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Foreword 

For more than a decade, the authors have been involved in 
the use of computers in education, and particularily with 
Computer-Assisted Instruction. Our experience made us 
aware of the problems of getting students started right in 
programming and of LOGO ' s potential to help solve that 
problem, and we determined that it would be worthwhile to 
develop a version of LOGO which ran on low-cost hardware 
and allowed relatively long sets of procedures . A review 
of the features of other versions of LOGO revealed that 
list processing features were not used in most applica­
tions. List processing was therefore ~liminated, allowing 
the design objectives to be met and allowing the addition 
of some features , notably multiple turtles . 

Our debt to the original designers of the LOGO language is 
acknowledged in Chapter 1 . We would also like to thank our 
children Aaron, Jenell, and Kirstin, whose responses to 
early versions of DRAGON LOGO convinced us that we were on 
the right track . 

George Gerhold 

Larry Kheriaty 
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Intro duction 

Dragon Dat a DRAGON LOGO i s an educ ation a l co mpu ter 
lang u age . The l a n g u age can b e u se d to draw pi ctures o n the 
computer ' s vid eo display , u s in g a s h a p e o n the sc r ee n 
call e d a " t urtl e ." 

DRAGON LOGO is designed to l et 
ing. Childre n pl a n a n action, 
that mov e t h e turtle forward or 
direction. Here are a f e w of 
DRAGON LOGO: 

c hildre n l ea rn by explor­
t h e n e nte r s impl e comm ands 
b ac k, o r turn it i n any 

the spec I a l f eatures of 

* 

* 

* 

* 
* 
* 

Line -ori e nt ed e di ti n g a ll o ws you t o wr ite a nd save 
s e qu e n ces of t u rtle mov e me n ts (called " procedures " ) . 
A " doodle mo d e " lets c hildre n who are too y o un g to 
read o r type acc urate ly use the program . 
A " S LOW " co mm a nd lets you control how fast t h e turtle 
mov es . 
Sc r een co l o urs can be Ch a n ge d . 
Limite d a nimat ion is possible with DRAGON LOGO . 
Variabl es a nd ari t hm e t .ic expression s can be u sed in t h e 
sets of turt l e mo v e me n ts that you writ e a nd save . 

DRAGON LOGO i s a lan g uage for beginners . For this reason, 
t he DRAGO N LOGO ma nu al has b een writte n t o g uide y o u 
t hro u g h use of t he l a n g uage , step by step , with ma ny 
exampl es a nd illus tration s . Here is a s umm a ry o f the 
organ izat ion o f the ma nu a l : 

1 . Chapters 1 through 10 introduce turtle grap h ics and 
t h e LOGO synt ax . Read e rs who are already fami liar with 
LOGO may wi s h to s k im these c h a pters or to bypass t h e m 
in favour of t he language s ummary in Appendix 1. 

2 . Chapters 11 through 17 cover features uniqu e to DRAGON 
LOGO . 

a . Chapters 11 t hro u g h 13 provide hin ts for using 
DRAGON LOGO with very young c hildre n . 

b. Chapters 14 through 16 intro du ce t h e u se of multi ­
ple turt l es a nd n e w t ur t l e s h apes . 

c . Chapter 17 contai n s sampl e sets of turt l e move me n ts 
t hat you may wi s h to exp l ore . 

The Dra go n Data DRAGON LOGO program can be used wi t h a 32K 
dl k - base d Dragon Data Computer with Co l o u r BASIC, or a 
32 K ROM - b a s e d Dragon Data Computer with Colour BASIC. 
Proo dures t hat you writ e can b e sav ed o n diskette o r on 
C • e tt e t a p e . 



Note on Colour 

DRAGO N LOGO uses the hi g hest re so lution - t he finest lines -
a vailable on the Dragon compu ter. As a r esult, colour in the 
true sense is no t a vailabl e . The diffe r e nt " co lours " are in 
fact different thi c knesses of line . On the American NT SC 
te l e vi s i on s ystem thi s technique does produce colou r effects , 
a lthoug h t he actual co l ours produce d are not pre di ctab l e . The 
PAL t e l e vi sion system - as use d in Britai n - i s not s ubj ect 
to t hese " colour a rte facts " , so diffe r e nt co l ours do not 
a pp ear . 
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1 A Bit About DRAGON LOGO 

DRAGON LOGO is a computer language for children. Like all 
the best things for children. DRAGON LOGO can provide endless 
fascination and challenge for adults as well . At first glance 
DRAGON LOGO may seem to be simply a language for drawing 
pictures , since the result of running a DRAGON LOGO program 
is almost always a picture . However, DRAGON LOGO is far more 
than an easy way to draw pictures - it is a tool for learn­
ing about some of the most powerful concepts in mathematics 
physical sciences, computer science. and problem solving -
but in a way so appealing and simple that even a kid can do 
it. 

Notice that we said that DRAGON LOGO is a language f or 
learning ; we very intentionally did not say that DRAGON LOGO 
is a language for teaching The role of the learner is all 
important . DRAGON LOGO puts the student in the role of 
explorer, one who sets goals (problems to solve) and tries to 
find a way to thos e goals. The role of the teacher is guide, 
one who stays in the background as much as possible, one who 
does not set the goals for the learner, and one who only 
assists when asked . Effective use of DRAGON LOGO has much of 
the flavour of play: " it s not whether you win or lose, but 
how you play the game . The goal the student reaches is not 
as i mportant as the process of seeking the goal. 

DRAGON LOGO is based on a set of ideas for use of the 
computer first developed under the name LOGO . Many people 
have contributed to the LOGO project, too many to list, but 
we must mention the names Wallace Feurzeig , Harold Abelson, 
Andrea d;Se~~A. And - with special emphasis - Seymour Papert . 
Most of the development and testing of LOGO was done at MIT. 
There were two vital steps in bringing the LOGO approach to 
the attention of the educational community . One was the 
publication of two books; Mindstorms by Papert and Turtle 
Geometry by Abelson and diSessa. Any serious user of LOGO 
will want to read those books. The other was the implementa-

ion of the LOGO language on microcomputers, a step which 
dec1s1vely moved LOGO from the laboratory into the classroom . 
If you are already familar with LOGO , you will find much of 
DRAGON LOGO to be familar too . Where ver possible we have kept 
the same syntax as LOGO, and the logical structures of the 
two languages are essentially the same. Most of the graphics 
programs in books on LOGO will run in DRAGON LOGO without 
c h nge. 

DRAGON LOGO is not just LOGO under another name for 
ano h r computer ; there are some very important differences 
b we n the two . DRAGON LOGO is a graphics language, but LOGO 
also i noludes a number of string operations drawn from the 
LISP 1 nguage . DRAGON LOGO uses strings only as labels on 
araphlos. DRAGON LOGO provides multiple turtles whereas most 
ver810ns of LOGO provide only a single turtle . DRAGON LOGO 
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thus can be use d to introduce important concepts like multi­
programm i ng a nd messages via mail boxes, but still with great 
simplicity . Consequences of mul tip l e turtles i nc lude 
provision for simpl e animation and t h e potential for user­
created games . All these are possi bl e because , in contrast to 
LOGO, the me mory requirements of DRAGON LOGO are modest . 
DRAGON LOGO also provides a mod e for doodling, designed for 
children who are too young to t ype ke ywords reliably. 

If yo u are just starti ng o n compute rs , all that sounds 
rather complex. Tha t ' s because we ' re just talking about it 
instead of do i ng it. Let ' s do it . 
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2. Getting Started 

There are two ways you can start DRAGON LOGO running on 
your Dragon Data Co mputer : from a plug ·in cartridge or from 
disk . You will want to h ave some way to store your favourite 
creatio n s for future display, so you will wa nt to have ei ther 
a disk drive o r a cassette player attac h ed to your computer 
syste m. Consult the c hapters on "Installation" a nd 
" Operation" in your copy of the Dragon Data Co mputer 
Operation Manua l for instructions as to proper cabl e 
COllnec tions for t h e disk und/or the cassette pl8yer . DO NOT 
TURN ON THE POWER YET' 

1. Plug-in ROM Cartridge : Plug the DRA GO N LOGO cart-
ridge into the s l ot on the right si d e of your Dragon 
computer. Check that the label is up a nd that the cartridge 
is seated firmly . Then turn t h e power on . (The power s wi tc h 
i s on the back left corner of the computer . ) The scree n 
s hould display t h e prompt 

DRAGON LOGO COPYRIGHT 1983 
LARRY KHERIATY & GEORGE GERHOLD 

ALL RIGHTS RESERVED. 
LICENSED TO DRAGON DATA LTD. 

LOGO: 

2 . Di s k: Plug the Dragon Computer Disk Controller into 
the slot on t h ", right. side of the computer . Then turn the 
syste m on . (The computer p ower s witc h is on the back l eft 
corner of the computer . Th e disk drive s wit c h is on the b ack 
of the drive, upper l eft corner.) You s h o uld see the prompt 

(C) 1982 DRAGON DATA LTD . 
16K BASIC INTERPRETER 1 . 0 
(C) 1 982 BY MICROSOfT 

OK 

Follow the sequ e nce of step s b e low . 

A . Insert the DRAGON LOGO diskette with the s quare 
notc h facing right a nd t h e label up , into 
Drive 1 (the bottom drive if you have 
t wo) . 

B. Close the disk drive latch . 
C . Type LOAD "LOGO " a nd press ENTER. 
D. After t h e li g ht o n the di s k drive goes out type 

EXEC and press ENTER . 

The syste m will now display the prompt shown above under 1. 
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E. Remove the DRAGO N LOGO diskette from the di s k 
drive. 

Whi c hever way you started you s hould now b e in BREAK 
mode , whic h is indicated by the promp t wh ic h e nds 

LOGO: 

at t he le f t of t he screen. You can return to BREAK mode at 
a ny time by a nyon e of three actions: 

BREAK key - will interrupt whate ver you are doi ng 
a nd return to BREAK mode 

RESET button - ( l ocated o n the right rear corner of 
the computer) will al ways return y ou t o 
BREAK mode , but you wi ll l ose a ll programs 
in me mory 

A compl ete restart (as described above) wi ll place 
you in BREAK mode. 

BREAK mode will be covere d in detail i n Chapters 3 and 
9; for now let's move i nto RUN mode by pressi ng R. There is 
t he turtle, sitting in t he cen ter of the screen facing 
straight up. Adm ittedly this t urtl e does not bear a strong 
resemblance to the ordinary pond-type turtle, but - like an 
ord ina ry turtle - it can crawl forwards a nd bac kward s , it can 
tu rn right and left. I~l ike ordinary turtles , compu terize d 
turtles can drag t heir tails to leave t r ac ks (in co l ours) or 
raise their tails and not l eave tracks . Turtl es can e ve n be 
made i nv isible . 

The name turtle was gi ve n origin a lly to a tiny 
mechan ical robot which could b e made to crawl around the 
floor under computer control . The name probably h ad muc h more 
to do with the speed of the robot t han with t he s h ape of the 
robot . The trac k l eft by the t urtle was call ed a turtle 
graphic . The term turtle graphics is n ow used to indicate a 
way of drawing where lines are describe d by a direction and a 
length (the a l ternative is to describe a line by givi ng the 
coordinates of the two end pOints of t he l ine , a method 
called - stran ge l y - vector graph ics) . Th e item which moves 
is called the t ur tle, even wh en it is just a s h ape on the 
screen . DRAGON LOGO is a language for contro ll ing t urtl es . 

for 
type 

We have a t u rtle in t he center of t he 
action . Let ' s tell the turtle to move 

FOR WA RD 40 

4 

sc r een , 
forward . 

itchin g 
Si mply 



Then pre ss ENTER . * The number tells the turtle how 
forward to move . After you type FORWARD 40 the screen 
s how 

1 

See the turtl e track? 

far 
will 

It won ' t be long before you get tire d of typing FORWARD 
al l the time, so t here is an abbreviation which has the same 
effect . Enter the follo wing (type it and press ENTER) : 

FD 10 

Try Lv get a fe e l for the screen size ~nrl r eso lution . Try 

FD 1 

It ' s almos t too little to see . The n try with a l a r ge r number , 
li ke 

FD 100 

The turtle moved , but it didn't l eave a track . Whe n the 
turtle goes off the top of t he screen, it reenters at the 
bottom , a process whi c h is called " wrapping around . " A turtl e 
can wrap around only by temporarily raising its tail , so no 
trac k a pp ear s for any step wh e r e the turtl e wra p s a round . 

"NOTE: If you forget to leave a space between " FOR WARD " and 
"40", you ' ll see the message " I DON ' T KNOW HOW TO FORWARD40". 
You'll get a similar message if you ma ke any other typing 
e ror . Just press ENTER to get a nothe r c hance to enter 
" FORWARD 40" . You can use the l e ft- a rrow ke y to co rrect 
typing e rrors before you press ENTER . Si mply backs pace to the 
beginning of the error , a nd retype the turtle instruction . 
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Now I want you to find out how far it is from the center 
of the screen to the top . To get a fresh start and a clear 
screen , enter the word (not the singl e key) 

CLEAR 

Then try to make the turtle track go to the top of the screen 
with a single FD command . When you have it exactly right the 
turtle itself will wrap around (appearing at the bottom of 
the screen), but the line will be drawn to the top of the 
screen . No doubt it will take you several tries of CLEAR, FD 
to hit the top exactly. 

By now you're probably tired of drawing vertical lines. 
It's time to turn the turtle. Clear the screen (CLEAR ENTER) 
and enter 

FORWARD 40 
RIGHT 90 

To make the change more obvious enter 

FORWARD 50 

The turtle understands degrees. 

If you are using DRAGON LOGO with small children, we have 
a suggestion . There is now quite a bit of information 
gathered ab0ut effecti ve use of LOGO with small children, and 
that information applies to the use of DRAGON LOGO as well . 
DRAGON LOGO is a language for experimentation, not a language 
to learn by imitation of items from a textbook. Resist any 
temptation to explain degrees to the child who does not 

6 



already know about t h e m. The c h il d wi ll l ea rn a bou t deg r ees 
easi ly from ex peri me nt i ng with DRAGON LOGO . 

Again we soon get tired of typing RIGHT, 
abbreviate RT. Try 

RT 90 

so we 

(Think rtght turn for RT.) Now the turtle poin ts down . We 're 
h a lf way to drawing a r ectangl e , so let ' s fini s h it . Ente r 

FD 40 
RT 90 

and see if you can fini s h it . 

Once you've f ini s h e d the rectangle (by enteri ng FD 50) , 
cle r the scree n a nd e nte r 

RT 4 5 
FD 50 

Jus what you expected , I hop e , but now try 

RT 1 5 

I look e l ike nothing h a ppene d ! But to c hec k try 

FD 30 
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Obviously t here i s a be nd in the line e ven though the turtle 
did not appear t o turn. The turtle knows it s headi ng to the 
neares t d egree and moves accordingly , but the turtle s hape o n 
the screen turns only in 45 degree steps . Thu s t h e turtle 
s ha pe o n the screen points close to, but not exactly a l on g , 
t he t urtl e headin g . Thi s seems inconveni e nt now, but i n 
Chapter 14 we ' ll find that there are some real benefits of 
this . 

We wa nt you to notic e one ve ry important thing a bout 
turtle behavior. Clear the sc r ee n and enter 

RT 45 
RT 45 

This produ~es the s ame heading as RT 90 . Whe n t he turtle is 
told to turn, it turn s t hat far from whate ver its c u rrent 
head ing iti . We are telling the turtle how to c han ge its 
heading ; we are not telling the turtle t o head towards some 
pOint . In the same way, whe n we tel l the turtle to go forward 
we are telling the turtle ho w to c hange its position; we are 
not telli ng the turt l e to go to some point on the screen. 
Thus the position a nd headi ng of the turtle after o ne of 
t hese comma nd s wi ll depend o n where the turtle started . 

Thus far we have learned three primitive turtle com­
mands. (Papert would say , three words in " turtle talk ." ) The y 
are CLEAR, FORWARD, and RIGHT. With these three we can dra w 
any f i gure whi c h will fit on t he sc r ee n and whi c h could be 
drawn o n paper without lift ing the pencil from the paper . You 
mi ght try drawing a triangle (3- sided figure) a nd a pentagon 
(5-sided figure) for practice . If you ' re l ike us, you don ' t 
remember the ang l es for pentagons, so experi me nt . 
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Yo u ' v e pro ba bly noticed tha t o n ly t hree lines of 
i nstruct i o n s a r e s ho wn at a ny o n e time . Wh e n y o u type a 
fourth line the l i nes scroll up, a nd the top line di sappear s . 
If yo u ha v e dra wn a t urtl e trac k t hrough these t hree bo ttom 
l i nes , the sc r ol ling will mess up the line by sc r o lling a 
line segme nt upwa rds. If y ou l eav e the turtle in these three 
bo ttom lines whil e scrolling , the t urtl e will not e rase 
properly wh e n mo ving t o a no the r s pot . These a r e min o r 
con se qu e nces of some c h a r acte ri stics of the Dragon Computer 
wh ic h will n o t tro ubl e u s o nce we ge t t o Chapter 4 . For now, 
e ither a void mov i n g the turtle int o t h e bot tom three lines , 
o r press ENTER e n ou gh times to sc r ol l a wa y the line and 
turtl e f r agme n ts , or i gn ore the fragme n ts . 

We 
FORWARD, 
an d try 

could go a long , long wa y with 
but LEFT a nd BACK a r e u se ful t oo . 

LEFT 90 

just RIGHT and 
Clear the sc r een 

(We could h a v e use d the a bbre v iation LT for l ef t turn . ) Now 
l et ' s ma k e the t ur tle mov e bac kwa rd s . Try 

(or in 
some what 
t urtl e . 
hid e it. 

BACK 40 

abbreviated f o rm BK 40). No ti ce that the turtl e is 
transpare n t . You can see the track throu gh t h e 

If y ou ' d r a the r no t see the turtl e at all , you can 
Enter 

HIDETURTLE 

(Here 
st i 11 

the a bbre vi a tion HT is mu c h s hort e r . ) 
t.h p r p h1lt i nvi s ibl e . Ente r 

The turtle is 

LT 30 
BK 3 0 

to see the invisible turtl e ' s trac k. To make the turtle 
visible agai n type 

SHOWTURTLE 

(yo u g uesse d it, a bbre viated ST), a nd t o turn it a way from 
t h e track type 

LT 120 

At t hi s poi nt the only thing between us and an e ndl ess 
variety of stunnin g g r a phi cs i s a n imme n se a mount of typin g . 
To l earn ho w t o mini mi ze the typing we h a v e to l earn ho w t o 
oreate a n d use procedures . 
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3 . Modes a nd Editing 

Ne w use r s o f compute r s o ft e n find the idea of mo des 
a wkwa rd . Mod e i s the te rm use d to de s c r i be the sep a r ation o f 
t he v a ri ou s things a compute r l a n g uage c an do i n to g r o up s . 
The r e are a numbe r o f good r eason s f o r h a vin g v a r ious mo des . 
On e i s tha t the r e are no t e nou g h d i ffe r e nt ke y s on th e ke y­
board to con t rol all the d i ff e r ent thing s t hat need to be 
do ne . The s ame ke y s can be use d for diffe r e nt t asks in 
d i f fe r e nt modes without confus i on ( at l east o n t he compute r ' s 
pa r t ) . 

The f o ll o win g di ag r a m i s a ma p o f the mo d es in DRAGON 
LOGO. 

o [!REAK I ~REAK 
/ ~EAK R! IBREAK ~ 

'---E-D-IT--', B @ "DOODLE ' 

The ke y s wh ic h t ri gge r t he jump s be tween mod es a r e i nd icat e d 
o n t h e a rro ws . You ' ve a lready been in BREAK mo d e ; that ' s the 
mo d e tha t y o u a r e in wh e n y o u s t a rt. You ' v e a lready been i n 
RUN mod e ; y o u go t the r e from BREAK mo d e by p ressing R. Now we 
wa n t to mo v e into EDIT mo d e . The ma p s ho ws us that we nee d t o 
l eave RUN mo de ( by press in g t h e BREAK ke y) a nd t h e n ge t i nto 
EDIT mo d e ( by press ing t h e E ke y) . 

