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CourselInformation

Coursestructur e for Fall 2002

This semestethe coursewill focuson compilationof functional programminglanguages.Importanttopicsare
intermediataepresentationgptimizationsat severallevels of intermediataepresentationzodeanddatalayout,
memorymanagemengeneratiorof executablecode.

In additionto lecturesandoccasionatvritten homework, studentswill work on a semestetong compilerproject,
divided into several stages.The goal of the projectis to develop a fully functionaltranslatorfrom a functional
programminganguageo anexecutablgorm.

Thecompilerprojectwill requireasignificantimplementatioreffort. It is intendedhateachstageshouldbe about
aweeks effort.

Theimplementatiodanguagewill bechoserby eachparticipantindividually. All projectstageswill bedefinedas
input/outputspecificationsithout prejudiceto theimplementationanguage An importantaspecbf the project
will beto reportonthecornvenienceor incorvenienceof usinga particularimplementationanguageHowever, the
specificationghemseleswill be expressedn ML, andclassdiscussiorof compilerimplementatiorwill useML
astheimplementatiodlanguage.

Prerequisitesin detail

No specificcoursesareprerequisitesor this class.

Studentsshouldbe familiar with severalhigh-level programminganguagespreferablyincluding representaties
of the procedural object-orientedandfunctional programmingfamilies, so thatthey canappreciatehe purpose
andthetasksof a compilerin general.

Studentsshouldbe experiencedprogrammersable to develop very large programmingprojectsimplementedn
someprogrammindanguageTheability to keepup with deadlinegs important.

Therearesomespecifictopicsthatwill beassumedo form the backgroundf eachparticipant:

¢ functionalprogrammingn general

e understandingecursve datatypes,recursve functionsto computeover them, and structuralinductionto
provethingsaboutthem

e alanguagen theLisp family (dynamically-typed)

e alanguagen the ML family (statically-typed)

e anexposureto logic programmingandunification

e computerorganizationandarchitecture

e operatingsystems

e machindanguageandassemblyanguagerogramminggespeciallyfor aRISCarchitecture
e theC programminganguage

e anexposureto programminganguagemplementationincludinginterpretersandcompilers

e thepracticeof scanningandparsing
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Lectures

Mondays& Wednesdays2:30- 3:45,in Tapy 218.

Instructor

Darko Stefanovic, office FEC345C,phone2776561 emaildarko@cs.unm.edy- officehoursMondays3:50-5:00,
or by appointment.

Teachingassistant

None

Attendance

Your attendancat lecturesis mandatory

Grading
Thegradewill bedeterminedasfollows:

e Programmingproject80% (developedandgradedn stages)

e Exams20% (10% midtermexam, 10% final) The format of the examsremainsto be decided;take-home
examsarea possibility, andsoareessays.

Youareexpectedo attendclassregularly, readtheassignedeadingoeforeclass andparticipatan classdiscussion.
Classparticipationis not directly graded put may decideborderlinecases.

Programming assignments

The textual layout of programsmust be logically soundand aestheticallypleasing. The namesusedmustbe
descriptve. Codecommentsaandadditionaldocumentatiomustaccompam programsandmustprovide informal
argumentatiorthat the programsatisfiesthe specification. (Occasionallyyou will be asked to provide a formal
correctnesgroof.) For additionaldetail, seeNormanRams#g’s guidelines.

Programming assignmenthand-in policy

Programmingassignmentsireto be submittedon-line. Detailedinstructionswill be provided with eachassign-
ment.Hand-dravn diagramsjf neededshouldbe submittedin class.Late programmingassignmensubmissions
will be penalized3n3%, wheren is the numberof dayslate.

Cooperation and cheating

You are encouragedo discussthe projectwith classmatesindthe instructor However, do not look at or copy

anotherstudents solutionto a homevork or project If a problemappeargoo difficult, or you lack the back-
groundto solve it, you areexpectedto talk to theinstructorpromptly. Onceyou have the backgrounchecessary
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to solve a problem,you must provide your own solution. Exchanginghomevork or projectsolutionsis cheat-
ing and will be reportedto the University administration;studentsinvolved will not be permittedto continue
in the class. You are responsiblefor exercisingdue diligencein protectingyour homevork files from unau-
thorizedaccess.In casetwo or more studentspresentessentiallysimilar homework, all involved studentswill
be reportedto the University administration. Homework mustbe accompaniedy the following statement:“l
pledge my honor that in the preparation of this assignment have compliedwith the University of New Mex-
ico Board of Regents’ Policy Manual, including Section4.8, AcademicDishonesty The manualis available at
http://www.unm.edu/ brpm/index.html

Textbooks

Titles markedwith anasteriskhave beenorderedandshouldbe availableatthe UNM bookstore.

Requiredreading

Thereis onerequiredtextbookfor this class:
* Andrew W. Appel: Compilingwith ContinuationsCambridgeUniversityPress;1992,1SBN 0-521-41695-7.

Optional reading (background material: garbagecollection)

* RichardJonesandRafaelLins: Garbage Collection: Algorithmsfor AutomaticDynamicMemoryManagement
JohnWiley, 1996,ISBN 0-471-94148-4.

Optional reading (newer bookson compiler construction in general)

MichaelL. Scott: ProgrammingLanguae Pragmatics MorganKaufmann,2000,ISBN 1-55860-442-1.

* Andrew W. Appel: Moderncompilerimplementatiorin ML CambridgeUniversity Press,1998,ISBN 0-521-
58274-1.

