass Wi dget I t em w => Has_cur sor  w wher e
  cur sor    : :  Cur sor  - > Conf  w
dat a Cur sor
namedCur sor  : :  St r i ng - > Cur sor

Do we export the selection from the widget to the clipboard.
cl ass Wi dget I t em w => Has_expor t sel ect i on w wher e
  expor t sel ect i on : :  Bool  - > Conf  w

Set another character to be displayed instead of the input one. This is useful with entry fields, where we
might want to make a password entry field that displayed only “*” .

cl ass Wi dget I t em w => Has_passwor d w wher e
  passwor d   : :  Char  - > Conf  w

Set the select mode for the widget.
cl ass Wi dget I t em w => Has_sel ect mode w wher e
  sel ect mode   : :  Sel ect Mode - > Conf  w
dat a Sel ect Mode = Si ngl eMode |  Br owseMode |  Mul t i pl eMode
                |  Ext endedMode
 der i v i ng ( Show, Eq)

Set the font for the widget. We can currently create fonts with a given name, point size and style.
cl ass Wi dget I t em w => Has_f ont  w wher e
  f ont    : :  Font  - > Conf  w
dat a Font
namedFont  : :  St r i ng - > I nt  - > [ Font St y l e]  - > Font
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dat a Font St y l e = Bol d |  I t al i c  |  Under l i ne |  Over st r i ke |  Roman
  der i v i ng Eq

Specify whether the widget should be horizontally or vertically oriented.
cl ass Wi dget I t em w => Has_hor _or i ent  w wher e
  hor _or i ent    : :  Bool  - > Conf  w

Specify an image to display in the widget.
cl ass Wi dget I t em w => Has_i mage w wher e
  i mage : :  I mage - > Conf  w
dat a I mage
namedI mage : :  St r i ng - > I mage

Should the selected indicator be displayed for radio and check buttons.
cl ass Wi dget I t em w => Has_i ndi cat or on w wher e
  i ndi cat or on   : :  Bool  - > Conf  w

Specify how to justify the widget.
cl ass Wi dget I t em w => Has_j ust i f y  w wher e
  j ust i f y    : :  Just i f y  - > Conf  w
dat a Just i f y  = Lef t J |  Ri ght J |  Cent er J
 der i v i ng ( Show, Eq)

Specify the active state of the widget; is it active, disabled or normal.
cl ass Wi dget I t em w => Has_act i ve_st at e w wher e
  act i ve_st at e   : :  Act i veSt at e - > Conf  w
dat a Act i veSt at e = Act i ve |  Di sabl ed |  Nor mal
 der i v i ng ( Show, Eq)

Specify whether the widget is to be read only (text entry widgets).
cl ass Wi dget I t em w => Has_r eadOnl y w wher e
  r eadOnl y : :  Bool  - > Conf  w

Specify the relief to use for the widget.
cl ass Wi dget I t em w => Has_r el i ef  w wher e
  r el i ef    : :  Rel i ef  - > Conf  w
dat a Rel i ef  = Rai sed |  Sunken |  Fl at  |  Ri dge |  Sol i d |  Gr oove
 der i v i ng ( Show, Eq)

Specify whether the widget location should resize in valid grid units (such as the size of a character).
cl ass Wi dget I t em w => Has_set gr i d w wher e
  set gr i d   : :  Bool  - > Conf  w

Specify whether the widget should try to take the input focus when possible.
cl ass Wi dget I t em w => Has_t akef ocus w wher e
  t akef ocus   : :  Bool  - > Conf  w

Specify a set of tags, other names that should be associated with the widget.
cl ass Wi dget I t em w => Has_t ags w wher e
  t ags   : :  [ St r i ng]  - > Conf  w

Specify the text to display in the widget.
cl ass Wi dget I t em w => Has_t ext  w wher e
  t ext    : :  St r i ng - > Conf  w

Specify the interval to place ticks on objects such as scale widgets.
cl ass Wi dget I t em w => Has_t i ck i nt er val  w wher e
  t i ck i nt er val    : :  I nt  - > Conf  w