EDI T mo de prov i des wh a t is c all e d a screen- or i e nte d 
e dito r. EDIT mo d e i s use d t o c r ea t e and a lte r progr a ms 
wr it t e n i n DRAGON LOGO , but f o r the r es t o f th is c h a p te r we 
wi ll f o r ge t DRAGON LOGO a nd c oncentra t e on th e mec h a nics o f 
u s ing EDIT mod e . We ' ll do some thing f a mil a r - write a no t e t o 
Gr a ndma . 

Upo n e nte ring EDIT mode a s ho rt ho ri zo n ta l l i ne a ppear s 
at t h e star t o f the bot t o m l ine o f t h e sc r een . This line i s 
c alled t he c ursor . The c u rso r indi ca t es whe r e any type d 
l et t e r s , numb e r s , e t c . , wi ll a ppea r . Start t h e note by t yp i n g 

DEAR GRANDMA, 

Pre s s ENT ER, an d t he c urso r mo ves t o the s t art of t h e ne xt 
line . Ty pe the n e xt line as 

I ' M STARTING TO USE AN EDITOR . 

Again pre ss ENTER t o compl ete the l i n e . 
e d ito r produces onl y upp e r- case l et t e r s ; 
only up pe r- case l ette r s . 
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We could continue to enter as many lines as we wanted in 
the same fashion . Let ' s assume that this is to be a very 
short note and that we now want to quit editing . Press BREAK. 
Upon reflection we decide to alter the note, so we return to 
EDIT mode (press E). The first line of our note appears with 
the cursor at the start of the line . We decide to change the 
word STARTING in the second line of the note to the word 
BEGINNING . To do this we must first display the second line 
and position the cursor under the S in STARTING . We move the 
cursor by use of the arrow keys . Up-arrow and down-arrow 
change lines , and left-arrow and right-arrow move the cursor 
within a line . Changing lines alway~ resets the cursor to the 
start of the line . Arrow commands which make no sense are 
ignored. Thus if we press right arrow when the cursor is 
under the comma following GRANDMA , nothing happens because 
there is no more line . 

To see the second line of the note , press the up-arrow 
key once . Then press the right-arrow 'key several times to 
position the cursor under the S in STARTING . Then type 

BEGIN 

Notice that the overtyping simply replaces the letters . Now 
we have another kind of change to make because BEGINNING has 
one more letter than STARTING . We want space for another N 
before the ING . To create a space we hold down the SHIFT key 
and press the right-arrow key. Now we can type the extra N i n 
the created space . Remember : to insert, press SHIFT RIGHT­
ARROW to create the space, then type in what you want . 

Next let ' s change the line from 

I ' M BEGINNING TO USE AN EDITOR . 

to 

I ' M LEARNING TO USE AN EDITOR . 

Again position the cursor at the start of BEGINNING and 
overtype the characters you want to change . Here the problem 
is that an extra N remains . To delete a character (or space) 
hold down the SHIFT key and press the left-arrow key. Try it , 
and remember: press SHIFT LEFT-ARROW to delete . 

Poor Grandma isn ' t going to know who the note is from 
unless we add a line at the end . Use the up-arrow key to move 
the cursor as far down as you can . It should be at the start 
of a blank line foll ,owing the text . We want to skip a line 
before signing the note, so press ENTER once . Notice that 
pressing ENTER adds a line at the end . But if the cursor is 
within the text, pressing ENTER has the same effect as t h e 
up-arrow . Now space over and sign your name . While we are at 
it we should skip a line after DEAR GRANDMA . That is, we want 
to change 
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DEAR GRANDMA , 
I ' M LEARNING TO USE AN EDITOR . 

LOVE , ANN 

to 

DEAR GRANDMA, 

I ' M LEARNING TO USE AN EDITOR . 

LOVE, ANN 

Position the c ursor a t the begi nn of the line " I ' M 
The n hold down the SHIFT ke y and press the down-arrow ke y . 
Mov e the cursor down to c hec k tha t you got what you wa nted . 
Re me mber : to i n sert a ne w line , position the cursor at the 
start of the following line ; the n press SHIFT DOWN-ARROW . 

We want to mak e one last c ha nge . We wa nt t o c hange the 
closi ng t o 

LOVE , 
ANN 

We want t o break one line into two . Pos itio n the c ursor where 
you want the break to occ ur; then press SHIFT DOWN-ARROW to 
break the line . You ' ll have to i nsert some s p aces to move t he 
nam e ove r as s hown above . 

Thi s we think is the final form of the note , so we exit 
EDI T mode (press BREAK). To ma ke a last c hec k we reenter EDIT 
mode (press E). To get the whol e note on t he screen without 
repeated pressi n g of up arrow or ENTER we pre ss SHT PT IJP­
ARROW. This will s ho w us everything in me mory . If we want to 
interrupt thi s process , just press a ny key t o stop the scan . 
To restart the scan , press SHIFT UP-ARROW agai n . To jump bac k 
to the star t of the text, press CLEAR . 

That is a ll there is to using the editor . We suggest 
th t you prac ti ce a bit with it so that whe n we return to 
DRAGO N LOGO y o u can concentrate o n the language and not ha v e 
to worry about the me c hani cs of the editor . 

To con c lude this c ha pt e r we give a summary of t h e 
edit ing features . 

to get into EDIT mo d e 

to disp l ay the nex t 
line of text 

to dd a li ne at e nd 

- BREAK , E 

- UP-ARROW, or ENT ER 
(UP-ARROW - no e ffect at l ast 1 
ENTER - adds line afte r last li 

- ENTER , type line 
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of text 

to move text down 
on e line 

to move cursor right 

to mov e cursor l eft 

to replace c haracter 

to insert c haracter 

to delete c haracter 

to insert li ne 

to break line 

to return to top line 

to scroll or scan 
through text 

to stop scroll or scan 

- DOWN-ARROW (no effect at top 
line) 

- RIGHT-ARROW (no effect at line 
e nd) 

- LEFT-ARROW (no effect at line 
start) 

- position cursor, overtype 

- position cursor , 

(no effect if 
type c haracter 

SHIFT RIGHT­
ARROW 

line full), 

- position cursor , SHIFT LEFT­
ARROW 

- position cursor at start of 
following line, SHIFT DO WN-ARRO 

- position cursor at break point, 
SHIFT DOWN-ARROW 

- CLEAR 

- SHIFT UP-ARROW 

- any key 
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4. Procedures 

You ' ve now maste r ed five primitive t ur tle comma nd s 
(CLEAR, FORWARD, BACK, RIGHT, a nd LEFT) . Next we wa nt to 
combi ne these command s into a unit whi c h we call a procedure. 
The first step is t o t e ll the computer not t o o bey eac h 
co mm a nd as it is typed, but to sto r e t he co mm ands . This is 
what happe n s in EDIT mode . Press BREAK, t he n ho ld SHIFT down 
and press CLEAR (to c l ea r the me mory of old programs) . Then 
get into EDIT mode (press E) . 

left 
(by 
press 
E. 

The scree n s hould be bl a nk with the c ursor in t he lower 
corner . If t he screen is not bl a nk , return to BnEAK mode 
pressing the BREAK ke y ) , ho ld the SHIFT key down and 

t h e CLEAR ke y firmly. Return to ED IT mode by pressi ng 

You are now usi ng a screen-oriented editor . We will 
practice usi n g the edito r as we create a nd edit procedures. 
Our first exe r c i se wi l l be t o writ e a procedure for dra win g a 
rectangle . First we must gi ve the procedure a na me . We ' ll 
call this fi r st one RECTANGLE . The first line of t he 
procedure contains the name , a nd we l et the computer know 
t hat we ' re naming a procedure by start in g the fi r st line with 
the keyword TO . To name t hi s first procedure RECTANGLE, e n ter 

TO RECTANGLE 

The limitations o n procedure na mes are t hat t hey must fit on 
a si ngle line , they must con tai n no spaces , a nd t hey must not 
be the s ame as a ny of t he keywo rds or abbrev i ation s (for 
exampl e , FORWARD or FD) . 

If you ma de a t ypin g error wh en you were using HUN mode, 
you got t he e rror message " I DON ' T KNOW HOW TO" fo l lowed by 
your mi stype d comm a nd . Because a procedure na me can be al most 
anything , the computer assumes that a ny c haracte r s wh ic h 
don ' t form a cor r ect keyword must form a procedure na me . If 
t he c haracters a r e r eal ly a typing error , then t he na me is 
not fo und in t he li st o f procedures a nd the error message i s 
sent. 

Next type in 
rectangle . That is , 

the 
type 

turtl e comm a nds 

FD 50 RT 90 FD 30 RT 90 FD 50 
RT 90 FD 30 

for drawing t h e 

M ny commands can be typed o n a si n g l e line as long as they 
are se p rattypey one or more spaces . To finish the procedure 
type 

END 
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on a new line a nd press ENTER. 

To tryout RECTANGLE you must leave EDIT mode (by 
pressing the BREAK key) a nd e nter the RU N mode (by pressing 
t h e R key) . To actually run the procedure enter 

RECTANGLE 

That ' s so neat that we s hould try it agai n and agai n . 
a nd e nter t h e procedure name at l east three more times. 
t he screen s hould s how 
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By plac ing proc e dure RECTANGLE in the compute r ' s me mory 
we have taught the turtl e to und e rstand a n e w word . The 
turtl e n ow und e rst a nds RECTANGLE in the same way that it 
unde r s tands LEFT, RIGHT, FORWARD , and BACK . 

Be for e moving on to othe r procedures , we wa nt to r e vi ew 
use of the e ditor. Pre s s BREAK t o r e turn t o BREAK mo d e and 
press E to r eenter EDIT mod e . Th e sc r ee n s h o uld no w show the 
first line of the procedure RECTANGLE. Le t' s c h a nge the na me 
to BOX . Us e the ri ght- a rro w k e y (- » to positi o n the c urso r 
und e r the R in RECTANGLE . The n typ e BOX . Re me mb e r, o v e r ~yping 

r e places c ha r ac t e r s . We nee d t o d e l e t e t h e r e ma in i ng l e tte r s , 
whi c h we do by ho ldin g do wn t he SHIFT ke y a nd pressi n g th e 
l e ft- a rro w k e y «-) . We can see th e r es t of t h e lines i n the 
proce dure by press ing e ithe r ENTER o r t h e up- a rro w ke y t) 
se v e r a l t i mes . 

It i s good prog r a mm i n g p ract i ce to c l a ri f y th e st ruc ture 
o f a procedure by ind e n a t ion . He r e we wa n t t h e p r oce dure BOX 
t o l oo k like th is 

TO BOX 
FD 50 RT 90 FD 30 RT 90 FD 50 
RT 90 FD 30 

END 

To ma ke these c h a nges we mu s t i nsert a cou p l e s paces at t h e 
beginn i n gs of the second a nd t h ird li nes . Mo v e t he second 
l i n e t o the bottom of t h e scree n by usi n g t h e up - a n d do wn­
a rrow ke y s . The c urso r wi ll mo ve to t h e sta r t of the line 
wh e n e ver y o u c h a n ge lines . To inse r t s p aces , ho ld do wn th e 
SHIFT key a nd press t he righ - arrow ke y. If t h is does not 
insert s paces , it mean s that the lin is a l ready f ull . In se r t 
s paces a t t h e start of lin 3 as wel l . 

The st ructure o f t he p roce du re wo uld be e ve n clearer if 
it we r e t y pe d as follo ws . 

TO BOX 
FD 50 
FD 30 
FD 50 
FD 30 

END 

RT 90 
RT 90 
RT 90 

These c h an g~s r e quire us t o break s in g l e l i nes into mu lti pl e 
lines . To break a l i n e , posi ti o n th e c u rsor where y ou wa n t to 
b reak the line , ho ld t he SHIFT k e y do wn a nd press t h e do wn­
ar r ow key . 

What if we wa nt t o a dd l i n es to a p r oced ure ; for exampl e 
i f we wa n t to a dd a di ago n a l line thro u g h the box? We ' ll h a ve 
to tel l t he t ur t l e t o t urn a nd go f o rw a rd. You ' d better r un 
BOX to ge t a n es tima t e o f the a n g l e a nd d is t a nce (re me mber 
press BREAK, the n press R, the n e n ter BOX) . The t ur tle needs 
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t o be turne d mo r e than 90 degr ees t o po int a l ong 
d iagona l . Ma ke a g uess a nd r eturn t o EDI T mod e ( BREAK , 
Now place the c urso r und e r the E i n END; ho ld do wn SHIFT 
press the down- a rro w ke y . Thi s inse rt s a bl a nk line ( t ry 
up-a rrow ke y to c hec k t hat END has jus t bee n bumpe d down 
line ) . Yo u can n ow insert y our RT a nd FD co mma nd s in t hi s 
bl a nk l i ne . It will no doubt t a ke y ou se ve r a l tri es to 
the a ng l e and l e ng th e xac tly ri gh t ; t hat wi ll gi ve y ou 
prac ti ce in bo unci ng bac k a nd f o rth betwee n RUN an d 
modes . (No f a ir u s ing y our kn o wl e dge o f tri go no me try ; 
turtl es yo u a r e s uppose d t o e xperi me nt.) 

the 
E) • 
and 
the 
one 
ne w 
ge t 

good 
EDIT 
with 

In th is c h a pte r we h a v e cove r e d t wo ma in to p ics . We h a v e 
l earne d ho w t o e nt e r a nd c ha n ge multipl e comm a nd proce dures , 
a nd we ha ve l earned ho w t o teac h the turtl e t o und e r s t an d 
mo r e compl e x comma nds vi a procedures . 
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5 . Repeat and Subprocedures 

Once we have taught the turtle a new word by writing a 
procedure, we can use that new word in further proce dures . 
Return to EDIT mode and remove the commands for drawing the 
diagonal (I used RT 122 FD 59) from BOX . Now move to a new 
line (press ENTER). In fact a blank line between proc e dures 
will he lp keep things easy to read , so press ENTER again . 
We're going to write another procedure to draw the patte rn of 
four boxes . We ' ll call it FOUR , so type 

TO FOUR 
BOX 
BOX 
BOX 
BOX 

END 

Noti ce that we ' ve u sed BOX as a turtle command in the same 
way that we used FORWARD and RIGHT within BOX . Run FOUR to 
see that it works . The result is the same as that shown on 
page 15 . 

To run the proc e dure FOUR, the computer must have avail­
able the subprocedure BOX . Both proc e dures must be in the 
program s pac e wh e n FOUR is run, but their order within that 
space is of no importance . We could have written FOUR first 
and then written BOX with exactly the same result. 

Th e procedure FOUR can be s horte n ed by use of the REPEAT 
contro l statement. The altered form of FOUR is 

TO FOUR 
REPEAT 4 (BOX) 

END 

The REPEAT tells the turtl e to r e peat th e actions within the 
parentheses the designate d number of times, in t his case 4. 
The space afte r the number 4 is optional . The parentheses can 
include a' whole list of turtle commands and s ubprocedu r e 
names . Th e list in parentheses can e xtend over many lines, 
but the parentheses are essential . 

Now that we have taught the turtle what FOUR mean s , we 
can mov e to a higher level procedure . Try 

TO MANY 
REPEAT 10 (FOUR RT 9) 

END 

19 



By now you probably are tire d of followin g the ma nu a l 
a n d a r e con s ume d with c u riosity . What would ha pp e n if I 
c ha nged the number on the REPEAT in MANY; what would ha ppe n 
if I c h a nge d the a n gle in MANY; what would ha pp e n if I 
r es tore d the co mma nd s to draw the d iagon a l in BOX? Don ' t 
hesi tat e t o find out by tryi ng ; that ' s t he whol e point of 
DRAGON LOGO. Try triang l es , pe nt ago n s , he xagons , threes and 
fives instead of just boxes a nd fours . 

He r e i s a nothe r sampl e . 

TO DIAMOND 
FD 50 LT 45 
FD 50 LT 45 

END 

TO DIAMOND 2 

FD 50 
FD 50 

LT 135 

REPEAT 29 (DIAMOND RT 40) 
END 
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DRAGON LOGO is a structured language . A complex program 
written in DRAGON LOGO could have the following structure . 

Each letter within a box represents a procedure; each line of 
type on the page includes the subprocedures of a particular 
level ; the lines indicate which subprocedures are used by 
each procedure. There are four levels of procedures within 
this program . The master procedure A (level 0) might use the 
subprocedures of level 1 in the order B, C , 0, C . Subproce­
dure B might use the subprocedures of l evel 2 in the order E , 
F, E; subprocedure C might use the subprocedures of level 2 
in t he order G, F, H etc . Notice that subprocedures can be 
used many times and many places within the overall program . 

Thus far in our examples we have been working from Lhe 
bottom up, defining a first procedure , then writing a second 
procedure that uses the first procedure as a subprocedure, 
etc . That is typical of programming manuals where the 
emphasis is on the mechanics of a language instead of on 
problem solving . It is especially fun to adopt that approach 
with DRAGON LOGO at times because the result is often unpre­
dictable and interesting . However , as we become more serious 
we often will have a problem we wish to solve . Then we s hould 
work from the top level down . Now we illustrate that process . 

The sample problem is to create the following pattern. 

PA 
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Obviously the figure is so symmetrical that there is a repeat 
pattern . Furthermore the number of repeats must be six . The 
crucial step is to recognize that the element that is re­
peated six times is a square with a circle inside . 

PAT, 

Therefore our main procedure should be 

TO PATTERN 
REPEAT 6 (SQUARE-CIRCLE RT 60) 

E~ 

The six-fold symmetry tells us to repeat 6 times with turns 
of 60 (as 6 * 60 = 360). As yet we have no idea how to draw 
a square with a circle inside . 

Now we move to the next lower level . 

TO SQUARE-CIRCLE 
SQUARE 
CIRCLE 

END 

Again we break the task into simpler tasks . This time the 
breakdown is obvious ; you draw a square with a circle inside 
by drawing a square and then a circle . 

Now we drop down to level 2 . The obvious procedure for 
drawing a square is 

TO SQUARE 
REPEAT 4 (FD 70 RT 90) 

END 
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This will draw a squ are , but it will l eave us with a problem . 
We also have to draw a circle inside the square , and SQUARE 
leaves the turtle at a corner of t he square . The corner is an 
awkward place to start drawing a circ l e which is to be inside 
the square . This example s ho ws that when procedures are to be 
used together some atten tion mus t be devoted to making them 
fit. The ci r cle and the square touch at the center of a side . 
We c hoose to make the t wo procedures fit by starti ng and 
endin g the square at the center of a side . 

TO SQUARE 
REPEAT 4 (FD 35 RT 90 FD 35) 

E~ 

Now how do we get the t urtl e to draw a circ l e? One very 
good way to figure this out is to play turtle. That is , walk 
in a circ l e and t hink a bout what you are doing i n terms of 
turtle commands . You'll discover that to mak e a circ l e you go 
forward a littl e and turn a little unt i l you get al l the way 
around . The best circ l e s hould be drawn by the following, 
right? 

TO CIRCLE 
REPEAT 360 (FD 1 RT 1) 

END 

Wrong ! This g ives a n eight - sided figure. I'll explain why , 
but if you find this confusi ng for now, skip a head to the 
next paragraph . When a turtle moves forward one step it has 
e i ght c hoices of where to go . 

8 I 2 

7 X 3 

6 5 4 

We start with the turtle pointing straight up (towards 1) and 
turn the turtle a small a mount, say 5 degrees right . Clearly 
the on ly two c hoi ces are to go to square 1 or to square 2 , 
and square 1 is closer to the correct direction than square 
2 . Because ,DRAGON LOGO does only integer arithmetic the 
turtle is now assumed to be in the center of squ are 1 and the 
process repeats on t h e next move . With larger steps there are 
more squares to which the turtle can move , and we get a 
better circle . In ge neral , avoid combin i n g tiny steps with 
tiny turns for turtles . 

A reasonable circle can be drawn by the procedure 

TO CIRCLE 
REPEAT 36 (FD 6 RT 10) 

END 
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Th is g ives t he sam pro bl e m as the fir s t procedure for t he 
s qu a r e : the ci r c l e will not be cen t e r e d in th e s quare . We can 
fix the procedu r e if we r eali ze t ha t wh at we are r a lly 
dra wi ng is a 36-s ide d po l ygon whi c h l oo ks like a c irc l e 
because of the l i mited sc r ee n r eso luti o n. The fix is t he same 
as be fore ; start in the center of the side . 

