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,\ ; Overview

Where Do Turtles Come From?

In the early 1960's my father read a Scientific American articlé about
some small mechanical creatures designed By an Englishman named Grey Walter.
These creatures would  run™ around ,on the floor avoiding obstacles and
, searching for electrical outlets. My father wanted me to build one for a
\science project. (I never did.) .

-

Perhaps this is why I.was fascinated when I first heard about the work
of Seymour Papert and the LOGO group at MIT. They had invented.computer
controlled -'turtles' which could either run around on the floor drawing lines
as they went, or move around on the computer screen creating designs which
were often very striking. 1 Their work with children from age three on up
through college age has been an ‘inspiration to educators all over the world
and to this project in partlcular

N )

In this unit you will develop ‘with your students a language called
TURTLETALK, which is ‘based on some of the 'Turtle Geometry' ideas of the MIT
LOGO group. ) .

Turtles live in a purely geometrlcal world, -and yet it is a  world

filled with beauty and wonder. - They understand a language, which is easnyv
‘grasped by children aid adults alike, with which we may command them to draw

on the screen. Too often, learning the language of mathematics becomes a dry
exercise in memorization . for students. ‘We have a new tool, the computer,

which can make the language of mathematics not only accesslble, but exciting

and useful! R

What Is Turtle Geometry About? ,' -

-

. Turtle make possible a new way' of looking at geometry2. -To see what

’ that new way is like, consider the following description of a square:

. X . s .
A square is-a closed figure with *four straight sides of°equal length
such that each angle is a right angle.

That definition is probably close to the one you learned in school. It

describes what a square looks like. In Ctontrast, look at the definition

‘below: e e, oo
A square is drawn by repeating four times the operation of going
“forward <4n a Stralght lln@ a certaln distance and then turning by a
rlght angle .- 4

e

Nt P

In contrast to the f1rst deflnltlon, the sec;ond definition gives you
a proceduré for drawing a square. , The second definition is an active

oné‘, it involves you in the act.of creatlne,' the square. Turtle Geometry
takes, the second approach, on the assumption that children will be more
involved with an’d excited about geometry if they are as much creators as they
are observers.

]
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¢ Because we can make a computer understand .simple 'languages,’' we see
that a geometry based on acticns allows us to tell the computer how to create
drawings. The compfiter screen becomes an Arena for“gueometri:cal‘

experimentatibén where geometrical 'truths' lie.in wait to be discovered.

In doing Turtle Geometry with yqur stud nts, you will find that
geometry becomes a very concrete, hands-on subject And, at the 'same time,
you will find rich intellectual challenges for you and your students.
Turtles, and the computers in which they live pr

then e

3

1Papert:, Seymour, Mindstorms, Basic Books, N.Y., 1981. This is an inspiring
book about the kinds of explorations kids can do using computers and
especially the LOGO language. .

2abelson and DiSessa, Turtle Geometry, The Computer as a Medium for Exploring
Mathematics, MIT Press, 1981. This book is aimed at college-level and beyond
students with access to a Turtle languace. The mathematics is .very
sophisti_cated. . ,

~
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How to Use 'This Guide
. . ~a
, X

1 ..

If the ideas presented here are new to -you, this gme:Lll probably
not be sufflclent introduction to allow you to teach the unit.~ Also, if you
are a newcomer (as are most of us) to using .computers in classrooms, then you
will probably need 'help from the outstde. This guide goes along w1th a
course for teachers to %serve as a reference for the classroom. -

For What -Level Student Is This Unit Appropriate?
. M Ty .
Students in ‘the upper elementary and Jjunior hig.r,hJ ades are at an -

. optimal level for this unit. Younger children will be able to use the

Turtletalk language, on the computer,to create interesting deSigns but will
probably not grasp the symmetry, concepts. Older students can,take off on
some of the proposed open-ended investigations. In Piagetian termis students
will need to do tHe kind of thinking possible in the formal oDeratlonal
level, thlqklng that extends beyond concrete reality.

)
¥

What You and Your Students Will Do .

- The work in this unit should consume ‘about two weeks of 50 m1nutes/da.y
class time. Some of the time you “will find yourself talking to and
discussing ,with tpe class as a whole, particularly in the early stages of the
introduction of 'the TURTLETALK language. Howe\ger most of ‘the activities are _
vdesigned to bé done by students working in small groups. There are many -
reasons for this: '

¢
.

- You probably don't have more than two or three computers in
, your-classroom. Students will have more direct—interaction
time With the computer if they work together in groups.

- A group of students at ac f)uter work more efficiently than
1nd1v1dua1s~ they are less likely to get 'stuck' forgetting

\ . some_ simple_ thing like hitting the RETURN key.

~ Much of the interesting mathematics introduced is teoo
difficult, for most individuals, but can be easily handlled .
'\ by a group of minds working together.
- (3
~ Social dinteractjion is an essential ingredient for
intellectual, development and providing fér it will help
students grapple with the concepts, presented in this unit,

\

~ Students are often better at explaining concepts to each
. other than adults are. They learn by explaining.

v
’
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“'Sug:mary of Act~1vit1es
and Materials R

- f
)
! .

Total Time Required:. about 2 weeks .

,Total Whole Class Tipe: between 3 1/2 and 6 1/2 periods . *

Independent Computer Time: 30 minutes per group of 3

1. TheNeedforaGeanetryIangtlage '
Format - Whole class and groups of two '
Time - 1/? period
Materials; ’
, . GRID PAPRR

T . v, =

1
? ~

Students try to communicate how to make simple drawings to each
other using only verbal cues. Discussion leads toward standard words

-and.phrases that will have the same meaning to everyone d can form
the basis of a language for communicating geometrical concep

©

2. Introduction of Turtletalk
Format - Whole class and groups of two

Time - 1* to 2 periods

PUSHPINS

CARDBOARD SHEETS FOR DRAWING

CARDBOARD TURTLE

OVERHEAD PROJECTOR

PET COMPUTER(S) LOADED WITH TURTLEWQRKS PROGRAM

TURTLE COMMANDS SUMMARY SHEET -

Teacher, introduces some of the basic terms of- Turtletalk.
Students, learn how to mehsure angles with 'Turtle~tractors.’

3 The Regular Polygon Family (

Format —~ Groups of 3 at desks with computers avallable for check:rng

Time - 1 to 2 periods

Materials ‘
TURTLE-TRACTORS .
PUSHPINS '
CARDBOARD SHEETS FOR DRAWING
REGULAR POLYGON FAMILY WORKSHEET

+

’ Students work in groups with Turtle-tractors discovering laws

* about the angles of regular polygons. The concept of total turning
is introduced as an intermediate to finding the exterior angle of a
polygqn. _ »
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"#4. Turtleworks Pictures . : .

A .
Format - Groups of 3 at computers ) .
Time - 30 minutes per group. of students At the chﬁuter
Materials . .. '
o PET COMPUTER(S) DOADED WITH TURTLEWORKS
MODEM GONNECTION TO AT LEAST ONE COMPUTER
TURTLEWORKS PICI‘URE‘S WORKSHEET .
/ . v Students test their understanding of TURTLETALK w1th some
. plcture-drawmg problems on the computer. n
5. Hook Problems , Rl / " ’
Fomat - Grougs of 3 at desks .with computers avallable for -checking '
(1 to periods) .-
Materla.ls . N
’I‘URTLE—TRACIORS -
*  PUSHPINS
. CARDBOARD SHEETS
HOOK WORKSHEET ' ' ‘ " &

-

Treating a simple, bent-stick figure as a unit, students begin to
explore some symmetry properties via the Turtletalk MULTIPLYBY
command. Before students begin this worksheet, the teacher should
1ntroduce MULTIPLYBY as-a way to talk to many turtles at once. _" . .

During Activity 4 (Turtleworks Pictures), students will need about ’30 mihut

per group of ‘independent computer time. You will need to have othe
activities going on in the rest of the class duripg this time. You may.elect -
either to start, the rest of the class on the Hook Problems or you may

prefer that those who are not working with the computer work on other topics.
) . .

* Note About Scheduling Computer Usage ° \_&

L
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The

' T
' Format ) '
Whole ‘class dJscus:wn .
plus work in pairs
. Time . )
- 1/2 class period - ¢

Materials Needed
Grid Paper *
e

“ other in a low voice.

Ne.ed'

* 3

Activity 1. ) ‘ 3
for,.a Geometry Language

.

Background .o .

. .
in many ways, like
We learn any 1anguage

Lemrnlng mathematlcs is,
learning a forelgn language.

-most easily “and “rapidly when- we. find ourselves in

situations where. kiowing that language allows wus to
communicate easily with others and to"dé useful
things. And our motivation £0r learning a language
is highest when'-we know that we need to kmnow - that
is, when- we can see the payofis of " the learning in
which we are.about  to engage. In this activity, your
students are put in a. situation where .they must
informally invent their own language for
cormmnlcatlng geometrlcal ideas. '

.

. - -

Purpose o,
- Students should be able to communicate what a

simple draw1ng looks like to another
student.

They should also be able to follow the
- directions '‘of another student well enough
to make a reasonable facsimile of the

¢ other student's drawing.

- -~
»

*

«,

. feacher Prepa.ration

[N

You need only make sure‘ that you have grid
paper; on: hand. ' .

Q
-~

A¢tivity "

Students need to’ arrange.themselves in pairs so
that they cannot see what the other member of the
pair is doing, but so that they can talk to each
If you have tables, then they
can_ sit opposite each other with a wall of books
between. Each student needs two pleces of grid paper.

Their task -is to make a snnple, non-plctorial
-drawing on the grid paper. The constraints on the

drawings’ are that they be made up of only straight X

lines and that the places where the lines begin and
end be on the intersections of the grid lines.* It is
important that the draw1nas they make be nelther too

\
-7- :
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complex, nor too simple.” If they make very
complicated drawings,- then the next. phase will be

#igustratingly difficult and time-consuming. °If the-

drawings. are too s1mp1e, the’ -ensuing communication
will be over too soon and the students will miss the

point. So, watch their work and stop them at the

right mément ~ probably after 2-3 minutes.

\

! Next, one student of each pair is to be the

'communicator' and the other is to be the ‘'drawer.'
Without seeing each others' papers, the
communicator - is to -imstruct the drawer in drawing
what he/she has just  drawn. Either student can
questlon the other about what they have done or what
they means— When finished, they should look at the
results and trade roles. ' .

e -
AR

look at the drawer's paper.

~
]

When all have finished, group discussion should
focus on general methods that they found useful .and
particular words that they found themselves using
frequently. Examnles of metheds -would be

- "I told her where the pomts were and which
ones to connect.''

A 1

'""We ended up numbering the points lightly so

that we could tal{ about them."

.

"I pretended that He was driving aa.car and I
was telling him where to turn."

-~ "We told each other-the shapes to draw and

how. big to make them."

Exdamples of words and phrases they might have
found useful are:

.. on the same line, next to, move forward,

- up, down, left, right, on the edge, do it
+ again the same way, square, larger,

smaller, upside down .

| Optl&n;l Ebrteusmn . . ,

Tell the class that they are.going 10 repeat
the entire exercise, but this' time, no words are
going to be allowed at all! You will allow them 2
minutes to decide ‘how they are going to communicate
to each other before they begin making their
drawings. Only whatever sign language they can
invent will be allowed; no writing or. speaking.

