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PREFACE

This book is intended to introduce the LOGO computer programming
language to computing novices.

LOGO is a programming language for students. The more advanced
parts of LOGO embody many of the challenging concepts of modern
computer science; however the language is so designed that the
beginner can also undertake many interesting and worthwhile
projects. Our intention in this book is not to provide a

complete deseription of LOGO, but to introduce its major features
at a simple non-technical level. For readers who wish to learn
more about the language, a bibliography is included in Appendix

H.

The book uses both the versions of LOGO currently available for
the Apple II computer, MIT LOGO and Apple LOGO.

Many people have helped us in writing this book. We acknowledge
an intellectual debt to Seymour Papert, Harold Abelson, Cynthia
Solomon, Jim Howe, Mike Sharples, Sandra Wills and others

involved in research and development work with LOGO. Jim Howe's
comments on early drafts of some chapters have influenced our
methods of presentation throughout. David Squires, Sandra Wills,
Margaret Wilson, Gillian Barclay, Jeff Richardson and Kathy Webb
read later drafts and offered helpful criticism. Many of the
designs and projects in the book have been developed from the
LOGO work of Charles Nevile, Suzanne Milburn, Elizabeth Swann,
and Christopher and Gareth Adams. The photographs were taken by
Lee Adams. Technical support has been provided throughout our
LOGO work by Gordon Perkins. We would also like to acknowledge
the energy and patience of Chris Nicol and Wayne Cosshall in
editing and production of the book.

vii



We appreciate the forebearance of our families, friends,
colleagues and students, and especially Derek MecDougall,
throughout the project. Finally we wish to note the reliability
of the Apple hardware, and the robustness of the Zardax word
processing system with which the book was written.

Anne McDougall

Tony Adams
Pauline Adams
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BEFORE YOU BEGIN

LOGO is a computer language for solving problems, learning things,
doing projects, experimenting and playing.

The computer will do exactly what you command it to do. At times this
might not be quite what you expected it to do. Don't panic; you are

in charge. Unexpected results are a way of learning. Typing an
erroneous command might produce an error message from the computer; it
cannot damage the computer. Usually you just need to type the correct
command next, and you can forget the wrong one.

This book is written in such a way that at times you might be typing
into the computer commands that you only partly understand. It is
possible to use LOGO procedures without completely understanding their
details. In fact experimenting with these pre-written procedures is a
good way of learning just how they work.

The book is organized in the following way.

Chapters 1 and 2 provide the basiec tools for using LOGO on the Apple
computer. In these chapters the emphasis is on doing things rather
than understanding; complete understanding will come later.

Chapters 3 and 4 are made up of LOGO projects using the tools
introduced in the first two chapters. Some new ideas are introduced,
but these chapters mainly develop and consolidate earlier material.

Chapter 5 is largely about mathematies. Scan this chapter; read it
more closely if you are interested in mathematiecs.

Chapter 6 is probably the most difficult; it introduces the concepts
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of text processing in LOGO. Even if you haven't completely understood
the material in Chapter 6, you will still be able to use the
procedures in Chapters 7 and 8 to manipulate English language text.

Each chapter is followed by a summary of ideas and LOGO commands
introduced in that chapter. At the end of the book, in Appendix A, is
a complete summary of LOGO commands introduced in the book,

for reference.

Appendix F discusses details of how to save procedures on a diskette,

and the use of a printer connected to the Apple. This Appendix might
best be read after Chapter 2.
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1 STARTING UP THE TURTLE

SETTING UP THE SYSTEM




You will need:
a 64K Apple II computer,
a video monitor,
a disk drive,
a LOGO language diskette.

A printer interfaced to the computer and a spare blank diskette will
enable you to make printed copies of LOGO procedures and to save them
for later use.

TWO DIFFERENT LOGOS
Two different versions of LOGO are available for the Apple.

MIT LOGO was developed at the Massachusetts Institute of Technology.
This version is marketed by two companies; Terrapin Inc. of Boston,

and Krell of New York. As far as the definition of the LOGO language
is concerned, both of these are the same. When we refer to MIT LOGO
we will mean either of these.

APPLE LOGO is the version of LOGO developed by Logo Computer Systems
Inec. and marketed by Apple Computer Inc. as an official Apple product.
We will refer to this version as APPLE LOGO.

The MIT and Apple versions of LOGO are substantially the same, but

they have some differences. When we show only one program or command,
it will operate with both versions. When we show two programs or
statements side by side, the left hand one will be MIT LOGO and the

right hand one will be APPLE LOGO.

Remember if you have Terrapin or Krell LOGO that we refer to these as
MIT LOGO. If you have LOGO from Logo Computer Systems Inc., remember
that we refer to this as APPLE LOGO.

GETTING STARTED

Full details about the use of the Apple computer are provided in
operating manuals. We will cover just what you need to use LOGO.

The computer and the video monitor must both be plugged into power
points, and the power switched on. Don't switch the computer itself
on yet. Insert the LOGO language diskette into the disk drive as
shown in the photograph. Make sure the diskette label is facing
upwards, and the diskette has the orientation shown. Remember to
close the door of the disk drive.