TO CI RCLE 
REPEAT 3 (FD 3 RT 10 FD 3 ) 

END 

Now ver i f y that thi s set of proce dures i s a sol u tion to the 
origi nal pro bl e m by running PATT ER N. 

Let ' s analyze wh a t we ' v jus t don e . The ro a d ma p f or 
a ttac king the probl e m was to break t h e probl e m i nto a set of 
s ubp rob l e ms , and in turn to break eac h s ubpro bl e m into e ve n 
s impl e r s ubp robl e ms until t he subprobl e ms can be sol ve d by a 
si n g l e REPEAT s tat e me nt. Spec i fical ly , we broke t he origi na l 
problem into t he probl e m o f drawing SQUARE-CIRCLE s ix ti mes ; 
we broke SQ UARE-CIRCLE into t he pro bl e ms of drawi ng a squ are 
a nd drawing a c irc l e . These l ast t wo probl e ms we r e eas ily 
so lve d with a si ngle REPEAT s tat e me n t . In ge neral , we fol l o w 
thi s se qu e nce in a ttacking a pro b l e m, a ltho ug h we do not 
i nsist t hat the l o west l e ve l procedure cons i s t of a s in g l e 
REPEA T s tate me n t . 

One of th r easo n s for us in g DRAGO N LOGO with c h i ld r e n i s 
that it i s a n e xc e ll e nt way to t eac h c hildre n a most powe rful 
a nd useful ge ne ral problem-so lving a pproac h. That a pproac h i s 
what we ha ve just i llust rate d. BaSically , i t i nvol ves work i ng 
fro m the overal l vi e w do wn to t he d tail s by break i n g eac h 
pro bl e m i n to pi eces . 
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6. Variables 

" Variable " is the name u sed to describe unique s torage 
locations where numbers can be kept. The name of a variable 
consists of a colon (:) followed by any number of l etters 
a nd/or numbers . Variables can be used anywhere numbers can be 
used ; i n this way procedures can be used for a much wider 
range of app li cations . 

A typical use of a variable is t he follo wing : 

TO SQUARE : SIDE 
REPEAT 4 (FD : SIDE RT 90) 

END 

If you came here directly from the last c hapter , then there 
i s anothe r vers ion of SQUARE in me mory. To clear out the 
me mory press SHIFT CLEAR whil e you are in BREAK mode . Then 
get into the EDIT mod e and e nte r the ne w version of SQUARE . 
Now to run SQUARE get into RUN mode and e nter 

SQUARE 40 

Because we have listed the variable : SI DE on t he TO state­
ment , we must gi ve a value when we call (or use) the proce­
dure SQU ARE. Now try a variety of other numbers , for instance 

SQ UARE 60 
SQUARE 20 

What happe ns if we forge t the number? Try 

SQUARE 

If we don't provide a number , then the computer provides a 
zero . The brief flicker is due to the turtle turning in 
place while drawing a square with zero length sides . 

Variables can be used in other positions as well. Here ' s 
anot her examp le . 

TO DESIGN : LENGTH : TIMES 
REPEAT : TI MES (SQUARE : LENCTH 

RT 360/ ) 
END 

Enter this and try running with a few different values of 
:T IMES a nd : LENGTH . For exampl e 

DESIGN 40 24 
DESIGN 50 10 
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The compu ter kee ps trac k o f the v a ri a bl es by t he ord e r . 
Becau se the order in t h TO stat e me n t for DE SIGN i s : LENGTH 
:TIMES , the co mma nd DE SIG N 40 24 cau ses th e va lue 40 to be 
assign e d to : LE NGTH and the va lue 24 t o be ass i g ne d to 
:TI MES . Notice a l so that t h e n a me o f the variab l e in t he call 
of SQ UARE ( SQUARE : LE NGTH) nee d no t be the same as t h e na me 
in t h e defi ni tion of SQ UARE (TO SQUARE : S IDE) . At t h e ti me 
SQUARE is call e d : LENGTH has a v a lu e (fo r e xa mp l e , 40) wh ic h 
is ass i g n e d by SQ UARE t o t h e v a riabl e : SIDE . 

Variabl es li ste d on t he TO stat e me nt a r e local to t h e 
procedure . Agai n we il lus trate us ing t h e previous progra ms . 
En ter 

TO DESIG N : LENGTH :N 
REPEAT :N ( SQUARE : LE NGTH 

RT 360 /:N) 
END 

TO SQUARE :N 
REPEAT 4 (FD :N RT 90) 

END 

Here th vari a bl e n a me :N is use d for t wo different 
qu a n tities , one in t h e ma in procedure DESIGN a nd a n o ther in 
t he s u bproce dure SQ UARE . Thi s causes n o pro bl e ms o r con f us ion 
because the v a ri a bl es for the two procedu r es a r e ke pt 
co mp let ly se parate in the me mory . The variabl e :N in t h e 
ma in proce dure is n o t t h e same me mory location as t he 
va r iab l e : N in t he s ubproce dure . 

If we wa nt a variab l e t o be l ocal t o a procedu re , we 
me n tion it in t h e TO s t a t e me nt wh ic h begi ns the proc dure . 
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The ma ximum numb e r of l ocal va ri a bl es fo r a procedure i s 
fiv e . We al s o can c r eat e g l obal v a riabl es , vari a bl es whi c h 
use a comm on me mory locat i o n in a ll proce du res i n whi c h the y 
a ppe ar . Globa l v a r iabl es a r e c r eat e d by u s in g the m in a 
proc e dure without includin g the m in the TO s t a t e ment. Thi s 
provides a conve ni ent wa y fo r s ha ring i nforma ti on among 
proce dures . 

DESIGN contains our fir s t e xampl e of a rithme ti c e xpres ­
s i o n s , he r e 360/:N. DRAGON LOGO a llows the s t a ndard f our 
a rithme ti c ope r a tion s : addition (+), s ubtrac ti on (-), multi­
pli c ati on ( * ), a nd divi s ion (/) . No pare ntheses a r e nee de d 
unl e s s the o rd e r o f ope ration s i s non-st andard . frac ti onal 
p a rt s o f numb e r s are dro ppe d. Thus in DRAGON LOGO 

5 / 3= 1 
2 * 3 + 4 10 
2 * (3 + 4) = 14 

Numb e r s in the ran ge - 32 768 to 32 767 can be ha ndl e d. To throw 
a wa y th e s i g n o f a numb e r, use the ABS fun ct ion . 

AB S -10 i s +10 

Th~ f o llowing proce du res g ive a dd i ti o na l e xampl es o f th e 
use of variabl es and a rithme ti c e xpre ss i ons . 

TO SQUIGGLE 
fD 7 
REPEAT 8 

(FD 4 RT 45 ) 
FD 7 
REPEAT 8 

(FD 4 LT 4 5 ) 
FD 7 

END 

TO SQUIGGLE 8 : SIDE : ANGLE 
REPEAT 360/:ANGLE 

(REPEAT : SIDE ( SQUIGGLE ) 
RT :ANGLE) 

BE PEAT 360/:ANGLE 
(REPEAT : SIDE ( SQUIGGLE ) 

LT : ANGLE) 
END 

Notice the use of the nes t e d REPEAT twi ce in SQUIGGLE8 . i f 
:ANGLE we r e 180 a nd :SIDE we r e 4, the n eac h of the pa irs o f 
n s t e d REPEAT s will r e pea t 2*4 o r 8 times . Try 

SQUIGGLE8 1 20 
SQUIGGLE8 3 60 
SQU I GGLE 8 4 90 
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7 . Co l o u r s 

Turtl e tra c ks c a n be c o l o u r e d , a nd c a n c ha ng e colour. 
Yo u r Dragon Data Compu t e r offe r s t wo c olou r " se t s " ( or 
" s ett ings ") i n t he hi g h r eso lu t i o n sc r ee n on wh i c h t u rtl es 
l iv e . Thus f a r yo u h a ve been r unn i ng i n co l o u r se t O. You can 
s hi ft co l ou r se t s by the COLO UR SE T comm a n d . Ge t i n t o t he RU N 
mod e a nd e nte r 

COLOUR SE T 1 

to c ha n ge co l o u r se t . The n e n t e r 

COLOUR SET 0 

to c ha ng e bac k . 

With in eac h colou r se t t he r e a r e fo u r co lou r s , numbe r e d 
0 , 1, 2 , a nd 3 . The no r mal dra wi ng co lour i s co l our 0 a nd the 
no r ma l bac kg rou nd co l o u r i s co l o u r 3 . Cha nge t he bac kg r o un d 
c o l our by e n t e ri ng 

BACKGRO UND 1 

o r a bbre viat e 

BG 1 

Cha nge t he pe n (or dra wi ng ) co l our by e n t e ri ng 

to PENCO LOUR 2 

01" o b bre vi a t e 

PC 2 

A port i o n o f a dra wi ng can be e r ased by se tting the pe nc o l o ur 
to t he same co l o ur as t he bac kg r o u nd co l our i s set a nd 
dr wi ng o ve r t he un wa n t e d pa r t of t he dra wi ng . 

Let ' s a dd co l our to s o me of o ur ear l ie r proce dures . On e 
j n t r sti ng c ho i ce i s fO UR . Re type BOX ( see p . 16 ) , t he n e n te r 
t he procedure fO UR as : 

TO fO UR 
REPEAT 2 (PC 1 

PC 2 
END 

BOX 
BOX) 

a nd to a ll o w easy e xpe ri me n t a t ion, ma ke MANY i n t o 
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TO MANY : N 
RE PEAT :N (FOUR RT 90/ :N) 

END 

We would like to be a bl e t o n a me t h e co l o urs y ou will ge t 
with s pecific pe ncolours a nd co l ourse t s but co lours v a ry from 
TV to TV; the y v a ry wi th the co l our se ttings on t h e TV , and 
the y may e ven s wit c h whe n y o u restart your computer . Try 
runnin g MANY with a v a lue of 10. The n adjus t t he co l o ur and 
tint con trol s o n your TV se t t o your sati s fac ti on. On many 
TV' s , co l our se t 1 will g ive more interes tin g colours , so be 
s ure to try that too . You can c ha nge co l our se t s without 
r e urClwl ffg LIf e .r I g ure by typI n g 

CO LOUH SE T 1 

MMfof II} 
COl-QRSET 1 
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An interesting variation can be created by the following 
changes . 

TO BOX 
PC 1 FD 50 RT 
PC 2 FD 30 RT 

FD 50 RT 
PC 1 FD 30 

END 

TO FOUR 
REPEAT 4 (BOX) 

END 

TO MANY : N 

90 
90 
90 

REPEAT 2* : N/3 (FOUR RT 90/ : N) 
END 

Try it with : N = 90 . If it is too slow, or if you feel sorry 
for any turtle that has to run around at that speed for so 
long, hide the turtle (HT) before calling MANY . 

You might prefer the colours you get with a dark back­
ground. Try setting the background to 0 , and rerun the 
preceding two examples . MANY 10 and MANY 90 . 
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8 . Other Tur t l e Commands 

There are a f e w additiona l turtle comma nds whi c h we have 
not yet used. We can raise a nd l o wer the tu rtl e ' s tail , so we 
have the c hoice of l eavi n g a trac k or not leaving a track . 
The commands are just what you ' d guess , PENUP (abbreviated 
PU) a nd PENDOWN (abbreviated PD) . 

Let ' s il lus trate by removing the lines of one colour from 
the previous figure. Chan ge BOX to 

TO BOX 
PU FD 50 
PO PC 2 

PU FO 30 
END 

and agai n run MANY 90 . 

RT 90 
FO 30 
FD 50 

RT 90 
RT 90 

Every figure thus far has started in the center of t h e 
screen at a position cal l ed h ome . Whe n we get into t he RUN 
mode the t ur tle automatically moves to h ome . If we want to 
start the turtle some where e l se , we can . The t urtl e can be 
moved to an arbitrary and absolute scree n position by mean s 
of t h e SETX (abbreviated SX) and the SE TY (abbreviated SY) 
co mm ands . The results of t hese two commands are absol ute , not 
relative to the c urre nt position of t h e t urtl e . No line is 
drawn , and no change in heading is made. For exampl e , 

TO DOUBLE 
SE TX 60 
MANY 00 
SETX 180 
MANY 90 

END 

oou~~ 
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The heading of the tu~tle also can be set to an absolute 
value independent of its cur~ent heading . The command is 
SETHEADING (abb~eviated SH or SETH) . The heading can be 
anything between 0 and 359 deg~ees . Zero degrees is straight 
up . T~y 

TO DOUBLE 
HT 
SX 60 
MANY 90 
SX 180 SH 0 
MANY 90 

END 

The ~emaining tu~tle instruction is HOME . 
the tu~tle to the home position (the center of 
with a heading of 0 degrees (st~aight up) . 

HOME ~etu~ns 

the screen) 

Procedu~es whi c h d~aw ci~cles and pa~ts of ci~cles 

(arcs) a~e very useful in othe~ p~ojects . There a~e so me 
d~awb ac ks to the CIRCLE procedu~e given in Chapte~ 5 , page 
23 . It ' s h a~d to predict the size of the circ l e from t he size 
of t he step , it ' s hard to find the opti mum numbe~ of steps 
for t he best circle , and it ' s hard to figure whe~e t he circ le 
is centered . The following p~ocedu~es are a useful a lternate 
set . 

TO ARC : X : Y :RADIUS :DEGREE 
PU SX : X SY : Y 

END 

REPEAT : DEGREE (PO : RADIUS 
DOT BK :RADIUS RT 1) 

TO DOT 
PD FD 1 tiK 1 PU 

END 

These a~e s l owe~ than CI RCLE , but they give t h e most accurate 
ci~cles whi ch can be d~awn on the screen . Wi th some values of 
: RADIUS you mi ght be able to get the same acc uracy wi th fewe~ 
steps (fo~ example , REPEAT 180 and RT 2) , but then the number 
of deg~ees will have to be divided to get the right numbe~ on 
the REPEAT . You also might want to enla~ge the dots . 

TO DOT 
RT 90 BK 1 PO FD 1 FD 1 BK 1 
PU LT 90 

END 

The fo ll o wing prog~am again makes use of the SX and SY , 
here to get the ~ight ~elative spac ing of independent pa~ts . 

The co~~ect numbers fo~ the two a~e found by trial a nd e~~or . 

Try the p~ocedures with a variety of pen co+ou ~s and 
backgrounds : 
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TO KIRSTIN 
CLEAR SX 60 SY 80 
REPEAT 18 (PENT 20 RT 20) 
SX 95 SY 82 
REPEAT 9 (PENT 15 RT 40) 

END 

TO PENT :SIDE 
REPEAT 5 (FD :SIDE LT 72) 
FD : SIDE 

END 
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9 . Savi ng , Loading , a nd Printing Your 
DRAGON LOGO Procedures 

Although DRAGON LOGO procedures can do a n amazing am o unt 
with v ery littl e code , we st ill don ' t want to have to retype 
procedures every ti me we s tart up . Proce dures can be s t o r e d 
on cassette tape or on disk (just casse tte on ROM version) . 
For simpl icity a ll procedures in me mory are stor ed as one 
module , an d all proce dures in a modul e o n di s k or tape are 
lo a d e d. No directories are ke pt f o r the modules (a direc tory 
e n try could be al most as lon g as many o f the procedures in 
DRAGON LOGO) . 

To move proce dures to a nd fro m cassette or di s kette we 
must b e in BREAK mod e . By now you probably h ave a numb er of 
proc e dures in me mory tha t you would like to keep . Get into 
EDIT mode a nd delete any you do not wa nt to sav e . (To de l ete 
a procedure you mu s t de l e t e it c haracter by character . ) The n 
e nter BREAK mod e (BREAK ke y) a nd press S . At this poi nt the 
promp t will b e 

LOGO : SAVE : 

You now h av e to tell the computer wh e r e to sav e the proce­
dures i n me mory. Let ' s first l earn how to sav e on tap e . Of 
course the tap e recorder must be plugged in as desc ribed in 
t he Operation Ma nu a l for the Dragon Data Computer . Ma k e s ure 
t hat t he v o lume control is set close t o 5 . Rewi nd the tape 
(REWIND , STOP) . Nex t press the RECORD and PLAY buttons down 
togethe r . If yo u are not usi n g l eade rl ess tape , pullout t he 
MIC plug for about 5 seco nd s . (Th is will ma ke s ure that you 
begin recordi n g on bl a nk tape . ) Now yo u a r e r eady t o r eco rd 
the procedures . Si mp ly r espo nd T ENTER t o t he BREAK mode 
promp t: 

LOGO : SAVE : 

Whe n the recordi ng is done , the BREAK mod e pro mpt will be 
displayed again . If a numbe r a nd a qu es ti o n mark appear af t e r 
the T , then t he procedures we r e not save d properly , so try 
gai n. 

Disks 
Disks can 
computer is 
t he BASIC 
DRAGON LOGO 

mus t be forma tt ed before use with DRAGON LOGO. 
be formatted us in g t he DSKINIO comm a nd wh e n the 
running BASIC . However , DRAGON LOGO does not use 
directo ry, so once a di sk i s u se d for sto ring 
programs , it mu s t no t be use d with BASIC progr a ms. 

If you do not have a formatted di s k , save your proce­
dures on t ape ( as desc ribed above) a nd turn off t he Dragon 
Computer. The n turn the computer back o n . The computer will 
be running BASIC now . Insert a blank disk (remember , labe l 
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t owards the l atch). The n type DSKI NIO, and press ENTER. If 
you get a n e rror message , remov e the di s k , cente r it in its 
pap e r wra pp e r , and try again . Because it i s al wa y s a goo d 
idea to keep duplicates of programs o n disk, format a second 
disk whil e you ' re at it . Once you get the OK response, you 
can r eload DRAGON LOGO as cov ered in Chapter 2 a nd reload 
yo ur proced ures from tape as d escribed below . 

A di s k for DRAGON LOGO programs i s divid e d into 16 
module s . Eac h module occ upi es 2 tracks o r 36 sectors , so t h e 
capacity of a modul e is 9K . It is doubtful whe t her you will 
e ver come v e ry c lose to filling a modul e with a set of proce­
dures because LOGO procedures tend t o be relatively s hort . 
(If you do fill the 9K, the editor will refuse to accept 
additional text . ) The modul es are i ndexed by the letters A 
t h rough P . To sav e al l t h e proced ures in me mory on the disk 
type on e o f th e l et t ers A t h rough P in response to t he BREAK 
mo d e prompt 

LOGO : SAVE : 

You must press ENTER to start t he sav e . Wh ile y o u ' re at it, 
remove t h i s di s k, insert the secon d formatted disk, and sav e 
t he proce dures on t he same modul e ( agai n press S , the modul e 
l et t e r, a nd ENTER) . 

We hav e on r are occasion s had trouble storing programs 
on the di s k. The trouble seems to be related to the relative 
posit i o ns of the disk or th e ribbon cab l e a nd the TV set . 
Wh ate ver , after savin g on di s k we try reloading the mod ul e 
i mme di ate ly . If the load is not s uccessful , we get an e rror 
message (a 6 followed by a quest i on mark) , but the procedures 
a r e stil l in me mo ry, and so we can try a nother sav e without 
r e typin g the p r oce dures . 

We s uggest that you immediately start a n in dex card for 
a ny n e w disk of DRAGON LOGO programs . No di s k tte l abels are 
li ke ly t be l arge e no u g h fo r you to indi cate a ll the proce­
dures on a disk , and it is a poor idea to write on l abels 
once they are o n t he disk . Ma ke s ure that you write t he disk 
n a me o n bot h the card a nd the d isk l abe l before t hey h a ve a 
c hance to get separat e d . One reasonable format is 
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Disk Name 

A I 

B J 

C K 

D L 

E M 

F N 

G 0 

H P 

Loading programs from cassette and 
simpl e . Again it is necessary to be in 
response to the BREAK mode prompt press L. 
will read 

LOGO: LOAD: 

diskette i s also 
BREAK mode . In 
The prompt then 

The responses here are exact ly the same as for SAVE : use 
l etters A through P to l oad a disk modul e , and T to l oad from 
tape . In both cases pressing ENTER will start the process . Of 
course with the cassette tape you will h ave to have the 
volume set to about 5 , have t he tape rewound, and have t h e 
PLAY button depressed before pressing ENTER. 

