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Abstract:

In this talk I will give an introduction into Knuth's paradigm 
of literate programming and explain how literate 

programming can be useful in writing systems programs in 
general and the operating system ULIX in particular.
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Prologue on ULIX

• A new operating system for teaching 
purposes
– Simpler than Minix (no I/O, no optimization)

• Builds upon simple hardware to be run in an 
emulator
– Both being defined

• Sabbatical project for Spring/Summer 2008

• Status: Project is in healthy stagnation
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The ULIX Talks

• January 28, 2008: On the ULIX Hardware

• April 9, 2008: On Literate Programming

• Planned:

– Virtual Memory in ULIX

– Kernel Level Threads in ULIX

– User Level Threads in ULIX
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Outline

• Knuth's vision of literate programming

• The WEB tools tangle and weave

• Knuth's original (Pascal) WEB, and TeX

• Ramsey's noweb

• Small noweb example

• Large noweb example (ULIX)
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Programs for Humans not Machines 

 Let us change our traditional attitude to the
construction of programs: Instead of 
imagining that our main task is to instruct a 
computer what to do, let us concentrate
rather on explaining to human beings what
we want a computer to do. 

Donald Knuth, Literate Programming, 1984
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Programs as Works of Literature

 I believe that the time is ripe for significantly
better documentation of programs, and that
we can best achieve this by considering
programs to be works of literature. Hence, 
my title: "Literate Programming." 

Donald Knuth, Literate Programming, 1984
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Programming without Programming 
Language Restrictions

 The practitioner of literate programming can be
regarded as an essayist, whose main concern is with
exposition and excellence of style. Such an author, 
with thesaurus in hand, chooses the names of 
variables carefully and explains what each variable 
means. He or she strives for a program that is
comprehensible because its concepts have been
introduced in an order that is best for human 
understanding, using a mixture of formal and 
informal methods that reinforce each other.

Donald Knuth, Literate Programming, 1984
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Donald E. Knuth

• Author of "The Art of Computer 
Programming" and the TeX
typesetter

• Invented literate programming while writing 
TeX in 1980s

• Main reference is 
article "Literate 
Programming", 
appeared in The 
Computer Journal, 
27(2):97-111, 1984
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Excerpts

• Article "is" a program to print the first 1000 
prime numbers
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Basic Principles

• Literate programming combines ...
– a typesetting language for writing comments (informal 

code) like TeX or LaTeX
– a programming language for writing (formal) code like 

Pascal, Java, C
– plus some "meta" markup to separate both

• Programs are broken down into small named parts 
called chunks
– Each chunk starts first with informal text, then the formal 

text
– Each chunk should be understandable by itself
– Each chunk has a name and can be used (by that name) in 

other chunks
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Workflow of a WEB System
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TANGLE

• Generates code for compiler

– Mainly performs named chunk replacement (like 
macro replacement)
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WEAVE

• Generates typeset version of program

– Does prettyprinting and indexing
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Pascal WEB

• Knuth wrote the first WEB tool as a combination of 
Pascal and TeX to write TeX

• Resulted in a special volume of "Computers and 
Typesetting" (TeX - The Program)
– "The first program which you could read during a pleasant 

evening on the sofa"

• Excessive indexing, even automatically generated 
"mini indexes" at the bottom of odd pages
– Showing all definitions and uses of identifiers on the open 

double page

• System soon extended to C (Knuth and Levy)
– CWEB combines C and TeX
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Norman Ramsey

• Found restriction to 
C/Pascal and TeX is too 
severe

• Wanted to program literately in any 
programming language - with (almost) any 
formatting language

• Invented noweb
– First programming language independent literate 
programming tool

– Focus on simplicity and extensibility
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noweb

• You can use any programming language with 
noweb

– Sacrifice automatic indexing and prettyprinting

– You can add heuristic filters for different 
languages for indexing

• You can use (almost) any formatting 
language with noweb

– Write "plain" LaTeX, generate LaTeX, Troff, HTML
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Printing Primes Example
\title{Printing Primes: An example of \nw}

\section{Printing Primes: An example of \nw}

The following program is essentially the program that appears in

Reference~\cite{knuth:literate}, the first article on literate programming,

but rendered using \nw. An important differents is the {\tt WEB} has macros, but \nw\ does not.

Knuth's program is itself essentially the same as Edsger Dijkstra's

``first example of step-wise program composition.''~\cite[pages 26--39]{dahl:structured}.  

Dijkstra's program prints a table of the first thousand prime numbers.

We shall begin as he did, by reducing the entire program to its

top-level description.

<<*>>=

<<program to print the first thousand prime numbers>>

@ This program has no input, because we want to keep it simple.

The result of the program will be to produce a list of the first

thousand prime numbers, and this list will appear on the [[output]]

file.

Since there is no input, we declare the value [[m = 1000]] as a

compile-time constant.

The program itself is capable of generating the first [[m]] prime

numbers for any positive [[m]], as long as the computer's finite

limitations are not exceeded.

<<program to print the first thousand prime numbers>>=

program `print_primes(output);

const m = 1000;

<<other constants of the program>>

var <<variables of the program>>

begin <<print the first [[m]] prime numbers>>

end.

@ 

...
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Typeset noweb Example
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ULIX and noweb

• My first experience with a large project using 
noweb
– ULIX will "be" the course notes of the operating 
systems class

• Works well for expository texts/programs

• Works only for programming-in-the-small
– But allows to attach design considerations to 
implementation

• Good for explaining intricate parts of systems 
code
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Resources
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Noweb Resources and Tips

• Noweb home page: 
http://www.eecs.harvard.edu/nr/noweb/

• Convenient installation needs Icon 
programming language: 
http://www.cs.arizona.edu/icon/

• For Windows - install using Cygwin: 
http://www.cygwin.com/
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Appendix
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Literate Programming Basics

• Programs are for humans

• Combine informal and formal languages

• Write programs in a sequence required by the 
reader, not the compiler

– For example: no need to define an identifier 
before using it