Switeh on the monitor and the computer. The computer's on/off switch
is at the back on the left hand side.



You will have to wait a few moments while the disk drive hums and the
LOGO program is loaded into the computer. During this time, if you
are using APPLE LOGO the following message will appear:

PRESS THE RETURN KEY TO BEGIN

With this there will be a message telling you to insert your own
diskette. Ignore these messages; just press the RETURN key. The disk
drive will hum some more.

Copyright messages will appear during the loading time in both MIT and
APPLE LOGO. When loading is complete the following message will
appear:

WELCOME TO LOGO
?

If this sequence of steps has not proceeded as described, you should
start again. Check particularly that everything is switched on. If

the LOGO program will still not load, you should consult someone who
is familiar with the Apple computer.

The question mark at the left of the screen is called a prompt. It
indicates that the LOGO system is ready for you to type a command.
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Next to the ? you will see a flashing square. This is called the
cursor. It can move across the screen to indicate which position the
character to be typed will occupy. When the ? and cursor appear
together at the beginning of a line, the computer is ready for you to
type a new command.

Once the LOGO language is loaded into the computer, the LOGO diskette
should be removed and returned to its packet. It should be stored

away from magnetic fields and dust, so do not leave it lying on the
monitor or the disk drive, or where it is exposed to dust.



THE KEYBOARD

You will notice that the keyboard resembles the keyboard of a
typewriter. There are some additional keys; these will be desecribed
when they are needed later.

Unlike a typewriter, on the computer keyboard the SHIFT key is not
needed for typing upper case letters. However it is needed to type
special characters such as ", +, = and so on.

The Space Bar:

Note that the space bar is nearest to you. Spaces in LOGO commands
are very important. Until you understand the language well, take care
to type spaces exactly as they are indicated.

The RETURN Key:

The RETURN Kkey is located on the right of the keyboard. As you type
each command, the command will appear on the screen. However it is
not actually sent to the computer nntil you press the RETURN key, so
you MUST do this at the end of EACH command.
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LOGO AND TURTLES

The LOGO programming language can be used to command a robot, called a
turtle. The commands are movement instructions, such as go FORWARD
(abbreviated FD) and turn LEFT (abbreviated LT). The turtle can leave

a trail as it moves, and so produce drawings. Turtles come in various
kinds.

A robot turtle is a robot on wheels (see the photograph below). It
has a felt-tip pen underneath. It moves about on a large piece of
paper on the floor, and can draw its path as it goes. A robot turtle
usually has as well a pair of little lamps (near the front, positioned
like eyes), a small speaker which can produce a tooting sound, and
touch sensors around its rim.

Another kind of turtle is the screen turtle, which moves about the
screen of a computer. Like the robot turtle, it can draw its path as
it moves, though it moves much more quickly than a robot turtle can.



Now let us see what the screen turtle can do.

DRAWING A SQUARE
We are going to prepare a procedure for drawing a square.

Before we write any new procedure we must give it a title. The title
can be any word or letter, but it is a good idea to use descriptive
titles as these are easier to remember. Different procedures must
have different titles. We shall call our square-drawing procedure SQ.

Type

TO SQ

this stands for
TO draw a SQuare

Remember to leave spaces where we have left spaces (for example,
between TO and SQ). Remember also to press RETURN at the end of the
command.

The next statement to type is REPEAT 4 [FD 50 LT 90] but don't start
it without reading the steps below.

1. Type REPEAT 4 (don't use the REPT key, and don't press
RETURN vyet).

2. Type a space after the 4.
3. Now you need a square bracket. Square brackets do not appear
on the keyboard. To type a [ you need to hold down the SHIFT key

and press N.

4. Type FD 50 LT 90 (don't forget the spaces; be sure to use
the numeral 0 and not the letter O).
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5. To type a ] hold down the SHIFT key and press M.
6. Press RETURN.
On the next line type
END
and press RETURN.
The following should be on the screen:
TO SQ

REPEAT 4 [FD 50 LT 90]
END

CORRECTING TYPING ERRORS

If you notice a typing mistake in a command before you have pressed
RETURN, you can delete the incorrect characters. To delete the
character to the left of the cursor you should press the key indicated
below. Continue to press the key until the error is deleted and then
re-type the correct characters.

w APPLE LOGO

The ESC key <— (left arrow key)

If you notice an error after RETURN has been pressed, type CTRL-G by
holding down the CTRL key and pressing G. Then start again from the
beginning of the procedure.

Correct any mistakes and proceed.

If you are using MIT LOGO, you must now type CTRL-C, by holding down
the CTRL key and pressing C.

You have now given the computer a sequence of instructions it will
obey when you type SQ. This is called a procedure. On the screen will
appear

SQ DEFINED
?



Next to the ? type
5Q

and press the RETURN key. Now the procedure will be used (or
executed) and the turtle should draw a square with side length of 50
turtle steps. The following should appear on the secreen:

.

F1.)

The square might be slightly distorted or flattened, as in the
illustration above. The amount of flattening depends on the monitor
screen you are using. A way of fixing this is shown in Chapter 4.
Note the position of the turtle after SQ is finished. It is in the
centre of the screen (called the home position) facing up.