-8-, a ’ -

~ i0 . ot

* You may need to remind them, a few minutes into
the activity, that the cormnmioa;’t}ar is not allowed to
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This optional activity gives them an experience
in inventing a 'formal' language themselves, and is
different from the previous activity in that no
‘e,xplaining'. can go on d’uring the communication
process. ‘ . .
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Introductlon of Turtletalk .
Format' * Background
Whale Class and work . . .
in pairs ) Mathematicians invent terms with special
. - meanings to better cemmunicate with each -other. Your
Time : ' students experienced the need for such terms in the
1 - 2 class period . previous activity. Now it is time for everyone *to
] . agree- on certain special terms. The agree pon
Materials Needed terms comprise 'a simple language' which we will call
turtle-tractars Turtletalk. . Turtletalk is also the ' language
puéhpins. ‘ students will use with the computer in the next
cardboard sheets activity. -
for drawing - . . - 3 .o
cardboard turtle The words you are going to introduce are:
overhead prqojkector . ‘ , ) oo T -
. Pet computer(s) loaded - . GO ) e o
* with Turtleworks o TURN > . )
program , PENUP a
Turtle Commands ., - PENDN 't
. Summary Sheet REPRAT (with its abbreviation RPT) (
Turtletalk Worksheet ° ' . ) - - .

It is' through repeated use in the. succbeding -
activities. that students will come to grips with the .
ram1flcat10ns ‘of these" 'I‘urtletalk words. "

. . Ea— 3 ’
The descr‘lﬁtlon below is overly 1engthy, trving~
. P to explain +a process which will come naturally to you
.’ I once you have tried introducing Turtletalk a couple
" 7% 7 ¢ of ‘times.. You will certainly evolve your own.style .
suifed to -youru way of teaching and your students.

L b

» \ * . ’. . « . N .
< Pllrmm B PN i R N v - ;
- ‘Students 'should be' agble 'to use a
turtle- tractor towcreate draw1nzs
spe01fied by Turtletalk programs. which
use any of’the above words. .

/J\ ' ’ . , ) 1 ]
’ 'I‘eapher Prepa.ratlon R :

J

«.‘ z ] . Il
3 "Load the- 'Turtleworks' p‘i:oz'rarri into oné.
. computer before class. Loading takes about 5

minutes., '~Have ready,' a class set .of
turtle-tractors. ~ These are ox’*i’giznally produced' by ,
making transparencies f.rom a transpdrencv master.
. . . There” are four turtle-tractors on ea,ch sheet: The ‘
— ———— ey ‘—Very center of the turtle-tractor\should “be——

>
~

Y

Q | ‘ ~' ~10~ 12 )
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strengthened with a piece of scotch tapd¥ You may
also need to cut up pieces of 8 1/2 x 11 cardboard to

be used to allow students to stick ‘pushpins through
the turtle-tractors.into their paper. Finally, the

-Turtletalk Commands Summary sheet should be ready

to pass out to the students to serve-ag a reference
for them.
4

Activity ‘ ‘. ;

MOTIVATION .

You may be able to motivate the introduction of
Turtletalk further with a‘story. You ‘could tell
about Papert's LOGO turtle (see Overview); . or you
could make up a story about a real turtle with a pen
attached to its tail: or yoll could ask about the,toy
'Big Trak,' which actually behaves a lot like the
turtles-we are going to use. You need a cardboard
turtle to move around on the chalkboard or a clear
plastic one to move around on the overhead. ,The kids
need to get the idea that this 'turtle' .Understands
certain ‘words or commands and that you are now going
to introduce some of these words.

Pose the question: 'What will the turtle do if
it gets these commands?’ . ,

GO 10 :

TURN 90 - .

GO 10 . .

TURN 90

. GO 10 - ‘
TURN 90 '

GO 10

TURN 90 . C

'OONVENTIONS

- 3

There are three things ‘the students have no way
of knowing: 'How far will the turtle GO?': 'In” what'
direction will" the turtle start?'; and 'Will the
turtle turn left or right?' The answers to all these

questlons are dec1ded by convention.

-

Introducuxg ‘these conventions would be most -
easily done using an overhead with a turtle-tractor,
for measuring distances and- angles. A

.:__,11_ 13 - ¢ . N :1

> ~

- N -

> - ~ . - . Lo
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{dThe turtle always starts out facing to the
right. (In mathematics, this direction is chosen as
the zero angle direction.) .

\

On the overhead and on paper, the unit of

distance is the unit ma.rked' on the turtle-tractor.
On the board, 5 centimeters would be reasonable.

‘ The convention sfor turning is that, turns are
‘ measured in degrees and when the angle 1s positive

the turtle turns to the left. 90 degrees

. constitutes a right angle turn. This follows normal

mathematical conventions. Students will be using -

turtle-tractors to measure angles. Turtle-tractors
have two advantages over protractors for this work:
they clearly indicate turns greater than 180 degrees;
) and it is easier to remember in which directior turns
” ) . are measured.

USING A TURTLETRACTOR

Using the turtle-tractor to measure angles has
three steps.

1. Place the dot in the middle of the turtle

at the present position of the turtle and
, face the turtle in the direction it is
presently gomg. \

e 2. Pivot the turtle-~(this is easiest if you
are working on cardboard and -have stuck a
pushpin through the turtle) so-that the

: -desired ray lies along the .last segment

" of the turtle's path.

‘@ 3. . Meagure the distance along the turtle's

difjection line and stick a pushpin
yugh at that distance making a mark on

“the paper underneath.

. . ’

R ~ After going” through the above Turtletalk
- . program for a square, it would be a good idea to have
one of the students act out the role of the turtle
° by walking through the program.

’

14

-~




+ TURTLETALK WORKSHEET

»

Turtle Geometry Teacher's Guide

-f

Pass out Turtletalk Norksheets,
turtle-tractors, pushpins, and cardboard fo each pair
of students. Working together, .they should go
through' the problems on the worksheet, taking turns
" being the one to move the turtle—tractor and draw the
line. .

" As you move around _ the room to see how students
are doing, watch for the following common problems v,

1 - Some students may forget to actually move the

/ turtle forward after drawing the line.
Their work will look like a series of
lines coming out from one point. \

Fo - The *angle 270 degrees will cause trouble for
some students. They will be reluctant to
" turn the turtle-tractor more than 180
degrees.

- When you find someone who has gotten
hopelessly lost, ask them to start over,
showing you their work as they go.
Usually you can recognjze gheir’
misconception a?fter only a step or two.

3 .

The last two- problenis are meant for students -

who finish quickly. (You may want to assign them to
the rest of the class for homework.)

>

OOMPUTER DEMQIS‘I‘RATION OF TURTLETALK ’ =
. ‘Perhaps the clmchlng mot1vat10n for Turtletalk
is that the computer can be made to understand it and-
draw diagrams accordingly. = Start the program with
the computer_in front of the class.’ Have one of the
students type in the 1nstructions for producing a
square. Even from the back of the room, students
will see that a square is being girawn Qn the screen.

Point out that this is a lot of typing and ‘that
there are 4 repetitions of the commands GO 10 TURN
90. Since this is a common occurrence in turtle
designs, there is a shortcut way to produce the same
effect. It is \

REPEAT 4 (GO 10 TURN+G0) //

bk
1

-13-
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1]

They can test.their understandmg of REPEAT w1th the
following program: e,

RF’I'4‘(GO 10 TURN 45) ~

where RPT is just ah abbreviation for REPEAT. When
they have finished, you can demonstrate what they
should have gotten on the computer. To do this, you
will have to 1n,troduce and- execute the
command. '« CLEAR 'is really only—useful/ on the
computer. - :

‘e, ~ -

£«
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.- S Activity 3 , “

The Regular Polygon ,Famil‘y -

Format Background . + ’

' N
Groups 'of 3 at desks The regular polygons form & family of shapes
, k starting from the equilateral triangle, proceeding
Time - _ through the square and regular pentagon, and heading
' 1 - 2 class periods * toward regular polygons with so y sides they are
’ indistinguishable from circles. In drawing polygons
Ma.tena]s Needed with turtles, we are not as interested in the
) turtle-tractors | interior angle of the shape- (the{interior angle of
pushpins an equilateral triangle ig 60 .degr S and that of'a
. cardboard sheets regular ‘pentagon is 108 degrees) |a§ we are in the’
for drawing -~ exterior angle or turtle-turn angle. It is the
Regular Polygon Family exterior angle that the turtle turns by when drawing
Worksheet the polygon. The turtle-turn angle of a regular

' \

‘pentagon is .72 -degrees as shown; in the drawihg
below. After five turns of 72 degrees, the turtle
“has turned 5 x 72 or 360 degrees.

Purpose

Students are asked. to discover the exterior
angles for the polygons by trying to draw them with
their turtle~tractors. Each time they do so, they
must ‘compute the total turning that the turtle
undergoes. This _total turning is always 360
degrees! Having noticed that, one can work backward

.. .. and formulate the rule -

.. The exterior angle of an -n—sided
RS " polygon is 360/n.

-

Just how algebraically you treat this rule Wwill
depend on the sophlsticatlon of your class.

Teacher Preparation ' ' -
» . Read throuzh the worksheet and try draw1ng a
. _ ' polygon with the turtle-tractor. Load TURTLEWORKS .on

~15~

-
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your computers. Otherwise, you just ‘need to have' the
materials available.

Activity

Students work in groups.,of 3. They should each
the figures on their own worksheets. When they
come ¢t ry ,to discover the turning angles for the
different polygons, they'can each try a different
angle. For example, if they are working on the
equllateral triangle, one student might try 100
'degrees while another .is trying 110 degrees and the
third is trying 120 degrees. When they have
.disagreements about what is the correct angle for a
polygon, they.can use the computer and TURTLEWORKS as
an arbiter.
. , . .

. Circulate among the groups- and make sure they
are understanding the concept of total turning and

e - e T

~ that théy are able to use their turtle-tractors .,

correctly. -

Check their Turtletalk programs to make sure
they are using the REPEAT command.properly.’

. Groups who finish early can try the optlonal

ooly@ns with 5, 7, and 10 sides. These are harder

to discover since the turn angles (72 degree¢s, 51.4
degrees, and 36 degreeg respectlvely) are not

[ ]

Class Discussion ’

" When everyone has completed palygons with 3, 4,
6, 8, and 9 sides, a discussion of what they
‘discovered will be appropriate. Questions to ask are:

- What did the 'total turning' come out to be?
(There will probably be some disagreement
here. Some students may insist that the
turtle does not need to make the last
turn to finish the polygon. Explain that
things will be simpler if we arrange that
the turtle end up facmg the original
direction.)

~ Why 860 degrees for the total turning? (In
watching a person walk through the
drawing of a polygon, students can see

8- 15
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.

that the turtle has to turn all the way
N N around, that is, through 360 degrees )

- Wﬁat is 4 rule for figuring out turn angle to.
produce a regular polygon of any given
number of sides? (If thére are n sides,
then the turtlé must turn through 260 /

n degrees on each turn.) N
. .

Ask the class how what would be the Turtletalk
. instructions to produce a regular \12-side'd figure.

