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IMPORTANT — PLEASE READ

Welcome to Terrapin™ Logo! The Logo language is an
exciting way of entering the world of computers. There
are all kinds of fun things to do—you can create
graphics, play word games, make music and learn how
to write fascinating programs.

The items that should be included in this package are
listed on page B-1. If you run into a problem, our
customer service department is always here to help.
Our address is: 376 Washington Street, Malden, MA
02148. You may call us Monday - Friday between 9:00
AM -4:30 PM EST at: (617) 322-4800.

In the interest of giving Ma Bell and the Post Office less
business, we suggest that you attempt to solve your
problem by consulting the documentation. Many of the
calls we get concern printing; the Printing chapter
should answer most of your questions. The Index and
Glossary of Logo Commands will also serve as handy
resources for you.

In the event that you still require assistance, contact us
and please be prepared to provide us with as much
detailed information as possible about your particular
situation—which version of the language you are using,
the type of Apple® computer system you have
(including printer and type of interface if you have a
printing problem), exactly what the computer does or
says when the problem occurs, whether or not the event
is repeatable, and so on. The more information you can
give us, the better able we will be to answer your
questions and solve your problem.

Backup and Replacement Policy

As aregistered owner, you are entitled to one backup of
your Logo language disk. To obtain a backup copy, just



complete the enclosed warranty card and return it to
Terrapin along with a check for $10.00. You need not
send in an order form—save it for ordering books.
Owners of TerraPak-10’s and TerraPak-20’s are not
eligible for backup Logo Language disks.

If at any time your disk fails to load, you can replace it
for $10.00. Simply return the damaged disk with your
check. (If your Logo Language disk fails within the
first ninety days, it will be replaced at no charge; simply
return the faulty disk with proof of purchase.) Make
sure to include your name and address. We suggest that
all disks be sent via registered mail; we are not
responsible for disks lost in transit to us.

It is important that you return your warranty card
immediately, even if you do not want a backup disk at
this time. (Be sure to keep a copy of your warranty
card or proof of purchase to send along when you do
want your backup disk.) Once you have sent in your
warranty card, you will be placed on our mailing list so
that you can receive a free subscription to the Terrapin
Times, our newsletter of Logo-related news and
information from across the nation and around the
world. Through our mailings, you will also be kept
informed about upgrades and new products as they
become available.

In addition to offering a quality product and superior
customer support, Terrapin also produces a variety of
Logo resources to further enhance your use of the
language. Please examine the Terrapin price list
inserted in the binder’s inside pocket. If it is missing,
contact us and we’ll be happy to send you another.

Happy adventures with Logo!
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DISCLAIMER OF ALL WARRANTIES
AND LIABILITY

This software product and the accompanying materials
are sold “AS IS,” without warranty as to their perfor-
mance. The entire risk as to the quality and
performance of the computer software program is
assumed by the user. The user of this product shall be
entitled to use the product for his/her own use, but shall
not be entitled to sell or transfer reproductions of the
product or accompanying materials to other parties in
any way. Terrapin, Inc. reserves the right to make
improvements in the product described in this manual at
any time and without notice. Neither Terrapin, Inc. nor
anyone else who has been involved in the creation and
production of this product shall be liable for indirect,
special or consequential damages resulting from use of
this product.

COPYRIGHT AND TRADEMARK NOTICES

Portions of the Technical chapter and the Logo software
are copyrighted by the Massachusetts Institute of
Technology. The Tutorial and changes to the Technical
chapter and Logo software are copyrighted by

Terrapin, Inc.

It is against the law to copy, photocopy, reproduce,
translate, or reduce to any electronic medium or any
other medium, in whole or in part, the software and
documentation in this package without prior written
consent from Terrapin, Inc.

Copyright © Massachusetts Institute of
Technology, 1981. Except for the rights and
materials reserved by others, the Publisher and
Copyright owner hereby grant permission without
charge to domestic persons of the United States and
Canada for use of this work and related materials in the



United States and Canada after 1995. For conditions of
use and permission to use materials contained herein or
any part thereof for foreign publication in other than
the English language, apply to the Copyright owner or
publisher. Publication pursuant to any permission shall
contain an acknowledgement of this copyright and an
acknowledgement and disclaimer statement as follows:

This material was prepared with the support of National
Science Foundation Grant No. SED-7919033.
However, any opinions, findings, conclusions, or
recommendations expressed herein are those of the
authors and do not necessarily reflect the views of NSF.

Each school purchasing and putting into use Logo will
make the program object code and accompanying
manuals and teaching guides, if any, available for
inspection by the parents or guardians of the children
who will be using Logo in the school.

Copyright © 1982, 1983, 1988 Terrapin, Inc.
376 Washington Street

Malden, MA 02148

(617) 322-4800

Terrapin hereby grants permission in advance to copy
the computer programs listed in the documentation and
on the utilities disk, for personal and archival purposes
only.

Terrapin expressly reserves all rights including without
limitation copyright and trademark, in and to the
Terrapin Logo mascot figures as represented herein, or
from any other perspective.

Terrapin, the Terrapin turtle logo, Logo PLUS and the
Terrapin mascots are trademarks of Terrapin, Inc.

Apple, Apple IIGS, ImageWriter, and ProDOS are
registered trademarks of Apple Computer, Inc.

Grappler is a registered trademark of Orange Micro,
Inc.
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BEGINNING IN LOGO

Your Terrapin Logo Package

NOTE: This section should be read the first time you
use your Logo package. If you have used Terrapin Logo
before, or have a resource person or teacher helping
you, skip to the next section, titled This Tutorial.

In your Terrapin Logo for the Apple package, you will
find:

1 Logo Language disk

1 Utilities Disk containing demonstration and utility
programs

1 Tutorial (which you are reading) to help you learn
Logo. It will provide you with complete instructions
for printing and using the utilities programs,
technical information, a Glossary and an Index.

1 Quick Reference Card of Logo commands

1 Logo Project Card

In the Logo PLUS package, you will find all of the
above as well as a Getting Acquainted with Logo PLUS
booklet. Note that a3.5" Logo PLUS disk includes
both the Logo Language and Utilities programs.

In order to use Logo, you will also need:

An Apple II family (Apple I1+, Ile, IIc or IIGS)
or Apple-compatible computer
64K of memory is required for Terrapin Logo
128K of memory is required for Logo PLUS
One or more disk drives
To save your work, you will need a blank disk.

Before using your Utilities Disk, you should make a
backup copy because it is possible to damage or erase
the Utilities Disk accidentally. Instructions for copying
a disk are at the end of this chapter.

Terrapin Logo Tutorial B-1
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)
This Tutorial

This tutorial will teach you how to use Logo. Itis
divided into chapters that introduce each of the areas
you will want to explore. The Utilities chapter explains
the use of the sample and utility programs that are on
the Utilities Disk. The Technical chapter contains
information about assembly language interfaces for
Logo and the internal workings of Logo. You need not
read it to start using Logo, but you will find it useful
when you are ready for new challenges.

Once you are comfortable with your Apple computer,
use this tutorial to learn the basics of programming in
Logo. Type in the examples and problems. Think about
what you are doing; expect to go over some sections
more than once.

™)
Logo puts the user in control from the start. In keeping
with that philosophy, this tutorial will suggest but not
dictate. If you are ever really stuck for an idea, see the
Appendix. It contains examples of all the ideas sug-
gested. In fact, after you try things on your own, look
through the Appendix for new ideas, tips and tricks.

oY In this tutorial you will meet three Logo mascots, all
drawn with Logo. The elephant marks things to
remember. The rabbit points out neat tricks, short cuts,
and quicker ways of doing things. Go slow and be
careful when you see the snail. It calls attention to
warnings and possible problems. The procedures that
draw the mascots are listed in the Appendix.

We have occasionally put some information between

pairs of colored bands on the page. It is not necessary to

read this information your first time through the

tutorial, but you will find it helpful when you return )
and want further explanations of specific sections.

B-2 Terrapin Logo Tutorial



Beginning in Logo

Overview: What Can You Do with Logo?

Logo is a procedural language. Each procedure is a
group of one or more instructions, which the computer
can store for reuse. These instructions can be either
Logo commands or procedure names. When you have
written a procedure to do a task, you can use it in any
other procedure you write, without having to rewrite its
instructions in that procedure, chain to it, or link it, as
you would with other languages.

Logo’s strong appeal to schools derives from this struc-
ture as well as its underlying educational philosophy. Its
simple and open environment encourages a discovery
approach to learning. Logo actively involves the student
in the learning process, so that the student teaches the
computer. Educators attest to the fact that students who
use Logo gain a new excitement about learning. The
Logo language gives them an opportunity to explore
problem-solving, creativity, higher order thinking

skills and mathematical reasoning in a unique way.

Terrapin offers educators not only the Logo language
for a variety of microcomputers, but also a series of
curriculum materials designed to help teachers integrate
Logo into their standard curriculum. With products
such as Logo Works: Lessons in Logo, The Logo
Project Book, Logo Data Toolkit and Logo Probability,
students can explore math, language, social studies and
science using Logo as a tool.

In Logo, you build a system of procedures the way you
build your own knowledge base, with new procedures
and knowledge building on what already exists. This
leads to clearer, more structured thinking and

—_— programming, in contrast to the development of one

x long, complicated procedure (program) which is
common in some other languages.

Terrapin Logo Tutorial B-3
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Logo is what is known as an interpreted language. Logo
commands produce immediate results. Logo can either
execute a command immediately (called IMMEDIATE
Mode) or you can use commands in procedures, which
can be stored and used as often as you want. Changing
or correcting (editing) a procedure is simple in Logo.

If you are familiar with other languages, you will be
delighted with the lack of distinction between system
commands, Logo commands, and procedures. This is
perhaps the most unusual aspect of Logo, and one of the
most powerful, from the user’s standpoint. Any
command you can type to Logo can be used within a
Logo procedure, and Logo procedures can even be
written to edit themselves.

You can begin to use all of the different types of

commands immediately. As you advance in your ™
programming skills, you will gradually discover the -
vast possibilities Logo offers you.

Graphics

Using Logo graphics, you can draw lines and tumn in
any direction. With its simple commands you may
create figures and drawings of great complexity. In
Logo, you do not have the tedious task of figuring point
to point coordinates, although Logo can tell you the
coordinates at any position.

An introduction to Logo graphics comes first in this
tutorial because you need no experience to be able to use
these commands. Using the single-letter commands in
the INSTANT system, pre-schoolers can create Logo
graphics. At the other end of the intellectual spectrum,
university professors use Logo to introduce computer
science and develop concepts in higher mathematics and
physics.
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Computation

In addition to the ordinary mathematical computations
all languages can handle, Logo’s built-in ability to do
recursion, which allows a procedure to use itself as a
subprocedure, makes it easy to do computations not
possible in languages such as BASIC and FORTRAN.
You will meet recursion in each of the areas of Logo
described in this overview. For a description of
mathematical computation, see the chapter titled
Computation: Handling Numbers.

Words and Lists

Logo’s facility with words and lists makes it ideal for
writing conversational programs, quizzes, pig-Latin
translators, programs that teach, and even programs
that learn: in short, all programs that need to manipu-
late lists of information.

Logo’s unique list-processing capabilities give you
power over words that is impossible to match in non-list-
processing languages such as BASIC, FORTRAN, and
Pascal. See the chapter titled Words and Lists for what
Logo can do and what you can do with it.

Music

Logo makes it easy for you to write tunes and pieces of
tunes, or play games with pitch, time, and sequencing of
phrases. You can even define your own musical scales,
using Logo commands as building blocks. See the
chapter titled Music for details.

Before You Begin

It is possible to run Logo without a storage or data disk
in the disk drive, but you would not be able to save your
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work. We encourage you to prepare a blank disk for
storing the programs you will be writing.

A blank disk, unlike an audio cassette tape, must be
prepared before it can store information. This process
is called initializing (or formatting) the disk. Follow
the instructions at the end of this chapter for formatting
ablank disk.

After the disk has been formatted, remove it from the
disk drive, label it immediately, and use it to store your
Logo procedures. We will refer to it again in the
section When Logo Has Started Up later in this chapter.

Starting Logo

One of the disks packaged with your system is called the
Language Disk. It is the disk with the Logo language on ™
it. The other disk, labeled Utilities Disk contains some '
demonstration and utility programs. They are

mentioned where appropriate throughout the tutorial

and discussed in detail in the Utilities chapter.

With the Apple turned off,

1. Place the Language Disk in your disk drive with the
label facing up and closest to the front.

2. Close the disk drive door firmly.
3. Turn on the monitor.

4. Turn on the Apple. The on-off switch is on the back
at the left as you face the machine.

The computer will display information on the screen

and the disk drive light will go on. It takes about 20

seconds to load and start Logo. (Since Logo PLUS has -~
many additional features, it takes a bit longer to load ‘
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than Terrapin Logo for the Apple.) If Logo does not
seem to load properly, check to be sure that you are
using the Language Disk and that the disk drive door is
firmly closed.

When it has started, Logo will display the greeting
WELCOME TO LOGO

If Logo does not start up after about one minute, your
Language Disk may be damaged in some way, or your
disk drive may need adjusting. If other disks work on
your disk drive, the problem is most likely with your
Language Disk or a card you may have installed in your
computer that contains extra memory. If you do not
have sufficient memory in your computer to load Logo,
you will see a message to that effect.

ﬁ When Logo Has Started Up

Logo will print its WELCOME TO LOGO message and
a ? when it is ready for you. The ? is called a prompt,
prompting you to respond with a Logo command. The
flashing box is called the cursor. It shows you where the
next character you type will appear. Whenever the
cursor is flashing, Logo is waiting for you to type
something.

(This would be a good time to remove the Logo Lan-
@ guage Disk from the disk drive, put it in a safe place,

and replace it with the blank disk you have initialized

and will be using to store your Logo procedures.)

You give Logo directions by typing commands at the
> keyboard. Logo reads what you have typed when you
6—} press the <RETURN> key. Pressing <RETURN> is
r like saying “Do it.” Nothing will happen until you press
. <RETURN>.
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NOTE ON POINTED BRACKETS: When you see
pointed brackets < > around a word, press the key on
the keyboard with that word on it. Do not spell out the
word. When you see <CTRL> C, hold down the
<CTRL> key and type the letter C. (The abbreviation
<CTRL> is used for the <Control> key.) Think of the
<CTRL> key as a different kind of <SHIFT> key.

SPECIAL NOTE: Nothing you type can harm the com-
puter or Logo. Even the worst that can happen is not
too bad: pressing the <CTRL> and <RESET> keys at
the same time while using Logo may take you out of
Logo and mean the loss of work you have not yet stored,
but it will not harm Logo or the computer. Much of the
time you can recover your work after an accidental

reset (see below). Don’t be afraid to try things.

Recovery Process

To recover from a system reset or a Logo bug that
leaves you with an asterisk (*) at the bottom of the
screen, first type <CTRL> Y <RETURN> (hold down
the <CTRL> key and tap <Y>, then press <RETURN>).
Then type <CTRL> G <RETURN>. Usually this will
put you back into Logo. If it does not, turn the machine
off and start Logo according to the four-step Starting
Logo: Summary at the end of this chapter.

When Logo does not understand something you have
typed, it will try to help you by typing out a message.
Most of the time you will have no trouble figuring out
what is wrong, but when you need assistance, turn to the
list of Error Messages and their explanations (with
examples) in the Appendix.

B-8
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KEYBOARD DIAGRAM

The Apple IIGS Keyboard
Using the Keyboard

BEFORE YOU BEGIN: If you are using an Apple Ile,
Ilc, or IIGS, the <ESC> and <DELETE> keys can both
be used for deleting backwards, one character at a time.
If you have an Apple II or II+, you will delete back-
wards using the <ESC> key, which we will call <DEL>
from now on. In addition, you will need to use
<SHIFT> N to print a left bracket ([), and <SHIFT> M
to print a right bracket (]).

Use the following editing keys to correct typing errors.
The <DEL> key moves the cursor to the left and erases
the character there. The left- and right-arrow keys
move the cursor in the direction they point on the
keyboard. Any letter, number, or symbol that you type
will appear exactly where the cursor is blinking, even if
you have used the arrow keys to move the cursor back
into the text. The letters under and after the cursor will
move to the right to make room. Try typing this line:

MARY HAD A LITTLE LAMB
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Use the <DEL> (or <ESC>) key to erase the last
character. Try it a few times. Move the cursor back
several letters using the left-arrow key. Notice that this
does not erase the letters it travels over. Change the line
to read:

GARY HAD A LITTLE LAMB

GARY HAD A LITTLE HAM

GERTA HAD A LITTLE HAM SOUP
GERTA HAD XVP26 A LITTLE HAM SOUP

Finally, change it back to
MARY HAD A LITTLE LAMB

See how typing characters in the middle of the line
makes the rest of the line move over to make room?
You can never accidentally type on top of other
characters and cause them to be erased.

Press <RETURN> now. Logo will try to understand the
whole line as a series of commands. Since the words
MARY HAD A LITTLE LAMB are not Logo
commands, Logo will tell you so. Type MARY again.

Tell Logo to ignore what is typed with <CTRL> G (be-
fore you press <KRETURN>). To do this, hold down the
<CTRL> key and press the <G> key. (Remember, the
<CTRL> key is like a special <SHIFT> key which is
always used with another key.) Logo will print
STOPPED! and a new prompt. Typing <CTRL> G is
the usual way to stop whatever Logo is doing.

., CAUTION: At any time, you can exit Logo by turning

the machine off; however, by doing so, you will lose all
your work unless you have saved it on the disk. You are
also likely to lose your work if you press the <RESET>
key and have to restart Logo. Use <CTRL> G to stop

B-10
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programs; stay away from the <RESET> key. But be
sure to try the recovery process outlined above if you
do press <RESET>.