If the turtle didn't draw a square for you, you can probably now see a
message on your screen which says something like

APPLE LOGO

f
¥

THERE IS NO PROCEDURE NAMED FD50 I DON'T KNOW HOW TO FD50

A typing error must have slipped through unnoticed. Type the
following:

APPLE LOGO

B
i

ERASE SQ ERASE "SQ

and press RETURN. Although the screen is not cleared, the procedure
SQ is erased from the computer's memory.

Now type the procedure from the beginning again. (Later we will show
you how to correct procedures without completely re-typing them.)
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CLEARING THE SCREEN
Before you make further drawings you will probably want to clear the

screen and return the turtle to the centre. The command which gets
things ready for a new drawing is

m APPLE LOGO

DRAW CLEARSCREEN (abbreviated CS)
Type this command now. Remember to press the RETURN key.
Now type

5Q

(Did you remember RETURN?) The turtle should draw the square
again.

Clear the screen by typing the appropriate command.

DRAWING A TRIANGLE

Let's make a triangle-drawing procedure. Type
TO TR
REPEAT 3 [FD 50 LT 120]
END

Use SHIFT-N and SHIFT-M for the square brackets. Remember to press
RETURN at the end of each command.

If you are using MIT LOGO don't forget to press CTRL-C after END.
When the following appears

TR DEFINED
?

type
TR

—11—



and watch your triangle come to life. The computer should respond

Tk

Notice again the flattening effect which makes the vertical side of
the triangle appear slightly shorter than the other sides. If an
error message appears, erase the TR procedure in the way you were
shown earlier, and type it again.

MAKING A PATTERN

Don't clear the screen. Leave the triangle there and type SQ. The
computer should respond

Let's turn the turtle and make another square with a triangle inside
it. Type (without clearing the screen first)

LT 90

5Q
TR

—12—



You might like to do this again. Type
LT 90

SQ
TR

The computer should show

How many times can you do this before you are drawing entirely over
old lines? Try it once more.

LT 90

SQ
TR

—13—
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If your drawings go much below the centre of the screen, they will
disappear into the text that appears at the bottom. Typing

FULLSCREEN

causes the text to disappear so the full screen can be used for
drawing.

To get the text back, type
SPLITSCREEN
You can use these two commands at any time while a drawing is on the
screen.
BIGGER SQUARES AND TRIANGLES

You could write new procedures changing the size of the square and the
triangle.

For a bigger square, type
TO SQ1

REPEAT 4 [FD 100 LT 90]
END

(If you are using MIT LOGO remember to press CTRL-C afterwards.) Then
type

SQ1



The computer should respond

.S

Now make a bigger triangle by typing
TO TR1

REPEAT 3 [FD 100 LT 120]
END

Type
TR1

The computer should respond

EXERCISE

1.1 Draw more squares and triangles of different sizes.

THE TURTLE STATE

We have written some procedures and seen how they work. Now we will
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go back and look at the individual commands that make up these
procedures. Later we will see how these commands can be used by
themselves outside procedures.

What is important about a turtle is its state. A turtle's state is
determined by two things: its position (i.e. where it is), and its
heading (i.e. the direction in which it is faeing).

You can change the state of a turtle by changing either its position
or its heading, or both. Its position is changed by LOGO commands
such as FORWARD. Clear the screen and type

FORWARD 50 (abbreviated FD 50)

mm..—..m:p,

This causes the turtle to move forward 50 turtle steps (turtle steps
are quite tiny). Or type

BACK 35 (abbreviated BK 35)

Jr—

This causes it to move backward 35 turtle steps. Notice the position
of the turtle.

The turtle's heading can be changed using LOGO commands such as LEFT
and RIGHT.

—16—



Now clear the screen and type

FD 50
LEFT 30 (abbreviated LT 30)

This causes the turtle to turn to its left on the spot, through an
angle of 30 degrees (if you are not sure about degrees, see below).
Now clear the screen and type

FD 50
RIGHT 90 (abbreviated RT 90)

This causes it to turn to its right through an angle of 90 degrees.

Degrees are used to measure angles or the amount of turning. Imagine
yourself standing up, still facing the computer, and then turning

right around once to face the computer again. You would turn through,
or change your heading by, 360 degrees in meking such a turn. Turning
yourself - or the turtle - half way round, to face the direction

opposite to where you started, would be changing the heading by 180
degrees. A quarter turn is 90 degrees, and so on.

EXERCISE

1.2 Clear the screen, and try drawing a square using the BACK
(abbreviated BK) and RIGHT (abbreviated RT) commands.

—17—



LOGO MODES

We have written some procedures and seen how they work. Let us now
examine the two modes in which LOGO operates.

When the ? appears on the screen, we are in immediate mode. We can
type commands such as FD and BK and they will be executed immediately.
Clear the screen and type

REPEAT 4 [FD 50 RT 90]

Press RETURN, and this should be executed straight away. The computer
should respond

|

F1Y

Now type

TO SQ2
and press RETURN. The TO command is executed immediately. As a
result, the computer leaves the immediate mode of operation and enters
the defining mode. In the defining mode, you can type commands and
they are not executed immediately. Note also that the question mark
prompt is no longer there. Type

REPEAT 4 [FD 50 RT 90]
The REPEAT command is not executed. Now type

END

If you are using MIT LOGO press CTRL-C. The following should appear
on the screen.