" Try out ‘their suggestlon on the computer. Ask the
same question for’ other numbers of s1des,, Express’
thls result in the general form- -

. . i:urna.ngle-'leo/ (tumber of sides)

L3 . Lo L . . P
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‘ R Actlvlty 4 \ ' .
| . o Turtleworks Plctures '

| Format ~ [ Background
Groups of 3 at ’ . : . )
computers . . We continue now with the learning of
: S ) Turtletalk, introducing the MULTIPLYBY command
l Time ' (abbreviated as MULT). It is this cofmand that will
30 migut% at give students the ability to easily create
‘cqmputer ) . complicated and beautiful designs. The idea is that
} , the user of the Turtleworks program should be able ty .
- " Materials Needed command many turtles at a time. The MULTIPLYBY
Pet Computer(s) 1oaded command, for example, creates, for every turtle on
with Turtleworks the screen, 4 new turtles which are aimed
Modem connection for symmetrically around the originals.
at least one . -
L computer In.- addition, if - -you have networking
¥ Turtleworks Pictures capabilities, your students will begin to see what
Worksheet _other students in other classrooms .have done in the
way of. creatlng‘lnterestlng designs with
Turtleworks. Networking prov1des additional

motivation for creating Turtletalk designs. Also, in
lovking at designs of other students in other
, classrooms, your students will .gain new 1n51ghts into L
N N the possibilities of Turtletalk and new ' appreciation .
- . for Turtle geometry (and, of course, regular
geometry) . )

-

Purpose e AN
Students will get practice using the basic
" commands of Turtletalk on the computer.

They will be, able to use MOLTIPLYBY to
create synmetrlc des1gns . 5

Finally, they will learn how to access. thga\
MNCP network to store and examine
Turtletalk designs.

»

Teacher Preparation : -

Try the problems yourself so 'that you may

ant101pate some of the difficulties your students .

* will have. In particular, you should try the

+ MULTIPLYBY, NETSAVE, NETNAMES, and NETLOAD

" commands. Refer to your Turtleworks user manual for

help using these commands. Have the Turtleworks

- program Jloaded in your computers before class .

begins. Have worksheet copies available.

-

-18~-
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. Act1v1ty o : ,

- ) CLASS DI$CUSSION -

The final command to, be introduced is
MOLTIPLYBY. Turtles- are social creatures and like
to have’ company. Have one student stand up in fromt
.0f the class and be a turtle. Then propose the -
command . }

MULTIPLYBY 4
" )

S and explain that after this command there will be 4
active turtles. Bring 4 more students to the front
of the room and have them stand with their backs to

- the first student-turtle aimed in four right angle
directions. ¥xplain that these four new turtles are
by going to obey the next instructions. ‘ 3

> ~ , GO 10 TURN 90 )
GO.10 TURN 90 .
Golo . ' " .

‘They can act this out and then you can go through the
. - same sequence on the overhead. A practice - program
for them at their seats would be . oa®

\\ MULT 3 .
. : ‘ - GO 10 TURN 60 GO 10 . ’

. Note: +You may be wondering about the turtle in
e . * the middle. The reason for leaving this turtle
‘ around is that the COLLAPSE command causes the
,turtles which were created by, the last

MOLTIPLYBY command to go away, reactivating

the turtle(s) left behind. For ekample, t )

R

MULT 3 GO 10-0oLLADSE GO 20

Demonstrate .the MULTIPLYBY. command on the
computer. Then' talk about how it would be nice to
save pretty or interestin turtle d&elgns somewhere
so you-would not  have to type them everytime from the -
beginning and so that others could look at them. -
Explain that there it ds ipossible to do this -using :
the telephone connected ta the computer. -Pemostrate
how to NETSAVE a design.**Explain thaf othe# kids in
other classrooms have already saved: lots 'of turtle
designs: Use the ‘NEINAMES “command to looK at some
. ' of the names of these’ designs and then load in one
“. des19;n N -
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GROUPWORK'

\\\ -

Studede“WUrk\anﬁgroups of three at the
computer. “AS you observe them, Jnake—sure they are
understandlng how to interact with the compute
program. ' They mlght need. help using the LIST
command and they will ” certalniy need help using the
NEHEH“HE and NEHILMH) commands.

~20-




Format

Groups of 3 at desks

Time
"2 class periods

Materials Needed
: turtle—tractors
. pushpms
¢ . cardhoard sheets
for drawing
Hook Worksheet

[
L ¢
. ~
< . . \ '

- Turtle Geometry Teacher's Guide ’ .

Activity 5 . i
The Hook Family - ’ .

r

Backgromd
. - iy .
Complex shaped® can be built up from
repetltlon of a smgle, smple shape. The simple -
shape chosen here is called a"‘hook. The idea is a
powerful one. " Two analogous ideas are:
fe
- a complex problem can be solved from
solutions to its s1mp1er parts-
- a complex theory can be built upon s1mp1e )
ax1oms ) _ -

Students get more practlce with Turtletalk; in '
particular, they get deeper into the raffifications of -
MULTIPLYBY and REPEAT.

Teacher Preparatioh . "‘\_

As in all “these activities, try them yourself
ahedd of time. Have available the usual

- tf}ke-tractor drawmg materlaJ(S‘

 Activity .

v

Students work .in groups- of three at their 'seats
solving the problems*eh The Hook Worksheet. There
is not much opportunity for 'division of. labor, but
they should make sure that everyone in the group
agrees about the answers before they go on to the
next problem. The. last two pages of problems are
.quite difficult but become accessible to groups that
can brainstorm together. If the computer with
Turtleworksus available, students can check their |
ideas on it. ,

‘Yol shquld 1ook over their shoulders
‘occasionally to check their ideas for solutions.
Where you spot an error, you can suggest that they
actually try out their program using turtle-tractors.

3 -
21~ ¢ " CoL 5
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Solutions to worksheet problems:

4a) MULT 2 RPT 4 (GO +0 TURN 45°GO 5 TURN 45)
b) MULT 3 RPT 4 (GO 10 TURN 45 GO-5 TURN 45)

4
c) MULT 4 RPT 4 (GO 10 TURN 45.GO 5 TURN 45) .
5a) MULT 4 GO 5

1‘

|

. . RPT,4 (GO 10 TURN 45 GO 5 TURN 45) : ‘
b) MULT ¥ PENUP GO 5 PENDN S ‘
|

|

|

|

\

|

|

Rpfr4(6010TURN4SGq5TURN45)
¢c) MULT 3 PENUP GO 5 PENDN = ° < -
RPT4(GOlOTURN45605TURN45) -
d) MULT 6 PENUP GO 5 PENDN -
. . RP'I‘4(GOlOTURN4SGOSTURN45) '
k _ . e) MULT 24 PENUP GO 5 PENDN
: ' . .. RPT 4 (GO 10 TURN 45 GO 5 TURN 45)
6. 2) RPT 3 (GO 10 TURN 60 GO 5 TURN 60)
’ b) MULT 2 RPT 3 (GO 10 TURN 60 GO.5 TURN 60)
: ‘ c) MULT 3 RPT 3 (GO 10, TURN 60 GO 5 TURN 60)
10 MULT 2 - .
(GOlOTURN:4SGOSTURN45) o
10 MULT 2
(GOlOTURN45605’I‘URN45)

L4

v
"
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Optlonal A‘c’t iVit»y """""""" o e e
The Star Family
Backgroimd

You may wan't a challenge for those students
that ha,ve a partlcularly good grasp of Turtletalk and

“the geometrlcal concepts of the preceding
‘activities.

The Star Family worksheet extends the
ideas presented in tle Regular Polygon garnlly
worksheet . . . .

Purpose

Students should dlscover tge relation between
the number of sides and the turnmg angle for various
stars. "

. \, )
Teacher Prepara;tion _
Have the PETs loaded with Turtleworks.

Activity .

The, work: involved. here is fairly
sophisticated. If you have had time to try the
problems on the worksheet yourself, you can bhe of
help to students. ' But you may simply want them to
struggle with 1t on their own, knowing that it won't.

be easy.

e

N") e ‘.
. -23- : » :
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TURTLETALK COMMANDS SUMMARY
Math Network' Curriculum Prgject
San Francisco State University
Harch, 1982

HK.P (abbreviated as H) - lists these commands,

GO - for example, .

’ . GO 10
sends all ‘turtles forward 10 screen dots.

TURN - for example, i

TURN 45

turns all turtles by 45 degrées in the counter-clockw:se directibn.

CLEAR - erases screen; gets rid of all turtles but one, and puts that turtle in the
middle of the screen. Instructions in the ma.m program are forgotten, but
procedures are remembered.

)

REPEAT (abbreviated as RPT) - for example,

RPT 4 (GO 10 TURN 90)
causes the instructions GO 10 TURN 90 to be repeated 4 umes, thus drawmg a
square.

MULTIPLYBY: (abbrev:ated as MOLT) - for example,

MULT 6 GO 15
causes there to be six active turtles in place of every one that was there
before. All of these new turtles now move forward 15 screen dots. v

COLLAPSE - the opposite of MULTIPLYBY. The turtles will be returned to the state they
were in’ just before the last MULTIPLYBY. The screen will not be affected.

PENUP - After issuing this command, when the turtles move, they will not draw lines.
PENDN - The turtles will now draw as they ‘move.

QUIT - Ends the program. Be sure to end this way if you wish to make a copy of
TURTLEWORKS on tape. , _

k7

LIST ~ Show comma.nds executed .since last CLEAR.
DRAW (abbrev:ated as Dy- Clear the screen a.nd start executmg comma.nd%
TO - Begin a procedure deﬁnitzon. For example, * s ’

. W
~7

' °  TOSQUARE . °
. RPT 4 (GO 10-TURN 90) .
TURN 45
END

&

YN

\

' w1]1 mean that the tm‘tl% understand SQUARE from then on (unles you sbop the.
program and start over). In fact you can say SQUARE 8. which will repeat the
procedure 8 tl.mes, makmg a very pretty dwgn. .

tox i 3
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C‘EN'D — Signals the end of a. procedure definition. ) . .

EDIT - allows editing of individual commands. By itself it brings up the first command. -
Use DEL to change and retype. When finished hit <return>. If you don't want to
change the command, you can hit <return> (and the command “will be executed) or
hold down the (stn.ft) key and type @ (in which case the line will be skipped over)

. EDIT 4
allows editing of the 4th command. ] ’ -
. . ' EDIT SQUARE
brings up the fus&step in the SQUARE procedure for editing.
¢ EDIT SQUARE 2
brings up the 2nd step in the SQUARE procedure for editing.
TAPESAVE - for example, .
TAPEAVE FLOWER
will write your TURTLETALK commands on a tape w1th the name FLOWER for later
retrieval.

TAPELOAD - for exafigle, . |
’ TAPELOAD FLOWER
will load the TURTLETALK commands named FLOWER from a tape.

NETNAMES (requires modem connection to MNCP Network) ' )
This command by itself will list the names of all the turtle creations to be found
on the MNCP network. If you follow the command by a letter or letters, it will
list the names of all turtle creations that begm with that letter or letters. For

examnle,
. > NETNAMES FL
might produce the list - .
/ FLAGS -
FLOWER

. " ) : - FLOWERZ . -
NETSAVE (requires modem connection to MNCP Network) ~ for example,

. NETSAVE BIGFLOWER : 7

allows you to save your TURTLETALK commands on the MN

name BIGFLOIER for later retmeval by you or someone

' -

~ NETLOAD (reqmres modem connectuon to MNCP Network) - for example, ‘
NETLOAD HI WER ’ b
allows you ‘to load BIGFLOW;R from the cp Network

NEPDHETE (requires modem connection to Cp Network) - for example, Lo
NETDELETE BIGFLOWER S
 allows you to delete BIGFLOWER, from the MNCP Network. -

Other notes ! ’ .
- Holding down the slnftfﬁe'y and typnnz @ will allow you escape from most
operations.

- See the Turtleworks User Manual, for a more detailed exp]anamon of these
commands.

<
w

o




. \ . - .
. B
‘ ©
. ~ )
M
. L4
0 . -

Name_\ . o Lo
Partner . .
: Date . i T o
j'l. ~ , ’ . ‘
. . Turtletalk Worksheet .