Upper Case and Lower Case

The Apple Ile, IIc and IIGS, unlike the Apple II and 11+,
come with the built-in ability to type both upper- and
lower-case characters. You can instruct Logo to print
text in both upper and lower case on the screen or on

paper.

Terrapin Logo commands must be entered in upper
case. Be sure to put the <CAPS LOCK> key (in the
lower left comer of the keyboard) in the down position.

If you are using Logo PLUS, however, you can type
commands in either upper or lower case. Logo PLUS
will then convert the commands you enter in lower case
into upper case for its own use.

Preparing a Blank Disk

In order for a disk to be able to store information, it
must first be formatted or initialized. Once the disk is
formatted, the computer will be able to read files from
it into the computer’s memory, save files to it, display a
listing of the files that are on it, and so on.

Think of the formatting process as similar to that of
painting lines on a newly-paved parking lot. Each
different brand of computer or operating system needs
to have lines painted in a different way because each
stores information in a unique way. During the
formatting process, parking lines are painted on the
disk, so to speak, so that the computer can “park”
information in an organized way.
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Terrapin Logo is based on the DOS 3.3 operating
system and Logo PLUS is based on the ProDOS
operating system. Thus, the method of formatting disks
differs between the versions. The following two
sections explain how to format a disk for use with each
version of the Logo language.

Make sure that a blank disk is in the disk drive when the
formatting process begins. When a disk is formatted,
any information that exists on the disk is permanently
erased. You can reuse a disk by formatting it again.

Note that you can transfer files from DOS 3.3 disks to
ProDOS disks using the Convert program (described in
the Getting Acquainted with Logo PLUS booklet) or the
ProDOS User’s Disk that came with your computer.

Formatting Disks for Logo PLUS

1. Place the Logo PLUS Language Disk in the disk
drive and turn on the computer.

2. When the turtle picture is displayed on the screen,
hold down the <Closed-Apple> or <Option> key on
your keyboard until you see the message “Loading
accessories....” After a few moments, you will see
the Accessories Menu on the screen.

3. Press 1 to select the first option, 1 - Format a disk.
Then you will enter the slot and drive of the disk you
want to format. Press <RETURN> if your disk
drive is connected to slot 6 inside the computer;
otherwise enter the appropriate slot number.

Press <RETURN> to accept 1 as the drive where the
blank disk will be placed; otherwise, press the
appropriate drive number.

)

™
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4. Place a blank disk in the drive you have specified.

5. Type a new disk (or volume) name that is 15
characters or less.

6. The disk in the drive you have selected will now be
formatted.

Formatting Disks For Terrapin Logo

To initialize a blank disk, you can use your Terrapin
Logo for the Apple Utilities Disk or any other disk that
has already been formatted.

1. Place the Terrapin Logo Utilities disk in the disk
drive and then turn on the computer.

2. When the red light on the disk drive goes out,
A—_— remove the Utilities disk from the disk drive and put
\ it away in a safe place for future use.

You can ignore the following message, which is
displayed on the screen:

TERRAPIN LOGO FILES DISKETTE

THIS DISKETTE CONTAINS LOGO
PROGRAMS.

YOU MUST BE RUNNING LOGO ON
YOUR APPLE TO USE THESE PROGRAMS.

3. Place the blank disk you want to initialize into the
disk drive.

WARNING: Be sure to remove the Utilities Disk
from the disk drive and replace it with a blank disk
before proceeding. When you type the INIT HELLO
instruction, the disk in the disk drive will be erased.

- DO NOT TYPE INIT HELLO with your
\ Utilities Disk still in the disk drive.
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4. With the blank disk in the disk drive, type
INIT HELLO

and press the <KRETURN> key. The disk drive will
whir for almost a minute, then the Apple prompt (J)
will appear on the screen and the light will go out on
the disk drive. Your disk is now initialized.

Formatting Tips:

You will probably find it convenient to format a
number of disks at the same time, no matter which
method you are using. Be sure to label the disk as soon
as you have formatted it. For ProDOS disks, include
the volume name on the label for easy reference.

Copying Disks

It is wise to make copies of your Utilities Disk and the
disks on which you store your programs. Disks can fail
for any number of reasons (dirt, magnets, heat, old age,
etc.), and when they fail, it is typically without warning.
Although disk failure is not a common occurrence, you
should be prepared for the event.

Your Logo language disk can also fail. If it does so
within the first ninety days after purchase, Terrapin
will replace it without charge. Replacement disks after
the initial time period are $10.00. One backup disk is
also available to you for $10.00 and proof of purchase
(warranty card or sales slip).

You can use either of the following methods to copy
DOS 3.3 disks (for use with Terrapin Logo) or ProDOS
disks (for use with Logo PLUS). Both programs will
copy either type of disk.

B-14
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Method #1 - Using the ProDOS User’s Disk

1.

Place the ProDOS User’s Disk in the disk drive and
turn on the computer.

At the opening menu, press <F> to select PRODOS
FILE (UTILITIES).

Then press <V> to select VOLUME COMMANDS.
Finally, press <C> to select COPY A VOLUME.

. Enter numbers for the slot and drive of the disk to

copy and the slot and drive of the blank disk. (Press
<RETURNS> at these prompts to keep the number
that the computer is already displaying.)

Press <RETURNS> to allow the computer to read the
volume name from the disk you are copying. (DOS
3.3 disks will have the volume name NON-PRODOS
DISK.) Press <RETURN> to keep the volume name
that is displayed or enter a new volume name. The
copy will now be made. If you have just one disk
drive, be prepared to swap disks in the disk drive a
number of times.

Method #2 - Using the DOS 3.3 System Master

1.

Place the DOS 3.3 System Master in the disk drive
and turn on the computer. You will see a ] prompt
sign on the screen.

Type RUN COPY A and press <RETURN> to load
and start the copy program. Make sure that you type
this instruction in upper case letters.

. Enter numbers for the slot and drive of the disk to

copy (original) and the slot and drive of the blank
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disk (duplicate). (Pressing <RETURN> will keep
the number that the computer is already displaying.)

4. Press <RETURNS> to begin the copy. If you have
only one disk drive, you will swap disks in the disk
drive several times before your copy is complete.
Pay attention to which disk should be in the disk
drive at all times.

Using Either Method:

These methods first format the blank disk and then copy
the contents of the original disk to the blank disk. Be
sure to make a label for your new disk, and include the
volume name of ProDOS disks for easy reference in the
future.
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Since this tutorial is written for our reading
constituency, we have placed the section

describing INSTANT for non-reading users at
the end of the Graphics chapter.

R LT R T R T TR T SRR e )

Logo puts the user in control from the start. In keeping
with that philosophy, this tutorial will suggest but not
dictate. If you are ever really stuck for an idea, see the
Procedures section of the Appendix. It contains exam-
ples of all the ideas suggested. In fact, after you try
things on your own, look through the Appendix for
new ideas and tips and tricks.

Graphics Mode
Enter the graphics or DRAW mode by typing DRAW:
DRAW

and press the <RETURN> key. (Remember, pointed
brackets around a word refer to a key, not a word to be

typed.)

A drastic change occurs on the screen; the command
you have just typed and all other commands will dis-
appear. A small triangle will appear in the middle of
the screen, and the prompt will be in the lower left
region of the screen.

Logo is now in DRAW mode. The bottom four lines of
the screen are reserved for commands you will type
and the rest of the screen is drawing space.



Graphics

. A

Splitscreen and Turtle Turtle Enlarged

The small triangle in the middle of your screen is
called the turtle. When it first appears, it is pointing
upward. You can tell where it is heading by the black
bar that runs across its back.

Driving the Turtle: FORWARD (FD), -~
BACK (BK), RIGHT (RT), LEFT (LT)

You move the turtle with turtle commands. The turtle
can leave a trail as it moves, allowing you to produce a
picture.

?FD 100
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FORWARD always moves the turtle in the direction it
is pointed. Type

FORWARD 100 <RETURN>

or the short equivalent

FD 100 <RETURN>

()3 The turtle will move forward one hundred turtle steps.
The space between the command and the number is
necessary. If omitted, Logo will assume the whole
thing to be a procedure name. (Try FD100 without the
space.)

If you leave out the number that FORWARD is expect-
ing, or the space, or do something else that Logo does
not recognize, Logo will try to help you by printing an
error message. These are usually self-explanatory, but
if you cannot figure out what is wrong, turn to the
Appendix where error messages are interpreted with
examples.

To make the turtle turn, type the direction of the turn
and the number of degrees:

RIGHT 90 <RETURN> or RT 90 <RETURN>

?FD 100
?RT 90
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You told the turtle to turn right 90 degrees (a quarter of
a circle). If you type RIGHT 90 again, the turtle will
point straight down.

Type
LEFT 90 <RETURN> or LT 90 <RETURN>

From now on, we’ll assume you know to press the
<RETURN> key after a command.

The turtle will turn in place 90 degrees to its left. Try
moving the turtle around yourself. Type BACK (or BK)
with a number of steps.

To clear the screen and start over, type DRAW. DRAW
erases whatever picture is on the screen and takes the
turtle to its starting position. Use DRAW whenever
you want to start a new picture.

Play with the turtle some more.
(1) Try some odd distances and turns, such as

FD 87
RT 43
FD 26
LT 14
FD 59

(2) Draw a square
(3) Try a triangle

G-4
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Get familiar with the turtle commands. Use the com-
mands or their abbreviations:

BACK ~ BK
RIGHT . RT
LEFT 2o

Let Logo Do Your Arithmetic

its input), you can give it an arithmetic expression to
evaluate to get a number. Logo will do the arithmetic

(A for you.

%J Whenever Logo expects a number (we call this number

Type and Logo figures
FD 105 FD 50

RT 100/3 RT 33.3333...
FD5+5 FD 10

This is useful for both accuracy and precision: the
computer will not make a mistake, and the computer
will make a division like 100/3 quite precisely.

An Easy Way to Repeat Yourself: <CTRL> P

You can put as many commands on the same line as
you want, as long as you separate them with spaces.
When you have typed a line and pressed <RETURN>>,
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Logo will repeat the line for you if you press
<CTRL> P. (Hold down the <CTRL> key and press
the <P>). Type

FD 50 RT 30 FD 20 RT 115<RETURN>
Logo draws the line. Type
<CTRL> P Logo types

FD 50 RT 30 FD 20 RT 115

You press <RETURN> to do it.

Type <CTRL> P <RETURN> as many times as you
wish; each time Logo will print and execute the line.

If you put a space at the end of your original instruc-
tion, you may also type

<CTRL> P <CTRL> P <RETURN>

This will print out two sets of your instructions. You
can repeat the <CTRL> P as many times as you wish,
up to 129 characters (9 characters more than 3 lines), as
long as there are spaces between the commands. If you
have no space at the end of the line, and type

<CTRL> P twice, you will get

FD 50 RT 30 FD 20 RT 115FD 50 RT 30 FD 20 RT 115

If there is no space at the end of the line when you type
another <CTRL> P (as in the line above), the last com-

G-6
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mand of the first batch will not be separated from the
first command of the second, and Logo will stop and
say

THERE IS NO PROCEDURE NAMED 115FD

You can add a space after you type the <CTRL> P, but
an easier way to insure a space is to put it there when
you type the line (RT 115 <SPACE> <RETURN>).

The Screen: DRAW, NODRAW (ND),
TEXTSCREEN (<CTRL> T), SPLITSCREEN
(<CTRL> S), FULLSCREEN (<CTRL> F)

When Logo is in DRAW mode, the Apple displays four
lines of text at the bottom of the screen. To see the com-
mands you have typed that have disappeared under
the picture, type

TEXTSCREEN or <CTRL>T

Remember that you must hold the <CTRL> key down
while you type the T.

Try typing

<CTRL>T

To get back the split graphics/text screen, type
SPLITSCREEN or <CTRL> S

To show off your drawing without the distracting text,
type

FULLSCREEN or <CTRL> F
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<CTRL> S will bring back the split screen from either
the text or fullscreen.

To clear the screen and leave DRAW mode,
type NODRAW, abbreviated ND. Type ND
<RETURN> right now.

Type DRAW again to do some graphics projects.

Turtle-driving Projects

1. Determine how many turtle steps it takes to get to
the top edge of the screen.

2. Determine how many turtle steps from the bottom
edge of the screen to the top. From the left edge to
the right.

3. (Tricky one) How many steps from the lower left
corner of the split screen to the upper right corner?

4. (Trickier still) How many from the lower left corner
of the full screen to the upper right?

5. Try each of the commands with a negative number.
(Example: FORWARD -100) How else could the
turtle make the same move?

6. Can you draw a square? A rectangle?

7. Can you draw your initials?

Color: PENCOLOR (PC) and
BACKGROUND (BG)

The turtle has six pencolors and six background colors,
plus a switching so-called color that reverses the color
it passes over. The colors are numbered from 0 to 6.

G-8
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Here are the colors and numbers for a black back-
ground (BG 0):

The PENCOLOR (or PC) primitive takes the number of
the color as input, and sets the turtle’s pencolor to that
color. Try typing

DRAW
PC 4
LT 45
FD 50
RT 90
FD 50

To change the background color, type BACKGROUND
(or BG) and the number. BG 1 gives a white back-
ground. BG 1 PC 0 will give you a black pen on a white
background. Try typing

BG 5
RT 135
FD 62
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The Apple computer color system determines the use
of background colors. Blue and orange, for instance,
do interesting things when exposed to violet and
green. Combinations which will work as you expect:

PENCOLOR on BACKGROUND draws
4. ; S green on green
‘ (erases) : !
4 3 green on violet |
5 2  violetongreen
5 -8 violet on violet |
L ‘ o ~ (erases) |
! I 4 orange on orange
| ; (erases)
et e 5  orangeonblue
3 4 blue on orange
3 5 “blue on blue (erases) |

In addition, changing the background color after a
picture is drawn may change some of the lines in pecu-
liar ways. Returning to the original backgound color
restores the picture.

To see the effects of the different combinations, set a
background color and draw some lines in each of the
different colors. Change the background color and do
it again.

On a black and white screen, colors 2-5 take on differ-
ent textures, but black and white remain the same as
always.

G-10
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Logo draws thick lines to obtain clear colors on the
Apple. On a black-and-white monitor, for thin white
lines on black, use BG 6 and PC 1 through 5. PC 0 is
black. (On a color monitor, these lines will not be uni-
formly white: vertical lines will be red or green, de-
pending on their position.)

The Magic of PENCOLOR 6: Erasing

PC 6 changes black to white and white to black when
turtle tracks cross. This means that the turtle can erase
a line by going back over it with PC changed to 6. To
see how it works, type

FD 100
PC 6
BK 100

Now is the time to see one of the amazing effects you
can create.

Type

PC6
LT 2
FD 3000

Vary the turn and the distance forward for different
effects. Try starting the turtle at the edge of the
screen...
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Somethmg to Try After You Read the
Procedures Section

To see the effect of PC 6 with a non-stop pro-
cedure, choose one that never takes the same
track twice. Clear the screen, hide the turtle,
set your pencolor to 6, the reversing color,
type the name of your procedure, and hit
<CTRL> F so you can watch on the full
screen:

DRAW HT PC 6 (procedure name) <CTRL> F

LA

Introduction to Procedure Writing

Now that you know how to drive the turtle around and
make shapes, we will proceed to giving your shapes
names which will become new turtle commands. You
will be able to type BOX and get your box picture back,
or SQUIGGLE to draw your squiggle.

To do this, you will write procedures.

A procedure is a series of commands which you design
to achieve a specific purpose. The commands may be
composed of procedures and/or Logo primitives.

( ’,) LOGO COMMANDS

PRIMITIVE: acommand that Logo has already been
taught
PROCEDURE: a command that you teach Logo

‘\
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Think of the PRIMITIVES as the core of the world of
PROCEDURES you will write.

FORWARD, BACK, LEFT, RIGHT, DRAW, and NO-
DRAW are Logo primitives. You used the primitives by
typing their names, with numbers if they required
them. To use a procedure, you do the same.

Naming a Procedure

Type

MOVE <RETURN>

Logo tells you

THERE 1S NO PROCEDURE NAMED MOVE

Logo is saying that it does not recognize the word you

typed as either a Logo primitive or a procedure name.
It does not know how to do that command.
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? MOVE
THERE IS NO PROCEDURE NAMED MOVE

Writing a Procedure: EDIT Mode: TO, END,
<CTRL> C, <CTRL> G

To write a procedure, start with the name. The tutorial
will use the name MOVE, but you may use your own.

We tell Logo that we’re about to write a new procedure
by writing TO and the name of the procedure. For
example, type:

TO MOVE

When you press <RETURN>, the screen will change:
Logo will clear the screen and print the words
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TO MOVE on the first line. Now Logo is in EDIT mode.
The cursor will be at the beginning of the next line. At
the bottom of the screen there will be a white line with
black letters. It always says the same thing:

EDIT:CTRL-C TO DEFINE,CTRL-G TO ABORT

TOMOVE
a

This reminds you that you are in EDIT mode, and tells

(j')» you the two ways to get out of it: <CTRL> C to Com-
plete the job and <CTRL> G in which any changes
you have made in EDIT are Gone.

EDIT mode is very different from IMMEDIATE mode.
In IMMEDIATE mode, Logo does the commands that
you type (like FORWARD or RIGHT) as soon as you
press the <RETURN> key. In EDIT mode, Logo waits
for you to define a whole procedure; that is, to write a
series of commands that will constitute the new proce-
dure.
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TO (Procedure Name)

T

IMMEDIATE

MODE EDIT

DRAW NODRAW

"

<CTRL>C

While you are in the editor you write the procedure. To
use it, you must first get out of the editor by typing
<CTRL> C, which puts you back into IMMEDIATE
mode. (But don’t do this yet.)
-
When you are using the editor, you can use the right ‘
and left arrows to move the cursor and <DEL>
(<ESC>) to erase the character at the left of the cursor,
just as you can in IMMEDIATE mode.