SQ2 DEFINED

?

You have left the defining mode and returned to immediate mode.
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Notice the ? is back again. If you type
SQ2 (don't forget RETURN)

the commands within SQ2 will be executed immediately, and the computer
should respond

_

FEY

Remember when you use the TO command you enter a mode where you define
a procedure for later use.

A SQUARE IN IMMEDIATE MODE

We can draw a square step by step in immediate mode, and watch the
turtle turn and move as we type the commands. Type the following set

of commands. Remember to press RETURN after each command, and clear
the screen before you start.

FD 60
RT 90
FD 60
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(This square is larger than our first square and is drawn in the
opposite direction.)

DRAWING RECTANGLES
Clear the screen and type the following set of commands.

FD 40
LT 90
FD 80
LT 90
FD 40
LT 90
FD 80
LT 90

This rectangle is wide but not very high. Clear the screen and draw
another which is high and narrow.
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EXERCISES

1.3 Draw some more rectangles. What is the width (in turtle
steps) of the thinnest rectangle you can draw?

1.4 Experiment with very long rectangles. What happens when a
rectangle is too long to fit on the screen?
ERROR MESSAGES IN IMMEDIATE MODE

What will happen if you make a mistake while working in immediate
mode? In case you haven't found out already, type

FD50 (with no space between
FD and 50)

Then press RETURN. You should see an error message on the screen:

(it 10003 APPLE 1000

THERE IS NO PROCEDURE NAMED FD50 I DON'T KNOW HOW TO FD50

The incorrect command cannot be used by the computer, and is not
recorded. All you have to do is re-type the command correctly and
press RETURN. In fact this is generally how mistakes should be
handled; once they are indicated, retype the command correctly and
proceed.
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EXERCISES

1.5 Draw an equilateral (equal-sided) triangle with a horizontal
base. Hint: you will need to type another command before the
triangle-drawing command.

1.6 Use FD, BK, RT and LT to draw equilateral triangles of
different sizes.

1.7 Draw three equilateral triangles arrayed around the turtle's
central position, like this:

Hint: turn the turtle 120 degrees after each of the triangles.

1.8 Use the FD and LT commands to explore the size of the screen.
What happens when you command the turtle to go beyond the edge of
the screen?

1.9 Draw a hexagon made up of six equilateral triangles, like
this:

—929—



Hint: if 120 degrees gave 3 triangles in Exercise 1.7, what angle
should give 6?

1.10 Spin some squares about the central position to make an
interesting design, like these examples:

IDEAS INTRODUCED IN THIS CHAPTER

Use of the Apple computer.
Dealing with typing errors.
Drawing simple shapes.

Defining procedures.

Turtle state: position and heading.

Immediate mode and defining mode.
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SUMMARY OF COMMANDS INTRODUCED IN THIS CHAPTER

MIT LOGO

ESC key

TO title

DRAW

REPEAT

FORWARD, FD

BACK, BK
LEFT, LT
RIGHT, RT
ERASE title

END

CTRL-C

SPLITSCREEN

FULLSCREEN

CTRL-G

APPLE LOGO

left arrow key
TO title
CLEARSCREEN, CS
REPEAT

FORWARD, FD

BACK, BK
LEFT, LT
RIGHT, RT
ERASE "title

END

END

SPLITSCREEN

FULLSCREEN

CTRL-G

—24—

DESCRIPTION

delete character

to left

define new procedure
clear the screen and
place the turtle at
home

repeat commands

move the turtle
forward

move the turtle back
turn the turtle left
turn the turtle right
erase procedure

last line of
procedure

define new procedure

mixed text and
drawings

full scereen for
drawings

stops current
procedure



EDITING AND DEBUGGING
PROCEDURES

POLYGONS
We have written procedures to draw squares and triangles. Now let's
try some other shapes. The following commands can be used to draw
regular (equal-sided) shapes with more than four sides. Type them,
one at a time, and study the shape each draws. Look for patterns in
the commands.
First draw a pentagon

REPEAT 5 [FD 40 LT 72]

The computer should respond

This command has been written in immediate mode, and is used as soon
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as you press RETURN. If you write it again as a procedure, you can
use it as many times as you like without re-typing it.

Type
TO PG
REPEAT 5 [FD 40 LT 72]
END

(Don't forget CTRL-C in MIT LOGO).

Clear the screen before each of the following drawings.
Type

PG
and the pentagon should be drawn.
Next try a hexagon.
REPEAT 6 [FD 40 LT 60]

Now draw a heptagon.

REPEAT 7 [FD 40 LT 51.43]



//u.';

Try drawing an octagon.

REPEAT 8 [FD 40 LT 45]

Have you remembered to clear the screen, or are you drawing one over
the other? Will a nonagon be bigger or smaller than an octagon? Try
it.