Specify which character to underline to provide rapid bindings on objects such as cascading menus.
(Pressing the character activates the menu).

cl ass Wi dget I t em w => Has_under l i ne w wher e
  under l i ne   : :  I nt  - > Conf  w
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Specify how to wrap text in the widget. Do we wrap on to next line at word or character endings
automatically.

cl ass Wi dget I t em w => Has_wr ap w wher e
  wr ap   : :  Wr ap - > Conf  w
dat a Wr ap = NoWr ap |  Char Wr ap |  Wor dWr ap
 der i v i ng ( Show, Eq)

Specify whether to make a menu a tearoff menu.
cl ass Wi dget I t em w => Has_t ear of f  w wher e
  t ear of f  : :  Bool  - > Conf  w
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Chapter 5 - Using Concurrency

Most of the time the declarative concurrency you can achieve in FranTk simply using behaviors and
events is enough. There are, however, times when real pre-emptive concurrency can be helpful. FranTk
provides support for using Haskell threads along with the declarative behavior and event model. This
interface is new and experimental and so may change. This interface is only currently worth using with
GHC as Hugs provides only non-preemptive concurrency.

Consider the following example. We have an interface to a theorem proving tool. This includes a
window with a text entry area to develop the proof and a button to run the prover. When we press the
prove button we don’ t want the whole interface to hang. Instead it would be helpful to have the proof
computation occur in a different thread allowing the user interface to continue reacting to input.

We can model this by having the main GUI thread fork off a worker thread to perform the computation.
The worker thread needs to be able to return its value and update the relevant BVar within the user
interface code by firing a listener. The GUI thread can’ t block waiting for a result from the worker
thread and the worker thread shouldn’ t directly update the listener itself. If this were to happen we’d
have to be explicitly careful within the GUI thread about synchronisation issues.

Instead we provide primitives to allow worker threads to communicate through channel variables with
the GUI thread.

addCVarListener :: CVar a -> Listener a -> GUI (IO ())
addChanListener :: Chan a -> Listener a -> GUI (IO ())

(NB: these two are not in frantk yet, coming soon)

These allow the listener to wait for input to appear on the channel variables. The CVar version can be
used when the worker thread is only to return one value, as with our example above; the Chan version
can be used if the worker thread is to return a whole stream of values. Values appearing in a CVar or
Channel will be merged with the streams of values that occur from widgets such as buttons,
guaranteeing that the simple semantics of the remaining FranTk code are maintained. In particular, this
means that after BVars are updated we can be sure that changes to any behaviors will be propogated to
the interface widgets before any further updates are made.

Recall that a CVar and a Chan in concurrent haskell have the following interfaces:

A channel variable (CVar ) is a one-element channel:

dat a CVar  a
newCVar  : :  I O ( CVar  a)
put CVar  : :  CVar  a - > a - > I O ( )
get CVar  : :  CVar  a - > I O a

A Channel  is an unbounded channel:
dat a Chan a
newChan         : :  I O ( Chan a)
put Chan         : :  Chan a - > a - > I O ( )
get Chan         : :  Chan a - > I O a
dupChan         : :  Chan a - > I O ( Chan a)
unGet Chan       : :  Chan a - > a - > I O ( )
get ChanCont ent s : :  Chan a - > I O [ a]

Note that it is only safe to have one thread, the GUI thread running FranTk GUI code. Other threads
should not directly attempt to alter the interface, or the BVars and wires making up the interface model.
Instead other threads talk to the GUI thread through this simple interface, updating the behavioral
model of the interface data. This restriction is similar to the treatment of the Swing GUI thread and
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worker threads in Java. As with Java, actions performed within the GUI thread should be quick to
perform. Heavy weight computation should instead be delegated to worker threads.

Note that the GUI thread can communicate with its worker threads by non-blocking means, such as
sending requests down a channel.