Materials: Turtletractor.
. : . Piece ,of Cardboard

Pushpin
4
B ‘ . . - ) ;
1. Tellulah and the Rock : . C
One day Tellulah Turtle was ‘ .
* out for a stroll. But there

was a rock in TellwWlah's _
way. Here is how 'Tellulah
moved:
GO 5 '
TURN
GO 5
TURN
GO 5.
TURN
GO 5

TURN
GO

Show the path that Tellulah ¢’ . o - : ; -
took. : R - L )

ol M »

2., Tomn;xs T%iangles
; , ‘'Tommy Turtle is a great lover )
- of triangles. He is also - 4
. lazy. Here is how Tommy )
figured out how to make two - .
- V. " tri3ngles with very little ; L . -
effort. ; : .

‘G0, 10 .
TURN 120
Go 10 . : ,
TURN 120 L )
GO 1.0 - s . : - ~
TURN. 60 o - -
, GO 10 Tommy starts
- TURN 120 Vet .-
. ' GO 10 he : -

Draw Tommy's triangles. . T -




More

Your

Turtletalk Worksheet : e

Your Init}al in Turtletalk

Draw your first initial here using only straight lines.

Write Turtietalk instructions to make a turtle draw
that letter. Show both the instructions and their

result in thp space below.

El

Instructions : :‘ Result

@ @

Triangles: (if you have time)

Figure out a ‘way to have Tommy Turtle draw £ hree-
triangles with only a few more instructions. (Then.
try four or more!l)

Whole First Name: (if you have time) h
Write Turtletalk instructibns to draw your whole

name. To do this, you will need to 'have the turtle,
stop drawing while you move between letters. The .
instruction to do this is PENUP. To get the turtle -
to start drawing again, use the instruction PENDN.

-

N
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The Regular Polygon Family Worksheet

> N

Llals: You will need paper, pencil, a

'turtle-tractor', and an 8 1/2 x 11 sheet of cardboard

"You should already know the following Turtletalk commands:

GO
TURN ’ g
REPEAT (abbreviated as RPT)

+

1. 1Use your turtle tractor to make the drawing produced by

RPT 5 (GO 5 TURN 60)

[y -~
-

Your turtle had to turn 60 degrees 6 times. .How many
degrees did it have to turn altogether?

We call-this number the total turning of the turtle

Did.you end up drawing a six-sided figure with all
sides equal? This figure is called a hexagon.



' The Regular Polygon Family Worksheet

2. A hexagon is a kind of polygon. (The word 'polygon'
literally means many-sides.) Polygons which have all
sides equal and all angles equal like the hexagon you

! _ drew are called regular—polygons,
4

Figure out how to draw the regular polygons listeéed in

' the chart below. For,each one you draw, compute the
total turning just likeé you did for the regular
hexagon. Show in the chart the Turtletalk program you
used to produce the polygon.

Number of | name of | Turtletalk commands *  iTotal Turning
sides i polygon P s i '
1 - - ] ]
] | . |
3 | triangle ] i
t t - |
] t t
4 | square d d
b : : )
6 | hexagon ! RPT 6 (GO 5 TURN 60) | 360 degrees -
' i | i
8 | octagon d \ i
: T ' -
9 ! nonagon " | d .

R ]




Homework on Regular Polygons

1. More Regular Polygons

Write a Turtletalk program to make'a tustle draw the
following:

Al -

a) a regular dodecagon (which has 12 sides)
. ?

. b) a regular icosagon (which has 20 sides) -

"

2. _Angles of Regular Polygons L
For each of the drawings shownbelow, g%ll how many
degrees are,in the indicated angles.

B

l[// [/'—
/
v/
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_ Name i i '

Group - ) . \ s

Date L : .

Turtleworks Pictures Worksheet.

Materials: You need to be working in front of a PET

computer. .

Find a way to draw eéch of the pictures below on the computer

screen using Turtletalk, Write the program you end up
using next to each picture. (You‘cah use the LIST

command to list your program.) e
1- . L(
~%
\ -~
.« )
L
Vi -~
o
o v
@.F?J .
- i . *
A ) .
- t— - ’ * 4.‘
. X - .
» t ~ ,‘
Al ‘ \ .
2. <These pictures can be drawn with one turtle. ¢ e~

o
’ - . ¢ K




v -~ 0 . 1 ] i
] : , |

T . ' Turtleworks Pictures Worksl'igetA "

) . et ———— = i
e ' = - o \/.// |
| | | ‘ . :
’
- »
.

3. The REPEAT command will help here!

A
. .
«
. . r
N
.
. . -
- *
“ L)
. , s -
v . -t
. . . .
. -
-
- 4
.
.
——t
4 — ‘
N
B
. -
—

-

4. See if you can use MUerﬁngI,nere.




Turtleworks Pictures Worksheet

5. How about a combination of MULTIPLYBY and REPEAT?




‘Turtleworks Pictures Worksheet :
Create a design of your own. Write the program here and méke
a sketch of» what it produces. Save your design-on the

MNCP network. . : o

%

Look at some of the designs other groups have saved on the
MNCP network. Try to figure out how they made them,
Sketch one design you liked here and how its Turtletalk

commands. .

Z
K3
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. ' Turtleworks Pictures Worksheet

Here are some addi'tioné.jt deéigns for you to .try if you -have

. 4
time,
N4 -
\
A
] r \
. ~
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.
¢ v
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¢
v
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Name
> Ll /
. _ Group
~ Date _ )
ﬁ El
The Hook Worksheet N ‘
. i \ 7 T . j/ . 3
Materials: You need paper, pencil, and a Turtle-~Tractor. . -
. A . 2 - : .
- 1. g) Below igAhook'drawn by a turtle. TWrite the Turtletalk ; n
‘-Aﬁprogram which would draw the hook.

i
©
=

o = / h %‘ ‘ ' b
X I‘T.F . : > ‘ ) P . PN v ‘ .
b) Suppose the hook goes the'other'dhy. Now what would =~ .
the Turtletalk program be? > )

\\\,,////// i - ‘ 2 /i
2. a) The Turtletalk prégram below puts U4 hooks together. ’ .
Draw the figure using your Turtle-Tractor. ' o -
s RPT 4 (GO 6 TURN 45 GO 3 TURN 45) .
» . " 5
- Y -
N ! {
’ \ >
. :
¥ * g ' \ )
’ b)‘Find out whag happens if you send the turtle the other -
direction. . . . K
.. “© . " _7  RPT.4 (GO 6 TURN 315 GO 3 TURN 315) , :
S 4y -




LIS

*  The Hook Worksheet ~ - ‘

) - 3. Belowﬂqre some figuré§ drawn with hooks and some . : I -
Turtletalk -programs. Draw lines from each figure to

¢« 1ts program.

: "a) MULT,3 GO 6 TURN 45 GO 3 TURN 45 . o
‘. - b) MULT 2 GO 6 TURN 45 GO 3 TURN 45 ‘ ‘

- ~ " :

5 ¢) MULT'5 GO 6 TURN 45 GO 3 TURN 4% ey

e d) MULT 4 GO 6 TURN 45 GO 3 TURN 45

;M
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//// The Hook Horkshqet‘

b, ‘Combining the ideas of problems Zﬁand 3, we can get

figures.like those drawn below.
write its Turtletalk progran.

Next ‘to each figure,
You do not need to use

your turtle~trdctor to acﬁually make the drawing.
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- - H
The Hbokeﬁorksheet S ‘
: ’ - 4

5. IF YOU HAVE TIME _
On the following pages are some more figures made with

hooks For-.as many of them as-you can, write a
Turtlé%alk program_that could draw them. - .-
. ! . 7 ’ R ' » '
Also, you might enjoy making up some HOOK FIGURES of your
own. ) L . )
a). .
5
\‘ c )
.
. y
~ ° - )
- . » )
) e
Wk - ' o . . , .
L 43" | : '
é'“' . ‘ ./ B ‘ )
. } .
x . -u- 1Ay L4
N . v




The Hook Worksheet °




The Hook Worksheet

6. Still More Hooks




" Name

Group

Date

>

The Star Familyuiorksheet

.

» ! . . - o
Materials: You will need a PET computer loaded with the
TURTLEWORKS program. -

This worksheet is about STARS and how to draw them in
TURTLETALK. We hope that you will find there are many
interestidg points (heh, heh) to learn about stars.

¥ Xk &

You and your ‘group should be s1tt1ng around a PET all
loaded up with the TURTLEWORKS program and ready to
‘receive your typed commands.

1. You WOuld probably Tike to Jjump right in and make
the 5-pointed stdr which is the usual one we see.
But first, as preparation,’ write a Turtletalk
program to _draw a regular pentagon. It looks 1like
this:

6

Write.yohr program here:

4o
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‘Star Family Worksheet ‘ .

, -

Now I'm going to ask you two questions after every
figure you draw. You may think it silly, but if you
look closely at your answers, you will eventually
see a neat (and very mathematical) pattern.

The first question is: ' g

How many degrees did the turtle have to turn at
each corner (the proper word is vertex) of the
pentagon?

(1f you didn't get 72 degrees, try it now. This : '
- angle is called the 'exterior angle' of the, )
pentagon.)Xx The second question is:

|
How many deérees did the_ turtle turn |
~ altogether? A -
" (Did you get 350? ‘The turtle turned 72 degrees five
; times. Five times 72 is 360 degrees.) |
’ ' |

2. '0Of course there are many-ways to get the pentagon’/ .
"drawn in Turtletalk and I haven't any idea how you : e
did it. But here is a very short way to do it. You .
just have to fill in the right numbers in the blank N
places.

RPT ) (GO 10 TOURN ) -

3. Finally, try for a 5-pointed star! _ . -

o
Write your program here:

3

(Dld you find a short -pay to do
it?) " :

Here are the two questions again-z
How. many degrees did the turtle have to turn at

each corner (or vertex) of the star? (What is the
'exterior angle'?) ° ) . .

oy

How many degrees did the turtle turn
_altogether? . Let's call this the 'total *
turning' of. the turtle.

| | 1 o

N
»
. & * . ) » 407

o ) . ) -2- . ’
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e .

4. Now let's shoot for bigger money . Seeen-pointed

Stars are much less often seen than the 5-pointed '
e variety (however, sheriffs’ badges have seven
: points!)g’ But actually there are two seven
pointers you can make . Start with the regular’
seven-sided polygon and then do each—of -the-stars.
‘ .
Program for regular heptagon:

exterior angle?
total turning? " : -
Program for skinny star:

exterior angle?

total turning?

Program for fat star:

-

P

exterior angle? T ‘

total turning?
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Star' Family Worksheet

5. I;ll bet your wondering why we skipped

sik~pointed stars. Well, try to make one! But please
obey tpis rule: “

R e - - P

use the program

RPT (GO 10 TURN ) .o

where you can fill in the blanks with whateveér
numbers you like .

This program 'defines' the STAR FAMILY for us.

Write about what you found out Hete: .

- .

Y

t




. . g . ]

. > y = $¥A |
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. i Star Family Worksheet |
R X (5,) . ) b
e , ‘
6. There is a lot more to f£ind out. But T +«don't want to
~ -~ “:lead you by thé nose through it. Below is-a big table,
. - * " mostly empty. You should f£ill in what you. have already
' learned and then set about investigating more stars.