REPEAT 9 [FD 40 LT 40]
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Now you can draw a decagon.

REPEAT 10 [FD 40 LT 36]

TN
N

Finally, imagine a regular 360-sided shape, and draw that in immediate
mode by typing

REPEAT 360 [FD 1 LT 1]
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This last drawing looks almost like a circle. It is in fact distorted
by the screen to make an oval shape. We will discuss how to overcome
this distortion effect in Chapter 4.
STOPPING PROCEDURES
If you are using a procedure that is going on and on, and you wish to
stop it, press CTRL-G.
EXERCISES
2.1 Write procedures to draw the following regular polygons: a
hexagon, a heptagon, an octagon, a nonagon, a decagon and a

circle. You can give these any titles you wish; make them easy
to remember.

THE TOTAL TURTLE TRIP THEOREM

If you look closely, you will see a pattern in these commands. The
product of the repeat number and the angle is always 360.
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SHAPE REPEAT DEGREES PRODUCT

Triangle 3 120 3 x 120 = 360
Square 4 90 4 x 90 = 360
Pentagon 5 72 5 x 72 = 360
Hexagan 6 60 6 x 60 = 360
Heptagon 7 51.43 7 x 51.43 = 360
Octagon 8 45 8 x 45 = 360
Nonagon 9 40 9 x 40 = 360
Decagon 10 36 10 x 36 = 360
Circle 360 1 360 x 1 = 360

For the turtle to go all the way around and finish with the same
heading as it began with, it must turn through 360 degrees, or a
multiple of 360, e.g. 720. This is regardless of the number of sides
it draws.

This is called the Total Turtle Trip Theorem. We can say that when
the turtle draws a figure and starts and ends in the same position,
and is pointing in the same direction as when it started, it has
turned through 360 degrees.

If we look at each figure, we will see that the number of sides to be
drawn in each case is 360 divided by the angle.

INPUTS TO PROCEDURES
We have a pentagon-drawing procedure

TO PG
REPEAT 5 [FD 40 LT 72]
END

Each time we use this procedure, it will draw a pentagon of side
length 40 turtle steps. A pentagon-drawing procedure would be more
useful if it could draw pentagons of various sizes. We could specify
the side length needed each time the procedure is used. Since this is
a different procedure it must have a different name. Let's choose
PENTAGON. For example

there must be a space
before the colon, but
not one after it

TO PENTAGON :SIDE
REPEAT 5 [FD :SIDE LT 72]
END
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The word SIDE is called an input to the procedure. Notice how SIDE is
used in the FD command, instead of a fixed number.

Using this procedure, we can now draw pentagons of different sizes.
When the procedure has been defined, PENTAGON DEFINED will appear.
Next to the ? type

PENTAGON 35

The computer should respond

Now try (don't clear the screen first)
PENTAGON 70

The computer should respond

(/\jq
e

The number that we used, i.e. 35 or 70, is substituted for :SIDE
wherever it appears in the procedure.
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There is nothing special about the word that is used for the input in
PENTAGON, i.e. SIDE. Any word or letter can be used, but it must
commence with a colon, and can have no spaces within it. It is better
if the word is meaningful, for instance we used :SIDE in the pentagon
procedure. Another meaningful word would be LENGTH, or maybe the
letter L.

A FIRST POLY PROCEDURE

We can vary the angle as well as the length of the sides. If we use
both these inputs together, we can make any number of regular polygons
and in any sizes. The procedure would look like this

TO POLY :SIDE :ANGLE
REPEAT 360/:ANGLE [ FD :SIDE RT :ANGLE]
END

this means 360
divided by the
angle

When the REPEAT statement is executed, the computer will calculate the
number of times to repeat the commands by dividing 360 by the angle
that we have input. Try the following

POLY 100 120

The computer should respond

™

/

>

\

/
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This will draw a triangle, since the computer will repeat the commands
in the brackets 360/120 = 3 times, and turn 120 degrees each time.

To draw a circle we can type

POLY 1 1

A circle can be thought of as having a lot of very small sides. Going
forward 1 step, turning left 1 degree, and doing this 360 times,
should draw us a circle.

Try playing "turtle" yourself.

EXERCISES
2.2 Using POLY, draw a pentagon, a hexagon and a circle.

2.3 Draw a circle of SIDE 2 and ANGLE 2. What is different from
a circle of SIDE 1 and ANGLE 1?

2.4 Now draw a cirele of SIDE 2 and ANGLE 4. What has happened?

2.5 Try a polygon of SIDE 10 and ANGLE 10.

2.6 What relationship is there between the side length of the
polygon and the speed with which the turtle draws it?
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2.7 Write a procedure SPINPOLY

TO SPINPOLY
REPEAT 4 [ POLY 50 90 LT 90]
END

Experiment using this procedure. Can you modify SPINPOLY, so
that it has three inputs, a side and an angle to draw a
particular polygon, and a spin to turn the polygon each time it
is drawn?

COMMANDS FOR EDITING PROCEDURES

Type and ddine the step by step square procedure.