Reinhardwilhelm andDieter Maurer: CompilerDesign Addison-Weslgy, 1995,ISBN 0-201-42290-5.

Dick Grune,Henri E. Bal, Ceriel J.H. JacobsandKoen G. LangendoenModern Compiler Design JohnWiley,
2000,ISBN 0-471-97697-0.

David A. Watt and Deryck F. Brown: ProgrammingLanguaje Processas in Java, PrenticeHall, 2000, ISBN
0-13-025786-9.

Keith CooperandLinda Torczon:Engineeringa Compiler, MorganKaufmann gxpectedpublicationdateJanuary
2003.

Optional reading(older bookson compiler constructionin general)

Alfred V. Aho, Ravi Sethi,andJefrey D. Uliman: Compiles: principles,techniquesandtools Addison-W\ésley,
1986(Reprintwith correctiondMarch,1988),ISBN 0-201-10088-6.

C. N. FischerandR. J. LeBlanc: Crafting a Compiler, Benjamin/Cummings1988.
Optional reading (optimizing compilation)

Steven S. Muchnick: AdvancedCompiler Designand ImplementationMorganKaufmann,1997,ISBN 1-55860-
320-4.
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MichaelWolfe: High PerformanceCompilesfor Parallel Computing Addison-Wesley, 1996,1SBN 0-8053-2730-
4,

RandyAllen andKenKennedy:OptimizingCompilessfor ModernArchitectuies: A Dependence-baseétpproach,
MorganKaufmann,2001,ISBN: 1-55860-286-0.

Optional reading (functional languageimplementation)

SimonPeyton JonesandDavid R Lester:Implementing-unctionalLanguaes: a tutorial, availableonline.

Daniel P. Friedman,Mitchell Wand, and ChristopherT. Haynes: Essentialsof ProgrammingLanguages MIT
Press;1992,ISBN 0-262-06145-7(cross-listecasMcGraw-Hill ISBN 0-07-022443-9)

David A. Watt: ProgrammingLanguaje Conceptsand Paradigms PrenticeHall, 1990,ISBN 0-13-728874-3.

Michael J. C. Gordon: ProgrammingLanguae Theoryand its ImplementationPrenticeHall, 1988,ISBN 0-13-
7304170-X.

A JT Davie: AnIntroductionto Functional ProgrammingSystemdJsing Haslell, CambridgeUniversity Press,
1992,ISBN 0-521-27724-8.

Anthory J. Field andPeterG. Harrison: FunctionalProgramming Addison-Wesley, 1989,ISBN 0-201-19249-7.

Optional reading(background material: lambda calculus)

H. P. Barendrgt: TheLambdaCalculus: Its Syntaxand Semantics;evisededition, Elsevier North-Holland,1984,
ISBN 0-444-87508-5.

Josepttoy: DenotationalSemanticsMIT Press1977,ISBN 0-262-69076-4.

Optional reading(background material: unification)

KrzysztofR. Apt: FromLogic Programmingto Prolog, PrenticeHall, 1997,ISBN 0-13-230368-X.

Optional reading(background material: functional programming)

RichardBird: Introductionto FunctionalProgrammingusingHaslell, PrenticeHall, 1998,ISBN 0-13-484436-0.
Paul Hudak: TheHaslell School of Expression CambridgeUniversity Press2000,ISBN 0-521-64408-9.
RichardBird andOegedeMoor: Algebra of Programming PrenticeHall, 1997,ISBN 0-13-507245-X.

Optional reading(background material: modem computer architecture)

* JohnL. HennessyandDavid A. Patterson:ComputerArchitecture: A QuantitativeApprmad, third edition,2002,
ISBN 1-55860-596-7.

Optional reading (background material: programming in ML, for thoseusing ML asthe implementation
language)
Jefrey D. Uliman: Elementof ML Programming ML97 Edition, PrenticeHall, 2000,ISBN 0-13-790387-1.

LawrenceC. Paulson: ML for the Working Programmey 2nd edition, CambridgeUniversity Press, 1996, ISBN
0-521-56543-X.

Michael R. HanserandHansRischel:ProgrammingUsing SML, Addison-Wesley, 1999,ISBN 0-201-39820-6.
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Optional reading(background material: other)

R. Tennent:Principlesof ProgrammingLanguages
RyanStansifer:The Studyof ProgrammingLanguages PrenticeHall, 1995,ISBN 0-13-726936-6.

To probefurther

JohnC. Reynolds: Theoriesof Programming_anguajes CambridgdJniversityPress1998,ISBN 0-521-59414-6.
David A. Schmidt: TheStructue of TypedProgrammingLanguages MIT Press1994,ISBN 0-262-19349-3.
JohnC. Mitchell: Foundationsfor ProgrammingLanguages MIT Press;1996,ISBN 0-262-13321-0.
BenjaminC. Pierce:Typesand ProgrammingLanguayes MIT Press2002,ISBN 0-262-16209-1.

Lecture Plan Overview (subjectto change)
We areplanningfor 14 weeksof 2 lectureseach.

¢ Organizationameeting(in the summer)

e Lambdacalculus

e Corelambdalanguage

e Datarepresentation

e Simply-typedlambdacalculus

e Polymorphism

¢ Interpreterfor corelanguage

e Passage¢o restrictedformsof corelanguaggandsimplerinterpreters)
e CPS(andsimplerinterpreters)

e Optimizations

¢ Closurecorversion(andsimplerinterpreters)
e Lifting

¢ Native codegeneration

¢ Classicalbptimizations

e Therun-timesystem:garbagecollectionandOSinterface



