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CAL: a strongly-typed lazy functional language
A Java API for checked meta-programming
The Gem Cutter: a visual programming tool
The CAL Eclipse Plug-in: an IDE for CAL
A mostly BSD-licensed open source project
� open sourced Jan 25, 2007
� first major open source project at Business Objects
� hosted at http://labs.businessobjects.com/cal/
� the CAL Eclipse Plug-in is open sourced under the EPL

What is Open Quark?
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CAL

Strongly-typed lazy functional language
Pure functional part is similar to Haskell
CAL can use any Java type, call any Java method and 
handle Java exceptions
Compiles code directly to JVM bytecodes
Multi-threaded compiler and run-time to support Java 
based meta-programming
Source-level as well as deployment-level metadata
A Gem is a CAL function along with its metadata
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Java APIs

Java applications can dynamically:
� locate Gems in a repository
� assemble Gems with the assistance of type-inference to suggest 

good choices
� check that the resulting new Gem is correct
� save the Gem back into the repository
� run the Gem, supplying required parameters

Work with higher-level models defined in terms of Gems
� Domain Specific Languages

Declarative nature of CAL helps with reuse of models
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CAL entities

CAL entities are defined in modules.
Function definition
� algebraic: defined using a CAL expression
� foreign: defined by a Java method, field, constructor or JVM primitive
� primitive: a few built-in primitive functions

Type definition
� algebraic: defined using a data declaration
� foreign: defined by a Java type (class, interface or primitive type)
� primitive: Prelude.Function is the one built-in primitive type 

Type class definition
� defines a set of types. 
� Warning: a type class is not like a class in Java!

Class instance definition
� specifies that a particular type is a member of a particular type class
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CAL expressions (1)

String.toUpperCase "Mt. Fuji"
== "MT. FUJI"

//Strings can easily be converted to lists
String.toList "Sarabande"
== ['S', 'a', 'r', 'a', 'b', 'a', 'n', 'd', 'e']

//the ++ operator can be used to concatenate Strings
"cinnamon" ++ " " ++ "raisin"
== "cinnamon raisin"

//the ++ operator also works for list concatenation
[red, green] ++ [aqua, yellow, black]
== [red, green, aqua, yellow, black]

//any function can be surrounded by backquotes
//and then used as an infix operator.
"alphabet" `String.subscript` 5
== 'b'
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CAL expressions (2)

//taking the first 3 elements of a list of colors.

//application is juxtiposition.

List.take 3 [red, green, yellow, blue] 

== [red, green, yellow]

//List.filter is a higher-order function.
//(\x -> x % 2 == 0) is a lambda expression.
List.filter (\x -> x % 2 == 0) [10 :: Int, 2, 3, 5, 20, 7]

== [10, 2, 20]

//List.map applies its function first argument to each element

//of the list supplied as the second argument.

List.map colorToRGB [red, green, yellow, blue]

== [(255, 0, 0), (0, 128, 0), (255, 255, 0), (0, 0, 255)]
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The same CAL List, in various guises

["apple", "pear", "banana", "mango"]

//the ":" data constructor appends an element to a list

//the "[]" data constructor represents the empty list

"apple" : "pear" : "banana" : "mango" : []

//the : data constructor has the textual form Cons

//the [] data constructor has the textual form Nil

"apple" `Cons` ("pear" `Cons` ("banana" `Cons`("mango" `Cons`
Nil)))
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Every CAL expression has a type (1)

The "::" operator means "has type"

"fig" :: String

[red, blue, green] :: [Color]

17 :: Num a => a

[10, 2, 3, 27] :: Num a => [a]

[("apple", Just 2.0), ("orange", Nothing),

("pear", Just (-1))]

:: [(String, Maybe Double)]

add 2.0 :: Double -> Double



Copyright © 2007 Business Objects S.A. All rights reserved.Slide 10

Every CAL Expression has a type (2)

List.take :: Int -> [a] -> [a]

List.filter :: (a -> Boolean) -> [a] -> [a]

List.map :: (a -> b) -> [a] -> [b]

(\x -> x % 2 == 0) :: Num a => a -> Boolean

//CAL records create new types on the fly

{name = "Anton", age = 3.5, favoriteFunction = List.length}

:: {age :: Double, favoriteFunction :: [a] -> Int,

name :: String}
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Definition of the algebraic function List.map
/**

* {@code map mapFunction list@} applies the function

* {@code mapFunction@} to each element of {@code list@}

* and returns the resulting list.