In our example, we would therefore have code that looked something like the following. Imagine we
have a function runProof that takes some proof info and generates a result, but is a heavyweight
computation.

r unPr oof  : :  Pr oof Val  - > I O Pr oof Resul t

The proveComponent is the button that runs the proof. It takes a Behavior modelling the current proof
and a listener that the proof result should be sent to, when the proof is complete. We make a listener
that produces a worker. Every time it hears a proof val it creates a new CVar and then forks a worker
thread to perform the calculation. This ends by telling its result to the CVar. We then add the proof
result listener to the CVar.

pr oveComponent  : :  Behavi or  Pr oof Val  - > Li st ener  Pr oof Resul t
               - > Component
pr oveComponent  pr oof B pr oof Resul t  = do

w <-  mkWor ker
mkBut t on [ t ext  “ Pr ove” ]  ( l i s t en w)

  wher e
l i s t en : :  Li st ener  Pr oof Val  - > Li st ener  ( )

   l i s t en wor ker  = snapshot L_ pr oof B wor ker

mkWor ker  : :  GUI  ( Li st ener  Pr oof Val )
  mkWor ker  = mkGUI L $ \  pval  - > do

  cvar  <-  l i f t I O newCVar
  l i f t I O $ f or kI O $ do

r es <-  r unPr oof  pval
     put CVar  cvar  r es

  addCVar Li st ener  cvar  pr oof Resul t
        r et ur n ( )

Recall that the function mkGUIL makes a listener that performs a GUI action.

mkGUI L : :  ( a - > GUI  ( ) )  - > GUI  ( Li st ener  a)
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Chapter 6 -  Fran Appendix

There are a number of numeric types defined as part of Fran.

6.1. Numer ic Types
The numeric types and functions are available both a static values and as behaviors. Since the same
name is generally used for both the static and behavioral version of a function, only the behavioral
names are exported by the Fr an module. If the non-behavioral functions are needed, the convention is
to add i mpor t  qual i f i ed St at i cTypes as S to the program and qualify static names with
S. , as in S. or i gi n2.

6.1.1. Basic Numer ic Types
All scalar types are essentially the same in Fran. Synonyms allow type signatures to contain extra
descriptive information such as Fr act i on for values between 0 and 1 but no explicit type conversions
are required between the various scalar types.
t ype Real Val   = Doubl e
t ype Lengt h   = Real Val   - -  non- negat i ve
t ype Radi ans  = Real Val   - -  0 . .  2pi  ( when gener at ed)
t ype Fr act i on = Real Val   - -  0 t o 1 ( i ncl usi ve)
t ype Scal ar    = Doubl e

t ype Ti me     = Doubl e
t ype DTi me    = Ti me     - -  Ti me del t as,  i . e. ,  dur at i ons

dat a Poi nt 2     - -  2D poi nt
dat a Vect or 2    - -  2D vect or
dat a Tr ansf or m2 - -  2D t r ansf or mat i on

dat a Poi nt 3     - -  3D poi nt
dat a Vect or 3    - -  3D vect or
dat a Tr ansf or m3 - -  3D t r ansf or mat i on

t ype Real B       = Behavi or  Real Val
t ype Fr act i onB   = Behavi or  Fr act i on
t ype Radi ansB    = Behavi or  Radi ans
t ype Lengt hB     = Behavi or  Lengt h
t ype Ti meB       = Behavi or  Ti me
t ype I nt B        = Behavi or  I nt

t ype Poi nt 2B     = Behavi or  Poi nt 2
t ype Vect or 2B    = Behavi or  Vect or 2
t ype Tr ansf or m2B = Behavi or  Tr ansf or m2

t ype Poi nt 3B     = Behavi or  Poi nt 3
t ype Vect or 3B    = Behavi or  Vect or 3
t ype Tr ansf or m3B = Behavi or  Tr ansf or m3