Type a line of text to practice. For example, you might
type

FORWARD 33
RIGHT 55

(or their short versions:)
FD 33

RT 55

Press the

<RETURN>

G-16 Terrapin Logo Tutorial



Graphics

key. Note that it moved the cursor to the next line. In
fact, <RETURN>> is just another character to the editor:
you can even erase it with the <DEL> (<ESC>) key.
Press

<DEL> (<ESC>) and then the
<RETURN>

key again to see this. Press

<DEL> (<ESC>)

until the whole line under TO MOVE goes away. (You
can use the <REPT> (repeat) key on the Apple II+ in

conjunction with <DEL> (<ESC>) to delete several
-~ characters very quickly.)

(See the Appendix and the Technical chapter for a
discussion and summary of some other editing com-
mands.)

Now type a series of commands, alternating FOR-
WARD or BACK with RIGHT or LEFT. Remember to
include the number of turtle steps or degrees, and to

press <RETURN> after each.
For your first time through this tutorial, type either
version of MOVE:
TO MOVE TO MOVE
FORWARD 100 FD 100
RIGHT 15 RT 15
BACK 80 BK 80
RIGHT 25 RT 25

-
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TO MOVE
FORWARD 100
RIGHT 15
BACK 80
RIGHT 25

o) Look over your procedure to be sure that
(1) the commands are spelled correctly,
(2) that you have used zeros in your numbers and not
the letter O (zeros have slashes through them on
the Apple), and
(3) that there are spaces between the commands and
the numbers. ~

> errors. Use <REPT> (repeat) with the arrows to move
the cursor quickly. When you finish your repairs, leave
the cursor where it happens to be. Logo, unlike other
languages, does not require the cursor to be at the end
of the listing or even at the end of a line when you
leave the EDIT mode.

é&’ Use the arrows and the <DEL> (<ESC>) key to fix

The white line at the very bottom of the screen tells
you the two ways of exiting from the editor and return-
ing to IMMEDIATE mode.

Press <CTRL> C.

Logo will Complete your procedure definition: it will
return you to IMMEDIATE mode, and will remember

your procedure MOVE while you stay in Logo. It will ™
confirm that it has read in your program by saying
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MOVE DEFINED

If instead, you type <CTRL> G, your work done in
EDIT mode will be Gone: Logo will return you to IM-
MEDIATE mode without accepting the work you did
in EDIT. <CTRL> G stops Logo, whatever it is doing.
Logo will confirm this state of affairs with

STOPPED!
?

Note above that Logo types PLEASE WAIT...
then MOVE DEFINED
followed by the prompt 7
(The wait occurs when you write a long pro-
r* cedure. You will not notice the wait with a
short procedure like this.)

Congratulations! You have written your first procedure.
You have taught the turtle a new command. But wait!
It’s not time for congratulations yet. Does it work? You
must try it.

Running a Procedure

Type
MOVE<RETURN>

Just as typing the name of a primitive makes Logo do
it, typing the name of a procedure makes Logo do what
that procedure says to do. This is called RUNNING or

EXECUTING the procedure.
\
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? MOVE

If you have typed a word incorrectly within your proce-

dure, Logo will try to help you by printing an error

message. If you cannot figure out what the problem is,

see the Appendix, which explains error messages with

examples.

-

® To make a change in your procedure, reenter the EDIT

mode by typing TO and the name of your procedure.

To change MOVE, type

TO MOVE

The screen will look as it did just before you left EDIT.
Logo confirms that you are again in EDIT mode with
the white line at the bottom of the screen.

Make your changes using the arrows and <DEL>
(<ESC>) key, then exit EDIT with <CTRL> C. You are
DEBUGGING your procedure (removing errors, called
BUGS).

Run your procedure by typing its name. And now...
Congratulations! It should look like the picture above.

™
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Type MOVE again. The turtle will begin at the place it
finished and will go in the direction it was pointing.
You can also add to the shape on the screen by driving
the turtle around with individual commands such as
RIGHT 12 or FORWARD 55, but these commands will
not be included in the procedure.

@ you wish; separate them with spaces and
press <RETURN>> at the end of the line to
run them. If you run over the end of the line,
Logo will continue on to the next line. (In
EDIT mode, Logo puts an exclamation point
to remind you that the line is continued).

~ CAUTION: In IMMEDIATE mode, Logo will
do commands until it sees something it does
not recognize. If one of the first commands on
a long line of commands is misspelled, it will
stop there and you will have to retype the
incorrect one and all that came after it.

Pianning and Drawing Your Favorite Square

Procedures like MOVE draw somewhat random de-
signs. Drawing a specific shape requires more specific
thought about the sequence of commands you will
write.

Example: Define a procedure called SQUARE which
will draw a square.

<A

Terrapin Logo Tutorial G-21



Graphics
o ]

Decisions you must make:

The number of

1. steps on a side (your choice)

2. degrees to turn at the corner (Aha!)

3. times to do a side and/or turn (Hmmm)

Things to remember (always):

* Correct spelling of commands
e Space between command and number
» Use zeros in numbers, not the letter O
¢ Press <RETURN> after each line
* Begin with the name:

(for this one, type TO SQUARE)
* End your procedure with END

(Logo will put END in for you if you forget it. The only
f%y_, time it is definitely needed is when you define more
than one procedure in the editor at the same time.)
* Exit the editor with <CTRL> C
(C for Complete)

Analysis:

Decision 1: From your turtle-driving projects, you
have a good idea of the size of the screen. Choose a
number considerably less than half, so that you can
use your square in larger pictures. (Draw your pro-
posed square on the screen with a felt tipped water
based pen and make the turtle trace it.)
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Decision 2: Only one specific number of degrees will
work here; if you don’t know what it is, try a few before
you begin on SQUARE.

Decision 3: No doubt you know how many times you
need to do the side and how many times you need to
turn to draw a square. We will discuss other options

later on.

il
SQUARE
Defining SQUARE:

To teach Logo the new command SQUARE, type
TO SQUARE

You are now in EDIT mode. Type in the commands
you need, as you determined above. If you make mis-
takes in typing, use the arrow keys and <DEL>
(<ESC>) to correct them. If the mistake is not on the
line with the cursor, you must move the cursor to that
line to correct it.

Gs Exit from EDIT mode with <CTRL> C (C for Com-
plete).
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(Forgive the repetion of (C for Complete); we just don’t
want you to lose any of the work you have done in
EDIT as you would with <CTRL> G (G for Gone...))

Type SQUARE to run it. Move or turn the turtle and
run it again, and again. Notice that the turtle draws the
square from wherever it happens to be, and starts off
on the first side in whatever direction it is heading.

Now for a trick or two. You certainly don’t
ﬁ%,j want to spend the rest of your life typing
SQUARE when you could obtain the same
results typing SQ. (Would you want to have
to type the whole word FORWARD all the
time?) You created the procedure SQUARE
using Logo primitives such as FD, BK, LT, /\
and RT. Now you can create a procedure SQ -
using the new Logo command, the procedure
name SQUARE.

Using the editing techniques you have
learned, write a procedure SQ that looks like
this:

TO SQ
SQUARE
END

Clear the screen with DRAW and run SQ.
Clear it again with DRAW and run SQUARE.
You should get the same results with both.
Now any time you want to draw a square,
type either SQ or SQUARE.

™
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SQ and SQUARE can also be used in proce-
dures any time you wish, and as many times
as you wish, just like the Logo primitives.

Projects: Simple Procedures

Write several of your own procedures. Choose appro-
priate names, but do not use the name MOVE as we
will be using that again later.

What goes Into a Procedure

Any command you can type at the keyboard, as well as
any procedure you have written, can be used in a pro-
cedure. Some commands have two versions: one is a
word spelled out at the keyboard and the other uses
the <CTRL> key plus a letter. Use the word in a proce-
dure; the <CTRL> version is only for convenience at
the keyboard.

~ SUMMARY OF COM] S USEDSOFAR

Pyréceduré;\:(grﬁs,ién ] 'Kéyboard'Version ,
. SPLITSCREEN = <CTRL>S
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More Primitives: REPEAT, CLEARSCREEN
(CS), HOME, PENUP (PU), PENDOWN (PD)

The Logo command REPEAT saves you the work of
typing a command or series of commands more than
once. You tell Logo the number of times you wish to
repeat, and enclose the command(s) to be repeated in
square brackets.

Try these examples:

REPEAT 4 [FD 23]

REPEAT 3 [FD 30 RT 60]

REPEAT 8 [FD 65 RT 135]

REPEAT 20 [RT 50 FD 15 RT 60 FD 10]

As you will recall, when you type <CTRL> P, Logo
will retype the previous line for you. You press
<RETURN>, and Logo will execute it.

To repeat MOVE 24 times, type
REPEAT 24 [MOVE]

If the turtle starts in the middle of the screen, the de-
sign created by repeating MOVE will go off the edge
(and appear on the opposite side). To avoid this, move
the turtle before starting the design. 100 steps to the
left and 100 steps down turn out to be a good starting
point for MOVE, determined by examination and ex-
perimentation. Find a good starting point for your
procedure.

G-26
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To walk the turtle to its starting point for MOVE, type

LT 90 FD 100 LT 90 FD 100

The turtle is there, but it is pointing down. To head it
in the right direction to start MOVE, type RT 180.

Now, what about the track it left? (If you type DRAW to
get rid of the track, you will also send the turtle home.)
To keep it where it is as Logo clears the screen, type
CLEARSCREEN (or CS). Now try that REPEAT line
with MOVE.

DRAW is a combination of CLEARSCREEN, SHOW-
TURTLE (explained later), and HOME, the command
that moves the turtle to the center of the screen and
turns it to point straight up. Walk the turtle around
some, then type HOME to see what happens.
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There is another way to move the turtle without leav-
ing a trace. Tell it to pick up its pen with PENUP (PU)
before you start, and to put it down with PENDOWN
(PD) when you get there. The line would be

PU LT 90 FD 100 LT 90 FD 100 RT 180 PD

The turtle arrives ready to draw, without leaving
tracks.

The names of the primitives PENUP and

PENDOWN come from the robot floor turtle

which has the ability to pull its pen up and
not draw or put it down and draw.

e RS

Procedure Projects =

1. Write a setup procedure to move the turtle to its
starting point without leaving a track.

2. Write a procedure using REPEAT which draws a
design with MOVE.

3. Write a procedure to draw a four-sided figure.

. Write a procedure to draw a rectangle.

. Use your setup and rectangle procedures to draw a

rectangle where MOVE began.

6. Write a procedure using REPEAT that repeats the
sequence of drawing a shape with one of your shape
procedures and then turns the turtle (then draws
the shape and turns...)

(S0
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® Saving Procedures: CATALOG, SAVE, POTS

You have created a procedure which Logo will remem-
ber as long as you do not exit Logo or turn off your
Apple. To be able to turn the computer off without
losing your work, so that you may be able to use these
procedures another day, you must ask Logo to SAVE
them on a Logo file disk. Use a file disk prepared ac-
cording to the instructions in the section titled Prepar-
ing a Blank Disk.

When you use the SAVE command, every procedure
in your workspace is saved in a file on your disk. Your
workspace is like your desktop. You do your work
here, sometimes creating new material, sometimes
bringing copies of files out of the drawers. When you
finish for the day, you go to the copying machine, make
a copy for the file, and file the copy away. Everything
you are currently working on is on your desktop (in
your workspace). This may include many procedures.
When you want to save the contents of your workspace
(desktop), use SAVE to transfer a copy of it to the disk
(desk drawer).

You can use and change procedures only when they
are in your workspace, not on the disk. When you are
happy with your changes, or finished for the session,

you store a copy of the workspace contents back as a
file on the disk.

The SAVE command copies the entire contents of your
workspace into a file on the disk. Just as your proce-
dures have names, the collection of procedures in your
workspace, which will be saved in a file, must have a
name too, to distinguish it from your other files. Since
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you choose the name for the group of procedures in
the file, it is a smart idea to choose a file name that tells
you what they are. The file name SHAPES might be
useful for the first group of procedures you will be
writing as you go through this chapter.

Type
SAVE “SHAPES

@f' The double-quote character immediately preceding
the word is a crucial part of the file name. You cannot
omit it. If you try to store your workspace without it,
@ nothing will be saved, because Logo does not recognize
it as a file name without the quote character. If you try
to read a file without it, Logo will not find the file. -

The quote distinguishes other types of names from
procedure names. There is no space between the quote
character and the word.

@ WARNING: You can have only one file per file name.

Therefore, for the time being, use a new file name each
time you save your workspace (such as SHAPES,
SHAPES1, SHAPES2). (The Appendix includes more
details about saving procedures.) If you had already
had a file called SHAPES, the contents of the old file
would be erased, replaced by the present contents of
your workspace.

If you had nothing in your workspace (which is the

case every time you turn on the computer, before you

read a file or write a procedure) and typed SAVE

“SHAPES, Logo will print out a message telling you ~
there is nothing to save. But if you had one item in /
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your workspace, Logo would still save the entire con-
tents of your workspace, even though it is almost
empty, and the file “SHAPES would be replaced by a
copy of the almost empty workspace. The old file
“SHAPES on the disk would be gone.

This would be like taking a blank book with only a
title page to the copying machine, copying it, and re-
placing your old files in the drawer with the copies of
the blankpaper.

To see the names of the files you have saved on your
disk, type

CATALOG

Everything on the disk will be listed, including the
HELLO file which was put there during the initializa-
tion process, which must stay there although you will
never need to use it again. Each Logo file will have
your file name followed by .LOGO. For example, the
new entry SHAPES.LOGO will appear on the list.

To print out the titles of your procedures in your work-
space, type

POTS

To print out the commands in a procedure, type PO
(procedure name) i.e.

PO BOX

Terrapin Logo Tutorial G-31



Graphics

Clearing the Workspace, Reloading Proce-
dures: READ, GOODBYE, ERASE (ER),
ERASE ALL (ER ALL), ERASEFILE

You may reload procedures into your workspace at

any time. The most usual time might be when you
begin a new session with Logo, but there will be times
when you wish to add the contents of another file to
what is already in your workspace. To list on the screen
the files which are saved on your disk, type CATALOG,
as before. To reload the procedures from your file
SHAPES.LOGO, type

READ “SHAPES

The red light on the disk drive will go on, the disk will
whirr, and the computer will print out the name of
each of your procedures in your file SHAPES and
confirm that it has been read into your workspace by
printing DEFINED. For instance,

MOVE DEFINED
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©) A word of warning: if you have changed MOVE in
your workspace, the version read in from the disk will
wipe out the one in your workspace. If you want to
keep both versions, rename the one in your workspace
using EDIT, before you read in the file. You can change
the name in EDIT mode just as you change a command.

To store them all back in SHAPES, type

SAVE “SHAPES
SAVE "FILENAME

N

WORKSPACE FILES

"

READ "FILENAME

There will be times when you want to clear your work-
space, particularly when you want to shift gears and
read in another file. If you want to save your current
work, save it first.

To clear your workspace, type

ERASE ALL
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It is always possible to erase whole files from a disk.
The command which does this is ERASEFILE. For
example, to permanently delete a file called JUNK,

type

ERASEFILE “JUNK

to Logo. Always double-check to see that you’re not
erasing a file you want to keep.

Selective Uses of SAVE, PO, ERASE (ER), and
EDIT (ED)

Certain Logo primitives can take a list of procedures as
input instead of just one procedure name. For instance,

typing -~
PO [SPIRAL SQUARE TRI]

will produce a screen listing of all three procedures.
Likewise, typing

ER [TRI SQ CIR]

will erase all three procedures. In this case, the option
of giving ERASE a list as its input is convenient but not
crucial; the same effect could be achieved by typing

ER TRI ER SQ ER CIR

Using an extra input list with SAVE or EDIT is a bit
more powerful, as it allows you to do things not
otherwise possible.
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Suppose you had two similar procedures, TRI and
TRI2, and wanted to edit them together. You could
type ED ALL, but then every procedure would appear
in the editor; also, TRI and TRI2 might not be together.
A simpler approach would be to type

ED [TRI TRI2]

SAVE normally puts all existing procedures into a new
file. However, by using an input list you can save a
selected list of procedures. If you have several proce-
dures in your workspace and want to SAVE only a few
of them, you can type something like

(SAVE “FIGURES [SQ TRI STAR])

The parentheses are necessary in order to tell Logo to
expect an extra input.

Saving, Reading and Erasing Pictures:
SAVEPICT, READPICT, ERASEPICT

Logo can store complicated pictures on your
disk and read them back in much less time
than it takes the procedure to draw them.
However, there is a tradeoff in disk space. The
procedure might take 1 block of disk storage
space. The picture will occupy 34 blocks.
Only you can decide when this is worthwhile.

To save a picture (whatever is on the drawing
part of the screen at the time), assign it a
name. We shall use DANCER. To save the
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picture part of the screen on the disk under
the name DANCER, type

SAVEPICT “DANCER

The name you choose can be any name you
care to give it. It does not have to be the same
name as the procedure that drew it, but it
could be. The picture can be the result of
running one or several procedures (without
clearing the screen between), or driving the
turtle around, or a combination. Everything
on the picture part of the screen except the
turtle is stored with SAVEPICT.

To recall a stored picture (remember, this one
will be listed on the disk as DANCER.PICT),

type
READPICT “DANCER

To remove the picture from the disk forever
(not just from the workspace), type

ERASEPICT “DANCER

In each case, use the double-quote character

G-36
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The Invisible Turtle: HIDETURTLE (HT),
SHOWTURTLE (ST)

There are two situations in which you might want the
turtle to become invisible.

the drawing or after the picture is completed.
2. To speed up the drawing of a picture (the invisible
turtle draws faster).

