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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.



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



The ULIX Talks

e January 28, 2008: On the ULIX Hardware
e April 9, 2008: On Literate Programming

e Planned:
— Virtual Memory in ULIX
— Kernel Level Threads in ULIX
— User Level Threads in 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



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



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

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

e Invented literate programming while writing
TeX in 1980s

//www-cs-faculty.stanford.edu/~knuth/

http

e Main reference is
article "Literate itenate FrogrAmining
Programming”, ity RN
appeared in The

|
Comp.uter Journal,
27(2):97-111, 1984 | sz G

I must cor k
ice in my choice of

1aL




Excerpts
o Article "is" a program to print the first 1000

prime numbers

1. Printing primes: An example of WEB. The
following program is essentiallv the same as Edsger
Dijkstra’s “first example of step-wise program composi-
tion.” found on pages 26-39 of his Notes on Structured
Programming.? but it has been translated into the WEB
language.

of the main characteristics of WEB is that ditferent parts
of the program are usually abbreviated, by giving them
such an informal top-level description.]

{ Program to print the first thousand prime
numbers 2 }

2. This program has no input. because we want to
keep it rather 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 s 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.

11. Generating the primes. The remaining task
is to fill table p with the correct numbers. Let us do
this by generating its entries one at a time: Assuming
that we have computed all primes that are j or less, we
will advance j to the next suitable value. and continue
doing this until the table is completely full.

The program includes a provision to initialize the
variables in certain data structures that will be intro-
duced later.

{ Fill table p with the first m prime numbers 11} =

{ Initialize the data structures 16 };

while ¥ < m do

begin ( Increase j until it is the next prime
number 14 };

k—k+1; pk] ~ 7;

end

This code is used in section 3.
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Basic Principles

e Literate programming combines ...

- pesetting language for writing comments (informal
code) like TeX or LaTeX

- a proPramming language for writing (formal) code like
Pascal, Java, C

— plus some "meta" markup to separate both

e 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

e Generates code for compiler
— Mainly performs named chunk replacement (like

macro replacement)

“Wfont\ninerm=cmrd

\et\me=\ninerm ¥ medium caps
\def\WEB{{\tt WEB}}
\def\PASCAL{{\mc PASCALl}

\def' [{\ifhmode\ \fi$[‘\mkern-2mu[$}
\def\]{$]\mkern-2m] $\ }

\hyphenation{Dijk=-stra}

@+ Printing primes: An example of \WEB.

The following program is essentially the same
as Fdsger Dijkstra’s @ Dijkstra, Edsgerg@>
‘‘first example of step-wise program
composition,’' found on pages 25--38

of his {\sl Notes on Structured
Programming},$ \Dijk$ but it has been
translated into the \WEB\ language. @.WEB@>

%[Double brackets will be used in what
follows to enclose comments relating to “\WEB\
an informal top-level description.\]

@p @<Program to print the first thousand
prime numbers@>

@ This program has no input, because we want
to keep it rather 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
Im=1000| as a compile-time constant. The
program itself is capable of generating the
first Im| prime numbers for any positive Iml,
as long as the computer’s finite limitations
are not exceeded.

@<Program to print...@>=

program print_primes (output);

const @'m=1000;

@<Other constants of the program@>g;

var @<Variables of the program@>@;

begin @<Print the first |m| prime numbers@>;
end.
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WEAVE

e (Generates typeset version of program
— Does prettyprinting and indexing

Bertrand. Joseph. postulate: 21.

hﬂﬂ'ffﬂn: L ( Fill table p with the first m prime numbers 11}
SREER Used in 3.

cc: 2,17, 8, 10, ( Give to j_prime the meaning: j is a prime number 22
Dijkstra, Edsger: 1, 15. Used in 14. '
Eratosthenes, sieve of: 24, {If p|n] is a factor of j. set L_prime — false 26)

false: 13, 26. " Used in 29. '
ilnff.%"fr: 4,7, 12,17, 24. ( Increase j until it is the next prime number 14}

J: —_2 S i Used in 11.

J-prime: 13, 14, 15, 22, 26. ( Initialize the data structures 16, 18} Used in 11.