TO SQ3
FD 50
LT 90
FD 50
LT 90
FD 50
LT 90
FD 50
LT 90
END

If you have defined and used a procedure, and it is not as you wish,
then you can change or edit it. Typing EDIT and the title of the
procedure places the system in the edit mode (similar to the defining
mode), and the procedure is listed on the secreen. Then you can make
changes. Type

APPLE LOGO

EDIT SQ3 EDIT "SQ3

The computer will enter edit mode and the SQ3 procedure will be
listed

TO SQ3

FD 50

LT 90
= B
LT 90
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The cursor is on the T at the top left of the screen.

The following commands can be used to correct errors and make
alterations to procedures in edit mode. There are more, but we will
only discuss about six of them as that is all we need at present.
Moving the Cursor Left and Right:

These keys enable you to move the cursor left and right along a line,
without changing the characters on the line. At the end of a line,

pressing the same key again moves the cursor to the next line. Try it
and see what happens.

w APPLE LOGO

{— —=> CTRL-B CTRL-F
(left and right arrow keys) (left) (right)

Use the right hand movement key to move the cursor to the first space
after the LT 90. Now move the cursor with the left movement key back
to the T in the left top corner of the screen.

Remember when you use the CTRL key you hold it down first, then press
the other key mentioned (B in CTRL-B).

Deleting the Character Under the Cursor (CTRL-D)

Now use the right hand cursor movement key to move the cursor to cover
the 5 of the first FD 50.

You can erase the letter under the cursor by holding down the CTRL key
and pressing D

FD,50

Now press CTRL-D and you will have
FD,0



Now type 1

FD 10

\

Move the cursor with the cursor control key back to the 1.

FD_10

g

Press CTRL-D to erase the 1, then type 5 to replace it.
FD 50

!

Holding the CTRL key down and pressing D several times, deletes one
character each time. Now use CTRL-D to delete the 0, so you have

FD 5
/

cursor

§

Now type 0 to get back the original line.

FD 50

\

If You Are Really Messing It Up

If you have typed lots of things wrongly then don't despair; type
CTRL-G. This stops everything without keeping your changes, and you
will be back in immediate mode. You can type EDIT and the title of
the procedure, and start again.
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Deleting the Character to the Left of the Cursor
If you wish to delete a character to the left of the cursor, then you

press the ESC key if you have MIT LOGO, and press the left arrow key
if you have APPLE LOGO.

m APPLE LOGO

ESC <— (left arrow key)
(left delete key) (left delete key)

The cursor is on the first space after the 0 of FD 50. Now use the
left delete key to remove the entire line, then retype the line (but
don't type RETURN at the end of the line).

Now move the cursor with the right movement key until it is at the end

of LT 90.
FD 50

Moving the Cursor Up One Line (CTRL-P)

Holding the CTRL key down and pressing P, moves the cursor up one
line.

Now press CTRL-P to move the cursor up one line, and move it left
until it is over the D.

LT 90

Moving the Cursor Down One Line (CTRL-N)

Holding the CTRL key down and pressing N, moves the cursor down one
line.

Press CTRL-N and you will have

FD 50

E e
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Inserting in the Middle of a Line

You will have already inserted characters into a previously typed line
when you changed FD 50 to FD 10. When inserting one or more
characters into the middle of a line, the cursor should be moved to
the position after that in which the character is to be put, and
typing started from there.

Now type AAA and you will have

FD 50

Gomiry

Notice how the characters in front of the cursor move ahead of it.

Now move the cursor back to the first A and delete with CTRL-D three
times to get rid of the A's.

Placing a New Line Between Existing Lines (CTRL-O)

To add a line in between two other lines, move the cursor to the
beginning of the line below where you wish to insert the new line.

Hold down the CTRL key and press O. A line space will appear.

Now use CTRL-P and the left movement key to position the cursor at the
beginning of the first FD

(ot ) ¥D 30

Press CTRL-O,and a line will open

TO SQ
.sl FD 50
Now type in AA followed by RETURN
BB
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Your procedure will look like this

FD 50
LT 90 ete.

Now use the left delete key continuously to remove AA, BB, CC.
Alternatively use the left movement key to take the cursor back to the
first A, then use CTRL-D continuously.

The REPT Key

The key marked REPT is used to repeat continuously any other key
pressed. If you type F with one finger and at the same time put
another finger on the REPT key, you should see

FFFFFFFFFFFFFFFFFFFFFF
To stop the repeating, take your finger off the REPT key.

If you wish to move the cursor up several lines, hold down CTRL-P and

the REPT key until the cursor moves up to the required line. The REPT
key also works with the ESC and CTRL-D keys to delete more than one

character at a time.

Now throw the edit away with CTRL-G so whatever you have done cannot
change the original SQ3.

Going Over the End of a Line

The Apple screen only allows 40 characters on one line. If you are
typing, you can go over the end of a line and on to the next one. It
does not matter if the information goes beyond the end of the line;
just keep typing. You use the RETURN key to indicate the end of the
LOGO command.