*

* @arg mapFunction function applied to each element of list

* @arg list

* @return the list obtained by applying mapFunction to each

* element of the argument list.

*/

map :: (a -> b) -> [a] -> [b];

public map mapFunction !list =

case list of

[] -> [];

listHead : listTail ->

mapFunction listHead : map mapFunction listTail;

;
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Generated Java source code for List.map
public final class Map extends RTSupercombinator {

public static final Map $instance = new Map();
//********************code omitted *********************  
public final RTValue f2S(RTValue mapFunction, RTValue list, RTExecutionContext $ec) 
throws CALExecutorException {

TYPE_List $case1;

switch (($case1 = (((TYPE_List)list.getValue()))).getOrdinalValue()) {
case 0: { // Cal.Core.Prelude.Nil

return Map.i_Nil;
}
case 1: { // Cal.Core.Prelude.Cons

// Decompose data type to access members.
RTValue listHead = $case1.get_head();
RTValue listTail = $case1.get_tail();

return
new TYPE_List.CAL_Cons(

mapFunction.apply(listHead), 
new RTFullApp.General._2._L(

Map.$instance, 
mapFunction, 
listTail));

}
default: {

return badSwitchIndex(Map.Cal_Core_Prelude_map_3068_5);
}

}
}

}
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Definition of the algebraic function List.filter

filter :: (a -> Boolean) -> [a] -> [a];

public filter keepIfTrueFunction !list =

case list of

[]     -> [];

listHead : listTail ->

let

rest = filter keepIfTrueFunction listTail;

in

if keepIfTrueFunction listHead then

listHead : rest

else

rest;

;
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Definition of the algebraic types: Boolean, List and Maybe

data public Boolean =

public False |

public True

deriving Eq, Ord, Bounded;

data public List a = 

public Nil |

public Cons

head :: a

tail :: (List a)  

deriving Eq, Ord;

data public Maybe a = 

public Nothing |     

public Just

value :: a         

deriving Eq, Ord;
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Some foreign type definitions

data foreign unsafe import jvm public "int"

public Int deriving Eq, Ord, Inputable, Outputable;

data foreign unsafe import jvm public "java.lang.String"

public String deriving Eq, Ord, Inputable, Outputable;

data foreign unsafe import jvm private "java.awt.Color"

public Color deriving Eq;

The same Java type can be imported as a CAL type in more than one way

data foreign unsafe import jvm private "int"

public RelativeDate deriving Eq, Ord;

data foreign unsafe import jvm private "java.lang.String"

public StringNoCase deriving Inputable, Outputable;
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Some foreign function definitions
foreign unsafe import jvm "method toUpperCase"

public toUpperCase :: String -> String;

foreign unsafe import jvm "static method java.lang.Math.pow"

public power :: Double -> Double -> Double;

foreign unsafe import jvm "static field java.lang.Math.PI"

public pi :: Double;

foreign unsafe import jvm "constructor"

public makeTimeFromTicks :: Long -> Time;

foreign unsafe import jvm "cast"

private doubleToLong :: Double -> Long;

foreign unsafe import jvm "instanceof java.util.List"

private isJList :: JObject -> Boolean;
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Converting a CAL List to a Java List
outputListWith :: [a] -> (a -> JObject) -> JList;
outputListWith !list f =

let
outputListWithHelper ::

[a] -> (a -> JObject) -> JList -> JList;    
outputListWithHelper !list f !javaList =

case list of
[] -> javaList;
x : xs -> 

if jList_add javaList (f x) then
outputListWithHelper xs f javaList

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

;
in

outputListWithHelper list f jArrayList_new;

foreign unsafe import jvm "constructor java.util.ArrayList"
private jArrayList_new :: JList;

foreign unsafe import jvm "method add"
private jList_add :: JList -> JObject -> Boolean;
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What does laziness mean? (1)

//an infinite list of sevens

sevens :: [Double];

sevens = 7.0 : sevens;

subscript sevens 2

���� subscript (7.0 : sevens) 2

���� subscript sevens 1

���� subscript (7.0 : sevens) 1

���� subscript sevens 0

���� subscript (7.0 : sevens) 0

== 7.0

//showInternal :: a -> String

showInternal sevens

== "<@1 = (Cal.Core.Prelude.Cons 7 <@1>)>"
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What does laziness mean? (2)
//Fibonacci numbers.