6.1.2. Points and Vectors
or i gi n2             : :  Poi nt 2B
poi nt 2XY            : :  Real B - > Real B - > Poi nt 2B
poi nt 2Pol ar          : :  Lengt hB  - > Radi ansB - > Poi nt 2B
poi nt 2XYCoor ds      : :  Poi nt 2B  - > ( Real B,
Real B)
poi nt 2Pol ar Coor ds   : :  Poi nt 2B  - > ( Real B,
Real B)
di st ance2           : :  Poi nt 2B  - > Poi nt 2B  - > Lengt hB
di st ance2Squar ed    : :  Poi nt 2B  - > Poi nt 2B  - > Lengt hB
l i near I nt er pol at e2  : :  Poi nt 2B  - > Poi nt 2B  - > Real B - > Poi nt 2B
( . +^ )                : :  Poi nt 2B  - > Vect or 2B - > Poi nt 2B
( . - ^ )                : :  Poi nt 2B  - > Vect or 2B - > Poi nt 2B
( . - . )                : :  Poi nt 2B  - > Poi nt 2B  - > Vect or 2B
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or i gi n3             : :  Poi nt 3B
poi nt 3XYZ           : :  Real B - > Real B - > Real B - > Poi nt 3B
poi nt 3XYZCoor ds     : :  Poi nt 3B  - > ( Real B,
Real B,  Real B)
di st ance3           : :  Poi nt 3B  - > Poi nt 3B  - > Lengt hB
di st ance3Squar ed    : :  Poi nt 3B  - > Poi nt 3B  - > Lengt hB
l i near I nt er pol at e3  : :  Poi nt 3B  - > Poi nt 3B  - > Real B - > Poi nt 3B
( . +^#)               : :  Poi nt 3B  - > Vect or 3B - > Poi nt 3B
( . - ^#)               : :  Poi nt 3B  - > Vect or 3B - > Poi nt 3B
( . - . #)               : :  Poi nt 3B  - > Poi nt 3B  - > Vect or 3B

xVect or 2,  yVect or 2 : :  Vect or 2B   - -  uni t  vect or s
vect or 2XY          : :  Real B - > Real B - > Vect or 2B
vect or 2Pol ar        : :  Real B - > Real B - > Vect or 2B
vect or 2XYCoor ds    : :  Vect or 2B - > ( Real B,  Real B)
vect or 2Pol ar Coor ds : :  Vect or 2B - > ( Real B,  Real B)
i nst ance Num Vect or 2 - -  f r omI nt eger ,  *  not  al l owed

xVect or 3           : :  Vect or 3B   - -  uni t  vect or
yVect or 3           : :  Vect or 3B   - -  uni t  vect or
zVect or 3           : :  Vect or 3B   - -  uni t  vect or
vect or 3XYZ         : :  Real B - > Real B - > Real B - > Vect or 3B
vect or 3XYZCoor ds   : :  Vect or 3B - > ( Real B,  Real B,  Real B)
vect or 3Spher i cal    : :  Real B - > Real B - > Real B - > Vect or 3B
vect or 3Pol ar Coor ds : :  Vect or 3B - > ( Real B,  Real B,  Real B)
i nst ance Num Vect or 3 - -  f r omI nt eger ,  *  not  al l owed/ pr e>
Note that vectors and points have distinct types. You cannot use + to add a point to a vector. Vectors
are a member of the Num class while points are not; thus + works with vectors but not points. Although
it is in class Num, the *  operator cannot be used for vectors.
Read the ‘ . ’ in the operators above as ‘point’ and ‘^ ’ as ‘vector’. Thus . +^  means ‘point plus vector’.