Now type

FFFFFFFFFFFFFFFFFFFFFFF (45 or so of them)
When you came to the end of the line you could just keep typing. If
in edit mod2 LOGO places an exclamation mark "!" at the end of the

line, just to tell you that you have gone to the next line, you can
ignore this mark.
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You can also place more than one command on a line, such as
FD 50 RT 90

Both will be executed, as if they were on different lines. A warning:
it is harder to read a procedure and understand what it is doing if
there are a lot of commands on one line.

SOME MEMORY AIDS

CTRL-C Complete (define)
CTRL-D Delete under cursor
CTRL-P uP

CTRL-N dowN

CTRL-G Garbage, throw edit away
CTRL-O Open a new line space

AN EDITING EXERCISE
Type
EDIT EX EDIT "EX

The computer will enter edit mode.

Press RETURN, then type these three lines exactly as they appear.
LEAD ON GOOD DOCTOR
I AM SORRY
NO ICE

Now define this procedure by pressing CTRL-C, and then EDIT EX again.

The procedure will appear on the secreen. (Remember "EX in APPLE LOGO)

Move the cursor down so it is over the first letter (L), and carry out
the following instructions. If things go badly wrong press CTRL-G to
throw your editing away, and type EDIT EX again.

1. Move the cursor until it is over the first E (of LEAD).

2. Use CTRL-D to delete characters until the next O is under the
cursor (don't delete this). You should now have



LON GOOD DOCTOR
I AM SORRY
NO ICE
3. Move the cursor to the next character (N).

4. Use CTRL-D to delete the N and the space. You should now

have

LOGOOD DOCTOR
I AM SORRY
NO ICE
5. Move the cursor until it is over the third O in the line.
6. Now use CTRL-D to delete the next eight letters until the I is

under the cursor. You will notice the next line comes to meet
you. The message is now

ﬁm LOGOI AM SORRY
NO ICE

7. Press the space bar once, then move the cursor until it is on
the space after the L

8. Use CTRL-D to delete until the S is under the cursor, and you
should have

(B som)

LOGO ISORRY
NO ICE

9. Move the cursor until it is over the next O, then delete with
CTRL-D until the N is under the cursor. The procedure will look

like this
10. Now type one space and then move the cursor until it is over
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the O. Now remove the O and the next space, and the I should end
up under the cursor, like this

LOGO IS NICE

Notice how the characters come up from the next line
automatically.

If you didn't get this result you should use CTRL-G, then type EDIT EX
again and start from the beginning of the exercise.

The best way to become confident with editing is to do a little
practice. Have a look at what happens if you press RETURN while the
cursor is in the middle of a line. You can then use the left delete
key to get you back to the original. Try some other editing for
practice.

EXERCISE
2.8 Type your full name in a procedure:
TO MYNAME

CHRISTOPHER ANTHONY ADAMS
END

your own name
of course

Define the procedure. Now edit it as follows.

Put each name on a separate line. Hint: move the cursor to the
end of each name and press RETURN.

Put them all back onto one line. Hint: move the cursor to the
first character on each line and use the left delete key.

Give yourself an additional middle name.
Delete that extra name - you didn't really like it much.
Reduce the whole lot to your initials.

Define the procedure in its new form, and use it to see what
happens.



GETTING READY TO DRAW A HOUSE
Type in the following procedure:

TO WALLS
FD 50

LT 90

FD 50

LT 90

FD 50

LT 90

FD 50
END

Now define the procedure (remember in MIT LOGO press CTRL-C).
Test that the procedure works by typing
WALLS

The computer should respond

Notice that the turtle is pointing to the right, not straight up (the
direction it pointed in when it started). Adding another 90 degree
turn before the end of the WALLS procedure now will save us some time

later. To do this, type
EDIT WALLS EDIT "WALLS

W APPLE LOGO
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The computer lists the procedure

TO WALLS
FD 50

LT 90

FD 50

LT 90

FD 50

LT 90

FD 50
END

Move the cursor down, using CTRL-N, until it is on the E of END. Then
press CTRL-O to make a new line and type

LT 90

If you were now to define the new procedure, you would lose the old
one. Do not do this just now, because we will need the original WALLS
procedure later. Instead we will give the new procedure another

title. This means we will not lose the old procedure when we define
the new one. Press CTRL-P to move the cursor up to the line

TO WALLS

and with the right hand movement key, move the cursor across to the
space past the S and type 1. The title of the new procedure is now
WALLS1.

TO WALLS1
Don't forget to define the procedure, press CTRL-C. In the edit mode,
you must press CTRL-C in both MIT LOGO and APPLE LOGO.
THE WORKSPACE
Once defined, a procedure is stored in the workspace in the computer.
The workspace contains the procedures that you have defined in a LOGO

session. You can use the procedures which you have defined, again and
again. Try it. Type

DRAW CLEARSCREEN
WALLS WALLS

or
DRAW CLEARSCREEN
WALLS1 WALLS1
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Both procedures will be executed in turn because the procedures are
all stored in the workspace as long as the power to the computer is
on. Once the power is turned off, the procedures in the workspace are
lost.

To check whether a particular procedure is presently in the workspace,
you can type

EDIT title EDIT "title
For example type
EDIT WALLS1 EDIT "WALLS1

If the procedure is there, it will be listed, and typing CTRL-C will
change the system back out of edit mode.