If you have a printer for your Dragon Computer, you can 
print all the procedures 1n """",ory . Again it is all or 
nothing, except that you can interrupt the printing by 
pressing BREAK without damaging or losing the programs in 
me mory . To print, connect the printer as described in the 
Owner ' s Manual; l oad the paper and turn on the printer . From 
BREAK mode e n ter 

p. - for single space 

Q for double space 

and the procedures in me mory will be printed . If for some 
reason you want to e liminate the line feed at the end of any 
line (thus using a larger portion of the paper width) enter 
EDIT mode a nd insert an @ character at the e nd of every line 
for which you want to e liminate the carriage r eturn and line 
feed. (To place an @ c haracte r in a line in EDIT mod e , you ' ll 
need to press the @ key twice . ) 

There remains the 
otures on the screen . 

quest ion o f saving results, the 
We find that the best way is to take 
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pict ures (th is is t he on ly way to g t colou r at a reasonable 
price) . To avoid false patterns due to interactions of the 
camera shutter with t he video display we recommend a shutter 
speed of 1/2 second . Use a tripod a nd a cab l e r Ie se for t he 
camera . The lens setting is somewhat dependent on the bright­
ness setti ng of t h T V , a nd of course on t h fi lm speed . A 
good starting point is to set medium brightness on the TV and 
u se a 1 n s op n i ng of a bout f8 with fi lm speed of 100 ASA. 
The reds are likely to come out rather brown ish , and 
comme r cial developers are likely to o verexpose prints with 
large dark backgroun ds . However , t he i l l ust r ations i n t h is 
manual are typical of what can be done without much trouble . 
You wil l mi n i miz distortion if y o u use a tel p ho t o l- n s . 

Th is c hapte r is s hort because t h re is v r y little 
complication in sav ing , loadi ng , and printing programs . 
Rem mber t hat you have a very large procedure space avail­
able , so if you are starti n g n w project a n d t h i nk y o u ma y 
want to use some pieces of a previous project , load the 
previou s project b f or you start . Yo u can al ways d 1 te what 
you don ' t need from memory , and you have plenty of space . 
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10 . R c urs i on 

In t h DR II GO N LOGO l a nguage , a ny proc e dure can call any 
proc dure . Wh n the proce dur call s its If , we h a v e a v e r y 
p o we rfu l logical s t r u c Lu re a I l e d I.'ecu r s i o n . One c .l e v e r 
e xampl e o f r c ur i o n was gi v e n by Ho f s tader in Il i s book 
God 1 , E c her , Bac h . 

Ho f s t a d e r ' s La w: IL lwa y s tak s l o n ge r Lhan y o u e xp ct , 
e v e n wh e n you take into ccoun L Hofs tader ' s La w. 

Th e r a r actually Lwo Lypes o f r e urs ion. W ' 11 s LarL 
with th e a si ron : r c ursion wh re Lh e ca ll is the las L 
sta L me n t of Lh e pro ce d u r li s u s u a l , it i s as i cs t Lo l ook 
at x ampl es . Rec ur's i o n can b e u s d in pl ac o f the IiI';PE II'J' 
stateme n L . 

TO CIRCLE 
FD 3 LT 10 
CIRCLE 

END 

Wh e n we run CIRCLE the Lurtl e mo v s f o rward thre s t e p s and 
t u rn Th e n CI RC L E is ca l l e d wh i c h caus - s t h t u rLl - to mo v , 
forwa rd Lhree step s a nd lurn , e t c . In prin c ipl e Lhi proce ss 
caul d can Linu for v e r . I lo we v r , e v e ry time a pr ee dure i s 
call d s o me memo r'y i , s u s d u p . E: v n tu a l ly t h e me mory i . al l 
u sed up a nd we ge t tile m ssag 

MY MF. MOI1 Y I. S '1'00 FU I ~ J. 

Try it . 

::;0 a ltho u g h r ec ur::; l o n (;' " u e u 'e u l;XcLC Lly l i k e I'lErE A'l' , 
the r a r some di s dva nLages La d o ing Lhi.s . We h v e t find 
sam way o f. top i n g Lh e compute r , or it w i 11 run ou t o r 
m ma ry . Th e r e ar a l so s am g r ea L a dvanLagc s t o u s in g t hi ~ 

type o f recursion . The fol l o ~/in g prog r am app a r s in a ll LOGO 
bo k s a nd manua l s . 

TO PO LY SPI : S l ZE : ANG LI~ : S'J' EP 
FD : SIZE 
I'l' : ANGJ.E 
POLYS PI ( : S '/ ZE + : STEP) : ANGLI~ 

: STEP 
E ND 

Thl s procedure is so muc h fun to pl a y wi Lh Lh t 1 t h in k you 
Should d a IJ f.ore we t i , n v o lve d in a ny e xpl an a lion.·. On e 
s uggesl i o n before y o u s a rt : the fi g ures c r ea l e d a r e likely 
lo ouLgrow Lh e screen l o ng b e fore Lh e me mory run s o u t . Th ­
wr p -ar und r atur'e o f t h s c r e n wi.'l l t h - n l ead t o so mc 
s Lriking but puzzli n g e ffects . To s t arl with, 1 L ' s pr v 'n L 
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wrap-around . Enter RUN mode and type 

NOW HAP 

The n t ry a vari e ty of runs , f o r exampl e 

POLYSPI 1 90 1 
POLYSPI 1 90 5 
POLYSPI 1 1 20 3 
POLYSPI 1 1 22 3 
POLYSPI 1 144 5 
POLYSPI 1 145 1 
POLYSPI 1 176 3 

POL~t 5 f.-'1 1. t ?t 

If you the n want t o see what h a ppe n s wh e n t h e c ompute r a llows 
wra p-a round, type 

WRAP 

a nd try s om e mor run s . 

No w l e t ' s t r y to figure o u t wh at is goi n g on wi t h t h is 
POLYSPI . It i s use ful to thi nk o f a DRAGON LOGO p rogram in 
t erms o f l e v e l s : the ma in progr a m is a procedure a t l e v e l 0 , 
a s ubp r ocedure call e d fr om. l e v e l 0 i s a t l e v e l 1 , a s ubproce ­
dure call e d fr om 1 ve l 1 i s a t l e v e l 2 , e t c . The ope r a tion of 
a pro g r am l i ke MANY can be di ag r a mm e d a s 

L evel 0 (MANY) 

Level (FOUR) etc . 

Level 2 (BOX) 
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The transitions down and up between levels 0 and 1 are con­
trolled by the REPEAT statement in MANY (down to level 1) and 
the END statement in FOUR (up to level 0). The transitions 
down and up betwep.n levels 1 and 2 are controlled by the 
REPEAT 4 statement in FOUR (down to level 2 four times) and 
the END statement in BOX (up to level 1). 

In a program like POLYSPI the path is actually less 
complex . 

Level 0 (POLYSPI) 

Leve l (POLYSPI) 

Leve l 2 (POLYSPI) 

Level 3 (POLYSPI) 

The transitions down are controlled by the statement 

POLYSPI (:SIZE + : STEP) :ANGLE : STEP 

There are no transitions back up because the procedure never 
r eaches the END stat ment . Thus t he computer sinks down level 
after level until it finally runs out of memory . 

POLYSPI gives interesting figures because of the differ­
e nce in the values of the variables at the different levels. 
We begin the program with the command 

POLYSPI 1 90 5 (Level 0) 

The recursive call of the procedure is (when we substitute 
the current values of Lhe variables) 

POLYSPI 6 90 5 (Level 1) 

The refore at level 0 the FD command is for length 1 and at 
1 vel 1 the FD command is for length 6. The p ttcrn continues 

POLYSPI 11 90 5 
POLYSPI 16 90 5 

(Level 2 ) 
(Level 3) 

until the turtle runs off the screen (NOWRAP) or the computer 
runs out of me mory (WRAP) . 

Another procedure of this type is called INSPI. In INSPI 
h ngle is incremented recursively . 
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TO INSPI : SIZE : ANGLE : S'rEP 
FD : SI ZE 
RT : ANGLE 
INSPI : SIZE ( : ANGLE + : STEP) : STEP 

END 

Again thi s i s one to play wi t Il . 1'ry 

INSPI 10 90 5 
INSPI 10 90 3 
INSPI 7 5 3 (do SX 80 SY 140 first to get it all 

on the screen) 
INSPJ 3 5 2 

Incide ntally, if you want to get rid of the type at 
bottom of the screen , you can use a procedure like 
following . 

TO TEST : SIZE : ANGLE : STEP 
CLEAR 
INSPI :SIZE : ANGLE : STEP 

END 

the 
the 

The analysis of INSPI is so similar to that of POLYSPI that 
we won ' t bo t he r to give it . 

We no w turn to the more complex type of recursion , 
recursion wh e re returns to the h igher levels are actually 
mad e . Another popular program in turtle geometry is called 
TREE . 
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TO TREE : N 
1 IF : N<2 (STOP) 
2 FD : N 
3 RT 15 
4 TREE (3*: N/ 4 ) 
5 LT 30 
6 TREE (3*:N/4) 
7 RT 1.5 
8 BK : N 
9 END 

Th e line numbe r s a r e not part o f th e procedure ; t h e y a r e 
th r e 1'or re.r e ['e () c ~ ill UUL' di sc u ss i o n of' th e p r oce dure . Ente r 
t h is proc e dure (wi t h o u t t h e l ine numb e r s , of course) and try 
running it with a v a lue of 20 t o 30 f or :N . You mi g ht try 
maki ng the numerical f actors in the t wo call s of TREE (lines 
4 a nd 6 of the procedure ) some what diffe r e nt , thu s producin g 
a n as ymme trical tree . You also cou ld try c h a n gi n g t h e a n g l es , 
but n o ti ce t h a t t h e s um of the t wo right turn s i s qual to 
t h e l e ft t urn . 

No w l et ' s try to understand the program. We h a v e in tro­
du d two n e w ideas in line 1 . The first i s the cond i tion al 
JF. Th e I F mu s t be followed by a n e xpression whi ch has a 
truth value . I n TREE the e xpress ion i s 

Jf i h 
sion 
Jf h 
sion 
The 

:N < 2 

c u r r e n t va lu e of : N 
j s t rue a nd the r e st 

c u rre nt v a lu e o f : N 
j G false a nd t h e rest 
I' t of the stateme nt 

is 
of 
is 
o f 
is 

less than 2 , t h e n t hi s e xpres­
th e s tat e me nt will b e executed . 
2 or g r eater , then t hi s e xpr s­
the stat e me nt wil l be s kippe d. 
plac e d in pare ntheses ; it may 

4 5 



con s ist of ma ny comma nd s , and it ma y extend over ma ny li nes . 

Th e second n e w ite m in line 1 i s t he con trol stateme nt 
STOP . Th e STOP stateme nt e nd s a proc e dure . STOP has t h e same 
effect as an END stateme n t , but a n END s tatement can a ppear 
only a t the e nd of a procedure . 

It will be easier to und erstand TREE if we make 
c h a nges to simpl ify it . Change t he condi tion i n line 
: N< 18 , and c h a n ge th ri g h t t urn s (I ines 3 a nd 7) to 
the l eft t urn (line 5) to 90 . Th e n run TREE 32 to 
si mpler t r ee . 

some 
1 to 

4 5 and 
get a 

Th e f o llowing di agram and table o utline t he ope ration of 
THEE . 

Level a : N = 32 

Level : N =24 

L eve l 2 : N =18 

Leve I 3 : N = 13 
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STEP : N STAHT END LINES 

a 32 0 H4 5 1-4 
b 24 H45 H90 1-4 
c 18 H90 H1 35 1-4 
d 13 H135 H135 1 
e 18 111 35 H45 5 , 6 
f 13 H45 R45 1 
g 18 H45 H90 7-9 
h 24 H90 0 5 , 6 
i. 18 0 H45 1 , 4 
j 13 R4 5 R45 1 
k 18 R45 L45 5 , 6 
1 13 L45 L45 1 
m 18 L45 0 7-9 
n 24 0 H4 5 7-9 
0 32 H45 L45 5 ,6 
p 24 L4 5 0 1-4 

etc . 

First look at the diagram. The program tries to rcach t he 
l o west le v e l of t he procedure until forced to rise in leve l 
by t he .STOP or t he END sta teme nt. By a method whi c h we will 
exp l ai n in Chapter 14 we can singl e-step the program by 
runn ing it as follo ws . Type 

HATCH 1 TREE 32 

Now e very time you press ENTER , one comm a nd in the procedure 
will be e xecuted . For e xample , wh e n you start (step a) , the 
first ENTER executes IF :N <18 , t he second ENTER executes FD 
:N (whic h you can see ), t he t h ird ENTER e x ec u tes RT 45 (agajn 
visible), and t he t"ourth ENTER c:xec utes t h e recurs; VA <":811. 
You can fo ll ow the table exac tly , as long as you realize that 
the stateme nt 

IF :N <18 (STOP) 

l s one statement if the cond ition is false , bu t two state ­
m nL s if the condit i on is true ( exec ute t he STOP) . A step in 
th table i s coun ted as al l t he lines executed from wh e n a 
1 v J. is e nte red un til the l e vel is exited . A level can be 
xit d jn three ways : by a STOP or a n END, whi c h compl etes 
11 procedu re at that l e ve l a nd goes up ; or by a call of 

Lh r procedure , whi ch l eaves the c u rre n t procedure incom­
L nd goes down . 

Tnst ad of gi v i n g an elaborate account i n word s of what 
is h pp nin g , we reco mm end that you run the program in 
si ng l -s t p mod e and follow the table a n d t he program in 

1 J .J. If you get confused , start ove r and try again . 
) lon is a little compl ex , but it is so powerful that it 

W I h Lh effort to und e rstand . 
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Th e ne xt pro g ram dra ws a fi g ure whj c h i s c a ll e d a 
fr ac t a l . A fr a cta l is a fi g ure whi c h loo k s the s ame no ma tt e r 
wh a t magnifi cati o n i s us d t o vi e w it ( o f course we a r e 
limit e d by th e s cre n r esolution he r e ) . In this e x a mpl e we ' ll 

t a rt with the bas i c s ha p 

Th e idea i s tha t eac h o f these f o ur lines s hould be ma d e up 
o f th a t same s hap . At o n e a ddi tiona l l. ve l of d e tail t hat 
g iv s 

Eac h o f the l ines in t h is dra wing i s in turn mad up of four 
lines with the bas i c s ha p , e t c . Thi s i s a pl ace t o use 
r ec urs i o n. 

TO FRACTAL : N 
IF : N<1 5 (FD : N STOP) 
FRACTAL ( : N/ 3 ) 
LT 60 
FRAC'!'AL ( : N/ 3 ) 
RT 1 20 
FRACTAL (:N/ 3 ) 
LT 60 
FRACTAL ( : N/ 3 ) 

END 
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Runn i n g FRACTAL 50 will s ho w the patt e rn. (You ma y wan t t o 
e nter RT 90 an d SX 0 before r unning FRACTAL 50 to t urn it t he 
way we 've drawn it in t he manual . ) Notic e t h at the pattern 
divides th e wh o l e l e ngth into t hird s ; that i s why we divid e 
by 3 on the recursi v e call s . Ho weve r , the resul ting length 
will c hange some what d e p e nding o n t h e conditional IF state­
me nt because of the roundoff loss i n i ntege r ar ithmetic . 
You ' l l see t hat if you c hange t he conditiona l to somethin g 
finer -- say , :Nc 4 . That pattern loo k s like t h e e dge of a 
s n owfla k e . Why not ma ke it into someth i n g si x- si d e d? 

TO FLAKE :N 
CLEAR 
REPE AT 6 (FRACTAL:N RT 60) 

END 

You may h a v e to play with the s t arti ng position (SX a nd SY) 
and t h e size to ge t a n ice f i g ure witho ut wrap-aro und. You 
may a l so prefe r the figure y o u get wh e n FLAKE is made to draw 
three sides a t 1 20 degrees . 

th 
f w 

Ot her variation s are possible. We can r e pl ace FD :N 
IF stateme nt with a more e laborate seri es of co mm ands . 

xampl es fol l o w. 

TO FI,AKE : N 
CLEAR 
SX 50 
SY 50 
REPEAT 3 (FRACTAL:N RT 1 20 ) 

END 
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Re pl ace th e condi tional statement in FRACTAL wiLh 

and try 

IF : Nc9 (FO :N /4 RT 80 
FO : N LT 160 
RT 80 FO : N/4 

PLAKE 150 

Anothe r vari a tion i s 

a nd try 

IF : Nc9 (FO : N/4 RT 80 
FO 2* : N LT 160 
RT 80 PO :N/4 

PLAKE 150 
PI.AKF 70 

FO : N 
STO P) 

FO 2* : N 
STOP) 

Rec urs i on can be use d to dra w e ndl ess s pace- filling pat­
t e rn s . Th e f o llowing exampl e i s typical. 
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TO FOO : SIZE :LEVE L :PARITY 
HT 
IF :LEVEL = 0 (STOP) 
LT : PAR ITY*90 
FOO : S IZE ( : LEVEL-1) 

( : PARITY*-l) 
FD : SIZE 
RT :PAR ITY'90 
FOO : SIZE ( : LEVEL-1) :PARI'I'Y 
FD : SIZE 
1"00 : SIZE (:LEVEL-1) :PARITY 
RT : PARITY*90 
FD : SIZE 
FOO : SIZE ( : LEVEL-1) 

( : PARTTY*-l) 
LT : PARITY*90 

END 

An a ppropriate set of numbers is 

FOO 6 6 1 

In this c hapt e r we have tried to give you some ideas for 
r ec urs i ve programs , Ho weve r, we h ave j Wi. 1; sc ra tc hed t he 
s urfac e of the designs that are poss ible . G.) ahead and exper­
iment, a nd l e t others know if you discover a ny new beautiful 
d sign . 
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11. DOODLE Mode - Procedures Wi thout Typing 

DRAGON LOGO provides a way to e n ter graphi c procedures 
into the compute r wit hout typing t he turtl e comm ands like 
FORWARD and RIGHT . Th e reason for including thi s feature is 
to provid e a way for c h ildren who are not y e t able to read or 
not y e t able to type r e liably to use t he language and to 
be ne fit from the practice in struc tured t hink ing th a t t he 
l a nguage offers . The f eatu r es of DOODLE mode are ar range d 
with that audience in mind. Obviously the c h i ldre n are not 
going to be able to r e ad the manual, so a pare nt or teacher 
will have to assis t them in l earning . In this and the next 
chapter we will teach the assistant th mec ha ni cs of two way s 
to use DRAGON LOGO with children; act ua l s uggestio ns for 
activities with the c hildre n are gathered to get her in Chapter 
13 . In this c ha pter we will co ver the mec ha nic s of DOODLE 
mod e . 

The idea o f DOODLE mode is that a minimum set of turtle 
co mma nds can be e ntered by s ingle ke y s trokes fr om the key­
board. Before proc eed ing , you s hould get the plastiC overlay 
for the key boa rd which was s uppli ed with t he DRAGON LOGO 
pac kage . Thi s overlay fits over the top row of th e keyboard. 
The s ymbol s on the overlay s how the meanings of t he nume ric 
ke y s in DOODLE mod e (see App e ndix 1, page 111) . These s ymbol s 
wi ll a ppear at th e bottom of the scree n in DOODLE mod e wh e n 
the ke y s are presse d, a nd they will appear in the procedures 
that yo u create in DOODLE mode . 

DOODLE mod e is entere d from RUN mod e by pressing the @ 
k y . Wh e n the @ ke y i s pressed, a n = appears a t the bottom of 
the scree n . Thi s is t he indicati on that it is time to name 
th e procedure you a r e c r eating . Si mply type the nam you want 
I..u u se ; t h e n ame ean be as s 'i mr1 p AS a si ng l e l e tter or 
numb e r. Afte r typing the name , press ENTER . Th computer is 
no w in DOOO LE mode and the t op row of ke y s has its ne w 
mpa ni ng . 