@

"Number of Points ExXterior angle| Rotal turning Is it a star? -
3 120 . 50 - no
| ! | -
R ‘ ¥ 1
, "4 ’ %0 . o .
T -5 - ) 72 3R0 no ,
. *
5 _ 144/ - 720- | 7 vyes
5 /f . 34D ~  no -
7 . ' ' no
. 7. ' . yes B
\ s l ] 1
T A 1 I3 . i |
7 — . ‘ yes ] ~
) B : l . m;
L i
T B v
[ ' ’
3 7 .
I B - | N |
The Hard Question: Even a_ computer would have trouble ' - ; o o

Tinding out how many stars there are with say 277 points.
You certainly would not want to try by drawing! But can
figure out how many there are using the patterns you have
discovered? ’
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y Overview of the Program

. A , .

The world is fuill of wonderful symmetries, from the
mirror-symmeétry of our bodies, ‘to the many-fold, rotational symmetry of
flowers, to' the fundamental symmetries underlying the structure of
-matter. The computer is a tool which, through its graphies
«capabilities, can give us ways to:'’ play' with symmetry. This program
will givle you some tools for producing rotationally symmetric drawings
on the computer screen.

The way you w111 draw on the screen is based on the idea of a
'turtle'l which can be made to move around on tHe screen. The turtle
has a .'pen' which, when down, produces a line on the screen as the
turtle moves. You will address the turtle with the simple commands
outlined below. -

What has drawing with lines got to do with making symmetrical
des1gns’> The answer is that one of the things you can say to a turtle
is 'MULTIPLYBY 4. In this case you get four turtles moving on the
.screen._ms/ea.d of one. These four turtles are 'aimed' symmetrically
around the one turtle that was there before. All these turtles will
now 'listen' simultaneously to your subsequent commands. You will

_automatically get drawings with a_ 'four-fold' or 'squaré' symmetry to
them. (Other numbers will give you other symmetries.) .

But the best way for you to understand all this is to experience
it yourself! Try going through. this manual sitting in front, of a
computer with the program loaded so that you can try all the comnands
as you encounter them here.

TURTLEWORKS COMMANDS
When TURTLEWORKS begins runnmg, you will.see the message
TURTLES ARE GETTING.READY '
appear at tb?} top of the screen. After a brief pause, the SCreen will
clear and you will see a white line at the top of the screen with a
flashing gray cursor. The command line will be ,empty except for

D 1:.
Now the turtles are ready to listen to you,




-
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Note about ‘shift @': There will be times when yoﬁ wish to 'escape' from

something that is happening. Usually, holding down the 'shift' key
and pressing the @ key will accomplish this for you. For example, if

the turtles are drawing a compllcated design that -is taking too long,”

'shift @' will allow you to ‘'escape' from. that drawing (without

! forgetting' how to .do it, though). Or, if you have just typed in a ‘

long command and realize that you made a typing error at-'the beginning
of the line, shift @ will erase the whole line for you. (Or you could
use the DEL key as a backspace key as you normally would.)

Here is a list of all the commands that the turtle, or turtles, on your

screen und_e‘rsta.nd : . *

@

Getting Help

HELP (abbreviated as H)

GO

. ﬂovejqrw_ard |_by followmg the . cqnmnd_utmumbeL &Lemlep

This command will simply list, as a reminder, all %he commands that the
turtles undérstand. But you w111 need this manual to explain how the
commands work. Note that asking, for HELP erases whatever drawing you
had: You can get all or some of it back using the DRAW command (see
below). HELP isn't really much help except to remind« you of the
commands listed here.

"- .

Moving the Turtles,

This is the command that moves the turtles, and The only oné that
visibly adds to your drawing. You must tell the turtles hov far to

GO 10

would move all turtles forward bv‘\lo screen dots.

=

.The space after GO is’ 1mportant and the program will complain at you

if you leave it out. 9

can move the turtles outside of this area, 'but‘, of course, you won't
see anything appear on the screen. . ) )

& R ¢ . | |
Making the turtles move forward would not be: of much use unless you can
make them change directions. You accomplish this with the TURN
command. If you type , . toe

TURN 45

‘ The screen on which you can draw is 80 dﬁts wide and 48 dots high. You\
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all turtles will turn 45 degrees countef—-clockwise (i.e. = to their

o ; left). Of course, you won't see anything happen on the screen until
you give them another GO command.

By now your screen may be pretty messy. You need a way to erase
everything and start over again. does this. It brings you back
to the beginning with one turtle in"the middle of the screen facing to

- the right. (Note that any 'memory' of line§ you have typed in will be
wiped out also. For more about this see the LIST command below.

REPEAT- (abreviated as RPT)
. Computers are . very good at repetition. So it makes sense that there
would be some Wy to tell the turtles to do something over and over
again. Look at this example: :

REPEAT 4 (GO 10 TURN 90)

Can you guess what it will do? The turtles will repeat the two
commands inside the parentheses four times. If there happens to be
Just one turtle, it will draw a square. :

[
'

. Note about multiple commands on a line:

on the comand line until you fill it up. Nothing happens

until you hit the [RETURN] key and the program exgcutes

‘ one, command after another untll it reaches the end of the
. line. . So, s

- ‘ \ GO 10 ‘TURN 90 GO 10
‘  will produce a right angle bend only after you hit <RETURN>.

MULTIPLYBY (abbreviated as MULT) , S L
This command is the oné that makes it simple to create.interesting

patterns.' It gives you more turtles! Try the following: e

MOLTIPLYBY 6 GO 15 | .' .

-

-

You should see six spokes emerge from the center of the screen. - What
has happened is that the single turtle that was sitting at the c;enter
- has been "multiplied' into six turtles whlch get aimed Synmetrxcally
around the original pomt. o ty

\
~

Now add the line

- . MULT 4 GO 10

The surprising design you get is caused by each sof the six turtles
multiplying into 4. There are now 24 turtles obeying your commands!

i

You may Hhave already figured out that you can keep typing .
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‘COLLAPSE

7 .
This is the opposite of MULTIPLYBY. After _you say COLLAPSE, things ___j
4 will be taken back to the state Just as they were before you. last said ‘
MULTIPLYBY. Nothing will be erased on the screen, but there wil : “

fewer turtles ready to respond to your next comna.nd (This is st '\'.
N understood by experlment )
- PENUP . - ’ : )
There will be times when you really don't want the turtles to draw a
line. Just tell them PENUP and they won't draw_ anythlng untll you oo
. tell them PENDN. . A

N -

This stands for 'Pendown', the counterpart to PENUP. Use it when you

want the turtles to begin drawing ‘again. When the program first
starts, - the pen is down. .

- . t

“
®

L)

i Son.le TopLével Commands @ . .V

~Here is a graceful way to leave the Turtle World If you are wanting .
to make a copy of the progranm, it is essentlal that you first QUIT so
that internal pointers in the PET will be reset properly so that you -
' can save the program on tape.
" LIST . o - d
You may not have been aware that the program is remembering commands
that you have typed in. _.When you type LIST, the commands you have
issued since the last CLEAR comnand will be printed on the screen.
(Note that this will mess up yo ing.)
\ DRAW (abreviated as-D) ‘ S 5.
Since the program is remembering ygur commands, ‘11: should be able to do :
, - them again! When you type DRAW, the program first clears the screen
and then re-draws using your instructions. . -
Making Your Own Procedures '
¥ !
-'m ?

follow this command by a word which names the routlne that you are
about to define. For example,
TO SQUARE
. . will mean that you are about to say what is involved in the routine
1 - SQUARE. The commands that you type in now w111 be executed as normal

. but will not become part of the .main routine. Instead, they will be o
.. remembered as part of SQUARE. This will continue until you type ‘
) ) END

-

i o Then you will be able to include the SQUARE' routine (or whatever.you |

‘N,

O ‘ . : ( - .« “ ’ - - ’i_4— 5‘i ' | i ] . -~
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called it) in your main rqutine. For example,
’ SQUARE Gl
.included in the main routine would cause the turtles to SQUARE s1x
S times.
END

Use this instruction to signal the end of thé&efinition of a routine.

£ %

L3
[

Editing Your Routines \\

. EDIT
"’ Often you will want to change one or more of the instructions in the
" set of drawing commands. Just typing ‘
EDIT 3
will bring the first line of the main routine into the command line at -
* the top of the screen. You can use the <DEL> key to backspace this
) command and then retype what you want. Press return any time you are
happy with what you see on the command line.

m - Typing o
® i
w111 bring up the 5th line of the main procedure to be ed1ted;

) J— ,
- ~ < . -

‘ Typing 7 ' ' Cs

- . EDIT qum
will. cause the flrst step of the the FLOWER routine to appear, ready to
be edited. (You will have to step through to the end of the routine
and type END to return to the main routlne )

- . .Typmg /

o T o - FDIT FLOWER 3

. - will bring up the 3rd. step (if there is one) of the FI_OWER routine for
. editing.

e

pes

v . ) Saving and Loadi'qg From Tape or Network, ™ B .( :
° ¢ . , . . . oo ° N ‘i
* TAPESAVE - — : L S

‘ If you find. yourself enjoying creation of designs w1th the Turtleworks,

you may wish you had a way -to store your designs for later retrieval. g e

< That is the function of TAPESAVE. After you type this command the
- following will happen: - - _ .

] ” .a) You will see a llisting of all your procedures and the main
‘ % . . commands you typed m since the last CLEAR. In the command -line -
i ; T - you will'see ~° . B ) "
y . , K " — . \\ L .
S . i“‘@.5:) - - :
Q & N

. ‘ . . . * N v ° ‘ kS
B lC ) - & : ' B
I . . e
- . . 3 . .
runtox roviaed oy envc S . e /4 .
3, N . ' - " . d N
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© SAVE THESE COMIANDS? R
. If the list of commands is 1ndeed what you wish to save on taﬁe
then you should.now position a blank, rewound tape (NGt -t
program tape, please' in the tape recorder and type Y a.ﬂd '
[RETURN]. You will see the instriction  to. - .
Y x
_ PRBS PLAY ON TAPE #1

which you should'now do. B

. b) 1If you answer N to the estlon about saving these conma.nds,
then you will simply be left where yQu were w:.gh nothing changed
except that your design has been  messed up by the list of
commands. ‘You can get your design -batk, as usual, by typing

DRAW, I o *\
c) Often it will be helpful to save a sequence of commands with a *® 7
name. Yo’u can do that by adding ‘the name of your des:.gn to the :
' TAPESAVE ‘command. - Epr example, . ’
/ T - 7 T S

N ‘ vaxm c .

#ould save your creation. under the name FLOWER. This is most - .
useful if you want to save 4 whole set of creations ot  one tape.

It is just like saving BASIC programs w1th names. . You don't have
to, but it is often useful. : :

Clearly, it is no good to you to be able-to save your creations on tape
unless you can read them back. You can load creationseRy their names
or simply in the sequence in which they appear on the tape. For example

TAPEIDADm

would cause the program to search- your tape for a Turtleworks creatlon .
called FLOWER. Just using the command ‘

~

s TAPELOAD s "
would cause the next creation on whatever tape you have mserted to be "
loaded. You should position your tape before typing this comnand.

1f you get stuck trying to load a creation that is not there ‘ B
then you will have to stop the program by pressing the [RUNSImi
key. After that you can restart Turtleworks by: typlne,' RON.

the MNCP NETWORK: See the Network User's Guide for basic setup -
information. - . . ; N

%

Note: The 'next four commands apply only if you are set up -to access .
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NE'IIDAD

.
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It is possible to save your creation on the MNCP Network via the bhone
lines. This makes it possible for you to share your- work (or play)

with others. who can access the network. You must give a name to your - |

creation (so that you can retrieve it later). For example, you might
type .

