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Agenda

1. Hierarchical Module Names

2. Local Pattern Match (a.k.a. Lazy Pattern Matching)
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Hierarchical Module Names
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Hierarchical Module Names

A hierarchical module name is a CAL module name with 

dots separating segments, each of which must start with 

a capital letter.

For example, Cal.Collections.List and 

Cal.Data.Sql are valid hierarchical module names.
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Partially Qualified Module Names

To reduce the amount of typing required when referring 

to modules with hierarchical names, CAL will permit the 

use of partially qualified names for modules whenever 

they are not ambiguous.

A partially qualified module name is a proper suffix of the 

full module name.

For example, the module Cal.Collections.List would have the 

partially qualified names List and Collections.List. 
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A Simple Example

module Test.Foo.Bar;
import Cal.Core.Prelude;
import Cal.Collections.List

using function = tail;
;
mapTail function list =

List.map function (tail list);

In the above, List unambiguously resolves to 
Cal.Collections.List, and is thus allowed.
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QuickCheck?

Did you know there are 2 modules named QuickCheck?

Cal.Utilities.QuickCheck

Cal.Tutorials.QuickCheck

So what if you imported both modules without using
clauses:

import Cal.Utilities.QuickCheck;
import Cal.Tutorials.QuickCheck;

How then would you refer to the type class Arbitrary?
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QuickCheck?

QuickCheck.Arbitrary
The name QuickCheck is ambiguous. �

Cal.Utilities.QuickCheck.Arbitrary
The fully qualified name of a module always resolves to that 

module. �

Utilities.QuickCheck.Arbitrary
Utilities.QuickCheck unambiguously resolves to 

Cal.Utilities.QuickCheck here. �
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The corresponding test modules go 

into the Cal.Test hierarchy:

Cal

Test

Collections

Core

Data

General

IO

JUnitSupport

Samples

Tutorials

Utilities

For Open Quark, modules are 

organized into the Cal hierarchy:

Cal

Collections

…List…

Core

…Prelude…

Data

…Sql…

Graphics

IO

Samples

Tutorials

Utilities

Naming Conventions
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BusinessObjects

…

Org

Foobar

Project1

…

Naming Conventions

Modules outside the Open Quark 

distribution should go into their 

own hierarchies.

For example, other modules 

developed in Business Objects 

are organized in a 

BusinessObjects hierarchy.
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Local Pattern Match

(a.k.a. Lazy Pattern Matching)
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Local Pattern Match

New syntax for binding one or more variables to the 

fields of a data constructor or a record in a single 

declaration inside a let expression.
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A Syntax Example

Instead of writing:

let
t = someFunctionReturningATriple x y;
a = t.#1;
b = t.#2;
c = t.#3;

in
…

One can use the new syntax and write:

let
(a, b, c) = someFunctionReturningATriple x y;

in
…
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More Syntax Examples

Data constructor patterns: 

let Cons a _ = ["foo"]; in a 
let Cons {head=a} = ["foo"]; in a 

List constructor patterns: 

let a:_ = [3]; in a 

Tuple patterns: 

let (a, b, c) = (b, c, 1 :: Int); in a+b+c

Record patterns – non-polymorphic:

let {a} = {a = "foo"}; in a

Record patterns – polymorphic:

let {_ | a} = {a = "foo", b = "bar"}; in a
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Type Declarations for Pattern-Bound 
Variables

Local type declarations on pattern-bound variables are allowed, and 

these type declarations can have associated CALDoc comments.

let

/** This is the integer 3. */
a :: Int;
/** This is an empty list. */
b :: [Int];
a:b = [3];

in

a;

On the other hand, the actual local pattern match declaration itself 

cannot have a type declaration nor a CALDoc comment.



COPYRIGHT © 2007 BUSINESS OBJECTS S.A.  ALL RIGHTS RESERVED.SLIDE 16

Evaluation Semantics –
Lazy Pattern Matching

Recall that a case expression such as

case expr of a:b -> ...

guarantees the evaluation of expr to weak-head normal form (WHNF) before the case alternative 

is evaluated.