//zipWith :: (a -> b -> c) -> [a] -> [b] -> [c]

fibs :: [Integer];

fibs = 1 : 1 : zipWith add fibs (tail fibs);

//can evaluate the first 12 elements

//of fibs without hanging due to laziness

take 12 fibs

== [1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144]

showInternal fibs

���� (Cal.Core.Prelude.Cons 1 (Cal.Core.Prelude.Cons 1 
(Cal.Core.Prelude.Cons 2 (Cal.Core.Prelude.Cons 3 
(Cal.Core.Prelude.Cons 5 (Cal.Core.Prelude.Cons 8 
(Cal.Core.Prelude.Cons 13 (Cal.Core.Prelude.Cons 21 
(Cal.Core.Prelude.Cons 34 (Cal.Core.Prelude.Cons 55 <@1 = 
(Cal.Core.Prelude.Cons 89 <@2 = (Cal.Core.Prelude.Cons 144 
(Cal.Collections.List.zipWith Cal.Core.Prelude.addInteger
<@1> <@2>))>)>))))))))))
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The Eq and Ord type classes
//The Eq type class has 2 class methods: equals and notEquals

public class Eq a where

public equals :: a -> a -> Boolean;

public notEquals :: a -> a -> Boolean

default notEqualsDefault;

;

//Eq is a superclass of Ord.

//compare is the only class method of Ord without a default.

public class (Eq a) => Ord a where

public lessThan :: a -> a -> Boolean

default lessThanDefault;    

public lessThanEquals :: a -> a -> Boolean

default lessThanEqualsDefault;

public greaterThanEquals :: a -> a -> Boolean

default greaterThanEqualsDefault;       

public greaterThan :: a -> a -> Boolean

default greaterThanDefault;

public compare :: a -> a -> Ordering;    

;
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Class instance definitions
instance Eq String where

equals = equalsString;
;
foreign unsafe import jvm "method equals"

equalsString :: String -> String -> Boolean;

instance Eq a => Eq (List a) where //The List instance is constrained. 
equals = equalsList;

;
equalsList :: Eq a => [a] -> [a] -> Boolean;
private equalsList !list1 !list2 = 

case list1 of
[] -> 

case list2 of
[] -> True;
_ -> False;
;

head1 : tail1 -> 
case list2 of
[] -> False;
head2 : tail2 -> 

head1 == head2 && tail1 == tail2;       
;

;
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Class instance FAQ

Often class instances can be automatically defined via a 
deriving clause on a type definition
� the Eq and Ord instances for List are actually derived and not 

implemented explicitly. This generates hidden code similar to what is 
shown in the previous slide.

equals ("abc", 2.0) :: (String, Double) -> Boolean
� In contrast java.lang.Object.equals() always takes an Object as its 

argument regardless of the invocation type. 

A type can be made an instance of a type-class after the 
type is defined (i.e. in another module)
� In contrast, for a Java class to implement an interface, the definition 

of the class must be altered.
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Communicating with Java via Inputable and Outputable

public class Inputable a where

public input :: JObject -> a;
;

public class Outputable a where

public output :: a -> JObject;

;

For CAL Lists, output is to a java.util.List applying 
output to each element.

instance Outputable a => Outputable [a] where

output = outputList;

;

outputList :: Outputable a => [a] -> JObject;    

private outputListToJObject !list =

output (outputListWith list output);
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What is a CAL List really?

