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Von Neumann Architecture

Imperative Programming

= Assignment + Control Flow + IO

Fortran

Cobol

Algol

Pascal

CJava

Scheme

:= set!
= <-Smalltalk
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Procedural Object-oriented

Assignment 
statement

⇒



do-something-useful() {
  do-this();
  do-that();
  while(this-is-true()) {
  do-foo();
  do-bar() }

  continue();
  if(machine-status-is-whatever())
  do-something-special()
}
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Imperative Programming

Statements & procedures 
have side effects in memory

Assignment
Sequencing



Assignment = “Root of All Evil”

Functional Decomposition  ↔ “Side Effects”               
Concurrency ↔ “Race Conditions”                               

Proving Correctness ↔ “Variables that vary”                        

:= set! =<-
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The problem with computer science is 
that variables actually vary [C. Strachey]



• Inventor of Fortran

• 1977 Turing Award Lecture:

“Can Programming Be Liberated 
from the Von Neumann Style ?”

John Backus
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Assignment as Root of All Evil
... led to FP



socket.send()

cout << ...

rocket.launch()

cin >> ...
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Implicit Side Effects



f(x) = f(x)
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Referential Transparency
The defining property of 
Functional Programming
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Enemies of Referential Transparency

Assignments + Input Output

Reversible Irreversible



Scheme (Steele - 1975)

ML (Robin Milner - 197x)

Lisp (McCarthy - 1958)

Haskell (Hudak & al - 1988)

Erlang (Joe Armstrong - 1986)

SASL (David Turner - 1976)

FP (John Backus - 1977)

Miranda (David Turner - 1985)
“pure” vs. “impure” languages

λ-calculus (Alonzo Church - 1936)

strict vs. nonstrict languages
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History of Functional Languages
PROGRAMMING LANGUAGES
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The Curse of the Excluded Middle

“Mostly functional” programming does not work

Erik Meijer

There is a trend in the software industry to sell “mostly functional” programming as the silver bullet 
for solving problems developers face with concurrency, parallelism (manycore), and, of course, Big 
Data. Contemporary imperative languages could continue the ongoing trend, embrace closures, and 
try to limit mutation and other side effects. Unfortunately, just as “mostly secure” does not work, 
“mostly functional” does not work either. Instead, developers should seriously consider a completely 
fundamentalist option as well: embrace pure lazy functional programming with all effects explicitly 
surfaced in the type system using monads.

Like dieters falling for magic 10-minute-miracle exercise gadgets, developers seem ready to fall 
for easy solutions to the latest crises in their field. Recently, many are touting “nearly functional 
programming” and “limited side effects” as the perfect weapons against the new elephants in the 
room: concurrency and parallelism. Few want to accept that the benefits necessarily come at the cost 
of the convenience of latent effects in common operations such as I/O, just as dieters would rather 
not admit that the benefits of exercise necessarily come at the cost of time and sweat. 

Just like “mostly secure,” “mostly pure” is wishful thinking. The slightest implicit imperative 
effect erases all the benefits of purity, just as a single bacterium can infect a sterile wound. On the 
other hand, radically eradicating all effects—explicit and implicit—renders programming languages 
useless. This is the curse of the excluded middle: you must confront effects seriously by either (a) 
accepting that programming is ultimately about mutating state and other effects, but for pragmatic 
reasons tame effects as much as possible; or (b) abolishing all implicit imperative effects and making 
them fully explicit in the type system, but for pragmatic reasons allow occasional explicit effects to 
be suppressed.

THE PROBLEM
Imperative programs describe computations by repeatedly performing implicit effects on a 
shared global state. In a parallel/concurrent/distributed world, however, a single global state is 
an unacceptable bottleneck, so the foundational assumption of imperative programming that 
underpins most contemporary programming languages is starting to crumble. Contrary to popular 
belief, making state variables immutable comes nowhere close to eliminating unacceptable implicit 
imperative effects. Operations as ordinary as exceptions, threading, and I/O all cause as much 
hardship as simple mutable state. Consider the following C# example (thanks to Gavin Bierman) that 
filters an array to retain all values between 20 and 30: 
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A Note on Typing ...

Static Typing 
= 

(variables have a type)

Dynamic Typing 
= 

(values have a type)

Type Checking Type Inferencing

is about 
program text

is about 
runtime heap



• Advanced FP Topics

Expose you to 
- static typing tradition 
- equational reasoning 
- monadic side-effects 
- concurrency models

• Programming in Haskell

impure
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Course Contents



• Pure

• Non-Strict (Lazy)

Haskell Curry

• Designed by committee

• Statically Typed

• Recently revisited
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Haskell
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[Miran Lipovača]  
Learn You a Haskell for Great Good!

Reference Book for First Part
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