‘f@’j 1. To get it out of the way of your picture either during

To tell the turtle to become invisible, type

HT (or its long form) HIDETURTLE

To tell it to reappear, type

ST or SHOWTURTLE

Except for being invisible, the hidden turtle works
exactly the same as the visible turtle. In particular, it

draws when its pen is down and leaves no trace when
its pen is up.
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Summary of Logo Commands Used So Far
TURTLE COMMANDS
Command Abbreviation
FORWARD FD
BACK BK
LEFT LT
RIGHT RT
HOME
PENUP PU
PENDOWN PD -
HIDETURTLE HT
SHOWTURTLE ST
PENCOLOR PC
BACKGROUND BG
SCREEN COMMANDS
Command Abbreviation
CLEARSCREEN CS
DRAW
NODRAW ND
TEXTSCREEN <CTRL>T
SPLITSCREEN <CTRL> S

FULLSCREEN <CTRL> F “~
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FILE COMMANDS

READ ERASEFILE
SAVE

SAVEPICT

READPICT
ERASEPICT
PENCOLORS on BG 0
PCO Black
PC 1 White
PC 2 Green
PC 3 Violet
PC 4 Orange
PC5 Blue
PC 6 Reverse

Commands used in all Logo domains (Graphics, Music,
Computation, etc.):

T0 ... REPEAT CATALOG
END <CTRL> P POTS
ERASE
READ EDIT PO
SAVE <CTRL> C
<CTRL> G

<CTRL> P, <CTRL> C, and <CTRL> G are keyboard
instructions which cannot be used in procedures.
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More About the Editor: Arrow Keys,
<CTRL> P, <CTRL> N, <CTRL> O,
<CTRL> A, <CTRL> E,<CTRL> D,
<CTRL> X, <CTRL>Y

In EDIT mode, you will want to move the cursor
around the screen in order to make changes and
additions. The following keystrokes will help you do
this easily.

Use the four arrow keys to move the cursor in the
direction of the arrow. Pressing an arrow key will not
affect the text that the cursor passes over. Use the left
and right arrow keys to move the cursor over charac-
ters that are on the same line. Use the up and down
arrow keys to move the cursor from line to line.

If you are using an Apple II+, use <CTRL> P to move
up to the Previous line (up on the screen), and <CTRL>
N to move down to the Next line (down on the screen).

To Open up a space to insert a new line, type

<CTRL>O (the letter O)

No matter where the cursor is on the line, the rest of the
line will be moved down to the next line, but the cursor
will stay put.

To move the cursor to the beginning of the line, type

<CTRL> A

To move the cursor to the end of the line, type

<CTRL>E
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To Delete the character under the cursor, type
<CTRL> D

Note that this is the opposite of the <DEL> key which
deletes to the left of the cursor.

To kill a line from the cursor to the end, type
<CTRL>X
To Yank back the last line killed, type

<CTRL>Y

- Other editing commands are described in the Appendix
and in the Technical chapter.

SUMMARY OF EDITING COMMANDS
MOVING BACKWARD  MOVING FORWARD

1character ~ Left arrow : ~ Right arrow
End of line <CTRL> A <CTRL>E
Adjacentline <CTRL>P ~ <CTRL>N
or Up arrow or Down arrow
, - DELET]NG BACKWARD DELETING FORWARD
1character ~ <DEL>(<ESC>) <CIRL>D
Line —_— <CTRL>X
FOR EASY INSERTION OF A LINE
Openline @ <CTRL>O
- RESTORING DELETED TEXT
/™ | Lime . <CTIRL>Y
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Projects Using Shapes

1. Write a procedure (using SQ or SQUARE) that
puts a square in each corner of the screen. (Hint:
remember PENUP?)(Don’t forget PENDOWN)

. Write a procedure that draws a row of squares.

3. Write a procedure that draws a tower of squares.

(Hint: use your row of squares procedure in it)

4. Write a procedure that draws a leaning tower of

squares. (use your tower procedure)

How about a window with four panes?

Write a different procedure to draw the same size

square as SQUARE.

7. Using the same sort of analysis used in developing
the SQUARE procedure, figure out how you would
draw a triangle whose turns are all the same size,
then write the procedure.

8. Try #1-4 using triangles.

9. Write procedures to use your 4-sided (not a square)

figure to make designs.

10. How about a window with 6 triangular panes?

11. Write a different procedure to draw the same size

triangle.

N

o o

Since all your new procedures (and old) are in your
workspace, you can safely save them all in SHAPES by
typing SAVE “SHAPES.
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Listing a Procedure: PRINTOUT (PO),
<CTRL>W

Just as you can print out titles using POTS, you can
also PRINTOUT the list of commands in any proce-

dure. Type
PO (procedure name)

to list the commands in any procedure in your work-
space. Type

PO (procedure name)

to list any other procedure in your workspace. PO pro-

(ﬂ\ vides a handy, quick way to check on a procedure, but
to make changes in it, you must get into EDIT mode as
described before. Type

PO ALL

to scroll by the listings of all the procedures in your
workspace. Use

f@*} <CTRL> W (W for Wait)

to stop the scrolling; each <CTRL> W you press after
you stop the scrolling will move one line onto the
screen. You may inspect the titles one by one with more
<CTRL> Ws, or resume the scrolling by pressing an-
other key.

To printout a selected list of procedures, type

_— PO [PROC1 PROC2... ]
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SUMMARY OF LISTING COMMANDS
Command Result
CATALOG  Lists names of files on disk in
' disk drive o
POTS Lists names of procedures in
workspace
PO (procedure name) Lists com-
: mands in named procedure
PO ALL Lists entire contents of
, workspace
; <CTRL> W Wait: computer waits for an-
| other key to be pressed: press
<CTRL> W again for line by
line inspection, or any key to .
resume scrolling. N

Heading: A Matter of State

It is possible that when you closed your square and
triangle, you finished your procedure with FD and did
not follow it with a turn. This left the turtle heading in
the direction the last side required. This makes it
handy to draw successive figures in new positions, but
it leads to confusion when you want to use the shape
in another procedure.

It is generally good programming practice to leave the
turtle in the same state in which you found it. The

state of the turtle is its position and heading. It is al-

ready in the original position, since you closed the

figure. All that is required is to turn the turtle so that it

is heading in the original direction. This means one -~
more turn, the same size as the other turns.
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Consider these three procedures:

70 SQ TO SUPER
FD 30 REPEAT 8 [SQ RT 45]
RT 90 END
FD 30
RT 90 TO STRANGE
FD 30 REPEAT 4 [SQ]

RT 90 RT 45
FD 30 REPEAT 4 [SQ]
END END

Both SUPER and STRANGE draw the same
design (although they draw the parts of the
design in a different order).

Note that the last turn in SQ, the one that
would turn the turtle back to its original head-
ing, is omitted.

If you edit SQ now to add a RT 90 at the end,
SUPER will still draw the same design (in yet
a new order), but STRANGE will not.

This may seem odd at first because we have
not changed STRANGE. However, we DID
change the procedure STRANGE uses.

To counteract the effect of adding the RT 90

at the end of SQ, we would have to insert a

LT 90 immediately after SQ in each procedure
that uses it.
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This kind of fix is not always so easy. For
example, if the newly introduced extra was a
line instead of a turn, it would be harder (in
some contexts, impossible) to counteract its
effect.

So it is best to leave the turtle heading as it
started. This will eliminate many interface
bugs (puzzling things that must be fixed in
order to use one procedure after another).

| B i AP i & - : S R L A

Copying a Procedure

Your procedures SQUARE and TRIANGLE may now
need another command added to them to turn the
turtle to its original heading. But you have used
SQUARE and TRIANGLE in other procedures; chang-
ing them now would spoil the procedures that use
them. Take heart; change SQUARE, but give the new
version a new name, such as SQUARE1. While in EDIT,
change the name slightly (it can be edited like any
other part of the procedure), then move down and add
the new command. Voila. You now have your original
procedure plus a slightly altered copy under a new
name.

A Magic Number

Now for a rather basic question: how far around did
the turtle turn when it drew the square that left it in
the same state that it started from (same position and
heading)? (Add up the turns.) How far around did the
turtle turn when it drew the triangle that left it in its
original state?
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You have just discovered a great truth: the turtle will
turn the same amount to get back to its original head-
ing, no matter how it goes. The total amount of the
turn, adding the turns in one direction and subtracting
if it turns the other way, will be the magic number you
just discovered. (Of course, if it goes one way and then
cancels the turn out completely by going the other
way, the total turn will be 0, but it will not have trav-
eled completely AROUND anything, either.) This is
called The Total Turtle Trip Theorem: if the turtle
travels around an area, no matter what shape, and
ends in the same place that it started, heading in the
same direction, it always turns the same amount.

You can use the magic number to make shapes with
any number of sides. To see the relationship between
the magic number and the turns you made in the
square, divide the magic number by the number of
turns. Let Logo do it for you. On the computer, where
we cannot type one character above another on a single
line, we use the slash (/) (on same key as the ?) for
division. To divide 10 by 5, type

10/5

Logo will reply

RESULT: 2

Remember, when Logo requires a number, it can use
the result of an arithmetic operation, so you can also

use this division as the number required by the Logo
primitives FD, BK, LT, and RT. For example,
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Command Equivalent
FD 100/2 FD 50
RT 300/30 RT 10
BK 200/4 BK 50
LT 360/4 LT 90

Projects: More Shapes

1. Using REPEAT and division in your turn command,
write another procedure that draws a square.

2. Using REPEAT and division in your turn command,
write another procedure that draws a triangle.

3. Using REPEAT and division in your turn command,
write a procedure that draws a 5-sided figure.

4. Write a procedure that draws a 6-sided figure.

5. Write a procedure that draws a 7-sided figure. N

6. How about a 15-sided figure?

Introduction to Variables:
Procedures That Take Inputs

DRAW does the same thing each time it is used. FOR-
WARD is more flexible; it moves the turtle different
distances depending on its input.

(j? INPUT is the specific term for the number required by
commands like FD, BK, LT, and RT. (Later you will
also see INPUTS which are not numbers.)

So far your procedures have always done the same
thing each time they were used, but it is possible to
write procedures which use some input to tell them,

for example, how much to move the turtle. -
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It would be nice to have a BOX procedure which draws
different sized squares, just as we have a line procedure

(FORWARD) which draws different lengths of line.

We would expect BOX 10 to produce a small box and

BOX 100 to produce a larger box. To describe what

happens more fully, we might say:

To draw a box of some dimension,
we go forward that dimension,
turn right 90 degrees,
go forward that dimension,
turn right 90,
forward that dimension,
right 90,
forward dimension,
right 90

and that’s it.

The Logo translation of the English is very similar:

TO BOX :DIMENSION
FD :DIMENSION
RT 90
FD :DIMENSION
RT 90
FD :DIMENSION
RT 90
FD :DIMENSION
RT 90
END

Terrapin Logo Tutorial
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Or, we could have said:

To draw a box of some dimension,
we must, 4 times, go forward that dimension
and turn right 90 degrees.

which translates into Logo as

TO BOX :DIMENSION
REPEAT 4 [ FD :DIMENSION RT 90 ]
END

NOTE:

@ 1. The : that appears in the procedure must be there
every time an input variable is used, attached di- ™
rectly to the variable name without a space between.
The dots distinguish the name of a variable from
the name of a procedure. We call the colon (:) DOTS
because it is more descriptive. Read :DIMENSION
as DOTS DIMENSION.
2. Variable names are just as much your choice as

procedure names. We could have written

TO BOX :WIDTH or
TO BOX :DIST or even
TO BOX :X

Of course, the name you choose in the title line
must also be the one used within the procedure, so
those procedures would have had

FD :WIDTH FD :DIST and FD :X

3. Note where the variable-number name must go, in
the same place in which you previously put the
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constant number. In the procedure TRI, for example,
FD 100 becomes FD :LENGTH. To pass the number
into the procedure for FORWARD to use, the title
now must become TO TRI :LENGTH.

The two procedures look like this:

T0 TRI
REPEAT 3 [FD 100 RT 120]
END

TO TRI :LENGTH
REPEAT 3 [FD :LENGTH RT 120]

END

TRI

This TRI procedure is very much like the Logo primi-
tives you have been using. For a triangle of any size,
you type TRI and the length of the side.

Try a few triangles of different sizes.

Try typing TRI without a number. Now that TRI is
defined with a variable input, Logo looks for that input,
just as it does when you type FD or RT. To recall just
what inputs a procedure is expecting, type either
POTS, to print out the titles of all the procedures in
your workspace, or PO (procedure name), to print out
the one procedure (for instance PO TRI).
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You have a choice now when you want to use TRI in
another procedure. You can specify the size of the trian-
gle in the procedure (TRI 75), or you can choose to
decide on the size when you run the superprocedure it
is in. You must pass the number in to TRI if you do not
specify it inside the procedure. For example:

% TO TWO.TRI TO TWO.TRI2 :LENGTH
TRI 75 TRI :LENGTH
RT 90 RT 90
TRI 75 TRI :LENGTH
END END

Note: Two words can be combined with a dot to make
a title.

Both versions of TWO.TRI use the same subprocedure ™
TRI. Both versions can make a triangle design with

triangle sides of length 75. BUT one version can only

draw a size 75 design, while the other can draw de-

signs of any size. The size of its design will depend on

the number you give it when you run it.

@ The variable name :LENGTH may be used in any num-
ber of procedures. You are allowed to have only one
procedure named SQUARE or TRIANGLE, but both
may use the variable name :LENGTH. :LENGTH is
what is called a local variable, local to its procedure. A
name used in one procedure will not interfere with the
same name used in another.

This also means that TWO.TRI2 could have used a
different name for the variable than was used internally

TRI.
by ,\
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Projects: Sizable Shapes

1. Write a procedure SQV with variable input and use
it in a new procedure SQUARE4 to draw a series of
squares of different sizes, all starting at the same
place. (Hint: you can add to a picture; you don’t
have to clear the screen with DRAW everytime you
want to draw something more.)

2. Add another set of squares beside the first.

3. Write a procedure that uses a specific size square in
it.

4. (Here’s a toughie) Write a procedure that draws 4
squares, each 25 steps bigger than the last, and
which receives as input the size of the first square
when the procedure is run.

From SQUARE to POLY

SQUAREA4 (if you did project 1) now has a variable
input for the length of the side, but it still has two other
numbers, the size of the turn and the number of times
the sequence is repeated. Either or both of these num-
bers could also become variables. (However, if we
change either one, it would not draw a square.)

You know from your experiments that 360 is the magic
number that takes the turtle all the way around and
back to the same heading, no matter what shape it is
going around. You also know that the amount of the
turn at each corner is 360 divided by the number of
turns. Remember too that Logo will do all the work of
dividing for you. You may use 360/4 as the input for
your turn in SQUARE4, for instance.
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In other words, the SQUARE4 procedure could be
written

TO SQUARE4 :LENGTH
REPEAT 4 [FD :LENGTH RT 360/4]
END

The 4 in both places is the number of turns. SQUARE4
now has a variable input for the length of the side and
one other number that might be changed, the number
of turns or sides. What if we made that number a vari-
able, too?The procedure would repeat the side-and-
turn sequence that number of times, and would divide
360 by the number for the turn. Sounds all right, but it
wouldn’t draw a square. It would draw a many-sided
figure, (called a polygon) with the number of sides you
chose when you ran it. Call it POLY.

POLY will need two names for the variable inputs, and
they should clearly describe what they are for.

:LENGTH would be fine for the length of the side
again, and you could use :TURNS for the number of
turns (or sides).

Both variable names must appear in the title, to pass
the numbers in to where they are used in the proce-
dure. Choose the order you will remember best. They
do not have to appear in the title in the order in which
they are used in the procedure, but, when you run
POLY, the numbers must be typed in the same order as
the variables which represent them in the title. POLY
100 4 will be very different from POLY 4 100.
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So POLY could look like this:

TO POLY :LEN :TURNS
REPEAT :TURNS [FD :LEN RT 360/:TURNS]
END

> 0000

POLY

- Projects: Regular Polygons

Experiment with different inputs to POLY. Write down

the ones you like.

1. What is the difference between POLY 100 4 and
POLY 4 1007 Try them both.

2. Try POLY with the same :LENGTH input and a lot
of different numbers for : TURNS.

3. Keep :TURNS the same and try a lot of different
numbers for :LENGTH.

4. Make a design using POLY twice, with a different

number of sides (:TURNS) each time.

Use POLY to make a triangle.

. What is the largest number you can use for turns?

(Hint: hide the turtle for a quicker trip.)

o o

Another View of POLY

(A; Look back at the procedures in which you used divi-
sion to help you draw 3, 4, 5, 6, and 7-sided figures.
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They probably look a lot alike. In English you might
describe them this way:

To draw a shape of some specified number of sides,
repeat for each side: go forward some distance and
turn right 360 divided by the number of sides

Let’s use a forward distance of 50. The English trans-
lates to Logo:

TO SHAPE :NUMBER.OF.SIDES
Type as one line REPEAT :NUMBER.OF.SIDES
[ FD 50 RT 360/:NUMBER.OF.SIDES ]
END

(Note that the REPEAT statement must be typed on -
one line.) Type in SHAPE and try it with various in- ‘

f puts. Try
SHAPE 3

SHAPE 4

We can also make shapes of various sizes by making
the forward distance a variable. Replace the 50 with
the variable :DIST and add it to the title:

TO SHAPE :NUMBER.OF.SIDES :DIST
Typeasoneline REPEAT :NUMBER.OF.SIDES
[FD :DIST RT 360/:NUMBER.OF.SIDES]
END

Try

SHAPE 3 50 and SHAPE 50 3

| N
It is important to remember the order of the variables
in the title.
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This procedure produces the same design as POLY
(above). The number of sides will be the same as the
number of turns.