NETSAVE BIGFLOWER -
Now the program will ask you for your name. It does this so that your
name can be stored along with your creation. his will be a protection
so that .no one else can NETDELETE your- creation. (See below for more
about this.) -

If_you had not already d1aled on "to the MNCP Network, you w111
see in the command line . )

- ' o PLEASE DIAL, - - .
followed by the network telephone mumber. After you dial and are
(hopefully) connected, the command lines of your creation will be
stored ‘out one at a time (up to 10, as usual).

»
¥ M L4

Turtleworks creations on the Network. This is' the command that lists
these for you. If you have not already connected with the Network, vou
ill have to go through the same sequence outlined above under NETSAVE
before the names appear. . .

© ) - ,
d that lets yow look at yours and others' Turtleworks
creations_ that stored on the network. You must specify the name of
the creation that u wish to load ‘into your computer. So, for

example, you mlght tyi)e ~

Nﬁrmm

This would bring back the flower creation tﬁat ou previously saved. .
If you have ‘not already connected to the NetwoMl be asked to

This is the

do so as outlined above :
As ‘each command is brought over the telephone \the turtmr\"

screen go about recreating your drawing. Afterward, you could,
if you wished, LIST the commands that were used to make*‘this
"dramng i : - , ..

. )
L]
{ ’ .
L4 .~
.

¥ g

You need to know the names that you and others‘ have used to store’
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NETDELETE

Sometimes you may store a creation on the network which you later
decide you don't want to be there any more. (Perhaps you have a better

" looking one, or-a better way to create the same design.) . Suppse, for

example, that you wished to get rid of BIGFLOWER. Then you would type .
NETDELETE BIGF[mm‘ ~ T
Now " the program asks you for your name. You must type 1n your name

just as you did at the time you NETSAVed BIGFLOWER. If the program
finds BIGFLOWER on the network and- finds that it was saved there by

" you, it will delete it and you will see the message

displayed on the command line. If you see any‘ other message, it means
that_something has gone wrong with the .delete process.

At certain times, the network will fill up with Turtleworks creationms.
At #his time, the MNCP Network Manager will have to get rid of some of

them. You will see a Bulletin /aznouncing that this is about to -

happen. At this time, you might want fo-save your creations on tape.
. .%- . . . . . B R
T

<

lye are indebted to Seymour Papert and the MIT LOGO group for many of the

ideas in this program. Turtle graphics came from their work and they
have seen many of the possibilities of using computers in euducation.
For an excellent introduction in this area, see- Mindstorms, by Seymour
Papert “Basic Books N.Y., 1981.
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’ ) 6. There is a lot more to find out. “'But I don't
' o want to lead you'by the nose threugh it. 'Below‘is a big
. table, mostly empty. You should fill in what you
- . have already learned and then set about ¢
investigating more stars. St ’ i
. ". Number of DPoints § Extkrior angleﬂ Total turning A%;Ié it a star?
: T3 g 120 q 360 - 9 no
, g b g .
4 "% 90 oy g
f. . J : J J
I 0 — : .
’ 5 3 72 a1 360 . g no ’ “
- g hil b .
g F] 7 E
a7 o 2 .
S 5 44 7 0 ¥ Yes )
- ot ) o
6 § 60 g 360 g - no &
R 7. I : -
¢ ; P
e 2 : g; P oo
7 : % zf /ﬂ g ves -
1 3
M o o
7 g ? g ygﬁ
- [ q . [
. .:Jr »ﬁg n I
~ : " 1 ,
3 - g
_ § §
N — -
g g : g
3 -
b g '
7 2 i -
: q g g
¢ C g . % ;
. j 0 b ‘
The Hard Question: Even a computer would have trouble : .

finding out how many stars there are with say 377
points. You certainly would not want to try by
) drawing! But can figure out how mahy there are using
: ' the patterns you have ‘discovered?
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RERCY. |
> _ ‘ .

10 SS9 sRUN . , .
REHDr.

RERDY.
1 coTlismaa

2 REM COPYRIGHT 1981, BILL FIMZER, SFSU
2 REM-MET IH- '

210 Ifjg="":D%="R" . - :

220 GREUB3EA : IF » FEEK (35 AMDRF <L RFTHEH22@

IEE SNSRI
‘ 248 AF=CHR$.FEEK\RB) ) 1 IFAS=RTSTHEHFRIMT "R J" ; :SY530: RETURH

256 IN$=IHE+A% :GUTO22E - ot :

00 REM~ELIHE DF- ' Cel L :

310 IFOTHEHPRIMT"@"0$“M" ¢ :0=FA :RETURH .

328 PRINT"®'02'Q1" ; :D=TR:RETURH - f

483 REM—-NET OUT=-— ;

405 Y311 ) ‘ '

419 Df="3" : ‘ 1

420 FORI=1TOLEH:OUT$) :GOSUBZAE :POKEHE  ASC I MIDSSQUTS, 10 :8YS T

438 HENT . : ‘

425 POKEXE .13 :SYSTPRINT R K" ;

$40 GOTOZGE .

Sa8 REM~GET TH$--

S19 RE=FA:THE="":IFLEM+LI$)=aTHEMRETUFH '

15 IFASCY LIS < TTTHEHSZ: .

520 LIs=MIDSiLI$. 20 :IFLEMILI$)=aTHENRETURHN

S25 GOTOS1S :

T30 THE=TKF+LEFT$:LI$ Q) :LIs=MIDS(LIZ, 2> - '

S35 IFLEM{LI$)=8THEMRE=TR :RETURH '

Sd@ IF-ASCOLISYCGTTIAMDLEFTHLLIS, 00> " ("THENSSG -

545 RE=TR ' '

530 RETURN . c -

600 REM-3ET STRHG-

528 S0ZSUBS0@:A=ASC(ASY ’

548 IFB$=""ANDA=2aTHEMS2® - :

558 ‘IFB$=""ANDA=13THENRET URN ) A
.~ 6608 IFA=13THENPRIMT :RETURM

562 IFRE$=ES3$THENPRINT :RETURN _ ;

ST@ IFPR=2@RANDLEH(B$I<C2THEMPRINT Il N :B$="" :GOTUE20 )

528 IFA=2@THENPRINT"H W' :B$=LEFT$«B$,LEN(BEI~1) :GOTQE2E

698 IFRAC320R(A>127ANDACIE1 ) THENGR . .

715 IFLEN(B$)=LLTHENE2@

728 PRINTA$;:B$=B$+A$ .

725 IFA$=CHR%(34) THENPRINTCHRE(34 "lI" »

740 GOaTOE2A" -

300 REM-SNGLE CH-— S - .

1@ T=TI:REG$="" ‘ : " ’ i :

g22@ IFTI<T+20THENPRINT"Z1"::GOTOSS@ |

230 IFTICT+S@THENPREINT" §I*;:00T0S50 e

848 T=TI : S : ‘ |

2850 GETA%:IFAs$=""THENS24 o : o muJ

857 IFA$=ES$THEMRES$=R$ . . , -

+ 852 IFA$=RT$THENRE$=R$, _ _ . |

‘ o ’ - ! n ‘
ERIC 6. .

o AW e -
e mAR AR TR



PRIMT" W : :RETURM

. SEE

SR REM=g—LKUP Th$-- - -
21& RE=FA

D2@ FORI=GTOMK-1:IFTK=KESCI) THENRE=TR sPE=hP7L 1) 2 I=hK-

S3@ MEXTI

535 IFHOTRE THEHGOSUE! 4208

35E FETURH .
1ags PEM-GEH TG--
1GES GETAS: IFAS=ES$THEHER=S

s 1285 IFERTHEHRE TURH B

<1813 [FTG=CGTHEMGOSUB2G@a :RETURN ' ’ .
1828 SK=TG:GOSUR1ZE@ : ' ‘ ( -
1@2@ SK=HMZ{TGY :GOSUE1 268

1@Sa GOSUE 1980 sRA=SK .
12E8 GOSUB1 900 : Th=SkK, .

185 IFRA=GOFER THENRE TURH

1978 GOSUELZO0

Lasa FRA=FRA-1

18095 SE=TH :GOSUE 1508 : Sh=RA : GOSUE 1 20
11603 TO=TG+1 :GOSLUE13a0 . -
111@ GOTO1asa
LV 113G RETURH .
1288 REM-COMPTE TRHS-
1216 R=2&q, MX, TG #RAULZ  Za=C050RY sULD, UJ—U“Z,:J.UaD,gl““IHfPJ.Hug,03=—UkD,Z)
12568 U2, Zhv==r TGo#UZ , 20-1 »—'f"Tu RE JELS Ry
12780 W02, Q=M. TG 4ULO, D)=L TGI R UCE 20 -0 .
1290 FORI=ZTOZ :FORJ=ZTOD
131@ TOTEH0, T J0= 1 20T TG 2, T0+UCT, oa#TrTu D,JJ‘-I—di#T TG . 1,37 sHEXT :HEXT
1358 RETURMN .
1568 REM-FUSH STR-
152@'5h$q3P>=5K$=5P=5P+1:RETURH
1788 REM-POP STF-—
C1TSd SP=SP-1:Sk¥=SkE0SPY :RETURM
1&E03 REM-PUSHHUM= .
1228 SkOSH =S s SH=SH+1 tRETURH ’
\ 1933 REM-POPHLUM R
‘ 19268 SH=SH—-1 :Sk=5K{SH) :RETURN
Z@Ea REM-MOWE TRT-
2018 K1N=0R#T(TS,E,82+0v%TLTG,1,85+TLTG, 2,8
2820 Y14=0X#¥T{TG,8,1)+0Y¥T(TG,1,1>+T<TG,2,1) S

2Q3A H2H=MNAHTITGE,Q, Q0 +NY#T(TG.1,85+T(TG.2,8>
2048 WIEH=HERTITE, A, 10+MY$TCTG. 1, 1 PETETG, 2,10
2a5a REM-CLIP- _ )
2QEA KH=K1KsYn="Y1}:Cl1x=FNCa’ '
2070 Ru=H2A sYX="2K :Ca¥x=FhC a5l ‘
2998 IF(C1X=0)AN0LC2%=8) THENSYS(OR Y :RETURM '
238 IF(C1XANDC2Y»<>8THEMRETURN T
218 Cr=C1%: IFCH=8THENC!=C2x
. 2118 IF{1ANDCZY=aTHENZ12@ : - ,
2120 YHEYIR+YRHE-Y LR (LF=X 17D 2 (A2K-$17] }}, =LF:5AaTOR2165 - .
N 212 IF(2AMDCX»=aTHEMZ1435 i " a .
2148 wE=Y1HN+IY2U-Y 1R HIRT KK / (K20-% 1 % sKA=RT sCRTOZ165 -
2145 'IF{4AMDCYK ) =@THENZ2155 : . —
21 5@ KH=KIR+(H2U—R 1 RCBTH=Y12%0 /(20— 1) s W X=BT : GOTO2185
2155 IF(SANDCYX»=aTHENZ2165 . : ’
2168 KXU=H1U+K2A-K1M#(TP-Y140 /(W2KR-Y1H) sWA=TP . o 7
2165 IFCX=CI1LTHENK1X=KK ;W1 0=Yn :C1X —FHC @y :G0TO2d -3"
2178 K2A=KesW2r="rC2X=FNC{@) :GOTOZe2e
25608 REM-—~GET MEXT HUMBER-———

© 25610 GOSUBS@@:IFNOTREORYAL (TRE)=BTHEML I$=TK$+LI$ :TRS="1" . S -

Q : ’ ) . , . '
ERIC : 68 |
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4258
4480
. 4485 :
3419 CC=@:LI1$="" :NR=8 :CCXc@)=Q

4428
443283
4s0a
4518
452
464a
46355
4668
4oy

4&3a
4704
4785
471
4712
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3 REM-EXEC—— ‘

3 RETURH

4715

i m*m, RS

e Wt A AT Ene W ws mE Sae - BTARr RSY e e wak .- ~ had o

f

P="AL. TE# » :RETURN

GOSUE 2688 : IFER=FATHEMZS4 6
GOSUB19486 : IFPFTHEMCC=CC—1
CM$uCC.ﬁzJ—FL$ RETLURH
GOSUESORE IFMOTRE THEHRE TURH*

e
GLEEUESGa .