6.1.3. Vector  Spaces
zer oVect or        : :  Vect or Space v => Behavi or  v
( * ^ )              : :  Vect or Space v => Scal ar B - > Behavi or  v - >
Behavi or  v
( ^ / )              : :  Vect or Space v => Behavi or  v - > Scal ar B - >
Behavi or  v
( ^+^ ) , ( ^ - ^ )       : :  Vect or Space v => Behavi or  v - > Behavi or  v - >
Behavi or  v
dot               : :  Vect or Space v => Behavi or  v - > Behavi or  v - >
Scal ar B
magni t ude        : :  Vect or Space v => Behavi or  v - > Scal ar B
magni t udeSquar ed : :  Vect or Space v => Behavi or  v - > Scal ar B
nor mal i ze        : :  Vect or Space v => Behavi or  v - > Behavi or  v

i nst ance Vect or Space Doubl e
i nst ance Vect or Space Fl oat
i nst ance Vect or Space Vect or 2
i nst ance Vect or Space Vect or 3

6.1.4. Transformations
The types Tr ansf or mat i on2B and Tr ansf or mat i on3B represent geometric transformation on
images, points, or vectors. The basic transformations are translation, rotation, and scaling. Complex
transformations are created by composing basic transformations. The class Tr ansf or mabl e2
contains 2D transformable objects.

cl ass Tr anf or mabl e2B a wher e
   ( * %)     : :  Tr ansf or m2B - > a - > a   - -  Appl i es a t r ansf or m

These are the operations on 2D transforms:

i dent i t y2  : :  Tr ansf or m2B
t r ansl at e2 : :  Vect or 2B - > Tr ansf or m2B
r ot at e2    : :  Real B - > Tr ansf or m2B
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compose2   : :  Tr ansf or m2B - > Tr ansf or m2B - > Tr ansf or m2B
i nver se2   : :  Tr ansf or m2B - > Tr ansf or m2B
uscal e2    : :  Real B - > Tr ansf or m2B  - -  onl y uni f or m scal i ng

move : :  Tr ansf or mabl e2B a => Vect or 2B - > a - > a
move dp t hi ng = t r ansl at e2 dp * % t hi ng

moveXY : :  Tr ansf or mabl e2B a => Real B - > Real B - > a - > a
moveXY dx dy t hi ng = move ( vect or 2XY dx dy)  t hi ng

moveTo : :  Tr ansf or mabl e2B bv => Poi nt 2B - > bv - > bv
moveTo p = move ( p . - .  or i gi n2)

st r et ch : :  Real B - > I mageB - > I mageB
st r et ch sc = ( uscal e2 sc * %)  - -  1. 0 = 180 degr ees

t ur nLef t ,  t ur nRi ght  : :  Tr ansf or mabl e2B a => Fr act i onB - > a - > a
t ur nLef t  f r ac i m = r ot at e2 ( f r ac *  pi )  * % i m
t ur nRi ght  f r ac = t ur nLef t  ( - f r ac)

i nst ance Tr ansf or mabl e2B Poi nt 2B
i nst ance Tr ansf or mabl e2B Vect or 2B
i nst ance Tr ansf or mabl e2B Rect B

The treatment of 3D is similar.
i dent i t y3  : :  Tr ansf or m3B
t r ansl at e3 : :  Vect or 3B - > Tr ansf or m3B
r ot at e3    : :  Vect or 3B - > Real B - > Tr ansf or m3B
scal e3     : :  Vect or 3B - > Tr ansf or m3B
compose3   : :  Tr ansf or m3B - > Tr ansf or m3B - > Tr ansf or m3B
uscal e3    : :  Real B - > Tr ansf or m3B

cl ass Tr anf or mabl e3B a wher e
   ( * * %)   : :  Tr ansf or m3B - > a - > a

move3 : :  Vect or 3B - > Geomet r yB - > Geomet r yB
move3 dp = ( t r ansl at e3 dp * * %)

moveXYZ : :  Real B - > Real B - > Real B - > Geomet r yB - > Geomet r yB
moveXYZ dx dy dz = move3 ( vect or 3XYZ dx dy dz)

moveTo3 : :  Poi nt 3B - > Geomet r yB - > Geomet r yB
moveTo3 p = move3 ( p . - . # or i gi n3)

st r et ch3 : :  Real B - > Geomet r yB - > Geomet r yB
st r et ch3 sc = ( uscal e3 sc * * %)

t ur n3 : :  Tr ansf or mabl e3B a => Vect or 3B - > Real B - > a - > a
t ur n3 axi s angl e = ( r ot at e3 axi s angl e * * %)

A transformation that doubles the size of an object and then rotates it 90 degrees would be
r ot at e2 ( pi / 2)  ‘ compose2‘  uscal e2 2.