The meanings of the keys are 

(1) CLEAR 
(5) RT 4 5 
(9) RT 15 

(2) HOME 
(6) LT 45 
(0) LT 15 

(3) PENUP 
(7) PD 1 

(4) PENDOWN 
(8) FD 10 

'J' ry eac h of the ke y s in turn. Of course 1 (CLEAR) will c l ear 
th scre n, so you won't ha ve mu c h time to se that one . Note 
Lhc co rrespondence be tween the s ymbol s on the ke y s , th e 
s ym bo l s on the bottom of the sc reen, and t h action of t he 
Lurtle . Reme mber that a turn of 15 degrees is not e nough to 
Lurn t he turtle s hape , but t h ree 15 degree turns in a row is 
nough to produc e a vi Si ble turn . 
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OK, no w tha t you ha v e a bit of th e idea of DOODLE mo d e , 
l et ' s try to ma k e some thin g use ful. To ge t a fresh s tart, 
e x i t DOODLE mo d e by press in g BREAK. Thi s put s you in BREAK 
mod e . Clear th e procedure s pace by pressing SHIFT CLEAR . Ge t 
into the RUN mod e (press R) a nd then g e t into the DOODLE mod e 
(press @). The r eason tha t we a lwa y s ge t into the DOODLE mod e 
fro m RU N mod e i s tha t we ma y want to draw patt rn s on t h e 
sc r een in RUN mod e f o r th e c hild to int e r ac t with o r c opy in 
DOODLE mo d e . Notice t h a t the sc r een i s not cl e are d wh e n we 
e nte r DOODLE mod e . Now l et ' s name the procedure we a r e 
c r eati n g " S " by typin g an S a nd press in g ENTER . 

Begin by dra win g a bo x us in g t h e t o p row of ke y s . Whe n 
the box i s c ompl ete d , e x i t DOODLE mode by pressin g th e BREAK 
ke y . The n ge t in to the RUN mo d e a nd run t h e proce dure S . The 
only d i ff e r e nc e be tween t hi s and th e proce dure we ea rli e r 
call e d BOX i s tha t S is a li t tl e s l o we r. To see tha t S 
a c tu a lly e xi s t s as a p roce dure , ge t into EDIT mod e and l oo k 
a t proce dure S . No ti ce tha t it i s the r e with e xac tly the 
s ymb o l s use d in its d fin i ti o n. 

We can act u a lly e di t S in ED I T mo d e jws t as we e di L any 
oth e r procedure . For e x a mpl e , we can a dd a di agon a l t o t he 
box in several wa y s . We can a dd th e type o f t urtl e co mm a nd s 
we a r e a lre ady f a milar with, like 

RT 4 5 
FD 60 

Thi s s ho ws tha t DOODLE mo d e tur t l e comm a nd s can be mix e d wit h 
regul a r t u r tl e comm a nd s . Ho we ve r , in some sen se thi s wa y o f 
e ditin g de f eat s the purpose o f DOODLE mo d e a s th e c h i ld i s 
not l i k e ly to ' be a bl e t o und e r s t a nd the c h a nge . To keep it 
und e r s t a nd a bl e f or th e c h i ld, we e d i t u s in g t h e DOODLE mod e 
s ymb o l o in EDI '!' mode . Eacl, DOODLE mod e s ymb o l can be ma d e by 
press in g @ f oll o we d by t he a ppro priat ke y . Thu s we co uld 
in se rt the a bo ve in s truc ti o n s f or a d iagon a l by the ser i es of 
ke y s tro kes 

@5@8@8@8@8@8@8 

That is , an RT 4 5 (@5 ) fo ll o we d by six FD 10 ' s (@8 ). Tr y i t . 

Obvi o us ly t hi s k i nd of dit in g wo uld be most usefu l i n a 
coope r at iv pro j e c t wh e r e the c hild was u s in g DOODLE mo d e an d 
t he he lpe r was us ing EDIT mod e . A more l ik e ly type of e rro r 
c orrec tion or e ditin g i s to ma k e c han ges durin g th e doo dlin g 
process . Fo r e x a mpl e , " I s hould no t ha ve t a k e n th a t l as t s t e p 
f o rward ," o r " I s hould not h a v e turne d t h a t fa r " . To see ho w 
t o h andl e t hi s , ge t into DOODLE mod e (BREAK , R , @) a n d e nter 
a n e w n ame , say B. Now doodl e out a bo x, bu t go on e ste p too 
f a r o n t h e l as t s id e . Left- a rrow (bac k s pace ) will no w e rase 
the l ast ste p in t he proce dure . Unfo rtunate ly i t a l so erases 
the li s tin g o f t h e proce dure fr om th e sc r een a nd c l ea r s the 
sc r e n, but i t does redra w th e s h a pe wi t h the l ast step no w 
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e l i mi nated. Try e l i mina t i n g s t e p a fter s t e p by r e pea t e d use 
of th l eft-arro w k y . Th e d ited version of t he p roce du re i s 
sto r e d i n the me mory i n cor r ect fo rm a nd can be see n in EDI T 
mod 

Anothe r t yp e of e dit i n g t he c hild ma y wi s h t o do i s t o 
a dd on t o the e nd o f a pre vi o us procedure . Th e r i s no si mpl e 
wa y to do e xact ly t hat , bu t it i s easy to produce th e same 
e ff c t . Ge t into RUN mode a nd r un the curre nt ve r si on o f the 
proc dure . Th a t will dr w th s ha pe o n the sc r ee n . G t into 
DOODLE mode a nd g ive a second na me . No ti ce t ha t t he tu r tl e is 
at th e home posit ion i nstead of at th e e nd of th e s ha pe . 
S t art th e n ew procedure wi th HOME (ke y 2) , r aise the pe n (ke y 
3 ), mo ve t o the e nd o f t he s hape , a nd l ower the pe n (ke y 4) . 
Now y o u a r e r eady to procee d wi t h compl et in g t he s h a pe . To 
get t he wh o l e s ha pe whi le runn ing , e i t he r r un t he t wo p roce ­
dures in se que nce or , i n EDI T mode , remo ve t he END stateme nt 
from the fir s t proce dures a nd the TO na me s t ateme nt f r o m th e 
second procedure . If yo u do t he l atter , y o u can r e mo ve a ll 
t he t ur tle comma nds f r om HOME to PE NDOWN a t t he start o f the 
second proce dure , a s we ll . 

Thus far we ha ve l i mi t e d ourse lv s to ho r i zonta l, 
ve rti cal, a nd 45-deg r ee lines . Wh a t abo u t o the r a ng l es? I t 
mi gh t be useful fo r y ou to re r ead t he disc ussion a bout 
ci r cles in Cha pte r 5 a t t hi s pOint. Th ere we saw that with a 
step f o rwa rd of o ne un i t the o n l y a ngles whi c h we r e possi bl e 
we r e 45 deg r ees a part ( 0, 4 5 , 90 . . . . ) . I n DOODLE mode the 
only step s forw a rd poss ibl e are o ne unit a nd ten unit s . We ' ve 
a lready said that t he only t urn s that ma ke a ny diffe r e nce 
with one uni t f orwa rd are t urn s wh ic h a r e mul ti pl es of 45 
d eg r ees . The only turn s wh ic h ma ke sense with t e n un i t s 
forwa rd a r e multipl es of 15 degr ees . (Th is is not as obv iou s 
or as a bso lute as t h ~ o ne uni t f o rwa rd case , so i f y ou don ' t 
s e the probl e m, try t he ! 'O llowi ng pruce uun=, . 

TO TEST :ANGLE 
RT 90 + :ANGLE 
REPEAT 2 (FD 10) 

END 

The desi&" dec i s i o n was t hat 15 degr ees was t he s ma llest 
div iso r o f 4 5 d eg r ees tha t gave a s moo th line at a n an g l e .) 

I f yo u wa nt to ma ke a l i ne at some othe r ang l e i n DOODLE 
mod e , you can. I t jus t r e qu ires more ke y s trokes . The combina ­
tion of FD 1 o pe r ation s a nd e i t he r n o t urn or a t u r n of 45 
d egrees will a ll o w the dra wing o f a line a t a ny an g l e . For 
exampl " a ve ry small a ngl e c ould be dra wn by r e peating the 
se r ies - FD 10 (ke y 8) fo llo we d by n i ne FD l ' s (ke y 7), a RT 
45 (ke y 5 ), a FD 1, and a LT 45 (ke y 6) - the desire d numb e r 
of t i mes . Thi s s ounds awkwa rd, but r e me mb e r tha t i t will be 
n cessary ve ry se ldom. Most yo un g c hildre n wi ll f i nd 
s u f f icient a c c ura cy wi th turns of 15 a nd 4 5 d eg r ees . 
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DOODLE mod e c ha r acters a r e not a vail a bl e o n printe r s . If 
yo u try to print a procedure created in DOODLE mode , the 
s pecial c h arac t e r s wi l l a pp ear as lower case letters . Th us it 
i s i mp ractical t o print DOODLE mo d e procedu res . Al so notic e 
t hat the @ c haracter has a special meaning i n EDIT mode . If 
you want t o inc lude a n @ c ha r acte r in a line of a proce dure 
to pre ve nt a line - feed whe n printi ng , you must press @ twic e 
i n a row . 
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1 2 . One Ke y Doodling 

Th e idea of DOODLE mo d e can be extend e d to a n o p e n-e nd e d 
se t of s i ng l e ke y strok e o pe rat ion s if we gi ve up the ability 
to store and e di t the c hi ld ' s input a s a procedure . Th is 
r e quires a set of proc e dures whi c h we he r eaft e r r e f er to as 
t h e OK Set (One Key Set) . To start w defi ne a set of proce­
dures with Si n g l e - c haracter n a mes . Th e n press ing t he s ing l 
k y and ENTER wi ll call fort h the des i r ed ac tion . Thi s i s 
easie r s hown t han describe d . 

Th e first step is to define a set of procedures wh ic h 
matc h t he in d i vidua l ke y s in DOODLE mod e . Because we a r e no t 
going to sav e or edit the procedures , we do not bot he r to 
draw t he special s ymbol s at t he bo t t om of the sc r een 
(although if there was some reason to h a v e t h e m we o u ld draw 
them wit h t urtl e comma nd s ) . Clea r t he me mo ry a nd e nte r t h e 
fol l owing procedures . 

TO 1 TO 2 
CLEAR HOME 

END END 

TO 3 TO 4 
PU PD 

END END 

TO 5 TO 6 
RT 45 LT 4 5 

END END 

TO 7 TO 8 
FD 1 F'D 10 

I::NIJ E ND 

TO 9 '1'0 0 
R'l' 15 LT 1 5 

END END 

Th is sct of proc e dures will a ll o w th e c h ild to move the 
turt l e fr e ly aroun d t he scree n in RUN mode u s ing the k e y s he 
or s he already kn ows from DOODLE mode . 

Th e advantage s o f t h i s approac h become e v i d e nt whe n we 
a dd t o t he li st of procedures . Th e follo wing proc e dures are 
typica l . 



TO T 
SH 0 HT PD FD 8 
RT 150 FD 15 
TRI 15 
SH 0 FD 5 PU ST 

END 

TO TRI : SIDE 
IF :SIDE<2 ( STOP ) 
REPEAT 3 (RT 1 20 FD : SIDE ) 
TRI (: SIDE- 2 ) 

END 

T will draw a 
elaborate; after 
triangle. 

triangle . Yo u mi gh t wo nd e r why T i s so 
a ll we co ul d u se t he following to draw a 

TO QUICKT 
REPEAT 3 (FD 15 RT 1 20 ) 

END 

The proble m here is t hat t he orientation of a triang l e dra wn 
by QUICKT will depe nd o n t he prior headin g of the t ur t l e . For 
th applications we ha ve i n mi nd we wa nt a ll t he triangles t o 
have one vertex po inting up (SH 0) . W a l so wa nt to co lour in 
t he trian gle and we wa n t to dra w t he tri a ngle a r o und the 
turtle ' s starti ng position . The refore we use the proce du re 
TRI and we move forw ard e ight unit s before s t arti ng th e 
triangle; hiding t he turtl e ga ins s pee d. TRI uses r e c urs ion 
to make a filled-in tr i a ngle . To ge t compl ete fillin g-in we 
must start a t the correc t v e rte x o f th e tri a ng l e (th is is no t 
obvious , but is a con se qu nce of t he wa y i n whic h the Dragon 
Computer produces co l our i n high r esolut ion). Thus t he line 
RT 150 FD 15 in T moves to a diff r e n t ve rt ex . Yo u migh t try 
replacing this li n e wi t h R'r 30 to get a s triped trian gle , a nd 
t hen make TRI read REPEAT LI (RT 129 FD: SIDE) to ge t an e ve n 
more interesting pat tern . Th e comm a nds in 'I' after TR I 15 
return the turtle to t he starti n g posit i o n with a headin g of 
o degrees . 

A similar set o f proce du r s can be used t o de fine a 
square and a circle . 

TO S 
SH 45 HT PD FD 10 RT 45 
SQU I Ll 
RT 135 FD 10 SH 0 PU ST 

END 

TO SQU :SIDE 
IF : SIDE<2 ( STOP) 
REPEAT 4 (RT 90 FD : SI DE) 
SQU (:SIDE-l) 

END 
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TO C 
SH 0 HT PD fD 8 RT 90 
REPEAT 15 (fD 4 RT 24) 
RT 22 MAKE : X 7 
REPEAT 7 (CIR : X RT 90 fD 1 

LT 90 MAKE :X : X- l ) 
RT 135 fD 2 SH 0 PU ST 

END 

TO CIR : STEP 
REPEAT 8 (fD : STE P RT 45 ) 

END 

The l as t l ine before t he END in C r stores t he turtle to t he 
original pos ition. It is not easy to compute what moves a r e 
necessary to r eac h the origi nal position , so we do it by 
ex perime nt . Run C i mmediately upon entering RUN mode, so that 
t he starting position for t he turtle is at th e home (128,96) 
posit ion . Whe n th e procedure has fi n ished d o a SX 128 a nd a 
SY 96 . Watch wh ic h wa y the turtle mov es , if at all . from 
t hose moves we can te ll wh a t c ha n ges must be made in t he last 
line of C to restore the turtle to the original (home ) 
position . 

Wi t h these procedures the c hild can mov e the turtle 
a r o und t he sc r ee n usi n g t he number keys , and the c hild can 
produc e tri a n g l es by pressi n g T, s quares by pressing S, and 
circ l es by pressing C. But , I hear you say , thi s is for 
c h ildren wh o don ' t know the letters . We s uggest that you 
cover t he se l ected ke y s with s ma ll ad hes ive labels on whi c h 
t he s ymbols ha ve been dra wn . In this example this would mean 
pu tti n g a label with a triangle on the T ke y, a l a bel with a 
s quare on t he S ke y, and a label with a circle on the C key. 
Of course you could use any other keys instead by renaming 
t h e procedures . 

IS 
IS 
T 

• 
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As i n DOODLE mod e we wa nt to h a v e some way to e rase mis­
t a kes . Th e wa y t o d o thi s i s to r e dra w the s h a p e with the 
p e n co l o ur se t t o the b ac kg round c olour . We a l so h a v e to pi c k 
a wa y f o r th e c hild t o co n t r o l th e e r ase . On e poss ibility i s 
to use doubl e p r esses o f t he same ke y t o s p e cify erase . With 
a min o r n a me c h a n ge , t he n, we h a v e t h e proce dures 

TO T 
PC 1 
T1 

END 

TO T1 
SH 0 HT PO 
RT 1 50 PO 1 5 
TRI 1 5 
SI-! 0 F'D 5 PU 

END 

F'D 8 

ST 

TO TT 
PC 3 
T1 

END 

Th e fact t hat we r e tu r n the t u r t l e t o i ts orig in a l po s ition 
ma k es t h is erase possi bl e . 

Simil a r ch a n ges in Sand C g ive 

TO S 
PC 2 
S 1 

END 

TO C 
PC 0 
C1 

END 

TO SS 
PC 3 
S 1 

END 

TO CC 
PC 3 
C1 

END 

We h a v e not bot h e r e d t o r e prin t t h e o ri g in a l v e r s i o ns or C 
an d S whi c h must b e r e n a me d Cl a nd S1. 

Wh i l e we a r e a t i t we s ho uld a llow fo r d oubl e ke ystrokes 
o f the DOODLE mod e c omma nd s . On e e xampl e s hould be s uffici e nt 

TO 77 
PC 3 BK 1 

END 

We a r e i n e f fect build i n g a s p ec ial lang uage c on s i s tin g o f 
o n e -keyst r o k e comm a nd s . Because o f the l o w fru s t rati o n t o l e r­
ance of t he a ud ie n ce t h at we a r e build i n g the s pecial l a n­
g u ag fo r, i t i s espec i a lly i mp o rtant t o mak e the langua g e 
" use r-p roo f " . ' To do that we s h ould d e fin e a proce dure for 
e v e ry o the r ke y o n the k e yboard . Th e proce dure s a r e 
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TO A 
TO B 
'ro D 

END 

Note that we s kipped C because it is actually used . Not e a l so 
that it is not nec essary to have individual END stateme nt s 
for each pro ce dure because thc following TO s t ateme nt 
automatically e nd s eac h procedure . These procedures actually 
pre v e nt the message 

I DON ' T KNOW HOW TO ., . 

if the child accidentally presses an unlabeled ke y. 

In thi s c h apt e r we ha ve introduced th e id a of building 
s hapes or compl ex picture ele me n ts which the young c hild can 
call forth with si n g l e keystrokes . The exampl es we ha ve gi ve n 
are simpl e , but the only limit to what is possible is your 
time a nd imagination . Let's now start thinking about ways to 
uS'e these tools wi th very young c hildre n. 

61 



62 



13 . Use o f DOODLE Mod e a nd OK Set 

I n t h e pre v iou s c h a pt e r s we cov e r ed t h e operat i ons of 
the DOODLE mod e a nd the OJ< Se t. Wh a t i s possi bl e and wh at is 
wo r t hwh ile are t wo se parate qu es ti ons . I n t h is chapter we 
will pass a l o n g some s uggest i o n s . Our s uggest i on s a r e ai med 
at th e adult wh o i s workin g with s ma l l c hild ren . We have 
co ll ecte d ideas fro m a n umb e r o f sou r ces . However, we should 
ma k e i t c l ea r tha t, becau se DRAGO N LOGO offe r s possibilities 
f o r working with mu c h youn ge r c h i ldre n t h a n cou ld be reached 
pre v iously, no o ne at t h is t ime really kno ws what Is possibl e 
o r wh a t i s mos t b e nef i c i a l . Al so r e me mb e r t hat this is a 
use r ' s ma nu a l f o r a compute r l a n g uage , not a t ext book on 
ear ly c h i ldhood e ducati on . Do n ' t b e hes :i. t a n t to question our 
s ugges ti o n s , a nd don ' t hes it a t e t o try o ut ne w i deas . 

Pe rh a p s th e best wa y to sta r t with ve ry y o un g c h ildren 
is to l e t th e m p lay . By pl a y we mean to a ll o w t hem to explore 
t he eff ects o f t h e vario us ke y s . If t h e c h ildren are ve ry 
y o un g , th is wi l l t a k e quite a bit o f time . If y o u' ve changed 
the s hapes a vail a bl e in t h OK Se t since t he last session, 
t h e n yo u shou l d gi v e t he c h i ld a nother c hance to e xplore Lh e 
n e w se t o f ke y s . Keep in mind tha t a c h i ld ' s attention span 
is no t as l o n g as y o urs , so don ' t try to p ro l ong the sess ­
ions . Our o wn first i deas f or DRAGON LOGO g r e w from an effort 
t o c r ea t e some thin g f o r a f o ur- y ear -o ld t o do because he 
wa nte d to b e li ke Da d a nd "wo rk o n the computer. " This sug­
ges t s that a noth e r wa y t o s t a rt i s t o maste r DOODLE mode 
y o u r se lf a nd to pre p a r e a se t of p r o ce dures for the OK Set. 
The n y ou'll be r eady wh e n a n i n te r est d face appears at your 
s h ould e r sOlne e v e ning. 

Th e use r s o f LOGO h a v e ha d con sisten t succ~ss with onc 
tec hn i que fo r ge tting c hildre n s t a r te d. Th e y repeatedly 
re l ate the tur t l e co mm a nds with b o dy mo v e me n t . That is, ask 
the c h i ld to pl a y t ur t l e a nd as k the m to kee p trac k of the 
turtl e mo v e me nt s t hey ma ke . Thu s , if t h e t as k is to draw a 
box , t h e c h ild is as ke d to wa lk in a box -sh a ped path and then 
to t e l l t h e tu r tl e wh at h e o r s he d i d . The s uccess on which 
t h is r ec omme nd a tion i s based comes f rom work with somewhat 
older c h i ld ren, so i t ma y not b e qu ite as effective with the 
p r e- r ead i ng g roup. I t mi g ht h e lp t o g ive t h e m objects to 
act u a lly wa lk around to ma k e the s h a p e l ess a bstract. 