A CAL List is:
� immutable: it is a persistent data structure (as are all algebraic data types in 

CAL)
� similar in some ways to a singly linked list in Java
� similar in some ways to a java.util.Iterator

Java data types can be marshaled to and from CAL Lists:
� can output a CAL List to a java.util.List or a java.util.Iterator
� can input a CAL List from a java.util.Collection, java.util.Iterator, Java array, 

or java.util.Enumeration
� the input class method on Lists supports all the above
� for output, one must specifically make a choice of whether to a Java List or 

Java Iterator by calling the appropriate function
• List.toJIteratorWith :: [a] -> (a -> JObject) -> JIterator
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Calling CAL from Java

The basic mechanism to call a CAL function from Java 
is to marshal the input arguments from Java Objects to 
the types expected by CAL, and then marshal the result 
of the CAL function to a Java Object from its CAL type.
� Mostly this can be done via Inputable/Outputable defaults
� E.g. calling M2.getNthPrime :: Int -> Int

EntryPoint entryPoint =

compiler.getEntryPoint(

EntryPointSpec.make(
QualifiedName.make("M2","getNthPrime")), 

"M2", messageLogger);

for (int i = 0; i < nTimes; ++i) {

Integer result =

(Integer)executor.exec(

entryPoint, new Object[] {new Integer(5000 + i)});

}
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Using CAL from Java with Java client interaction
EntryPointSpec allFibonacciEntryPointSpec =

EntryPointSpec.make(QualifiedName.make("M1", "fibs"), null,
OutputPolicy.ITERATOR_OUTPUT_POLICY);        

EntryPoint allFibonacciEntryPoint =
compiler.getEntryPoint(allFibonacciEntryPointSpec, "M1",     

messageLogger);

Object[] arguments = null;
Iterator fibonacciIterator = 

(Iterator)executor.exec(allFibonacciEntryPoint, arguments);

while (true) {
int nFibonacciMore = getUserInputAsToHowManyFibonacciMore();

List nextNFibonacci = new ArrayList(nFibonacciMore);
for (int i = 0; i < nFibonacciMore; ++i) {

nextNFibonacci.add(fibonacciIterator.next());
}
System.out.println("the next " + nFibonacciMore +

" fibonacci numbers are " + nextNFibonacci);                                                              
}
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Using CAL from Java: the CalValue type
All values in CAL can be converted to a value of type CalValue

� supports an event based style of programming under the control of a Java client, where the 
underlying document is represented as a CAL value.

� reverseExternal shows the use of the destructive Java Collections reverse to implement a pure 
functional List reverse in CAL.

reverseExternal :: [a] -> [a];
reverseExternal list =

let
externalList :: JList;
externalList = 

outputList ((unsafeCoerce list) :: [CalValue]);

reversedExternalList =
seq (jReverse externalList) externalList;

inputtedList :: [CalValue];
inputtedList = inputList reversedExternalList;

in
unsafeCoerce (inputtedList);

foreign unsafe import jvm "static method 
java.util.Collections.reverse" private jReverse :: JList -> ();
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Using CAL from Java: the CalFunction type

A function can be created via a CAL computation. It can the be applied to 
a value under the dynamic control of a Java application without any CAL 
compilation occurring.

data foreign unsafe import jvm public 

"org.openquark.cal.foreignsupport.module.Prelude.CalFunction"

public CalFunction deriving Inputable, Outputable;

makeCalFunction :: (JObject -> JObject) -> CalFunction

evaluateCalFunction :: CalFunction -> JObject -> JObject;

An application of this technique is to define a sort on CAL Lists which 
makes use of the destructive java.util.Collections.sort as its algorithm but 
uses a CAL function to compare values i.e. intertwining CAL and Java 
execution.
� the CAL function (a -> a -> Ordering) is converted to a CalFunction, which is used to 

define the java.util.Comparator needed by java.util.Collections.sort. This comparator 
triggers CAL evaluation by calling evaluate on the CalFunction Java interface.

sortByExternal :: (a -> a -> Ordering) -> [a] -> [a];
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Why use CAL?

Take advantage of latest functional language technology
� It is fun to program in CAL!
� If a function compiles, it typically also works as well
� Pure functions are easy to test

You do not need to reinvent the wheel to make 
something with polish
� All Java libraries, UI widgets etc. are available
� Distribute your work as JARs

CAL can also be used for small projects
� The benefits apply to small projects and not just large multi-team 

systems
Feel free to contact us!
� CAL Google Group (http://groups.google.com/group/cal_language)
� Main Open Quark site (http://labs.businessobjects.com/cal/)