Note that the first transform applied is the one on the right, as with Haskell’s function composition
operator ( . ) .

6.1.5. Rectangles

We can create and manipulate rectangles.

dat a Rect
t ype Rect B

- -  make a r ect  f r om a bot t om l ef t  cor ner  wi t h a gi ven s i ze
mkRect  : :  Poi nt 2B - > Vect or 2B - > Rect B
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r ect Fr omCor ner s    : :  Poi nt 2B - > Poi nt 2B  - > Rect B
r ect Fr omCent er Si ze : :  Poi nt 2B - > Vect or 2B - > Rect B
i nt er sect Rect       : :  Rect B   - > Rect B    - > Rect B
uni onRect    : :  Rect B   - > Rect B    - > Rect B
r ect Cont ai ns       : :  Rect B   - > Poi nt 2B  - > Bool B
expandRect          : :  Real B   - > Rect B    - > Rect B
over l apRect s       : :  Rect B   - > Rect B    - > Bool B
empt yRect           : :  Rect B
i sEmpt yRect         : :  Rect B - > Bool B
r ect Cent er          : :  Rect B - > Poi nt 2B
r ect Si ze           : :  Rect B - > Vect or 2B

Increase the rectangles size by a given vector.

i ncr easeRect    : :  Vect or 2B - > Rect B - > Rect B

r ect LL,  r ect UR,  r ect LR,  r ect UL : :  Rect B - > Poi nt 2B
r ect Wi dt h,  r ect Hei ght  : :  Rect B - > Real B

6.2. Fran over loaded functions

Many Prelude functions have been lifted in Fran via overloading:
( +)          : :  Num a => Behavi or  a - > Behavi or  a - > Behavi or  a
( * )          : :  Num a => Behavi or  a - > Behavi or  a - > Behavi or  a
negat e      : :  Num a => Behavi or  a - > Behavi or  a
abs         : :  Num a => Behavi or  a - > Behavi or  a
f r omI nt eger  : :  Num a => I nt eger  - > Behavi or  a
f r omI nt      : :  Num a => I nt  - > Behavi or  a

quot         : :  I nt egr al  a => Behavi or  a - > Behavi or  a - > Behavi or  a
r em         : :  I nt egr al  a => Behavi or  a - > Behavi or  a - > Behavi or  a
di v         : :  I nt egr al  a => Behavi or  a - > Behavi or  a - > Behavi or  a
mod         : :  I nt egr al  a => Behavi or  a - > Behavi or  a - > Behavi or  a
quot Rem     : :  I nt egr al  a => Behavi or  a - > Behavi or  a - >
                             ( Behavi or  a,  Behavi or  a)
di vMod      : :  I nt egr al  a => Behavi or  a - > Behavi or  a - >
                             ( Behavi or  a,  Behavi or  a)

f r omDoubl e   : :  Fr act i onal  a => Doubl e - > Behavi or  a
f r omRat i onal  : :  Fr act i onal  a => Rat i onal  - > Behavi or  a
( / )           : :  Fr act i onal  a => Behavi or  a - > Behavi or  a - > Behavi or
a

