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Course Information

Course structure for Spring 2001

The courseis an informal survey of programminglanguages,focusingon programminglanguagesconceptssuch
asbinding,evaluation,andtypes,exhibitedon representative languagesfrom the functionalandlogic programming
paradigms.

Thegoalis to establishaworkingknowledgeof severallanguagesandto practisethecraftof programmingin different
paradigms.Thecoursewill befast-paced,andwill involveindividualreadingof languagespecificationdocuments,and
extensiveprogrammingassignments.Previousacquaintancewith theproceduralandfunctionalparadigmis assumed,
asdescribedbelow.

Requirements

Official classannouncementswill besentby email. You mustthereforehave anemailaddress.Papersandsoftware
will beprovidedwithin theUNM CSfile system.Youmustthereforehavea UNM CSaccount.

Assignments

Four midtermexams,final exam (covering the entirecourse),about10 written homework assignments,2 or 3 pro-
grammingprojects.

Prerequisites in detail

Experiencewith developingsubstantialapplicationsin functionalandimperative(especiallyobject-oriented)program-
ming languages.UNM CScoursesCS257L- Nonimperative Programming andCS351L- Design of Large Programs
provideappropriatebackgroundin SchemeandC++, respectively.

Lectures

Mondays& Wednesdays,4:00- 5:15,in Tapy Hall 218

Instructor

Darko Stefanovic, office FEC 345C,phone2776561,email darko@cs.unm.edu— office hoursMondays5:30-6:30,
Tuesdays11-12,Wednesdays8:15-9,or by appointment

Textbooks

(Thebookstorehasorderedthetitlesmarkedwith *.)

Required reading

*Jeffrey D. Ullman: Elements of ML Programming, ML97 Edition, PrenticeHall, 2000,ISBN 0-13-790387-1.

*RichardBird: Introduction to Functional Programming using Haskell, PrenticeHall, 1998,ISBN 0-13-484436-0.

*MatthiasFelleisenandDanielP. Friedman:A Little Java, a Few Patterns, MIT Press,1998,ISBN 0262561158
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Optional reading

LaurenceC. Paulson:ML for the Working Programmer, 2nd edition, CambridgeUniversityPress,1996,ISBN 0-521-
56543-X.

PaulHudak:The Haskell School of Expression, CambridgeUniversityPress,2000,ISBN 0-521-64408-9.

W. F. ClocksinandC. S.Mellish: Programming in Prolog, 4th edition, SpringerVerlag,1994,ISBN 3540583505.

JonBentley: Programming Pearls, 2nd edition, Addison-Wesley, 2000,ISBN 0-201-65788-0.

To probe further

KrzysztofR. Apt: From Logic Programming to Prolog, PrenticeHall, 1997,ISBN 0-13-230368-X.

RichardBird andOegedeMoor: Algebra of Programming, PrenticeHall, 1997,ISBN 0-13-507245-X.

H. P. Barendregt: The Lambda Calculus: Its Syntax and Semantics, revised edition, Elsevier North-Holland,1984,
ISBN 0-444-87508-5.

David A. Watt: Programming Language Concepts and Paradigms, PrenticeHall, 1990,ISBN 0-13-728874-3.

Michael J. C. Gordon: Programming Language Theory and its Implementation, PrenticeHall, 1988, ISBN 0-13-
7304170-X.

Anthony J.FieldandPeterG. Harrison:Functional Programming, Addison-Wesley, 1989,ISBN 0-201-19249-7.

ShriramKrishnamurti,MatthiasFelleisen,andDaniel P. Friedman:“SynthesizingObject-OrientedandFunctional
Designsto PromoteRe-use”,in ECOOP’98, Springer-VerlagLNCS 1445,pp. 91-113,1998.

Other reading material (required reading, available for free)

At http://www.haskell.org/definition/youwill find thefollowing:

SimonPeytonJonesandJohnHughes(Eds.):Report on the Programming Language Haskell 98.

SimonPeytonJonesandJohnHughes(Eds.):Standard Libraries for the Haskell 98 Programming Language.

Mark P. JonesandJohnC. Peterson:Hugs 98, A functional programming system based on Haskell 98, User Manual.

Grading

You areexpectedto attendclassregularly, readtheassignedreadingbeforeclass,andparticipatein classdiscussion.
Thegradewill bedeterminedasfollows:

Homeworks30%

Programmingprojects20%

Exams56%(9%eachof 4 midtermexams,20%final)

Theexcess6%is intentional:youcando a little worseon any onegradingcomponentandstill receive thetop grade.

Homework and programming assignment hand-in policy

Homework assignmentsaredueon the dateassigned,no extensionswill be granted,andno creditwill be givenfor
latehomework. Hardcopy solutionsmustbehandedin eitherin class,or duringoffice hourson theduedate. Late
programmingprojectswill bepenalized3n3%, wheren is thenumberof dayslate.
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Programming questions on homework assignments (also applies to programming projects)

Whenanassignmentasksyouto write aprogram,thatmeansthatyoumustdesignaprogram,typeit into acomputer,
compile(dependingon thelanguageat hand),andrun,andsubmita listing of theprogramandits output.Thetextual
layoutof theprogrammustbelogically soundandaestheticallypleasing.Thenamesusedmustbedescriptive. Code
commentsandadditionaldocumentationmustaccompany non-trivial programs,andmustprovide informal argumen-
tation that the programsatisfiesthe specification.(Occasionallyyou will be asked to provide a formal correctness
proof.)

