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1 General Guidelines

This exam covers various aspects of programming. The exgives in three
sections: the practice of programming, programming langgianplementation,
and the theory of programming languages.

1.1 Preparing for the exam

There are several things you can do to prepare for the exams:

e Talk to professors about the exam.

Talk to students who have already taken the exam.

Take the courses on the material the exams cover.

Read books and articles on the material the exams cover.

Join a study group.

Try to answer sample questions on the material the exams.cove



1.2 General reading

If you can only read one book, read this one: John C. Mitcl@shcepts in Pro-
gramming LanguagesCambridge University Press, 2003. In general, you will
need to read more than one book.

1.3 On the lists of topics

The following sections list several groups of topics, at timelergraduate and
the graduate level, in which proficiency is expected. Thinlisindicates with
each group of topics the UNM courses in which the topics avallyscovered or
touched upon, and books and articles that should be codduolten-depth study.

It is by no means intended that you should redldhe recommended books
listed here, nor, indeed, that you should mastethe topics listed: the lists are
here as a beginner’s guide for an in-depth study of programgra@inguages. In-
stead, enrollin the relevant graduate-level cout888and655 and perhaps in the
undergraduate-level courdsh7, and concentrate on the material and the sources
used there.

1.4 On the nature of exam questions

Exam questions are at the level of easy-to-moderate finah exgstions in classes
such a50and557. Occasionally, questions can be longer or more in-depth tha
the 2-hour format of a final exam allows (the PhD exam is 8 hander present
rules).

2 Undergraduate-level topics

Normally, entering graduate students are expected alreadiyave mastery of
these subjects. Students who lack this background must&kend any other
needed classes:

2.1 Topics in programming languages:

1. Proficient programming in an imperative language (suclCaRelated
course(s):.. Suggested readingtoo many titles to list)



. Proficient programming in an industrial-strength objgeénted language
(such as Java), and general familiarity with concepts iecbpriented lan-
guages (inheritance of interface and implementation, ygithg vs. sub-
classing, abstract data typeBRelated course(s): Suggested readindtoo
many titles to list)

. Proficient programming in a typed functional languagelisas SML and
Haskell). Mastery of concepts in functional programmingghter-order
functions, parametric polymorphism, and type reconsimacRelated course(s):
. Suggested readind:awrence C. PaulsomvL for the Working Program-
mer, 2nd edition Richard Bird: Introduction to Functional Programming
using Haskell Simon ThompsonHaskell: The Craft of Functional Pro-
gramming

. Proficient programming in a dynamically-typed functibl@mguage, and,
specifically, in SchemeRelated course(s): Suggested readingGeorge
Springer and Daniel FriedmaBcheme and the Art of Programmirfgel-
son and Sussmaistructure and Interpretation of Computer Progranks
Kent Dybvig: The Scheme Programming Language, 3rd edition

. Basic proficiency in a logic programming language andciipally, in Pro-
log. Knowledge of elementary logic concepts: propositi@mal first order
predicate logic, concept of proof, knowledge represematiElementary
knowledge of logic programming concepts: informal dedisgeaand op-
erational semantics, pure logic programming, recursiogi@ams and data
types, search, controlRelated course(s): Suggested readindsterling &
Shapiro:The Art of Prolog, 2nd editioK. Apt: From Logic Programming
to Prolog Clocksin & Mellish: Programming in Prolog, 5th editian

. Formal languages: finite state automata, regular expressgrammars,
context-free grammars, regular grammdtsam questions do not test knowl-
edge in this area directly, but the area is a necessary prasstg for several
graduate-level topics. Related course(sguggested reading:

Instrumental topics:

. Computer organization: basic proficiency with assemdohgliage/machine
code as needed to be able to generate correct code. Memaoaychig
instruction level parallelism, etc. as they apply to larggiemplementation.
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Related course(s): Suggested readingiohn L. Hennessy and David A.
PattersonComputer Architecture: A Quantitative Approach, 4th eafiti

2. Operating systems concepts: as they relate to languaaermantation (file
systems, process management, locking, Retated course(s): Suggested
reading:

3. Elementary notions of compilation. Lexical analysis)tei representation,
register allocation, symbol tables, run-time managen=de generation.
Related course(s): Suggested readingCooper & TorczonEngineering a
Compiler.