Circles

So far we have drawn only straight lines. How does
the turtle draw curves? When you consider that all it
can do is step and turn, then it must be some combina-
tion of steps and turns in curves as well as in straight-
sided figures. Experiment with small steps and small
turns. Use REPEAT with your little steps and turns to
avoid exhaustion. Try some combinations in IMMEDI-
ATE mode, then make procedures of the combinations
you like.

@ Some things to remember:
¢ the turtle draws faster when hidden (HT)
e <CTRL> G stops the turtle, whatever it is doing
¢ you know how far the turtle must turn to finish back
where it started

Projects: Curves

Try these first, then make procedures of the ones you
would like to be able to use. Give your procedures
descriptive names, for instance, a 6th-of-a-circle arc to
the right might be ARCRS6.

1. Use REPEAT to draw a circle, then without clearing
the screen, draw another circle with steps twice as
big as in the first one. Draw another with the turn
twice as big.
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2. Draw a circle to the right and an identical one to the
left.

3. Figure out the diameter (distance across) of the last
circle.

4. Draw a quarter-circle arc to the right.

5. Draw another quarter-circle arc with steps twice as
big as the one in #4.

6. Draw a 6th-of-a-circle arc to the left, then a 6th-of-a-
circle arc to the right. (Hint: use division, and let
Logo do it for you)

7. Write a procedure that uses an arc procedure and
straight lines to draw a picture or design.

8. Do these projects using variable inputs for the step
size and the number of degrees.

See the section on Procedures for a way to develop an
arc procedure. There are also several demonstration
arc and circle procedures on the Utilities Disk. See the
Utilities Disk section.

Using Subprocedures

A procedure used as a command in another procedure
is called a subprocedure. The procedure which uses it
is a superprocedure. You have already used SQUARE
as a subprocedure when you called it in the su-
perprocedure SQ, and, if you did the projects, you
used procedures as subprocedures to draw towers,
windows, and a design with arcs and lines.

A subprocedure is useful when you want to use a pro-
cedure as a new primitive in a variety of procedures, or
several times in one procedure. You could write a pro-

i

cedure to do one side of a square (such as FD 73) and -~
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one turn (RT 90). If you called it SQUARESIDE, then
your square procedure would look like this:

TO SQUARE2
SQUARESIDE
SQUARESIDE
SQUARESIDE
SQUARESIDE

END

(or perhaps)

TO SQUARE2

REPEAT 4 [SQUARESIDE]

END

[

SQUARESIDE

L
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Any Logo procedure can be a subprocedure. In addi-
tion, subprocedures may have subprocedures of their
own.

For example:

SQUARE2 uses SQUARESIDE as a subprocedure.

We write WINDOW which uses SQUARE?2 as a subpro-
cedure.

SQUARE2, which has SQUARESIDE as a subproce-
dure, is now also a subprocedure.

We write HOUSE, which uses WINDOW, and TOWN,
which uses HOUSE...

We can build as far as we want;

all the procedures except the top one (TOWN) will be
used as subprocedures, and all but the bottom one
(SQUARESIDE) will use subprocedures. All but TOWN
and SQUARESIDE will both use and be subprocedures.

& (@] | [@Y&Ys]
WINDOW HOUSE TOWN

The point of this exercise is to show that even now you
%& are writing procedures you can use later on. As you

write your way through the tutorial, note the proce-

dures that may be particularly useful to you as subpro- -

cedures. You might even want to file them separately \
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after a while, in a file called NEW.PRIMITIVES (Logo
allows you to use periods in your procedure and file
names to connect words.) Your arc procedures are
good examples of useful primitive-like subprocedures.

Non-stop Procedures:
Introduction to Recursion

Your procedures up to now have been very well-be-
haved and have stopped when you told them to. Now
let’s try a type of procedure that simply doesn’t know
when to stop.

® As you know, a Logo procedure can use any Logo com-
mand, whether it is a primitive or a procedure. This
includes a procedure being able to use itself.

The ability of a procedure to call itself is called recur-
sion. We shall work up to the power of recursion with
some simple examples. What happens when you tell a
procedure to do itself? Let’s try it with a square pro-
gram:

TO SQUARE3 :LENGTH

FD :LENGTH

RT 90 (Stop me with <CTRL> G)
SQUARE3 :LENGTH

END

What have we told SQUARES3 to do?
1. Draw a side and do a turn
2. Do SQUARE3
1. Draw a side and do a turn
2. Do SQUARE3
1. ...
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Only a <CTRL> G typed at the keyboard will stop this
runaway square. It will go over and over the same
track until you stop it. Not very interesting.

But what would happen if there was a side and a turn
that made a design which would not go over itself?
Change the amount of the turn. Try a little more or less
than the 90 used for a square. Try, for example,

FD :LENGTH
RT 87

Projects: Simple Recursion

1. Write a recursive procedure that draws a little figure
then calls itself. -
2. Write a recursive procedure that uses arcs and lines.
3. Use your triangle procedure in a recursive proce-
dure.
4. Write a recursive procedure to draw a star.

Recursion: Changing the Input
WRAP, NOWRAP, CONTINUE (CO)

Another interesting possibility is that of changing the
length of the side each time it is drawn. Remember,
wherever Logo requires a number, there are several
ways to give it one. We have tried actual values (100 for
instance) and right now we are using a variable
(:LENGTH). The next kind of number to try is a number
which Logo will produce for us by doing some
arithmetic, for instance, :LENGTH + 3.
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TO SQUARAL :LENGTH
FD :LENGTH
RT 90
SQUARAL :LENGTH + 3
END

When SQUARAL calls SQUARAL, it uses a little big-
ger number for the length of the side. Now, even with
a turn of 90, the design will not repeat itself on the
same path.

What happens when you run this procedure: Type

@ SQUARAL 5

—1

SQUARAL 1, The turtle moves FD 5 for the first side
/“ and turns right.
2. Logoruns SQUARAL 5 + 3.

SQUARAL 8

1. The turtle moves FD 8, 3 steps more
than the first side and turns.
2. Logo runs SQUARAL 8 + 3.

SQUARAL 11

1. The turtle moves FD 11 and turns.
2. Logoruns SQUARAL 11 + 3.
and so on.

The second side, and each side after it, will be 3 steps
longer than the previous side, and the picture will
clearly not be a square.

Terrapin Logo Tutorial G-63



Graphics

you exit DRAW mode.

Before long, the line spills’off thé ekdvgv:a- and

reappears on the other side of the screen.

Logo is in WRAP mode, where the lines wrap
around the screen rather than stopping at the
edge. This can make interesting effects, partic-
ularly with PENCOLOR 6, which reverses the
color when lines cross.

Remember, you can use FULLSCREEN or
<CTRL> F, SPLITSCREEN or <CTRL> S,
and TEXTSCREEN or <CTRL> T to change
the amount of drawing space showing on the
screen.

To make Logo stop the procedure when the
line threatens to get out of bounds, type NO-
WRAP to put Logo into NOWRAP mode.
Now, no matter where the turtle is when you
run the procedure, when the design gets too
big for the screen, Logo will stop it. (There

are more elegant ways to stop recursive proce-
dures mentioned later on. See Stopping With

Style.)

The commands WRAP and NOWRAP, like all
other Logo commands, can also be used in
procedures. Whenever they are used, each
stays in effect until the other is used, or until

G-64

Terrapin Logo Tutorial



Graphics

Projects: Changing Inputs

Make the changes suggested below and give each
changed version a new name. Run each version with
several different inputs, large and small (SQUARE 10,
SQUARE 100 for instance)

1.

2.

>

Change the amount added to :LENGTH in
SQUARAL make it large; make it very small.
Subtract an amount from :LENGTH in SQUARAL
instead of adding to it.

. Change the size of the turn a little bit.
. Multiply :LENGTH by a number. Keep trying until

you find one you like. Remember, use the star (3) for
multiplication. (Hint: you can use decimals such as
1.10r1.5)

. Try all of your procedures in WRAP mode and NO-

WRAP mode.

. In WRAP mode, try your procedures with PENCO-

LOR 6 (PC 6).

Write a procedure which takes a variable input and
draws one square. (Hint: use REPEAT) Then write a
recursive procedure that uses the square procedure
as a subprocedure and draws a series of squares
which get bigger and bigger.
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Stopping With Style: IF-THEN, STOP

Logo can make choices based on what you tell it to do.
You can write IF (something) is true, THEN (do some-
thing else) (STOP for instance). (If it is not true, it will
go directly to the next line. If it IS true, and the instruc-
tion is not STOP, it will execute the instruction and
THEN go to the next line.)

For example, you would like to be able to specify the
number of times a recursive procedure executes, and
specify a different number every time you run it. Make
the procedure count down from the number you give
it, and test the count each time it executes with

IF :TIMES = 0 THEN STOP

Here is a procedure that draws a square, turns the turtle
a little, and does it again.

TO DESIGN :TIMES
IF :TIMES = 0 THEN STOP
SQUARE 100
RT 45
DESIGN :TIMES—1
END

This is what happens when you type
DESIGN 4
1. Logo tests :TIMES (4) to see if it is zero.

2. Logo runs SQUARE and turns the turtle
3. Logo calls DESIGN 4—1 or DESIGN 3
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@ DESIGN 3

1. Logo tests :TIMES (3) to see if it is 0
2. Logo runs SQUARE and turns the turtle
3. Logo calls DESIGN 3—1 or DESIGN 2

@ DESIGN 2

1. 1. Logo tests :TIMES (2) to see if itis 0
2. Logo runs SQUARE and turns the turtle
3. Logo calls DESIGN 2—1 or DESIGN 1

& DESIGN 1

1. tests :TIMES (1) to see if it is 0
2. runs SQUARE and turns the turtle
3. calls DESIGN 1—1 or DESIGN 0

DESIGN

DESIGN 0

1. Logo tests :TIMES (0) to see if it is zero
and stops. :TIMES = 0 is finally true.

Control is passed back to each level in turn and the
procedure is done. This aspect of recursion will be
covered in the next section.

What happens when your friend tries to be funny and
runs DESIGN with a negative number?(Ah, you tried it
... Well, remember <CTRL> G.)You will be pleased to
know that you can test for that also. In fact, you can
put as many tests as you wish in your procedure. You
can test for that negative number by using one of the
two other conditions, less than (<) or greater than (>).
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To cover both situations, your negative friend and the
normal ending of the procedure, change your test:

TO DESIGN :TIMES
IF :TIMES < 1 THEN STOP

. SQUARE 100

RT 45
DESIGN :TIMES—1
END

Now DESIGN will stop when :TIMES gets to 0 and
will never start if : TIMES is less than 0.

The procedure can still have variable inputs for other
values, such as the length of the side of the square:

TO DESIGN :TIMES :LENGTH
IF :TIMES < 1 THEN STOP
SQUARE :LENGTH
RT 45
DESIGN :TIMES—1 :LENGTH

END

You can even change the length each time it is called if
you wish by incrementing it as it is in SQUARAL.

NOTE: Be sure the variable you test in your procedure
will eventually reach the test value. For example, in
our first version of DESIGN, :TIMES would never have
reached 0 if it had started out negative. The first one, in
fact, will also fail with a decimal such as 10.3.

If you don’t happen to think of this possibility, the
procedure may go on and on and on and you won't
know why.
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This is a common problem in writing procedures: the
computer always does what you TELL it to do, whether
or not it’s what you want it to do. BUGS creep into the
procedures of the best of programmers.

Bugs can be fun. You can learn from them, and some-
~—Q_» times what the computer does is more interesting than
what you had intended.

Projects: Testing and Stopping

1. Try replacing the 45 in RT 45 with something that
depends on :TIMES, such as 4 * :TIMES.

2. Write a procedure to draw a tower of smaller and
smaller squares, choosing the number of squares
when you run it.

3. In DESIGN, change the input for RT to a variable.
(Remember to add the variable name to the proce-
dure title)

Using the Full Power of Recursion

To see Logo execute procedures step by step,
use TRACE, described in the section on
debugging in this chapter and in the Logo
Command Glossary.

The results of the recursive procedures shown so far
could have been achieved with non-recursive proce-
dures. Each one so far has done something and then
called itself to do essentially the same thing again.
Except for DESIGN, the procedures did not stop by
themselves, so they never had the chance to return to
the top level.
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The power of recursion, and what makes it different
from iteration (repetition), is its ability to come back
from the last call to itself (called the deepest or lowest
level), finishing a job at each level as it returns.

This will be a new concept to many. Logo is one of the
few computer languages with this capability.

The following comparison will illustrate this:

TO COUNTER :NUMBER
IF :NUMBER > 2 STOP
PRINT :NUMBER
COUNTER :NUMBER + 1
END

TO COUNT.PLUS :NUMBER )
IF :NUMBER > 2 STOP
PRINT :NUMBER
COUNT.PLUS :NUMBER + 1
PRINT :NUMBER
END

Small numbers are used to permit full step-wise
explanation.

COUNTER works in the same way as DESIGN. Type

COUNTER 1 and Logo will respond
1
2

COUNT.PLUS, as its name suggests, does more. This is
what happens when you type
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COUNT.PLUS 1

1. Logo tests to see if :NUMBER (1) greater than 2.

2. Logo prints :NUMBER (1).

3. Logo calls COUNT.PLUS :NUMBER +1 (2).

4. (The last statement, PRINT :NUMBER, is not exe-
cuted.)

COUNT.PLUS 2

1. Logo tests to see if :NUMBER (2) > 2.

2. Logo prints :NUMBER (2).

3. Logo calls COUNT.PLUS :NUMBER + 1 (3).

4. (The last statement, PRINT :NUMBER, is not
executed.)

COUNT.PLUS 3

1. Logo tests to see if NUMBER (3) > 2.

2. Logo stops and returns control to the proce-
dure that called COUNT.PLUS 3, which was
COUNT.PLUS 2.

COUNT.PLUS 2

5. Logo executes the next statement in COUNT-
.PLUS 2, which is PRINT:NUMBER. Prints 2.

6. Logo stops and returns control to the procedure
that called COUNT.PLUS 2, which was COUNT-
PLUS 1.

COUNT.PLUS 1

5. Logo executes the next statement in COUNT.PLUS
1, which is PRINT :NUMBER. Prints 1.

6. Logo stops and returns control to the procedure
that called COUNT.PLUS 1, which was the main
Logo command level.
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The diagram shows how all copies of COUNT.PLUS
exist at once, each with its own private value for
:NUMBER.

COUNTPLUS /> COUNTPLUS /> COUNTPLUS
:NUMBER [ 1] :NUMBER ] 2 ]
IF :NUMBER > 2 STOP IF :NUMBER > 2 STOP IF :NUMBER > 2 STOP

PRINT :NUMBER

PRINT :NUMBER

PRINT :NUMBER

prints 1

| counTeLy

PRINT :NUMBER

prints 2 just stops

and b and stopsv\_/

The process of recursion is based on one idea:

When a procedure (A) calls another procedure (B), the
calling procedure (A) puts on hold any instructions
which come after the call. When the procedure (B)
which is called stops, the calling procedure (A) con-
tinues with the rest of its instructions after the call to

(B).

What makes recursion so powerful is that this idea
applies also to (B) and any procedure (B) calls, and any
procedure that THAT procedure calls...

And all of these copies of the procedure co-exist, each
with its private portfolio of values. All copies are used
and exist as if they were completely different proce-
dures.

G-72
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An excellent example is the procedure SQS which
produces squares with half-size squares on the corners:

TO SQS :LENGTH

IF :LENGTH < 5 STOP
REPEAT 4 [FD :LENGTH SQS :LENGTH/2 RIGHT 90]
END

TO SQR :LENGTH
IF :LENGTH < 5 STOP
REPEAT 4 [FD :LENGTH RT 90]
SQAR :LENGTH/2

END

Note the difference the placement of the recursive
call makes in SQR and SQS.

The procedure EXPONENT in the Computation chap-
ter and the procedure TET on the Utilities disk (see the
Utilities chapter) are two other examples of good
recursive procedures. See also Recursion in Music in
the Music chapter.

See chapter 2 in LOGO FOR THE APPLEII, by Profes-
sor Harold Abelson, M.I.T., for a further discussion of
recursion.

Recursion Projects

1. Write a set of procedures which draw successively
smaller houses. Use subprocedures for the parts of
the house.

2. Write a procedure to draw a binary tree. A binary
tree is a v-shaped tree with a smaller v-shaped tree
on each tip. Develop the procedure for the basic V,
then determine where in the procedure you would
insert a recursive call to itself to draw a smaller tree.
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To stop the procedure, use a test similar to the one
used in SQS.

3. Write a procedure that draws a series of successively
larger fish, each totally within the next larger.

Special Effects and New Utilities

Remember that PC 6 changes black to white and white
to black when turtle tracks cross. Try it with SQUARE3
and SQUARAL.

TO SQUARE3 :LEN TO SQUARAL :LEN

FD :LEN FD :LEN

RT 90 RT 90

SQUARES :LEN SQUARAL :LEN + 3
END END

Clear the screen, hide the turtle, set your pencolor to 6
(the reversing color), type SQUARE3S, and hit <CTRL>
F so you can watch on the full screen:

DRAW HT PC 6 SQUARE3 <CTRL> F

If you like the effect, write a procedure which will do
it for you at the stroke of a single name. Give the proce-
dure a name and the commands in the line above (use
the word FULLSCREEN for the <CTRL> F):

TO SUPERSQ
DRAW HT PC 6 FULLSCREEN SQUARE3
END

Type SUPERSQ and sit back.

