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Programming Languages ...

- Theoretically all the same, yet practically very ditterent!
- “Same” 1n a deep sense: Turing completeness

- Learning different languages and language teatures can
vastly expand your repertoire of programming techniques

- PLs are among our most important and fundamental tools!
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PlL. teatures

- Must learn to precisely dissect and discuss Pl.s

- 'lerminology: imperative, functional, compilers,
interpreters, types, type checking, etc.

- Many terms are used imprecisely in conversation!
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Reasoning about Pl.s

- What does a program (or PL. construct) mean?
- (Gan we prove a program’s correctness?

- Many different ways of modeling and reasoning about
program semantics

- Goal: inject mathematical rigor into programming

‘35:}' ILLINOIS INSTITUTE OF TECHNOLOGY
y College of Science



Not just a consumer!

- You will modity and create your own Pl.s
- Understand how PLs tick

- Where 1s the overhead? Is 1t usetul/necessary/worthwhile?

- Fun and usetul skill!
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We will ...

. Use a new language, Racket, to learn about ditfterent programming
language constructs and 1deas.

2. Learn ditfferent methods of language specification, focusing on
semantics and verification.

3. Understand how programs are wterpreted, compiled, represented, evaluated,
and optimized.

4. Implement our own programming language interpreters
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lopics

- Racket - Grammars and Languages

- dyntax - demantics

- Higher order functions - Operational / Axiomatic

- Recursion - Evaluation strategies

- Closures - Interpreters and Compilers

- Metaprogramming - 'I'ype inference and Unification
- Continuations - Memory management
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Q Administrivia
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Prior knowledge

- Programming experience (GS 115/116/201)
- Frst-order / Predicate logic (GS 330)

- Rules ot interence and logical proots (GS 330)
- Formal languages and Grammars (GS 330)

- Analysis of algorithms (GS 331 / 430)
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CS 440: Programming Languages

Announcements

¢ We will be using Discord to facilitate student discussion, and to run open TA office hours. If you aren't already a member,

please join at https://discord.gg/CcvakvV

e Welcome to the Fall 2022 edition of CS 440: Programming Languages!

Calendar

The lecture calendar is tentative and may be updated. All lecture source files can be found in the class GitHub repository.

Date Topic Notes Reading(s)
Aug 24 Syllabus and Course overview slides-intro.pdf Syllabus
Aug 26 Compilers, Interpreters, and Racket slides-racket.pdf Clch.2
Aug 31 - Sep 2 Intro to Racket and Basic types 01-intro.rkt RG chs. 2-3
Sep 7 Functions and Special forms 02-functions.rkt RG ch. 4
Sep 9 Lists and Recursion 03-recursion.rkt BR: Lists
Sep 14 - Sep 16 Higher-order functions 04-hofs.rkt

Sep 21 Macros and Syntax transformers 05-macros.rkt RG ch. 16

Sep 23 - Sep 28
Sep 30

Oct 5

Oct 7 -Oct 12
Oct 14

Oct 19 - Oct 26
Oct 28

Nov 2

Nov 4 - Nov 9
Nov 11 - Nov 16

Building an Interpreter
Closures

Desugaring

Big Step Semantics
Midterm Exam

Lambda Calculus
Continuation Passing Style
First-class Continuations

Small-Step Semantics

Axiomatic Semantics and Hoare Logic

O6-interpreters.rkt

07-closures.rkt
08-desugaring.rkt
big-step.pdf

lambda-calculus.pdf

PLAI chs. 3-4, RG chs. 5, 12
PLAI chs. 5-6

Harper ch. 2

A-calculus Tutorial

09-continuations.rkt

10-callcc.rkt
small-step.pdf

axiomatic.pdf

BR: Continuations
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’ﬁ Online lectures
B Live lecture will be held via Zoom (meeting ID 834 4004 4386) every Wednesday and Friday, 3:35-4:50PM
Tools Central Time. Recordings will be posted within 24 hours of each lecture to the class YouTube playlist.

Collaborate Ultra

Class Recording | Panoptc@®

My Grades

Email

Galvin Library
B&N Bookstore @

Instructor Help &

Course Management

Control Panel
Files
Course Tools

Evaluation

Blackboard: http://blackboard.it.edu
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Rules and Regulations A

Welcome to
ae
cs@it
This is the beginning of this server.

welcome

&
t&' Welcome to the CS@IIT Discord server!

Get help with classes, meet with TAs and instructors, and hang out with your peers.
Please read and follow these rules to keep the community enjoyable for all:

1. Be kind and respectful.

2. Keep nicknames, avatars, messages and other content work/school appropriate
(think PG-13).

3. Don't spam. Avoid excessive messages, emoji, images, @mentions, etc.

4. No harassment, discrimination, and otherwise offensive behavior/language.

5. No advertising. If you have an announcement you wish to make (e.g., about a
hackathon or student org event), please message an instructor or moderator with the
information and they’ll consider posting it.

6. Try to post content into the relevant channels. Post class-specific questions to
class channels (e.g., I ), use to discuss and get help picking

classes, and use for general chat.

7. Refer to the Code of Conduct in the |IT Student Handbook for the fine print:
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{é; michaelee Y .. m @
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Discord: TA class discussion and Q/A

1Invite on course website
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Reterences (1n addition to notes)

- Programming Languages: Application and Interpretation, by
Shriram Krishnamurthi

- Crafting Interpreters, by Robert Nystrom

- Compilers: Principles, 'Techniques, & Tools, 2nd edition, by
Aho, Lam, Seth1 & Ullman, 2007.
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Grading

- 0% Assignments
- 25% Midterm FExam

- 25% Final Exam (Cumulative)

§5:1~' ILLINOIS INSTITUTE OF TECHNOLOGY
y College of Science



Assignments

- 5-7 total

- dome written, some machine problems (coding problems)

- Written submitted via Blackboard, MPs via GitHub
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Late Policy

- 7-day late pool, distributed however you like across labs (a
day at a time)

- If you're out of late days, late submissions will not be
accepted for a grade!
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F.xams

- dcores may be linearly scaled so that median/mean
(whichever lower) 1s 75%o

- Midterm tentatively scheduled for March 8
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A: = 90%
B: 80-89%
C: 70-79%
D: 60-69%
E: < 60%
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For Friday

- Read chapter 2 ot Crafting Interpreters: “A Map of the

lerritory™

- Download and 1nstall DrRacket (https://racket-lang.org)

- Clone the class lecture repository from GitHub

(https:/ /github.com/cs440lang/lectures/)
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