On e heavily use d t e chnique in early c hil dhood teac h i n g 
i s to as k t he s tud e nt t o co py some thin g . A book Li tied 
Mathemat i cs Thei r Wa y by Ma ry Ba r atta-Lo r ton ( Addison-We s l ey 
Publi s h i n g Co mp a ny, 1976\ ma kes use o f thi s tec hniq u e for' 

gJ nn i n g ma th e mati cs a nd i s a ri c h sou rce of ideas for 
DOODLE mo d e p r o j ects . Basically, th e a pproac h is to wri Lc Cl 

proce dure in th e c o nv e ntional way wh ic h wi l l d raw a figure or 
shape . This can be pl a c e d on the sc r een in RUN mod e . Th e 
child is t he n as ke d to c opy, c ompl e t e , f i ll in, inve rt, 
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rotate , or i n some wa y proceed with r e f ere nc e to the f igure 
on the scree n . .If the procedure t h e c h i ld develops wh ile 
dOing thi s is l ikely to be worth kee pin g for f utu re use , t he n 
the c hild s houl d b e worki n g i n DOODLE mode . If it is not 
worth keeping , or if it r e qui res the more compl ex s h apes , 
the n the c h ild s hould be working with t he OK Se t of 
proce dures . 

Le t' s turn now to some s pecific ac tiviti es . A l a rge 
numb e r of exe rci ses could be built around the i dea of p a tte rn 
cont i nu a tion and ge neral izat ion . Th ese ac tiviti es a r e bes t 
s ui ted to the OK Set , so th e f o llowing proce dures s hould be 
adde d to t hat set . One of the simplest types i s a patte rn 
whi c h can b e i mpose d on a l ine of dot s. first we draw two 
parall e l l i nes of dots . 

TO DOTS 
CLEAR 
HT RT 90 
SX 5 SY 150 
LINE-Of-DOTS 
SX 5 SY 50 
LI NE-Of-DOTS 

END 

TO LI NE-Of-DOTS 
REPEAT 20 (DOT f D 12 ) 

END 

TO DOT 
fD 1 PO RT 90 fD 1 
REPEAT 4 (RT 90 fD 2 ) 
PU 
BK 1 LT 90 BK 1 P U 

END 

DOT i s a bit more e l aborat e t ha n we need right no w, but l a t e r 
on we ' ll want to b e s ure t ha t t he dot i s cente r e d on the 
s t a rtin g pOint . We 'll use DOT in late r examp l es . Ne xt we draw 
some very simple repeati ng pat t ern o n t he upp e r row of dot s . 
We 'l l use DOTS in the pattern drawing proc e dure . Several 
e x a mpl es fol l ow. 

TO PATTER N1 
DOTS 
SX 5 SY 150 
REPEAT 10 (PO FD 12 PU 

FD 1 2 ) 
SX 5 SY 50 ST PO 

END 
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to tryout the task to c hec k th e diffi c ulty l e v e l be fore they 
a r e around . Thi s is s upposed to be fun as we ll as in s truc­
ti v e , a nd not a n e w source of frustration . 

The same pi eces can be used for a slightly more diffi­
cult exercise . 

TO PATTERN2 
DOTS 
SX 5 SY 150 
REPEAT 6 (PO LT 60 PD 40 

RT 1 20 PO 40 
LT 60) 

SX 5 SY 55 
LT 90 F'D 10 RT 90 PD 40 
RT 90 PD 10 BK 10 LT 90 
ST 

END 

.... _ .... - ...... 

Here t h e task is to r produc the indicated pattern by 
conti nuing t h e s hapes start d o n t h e lower line . Because the 
two s h a pes forming the pattern are diffe r e nt, t he focus is on 
t he s ha pe r ather than s traigh t opy ing . 

We may as well ma ke use of some of t he fancier shapes 
t hat we have d efi ned in t h e OK Set . The fol l owing is anoth e r 
examp l e of comp l ete the pattern, but one whi c h is vi s ually 
more interesting. 
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TO PAT'I'ERN3 
MAKE : X 0 MAKE:Y 50 
CLEAR f-IT 
REPEAT 10 

(REPEAT 7 (SX :X SY :Y 
SQUARE MAKE :Y :Y+ 20) 

MAKE : X : X+ 20 MAKE :Y 50) 
MAKE : X 11 MAKE : Y 58 
REPEAT 4 

(REPEAT 5 (SX : X SY:Y 
'1' MAKE:X :X+40) 

MAKE : X 11 MAKE : Y : Y+40) 
SX 3 1 SY 158 ST 

END 

TO SQUARE 
REPEAT 4 (FD 20 RT 90) 

END 

Th hild ' s t as k i s t o c ompl e t e the pa tte rn by 
t u r tl e a nd by press in g the ke y wi th th e triangl e . 
variati o n s on thi s t he me a r e poss ible . 

movin g t h e 
Ma ny o the r 

The PATTERN3 proc edure mak e s heavy use of the MAKE 
me nt, and we ha ve not di s cus sed that before . The MAKE 
me nt c ha n ges the va ri a bl e foll o wing the MAKE t o t he 

va lue g ive n by the next expre s s ion or number . For e xampl e 

MAKE :X :X + 40 

the s tarting value of : X with a value whic h i s 40 
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Of course not all the tasks using the triangles , 
squares, and circles need to be directed towards spec ific 
goals . As k t he c hild to create a design , or to create a 
border to t he sc r ee n . 

Another group of projects can be base d on compl etion of 
design . The screen can be thought of as consisting of four 
qu a dra nts divided a t the home pOSition . The idea is to have 
the turtle draw a pattern in one quadrant and to have the 
chi l d compl ete the pattern in the other three quadra nts. 
Either DOODLE mod e or the OK Set can be use d he r e . If y ou ' ve 
included the e r ase procedures for the DOODLE turtle co mm a nds 
in t he OK Set , t hen that set is preferable. A si mpl e pattern 
is 

TO PATTERN4 
CLEAR 
RT 90 
REPEAT 2 (FD 60 SX 128 SY 96 

RT 45) 
HOME 

END 

We have written the procedure so that it is easy to add lines 
to ma k e a more e l aborate pattern . Howe ver , we recomme nd that 
you restrict t he patterns to t hose using angles whi c h are 
easy to produce in DOODLE mod e (that is , multipl es of 15 or 
45 degrees) . W~ reset the t urtl e to the ho me pOSit ion wit h 
the SX and SY instead of with HOME so that the turtle heading 
is preserve d . Again the FD s hould be some multipl e of 10 to 
minimize the nu mber of ke ystrokes needed . 
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Thi s gives a more compl e x patte rn . 

TO PATTERN5 
CLE AR 
LI NES 60 128 10 
HOME 

END 

TO LINES :LENGTH :X : STEP 
IF :LENGTH = 0 (STOP) 
SX : X SY 36 SH 0 
FD : LENGTH RT 90 FD : LENGT 
LI NE S (:LENGTH - : STEP) 

( : X + : STEP) : STEP 
END 

Th startin g points for the patte rn a r e p i c ke d so as to 
c nter t he patte rn on the ho me pos ition. Thus because ho me is 

t 1 28 , 96 the s t a rting point for the first line is at 128 , ~6 

wh ich i s 60 uni ts be low home . We ' ve c hosen to orient t he 
pattern so t hat the c hild can begi n drawing without turning 
t h turtle. 

At some pOint the c hild will need pract ic e in l earnin g 
letters a nd numb e r s . Part of l earning to r ecogn ize t he m i s t o 
look at them very car efully, and thi s can be e ncouraged by 

of DOODLE mode activities. Th e c hi ld will pro bab ly want 
the letters later t o writ e si mpl e words , so we ' ll sav e 

procedures the y ma k e . The first tas k s could b simply 
copyi ng fro m a mode l . Because most p eop l e ide ntify comput rs 
with mathe matic s , h e r e we ' ll counter that tende n cy by usi ng 
1 tters for exampl es . We ' ll be gin wit h the l e tte r F . W ne d 

procedure to draw the model. 
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TO DRAW- F 
CLEAR 
SX 50 SY 146 RT 180 
FD 50 
SX 50 SY 146 LT 90 FD 30 
SX 50 SY 1 26 FD 20 
HOME 

END 

This will draw a large capital F as yo u can see by running 
th e p roce dure . Ho wever , it will draw the F so quickly t hat it 
gives t he c hil d n o h i n t as to t he order i n which the l i nes 
s hou l d be drawn . The order can be i nd icated i n several ways . 
Colour can be use d (dra w the red part , the n draw t he blue 
part) . We can put de l a y s between t he st rokes to ma ke t he 
sequence on the example vi s ibl e . We ' ll use both tec hn iques . 

TO DRA W- F 
CLEAR 
SX 50 SY 146 RT 180 
PC 1 FD 50 
WAIT 6 
SX 50 SY 146 LT 90 
PC 2 FD 30 
WAIT 6 
SX 50 SY 126 FD 20 
WAIT 6 
HOME 

END 

TO WA IT :T 
REPEAT :T (REPEAT 820 ()) 

END 

n 
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Notice t h a t th e p roce dure WAIT d oes noth i n g but count . Th e 
n umbe r on t h inner REPEAT i s pi c ke d so t h a t the numb r : T i s 
a pp ro xjmate l y t h numb e r of seconds t h a t a r e u se d up count­
i n g . Be s ure t h a t th e c h il d ' s proce dur i s na me d F so t hat 
the r e i s a si mp l e co rresp ond e nce be t wee n t he na me an d t h e 
d rawi ng . If y o u s till ha ve th e OK Se t i n me mory , you ' l l h a ve 
t o d e l e t e F fr om t hat se t . 

Once t he c h i ld i s f a mi li a r with t h e s h ape o f t h l e tte r , 
o r of se ve r a l l et t e r s , y o u can l e t t h e m try ma k ing l et t e r s by 
conn ect i n g dot s . He r e t h e p r oce dure mu s t dra w t he dot s , 
pre f e r a b l y s t a rti n g a t t h e ho me po s iti on. 

TO DOTM 
CLEAR 
DO T FD 60 DO T RT 135 
FD 30 LT 4 5 DOT 
LT 4 5 FD 30 RT 4 5 
DOT RT 90 FD 60 DOT 
HOME 

END 

In t h is proce du re we ' ve bee n ca r e ful t o a l wa y s ha v e 
t urtl poi n ti n g in the hor i zonta l direc tion t o keep 
Sp c in g of the do t s p e rfec tly r egul a r . Tha t ma y not 

55 n tial . 

t h e 
t he 

be 

Thi s dot- t o- dot e xe r c i se work s best fo r t hose I tters 
n d numb r s wh r e t h e p n n e v e r nee d b e rai se d . Mos t l et t rs 

re q uire t h a t the pe n be r aised . The dot pa tte rn f o r th s m y 
b bit of a p u zz l e , p e r h a p s a wor th wh il e c h a ll e n ge . I f t ha t 
15 0 diffi c ult , co l our codin g t h e d o t s i n t o t wo o r thre 
5e ~ 5 r a d d ing inte rme di a t e d o t s ma y h e lp . 
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The abilitj to vi s u a li ze ho w things will a ppear in other 
positi on s may b e worth developing . The idea he re is to g ive a 
figure in one position a nd to as k the c h i ld to doodl e it in 
anothe r position . We are goin g to r e use the c hild ' s proc e dure 
for fi nal comp arison, so he r e we use DOODLE mode. One t as k i s 
to ask the c h ild to compl e t e a partially dra wn figure , but in 
anothe r pos ition . 

TO PATTERN6 
RT 180 
SX 70 FD 50 RT 90 FD 20 RT 90 
FD 20 LT 90 FD 10 RT 90 FD 10 
LT 90 FD 10 LT 90 FD 10 RT 90 
FD 10 LT 90 FD 20 RT 90 FD 20 
RT 90 FD 50 RT 90 FD 70 
SX 198 SY 96 SH 180 
FD 50 RT 90 FD 70 RT 90 FD 50 

END 

u 
Re me mber tha t in e nte ring DOODLE mode it wi ll be necessary to 
n a me the proce dure t ha t the c hi l d i s creati ng . The comparison 
of the t wo figures can be made n i ce ly. Let ' s assume that the 
c hi ld ' s proce dure is n a me d ZZ . Afte r ZZ i s compl e t e d , e nte r 
RUN mode a nd do t he fo ll owing . 

RT 180 
PATTERN6 
SX 70 
SY 146 
PC 2 
ZZ 

Thi s will rot a t e the origina l figure a nd draw the c hild ' s 
figure over the rot a t e d origi na l in anothe r co l our . The 
r esult i s even more sati s fyin g wh e n the c hild is dra win g the 
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whole figure in the n e w position . Of course the above set of 
instructions could be combined into a nother procedure so as 
to speed the comparison . 

The DOODLE mod e projects can become quite compl ex . For 
exampl e , a long DOODLE mod e project could be teaching the 
turtl to write in handwriting . The key is to na m eac h 
procedure for drawing a c u rsi ve letter with that si ngle 
letter as the name . Thus, c ursi ve a should b given t h 
procedure nam e A, c urs iv b t h e proce dure nam B, etc . Th e n 
in RUN mod e every ti me a letter is typed (followed by ENTER) 
the cursive letter will be drawn. Or one could define a 
procedure with a word s pel l ed out ( s pac es betwee n th l et­
ters) a nd the result would be the word in cursive l etters . 

TO CURSIVE 
CAT 

END 

will write cat in c urs ive if the procedures C , A, and Tare 
co rrect ly d efi ne d. To ma ke it a ll work s moothly, the turtle 
will have to e nd up in the right position after eac h letter . 

If t hat i s not e nough of a c ha ll e ng e , then how about 
ma kin g the compu ter draw I tters as they appear in a ma nual 
on cal li g r aphy? No doubt you will h a ve to mak e the m a bit 
bigger to get the d sired effect . Th e o nly l i mitation is that 
you can't have both upper a nd lower case letters at once . 
There are li mi ts , even with DRAGON LOGO ' 

This c hapter has gi v e n som idea of what can be done 
with the OK Set and DOODLE mode . At this point there are 
several ways you mi ght continue with a c hild. One is to 
con ti nu e with DOODLE mod e giving them ever more c hal l e ngi n g 
~asks or encouragi n g th~m r.n r.reate useful procedures whi c h 
you he lp them use in RU N mod e . If they are reasonably good 
wi t h th keyboard , th y may not need mu c h help . An alterna­
tiv is to teac h them how to extend the OK Set by a dding 
procedures th y create in DOODLE mode (they can make thei r 
o wn key l abe l s a nd attac h them as they name th e procedures) . 
For xampl e , you could s uggest that they draw a truck, a 
house, a tree , and a person i n DOODLE mode , and then l et t h e m 
draw street scenes using th se a ddition s to the OK S t. Of 
curs t hey ' ll soon wa nt to add colou r . To do t hat t hey 'll 
h ve 0 learn how to i nsert PC co mmands into their proc­
dures, and before long they ' ll be t yping a nd editi n g i n th 
st nd ard way . 
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14 . Mu l tiple Turtl es 

So f a r we ha ve be e n dra win g on t h e scree n wit h a si ng l e 
turtl e . Complex figures we r e ma d e by drawing o ne piece at a 
t ime , fir st one piece compl ete ly , th e n a seco nd pi ece , e t c . , 
un ti l t he dra win g was compl ete . In DRAGON LOGO the r e i s 
a nothe r way to produce a complex drawing . We can draw a ll t h e 
parts at o nce us in g se ve r al turtles. 

Multip l e turtles prov i d e ma ny ex tra poss ibili ties . Games 
are one obvi o us appl i cation. It i s mu c h eas i e r to prog r a m 
games if eac h pl a y e r i s ass i g ne d a turtl e wh ic h mai nt a in s its 
po s ition un ti l t hat playe r ' s ne xt t urn. Thi s i s especially 
true in DRAGON LOGO as we often do not kno w t h e pos ition of 
t he t u rt l e in a b so lute coordinates , in whi c h case it i s hard 
t o s tore a r eturn point . We s hall see that i t i s of t e n 
poss ible to simplify t he prog r a mm i ng by g iving i ndiv idu a l 
turtl es diffe r e nt s ubtas ks i n a game . We can ma ke dra wi n gs by 
ass i g n ing t urtles to the tas ks of drawing individual pi eces 
of the wh o l e . In this way th e d rawing wil l seem to e vo lv e 
in s t ead of appeari ng p iecemeal . At a mo r e se rious and 
a bst r ac t l e ve l, we can use t he multipl e t ur t l es to illust r a t e 
the process of mul t iprogrammin g . 

Let ' s begin by enteri n g a fe w proce du res for t he turtles 
to r un. Cl ear the me mory a nd e nter 

TO BOX : SI DE :X :Y 
SX:X SY : Y 
REPEAT 4 (FD : SIDE RT 90) 

END 

TO CIRCLE : SIDE : X : Y 
SX :X SY : Y 
REPEAT 20 (FD : ~l U E RT 18) 

END 

Run eac h of these to ve rify t hat th e y are e nte r e d correctly . 

We c reate ne w turtle s by means of the HATCH command . The 
form of the comm a nd i s 

HATC H turtle numb e r procedure for the turtl e 

or to g ive a s peci fi c example 

HATCH 1 BOX 50 30 60 

t he me aning of HATCH i s obvious . The following numb e r, 
i s the name or l abe l o f the turtl e . Turtl es can b 
wi th any numbe r between 1 and 254. (Turtl e 0 i s t he 

t urtl e - always present , e ve n if hidde n by a HT 
- whi c h we ha ve bee n using exclusi vely up to no w. ) 
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BOX is the name of the procedure whi ch we are telling turtl e 
1 to run. The numb ers fol lowing BOX are , as usual, t h val u es 
to be fed into thc local variables within BOX. 

Next we tryout a s imple multipl e turtle program. Ente r 
th e following 

TO TEST 
HATCH 1 BOX 50 30 60 
HATCH 2 BOX 40 180 90 
HAT CH 3 BOX 60 100 90 

END 

Notice tha t eac h turtl e has its o wn proc e dure and its own set 
of values for the v ar i ables . Of course se v e r al turtl es can be 
us ing the same proc e dure , but eac h stil l h as it s own c urre nt 
set of values for the variabl es . Wh e n you run it you may get 
l ess than you expected . Why does the program s top before 
drawing th e boxes ? Notice that the re are four turtles on the 
sc r ee n: t he three you created wit h the HATCH comm ands , and as 
a lways , t he master turtle. Wh en ther a r e multipl e turtles , 
DRAGON LOGO gives eac h turtl e a turn in se que nc e . A turn is a 
single turtl e comm and or a logical operation in a control 
stateme nt . (A control stateme nt is one whi c h controls the 
se que nce of op rations in the procedure , for exampl e an IF or 
a REPEAT.) Therefore havi n g created turtle 1, it gi ve s turtle 
1 a turn a nd creates turtle 2 , then it gives turtles 1 and 2 
eac h a turn and creates turtle 3. Next it gives turtles 1 , 2 , 
and 3 eac h a turn a nd e ncounters t he END in s truction . Because 
turtle 0 is a lways there, turtle 0 is now waiting to find out 
what to do . We hav e not given turtle 0 a nything else to do, 
so it is waiting for a command from the keyboard. If we press 
ENTER (a command for turtle 0 to do nothin g ), then all the 
oth e r turtle s get a nother turn . Try it . Re me mb er this as a 
way to Si ngl e-s t e p throu g h proccdurc s to find errors. 