IFHATRETHEHC C=CC=1 sCM$ . CC L HR »=FL$ :ER=32 : 3OSUB 1 0300 : C.C5 HR 7 =C T :RETURH
GaTOZEL A

REM——EXEC LMHE-

GETAs:IFA%= EwsTHEHEP—e:PETUPN ) .

ER=FA )
OHPSGOTO340a, 2660, 2300, 5508, 5260, 4098, 4606, 14284 4480, 16008, 5000
OHF2-11G0TOS40R , 130683 . 13208 , A0 . 7208, 7460, 7600 . 7208 . 2200 . 11808 . 14400
RETURH )

REM-MYE TRTS FRUWPD- .
GOSUESER : IFHOTRECQRYAL T $ - =8 THEHEF=£ :RETURH

LH="BL s Th$2 s 0= CGY QY=Y CGD

Hys= s+ LHACOS L  FHR AL LG 2 0 sHY =0 +LHAS THUF MR BCG 2 20 : IFPETHEMTG=G : GOSUE 1 @88
e SO =R YOG =NY - .

RETURH . ' ' o

REM-TRM TURTS-

GOSUBSER

IFHUTPEQTHEHEP—u.:ETURH
ACCGY=AYCGI+YALCTE £

PETURH

REM-MULT TURTS--

GOsUESHY

IFMOTREQRYAL TH$=ATHEHER=3
IFPG—MGTHEHEP—ﬁ'RETURhR
ML CGO=VAL TS ,
l..l_1=| G+ | : . ’ . *
,'Lbl—fllh—lJ'V'LuW=?'lG Y RACCGY=ACCG-10
FETURH ot

REM-CLLPSE-~— :

IFCG=ATHEHER=4 :RETURH .
CG=CG-1 ’ 7 ‘ T

:FETURH

-

REM-INITRT—
CG=@:X(Br=CK:¥(@)=CY:AC@>=0: m/k
PEM=TR . - - , .
'RETURM /V ’ e o
REM~IMIT ALL-- _ B _ ' :
FORI=GTOCCK(OY :CHMELT ,BY="" ;NERT

GOSUE4208 ' . .
RETURN
REM-RPT-
GOSUESEE
IFMOTREORYAL{ TK$ » <1 THEMER=S :RETURN :
SK=YAL (TK$> :GOSUR 1208 :00SUBHSAR

IFMOTRETHENER=S :RETURN

SK$=MID$(LI$,P2+1) :00SUR1ERG “
SK$=MID$CLI$, P1+1,P2—P1-1) :GOSUB160@ :CH=1

GOSUE1 780 :L 1 $=8K$ :GOSUB1 €88 : SK=CH : GOSUR 1'3a8

GOSUESOE : IFHOTRE THEH4 726 :

GOSUBS@E : IFHOTRETHENER=3 :RETURN .

GOSUE2080 : IFER=FAANDICLI$CS " ' ) THEH4T a8 .
IFER=8THEHRETURM - = - : "
IFERTHEMER=5 :RET§RHN '

' * '\'(\
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4720
47za
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1750
S
310
220
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DRI PRI D3PI P3P N DD = e D 0
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n
)
o

Fat=is)
v389
7394
v4aa
74485
v41a

v

GO ] 966 : CH=Sk+1 )i )
GUELIE 1338 ; TFCH< =Sk THEHGOSUE 1 S26 : COT 4S9 :
GOSUE 1780 : GOSKIE]L TEER LI $=5KS '
RETLIRH
REM-CLERR-
PPINT"Z"
GRS LB 200 . :
RETUPH - ' SN
REM-LIST-

IFCCCHCA)=@) ANDRR=ATHENER=21 :RETURHM

PRIMT “&a) _ ®

FOPR=ATORR :FORI=ATOCCHIRY—1 : IFI>CEXRCRY ~1 THENS2SE@
PRINTRECRY : I+1 :“M: "CHELI,RY

MEXTI ,R .

RETURHM

FEM-ORAb—  #

IFCCHHR D =ATHEHER =13 : THE="" :RETURH ‘
BUSLBGREEA

FORCP=ETOCLH MR Y~1

LIS=CHMELCF MR

GOsUBSaa@ s IFHMOTRETHENS4TE@
GosUB9aa s IFHOTRETHEMSY G ,
GREUBI0aa fIFLI$=""THENI4TE
IFERTHEHCP=CCIMR -1 :GOTASY7E

GOTUS44% . :
HERTCP : ) T .
RETURH

REM -PEMLIF
PE=FA :RETURHM
REM PENDH
PE=TR:RETURH

\ ’

PEM-TPEZRVE- .
IFRR=AANDCCH A =1 THENER=12 : TK$="" : RETLIRH
GOsUBSaq - ’
GOSLESOQR )

Pi="ZAYE THESE CDHHHHdS? " EUBL 2008

GOSUESQA s IFA$C Y "AMDAS: "H THENF@TR
PRIMTA$"E" > : IFA$="N"THEMRETURH i
QPEM1 ,1.1,TKS

‘PRINT#1 ,.RR

FORR=GTORR :PRINT#1 .R$(R> :PRINTH#1 ,CCHCRD
FORCP=GTOCCXCRY—1 :PRIMNT#1 .CM$CP ,R> :NEXTCF R

‘CLOSE1 :ER=3:RETURH *

REM-TPELOAD-
Gasugsea -
PE="SEARCHING “ :IFTK$<:""THENPS$=P$+"FOR "+TK$
GOSUB1TZEA . -
OPEN1.1.@,TK$:005UB44@8@

FORR=ATORR :FORI=ATOCCHRY -1 :CM$L I, Ry="":NEXTI R :RR=2
PE="FOUMD "+TK$:GOSUB1T7200

PRIMT , i
IHPUT#1 ,PR ‘ -

FORR=GTORR . :
IMPUT#1.R$CRY : IMPUT#1,CCHIR
FORCP=@TOCCH(RY~1 : IMPUT#1 ,CM$LCP, R Y :HEXTCR R
CLOSE1 : GOSUBSRAE : CO=CCXL @)

RETURN

REM~METHMS—

GOsUBS@a

IFNOTHF THEMGOSUBSSAA

s

BT S L3, b AN
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Y T420 OUs="DMHaea +THE ' . )
7438 CH=R:ER=FA
7448 GOsUed4aa
7408 IFMIDECINE . 410" T" THENRETURN
7478 PRIMNTTRB{-CH20HMIDECINS . S0z :CH=NOTCH ‘
T38E IFHOTCHTHEHFR IMT

7425 GETAE: IFAF=ESC$THEMRETUPH :“.
T490 OUE="0OMH"+MIOSCIMNE . S, 20+ TRE:GOTOP 440 ! , ’
roaa REM-METSYE- ' e

, 882 IFRR=0ANDCCX(@)=1THEHER=12:TK4="" :RETURHM
TEAT GOSUBRSEA: IFNOTRETHENER=14 :TK$="METSAYE" :RETURM

rER? IFLEW TK#XZ18THENMTES=LEFT${TK$,18) .
7el@ IFHOTHF THEMGOSUBRRSOE

i
i

FEIE PE="YOUR HAMET “:GOSUBIVZ@I:LL=1&:1B3="":30% UES40E : IFRE$=ES$THENPETURN
TEZS GOSUBRSH0d
TEIQ OUS="DMA"+A+EB3+ TS :GOSUE4GE |
TE4d IFIH$="0OMAF“OFLEM. IM$ 2 T THEMER=15 : T $="" :FETURH
TESA IFLEFTH IN$, 30 3 "OMAT " THEMER=1Z; Tk$="" :RETURH
TESS BE="OML"+MID$: IMNE .S _
TEEE QUS=ES+ETR$(PRY :GOSUBS00E : IFERTHEHRTURN
TETE FORR=GTORR :0LI$=R$+FR3(R) :GOSUBS0EA : IFERTHEMRETURN
TEGE QUE=B$+ITREr CCHORD ) :GOSUBSPIAE : IFERTHENRE TURN
eS8 FORCEF=@TOCCIH . Ro—1 :0U$=B$+CM$ CP R, : GOSUESEE@ : IFERTHEHRETLRN
7TEE HEXTCOR.R ’
7791 ER=3:1RETUFM . . ,
TE8G FEM-METLORD- .
FEES GOSUBSHE : IFHOTRETHEHER=16 : T}$-"HETLDHD"'PETUPH
2141 IFHOTHF THEHIGDELUBSSNG ) .

0 @Us="@PIR"+Tk £ :GOSUB40E -
(5 ﬁFIHt—“DMEF"THENEP 17 iTK$="HETLORD "+TK$ :RETURH
IFLEN. IN$1 ST THEMER=13 :RETUPH "

GOELEIIEG

GOSUESZ0% : TFEPTHENRETURH :
PR=VAL MIDELIM$. 505 . ‘

B FORR=2TORR :GOSUESI0E : IFER THEMRE TURH
F$.R-*HID$'IH$,9).PPIHTP$:GDSUBBEBBIFERTHEHRETURN ~
CCHCRY=VYALSMIDEC IHE, ‘ -
298 FORCP=ATOCCHIR)—1 uuauaqzu@ FERTHEMRETURN

5@@ CHE(CP,RI=MIDECINS, ) K
@S PRIMTCME(CP,RY
1

2

IO Y

=

4
=5
r:-’
o

[r] l‘"_{l El

A MEXTCP,R

A GOSUBRSAeR:ER=FR

28 RETURH .
586 REMB: TO LEM B$ .
180 A$=MIDSCSTRFILENCESY )Y .20 )
ﬁa IFLENCA$Y<2THEMA$="a"+A%

28 RETURN
*ﬁa@ REM NET DLTE - -
21@ GOosUBSen : IFMOTRETHENER=12 :RETURHM —

220 IFNOTNF THENGOSUB220A - ’
2°a P#="YOUR NRAME? " :GOSURIT20Q:LL=1&6:B+="":605UB2400: IFPE;-EH$THENPETUPH
49 GOosUB&aRe _

S8 OUE="DMD"+A$+E35+TKs :GOSUB4RA ‘

S5 TK$="METQELETE "+TK% .

