CAL for Haskell Programmers
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1. Summary of CAL language features
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2. Why did we create CAL instead of just using Haskell?

a) CAL is simple to use for interacting with real world environments
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outputListWith :: [a] -> (a -> JObject) -> JListl-— JObject
JList ' $ java.lang.Object java.lang.List
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c) Programs do not need to be entirely written, or even primarily written in CAL
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3. CAL performance
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4. CAL syntax examples
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a) Declaration of the List.map function
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map : (a -> b) -> [a] -> [b];
public map mapFunction !list =
case list of

1 -> [
listHead I 1listTail ->
mapFunction listHead I map mapFunction listTail;

b) Declaration of the List.length function

- +

length :: [a] -> Int;




public length 'list =
let
lengthHelper :: Int -> [a] -> Int;
lengthHelper lacc llist =
case list of
[1 —> acc;
listHead : listTail -> lengthHelper (acc + 1) listTailj;

lengthHelper 0 list;

¢) Declaration of the outputListWith function
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/**

* Converts a CAL list to a Java list using the element mapping
function {@code f@} of type {@code a -> {@link JObject@}@}

* to convert elements of the CAL list.

*

* @arg list the CAL list.

* @arg f the mapping function converting elements of the list to
{@link JObject@} values.

* @return the corresponding {lcode JList@}.

*/
outputListWith :: [a] -> (a -> JObject) -> JList;
public outputListWith llist f =
let
javalList I JList;
javalList = jArrayList new,
outputListWithHelper :: [a] -> (a -> JObject) -> JList ->
JList;
outputListWithHelper !list elementMappingFunction 'javalist =
case list of
[1 —> javalist;
X I Xs ->
iT (jList add javalist (elementMappingFunction x)) then
outputListWithHelper xs elementMappingFunction
JavalList

else
error "Adding an element to a Java list failed.";

outputListWithHelper list f javalist;

data foreign unsafe import jvm public "java.lang.Object"
public JObject deriving Inputable, Outputable;

data foreign unsafe import jvm public "java.util.List"
public JList deriving Inputable, Outputable;




foreign unsafe import jvm "constructor java.util.ArrayList"

private jArrayList new -: JList;
foreign unsafe import jvm "method add"
private jList add :: JList -> JObject -> Boolean;

d) Declaration of the Maybe, Either and TypeRep algebraic data types
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data public Maybe a =
public Nothing |
public Just

value I:I a
deriving Eqg, Ord;

data public Either a b =
public Left

value =: a |
public Right
value I: b

deriving Eg, Ord;

data public TypeRep =
protected TypeRep

typeConsName :-: IString

argTypes :: I[TypeRep] |

protected FunctionTypeRep

domainType :-:I ITypeRep

codomainType :: !TypeRep |

protected ListTypeRep

elementType -: ITypeRep |
protected UnitTypeRep |

protected ForeignTypeRep

typeConsName :: Istring

deriving Eqg;

’

e) Syntax for pattern matching
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case typeOf (Just 'a') of TypeRep name args -> name;
returns

"Prelude.Maybe"

args

%



case typeOf (Just 'a') of TypeRep {typeConsName}

returns
"Prelude.Maybe"

* 3

(Left "pear"
returns
"pear"

(Just "apple") .Just.value
returns
" apple"

(typeOf (undefined

returns
"Prelude.JList"

f) The Appendable type class

( :
public class Appendable a where
public empty :: aj;
public isEmpty :: a -> Boolean
public append :: a -> a -> aj;
public concat :: [a] -> a

default concatDefault;

instance RAppendable [a] where

empty = emptyList;
isEmpty = isEmptyList;
append = appendList;

concat concatList;

instance Appendable String where

empty = emptyString;
isEmpty = isEmptyString;

append = appendString;

concat = concatString;
3 +0) ’

"peat" ++ "bog"
returns
"peatbog"

x>

ee

Either String Double) .Left.value

KK

-> typeConsName;

JList)) .ForeignTypeRep. typeConsName




"peat" Tappend’ "bog"
returns

"peatbog"