You could also make a separate procedure of the
SETUP part. Make this one of your own utility proce-
dures.
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TO SETUP TO SUPERSQ
DRAW SETUP
HT SQUARE3
PC6 END
FULLSCREEN

END

éﬁl Since Logo lets you use primitives and proce-
e dures the same way, you can build your own

file of new primitives, utility procedures that

do the special things that you want to do.

This might even include procedures like C

which has the single command CATALOG,
simply to save typing...

(' If you can change a color once, you can change it again,
both background and pencolor. You can make the
change once in a great while, or you can flash from
one to another.

Here’s a flashy example (NOTSQ is not quite a square)

T0 NOTSQ
REPEAT 4 [FD 85 RT 85]
END

TO FLASH.NOTSQ
PC 6
BG 0 NOTSQ
BG 1 NOTSQ
BG 2 NOTSQ
FLASH.NOTSQ
END

r FLASH.NOTSQ) sets the pencolor to 6 (reversing), the
background to black, and runs NOTSQ, four lines that
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don’t quite meet. The background changes to white,
four more lines are drawn, the background changes to
a color, four more lines, then the whole procedure
repeats endlessly. Each time a line crosses a line, the
color of that spot is reversed.

RANDOM Numbers, Numbers from
Arithmetic Operations, Inputs, Outputs

The Logo primitive RANDOM will give you a number,
chosen at random from the group you specify. You
specify the group from 0 to your number by giving
RANDOM the next higher number. For instance, RAN-
DOM 7 will choose a number from 0 to 6 (just what PC
and BG need).

® The number RANDOM chooses is called its OUTPUT.
If you type RANDOM 7 at the keyboard, Logo will
respond with RESULT: 4 (or some other number from 0
to 6), just as it printed RESULT: 90 when you typed
360/4. Both RANDOM and the arithmetic operation
produce a result, that is, they each put out a number,
which is called an OUTPUT.

The number RANDOM uses is its INPUT. You can
never leave out an input: the command needs it to
work. On the other hand, in IMMEDIATE mode, Logo
will print an output as a RESULT sometimes. However,
any time Logo expects to go on, as in a procedure or a
REPEAT command, it needs to know what to do with
that output. Try typing

REPEAT 4 [RANDOM 8]

and Logo will complain.
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This is equivalent to typing
REPEAT 4 [5]

Give RANDOM'’s OUTPUT to something that requires
an INPUT (such as FORWARD or PRINT), and you are
in business:

REPEAT 4 [FORWARD RANDOM 8]

Oohlala... it works.

To make the turtle’s pen or the background take on a
random color, use RANDOM 7 instead of the number.
FLASH.NOTSQ could now be

TO FLASH.NOTSQ
PC6
BG RANDOM 7
NOTSQ
FLASH.NOTSQ
END

(You have the choice of editing the old FLASH.NOTSQ
or typing ERASE (or ER) FLASH.NOTSQ and typing
the new version.)

Here FLASH.NOTSQ sets the pencolor to reverse,
picks a random background color, runs NOTSQ, then
does the same three steps again and again until you
stop it.

To avoid using the reversing (eraser) color #6, use
RANDOM 6, which will select numbers from 0 to 5. To
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avoid using black as well (color #0), use 1 + RANDOM
5. This gives you a random number from 1 to 5 because
1is always added to a random number from 0 to 4.

Try adding one of these lines to one of your procedures:

PC1 + RANDOM 5
BG 1 + RANDOM 5

Note that the number used with PC (PENCOLOR) and
BG (BACKGROUND) is the result of an arithmetic
operation again, addition this time. Recall that some of
the turns in your shape procedures were calculated by
division.

Any time a number is required in Logo, it can be given
as the result of an arithmetic operation. In Logo, use + ™
and — for addition and subtraction (as usual), the slash —
(/) for division, and the star (3) (or asterisk) for multi-
plication. There are rules you need to know if you use

more than one operator (+—/) at a time; see the COM-
PUTATION chapter for details on that.

Projects Using Random

1. Substitute FORWARD RANDOM 100 for the side
in SQUARES.

2. Write a REPEAT statement using a FORWARD com-
mand and a random turn from 0 to 360 degrees.

3. Write a recursive procedure using a FD command
and a random turn between 90 and 180 degrees.

4. Try some other ranges for turns; choose the most
interesting to keep as a procedure.
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Debugging by printing values: PRINT (PR)

Logo is one of the easier computer languages to debug
(get rid of the errors, called bugs) because large pro-

grams are composed of small procedures. It is a lot

easier to debug a small procedure than a long, compli-

cated program. Always make sure your procedures

are

debugged (run correctly by themselves) before you use

them in other procedures.
TO DESIGN :TIMES :LENGTH
IF :TIMES = 0 THEN STOP
SQUARE :LENGTH
RT 45
DESIGN :TIMES—1 :LENGTH
END
In DESIGN, if you type
DESIGN 6.5 100

the procedure will never stop.

To find out why, we want to check out : TIMES. It
would be nice to print it out each time around.

Use the Logo PRINT (PR) command to check on the
value of :TIMES. Type

TO DESIGN

and add this line (in EDIT mode) just before the test
(before IF...):

PR :TIMES
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(You can remove it after you have debugged the proce-
dure.)

DESIGN now looks like this:

TO DESIGN :TIMES :LENGTH
PR :TIMES
IF :TIMES = 0 THEN STOP
SQUARE :LENGTH
RT 45
DESIGN :TIMES—1 :LENGTH
END

Type <CTRL> C to leave EDIT mode, then type
DESIGN 6.5 100

As it runs DESIGN, Logo will draw the design in the
graphics part of the split-screen, and will print the
values of :TIMES on the four lines of the text part of
the screen.

Because the values are not whole numbers, if you look
quickly, you will see them get smaller and smaller and
then become negative and get larger and larger. In
other words, :TIMES has passed zero and skipped the
test because :TIMES was never exactly zero.

Now you know that the bug is in the test that failed to
account for this possibility. You can either change the
test or add another test. The best thing to do is change
the test, since two tests are not really necessary. How-
ever, when you change the test, be sure to try out
DESIGN with every possibility you can think of.
ALWAYS test your procedures using all of the
possibilities you can think of.
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Debugging Using PAUSE: <CTRL> Z
CONTINUE (CO)

PAUSE or <CTRL> Z stops a procedure in such a way
that you can start it again. While it is stopped, you can
find out where the (hidden) turtle is by typing SHOW-
TURTLE (or ST), hide the turtle with HT, print the

procedure out with PO, PRINT variable values, or do a

number of other things. To resume running the proce-
dure, type CONTINUE (or CO).

Negative Inputs

There is also another possibility: remember that friend
of yours who likes negative inputs? What happens to
DESIGN if :LENGTH is negative? What happens to
:TIMES? What happens to the friend?

Well, if :LENGTH is negative, the turtle just backs
around in the opposite direction. Logo knows all about
negative lengths.

And the friend? Unless he knows how to give that
negative input, Logo will give him a (no doubt helpful)
€ITOr message.

@}f' A negative input for the second variable must be in
parentheses to show that it is an input and not a num-
ber to be subtracted from the first variable, for, as you
will recall, inputs can be the results of arithmetic oper-
ations. Type

DESIGN 5 (-100)

Let’s set up a situation where the size of the turn be-
tween squares depends on the number of :TIMES the
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square is drawn, so we can have a complete design. To
do this, we replace the 45 with 360 / :TIMES.

TO DESIGN :TIMES :LENGTH
IF :TIMES < 1 THEN STOP
SQUARE :LENGTH
RT 360/:TIMES
DESIGN :TIMES—1 :LENGTH

END

Now we have two things which depend on :TIMES,
:TIMES itself, which must always be positive, and the

turn between squares, which could be either positive

or negative. A negative turn just goes around in the

other direction.

How can we fix it so a negative number for : TIMES

will give us a positive value for : TIMES, but keep the
negative turn?

To do this, we must write a procedure to test : TIMES,
then call DESIGN with the appropriate values. We also
need to use a variable for the turn, so we can keep it
negative when :TIMES changes to positive. DESIGN
becomes

TO DESIGN :TIMES :LENGTH :TURN
IF :TIMES < 1 THEN STOP
SQUARE :LENGTH
RT :TURN
DESIGN :TIMES-1 :LENGTH :TURN

END

COMPLETE.DESIGN is the procedure which handles
the details: )
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TO COMPLETE.DESIGN :TIMES :LENGTH
IF :TIMES < 0 THEN
DESIGN —:TIMES :LENGTH 360/:TIMES
ELSE
DESIGN :TIMES :LENGTH 360/:TIMES

END

This is a one-line procedure, shown here on several
lines for clarity. It must be typed as one line.

This says that if :TIMES is negative, change it to posi-
tive when you call DESIGN, otherwise leave it alone.
In both cases, :TURN uses :TIMES directly, so if
:TIMES is negative, :TURN is negative; if : TIMES is
positive, :TURN is positive.

More on Debugging: TRACE, NOTRACE

Logo provides a detective system to trace through the
procedure with you as the procedure is executed. Logo
prints each line on the screen, you press <RETURN>,
and Logo executes the line. Type TRACE to activate
TRACE mode, NOTRACE to get out of it. See the Ap-
pendix for a full description of TRACE and NOTRACE.

More About the Turtle:
TURTLESTATE (TS), HEADING,
SETHEADING (SETH), TOWARDS

Logo primitives which give information about the
turtle are useful for testing. TURTLESTATE is a good
example, giving a list of four pieces of information.
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Type

TURTLESTATE and Logo will reply
RESULT: [TRUE TRUE 0 1]

if 1. It is TRUE that the pen is down
2. Itis TRUE that the turtle is visible
3. Background color is 0 (black)
4. Pencolor is 1 (white)

Refer to the chapter on Words and Lists for how to test
against a member of a list. You can also print the infor-
mation, i.e. PRINT TURTLESTATE.

Logo uses HEADING for the direction the turtle is
pointing. Type )

HEADING and Logo will reply
RESULT: 45.007

or whatever number of degrees the turtle has turned to
the right (clockwise) from facing up.

PRINT HEADING, whether used in a procedure or not,
will print the number alone. You can use HEADING to
stop a procedure after a turn. Example:

IF HEADING < 45 STOP

Use SETHEADING (SETH) to tell Logo what direction
you want the turtle to face:

SETHEADING 45
turns the turtle as if it had turned 45 degrees to the ™
right from facing straight up.
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To change the turtle’s heading by a specific amount,
use both:

SETHEADING HEADING + 5
will turn the turtle 5 degrees to the right.

TOWARDS turns the turtle to face a point designated
by its coordinates:

SETHEADING TOWARDS 100 (-100)

turns the turtle to face a point 100 turtle steps to the
right (x =100) and 100 turtle steps down (y = —100)
from the center of the screen. Note that here, too, the
negative input is in parentheses to avoid confusion
with subtraction. Another way to write a negative
second input is to write it as zero minus the number.
Example:

SETHEADING TOWARDS 100 0-100

Position When You Want It: XCOR, YCOR,
SETX, SETY, SETXY

The graphics screen can be thought of as a grid, with X
going across and Y going up and down. At the HOME
position in the center of the screen, X and Y are zero. X
gets larger to the right; Y increases as you go up. X is
negative to the left of HOME, and Y is negative below
it.

XCOR and YCOR give the X and Y coordinates of the
turtle’s position on this grid. Type XCOR, YCOR,
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PRINT XCOR, or PRINT YCOR and Logo will print the
X or Y coordinate. You may also test against either:

IF XCOR = 150 STOP

To move the turtle to a specific coordinate position,
use SETX, SETY, or SETXY. Only the position will
change; the turtle will not change its heading. Type:

SETX 100
to move the turtle across to x =100

SETY 100
to move the turtle up or down toy =100

SETXY 100 100
to move the turtle to the point x =100, y =100

SETXY 100 (-100) ™
~ tomove the turtle to x =100, y = —100

Use these commands together to move the turtle a
specific distance:

SETX XCOR + 5

moves the turtle 5 steps to the right without changing
its heading.

SETXY XCOR + 5 YCOR — 5

moves the turtle 5 steps to the right and 5 steps down,
keeping the same heading.

SETXY is used in the Computation chapter to draw

curves using their equations. To see how to use SETXY
with joysticks and paddles, see PADDLE in the Logo ™
Command Glossary.
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INSTANT:
Logo Turtle Graphics for the Non-reader

Your Logo system disk contains a collection of proce-
dures which makes Logo turtle graphics accessible to
young children. The INSTANT system uses single
character commands which are equivalent to longer
Logo commands. You can use colored stickers to iden-
tify the appropriate keys for use with INSTANT.

To use INSTANT, turn on the Apple with the Logo
Language disk in the disk drive. When Logo is loaded
and displaying the question-mark prompt (?), put the
Utilities Disk in the disk drive and type

READ “INSTANT (with the “)

Logo will read in the file of procedures used by IN-
STANT, identifying each as defined. Type

INSTANT (without the “)

The screen will display the commands used in IN-
STANT as follows:

MOVES THE TURTLE FORWARD

TURNS IT RIGHT

TURNS IT LEFT

DRAW (CLEARS THE SCREEN)

UNDO (ERASES LAST COMMAND)

NAMES THE PICTURE

SHOWS A PICTURE, ASKS FOR ITS NAME.
GIVES HELP

NN Z2Ccorxom

PRESS ANY KEY TO CONTINUE.
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When you press a key, the list goes away, the turtle
appears, and the blinking cursor moves to the lower
left portion of the screen.

Type F to move the turtle forward.Turn the turtle with
either R or L.

D restores the screen to its original condition, erasing
the whole picture.

To erase just the last command, type U. Logo will re-
draw the picture without the most recent command.

Animation Of A Sort

U makes it possible to do some interesting animation, -~
ﬁ, since every motion of the turtle is relived in the re- “

drawing, even though it is not visible in the finished
drawing. For a Lively Line, try typing

FRLLR FRLLR FRLLR U

The idea is to wave the turtle back and forth every
once in a while, perhaps turn it completely around; let
it be indecisive about making a turn... It all comes out
again when you type the U.

To name a picture, type N and the name. (Names do not
have to be single letters; they can be of any length.) IN-
STANT will create a Logo procedure which has that
name and contains all the steps used in drawing the
picture.
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To get a picture back, type P and its name. When the
picture-drawing procedure is called using P, it is
added to the current list of commands and becomes
part of a new procedure when N is next used. Using N
and P in this way, you can do structured programming
in INSTANT.

The following INSTANT session demonstrates this
feature. Although the single-letter INSTANT com-
mands do not print out when you type them, they
are shown here for convenience. The computer’s
responses appear in italics.

Z MM

WHAT DO YOU WANT T0 CALL THIS PICTURE?
SIDE

P

WHAT PICTURE DO YOU WANT TO SHOW?
SIDE

P

WHAT PICTURE DO YOU WANT TO SHOW?
SIDE

P

WHAT PICTURE DO YOU WANT TO SHOW?
SIDE

P

WHAT PICTURE DO YOU WANT TO SHOW?
SIDE

N

WHAT DO YOU WANT TO CALL THIS PICTURE?
BOX
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If you leave INSTANT and print out the procedures
SIDE and BOX, you can see that they are basically the
same procedures developed in the beginning of this
chapter, with minor differences such as three RIGHT
30 commands being used instead of RIGHT 90.

To save a picture on the disk, return to Logo with
<CTRL> G and type SAVEPICT “ and the name you
want for your picture. Example:

SAVEPICT “PUPPY

will save the picture on the screen under the name
PUPPY on the disk.

Type
INSTANT

to return to the INSTANT system.

For disk storage of procedures created using INSTANT,
you must leave INSTANT and return to Logo:

1. Type <CTRL> G to return to Logo.

2. Type <CTRL> T for the full screen of text (TEXT
mode)

3. Type POTS to list the procedures you have created
(plus the system procedures you saw defined as
they were read in)

4. To write all of the listed procedures to your disk,
put your procedure-storage disk in the disk drive,

and type
SAVE “INSTANT —\
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All the procedures listed will be written to your disk.
In subsequent sessions using INSTANT, READ “IN-
STANT from your own disk instead of the Utilities
disk. You will have everything you need to run IN-
STANT as well as all previously written original proce-
dures.

If you want only the procedures created by INSTANT,
you can use SAVE with two inputs: a filename and a
list of procedures. See the earlier section on Saving
Procedures.

Modifying INSTANT

Like many of the programs on the Utilities Disk,
INSTANT can be expanded or modified to include
more complex commands. To add new single-letter
commands, edit the COMMAND procedure.
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COMPUTATION:
HANDLING NUMBERS

Perhaps you’ve begun to wonder if Logo can do any-
thing but draw pictures. Have no fear! Like any other
full computer language, Logo can perform a variety of
numerical operations

@ Logo uses integers (whole numbers like 4, 67, 1918)
and real numbers (numbers with a decimal part like
4.55, 3.14159) without distinguishing between them.
7/2 (7 divided by 2) is always 3.5 in Logo.

Logo also recognizes “floating point” num-
bers, which use a form of scientific notation.
For instance, S000 can be represented as SE3
(5 times ten to the exponent 3); likewise,
0.005 can be represented as SN3 (5 times ten
to the exponent -3). Floating point notation is
useful primarily in representing extremely
large numbers. See the Numbers section of
the Technical chapter for more details.

Arithmetic Operations

When you use a computer, you must type everything
on one line. For the operations of addition, subtraction,
multiplication, and division, Logo uses the following
operators:

asin
Addition + 745 (12)
Subtraction - 7-5 (2)
Multiplication % 7 %5 (35)
Division / 7/5 (14)

(A The star (or asterisk ) is used for multiplication to
' avoid confusion with the letter x. The slash (/) is used
to keep division on one line.
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Raising to powers (exponentiation) uses the procedure
EXPONENT, described below.