If the procedure is not in the workspace, the title TO WALLS1 will
appear on the screen in edit mode with a blank screen so you can just
type it in.

Note that edit mode can be used to type new procedures or to change
old ones.

DRAWING A HOUSE

Now we are ready to make a slightly more complex drawing. We will try
a house.

N\

Complex pictures can often be thought of as a collection of simpler
shapes. This house is made up of a square and a triangle.



We already have in the workspace a procedure for drawing a square,
WALLS. We can now define a procedure to draw a triangle, called ROOF.
Type

TO ROOF
REPEAT 3 [FD 50 LT 120]
END

If you are using MIT LOGO, remember to define the procedure with
CTRL-C.

As a first try at writing at a house procedure, then, type

TO HOUSE
WALLS
ROOF

END

The house procedure contains the WALLS and ROOF procedures as
sub-procedures. Type

HOUSE

The drawing looks like this

N\




This is a start, but not quite what we want. When the turtle drew the
square, it ended heading across the screen, horizontally. It started
drawing the triangle from this position and this heading. Now you

play "turtle" with pencil and a piece of paper. Draw out the
procedure step by step with a pencil.

List the WALLS procedure again, using the EDIT command
EDIT WALLS EDIT "WALLS

Note that it has four FD commands, but only three LT commands.

Although the square has been completed, the turtle has finished with a
heading different from that with which it started. This problem is
overcome if we use the WALLS1 procedwe. Type CRTL-C, then check that
it is still in the woikspace. Type

EDIT WALLS1 EDIT "WALLS1
then define the procedure with CTRL-C.

We will change the HOUSE procedure to include WALLS1 as a
sub-procedure instead of WALLS. Type

EDIT HOUSE EDIT "HOUSE

Now change the line WALLS to WALLS! by adding the 1. The HOUSE
procedure now looks like this

TO HOUSE
WALLS1
ROOF

END

Define the new procedure with CTRL-C, and the old procedure is
replaced. Now type

HOUSE

\“""“"\
L"!‘h&

The drawing looks like this - it is still not correct.



DEBUGGING

Computer programs, like lots of things we do, very often do not work
properly the first time. The skills of debugging, that is removing
the "bugs" or errors from procedures, are important ones for any
computer programmer to develop.

When a procedure doesn't produce the expected result
1. Look carefully at the result it does produce.
2. Decide exactly how this differs from the desired result.

3. Carefully read the commands which are at present in the
procedure to work out what is wrong and what changes are needed.
Playing "turtle" with a peneil and paper can often help.

This is just what we are doing with our HOUSE procedure, so let's
continue.

We have a main procedure, HOUSE.

TO HOUSE
WALLS1
ROOF

END

It ‘contains two sub-procedures, WALLS1 and ROOF.

TO WALLS1
FD 50

LT 90

FD 50

LT 90

FD 50

LT 90

FD 50

LT 90

END



&

and

TO ROOF
FD 50

LT 120
FD 50

LT 120
FD 50

LT 120
END

and the resulting drawing is as shown.

Play "turtle" and trace out the drawing step by step. The first
sub-procedure in HOUSE is WALLS1, ending with the turtle in the



central position and heading upwards.

Before it does the triangle sub-procedure, it should move up to the
top of the square. It needs another FD 50.

Change the HOUSE procedure to include this command. Refer to the
section on editing procedures if you need to. Remember to define the
new version of HOUSE with CTRL-C. It should now look like this.

TO HOUSE
WALLS1
FD 50
ROOF

END

Type
HOUSE

to use the procedure - and we are nearly there!

When the turtle begins the triangle it should not be heading upward.
We need a LT command, to turn it to the correct heading. You might
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work out by trial and error the size of the turn required, or you
might calculate that it is LT 30.

Change the HOUSE procedure once more to add LT 30 just before the
triangle is drawn.

TO HOUSE
WALLS1
FD 50

LT 30
ROOF
END

Define the procedure with CTRL-C, and type
HOUSE

Presto!

PROCEDURES AND SUB-PROCEDURES

Once a procedure is defined it becomes part of the turtle's

"vocabulary", like FD and LT. It can then be used either on its own

in immediate mode, or as a command in another procedure. In the

latter case, it is called a sub-procedure. Our HOUSE procedure

contained two sub-procedures, WALLS1 and ROOF, as well as some
primitive commands. A primitive command is a command which is part of
the LOGO language, in this case FD and LT.
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IDEAS INTRODUCED IN THIS CHAPTER

Total turtle trip theorem

Variable inputs to procedures

Edit mode

Editing procedures

The workspace

Drawings combining two procedures
Debugging

Procedures and sub-procedures
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SUMMARY OF COMMANDS INTRODUCED IN THIS CHAPTER

MIT LOGO APPLE LOGO
EDIT title EDIT "title

Cursor movement keys:
<—(left arrow) CTRL-B

—>(right arrow) CTRL-F

CTRL-P CTRL-P
CTRL-N CTRL-N
CTRL-O CTRL-O

Delete character keys:

ESC (ese key) <— (left arrow)
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