[3 Int, 1, 4] ++ [1, 5]
returns

(3, 1, 4, 1, 5]

g) Monad and Sequence type classes
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public class Functor m => Monad m where

public bind

ma->(a->mb) ->m b;

public anonymousBind I m a -> m b -> m b;

public return

class sequence c where

a ->m a,

length I ¢ a -> Int;
subscript I ¢ a -> Int -> a;
sort I Ord a => c a -> ¢ a;
concat :I:

Prelude.Appendable a => ¢ a -> a;

instance Sequence Prelude.List where ..
instance Sequence Array.Array where ..

h) Tuples and records
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#
("Anton", 3.0, True)
{#1 = "Anton", #2 = 3.0, #3
{#2 = 3.0, #3 = True, #1 =
(3 ]
{name = "Anton", occupation
C #
("Anton", 3.0, True).#1
returns
"Anton"
{name = "Anton", occupation
returns

"toddler"

LKL §LAM 6 3

= True}
"Anton"}
- #
= "toddler", #99 = [Just 2.0,

"toddler"}.occupation

Nothing]}
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{("Anton", 3.0) | toys = True}

returns

{#1 = "Anton", #2 = 3.0, toys = True}

case ("Anton", 3.0) of (fl1, f2) -> {#1 = f1, #2 = f2, toys = True};
returns

{#1 = "Anton", #2 = 3.0, toys = True}

< - 3 3 #
{("Anton", 10.0) | #2 := 11.0}

returns

("Anton", 11.0)

case ("Anton", 10.0) of (£f1, ) -> (f1, 11.0);
returns
("Anton", 11.0)
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fieldl 2 r\#1l => {r | #1 :: a} -> a;
public fieldl 'r = r.#1;

fieldl ("pear", 2.0, Just 'a')

returns
"pear"

fieldl {#1 = "fig", size = 100.0}
returns

"fig"
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sort [([1.0, 3.0]

, , ([1.0, 3.0], Just 'a'"), ([1.0, 2.0], Just
'b'), ([1.0, 2.0], Just 'a'")]

returns

([([1.0, 2.0], Just 'a'), ([1.0, 2.0], Just 'b'), ([1.0, 3.01, Just

'a'), ([1.0, 3.0], Just 'b'")]
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- universal record instance declarations 6
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instance Egq r => Eg {r} where ..

5)




i) Exception support
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//tests using various Cal types as Exception types, including the

interesting case of records
calThrownException5 =

throw ("abe", 1 I: Int, 2 II Integer, ["abc", "def"], Just (20 ::
Int))
‘catch”
(
let
handler :: (String, Int, Integer, [String], Maybe Int) ->
String;

handler r = show (r.#5, r.#4, r.#3, r.#2, r.#1);

handler

//evaluates to True
testCalThrownExceptionb =

calThrownException5 == " (Prelude.Just 20, [\"abc\", \"def\"], 2, 1,
\"abC\") ";

instance Exception String where;

instance Exception Int where;

instance Exception Integer where;

instance Exception a => Exception (Maybe a) where;
instance Exception a => Exception [a] where;
instance Exception r => Exception {r} where;

j) Debugging support

#

showInternal (Just 2.0).Just.value
returns
" (Prelude.Just 2.0).Prelude.Just.value"

- - #
showInternal (let x = Just 'a'; in (x, x))
returns
"(<@l1 = (Prelude.Just a)>, <@1>)"
( - 3 — 3
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let fibs =1 : 1 List.zipWith Prelude.add fibs

(List.tail fibs)
[Integer]; in (deepSeq (take 7 fibs)

(showInternal fibs))

returns

" (Prelude.Cons 1 (Prelude.Cons 1

(Prelude.Cons 2 (Prelude.Cons 3
(Prelude.Cons 5 <@1 =

(Prelude.Cons 8 <@2 = (Prelude.Cons 13
(List.zipWith Prelude.addInteger <@1> <@2>))>)>)))))"
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