60 IFIM$="DMDF" THENER=17 :RETURN : )

278 IFIN$="DMDC" THENER=19 :RETURN :

‘ 28 IFINE<>"DMOT" THENER=13 :RETURM
. 2296 TH3="":LIt="":ER=2@:RETURHM
3408 REM-HOMH- EMPTV STRHNG—-
2410 REM POKE1SS, ( 4 ‘

° 65
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0
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W D W W WD T D WD R D D D YD D D D D D DD MDD D MDD O
0 et P P 20 0o Co AD Oy O LD PO o= D)

ORITCHRANARODDDITIGINDT D000 0000000

GOSLEBSER

1FFE $=E2ETHEHZ4 40

IFES=""THEH24 2R :

RETURH ) ‘ . -
REM CCMC . -1
ER=22 : GOESUIE 1 Q&6 : CC=CC~1 sRETURH ‘

FEM=COIAL HET--

P$="PLERSE DIAL 463-2125" ;GOSUBLT
OUE="HELLO FROM MULTITURTS"
GOEUES @ ‘ ' B
P#=IM$ :GOSUBL 7280 : TH=2 : GOSUESE8a ‘
PRIMT :MF=TR

RETURH

REM=-METSAYE CHECE

ER=0 s GOSUB42E ; [F TH$ <> DMLT " THENER=12

RETURM

FEM METLOAD GET LIHE

EE=MIOELIHE, S, 4 :0UE="DMS" +E¢ : GOSUBSEHR

ER=4: IF IN$="0MSF "ORLEN. IH$ ) 6 THENER=12

GETAE: IFA$=ES$THEHER=13

RETLIFH

REM—ERRORS

ol

v Wl et Gt M S bt (T Bale B Mv$ e A B VAR @ m w Ve WA R T Wt e e - - el e ...—\l.. » mes e wtapbae o oA
. -

28 DATREDIT WHAT?.TOQ MAHY SYMMETRY FOINTS
448 DATAI DOM’T UMDERSTAND,CAM’T COLLARSE LAST TURTLE .
468 DATAIMCORRECT REPEAT STATEMENT .HOM FRR TO GO?
423 DATAFINISHED TAPESAYE,USER ZTOPPED DRAMING -
Sed DATAFIMISHED METSAYE,HO COMMAMDS ORAR WITH
So8 DATAFIMISHED TAPESAYE .M COMMAMDS TO “SAVE
Sx DATAMET EPROR,HETSAYE MUST HAWE NAME
558 DATAMAME IN LUSE.MUST LORD EY, MAME ~
S€S DATANO PROGRAM BY THAT MAME METDELETE WHAT? -
STS DATAILLEGAL HAME .SUCCESSFUL DELETE .
S35, DATAMOTHING TO LIST.TOO MAMY COMMANDS .
S5@ DATAEME ‘ . -
a3 REM=-WAIT : ‘
S1a T=TI° \
28 IFTI<T+TM#SATHENIS2G . S .
€@ RETURM | ) - - .
S0@8 REM-FMD MTCHIMG PARENS-— g .
@28 RE=FRA ) ' .
22 IFLEH‘LI$J-ETHEHPETUPH
9248 P2=3:0=0 . *
S84S5 Pl=1 -
247 \IFMIDS LIS, P1,10=" "THENP1= PL+1: IFP1<—LENfLI$)THENQQ4“
9848 “IFMIDS (LIS, P11, 103" (" THENSS2E
D25@ . FORI=P 1+1 TOLEMLI$Y ,
D855 T=MIDEILI$, 1,10 .
3880 IFT#=" (" THENC=C+1 :50TO997@ _—
2a9@ IFCANDT$=")"THEHC=C~1:G0TO297@ . -
5500 IFNOTCANDT$="> " THEHF2 =T sISLENCLISS . 2N
D978 NEXT - . ,
2920 RE—(PlQ>GJHND(RE&>B>HND(P2—P1>1) -
99908 RETURM - ° \
1998G REM-HELP- S :
16813 PRINT"Js] HERE ARE THE WORDZ THE TURTLES . .
19015 PRINT" . UNDERSTAND: v -
18818 PRINTTABCS) " BHELP ‘ . \ ’
19828 PRINTTARLS) " @G0 ' 2 - B
10025 PRINTTARE{SY" #TURN _ . ‘
19038 PRINTTABCSY "@PEHUR. | N - - ©

AN, :"{'Awﬂfw L

3
’?\‘ A
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18235 PRINTTRECSY ZPEMNDN ‘R#
10846 FRIMTTRE .S o' REPEATEM L OR [}
12@43 PRIMTTAREC S " QTLEAR

18905& FPRINTTARE:S)" MULTIFPLYEY®R  WOR FIULTHE

-1mu$§\§PIHTTHEV3J"dcuLLHPa o -

10857 BRINTTAR « Sy " HTO

10052 PRINTTRE S gEMD . . ’

1385a PRIMTTARE Sy @aUIT o '
19865 FRINTTRECS " g IST -
18378 PRIMNTTRE Sy " ORAM -

12075 PRINTTRECSY"SEDIT ' .
186238 FRINTTAECSY" gTAPESAVE

13835 PRINTTRE S gTAPELOAD . : ’
18098 PRIMTTAE Y S)" IETSAYE ’ , _

12835 PRIMTTAE < S)" gHETHAMES . .y’
13108 PRINTTREX V'J1ETLUHD\ ’ :
159105 PRINTTRE Y S " NETOELETE

1a19a RETURPH ¢ - . .
19460 REM-ERRORSE- . )
134113 PE=ERE ER ' . .
12415 IFER=2THEHP$=P$+" "+Tk$ :00T018420 :

12428 GQISUBLT72A0 - .
18430 TH=1:005UB&06

10445 SN=G:5P=& -

1045a FETURH

11808 REM-QUIT—— T

11813 PE="GO0DBYE" FROM ALL TLRTLES " '

11828 GoSURirzaae - . ] : o
11035 POKEYSS ., 1 sFPOKESTL .4 . ’ . A
11940 END . ]

12200 REM~~KEY S——~ - : )

12285 DATAGO .. - TURM, " MULTIPLYEY .MULT .. ,FEHUP ,~ .FEMDH ./, COLLAFSE .

12219 DATAREPEAT.PPT..

12315 DATA ENDFS

12328 OATA CLEAR.. .HELP.H,. .LIST.., 0O, DFHH.f,Tu,f,EHD,f,THPEHHJE.f,THP LOHD,,
2825 DATA METHAMES . .HETSAYE,. .HETLORD,.' ,NETDELETE .. QUIT ./, EDIT -

2240 ORATR EHDSLL - ) '

L) D
N
]

)

)
”

i (N

12986 REM-INIT KEYS—— ° ‘

12918 I=1:DIMER#${22)

' 1292@ RERD Af: IF A<D "END"THENER${IY=A%: I=I+1 .GDTOIZQE@

12928 MK=20:0IMKEYS$CMKY KPRCMK)
12948 HE=2:KP=1 )
12958 RERADKS$ . T
12960, IFKE="," THENKP=KP+1 :GQT01295Q
12978 IFKE="EMDPSY THENKP=KP+1 :HP=KP :G0TO12958 ] .
12920 IFK$="ENDALL" THENRE TURN : w7
12993 KE$(MK)=K$:KPRINKY=KP :HK=NK+1 :G0TQ12950
1308 REM~DEF *RTHE-
12018 GOSUBSEE : IFNOTREORYALC TK$) >@THENER=1 :RETURN. . C
13015 GOSUR142@0: IFRETHEMMR=R :CC=@: PETUP@ - ’
1 28 RR=RR+1 : IFRR>MRTHEMRR=1" .
uzq [FORI=BTOCCHARRY :CH$ (I, RRY="" :NEXT - ’
*a.a MR=RR :CC*(NRY=@ :CC=0 _ ' ~ &
2048 R$CHRY=THE:RETURN . «,' '
132@@ REM-END RTHNE DEF- - .
1221@ CCHANRY=CC:CC=CCHID Y tHR=a 1 PETUPN . , s Y
14068 REM EXEC ROUTIME-~-— - ° ‘ -
14010 GOSUB26G@ :SKF=L 15 :50SUB160@

. . "

14828 SK=P :00SUR1306 : SK=3:605UE 1200 :SK=R = GU UE120a N !
T 14830 GOSUB19@EIR=5K : GOSUB190@ : INSSK v
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14840 IFIM:=CCRIRITHEM14 150 ..
14856 Sh=IH+1 :G0SUB1S0@ : SK=R : GOSUEL 'aa . ‘
14820 LIs=CHME, IH, R . / ’ : :
14265 GOSUESEE : IFHOTRETHENL 4 (3@ .
14@70 BSOSUBIE0: IFHOTRETHEH1 4136
14350 GOSUBZEGE : IFER=FATHEH 14BSS
" 14126 IFER=2THEHRETURH

C o 14130 GOTO14830 ,
1415@ GOSUE19a@ :F=Sk-1 : IFP>BTHEN1 4820 - o
14180 GUOSURITEGE:LI$=5K$:RETURN . o
14238 REM-——LKEUF ROUTIME—— : N ' .
14205 RE=FA:FORI=0TORR:IFTK$= F$ I-THEHPE TR :R=1:I=RR :PS=HP—1
14218 HEXT:RETURH , :
14434 REM-—-EQIT——- ’ “ '
14418 GOSUESEEA : IFNOTRETHENHR= : CC=& : RETURH
14428 IFWAL.TE$ I1THEM14436 |,
14422 CO=MALLTES) =1 s IFCC 00N HR ) THEHCC=C.C e NP &
14423 RETURH ~,
14930 GOSURLY2 Gﬁ-IFHHTEETHEHEP—l RETURH N
14440 HP=P560JQE;BD IFHOTRE THEHCC =@ : RETLIRH AN
13458 IFYAL. TH#$<1THEHER=1 :RETURN ’
14452 CC=YALLTKE -1 : IFCCICCH L HR ) THENC C=CCHIHR D : : ;

N 14538 PETUPH ‘ .
leB0a PEM-=MRIM PROG-- *
1ea1e Goslglszan -

16325 GOSUBS4ER ) :

1€R28 GOSUBLTRRA B —

15832 IFRE$=ES$ANDCC=CCN Y NR I THEH1 58329 T L oo
IFRE$=ESFTHENCC=CC+1 ; GOTOQ1SE3A T T -

PLE=LI$:CM$ CC HRI="" " . -

GOSUBSEE : IFHOTRETHEN] €036 O ey

s UB IR ’

W IFHMOTRETHEHCHME . CC. HP'—PL$ ER=3 :GOSLE1 G488 : GOTO1 SR2a

PF=FRA ; IFFS<HPTHEMCMS CC . HRJ—PL$.CC =CC+1 :PF=TR

IFC CHMCANDPFTHEHGOSURSERA 1G0T 1 SE2G : .

TFCCH MR CCTHEHCC I CHRY=0C | ‘

AT GOSUBZ2S8

1e1aa@ GOTO1SR3a - .
16208 REM——IMIT——
. 16284 X1X=0:Y1H=9:X2/=0:Y2N=0:2=0:0=1 : I=0:J=0 : 0}=0 : OY=0 :NX=0 : Y= : TT=32

16285 C1H=0:02/i=@:ER= ﬁTEK:Q;EEfoSK$=“" . . '
16297 POKESS4ES .12 .

16208 DEFFHCC MY == HRCLF ) = 2% MHIRT ) 4% Or M CBTM ) ~S# Y TR
16215 LF=@:RT=7F9:BT=0:TF=47 Coe
16225 BLE=" . . o - ' .
16226 ES$="—":RT$=CHR${13) » . . .
16227 PRINT " :P$=" WELCOME TO TURTLELORKS" :GOSURITZ9A . R
16258 MG=5 ] . . .
16268 CH=iRT-LFT»/2:C%=: TP-BTM> /2 » :
162288 DIMTIMG, 2,19 ,UC2. 19, 5CMGY POCMGY ,RCMGY JMEIMGY - —
15315 TR=-1 sRR=0 :S5=0 . . ' -
16220 GOSUR4288 :
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