n Chapter 2: Evolution of the Major Programming Languages n

2OutlinenFunctional programming (FP) basicsnA bit of LISPnMathematical functions, functional formsnScheme language overviewnBrief mention of Common LISP, ML, HaskellnCommon Applications

1Functional ProgrammingIn Text: Chapter 14

n Chapter 2: Evolution of the Major Programming Languages n

4Fundamentals of FP LanguagesnThe objective: mimic mathematical functions to thegreatest extent possiblenThe basic process of computation is fundamentallydifferent than in an imperative languagenIn an imperative language:nOperations are done, results are stored in variables forlater usenMgmt. of variables is a constant concern, source ofcomplexitynIn an FPL:nVariables are not necessary, as is the case in mathematicsna function always produces the same result given the sameparameters (referential transparency)

n Chapter 2: Evolution of the Major Programming Languages n

3The Basis for FPnImperative language design is baseddirectly on the von Neumann architecturenEfficiency is often of primary concern,rather than suitability for softwaredevelopmentnThe design of functional languages is basedon mathematical functions:nA solid theoretical basisnCloser to the usernRelatively unconcerned with the machinearchitecture

n Chapter 2: Evolution of the Major Programming Languages n

6A Bit of SchemenA mid-1970s dialect of LISP, designed to becleaner, more modern, and simpler versionthan the contemporary dialects of LISPnUses only static scopingnFunctions are first-class entitiesnThey can be the values of expressions andelements of listsnThey can be assigned to variables andpassed as parameters

n Chapter 2: Evolution of the Major Programming Languages n

5A Bit of LISPnThe first functional programming languagenOriginally a typeless languagenOnly two data types: atom and listnLISP lists are stored internally as single-linked listsnLambda notation is used to specify functionsnThe first LISP interpreter intended to showcomputational capabilities

n Chapter 2: Evolution of the Major Programming Languages n

8Applications of Functional Languages:nAPL is used for throw-away programsnLISP is used for artificial intelligencenKnowledge representationnMachine learningnNatural language processingnModeling of speech and visionnScheme is used to teach introductoryprogramming at a significant number ofuniversities

n Chapter 2: Evolution of the Major Programming Languages n

7Program � DatanFunction definitions, function applications,and data all have the same formnConsider this S-expression:(A B C)nAs data: it is a simple list of three atoms: A, B,and CnAs a function application: it means that thefunction named A is applied to the twoparameters, B and CnIt would be a function definition if the firstelement were the atom �define� instead of�A�

n Chapter 2: Evolution of the Major Programming Languages n

9Comparing Functional andImperative LanguagesnImperative Languages:nEfficient executionnComplex semanticsnComplex syntaxnConcurrency is programmer designednFunctional Languages:nSimple semanticsnSimple syntaxnInefficient executionnPrograms can automatically be made concurrent