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 Introduction
 Functional programming languages are based on a very simplemodel of computation. Their simple foundations means that theyprovide us with a very clear setting in which to study manyimportant ideas in programmingAn understanding of functional programming languages andtechniques, as well as being valuable for its own sake, also providesthe programmer with a new perspective on other programmingparadigms.
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 Summary
 Texts
 Haskell The Craft of Functional Programming by SimonThompson.
 Introduction to functional programming using Haskell byRichard Bird
 The Haskell Road to Logic, Maths and Programming by KeesDoets and Jan van Eijck
 Thompson and Bird are both on 3-day loan in the library.The web site http://www.haskell.org/ has more Haskellresources and tutorials.
 Neil Leslie Haskell I
 http://www.mcs.vuw.ac.nz/~neil/
 http://www.vuw.ac.nz/home/index.asp
 http://www.haskell.org/
 http://www.mcs.vuw.ac.nz/~neil/

Page 5
                        

Haskell I
 Neil Leslie
 Outline
 Introduction
 Key pointsabout Haskelland functionalprogramming
 A session withHUGS
 Writing HaskellPrograms
 MasteringHaskellProgramming
 Summary
 Compilers and interpreters
 In this course we will use HUGS:Hugs is an interpreter for Haskell, a standard non-strictfunctional programming language. Hugs implementsalmost all of version 1.4 of the Haskell standard, except forthe module system. The name HUGS is a mnemonic (sic)for the Haskell User’s Gofer System.
 There is a HUGS interpreter available on the MCS system. Typehugs at the prompt.
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 Summary
 Versions of Haskell are available for PC, Macs. . . which you can useat home. Look at http://www.haskell.org/ for details.There are Haskell compilers available, but for this course aninterpreter is sufficient.
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 MasteringHaskellProgramming
 Summary
 Key points about Haskell and functionalprogramming
 The key points are:
 functional programming is about evaluating expressions;
 functions defined on inductively defined data types (e.g. Int,lists, trees) use recursion;
 Haskell has a polymorphic type system;
 Haskell allows us to define higher-order functions;
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 Summary
 the Haskell system can infer the type of a well-typedexpression;
 Haskell is a sugaring of the λ-calculus;
 Haskell uses lazy evaluation.
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 A session with HUGS
 greta-pt: [~] % hugs__ __ __ __ ____ ___ _________________________________________|| || || || || || ||__ Hugs 98: Based on the Haskell 98 standard||___|| ||__|| ||__|| __|| Copyright (c) 1994-2001||---|| ___|| World Wide Web: http://haskell.org/hugs|| || Report bugs to: [email protected]|| || Version: December 2001 _________________________________________
 Haskell 98 mode: Restart with command line option -98 to enable extensions
 Reading file "/usr/pkg/share/hugs/lib/Prelude.hs":
 Hugs session for:/usr/pkg/share/hugs/lib/Prelude.hsType :? for helpPrelude>
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 Prelude> :?
 Prelude> :set +t +s
 Prelude> 42
 Prelude> 6*7
 Prelude> 5 + 6 * 7
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 Prelude> [1,2,3]
 Prelude> ['a', 'b', 'c']
 Prelude> mod
 Prelude> div
 Prelude> [mod, div]
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 Prelude> map
 Prelude> chr
 Prelude> map chr [65..90]
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 Prelude> [1..]
 Prelude> take
 Prelude> take 5 [1..10]
 Prelude> take 5 [1..]
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 Summary
 Writing Haskell Programs
 Generally, we can think of programming as:
 describing data, and
 explaining how to operate with the data.
 In Haskell:
 we describe the data using types
 we describe the algorithms using functions
 Functions are defined by writing out equations, or more accuratelyreductions.
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 Summary
 Scripts
 We write programs (often called scripts) in a text file, and then loadthis file. The definitions made in the script are then available tothe interpreter.One file, called the Prelude is loaded by default. The Preludecontains lots of basic definitions.
 Neil Leslie Haskell I
 http://www.mcs.vuw.ac.nz/~neil/
 http://www.vuw.ac.nz/home/index.asp
 http://www.mcs.vuw.ac.nz/~neil/

Page 16
                        

Haskell I
 Neil Leslie
 Outline
 Introduction
 Key pointsabout Haskelland functionalprogramming
 A session withHUGS
 Writing HaskellPrograms
 MasteringHaskellProgramming
 Summary
 Mastering Haskell Programming
 If Haskell programming is about defining types and functions, thenthese are the two things we must master in order to master Haskellprogramming.A Real Programmer can write FORTRAN in any language, but wewill try to write idiomatic functional programs, that is functionalprograms that look like they have been written by a functionalprogrammer.
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 Example: an automaton
 Suppose we want to use Haskell to check whether a DFA will accepta string? How would we go about this task?First, what types will we need?
 data FA sym state =
 DetMachine (sym -> state -> state)
 (state -> Bool)
 state
 Neil Leslie Haskell I
 http://www.mcs.vuw.ac.nz/~neil/
 http://www.vuw.ac.nz/home/index.asp
 http://www.mcs.vuw.ac.nz/~neil/

Page 18
                        

Haskell I
 Neil Leslie
 Outline
 Introduction
 Key pointsabout Haskelland functionalprogramming
 A session withHUGS
 Writing HaskellPrograms
 MasteringHaskellProgramming
 Summary
 Example: an automaton
 Suppose we want to use Haskell to check whether a DFA will accepta string? How would we go about this task?First, what types will we need?
 data FA sym state =
 DetMachine (sym -> state -> state)
 (state -> Bool)
 state
 Neil Leslie Haskell I
 http://www.mcs.vuw.ac.nz/~neil/
 http://www.vuw.ac.nz/home/index.asp
 http://www.mcs.vuw.ac.nz/~neil/

Page 19
                        

Haskell I
 Neil Leslie
 Outline
 Introduction
 Key pointsabout Haskelland functionalprogramming
 A session withHUGS
 Writing HaskellPrograms
 MasteringHaskellProgramming
 Summary
 Second, what functions will we need?
 dfaccept :: [sym] -> (FA sym state) -> Bool
 dfaccept ss (DetMachine trans fin init) =
 dfaccepting ss trans fin init
 dfaccepting :: [sym] ->
 (sym -> state -> state) ->
 (state -> Bool) ->
 state -> Bool
 dfaccepting [] _ f st = f st
 dfaccepting (s:ss) t f st =
 dfaccepting ss t f (t s st)
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 Third, does it work?
 Given:
 m1 = Machine t1 f1 0
 f1 0 = True
 f1 _ = False
 t1 'a' 0 = 1
 t1 'a' 1 = 0
 t1 'a' 2 = 3
 t1 'a' 3 = 2
 t1 'b' 0 = 2
 t1 'b' 1 = 3
 t1 'b' 2 = 0
 t1 'b' 3 = 1
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 We get:
 Prelude> :l FA.lhs
 Compiling Set ( ./Set.lhs, interpreted )
 Compiling FA ( FA.lhs, interpreted )
 Ok, modules loaded: FA, Set.
 *FA> dfaccept "abba" m1
 True
 *FA> dfaccept "abababababab" m1
 True
 *FA> dfaccept "ababababababab" m1
 False
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 Summary
 This lecture:
 Some details about Haskell
 A Hugs session
 An example functional program
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