Logo will do the arithmetic for you when you give it
an operation for its input. When you type:

FD 26 + 42 Logo will move the turtle 68 steps for-
ward;

PRINT 76 % 42 Logo will print 3192;
RT 360/5 Logo will turn the turtle 72.

Hierarchy of Operations

@f‘ Doing arithmetic on a line does present some prob-
lems, however. There must be rules about which
operation is done first. Try these:

PRINT (7 + 5)/ 2
PRINT 7+5 /2

In the first, the 7 and 5 are added, to make 12, then the
12 is divided by 2, which gives 6. In the second, the 5
is divided by 2 first, with the result of 2.5, then the 2.5
is added to the 7, giving 9.5.

RULES THE COMPUTER PLAYS BY

@ 1. Parentheses are the first thing the computer looks for
in evaluating an arithmetic expression. It does what-
ever is in the parentheses first, according to the rest
of the rules.

2. Multiplication and division are done next, from left
toright. ;
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3. Addition and subtraction are done last, also from
left to right.

Examples:

1.

Step 1
Step 2
Step 3
Step 4

Step 1
Step 2
Step 3
Step 4
Step 5

Step 1
Step 2
Step 3
Step 4

4 ¥ 3 + 6 / 3
¥ 3 + 6 / 3

4

>

12

*
*
*
36

(3

(3

+
14

6) / (3

6) / (3

)

2

36

/
) /|

/ (

7.2

- 2 ¥
— 10
— 10

* X% ¥
Www w

108

- 2) ¥ 3

1 ) ¥ 3
3

24+ ++ 4

o+ + 4

2)

NDNMNDNMNDN N

2)

2)
2)

So you see, the order in which the operations are done
can make a considerable difference.
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Outputs, Integer Operators, Functions:
RANDOM, RANDOMIZE, ROUND, INTEGER,
QUOTIENT, REMAINDER, SQRT, SIN, COS

Arithmetic operations give a result, called an output.
When you type an operation at the keyboard, Logo
will tell you that result. Type

24/3 and Logo will type
RESULT: 8

RANDOM is another Logo operation which gives a
result. It chooses a random number in the group you
select. You specify the group by giving RANDOM the
next higher number.

Type Logo will output
RANDOM 10 a number between 0 and 9;
RANDOM 501 a number between 0 and 500.

(Type RANDOMIZE before using RANDOM to avoid
identical sequences of random numbers every time
you turn on the computer.)

The other integer operators also output. ROUND
rounds off a real number to the closest integer:

ROUND 6.4 outputs 6
ROUND 2.7 outputs 3
ROUND —6.4 outputs —6
ROUND -2.7 outputs —3
ROUND 6.5 outputs 7

C-4
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INTEGER gives the integer portion of a real number:

INTEGER 4.3 outputs 4
INTEGER 4.9 outputs 4
INTEGER —4.3 outputs —4
INTEGER —4.9 outputs —4
INTEGER 7/2 outputs 3

QUOTIENT gives the integer part of the quotient of
two numbers:

QUOTIENT 7 2 outputs 3
(the same as INTEGER 7/2)

QUOTIENT 12 outputs 0
QUOTIENT -7 2 outputs —3

REMAINDER outputs what is left over from the integer
division:

REMAINDER 7 2 outputs 1

REMAINDER 2 3 outputs 2

When you use real numbers with QUOTIENT or
REMAINDER, they are ROUNDed to integers before
the division takes place.

SQRT produces the square root of the positive number
you give it:

SQART 160 outputs 12.6491
SQRT 16 outputs 4

Terrapin Logo Tutorial C-5
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SIN and COS output the sine and cosine of the number
given in degrees:

SINO outputs 0
SIN 90 outputs 1
CoSo outputs 1
COS 90 outputs 0

In a procedure you must do something with an output.
If you don’t, Logo complains that you don’t say what
to do with it.You might PRINT it, assign it to a variable
name, or use it in a graphics command:

RT 360/4 the turtle turns right 90
MAKE “A 360/4 the value of A becomes 90
PRINT :A Logo prints 90

PRINT QUOTIENT 5 2 Logo prints 2

MAKE “B REMAINDER 5 2 :B becomes 1

PRINT :B Logo prints 1

Variables, Global and Local: MAKE

In Logo, you may use a variable anywhere you can use
a number.

Variable names in Logo may be of any length, made up
of any combination of letters, numbers, or the special
characters !,"#$. %&? which leave out only the opera-
tors, brackets and parentheses, and the single quote.

The name of the variable is preceded by the single set
of double quotes (). The value of the variable is pre-
ceded by dots (: also known as colon).

C-6
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Global Variables:

The Logo primitive MAKE gives a value to a variable
which the variable keeps until it is changed with an-
other MAKE command. MAKE can be used either in
IMMEDIATE mode or in a procedure. The value as-
signed is used in any procedure in which the variable
is used; the value is also stored when a copy of the
workspace is saved onto a disk. Variables created with
MAKE are called Global Variables. Examples:

MAKE “Pl 3.14159 gives the variable :PI the value 3.14159
PRINT :PI prints 3.14159

MAKE “MINE “MINK gives :MINE the value MINK

PRINT :MINE prints MINK

MAKE “A :PI gives :A the VALUE of :PI (3.14159)

PRINT :A prints 3.14159

Local Variables:

Local variables are used only in procedures. When a
G . o :
@f procedure is running, its local variable(s) have a value.
When the procedure stops, the variable ceases to exist
until the next time the procedure is run. An input to a
procedure behaves as a local variable.

You can also make a variable local to the current pro-
cedure with the LOCAL command (added in version
2.0). Any time MAKE is used after the command
LOCAL, the variable is treated as a local and not a
global variable.
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Local variables are important because they
keep the workspace from becoming cluttered.
Using global variables when local variables
will do wastes memory space that could be
used for other purposes. Also, you can have
several local variables with the same name in
different procedures, but only one global
variable with a given name.

B T e e R

Procedures: TO, END

Any command you can type at the keyboard can be
used in a Logo procedure. To define a procedure,
type TO and the name you have chosen. For exam-

ple, type:

TO CUBE (to obtain a number multiplied by itself
3 times)

The screen will clear, with the procedure title

TO CUBE at the top and a white line at the bottom
which tells you that you are in EDIT mode and
should use <CTRL> C to complete the definition of
your procedure. (<KCTRL> G means gone.) (To do a
<CTRL> C, hold down the <CTRL> key and press
the <C> key.)

Type in the rest of the procedure below, and press
<CTRL> C. (See the APPENDIX for a discussion of
commands used in EDIT mode.)

TO CUBE
PRINT 4 % 4 X 4
END

C-8
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Type
CUBE Logo will print 64

You can use a variable to extend the usefulness of this
procedure. Make it print the cube of whatever number
is given it, instead of printing the cube of 4 all the time.
Replace each 4 with the variable name and add it to
the title, so the value of the variable may be brought
into the procedure. You may choose any name for your
variable; a descriptive one is most helpful.

TO CUBE :NUMBER
PRINT :NUMBER 3 :NUMBER % :NUMBER
END

CUBE now expects a number. This means that you
may not type CUBE by itself any more. When you do,
Logo will tell you that you forgot the input
(:NUMBER).

Now when we type CUBE with a number, Logo will
print the cube of that number.

Type Logo will print
CUBE3 27
CUBE 33 35937
CUBE 333 36926037

After CUBE is run, Logo forgets the value of
:NUMBER. Try typing

PRINT :NUMBER

Terrapin Logo Tutorial C9
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:NUMBER is a local variable and has value only within
the procedure in which it is used. :NUMBER could be
used in a variety of procedures and have a different
value in every one.

Interactive Procedures: LOCAL, REQUEST
(RQ)

LOCAL is convenient when you don’t want to give a
procedure input immediately, but still want to use a
local variable. This is frequently the case with inter-
active procedures, especially if the procedure requires
the user to input more than one variable.

An interactive procedure is one that requires user
input from the keyboard while the procedure is run-
ning. As an example of this, we start with a procedure
which randomly picks two numbers and prints their
product.

TO MULTIPLY

LOCAL “X LOCAL Y

MAKE “X RANDOM 10

MAKE “Y RANDOM 10

(PRINT :X [TIMES] :Y [IS]:X * :Y)
END

LOCAL specifies that its input (in this case X and Y) be
treated as local variable for the rest of the procedure. In
the procedure shown, RANDOM is used to pick values
for the variables. The last line then prints the variables
and their product as part of a sentence.

C-10
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Note that X and Y do not have values until MAKE is
used. To see this, put PRINT :X between the LOCAL
and MAKE statements.

| USRS 5 SN N S T B R, e e R R LR T THRREY
PRINT usually takes one input which can be a
word, a list, or anumber. In this case it has
five inputs, so parentheses must be used to

tell Logo to expect more than the usual
number of inputs.

To make the procedure continue to pick variables and
print answers, add MULTIPLY as the last line in the
procedure (but before END). Use <CTRL>G to stop it.

Now you have a procedure that is good at picking
numbers and telling you the product, but thisisn’t an
interactive procedure. There is no way for you to do
anything while the procedure is running. Let’s change
things so that you have to type the answer to a ques-
tion. The line with PRINT will become

(PRINT [HOW MUCH IS] :X [TIMES] :Y [?])

Of course, you’ll want Logo to tell you whether the
answer you give is right or wrong. The following
procedure will do just that.

TO TESTANSWER :ANSWER
IF :ANSWER = :X * :Y PRINT [CORRECT] STOP
PRINT [INCORRECT]

END

Terrapin Logo Tutorial C-11
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This procedure looks to see if the value of ANSWER
equals :X * :Y. If this is TRUE, the procedure prints
CORRECT and stops; otherwise, it prints INCORRECT.

How should you combine the two procedures? If you
add TESTANSWER :ANSWER as the line after the
PRINT command in MULTIPLY, where does
:ANSWER come from?

To allow user input, use REQUEST. This primitive
takes input from the keyboard and makes it into a list
when <RETURN> is hit.

TO MULTIPLY
LOCAL “X LOCAL“Y
MAKE “X RANDOM 10
MAKE “Y RANDOM 10
(PRINT [HOW MUCH 1S] :X [TIMES] :Y [?])
TESTANSWER FIRST REQUEST
END

REQUEST takes what you type and gives it to TEST-
ANSWER as input. The command FIRST is needed be-
cause REQUEST makes a list; if FIRST were omitted,
the first line of TESTANSWER would compare a
number with a list containing a number, and the pro-
cedure would print INCORRECT. What we need is the
first (in this case, the only) item in the list, which is the
number you typed in.
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Note that TESTANSWER uses X and Y even
though they were not declared in its title line.
A subprocedure always has access to the
variables in the calling procedure(s).

i

So far MULTIPLY and TESTANSWER could have been
written as one procedure. But what if we wanted to
make the program keep asking for an answer until it
got theright one? To do this, we need a recursive call to
TESTANSWER so it will keep calling itself until you
type the correct answer.

What happens if youadd TESTANSWER :ANSWER as
the last line of TESTANSWER? Obviously this doesn’t

f work! (Try it to see why.) We need to change :ANSWER
in the last line to something else. Hint: look at
MULTIPLY.

Why all this fuss about local variables, whether
created by LOCAL or declared as procedure inputs in
the title line? Global variables take up space. Unless
you have a particular need for a variable that stays
around in the workspace, use a local variable.

Bringing Values Out of Procedures:
OUTPUT (OP)

@f' When the results of running a procedure are to be used
by another procedure, which often happens when the
purpose of a procedure is doing a computation, those
results must be brought out of the procedure for use.
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There are two ways of getting values out of a proce-
dure:

1. Create a global variable (described above).
2. Use the Logo primitive OUTPUT.

The Logo primitive OUTPUT returns values from the
procedure in which it occurs. The values are returned
to the procedure which called that procedure.

If you run a procedure which uses OUTPUT, the proce-
dure will print the OUTPUT on the screen.

If you run a procedure which calls a procedure which

uses OUTPUT, only the procedure you ran will receive

the information from OUTPUT. It will not be printed =~ ™™
unless there is a PRINT statement. '

This is similar to what happens when you do
arithmetic operations. Type

3+5

and Logo will print
RESULT: 8

Type

FORWARD 3 + 5

and the result 8 only goes to the FORWARD

The turtle moves, but the 8 is not printed on the screen. -~

C-14
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We can change the PRINT statement in CUBE to OUT-
PUT to show this:

TO CUBE1 :NUMBER
OUTPUT :NUMBER % :NUMBER % :NUMBER

END

Now if you type
CUBE1 3

Logo will print
RESULT: 27

However, if you type
FORWARD CUBE1 3

the graphics turtle will move forward 27 steps. |

Example of OUTPUT and Recursion:
A Procedure to Do Exponentiation

A recursive procedure is a procedure which calls itself
as a subprocedure. The procedure EXPONENT, shown
below, uses recursion to raise :X to the power of :Y.

TO EXPONENT :X :Y

IF :Y =0 THEN OUTPUT 1

OUTPUT :X 3 (EXPONENT :X :Y-1)
END
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In the procedure, Y is used as a counter to make sure
that X is multiplied together the correct number of
times.

How EXPONENT works:

1. Tests for the finish,i.e. Y =0
2. Multiplies :X by the result of running EXPONENT
with the counter decremented.
1. Tests for the finish
2. Multiplies :X by the result of running EXPONENT
with the counter decremented, and so on until :Y
is decremented to 0.

Example:
EXPONENT 3 4

We shall follow the recursion down through all its
levels and then trace OUTPUT on its way back up.

Going down, each level is put on hold pending the
appearance of a number needed to complete the com-
putation. Coming back up, each number is output to
the level above and each computation completed.
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Going down:
EXPONENT 3 4

1. Check to see if :Y (4) is 0
2. OUTPUT 3  the result output by EXPONENT 3 3

Logo must figure out the value of EXPONENT 3 3.
EXPONENT 3 3

1. Check to see if :Y (3) is 0
2. OUTPUT 3 * the output of EXPONENT 3 2

Logo must figure out the value of EXPONENT 3 2.
EXPONENT 3 2

1. Check to seeif :Y (2) is O
2. OUTPUT 3 * the output of EXPONENT 3 1

Logo must figure out the value of EXPONENT 3 1.
EXPONENT 3 1

1. Check to see if :Y (1) is 0
2. Output 3 % the output of EXPONENT 30

Logo must figure out the value of EXPONENT 3 0.
EXPONENT 3 0
1. Check to see if :Y (0) is 0; if it is, OUTPUT 1.

OUTPUT stops the procedure and out-
puts the value 1.
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Going back up:

The 1is output to the procedure which called EXPO-
NENT 3 0, which was EXPONENT 3 1. This completes
the evaluation in EXPONENT 3 1, which is output to
the procedure which called EXPONENT 3 1, which
was EXPONENT 3 2. The process is repeated until the
top level is reached.

The evaluation of EXPONENT 3 4 on the way down
looks like this:

EXPONENT 3 4 = 3 %(EXPONENT 3 3)
= 3 *(3 *(EXPONENT 3 2)
= 3 (3 %(3 % EXPONENT 3 1))
= 3 %(3 *(3 %(3 % EXPONENT 3 0)))

Since the value output by EXPONENT 3 0 is 1, going
back up this becomes

EXPONENT 3 4 = 3 3 (3 3 (3 % (3 % (1))
EXPONENT 3 0 outputs 1
=3 % (3% (3% ((3%1)

EXPONENT 3 1 outputs 3
=3 % (3% (3% 3)
EXPONENT 3 2 outputs 9
=3 % (3%9)
EXPONENT 3 3 outputs 27
=3 %27
EXPONENT 3 4 outputs 81

The 3 is multiplied by itself 4 times, just as prescribed.

Note the use of :Y as a counter which makes sure that

EXPONENT is called exactly 4 times, that is, 3 is multi- -~

plied by itself 4 times, or raised to the power of 4.

C-18
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Graphing Functions:
Sine, Cosine, Tangent, Parabola, Ellipse,
SETXY, HOME, DRAW,HT

It is easy to graph functions of the form Y = f(X) using
the Logo primitive SETXY, which takes as its inputs
the :X and :Y positions on the Logo screen.

The heart of each procedure is the evaluation of :Y and
the positioning of the turtle (f(:X) is whatever the func-
tion calls for):

MAKE “Y f(:X)
SETXY :X :Y

o~ This is more elegantly accomplished by combining
the two operations. For example:

SETXY :X f(:X)
Principal considerations include

1. Keeping the curve on the screen
2. Positioning the curve
3. Scaling for visibility

To position the start of the curve, we might want to
move :X to the left by the amount :C. Our statement
becomes:

SETXY :X—:C f(:X)

-~
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To see :Y if it is very small, we might want to multiply
it by a visibility factor :D:

SETXY :X—:C f(:X) % :D
SINE FUNCTION: Y =SIN X

We would like to begin the sine wave at the left edge of
the screen (—140), make it large enough to be visible,
and stop at the right edge of the screen (+140).

To begin drawing at the left edge and yet have :X start
at 0 for the evaluation of :Y, the X position becomes
:X—140.

To see :Y, which will vary between 0 and 1, multiply -
by 100 (actually anything up to 120, the vertical limits |
of the screen).