si n          : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
cos          : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
t an          : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
asi n         : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
acos         : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
at an         : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
si nh         : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
cosh         : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
t anh         : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
asi nh        : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
acosh        : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
at anh        : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
pi            : :  Fl oat i ng a => Behavi or  a
exp          : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
l og          : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
sqr t          : :  Fl oat i ng a => Behavi or  a - > Behavi or  a
( * * )          : :  Fl oat i ng a => Behavi or  a - > Behavi or  a - > Behavi or  a
l ogBase      : :  Fl oat i ng a => Behavi or  a - > Behavi or  a - > Behavi or  a
These operations correspond to functions which cannot be overloaded for behaviors. The convention is
to use the B suffix for vars and a *  suffix for ops.
f r omI nt eger B     : :  Num a => I nt eger B - > Behavi or  a
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t oRat i onal B      : :  Real  a => Behavi or  a - > Behavi or  Rat i onal
t oI nt eger B       : :  I nt egr al  a => Behavi or  a - > I nt eger B
evenB,  oddB      : :  I nt egr al  a => Behavi or  a - > Bool B
t oI nt B           : :  I nt egr al  a => Behavi or  a - > I nt B
pr oper Fr act i onB  : :  ( Real Fr ac a,  I nt egr al  b)  => Behavi or  a - >
Behavi or  ( b, a)
t r uncat eB        : :  ( Real Fr ac a,  I nt egr al  b)  => Behavi or  a - >
Behavi or  b
r oundB           : :  ( Real Fr ac a,  I nt egr al  b)  => Behavi or  a - >
Behavi or  b
cei l i ngB         : :  ( Real Fr ac a,  I nt egr al  b)  => Behavi or  a - >
Behavi or  b
f l oor B           : :  ( Real Fr ac a,  I nt egr al  b)  => Behavi or  a - >
Behavi or  b
( ^ * )              : :  ( Num a,  I nt egr al  b)  =>
                            Behavi or  a - > Behavi or  b - > Behavi or  a
( ^^ * )             : :  ( Fr act i onal  a,  I nt egr al  b)  =>
                            Behavi or  a - > Behavi or  b - > Behavi or  a
( ==* )             : :  Eq a => Behavi or  a - > Behavi or  a - > Bool B
( / =* )             : :  Eq a => Behavi or  a - > Behavi or  a - > Bool B
( <* )              : :  Or d a => Behavi or  a - > Behavi or  a - > Bool B
( <=* )             : :  Or d a => Behavi or  a - > Behavi or  a - > Bool B
( >=* )             : :  Or d a => Behavi or  a - > Behavi or  a - > Bool B
( >* )              : :  Or d a => Behavi or  a - > Behavi or  a - > Bool B
cond             : :  Bool B - > Behavi or  a - > Behavi or  a - > Behavi or  a
not B             : :  Bool B - > Bool B
( &&* )             : :  Bool B - > Bool B - > Bool B
( | | * )             : :  Bool B - > Bool B - > Bool B
pai r B            : :  Behavi or  a - > Behavi or  b - > Behavi or  ( a, b)
f st B             : :  Behavi or  ( a, b)  - > Behavi or  a
sndB             : :  Behavi or  ( a, b)  - > Behavi or  b
pai r BSpl i t        : :  Behavi or  ( a, b)  - > ( Behavi or  a,  Behavi or  b)
showB            : :  ( Show a)  => Behavi or  a - > Behavi or  St r i ng
A few list-based functions are lifted, although most of the functions in Pr el udeLi st  are not lifted.
ni l B             : :  Behavi or  [ a]
consB            : :  Behavi or  a - > Behavi or  [ b]  - > Behavi or  [ b]
headB            : :  Behavi or  [ a]  - > Behavi or  a
t ai l B            : :  Behavi or  [ a]  - > Behavi or  [ a]
nul l B            : :  Behavi or  [ a]  - > Bool B
( ! ! * )             : :  Behavi or  [ a]  - > I nt B - > Behavi or  a
- -  Tur n a l i s t  of  behavi or s i nt o a behavi or  over  l i s t
bLi st ToLi st B : :  [ Behavi or  a]  - > Behavi or  [ a]
bLi st ToLi st B = f ol dr  consB ni l B

- -  Li f t  a f unct i on over  l i s t s i nt o a f unct i on over  behavi or  l i s t s
l i f t L : :  ( [ a]  - > b)  - > ( [ Behavi or  a]  - > Behavi or  b)
l i f t L f  bs = l i f t 1 f  ( bLi st ToLi st B bs)