Of course we do not a lways wa nt to have to sit at the 
ke yboard press ing ENTER. We can get the wh o l e thing to work 
as plann e d if we give turtl e 0 some procedure to run as well. 
Try 

TO TEST 
HATCH 1 BOX 50 30 60 
HATCH 2 BOX 40 180 40 
HATCH 3 BOX 60 100 20 
BOX 20 150 1 20 

END 

Th e last call . of BOX has no HATCH preceding , so it is 
addressed to turtle O. That ' s more like it ! If you want to 
see in a bit more detail what is actually happ e nin g you might 
want to s low down the s peed . You can slow any proc e dure by 
inserti n g a S LOW comma nd . 
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TO TEST 
SLO W 30 
HATCH 1 BOX 50 30 60 
HATCH 2 BOX 40 180 40 
HATCH 3 BOX 60 100 20 
BOX 20 150 1 20 

END 

Th e numb e r afte r SLOW t e ll s th e computer ho w muc h to s l o w 
down . Th e numb e r must be b e twee n 0 a nd 1 27 . Zero i s f ull 
speed a nd 127 is t he s lowest s peed. Th e S LOW co mm a n d sets a 
speed for a ll proc e dures whi c h will re mai n un c h a n ged un t il 
reset with a n o the r S LOW co mm a nd o r until RUN mode is ex i te d 
a nd t h e n r ee ntered . 

Before we l eave this e xa mpl e , n o t ice th at at t h e co mple­
tion o f eac h turtl e ' s proce dure t he turtl e disappears so that 
at th e e nd only turtl e 0 r e ma in s . 

Of course we can use ma ny procedures fo r the var i o u s 
t urtl es . Try 

TO TE ST2 
HATCH 1 BOX 50 30 60 
HAT CH 2 BOX 40 180 90 
HATCH 3 BOX 60 100 20 
HATCH 4 CIRCLE 3 30 140 
HATCH 5 CIRCLE 4 180 120 
CIRCLE 5 90 90 

END 

Th i s procedure can be used to poi nt ou t on e potentially 
tro u b l esome poi n t . Wh a t if we a l tere d the procedure by ma kin g 
t h e procedure for turtle 0 BOX (cay BOX 80 DO DO)? If y o u try 
t hi s , y o u will f ind that the circ l es a r e not compl e t e d and 
t he two turtles dra win g the ci r c l es remain o n t he scree n . 
Thi s is because turtl e 0 ru n s o ut of co mm a nd s before t h e 

the r s are finis hed . To a voi d t h e problem , a lwa y s pu t t h e 
proc e d ure for tur tle 0 l ast , a nd assign turtl e 0 the mo s t 
compl e x procedure . 

Anoth e r so luti on t o t h e prob l e m me nti oned abo ve i s 
co nt a in e d in t h e procedure ABSTRACT. 
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o ABSTRACT 
CLEAR COLOURSET 1 
RT 25 
HAT CH 1 PATH 1 LI 30 
RT Ll 3 
HATCH 2 PATH 2 LI 20 
RT 67 
HATCH 3 PATH 3 LI LlO 
RT 105 
HAT CH LI PAT H 0 LI 10 
VANI SH 

END 

Notice that turtle 0 is turned betwee n eac h HATCH. The i ni­
tial pos iti o n a nd headin g of eac h n e w t ur t l e is t he same as 
that of the parent turtle (the turtl e wh ic h hatc hes t h e ne w 
o n e ) . In this exampl e tu rt l e 0 is t h e parent , so eac h n e w 
turtle will h a v e the position an d headi ng o f tu r tl e 0 at t he 
ti me of HATCHi n g . After the f o ur n e w turtl es are c r eated , 
t h e n turtle 0 is gi ve n t h e VANI SH co mm a nd. Th e VAN ISH co mm a nd 
tells a turtle to go o u t of ex i ste n ce . Once turtle 0 is o ut 
of e xi s t e n ce , it no longer gets a t urn, and it cann ot bring 
th e procedure to a ha l t by running out of co mm a nd s . 

Of co urse this procedure needs PATH to function. 

TO PATH : COLOUR :1 :L 
HT PC : COLOUR 
WHILE 1 

(FD :L RT 90 PU FD : 1 

RT 90 PD FD :L 
LT 90 PU FD : I LT 90 PD 
I F NEAR 255 > 150 

(RT 108 ) 
) 

END 
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PATH contai n s some n e w ideas whi c h we s hould e xpl a in . Th e 
firs t i s t h e WHILE s t a t e me nt . The WHILE is some wh at like a 
REPEAT, but wi t h a cond it ion. Th e most co mm on use is t o 
I' peat whil e some condition is true (for e xampl e , WH ILE :X < 
3 ). Th e computer evaluates th e condi ti o n and r et urn s t h e 
valu ze r o if t he condition i s fal se or a non-zero va lue if 
Lh conditi o n i s tru e . He r e we wa nt it to r e peat for e ve r, so 
w assign the condition the value 1 whi c h a lwa y s i s int e r­
pr ted as true. Th e p a r e ntheses following the WHILE e nclose 
t h comm a nd s whi c h are to b e repeated . Th e other ne w i dea is 
Lh use of the NEAR func tion . The NEAR fun c t ion r e tu rn s an 
indica ti on of t h e di s t a nce from the current turtl e to t h e 

signate d turtle . Actually, wh at y ou get is t h e total of t h e 
at ps in the x direction a nd in t he y direc tion to t he 
d signate d t urtl e . In PATH the stat e me nt is 

I F NEAR 255 > 150 (RT 108) 

Th e c urre nt turtl e (re me mb e r 1, 2 , 3 , or 4 ) i s asking t h e 
di s t nce to turtl e 255 . But tur tle 255 d oes not ex i st . Wh e n 
you I" ques t the di stan c e to a non- e xi ste n t turtle , you get 
t h distance to th e home position . Th e r efo r e t hi s stat e me n t 
s ys , if t he cu rre n t turtl e i s more than 1 50 ste p s a way from 
home , the n turn right 108 degrees . 

Afte r s u c h a long ex pl a n at i o n, we s h o uld get a program 
wh i h run s a lon g tim . ABSTRACT will s ure ly fit the bill; it 
wil l run until you h it the BREAK ke y or unt i l t he r e is a 
pow I' failure . 

Pe rh aps you'd l i ke a different d esign . 

TO MIX I T 
CULUUK~tT 1 BG 0 
HATCH 1 SWEEP 1 3 
HATCH 2 SWEEP 2 3 
HATCH 3 SWEEP 3 3 
HAT CH 4 SWEEP 2 3 
VANI SH 

ENO 

60 
60 

190 
1 90 

30 
160 
160 

30 

~c SWEEP : COL : INT :X :Y :H 
REPEAT 1 2 

(HT PC : COL 
SX : X SY :Y SH :H 
REPEAT 92/: INT 

o 
90 

180 
270 

(PO FO 100 PU BK 100 
RT : INT 

END 

) 
MAKE : COL : COL+1 

) 
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The r e is no question t h a t th e t u r t les s l o w down as t he 
number o f tur t l es o n t h sc r ee n in c r eases . Aft e r a ll , mo r e i s 
go i ng o n . Th us f ar we ha ve n ' t ha d so ma ny t ha t t he s l o wi n g i s 
tha t not i ceabl e . But ho w a bou t a program wh i c h ge ne r a t es a 
lo t of t ur l es? One i n te r esti n g tes t is to r eturn t o a r ecur­
s i on progr a m a nd i mp leme nt it usi ng mu l t ipl e turtl es . TREE 
i s a n ideal e xa mpl e . Try t he f o l l owi ng . 

TO TREE : S 
I F ME=O (CLEAR SETY 0 ) 
If : S>6 

END 

( f D : S LT 30 
HATCH 1 TR EE (3* : 5 /4) 
RT 60 
HATCH 2 TREE ( 3* : S /4) 
VANI SH) 
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Agai n we ' ve introduc d a ne w idea with thi s proce dure , 
h r e the ME f un ction . The ME fun ction r e turn s the identif ica­
tion numbe r of t he c urrent turtl e . Th e s tat e me nt 

IF ME =O (C LEAR SETY 0) 

says if th c urre nt turtl e is t urtl e 0 , t he n c l ea r the scree n 
a nd move . Because turtle 0 is s ub se qu e n tly t o ld to VANI SH, 
thi s wi l l happe n on ly once . Thi s pro cedure rec urs ivc ly 
h tch s ne w turt l es , all name d ei ther 1 o r 2 . Beca use t he 
r urs iv call s keep l e ve l s di s tinct, thi s i s sa ti s f actory, 
but fu nc tion s like NEAR would gi ve unpre di c t a bl e r esult s 
b caus the various turtles a r e not unique ly na me d . 

'['h r e a r e a numbe r of interest :lng t hings t hat can be 
Lri d with t h is proc e dure . One is to comp are it in s pe d with 
Ltl earli e r version of TR EE . In one case y ou ha ve all t he 
b c king up necessa ry for a pure r ec urs ive prog r a m, a nd jn th e 
oth r you ha ve t he ove rhead necessa ry to kee p t r ac k of a ll 

h turt l es . To ma ke th e comparison mean i ngful you ' ll have to 
m ke t he two ve rsj.ons d r a w the s ame s i z e tre , bu t by now 
Lh t will be easy. Th e co mp a ri so n ma y g iv e some id a of why 
multiprogramming is wor th l e arning a bout . You can s pe d the 
mul t jpl -turtl e version by r e duci ng the numbe r of times t he 
turtl has to be dra wn . Simply in se rt a HT co mm a nd as t he 
f irs t co mm a nd i n t he proc e dure . One ot he r c ha nge conve rt s the 

r i nt o f ull blossom. Try 

TO TH EE : S 
IF ME =O (CLEAR SY 0) 
IF' : S>6 

END 

(FD : S LT 30 
HA TC H 1 TREE ( 3" : S/4) 
HT 60 
HATCII 2 TRE E ( 3* : S /4) 
VANI.H) 

ELSE (REPEAT 500 (» 

The addj L.i.on .i.s t he ELSE s t ateme nt . Thc ELSE is a 
p rt n r of th e IF s tateme nt . The combination say s if t he 
c urre nt va lue of : S I s grea t er th a n 6 t he n ob y t he co mm a n s 
t n t h fo llowj.ng se t of pare ntheses (from FD : S t llrough 
VI\NJS II ) , bu t if : S i s not g r eate r than 6 t he n obey h com­
m nd s i n t he pare ntheses fol l owin g ELSE . The co mm a nds foIl w­
l n g EL E s imp l y d e l a y the compl etion o f the pro cedure so that 
w the t r ee with a t ur tle at the e nd of ac h bra n h. 

'I' r es a r e so ea y to dra w wi t h mul tipl e t urtl s th L we 
s w 11 draw a compl ete fore s t . I n f act we ' l l l oo k at Lw 

deci duou s fores t i n wint rand th ot h r n 
in wh ate ve r season y o u l i ke . 
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TO FIRI :N :X : Y 
HT SX : X SY : Y PC 0 
BK : N/ 2 RT 90 FD :N/4 
LT 90 FD 6+ :N/ 2 RT 90 
FIRll :N : X 

END 

TO FIRll : N :X 
PC 1 RT 15 FD :N 
LT 129 FD 3* :N 
WHILE XLOC ME> : X (FD 2) 

END 

TO FIR 2 :N : X : Y 
HT SX : X SY : Y PC 0 
BK :N / 2 LT 90 FD :N/ 4 
RT 90 FD 6+: N/ 2 LT 90 
FIR 22 :N : X 

END 

TO FIR 22 :N :X 
PC 1 LT 15 FD:N 
RT 129 FD 3* :N 
WHILE XLOC ME < : X (FD 2 ) 

E ND 

TO FIR :N :X :Y :T 
HT 
HATCH :T FIRI : N :X : Y 
HATCH :T +l FIR 2 :N : X : Y 
IF : N>20 ( STOP) 
FIR ( : N+l) : X : Y : T 

E ND 

TO EVERGREEN : TREES 
H1' 
WHILE : TREES > 0 ( 

MAKE :X RANDOM 200 + 2 
MAK E : Y RANDOM 100 + 3 
MAKE : T : TREES*3 
HATCH : T FIR 2 : X :Y 
REPEA'r 30 () 
MAKE : TREES : TREES-l) 

VANI SH 
END 
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'l'ry r unn i n g thi s se t of procedures , first with o ne tree an d 
t hen with se v e ral. With some TV sets you ma y be a b le t o get 
ere n .tops a nd brown trunks , so try playin g aro und . If not , 
you c n a lwa y s c l a im t hat t h e y ' r e inte nd e d to be blu e s pruce . 
Th r are a couple of n ew ideas i n the l ast two procedures . 

n FIR1 1 we h a v e use d t h e XLOC fun ction . Thi s r e turn s the x 
s cr e n coordinate of the des igna t e d turtl e . Here : X i s t he 
s rti n g pO i nt for the right h a l f of the t r ee . Whe n XLOC has 
r urned to the s t arti n g pOi nt, the procedure is fi ni s he d. In 
FIR notice t h e u se of th e variabl e :T t o i ndi cate the turtl e 
numb r . In EVERGREEN we ha v e introduce d the RANDOM fu nction . 
RANDOM produce s a r a ndom number betwee n 0 a nd the argume nt 
1 . For e xample 

RANDOM 200 + 20 

20 to a r a ndom numbe r between 0 a nd 199 . The r esult mu s t 
number between 20 a nd 2 1 9 . We d o t hi s to kee p the trees 

from t h e e dge whe r e the wra p- a round will gi v e some 
r l opsi d e d tree s . Al so note t h e use o f WH I LE in combina­
with the 

MAKE :TREES :TREES -1 

Th i give s a number wh ic h i s one l ess e v e ry time through the 
Wit L' loop . : TREES is use d to vary t h e turtl e numbe r s for 
eac h tr e drawn . 
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The deci duous f ore t uses t he TREE procedure we 've 
already seen . To t hat we must add 

TO FOREST 
BACKGROU ND 1 
S X 236 
REPEAT 3 ( SY 10 

S X XLOC ME + 40 
HATCH 1 TREE 20 
SX XLOC ME + 40 
HATCH 2 ·TREE 30 

CLO UDS 
END 

TO CLOUD : S1ZE :X 
S ETI-IEAD1NG 90 
REPEAT ( : S1ZE/6) 

(MAKE : X RANDOM ( : S1ZE/2) 
PU FD : X/2 PD 
FD : S1ZE- : X PU 
BK : SIZE- :X/ 2 
SY YLOC ME-2) 

END 

'1'0 CLOUD S 
PC 2 S X 10 SY 180 
CLOUD 60 
S X 100 SY 164 
CLOUD 30 
SX 190 SY 176 
CLOUD 65 

END 
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fi g in i n thi s e xampl e we ha ve cr-eated ma ny t u r tl es with the 
m numbe r- s by hatc h in g th em r ec ursi ve ly . Th e t wo mult iple 

~r e drawings s how the two way s i n whi c h rn ul tlpl e t urtl es can 
b c reated . It ma kes no difference wh ic h wa y y ou do it unl ess 
yo u re goin g to r e f er- t o the t u r-tle by numbe r- . In tha t case , 

h tur-tle must have a unique number- . 

Notice th s tat e me n t 

S X XLOC ME + 40 . 

'rh l s has t he mean i ng 

SX (XLOC ME) + 40 , 

n L 

SX XLOC (ME + 40) . 
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15 . Ne w Sha pes f or Tur t l es 

All turtl es a r e c r a t e d e qu a l; a t l eas t t he y a ll look 
the same . In t he e xa mpl es we ha ve seen so f a r that didn ' t 
ma t te r, but of ten we want th e di ffe r e nt turtl es t o l ook 
d i ff e r e nt. f o r in s t a nce , it would be i mp oss ibl e t o p lay many 
games if a ll the pi eces o r pl a y e r s l ooke d the same . So DRAGON 
LOGO i nc ludes a wa y t o c ha n ge the s ha pe o f i ndividu a l tur­
tl es . As we s ha ll see , thi s gives us a bonu s : a wa y t o do 
s impl e a nima ti on . 

Th e s hape o f th e turtl e is c ha nge d by mean s of th e SHAPE 
s tate me n t . f o ll owin g the SHAPE i s a li s t of turtl e s ha pe com­
mands . Turtl e s ha pes a r e dra wn us ing a ve ry l imite d se t o f 
turtl e g r a phi c co mma nd s , bas i cally f o rw a rd a nd ba ck a s ing l e 
s t e p, ri ght o r l e ft by 45 deg r ees , a nd pe nup a nd pe nd own . The 
co mma nds i n a SHAPE s t a t e me nt ha ve a b so lute ly no e ff ec t on 
the turtl e po s it ion, heading, o r pe n s t a t e . The s ymb o l s u se d 
f o r these co mma nd s a r e li ste d in the fo ll owi ng t abl e . 

TURTTE SHAPE COMMAND 

f 

B 

R 

L 

U 

D 

EffECT 

St e p fo rwa rd one do t. If tn e pe n lS 
down, compl e me nt (re ve r se the 
co l o u r of) the do t . 

S t e p bac kwa rd one d o t. If t he pe n 
i s d o wn, compl e me nt the do t . 

Turn ri ght 4 5 d egr ees . 

Turn l e ft 4 5 d e grees . 

Pic k up the turt l e s ha pe pe n. Thi s 
pe n i s always do wn a t th e s tart o f 
a SHAPE comm a nd. The turtl e shape 
pe n i s compl e t e ly inde p e ndent o f 
the s t a ndard turtl e pe n; PU a nd PD 
comm a nd s ha v e no e ffec t on the tur 
tI e s h a pe pe n, a nd U a nd D ha ve no 
e ffec t on th e tur t l e pen. 

Pu t the turtl e s ha pe pe n down. I f 
the turtl e s ha p e pe n was up, the n 
putting it down will cau se the c ur­
r e nt d o t t o be compl e me n te d . 
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No ti ce that becau se t he o nly move f orward or bac k poss j ­
bl e is on e dot , t h e n t h e only turn s wh ic h ma k e se n se a re 4 5 
deg r ee tu rn s . 

Thi s will be cleare r if we gi v e a n exampl e . 
assume t hat th e c u rren t o ri e n tat i on o f th e turtle i s 
s trai ght up . Th e n t h e comm a n d 

SHAPE URRFFFLLDFFFFL­
FFFLLFFFLFFFF 

will dra w t h e followi n g t urtl e s hape . 

Let u s 
hea din g 

No ti ce that t he turtl e s hape co mm a nds can e xte n d ov e r 
more t ha n a s ing l e line . Mul tiple lines must be connec t e d 
wi th a hyph e n a n d must start i n col umn 1 . Thi s i n t urn mean s 
tha t t h e r e is no limit on t h e size or compl e xity of a turtl e 
s hape . However , t h e turtle s h a p e must be redrawn e v e ry ti me 
the turt l e mo ves , so t h e l a r ge r a nd more complex t he turtl e 
s h a p e , the s l o we r t h e s y s t e m wi l l ru n . 

I t is fairly diffic ul t to c r eate d esired turtle s hapes 
by trial a nd error a t t h e ke yboard . I t i s esp ec i al ly diffi ­
c ult to l ocate a n er r o r i n the middle of a st r i n g of turtl e 
s h a p e comma nds . We h a ve fou n d t he f o ll owi n g to b e effec tive 
wa y s to proceed . First d es i g n t h e t u r t le s hape o n a pi ece of 
g r a ph or e n g ineeri n g pape r. Th e poss ibi l ity of rotat ing the 
!, "pe r as you e nt e r t h e c h ape may 3ave you from get Lin g d. 

s tiff neck t rying to play turtl e at the ke yboard . Once t h e 
s hape i s designed o n th e g r a ph paper , t here are t wo meth od s 
whi c h we use . I f the t urtl e s hape is a s impl e o n e , e n ter t h e 
s hape in DOODLE mode . Re me mb e r that the ke y s 3 ,4 , 5 ,6 , and 
7 correspond exact ly to t he tu rt l e s h a pe comm a nds U, 0 , R, L , 
and F. Only B i s mi ss in g , a nd wh il e B i s very u seful, it is 
not esse n tia l. Use of DOODLE mod e con tinually s h ows you t h e 
c urre nt heading , whi c h is a big he lp . Howe ver , t he turtle 
draw n i n DOODLE mo d e wi ll not loo k e xact ly like t h e fin a l 
t urtle for se ve r'al r eason s . Lines drawn in DOODLE mode a r e 
two do t s wide , but l i nes d r a wn as t u rtle s h a pes are on e do t 
wide . Also , li nes which cross , compl e me nt wh e n t h e y a r e par t s 
of t u rtle s h a pes , buL Lh e y do not compl eme n t i n DOODLE mode . 
Ho wever , you will get to see th e s h a p e i n about the f i na l 
form and of exact ly th e f in a l s ize whil e dra win g it . Once y o u 
h a ve t he s h a p e completed i n DOODLE mode you can e nter EDI T 
mo d e a n d con ve rt the p rocedure int o o n e to draw a ne w s h ape . 
Si mply inse rt the SHA PE co mma nd before the co mm a nd li st and 
convert eac h 3 to U, Ac h 4 to 0, eac h 5 to R, eac h 6 t o L, 
a nd eac h 7 to F, a ll by o vertyp i n g . 
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Let ' s b egi n with a ve ry s i mple e xa mpl e . We wa n t t he 
turtl e to a ppear as a n a rrow. On grap h pa pe r we dra w t he dot 
patte r n . 