The procedure starts out as

TO GRAPH.SIN :X
SETXY :X —140 100 % SIN :X
END

This computes one point and moves the turtle to it. To
continue the curve, increment :X by calling
GRAPH.SIN with an incremented value:

TO GRAPH.SIN :X
SETXY :X —140 100 > SIN :X
GRAPHSIN :X +5

END
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To stop the curve at the right edge of the screen, insert
a test for the X positon (:X—140):

TO GRAPH.SIN :X
IF :X — 140 > 140 STOP
SETXY :X — 140 100 % SIN :X
GRAPH.SIN :X +5

END

To draw a sine wave starting at X = 0, type
GRAPH.SIN 0

An axis would improve the graph (DRAW clears the
screen and moves the turtle to the center, HT hides the
turtle):

TO AXIS
DRAW
HT
SETXY 140 0
HOME
SETXY —140 0
END

Now to draw a sine wave with an X-axis, type

AXIS
GRAPH.SIN 0

(A
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The final improvement for the sine wave is writing a
procedure to do that typing for us:

TO SINE
AXIS
GRAPH.SIN 0
END

Finally, to draw a sine wave, type
SINE
COSINE FUNCTION: Y =COS X

Substitute COS for SIN in the GRAPH.SIN procedure,
changing its name to GRAPH.COS. Write a superproce-

dure COSINE to call it with AXIS. The easiest way to -
do this is to edit GRAPH.SIN and SINE. See the editing
sections of the Graphics chapter and the APPENDIX.

TANGENT FUNCTION: Y = (SIN X) / (COS X)
The tangent procedure has some different problems.

Note how :X is incremented slightly if COS :X =0, to
avoid dividing by 0. Since we don’t want to stop the
procedure in the middle of the screen, PU (PENUP) is
used to stop the turtle from drawing when it is simply
wrapping around the screen to get to the off-screen
points. (When the line goes off the edge of the screen,
it continues by entering on the opposite side of the
screen. This is called wrapping.) Using PU requires
adding PD (PENDOWN) to start drawing again.
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TO GRAPH.TAN :X
IF COS :X =0 THEN MAKE “X :X +1
IF :X — 140 > 140 STOP
MAKE “Y (SIN :X) / (COS :X)
IF 100 % :Y > 115 PU
IF 100 % :Y < —115 PU
SETXY :X-—140 :Y > 100
PD
GRAPH.TAN :X + 5
END

Here Y is evaluated separately because it must be tested
before the drawing step.

PARABOLA: Y = (X % X) / (4 % A)

- The vertex of this parabola is at 0,0; the axis is vertical.
A is the distance from the vertex to the focus. Increas-
ing A makes a wider parabola; decreasing it makes a
narrower one.

The general formula for this parabola is
(X—H) % (X—H) =4 ¥ A % (Y-K)

where H is the X co-ordinate and K is the Y co-ordi-
nate. H and K are 0 in this example.

In the drawing of the parabola, add PU after AXIS to
avoid leaving a trail to the beginning of the curve.
(This is the same AXIS procedure that is used in the
sine procedure.)

-~
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Determine the beginning point in the superprocedure
PARABOLA, using the equation again, with 118 the
value for Y (about the largest possible value for Y).

TO PARABOLA :A

AXIS

PU

GRAPH.P (SQRT (118 % 4 3 :A)) :A
END

TO GRAPH.P :X :A
MAKE “Y (:X % :X) / (4 % :A)
IF :Y > 124 STOP

SETXY :X :Y

PD

GRAPH.P : X +5 :A
END

With a positive value for :A, this will draw a parabola
above the X axis. To allow use of a negative :A, which

would draw a parabola below the X axis, we must use
the absolute value of :A (:A without its sign) in calcu-

lating the starting position of X, since we cannot take

the squareroot of a negative number. We write the pro-
cedure ABS to figure the absolute value for us:

TO ABS :X
IF :X < 0 THEN OUTPUT (—:X)
OUTPUT :X

END

OUTPUT stops after it outputs. So if X is negative, it
will change it to positive; if it is positive it will output
it directly. PARABOLA becomes:

C-24
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TO PARABOLA :A

AXIS

PU

GRAPH.P (—SQRT(118 % 4 % ABS :A)) :A
END

Since it is a test for Y that stops the procedure, we
must revise the test to allow for a negative Y:

TO GRAPH.P :X :A
MAKE “Y (:X % :X) / (4 % :A)
IF ANYOF (:Y > 124) (:Y < —124) STOP

SETXY X :¥

PD

GRAPH.P :X + 5:A
END

To make a family of parabolas, add a recursive call
to PARABOLA (taking care to pick up the pen in
between):

TO PARABOLA :A
AXIS
PU
GRAPH.P (—SQRT(118 % 4 % ABS :A)) :A
PU
PARABOLA :A +1
END

ELLIPSE FUNCTION:
Y =B % SQRT (1—-(X % X) / (A % A))

The center of this ellipse is at 0,0. A is half of the
horizontal axis, B is half of the vertical axis.

-
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The general formula for an ellipse is
(X—H) * (X-H) /(A % A) +(Y—K) % (Y-K) /(B % B) =1

where H,K are the X and Y co-ordinates of the center,
(0,0) in this example.

The ellipse procedure must solve the problem of Y
becoming negative as X returns to its original value.
Changing the sign of the increment takes care of it.

TO GRAPH.ELLIPSE :X :A :B :INC
IF (:X 3% :X) > (:A % :A) STOP
IF :X = :A THEN MAKE “INC (—1)
SETXY :X :INC 3 :B 3 SQRT (1—(:X 3k :X) / (:A % :A))

PD
GRAPH.ELLIPSE :X + :INC :A :B :INC N
END

The SETXY command must be typed as one line. Use
the same AXIS program as you used with the sine
procedure.

TO ELLIPSE :A :B

AXIS

PU

GRAPH.ELLIPSE —:A :A :B 1
END
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WORDS & LISTS

INTRODUCTION

So far, all of the procedures that we have described or
encouraged you to write have been non-interactive.
That is, once you started them, they did what they
were designed to do without consulting you further.
The most you might ever have done was press
<CTRL> G to stop them.

Interactive programs are perhaps the most fun of all,
precisely because they interact. They are also poten-
tially the most complex. The reason for this is that
while they are underway, they must account for the
unpredictable behavior of the person with whom they
are interacting.

Interactive movement forms the basis for a variety of
video games and simulations. Interactive language
adds attractive features to these games, but it can also
open up a whole new interest area: mad-libs, quizzes,
word games, conversational programs that construct
grammatical sentences and ‘“understand” limited
amounts of natural language, even foreign languages.

There are two ways you can approach this chapter. You
may prefer to go quickly through, skipping all of the
indented text, or you may wish to study those portions
as you work your way through the chapter. As in other
chapters, the indented portions add depth and detail
to the presentation.

® The procedures you are asked to type in are used
throughout the chapter, so be sure to save them on your
disk when you decide to take a break, and be sure to
read them back in when you start to work on the chap-
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ter again. (CHAPTERW would be an appropriate file
name, so you can type SAVE “CHAPTERW and READ
“CHAPTERW.)

In the graphics chapter, you learned about procedures
which had an immediate and visible effect. FD moved
the turtle (and left a trace on the screen if the pen was
down), DRAW cleared the screen, and so on.

This meant that even without writing procedures, you
were able to give Logo several commands in succes-
sion and see what their combined effect was. You may
even have forgotten what commands you used, but the
screen ‘“‘remembered” their effect.

Procedures spared you considerable typing. They also
gave you a way of recording the instructions for your
designs. But the designs themselves didn’t depend on
the procedures. They would have grown just as surely
on the screen if you had typed each turtle command
line by line.

In this chapter, you will be learning about primitives
that manipulate Logo “objects.” The effects of these
primitives are not graphic and do not accumulate un-
less you explicitly instruct them to.

These primitives can be explained and used one by
one, but their real power is most apparent in combina-
tion. As a result, the focus of this chapter must be on
building procedures which combine these primitives
in different and varied ways.

Even though there are only roughly a dozen important
new primitives, and even though only about half are
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used with much frequency, there are many, many
combinations which can be used in creating sophisti-
cated and interesting programs.

Here are some of the programs that you will learn how
to write in this chapter:

—Interactive video programs

—Quiz programs

—Programs that write and ‘“understand”
language

—Programs that play games

—Programs that learn

Logo’s facility with words and lists makes it ideal for

(’ writing conversational programs, quizzes, pig Latin
translators, programs that teach, and even programs
that learn: in short, all programs that need to manipu-
late lists of information.

The chapter is divided into three sections. The first is
devoted entirely to interactive video programs, but in-
troduces some procedures and techniques used in the
remainder of the chapter.

The second section is devoted to programs that manip-
ulate language (quizzes, sentence generators, etc.) and
programs that build and manipulate knowledge bases.

The third section is devoted to building and manip-
ulating more complex knowledge bases, and includes
programs that play games and that learn.

-
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Interactive Graphics: READCHARACTER
(RC), TOPLEVEL, STOP

ﬂ'\\

Let’s create a program to control the turtle with single

key-presses at the keyboard. The initial design will
provide only four turtle behaviors, FD, RT, LT, and
DRAW, and will control them with F, R, L, and D, re-
spectively.

Projects at the end of this section suggest

some additional behaviors to control. Further
additions will become possible with techniques
that you will learn later in this chapter.

The procedures that you will be developing
are similar to those in the INSTANT program
on your Utilities disk. This program is
explained in this guide and in LOGO FOR
THE APPLE II, by Harold Abelson.

In this design, the turtle will be moved Forward 10
steps each time the F is pressed. Each time R or L is
pressed, the turtle will turn Right or Left 15 degrees.
(You may choose any amount, of course, not just what
is suggested here.) Pressing D executes DRAW.

The first task is to create a procedure that takes a single
character as input and controls the turtle on the basis
of that character. Its title line might be:

TO EASYDRAW :CHARACTER

W-4 Terrapin Logo Tutorial

-

™



Words and Lists
L A L R e e e

or to save typing
TO EASY :CHTR

The logic is quite simple. If the character is an F, then
perform FD 10. In Logo, this is:

IF:CHTR =“FFD 10

ﬂﬁ\i i you prefer, yoyacan add the word THEN,
2 =

and write
IF:CHTR =“FTHENFD 10

Some people find it easier to read a program
(’\ that has the extra word in it. Others find it

more cluttered that way. We will leave it out
in this chapter.

e oS E — iy REA: PN A SRR NEE |

Similarly, if the character is an R, perform RT 15.
IF :CHTR = “RRT 15

There should be some way of telling the program when
we want to quit drawing to do something else. The let-
ter Q (for Quit) can be used. If that character is the in-
put, the procedure will perform NODRAW and
TOPLEVEL.

NODRAW gets out of draw mode and clears the text
screen. TOPLEVEL is the Logo primitive that tells
Logo to stop executing a program and return to im-

( mediate mode to wait for a new command.
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It is important to know the difference be-
tween TOPLEVEL and STOP. STOP stops the
execution of the procedure in which it is
found, but does not stop other procedures
that may also be running. TOPLEVEL stops
an entire program. Every procedure that Logo
was running stops, and Logo returns control
to the user.

The whole procedure might look like this:

TO EASY :CHTR

IF:CHTR = “FFD 10

IF:CHTR = “RRT 15

IF:CHTR = “LLT 15

IF :CHTR = “D DRAW

IF:CHTR = “Q NODRAW TOPLEVEL
END

Define this procedure. Type carefully, making certain
that no spaces are left between the : and the word
CHTR, or between the double-quote character and the
single letter that follows it. Notice also that there is
only one double-quote character on each line.

We will explain in greater detail later, but
provide this brief version for the curious. The
words

“F in IF :CHTR = “FFD 10 and
“CHAPTERW in SAVE “CHAPTERW

Terrapin Logo Tutorial
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are quoted in order to tell Logo not to treat
them as procedures. The words FD and SAVE
are executed by Logo, but we want “F to be
just plainF, literally, and not have Logo try to
execute it as an instruction. Similarly, we
want “CHAPTERW to be the name of a file —
just a name, not something to do. The quoted
word ends at the next blank space, so no final
quote is needed.

Do not add a final quote, since Logo will then
assume you mean to say something like: If the
character is an F followed by a double-
quote-mark, then . . . This is not at all what
you want. To demonstrate this, type

- PR “A”

After the procedure is defined — remember to type
<CTRL>C — you can try it out by typing

EASY “F
EASY “R
EASY “Q

This is definitely not an improvement over typing FD
10 RT 15 ND, but it contains all the logic for the pro-
gram we intended to create. Now what is needed is
another procedure — let’s call it QUICKDRAW —
whose sole purpose is to wait for a key to be pressed at
the keyboard and to give that character to EASY as an

input.
(‘A
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QUICKDRAW will use the Logo primitive
READCHARACTER, abbreviated RC, to report what
key has been pressed at the keyboard. To make
QUICKDRAW continue endlessly (until a Q is
pressed), QUICKDRAW calls itself as a subprocedure
and looks like this:

TO QUICKDRAW
EASY RC
QUICKDRAW

END

Theline EASY RCin QUICKDRAW tells Logo toread a
character typed by the person using the computer and
to use that character as the input to EASY. EASY fig-
ures out what action to perform based on what charac-
ter it receives. If it gets an R, it performs a RT 15.

Even though all five lines of EASY are executed each
time EASY is called, at most one action will be taken,
because only one of the IF tests will be true.

Projects with RC: Extending QUICKDRAW

1. By using the same logic you can add other com-
mands to EASY. Teach the procedure how to control
the pen (PU or PD) in a single keystroke. (You might
assign U to the command PU and P to the command
PD, or you might choose D for PD, in which case you
would need something else for DRAW.)

2. Add SHOWTURTLE (ST) and HIDETURTLE (HT).

Terrapin Logo Tutorial



-

Words and Lists

3. Teach EASY to change the pen color with two key-
strokes. The first keystroke (C, for Color) will run a pro-
cedure that waits for a second keystroke. If that second
keystroke is a 0 through 6, the pen will be set to that
color. If any other key is pressed, nothing happens.

The job could, of course, be done with one keystroke,
representing each pen color with a different key. You
might use the number keys directly, or use letters that
represent the color names (for example, W for White, G
for Green, etc.).

A disadvantage of using the numbers is that it would
benice to have them available for use as “‘multipliers”
to multiply the effect of the next command. You will
learn a technique for doing this in the next section.
Choosing letters for each color is acceptable, although
it requires that a person remember codes for each color.

4. Use the same technique to change background
color.

Changing the Value of a Variable: MAKE,
PRINT (PR)

We must take a short detour from the QUICKDRAW
program. When you return to it, you will be able to
write procedures which allow multiples of the single
key commands in EASY. For example, 3F will make
the turtle go forward 3 * 10 or 30 turtle steps.

The Logo primitive MAKE is used in several ways. In
this section, we will illustrate one way, and in another
section of this chapter, when we define words, lists,
variables, input, and output more carefully, you will
learn more of the subtleties of MAKE.
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A metaphor for MAKE: When you say

MAKE “NUM 7 or
MAKE “PERSON [MARGARET TRUMAN]

itis as though you are creating locations or boxes

ﬁ” called NUM and PERSON and tossing a 7 into the first
and the list MARGARET TRUMAN] into the second.
To find out what is in a particular box called NUM, the
Logo command is THING ‘“NUM or, more commonly,
just :NUM, meaning the thing or value that is in the
box named NUM.

Of course, you have been using names to refer to values

all along. We will use the new metaphor to translate a

procedure in a new way. -

TO SHAPE :LENGTH :SIDES |
REPEAT :SIDES [FD :LENGTH RT 360/:SIDES]

END

This procedure tells the turtle how to draw a SHAPE
whose features will be found in boxes that the proce-
dure refers to as LENGTH and SIDES. The procedure’s
first instruction is to look in its SIDES box for a
number, and REPEAT the following list of commands
that number of times — go FORWARD the dimension
found in its LENGTH box, and turn RIGHT however
many degrees is equal to 360 divided by the number it
found in the box named SIDES.

At the moment that you type

SHAPE 73 4 or SHAPE 156

W-10 Terrapin Logo Tutorial



e

Logo puts the 73 or 15 in a location (think of it as a box)
that the SHAPE procedure refers to as LENGTH and
puts the 4 or 6 into another location that SHAPE refers
to as SIDES.

It is important to remember that LENGTH and SIDES
are names that SHAPE uses to keep track of these num-
bers, and that no other procedure knows what SHAPE
keepsin the boxes or even that the boxes exist! Further,
those boxes cease to exist after SHAPE finishes its
work.

Please note, however, that if SHAPE had

called any subprocedures during its execu-
tion, those subprocedures would also have
had access to the values in SHAPE’s boxes.

Before getting back to MAKE, define SHAPE as shown
above and then type

SHAPE 505

While SHAPE is operating, it executes the command
FD :LENGTH, telling FD to move the turtle forward 50
turtle steps, the number of steps in the box LENGTH. If
the 50 is still left in the box after SHAPE has finished
drawing its pentagon, you should still be able to use it.

Try typing FD :LENGTH to see what Logo will do. Your
screen should look like this:

FD :LENGTH
THERE IS NO NAME LENGTH
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Now back to MAKE. MAKE can assign a value to abox
or change the value that is in the box, and it can do it
equally well in or out of a procedure.

Type MAKE “LENGTH 10 to create a box named
LENGTH and place a 10 in it. Type DRAW to clear the
screen, and then type FD :LENGTH. The turtle will
move forward 10 turtle steps. Type

RT 144
FD :LENGTH

This box did not disappear. It still exists and still has a
10init. Type

PRINT :LENGTH

Logo should print 10.

This kind of variable, defined outside of

procedure, is called a Global variable. See the

explanation of global and local variables in
the chapter titled Computation.

T

Since there is already a box called LENGTH with a 10
in it, you might think that you could now type just
SHAPE 4 to get a four-sided shape with a size of 10.

If you try that, Logo will complain that SHAPE needs
more inputs. Because SHAPE was defined to take two
inputs, it must always be given two inputs.

Type
SHAPE 50 4
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