A similar local pattern match declaration

let a:b = expr; in ...

does not force the evaluation of expr until one of a or b is evaluated. In this sense, we can regard 

this as a form of lazy pattern matching.

Thus,

let a:b = []; in 3.0;
is okay and would not cause a pattern match failure, but the case expression

case [] of a:b -> 3.0;
would cause a pattern match failure.
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Evaluation Semantics –
Lazy Pattern Matching

This laziness can be useful in situations where you’re 
defining a function that is truly lazy, e.g. List.unzip, 
List.splitEither.

On the other hand, the strictness of case expressions 
means that the compiler can generate more efficient 
code in certain circumstances.

However, under most circumstances it doesn’t really 
matter whether you use a case expression or a local 
pattern match declaration.
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A Real Example: List.splitEither

splitEither :: [Either a b] -> ([a], [b]);
public splitEither !list =

case list of
[] -> ([],[]);
listHead : listTail ->

let

(leftTail, rightTail) = splitEither listTail;
in

case listHead of

Left left -> (left : leftTail, rightTail);
Right right -> (leftTail, right : rightTail);

;
;
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A Real Example: List.splitEither

Live demo – running the following expression in ICE:

let
list = (Left 'a'):(Right 'b'):list;
bs = snd (splitEither list);

in
take 2 bs

The result of the evaluation should be ['b', 'b']
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With a Case Expression…

splitEither2 :: [Either a b] -> ([a], [b]);
public splitEither2 !list =

case list of
[] -> ([],[]);
listHead : listTail ->

case splitEither2 listTail of

(leftTail, rightTail) ->
case listHead of

Left left -> (left : leftTail, rightTail);
Right right -> (leftTail, right : rightTail);
;

;
;
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With a Case Expression…

Live demo – running the following expression in ICE:

let
list = (Left 'a'):(Right 'b'):list;
bs = snd (splitEither2 list);

in
take 2 bs

The evaluation should cause a StackOverflowError
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Some Caveats of the Local Pattern 
Match Syntax

This syntax cannot be used for top-level definitions, only local definitions in 

let expressions.

The local pattern match syntax with data constructor patterns

let DataCons a b c = ...
let DataCons {a, x=b, y=c} = ...

is most useful for types with only a single data constructor, or where 

program analysis shows that the RHS expression will always return the 

same data constructor. Otherwise, it is good style to give a more specific 

error message for the pattern match failure caused by an unexpected data 

constructor. 
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Some Caveats of the Local Pattern 
Match Syntax

One cannot use patterns with multiple data constructors, e.g. 

let (Left|Right) {value} = ...;
is not allowed.

One cannot specify a variable for the base record pattern, e.g. 

let {r | a, b} = ...; 
is not allowed, but this is okay: 

let {_ | a, b} = ...;

Patterns without variables are disallowed, e.g. 

let _ = ...; 
let [] = ...; 
let () = ...; 
let _:_ = ...; 
let {_|#1} = ...;
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Conclusion

Hierarchical Module Names

Use partially qualified module names when you can.

Local Pattern Match

Handy if you need to unpack a data constructor or a record lazily.

Questions?
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Extra Slides
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Partially Qualified Module Names –
Name Resolution

Suppose we have a module:

module W.X.Y.Z;
import Cal.Core.Prelude;
import Y.Z;
import Z;
import A.B.C.D.E;
import P.C.D.E;
import D.E;

A.B.C.D.EA.B.C.D.E

P.C.D.EP.C.D.E

A.B.C.D.EB.C.D.E

Ambiguous (A.B.C.D.E, P.C.D.E)C.D.E

D.ED.E

Ambiguous (A.B.C.D.E, P.C.D.E, D.E)E

W.X.Y.ZW.X.Y.Z

W.X.Y.ZX.Y.Z

Y.ZY.Z

ZZ

Resolves to…Name
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Partially Qualified Module Names –
Name Resolution

The fully qualified name of a module always resolves to 

that module. 

In the case of C.D.E, no preference is given to either 

A.B.C.D.E or P.C.D.E – it is considered ambiguous. 

Neither Z nor Y.Z resolves to the current module. 

Adding a “qualifier” to the front of a resolvable name may 

make it ambiguous (e.g. D.E � C.D.E) 


