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• Course overview


• Intro to syntax and semantics

Today’s goals



Course overview



Problem #1:  
What is a programming language?



“A programming language is a notation for writing programs, 
which are specifications of a computation or algorithm.”


- Wikipedia

“Programming languages are the medium of expression in the 
art of computer programming.”


- Concepts in Programming Languages  (John Mitchell)

“A good programming languge is a conceptual universe for 
thinking about programming”.


- Alan Perlis

“A vocabulary and set of grammatical rules for instructing a 
computer to perform specific tasks.”


- Fundamental of Programming Languages (Ellis Horowitz)



When in doubt: majority vote! 

http://etc.ch/PvnC



Problem #2: 
How do we describe  

programming languages?



Intel x86 documentation













Problem #3: 
How do we reason about 

 programming languages?



$59 billion

$1.1 trillion

Annual cost of software bugs

Sources: NIST 2002, Tricentis 2017



Annual cost of software bugs (extrapolated)

$59 billion $1.1 trillion

$48 trillion

US GDP ($18 trillion)

Sources: NIST 2002, Tricentis 2017



Type safety matters more than ever

(with types)

+



Dennard scaling is dead



High-performance DSLs reign

TensorFlow

Halide



Course theme:

Bridging the gap between  

systems and theory 



• Theory

- Formal systems for describing and reasoning about PLs

- Core vocabulary for describing programming constructs

- Essentials of the functional programming paradigm


• Systems

- Apply formal methods to real world languages and systems

- Reason about memory safety, state machines, assembly, …

- Compare value of dynamic vs. static typing

Course overview



• Weeks 1-3: Theory

- Lambda calculus and OCaml

- The language of programming languages

- Functional programming basics


• Weeks 4-5: WebAssembly

- Case study on applying formal semantics to low level languages


• Weeks 5-7: Rust

- Memory safety, traits, concurrency, state machines, and communication

- (Plus a WebAssembly interpreter!)


• Weeks 8-9: Lua

- Dynamic vs. static typing, object systems

Syllabus



• Weekly assignments

- Submit up to 3 days late per assignment, 5 late days total over semester

- Mixed programming/written


• No midterm

- … But there is a final


• No required readings

- Supplementary material in the syllabus

- All lecture notes/code will be posted online

- Lecture videos available through SCPD

Course structure



• CS 103: induction, first order logic, basic proofs


• CS 110: assembly (ARM or x86), C, concurrency (threads, 
synchronization primitives)

Prerequisites



Intro to syntax and semantics