A’j 12, o ( Other constants of the program 5,19} Used in 2.
Knuth, Donald E.: 15, ( Output a line of answers 10} Used in 9.

m: 2. o { Qutput a page of answers 9} Used in 8.

mult: 24, 25, 26. (Print table p 8) Used in 3.

i ﬁ ) ) { Print the first m prime mumbers 3} Used in 2.
new_fine: 6.9, 10. { Program to print the first thousand prime numbers 2
new_page: 6. 9. Used in 1. .
ord: 17,18, 19, 20, 21, 22, 23, 24, 25, { Update variables that depend on j 20) Used in 14.
ord_maz: 17, 19, 23, 24. ( Update variables that depend on ord 21, 25)

output: 2, 6. Used in 20. .

putput format: 5, 9.

p 4.

page: 6. 15
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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

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

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

e Invented noweb

— First programming language independent literate
programming tool

— Focus on simplicity and extensibility

19
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noweb

e You can use any programming language with
noweb

— Sacrifice automatic indexing and prettyprinting

— You can add heuristic filters for different
languages for indexing

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

— Write "plain” LaTeX, generate LaTeX, Troff, HTML

20
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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.

<<E>>=
<<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

la

1b

1 Printing Primes: An example of noweb

The following program is essentially the program that appears in Reference [1],
the first article on literate programming, but rendered using noweb. An impor-
tant differents is the WEB has macros, but noweb does not. Knuth’s program
is itself essentially the same as Edsger Dijkstra’s “first example of step-wise
program composition.” [2, pages 26-39].

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.

{* 1a)=
i1 !
{program to print the first thousand prime numbers 1b)

[Double brackets will be used in what follows to enclose comments relating
to nowab itself. This definition of the root module could have been eliminated
by choosing to use

notangla -R’program to print the first thousand prime numbars?

to extract the program.] 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 n 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 1b)=
program ‘print_primes{output);
const m = 1000;
{other constants of the program 2b)
var {variables of the program 2a)
begin {print the first mn prime numbers 1c)
and.
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£ emacs@DUKE

File Edit Options

Buffers Tools Preview LaTeX Command Help

%

%

P

C. Freiling}

“begin{abstract}

“end{abstract}

“tableofcontents{}

DB XBEBE S % g

“begin{document}

L[>

“Ycitle{The Design and Implementation \\ of the “Ulix{} Cperating System}
‘Zauthor{Felix
‘“maketitle{}

Thiz document is a typeset version of the source code of \WUlix{}, a
real operating system for teaching courses on operating systems.

[

- -

“nowebchunks

Ynowebindex

nlix.nw

cl’.apte:{Chun K IndEX}

% how can this be merged with

\enapre-{ldentifier Index}

“end{document}

Bot L5580

normal la

(LaTeX)

‘oleardonbhlepage __v_l

--%—- mnlix.nw 1% 137 [LaTel) ——————m e e e e e 4
=

L s

tex index?
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File Edit Options Buffers Tools

Prewview

LaTeX Command Help

DB XBEBE S % g

\subsecti cr{lmplementlng Lists ofTh

YW1abel{sec:impl

Queues are standard data structure offered by almost all modern

programming languages. Java offers the generic class

::Arra!List<E>:: in which objectas of any tyvpe [[E]] can be =stored and
manipulated with standard operations like [[add()]], [[=ize()]] and
[[get()]]. Unfortunately, plain' C doe=s not offer this convenience

20 we have to implement gueuses by ourselwves.

Az explained in Section~
couple of thread queues within the kernel. In “WUlix{} we maintain
“vindex{ready dqueue} and the ‘vindex{blocked dqueue}. i

only two: the
—-%—— mnlix.nw

The function
with identifier

[[t]]

i S e

4=z an example,

Zref{s

R

9% L4863 (LaTeX)

[ [remove from ready queue(t)]] removes the thread
from the ready gueue. It assumes that

[[t]] i= contained in the ready gueue.

vnld add to_ready queue (thread id t);

void remove from ready queue (thread id t):;

@ Adding to the end of the ready queue is as easy since

we have a double linked li=st.

vnld add to_ready qaeaeitqread id t)

thread id las
thread table
thread table

thread table[t

thread table

—--%—— mnlix.nw

thread table[0] .prev;

t_=
[0] .prev =
[£] .next
] .prev =
[last] .next
92%

"

=l

ast;
=

L3004

(LaTeX)

rqueues=}, we have to maintain a —
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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

} Literate Programming - Mozilla Firefox

Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

« s $ = @ @ @ 18 https/fwwwliterateprogramming. com/

literateprogramming.com

Donald Knuth. "Literate Programming {1984)" in Literate Programming.
CSLI, 1992, pg. 99.
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Noweb Resources and Tips

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

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

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

e Programs are for humans
e Combine informal and formal languages

o Write programs in a sequence required by the

reader, not the compiler
— For example: no need to define an identifier
before using it
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