3 Graduate-level topics

These topics should be covered by taking classes su@b@$554, 655 557,
seminars, and/or through individual study.

3.1 Programming language implementation
3.1.1 Program interpretation

1. Understanding the notion of interpretation and the stinecof interpreters.
Related course(sB57,557,554Suggested readingibelson and Sussman:
Structure and Interpretation of Computer Programs

3.1.2 Program compilation

1. Parsing and scanning: standard techniques of one-pesiag#or regu-
lar and context-free grammars—practical lexical anajysip-down pars-
ing, recursive-descent parsing, predictive parsing.ilfite grammars and
transducers. Related course(s)201, 351, 454/554, 6555uggested read-
ing: Michael L. Scott: Programming Language Pragmatics, 2nd edition
Alfred V. Aho, Monica S. Lam, Ravi Sethi, and Jeffrey D. Ullmaompil-
ers: Principles, Techniques, and Tools, 2nd edition

2. Analysis, optimization, and code generation: interragdrepresentations
for optimization and code generation —at an elementary.|&axle genera-
tion: traditional instruction selection, BURS compilemgeation. Elemen-
tary dataflow analyses. Register allocation. Instructreduling.Related
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3.1.3
1.

course(s):454/554, 655 Suggested readingsteven MuchnickAdvanced
Compiler Design and Implementation

Implementation of specific programming paradigms

Functional language implementation: definitional ipteters, executable
semantic descriptions, compilation of strict and lazy laages. Related
course(s):655 Suggested readingMichael J. C. GordonProgramming
Language Theory and its Implementati®@mon Peyton Jones and David R
Lester:Implementing Functional Languages: a tutoridindrew W. Appel:
Compiling with Continuations

Logic language implementation: the Warren Abstract NtaeiConcurrent
and Parallel execution modeRelated course(s)655 Suggested reading:
Hassan Ait-KaciWarren’s Abstract Machine, A Tutorial Reconstruction

3.1.4 Run-time systems

1. Garbage collection basics: objectives; copying, madksaveep, and gener-

ational methodsRelated course(sp54. Suggested readindRichard Jones
and Rafael LinsGarbage Collection: Algorithms for Automatic Dynamic
Memory Management

Languages with dynamic compilation. The structure of aea Virtual

Machine. Related course(s)554. Suggested readingDaniel P. Fried-

man, Mitchell Wand, and Christopher T. Hayndsssentials of Program-
ming Languages

Programming language theory

. Lambda-calculus: syntax, notion of substitution, nasiof conversiond,

B, n), redexes and reduction order, Church-Rosser theorergrgroning

in the pure lambda-calculus, simply-typed lambda calcuRedated course(s):
557, 650, 655 Suggested readingBenjamin C. PierceTypes and Pro-
gramming Languages

. Logic programming and logic programming languages, waim logic pro-

gramming, constraint solving, higher-order, semantiexiaative, opera-
tional, fixpoint, equivalences), unification and resolntimndamental theo-



retical results (semi-decidabilitylRelated course(s)650. Suggested read-
ing: Marriott & Stuckey: Programming with Constraints: An Introduc-
tion.

. Axiomatic semantics: Floyd-Hoare-Dijkstra Logic, inants, verification
of properties of programs (imperative and function&elated course(s):
650. Suggested readingl. Loeck and K. SieberfThe foundations of pro-
gram verification

. Denotational semantics: direct and continuation, dosgcott’s construc-
tion), fixed points, least fixed points, interaction betwéarmguage design
and semanticsRelated course(s)650. Suggested readingloseph Stoy:
Denotational Semanticdichael J. C. GordonThe Denotational Descrip-
tion of Programming Language®avid Schmidt:Denotational Semantics:
A Methodology for Language Development

. Concurrency: semaphores, fork and join, coroutinegirigs exception
handling, message passing (as in Smalltalk and actors)elsioflconcur-
rency.Related course(s¥81, 650 Suggested reading:



