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About This Manual

Objectives of This Manual

Getting Started in *Lisp is your introduction to the *Lisp programming language. This manual
provides an introduction to data parallel programming using the *Lisp language. It takes you through
a sample *Lisp session, introduces you to the important data structures and parallel operations of
*Lisp, and gives you the basic tools you need to start programming in the language.

Intended Audience

This manual is written for people who are relatively new to the Connection Machine® system, but
who have some programming experience on other computing machines. This guide does assume a
general familiarity with the design and purpose of the Connection Machine (CM) system, but the
prerequisite information that you'll need is included in Appendix B of this guide. (The first chapter
of the CM System User s Guide is also a good source for information at this level of detail, and the

CM Technical Summary provides a deeper introduction to the CM with a more detailed description
of how the CM operates.)

Because *Lisp is an extension of the Lisp programming language, familiarity with Lisp is essential.
This guide assumes a general understanding of the Common Lisp dialect of Lisp, as described in
Common Lisp: The Language, by Guy L. Steele, Jr., and assumes some programming experience in
Lisp. If you're not familiar with Lisp, two good tutorial references for the language are:

Common Lisp: A Gentle Introduction to Symbolic Compuration, David S. Touretzky.
Reading, Massachusetts: Benjamin Cummings Publishing Company, Inc., 1990

Lisp, Patrick Henry Winston and Bethold K_ P. Homn. Reading, Massachusetts: Addison-Wesley,
1984

Note: There are many small diversions and asides (much like this one) throughout the text, marked
by headers such as “For the Curious” and “For Experts.” These sections may be safely ignored if you
wish—they provide additional information that you may find interesting or useful, and generally

serve to set the record straight in places where it’s necessary to sacrifice exacting technical accuracy
for the sake of clarity.

Revision Information

This guide is new as of Version 6.1 of *Lisp.
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Getting Started in *Lisp

Organization of This Manual

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Appendix A

Appendix B

Instant *Lisp

Presents a sample *Lisp session, showing you how to start up and use *Lisp, and
walks you through the process of writing a simple *Lisp program.

The *Lisp Language

Presents an overview of the features of *Lisp that have counterparts in Common
Lisp; in other words, how Common Lisp and *Lisp are similar.

Parallel Programming Tools

Presents an overview of the features of *Lisp that are specific to the CM; in other
words, how Common Lisp and *Lisp differ.

When Things Go Wrong

Describes the error-handling features of *Lisp, and shows you how you can use
the Lisp debugger to examine and diagnose bugs in your *Lisp code.

Declaring and Compiling *Lisp Code

Describes the *Lisp compiler and *Lisp type declarations, and explains why
proper type declarations are essential for getting your code to compile completely.
*Lisp Sampler—A Scan in Four Fits

Presents four short examples of *Lisp programs that do interesting and unusual
things, with an emphasis on the way in which a particular *Lisp tool, the scan!!
function, can be used to perform many different tasks.

Going Further with *Lisp

Discusses a few topics not covered elsewhere in this guide, and presents a number
of sources for further information about the *Lisp language.

Sample *Lisp Application

Contains a complete copy of the source code for the cellular automata example of
Chapter 1, along with extensions that define a generic cellular automata simulator.

A *Lisp/CM Primer

Presents a brief introduction to the CM system and to data parallel programming,
and describes how the *Lisp language is implemented on the CM.
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About This Manual xi

Appendix C All the Paris You Need to Know

Presents a brief overview of a few important Paris operations that you need to
know in order to use *Lisp.

Appendix D Sample *Lisp Startup Sessions

Presents sample startup sessions for both the hardware and simulator versions of
*Lisp.

Related Documents

*Lisp Dictionary.

This manual provides a complete dictionary-format listing of the functions, macros, and
global variables available in the *Lisp language. It also includes helpful reference material
in the form of a glossary of *Lisp terms and a guide to using type declarations in *Lisp.

CM User § Guide.

This document provides helpful information for new users of the Connection Machine
system, and includes a chapter devoted to the use of *Lisp and Lisp/Paris on the CM.

Connection Machine Technical Summary, Version 6.0.

This document provides an overview of the software and hardware of the CM.

Connection Machine Parallel Instruction Set (Paris).

This document describes Paris, the low-level parallel programming language of the CM.
*Lisp users who wish to make use of Paris calls in their code should refer to this manual.

Common Lisp: A Gentle Introduction to Symbolic Computation, David S. Touretzky.
Reading, Massachusetts: Benjamin Cummings Publishing Company, Inc., 1990

This document provides a tutorial introduction to programming in Common Lisp.

Lisp, Patrick Henry Winston and Berthold K. P. Horn. Reading, Massachusetts:
Addison-Wesley, 1984

This is the one of the original introductory documents for the Lisp language, and its most
recent editions are compatible with the Common Lisp language standard.
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xii Getting Started in *Lisp

® Common Lisp: The Language, Second Edition, Guy L. Steele Jr. Burlington,
Massachusetts: Digital Press, 1990.

The first edition of this book (1984) was the original definition of the Common Lisp
language, which became the de facto industry standard for Lisp. ANSI technical committee
X3J13 has been working for several years to produce an ANSI standard for Common Lisp.
The second edition of Common Lisp: The Language contains the entire text of the first

edition, augmented by extensive commentary on the changes and extensions recommended
by X3J13 as of October 1989.

®  The Connection Machine, W. Daniel Hillis.
Cambridge, Massachusetts: MIT Press, 1985.

This book describes the design philosophy and goals of the Connection Machine system.

Notation Conventions

The notation conventions used in this manual are the same as those used in all current *Lisp
documentation.

Convention Meaning

boldface *Lisp language elements, such as :keywords, operators, and function
names, when they appear embedded in text.

iralics Parameter names and placeholders in function formats.
typewriter Code examples and code fragments.

> (user-input) Interactive examples, user input.

system-output Interactive examples, Lisp output.
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Customer Support

Thinking Machines Customer Support encourages customers to report errors in Connection Machine
operation and to suggest improvements in our products.

When reporting an error, please provide as much information as possible to help us identify and
correct the problem. A code example that failed to execute, a session transcript, the record of a back-

trace, or other such information can greatly reduce the time it takes Thinking Machines to respond
to the report.

To contact Thinking Machines Customer Support:

U.S. Mail: Thinking Machines Corporation
Customer Support
245 First Street
Cambridge, Massachusetts 02142-1264

Internet

Electronic Mail: customer—support@think.com
uucp

Electronic Mail: ames!think!customer-support
Telephone: (617) 2344000

(617) 876-1111

For Symbolics Users Only

The Symbolics Lisp machine, when connected to the Internet network, provides a special mail facil-
ity for automatic reporting of Connection Machine system errors. When such an error occurs, simply
press Ctrl-M to create a report. In the mail window that appears, the To: field should be addressed
as follows:

To: customer—support@think.com

Please supplement the automatic report with any further pertinent information.

Xiit






“Wilt thou show the whole wealth of thy wit
in an instant? "

William Shakespeare

Chapter 1

Instant *Lisp

*Lisp (pronounced “star Lisp”) is a data parallel extension of the Common Lisp
programming language, designed for the Connection Machine® (CM) system.

*Lisp is a direct extension of Common Lisp, so if you’ve programmed in Lisp before,
*Lisp programs should look very familiar to you. The data parallel extensions of *Lisp
include a large number of functions and macros, and one important abstraction, the parallel
variable, or pvar (“p-var”). As we’ll see shortly, pvars are as important to *Lisp
programmers as lists are to Lisp programmers.

1.1 Getting Started: A Simple Application

So that we have something specific to talk about, I'm going to pick a particular type of
application and show you how to develop a *Lisp program for it. While the application I’ve
chosen may not be identical to the projects you may have in mind, the techniques I use in

developing it and the rules of thumb that I use in choosing which *Lisp features to use
should carry over well to your own work.

Important: Interspersed throughout this chapter are sample *Lisp sessions that display

both the *Lisp forms that you need to type, and the value(s) that *Lisp returns. In all these

sessions, the lines that you’ll want to type are preceded by the prompt character “>” and
printed in bold type. Lines printed in normal type are either results displayed by *Lisp

or examples of *Lisp code that you don’t need to type in.

Version 6.1, June 1991 1



2) Getting Started in *Lisp

1.1.1  Our Project: A Cellular Automata System

Depending on your background and interests, you may or may not have heard of the Game
of Life. Invented by John H. Conway of the University of Cambridge, the Game is played
on a very large board, marked off into squares like a checkerboard. Each square can be in
one of two states, traditionally called “live” and “dead.” Before each game, some of the
squares are made “live,” usually forming a pattern of some kind. The Game itself is played
by changing the state of each square according to the following rules:

® A cell’s neighbors are the eight squares that surround it on the board.
= If a live square has fewer than two, or more than three live nei ghbors, it dies.

* If a dead square has exactly three live neighbors, it becomes live again.

All cells change their values together, in a single “step.” The Game consists of a series of
such steps, one after another. There are no winners and losers in the Game—the purpose
of the Game is to see the kinds of patterns that arise on the board from following these three
simple rules. The rules of the Game of Life cause the automaton’s cells to resemble

colonies of living creatures, producing patterns of “life” and “death” that ripple across the
automaton’s grid.

For example, Figure 1 shows a single step from one such game:

Figure 1. Picture of a single step of the Game of Life, with the “live” cells shaded

Conway’s Game of Life is a simple example of a cellular automaton. A cellular automaton
consists of a grid, or array, of elements called cells, each of which contains a value of some
kind that determines that cell’s state. Along with the array of cells, there is a set of rules
that determine how the automaton’s cells change over time. The cells change their states
in a regular, step-by-step fashion, and the current state of each cell typically depends on the
state values of its neighbors, the cells that are closest to it.

Version 6.1, June 1991



Chapter 1. Instant *Lisp 3

But the Game of Life is only one of a spectrum of different possible automata. Whereas the
Game of Life uses two states per cell, other kinds of automata use tens, hundreds, or even
thousands of states. For example, Figure 2 shows one possible “step” from such a
multi-state automaton. (I've used different shading to represent different cell states.)

Figure 2. Picture of one step of a multi-state cellular automaton,
using shading to represent the states of the cells

Such automata are used to simulate the flow of liquids or gases of varying densities, the
absorption and release of molecules in chemical reactions, and even the spread of
infectious diseases. Other kinds of automata use grids of different shapes and sizes; there
are even automata that run on one-dimensional and three-dimensional grids.

What we’d like to produce is a simple *Lisp program that allows us to try out a number
of different automata on the CM, simply by specifying the rules that describe how they

work. What we need is a set of tools that will let us define and display a cellular automaton
in action.

For simplicity’s sake, let’s assume that we’ll always be working with automata that use
two-dimensional grids of cells, and that the states of the cells will be represented by
integers from 0 to n—1, with n being the total number of possible states for a cell. Thus, we
need tools for setting the total number of states that each cell can have, and for defining
how the value of each cell depends on the values of its neighbors. Our set of tools should
also allow us to run the automaton through any required number of steps, and to display
the current state of the automaton in a readable format.

Okay, now that we've got a reasonably clear idea of what we want to do, we can start up
a *Lisp session and begin programming.

Version 6.1, June 1991



4 Getting Started in *Lisp

1.1.2 *ting Up *Lisp

At this point you have a choice to make, because *Lisp comes in two main forms. There’s
the standard version of *Lisp that runs on the CM hardware, and there is also a *Lisp
simulator. The simulator is a Common Lisp program that runs entirely on your front-end
computer, simulating the operations of an attached CM through software.

Depending on the front-end computer you are using, and where your system administrator
has stored the *Lisp software, there is generally a specific command you can type that
loads the software for either the CM hardware o simulator version of *Lisp. For
example, on UNIX front ends the command will typ.cuily be

% starlisp
or
% starlisp-simulator
Once you have the *Lisp software loaded, type:
> (*lisp) ;i1 To select the *Lisp package
> (*cold-boot) ;;; To initialize *Lisp and the CM

Important: The *cold-boot command initializes *Lisp and the CM so that you can begin
typing commands. If you don’t *cold-boot, you won'’t be able to execute any *Lisp code!

For Simulator Users: Among other things, the *cold-boot command sets the number of
simulated processors that you have available. The default number of processors (32) is
rather small for our purposes, so you'll want to *cold-boot the simulator like this:

> (*cqld—-boat iinitial-dimensions ' (16 16))
This starts yoﬁ off with 256 processors, arranged in a square pattern 16 by 16 in size.

For CM Users: The *cold-boot command automatically attaches you to a CM, if one is
available. If you get an error message such as “the FEBI Is currently in use” or “no
sequencers are available”, it probably means that the CM is currently busy; you may have
to try again later. If you're using *Lisp on real CM hardware, you can use the command
{cm:finger) to find out what CM resources are available; see the CM System User s Guide
for more information. If you find that the CM is busy, you can use the *Lisp simulator
instead; the simulator is always available, regardless of the state, busy or not, of the CM.
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