Cooperation and cheating

Feel free to discuss homework andprojectswith classmates,and the instructor. However, do not look at or copy
another student’s solution to a homework or project. If a problemappearstoo difficult, or you lack thebackground
to solve it, you areexpectedto talk to the instructorpromptly. Onceyou have the backgroundnecessaryto solve
a problem,you mustprovide your own solution. Exchanginghomework or projectsolutionsis cheatingandwill be
reportedto theUniversityadministration;studentsinvolvedwill notbepermittedto continuein theclass.Occasionally
we will reuseproblemsthathave beenusedin previouscourses.Searchingon theweb for verbatimsolutionsis not
thebestapplicationof your time,andyouwill receiveno creditfor it.

Lecture Plan Overview

� Backgroundmaterialreview (1 lecture,atfirst classmeeting)

� Prolog; logic programming(2 lectures): elementaryexamplesin logic programmingand purely declarative
Prolog,informal accountof unification

� Untypedfunctionalprogramming:Schemereview (1 lecture):salientfeaturesof Scheme,elementaryexamples
in untypedfunctionalprogramming,recursive functiondefinition,higher-orderfunctions,currying

� Untypedfunctional programming:elementarylambdacalculus(1 lecture): informal introductionto lambda
calculus,purelysyntacticinterpretation,notionsof conversionandreduction,elementaryprogramingexamples

� Mid-term1 (1 classperiod)

� Typedfunctionalprogramming:ML: types(5 lectures):ML syntax,SML/NJ usage,typedisciplinein general,
structureof recursive datatypes,type inference,elementaryprogramingexamples,informal treatmentof the
modulesystem

� Mid-term2 (1 classperiod)

� Typedfunctionalprogramming:Haskell: type classes;programsynthesis(6 lectures):Haskell syntax,Hugs
usage,thetypesystemof Haskell, algebraicstructureof programs,programdevelopmentby systematictrans-
formation

� Mid-term3 (1 classperiod)

� Typedfunctionalprogramming:Haskell: lazy evaluation;monadicprogramming(4 lectures):exploiting lazy
evaluationto programstreamsandotherinfinitary computations,monadictreatmentof input-output

� Mid-term4 (1 classperiod)

� Object-orientedprogrammingwith patterns:Java: (4 lectures):connectionsbetweenobject-orientedandfunc-
tional programming,datatypesandclasshierarchies,type classesand interfaces,syntaxandusageof Java,
syntaxandusageof Pizza
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� Review (1 classperiod)

� Finalexam

Detailed Lecture Plan

Lecture1: Backgroundmaterialreview. Mathematicalbackground.Propositionallogic. First-orderpredicatelogic.
Proving with predicates.Mathematicalinduction.Programverification.Formallanguages.Languageclasses.Gram-
mars. Automata. Computability. Decidability. Translation. Parsingand scanning. Compilation. Interpretation.
Abstractmachines(virtual machines).Hardwarearchitecture.

Lecture2: Logic programming.Relationbetweenlogic andprogrammingin Prolog. Syntaxof Prolog;facts,rules,
andqueries.Prologinferencing.

Lecture3: Prologexampleswith list constructorsandrecursion.Append.

Lecture4: Schemereview. Examplesof codein Scheme.Drawn from CS257.

Lecture5: Elementarylambdacalculus.Informal introduction. Syntacticmanipulationof lambdaexpressions.No-
tionsof conversion,reduction,normalform, reductionorder. Churchnumerals.

Lecture6: ML. Usage.Syntax.Types.Built-in typeconstructors.(UllmanCh. 1–5)

Lecture7: ML. Parametricpolymorphism.Typeinference.

Lecture8: ML. Datatypes.Patternmatching.(Ullman Ch. 6; 7.1)

Lecture9: ML. Variousexamplesin theML corelanguage.

Lecture10: ML. Modulesystem.(Ullman Ch. 8)

Lecture11: Haskell. Usage.Syntax.Simplefunctions.Types.Lazyevaluation.(Haskell 98Report,Hugs98Manual,
Bird Ch 1–2)

Lecture12: Haskell. Type system. Type classes.Recursive datatypes.Recursive function definitions. Proofsby
structuralinduction.(Bird Ch. 3)

Lecture13: Haskell. List comprehensions.Programmingwith lists. (Bird Ch. 4)

Lecture14: Haskell. More programmingwith lists. (Bird Ch. 5)

Lecture15: Haskell. Programmingwith trees.(Bird Ch. 6)

Lecture16: Haskell. Abstractdatatypesandmodules.(Bird Ch. 8)

Lecture17: Haskell. Lazy evaluation,streams,andinfinitary structures.(Bird Ch. 9)

Lecture18: Haskell. More lazyevaluation,streams,andinfinitary structures.

Lecture19: Haskell. Monadicprogrammingstyle. (Bird Ch. 10)

Lecture20: Haskell. More on monadicprogrammingstyle.

Lecture21: Object-orientedprogrammingandpatterns.(FelleisenandFriedmanCh. 1–4).

Lecture22: Object-orientedprogrammingandpatterns.(FelleisenandFriedmanCh. 5–6).

Lecture23: Object-orientedprogrammingandpatterns.(FelleisenandFriedmanCh. 7–8).

Lecture24: Object-orientedprogrammingandpatterns.(FelleisenandFriedmanCh. 9).

DateandlocationTBD, duringfinalsweek:FINAL EXAM.

Note: additionalclassmeetingsmaybecalledduringthesemester, if theneedarises.