The actua l t u rtle position i s t o be a t t he t a il e nd of t he 
a rrows . Ente r DOODLE mode , nam i n g t he procedure NEW, a nd dra w 
t he fig u r e . The ke y s tro kes a r e 777777766677555537755747. You 
ma y be s urprised at t he s ma ll s iz e of t he turtl e , but you can 
a lwa y s draw a ne w o ne af t er you ' ve l ear ne d t he t ec hn i qu e . Now 
e n ter EDIT mod e a nd l ook at NEW. Inse rt SHAPE befo r e t he list 
of s ymb o l s and r ep l ace t he DOODLE s ymbols wi t h t he appro­
priate t urtl e s hape co mm a nd s . Don ' t forg e t to include the 
hyp he n at t he e nd of t he fir s t l i ne of co mm a nd s . At t hi s 
poi n t y our procedure s hould be 

TO NEW 
SHAP E FFFFFFFLLLFFRRRR­
UFFRRFDF 
END 

To see ho w your s h ape l oo ks , run NEW a nd t he n e nter co mm a nd s 
like FD 20 a nd RT 90. Re me mb e r t hat t he t urtl e can be dra wn 
i n e ight posi ti o ns . Be s ure to try the di ago nal po s itions 
(for e xamp l e , RT 45 ) because t he re will be some c han ge in 
:;ll o. j.J e 0.:; L1 le LurLl e ruLo. Le:; tu tt l e:;e posit I o n s . To see why 
that is so , r eturn to the graph paper a nd fo ll o w y our t u r tl e 
ins truction s beginnin g along a diago nal. It i s a good idea to 
do t his o n graph paper before goi ng to t he computer , as your 
turt l e s hapes mi ght come a part up o n rotation if t he y are 
dra wn in t he wro ng se qu e nce . To s how y o u t hat it can happen, 
try t he follo wi ng . We could ha ve dra wn essent iall y t he same 
s ha pe by t he ste ps 

FFFFFRR UFFDLLLFFLLFF 

i n the ve rtical o r horizont a l pOSition s , but i n t he dj agonal 
posit i ons th is pattern comes apart , as you can see if y o u 
follo w t he in s truc ti on s on graph pape r . 

No w we move to a bit more comp l e x e xampl e , a n outline of 
a plane . The dot patte rn i s 
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xXx 
xxxxxx~ ~xxxxxx x x 
xxxxxx~ rxxxxx 

~hxx~~ 

a nd th e proce dure created in DOODLE mode a nd translate d in 
EDI'r mod e is 

TO PLANE 
SHAPE RRFFFLLFLLFRFR­

FFFFFFRRFFFFFFF­
LFLLFLFFFFFFFRRF­
FLFLLFLFFRRFFFF­
FFFLFLLFLFFFFFF­
FRRFFFFFFRFRFLL-
FLLFF 
END 

Whe n we go to mo r e compl e x s h Apes we pre f e r to work with 
pape r r a the r than with DOODLE mode. The r e are se v e ral r easons 
for t his . On e i s that t h e B co mm a nd i s very u se ful. The other 
i s t hat we mu s t b e ve ry c are ful if we are to a void probl e ms 
wh e n t he turtl e s h a pe i s turn e d to t h e 4 5 degree posi tions . 
As i s our custom we will illus tra t e with a n e xampl e . We want 
to use t he following st i c k figure as a turtl e s h a pe . 
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We must c hoose our pathway through the figure ca r efully. The 
probl m point s are pOint s where lines meet . To avoid probl e ms 
we a voi d s hortcut s and return to junction points by 
backtracking exact ly. The pathway we take is i ndi cate d on the 
second figure . The dotted lines indicate backtrac kin g with 
t he pen raised . Remember, if we did not raise the pen when 
backtracking , then the lines wou ld be compl e mented a second 
time (that is, erased) . The only place where we don't back­
track is on the head . If a clos d figure is s ymme tric, then 
it will stay c lose d wh e n rotate d. 

The other point to note car fully i s wh e n to raise and 
lower the pen . A dot will be compl e me nte d if the pe n is down 
wh e n we move into the dot or if the pen is l o were d whil e we 
are in the dot . Noti ce that this means that if we draw a line 
and then cross that line with the pe n down, the crossi ng dot 
will be eras d . 

Following the pathway indi cated gives the following 
procedure . As stated earlier , we would work this out o n paper 
a nd e nter it directly in EDIT mod e so that we cou ld use t h e B 
command. 

TO ONE 
SHAPE LLULLFFFFDFFRRRFFFFFF­

RRFFFFFFLLFFUBBLLFFFFFFRFD­
FFFFFFFFRRFFFFLFFUBBRBBBB­
RFDFFFLLFFUBBLLFFFFRFD­
FFLFRFFRFRFFRFRFFRFRF 
END 

Try this out by running ONE. Try rotating it to other posi­
tions . Notic e that whe n you tUrn it far enough it is upsid e 
down. You may not want turtles that do strange things like 
that for some purpooeo . You can co meti mes a v oi d it if it is a 
problem by shifting your pOint of vi e w. For exampl e you mi ght 
decide that it would be nice to have a turtl which actually 
looked like a turtl e . If you draw a side vi w of t he turtle , 
then it will look strange with headings like 180 degrees . But 
if you draw a top view of the turtle, then it looks fine in 
any o ri e ntation . 

The r eason that we drew the stick figure is t hat we want 
to s how you how to use DRAGON LOGO to do some ve ry si mpl e 
animation . We want to have a figure that will walk. (If your 
c hild drew that town view a fe w c hapters ago, you might add 
this to that module so t hat you can have someon e walk through 
the town . ) We'll need anothe r position for the stick figure, 
so we define a nother turtle shape . The process is the same as 
befo re . 
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Tra n s l ati ng the indicated path into a procedure giv es 

TO TWO 
SHAPE LLURRFfDBBLLffffFfRRR­

FFFRRRFFFFLFfUBBRBBBBRFFFRFD­
ffFFFFFFFRRRFFFFLLFF­
UBBLLFFFFLLFDfFFLLFU­
BLLFFFFLFDFLFRFfRFR­
FFRFRFFRfRF 
END 

No w that we have the s ha pes , we can ha ve some fun . First 
l e t ' s ma k e them wa lk. 
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TO WA LK 
HT PU SX 100 
REPEAT 100 (O NE 

HT FD 6 TWO 
WAIT 100 HT 

END 

TO WAIT : T 
REPEAT : T () 

END 

RT 90 
ST WAI'l' 

ST 
FD 6) 

100 

Notice t hat in t h i s case we wa n t t h e turtl e s hape to be dra wn 
at ri g h t a ngles to t h e turtl e motion. Th a t i s t a ke n ca r e o f 
in the SHA PE s tateme nt . Not i ce a l so t hat we h a ve t o s low d own 
the process by i n c ludin g the WA IT in s tru c ti o n. Ot herwi s i t 
r un s so fast tha t we h a ve tro ubl e see in g th e s h a pe . Try ot he r 
va lues for : T t o vary t he speed . We can ma ke the fi g ure 
c limb ; jus t e n t e r LT 15 before ru nn ing WALK agai. n . We can 

ve n ma k e t he figure walk i n a c ircl e . 

TO WALK- AROUND 
HT PU S X 100 RT 90 
REPE AT 100 (O NE ST WAIT 100 

1-11' RT 1 5 FD 6 
TWO ST WA IT 100 
HT RT 1 5 FD 6) 

END 

You ma y pre fer t h e mot i o n y o u ge t with a diffe r e n t 
control procedure . Try t h i s as a n a lt rn a t i ve t o WALK . 

TO WALK1 
HT PU SX 100 RT 90 
REPEAT 1 00 

(HATCH 1 WALKA 
REPEAT 8 () 
HT FD 6 
HATCH 1 WALK S 
REPEAT 8 () 
HT FD 6 

) 
END 

TO WALKA 
I-IT ONE ST 
REPEAT 10 () 

END 

TO WALKS 
1-11' TWO ST 
REPEAT 10 () 

END 

The trick he r e i s to ge t t h e d e l a y s (th a t i s , the REPEAT S 
wi t h mpty parentheses ) s yn c hronized . The delays in WALK1 
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must match with the d e lay s in WALKA and WALKB. If the re is a 
mismatc h o ne direc tion the two figures will appear toge ther, 
and if there is a mi s match t h e oth e r wa y the motion will be 
unn ecessarily jerky . 

After al l t h is tal k about t urtl es , we feel a n obligation 
to actuall y draw somethin g whi c h l oo k s a bit like a turtle . 
A o ur last e xa mpl e we give a HERD of turtles . 

I · ,~ 
1~8.--2 ---'. t[ 3. 

TO TURTLEl 
SHAP E LL­

BRRFRRFLLFRRFLLFFFF LBBBRF L­
FFFRFLBBBUFFFRFDFFFFFRFFF­
LfRBBBLfRffFU BBBLfDFfFFFffF­
LLfFLFFLLFfRBLBLLFRFRRFfFfF­
RfRFLFFFLFFfFFfFFLFFFLFRF 
END 

TO TURTLE 2 
SHAPE LL­

BRRFRRFLLFRRFLLFFFFRRFfUBB­
LLfDRRfffLLfFUBLLFDFFRRFFffFFf­
RRffUFLLFDLLfFfRRFRRffFLLFUB­
LLFFFnnFDFFFFFFF­
LLF f LffLLf fRB LBLL FR FRRFFFFF­
RFRfLfFfLffFFffffLfFfLfRf 
END 

TO CRAWL :T : X : Y 
HT PU SX : X SY : Y 
RT 90 
REPEAT 100 ( 

HATCH : T+1 '1'1 
REPEAT 8 () 
HT fD 2 
HATCH 1 T2 
REPEAT 8 () 
HT FD 2 
If XLOC ME > 230 (VANISH) 

) 
END 
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TO T1 
HT TURTLE1 
ST 
REPEAT 10 () 

END 

TO T2 
HT TURTLE 2 
ST 
REPEAT 10 () 

END 

TO HERD 
CLEAR H'1' 
MAKE :1 0 MAKE :T 1 
REPEAT 20 ( 

IF :1<10 (MAKE : 1 : 1 +1) 
MAKE : J 1 
WH I LE :J < : I 
(HATCH : '1' CRAWL :'1' 0 (:J * 18 ) 

MAKE : '1' : '1'+ 2 

) 
END 

MAK E : J : J +1) 
REPEAT 900 () 

. .. 

It i s cl ea r t hat whil e mu c h is poss ibl e wit h t h e t u rtle 
s h a pes , DRAGON LOGO is no t likely to become a too l for the 
ge n e ration of Satu rda y mornin g TV shows . It was ne ve r i nte nd­
ed that it s hould be so . It i s a tool that will a ll ow the 
c h i ld to produce r esults whi c h can b e i mme n se ly sati s fying to 
t he creator . 
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16 . Ga mes 

On e of the mo s t po pul ar a ppli cat i o n s o f compute r s i s 
gaming. DRAGON LOGO can be use d t o c r eat e a g r ea t v a ri ety of 
games . In thi s c ha pt e r we will g ive two e xa mpl es of turtl e 
games . These a r e in c lude d , no t as comp e tito r s f o r the l ocal 
vid eo a r cad e , but as illus tra tions o f some ve ry u se ful t ec h­
niques for commun i ca tion b twee n turtl es . 

Before ge tt i ng into th e d e t a j. l s of th e s impl e game we ' r e 
go in g to u se , we want t o po int o ut a f e w thin gs whi c h ma y be 
o bv iou s . Mos t o f the po pul a r vid eo - arcad e a nd compute r g ames 
r e ly ve ry heavily o n s p ee d . Things h appe n wh ic h f o r ce t h e 
pl a y e r t o r e act f as t r and fas t e r un ti l fin al ly t he y f ai l . 
Yo u ' v e a lready go tt e n some f ee l f o r the s p ee d a t whi c h a nima ­
t i o n run s in DRAGON LOGO; it ' s no t go in g t o b e fast e n o u g h t o 
c r eat e s hoot -e rn-up s pace games th a t wi ll ho l d int r s t f o r 
l o n g . Ho we ver , i t do s h a v e cap a b i l i ti es s uc h t h a t t h e u s r 
can creat e r a th e r tha n jus t pl a y s u c h games . I f y o u wa nt t o 
c r eat e games wh ic h will a l so be c h a ll e ngi n g Lo p l a y u s in g 
DHAGON LOGO the n y o u m:Lg ht t ry to t h i nk o f gam s wh e r e 
coo rdin a t ion of e ve r a l mo v i n g o b jects i s th e c halle n ge (thu s 
l o we r s p eed i s no limit a t ion ) o r games wh e r e there i s 
s ufficie n t s tra t egy that the pl a y e r mu s t thjnk whIl e p l a yin g . 

Our fir s t sampl e game is call e d CATCHEM. Th e r e a r e t wo 
pl a y e r s (or on e tw o-h a nd e d pl a y e r) wh o ma nIpu late o bj ec t s on 
the scree n by press in g ke y s o n th ke yboar d . Th e obj ec t i s 
f o r t he c hase r t o ca t c h th e runn er . Wh e n t h e c hase r catc hes 
the runn e r, the sco r e keep e r c ha n ges t he sco r e , a nd a ne w 
c hase s t a rt s . The r e i s a n a dv a n tage to us in g mul tip l e t urtl s 
he r e , as we c an assign ac h tur t l e o ne t as k. Th is sI mplifi es 
t h e progr a mmin g g r e atly ; f or xa mpl , we cl o not ha ve t o mo ve 
a c urso r to t he sco r e board t o c ha n ge t he score a nd t h e n 
r turn t o ma ke t he next mo ve . 

Th e mas t e r proce du r s im p ly n a mes t h e p r oced ures and 
ss i g n s the fo ur tas k s t o f o u r tu r t l es . We use t urtl e 0 a nd 

th r ee o th e r s . 

TO CATCHEM 
CLEAR 
HATCH 1 GETKEYS 
HATCH 2 RUNNER 20 
HATCH 3 CHASER 
SCOREKEEPER 0 

END 
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The n a mes of the procedures for the four t urtl es are pretty 
de sc riptive . RUNNER control s the runner a nd CHASER contro l s 
the c haser . SCOREKEEPER keeps the score . GETKEYS reads i nput 
from the keyboard. Of course the various turtles need to 
communicat e , and that i s the main ne w i dea we will illustrate 
in this exampl e . 

Let ' s begi n with the ke yboard . 

TO GETKEYS :X 
HT 
WHILE 1 (MAKE :X KEY 

IF : X ' S (SEND 2 1) 
IF :X ' D (SEND 2 45) 
I F :X ' A ( SE ND 2 3 15 ) 
IF :X ' K ( SE ND 3 1 ) 
IF : X ' L ( SE ND 3 4 5 ) 
IF : X ' J (SEND 3 315) 

) 
END 

First we see a tric k we used before : the use of WHILE 1 as an 
effecti ve REPEAT FOREVER . The second new item i s the KEY 
function. The KEY function look s at the keyboard to see if 
a ny key has been pressed. If no key has been pressed, t hen 
KEY returns the value O. Thus, if at the time turtle 1 is 
executing the stateme nt 

MAKE : X KEY 

no key is depressed, then the variable : X is given t h e value 
O. If on the other hand a key is d epressed , t hen t he variable 
:X is g ive n the ASCII v a lue of t h e key. So t he KEY f unction 
r"t.llrn", eith er t h e ASCII value of' the k ey depressed or 0 if' 
no key is depressed . The ASCII val ue is a number aSSigned to 
each key o n t he keyboard according to a n industry-wide 
convention. In this procedure we do not ha ve to know what the 
particular number is because the literal (for examp l e , ' S) 
auto maticall y computes the ASCI I val ue as we ll . 

The next task for this procedure is to recognize whi c h 
key has been depressed and to send a message to the appro ­
priate turtle. We h a ve to decide what keys to use for what 
actions of the runner a nd the c haser . We decided on the 
followi.n g ke y assignments . 

S move runner forward 

A turn runner left 

D turn runner right 

K move c haser forward 

J turn c haser l eft 
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L t urn c hase r right 

So no w we see wh at ( if a ny) ke y was pressed . First lo o k at 
the stateme nt 

IF : X = ' S ( SE ND 2 1) 

The literal'S gi ves the ASCII v a lue of t he argume nt S . That 
is , the condition : X = ' s in combination wi t h th e pre vi o u s 
KEY function c hec k s to see whet her the S key was depressed. 
If the S ke y was d epressed , th e n the s t ateme nt SEND is run. 

Th e SEND stateme nt se nd s a message to a nother turtle by 
leaving t he message in a ma i lbox . The first number after the 
SEND is the a ddr ss of t he message . In t he line we are 
analyzing the address i s 2 , so this message can be p icked up 
from t he mai lbo x only by turtle 2 . Th e address can be a n 
expression as wel l as a number . The second number after the 
SE ND i s the message . Here the message is the numbe r 1; in 
ge neral the message can be a ny number in the range covered by 
DRAGON LOGO (-3 2768 to 3276 7) or a n expression whi c h gi ves a 
number i n this r a nge . To re v ie w, 

SEND 2 1 

leaves the message 1 in t h e mai lbox for turtle 2 . Because the 
S key i s to mov e th e runner (turtl e 2 ), t h e message 1 must 
mean mo ve . We ' ll see that i n t h e procedure RUNNER . 

Although we aren't goi n g to use it in this example , 
there i s a wa y to se nd a ge n eral message to the first t urtl e 
that pi c k s up its mai l . We just u se the turtle address 255 ; 
LI " = 11 LI I t: li e x t turtle that inqui rec w i 11 get the me s "'''2p . Tf 
we wa nted to se nd a n all pOints bulletin to all turtles , we 
cou ld do so by setti n g a g l oba l variabl e ( see Chapter 6) . 

The rest of GETKEYS is just more of the same . We c hec k 
for eac h of t he ke y s whi c h control t he runner and se nd a 
message to turtle 2 if one of them i s depressed, a nd we do 
the same for the three k e ys which control turtle 3 . Notice 
that the ' WHILE 1 causes turtl e 1 to conti nu e to poll the 
keyboard forever . There are certain features of DRAGON LOGO 
whi c h ma ke this part of the programmin g very si mpl e . By 
assignin g one turtle the t as k of watching the k e yboard at al l 
times we mak e su r e that the two players h a ve equal access to 
contro l; we are ve ry unlike ly to lose ke y stro kes whil e so me ­
thing e l se is h appe nin g , a nd provi s ion for regular polling of 
the ke yboard i s h a ndl e d a utoma ti cally by the l ogic which 
handles multipl e turtles. 
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Now l ~t ' s turn our attenti on to RUNNER . 

TO RUNNER :X 
PU SX : X 
SHAPE FFFFFFFFUBBBRRFD­

FFUBBBDBBB 
WHILE 1 (MAKE :X MA IL 1 

IF : X 

) 
END 

(I F : X = 1 (FD 8) 
ELSE (RT : X) 

RUNNER sets a starting position for t h e runner , l ifts t h e pen 
so that t he r unner l eaves no trac ks (which ma kes no differ­
e nce in the c hase , b u t kee ps the scree n c l ean), a n d draws a 
s hape so that th e runner will look diffe r e nt . We t h e n e nter 
another WHILE 1, wh ic h will ru n forever . 

'I'he run ner turt l e now c hec ks its mai lbox by usi ng t h e 
MA I L f unction . The number follo wing MAIL ( t he a r g ume nt) i s 
t h e number of t h e turtle that t h e run ner t ur tle will accept 
ma il fro m. Here turtle 2 , the r unner turt l e , is as king for 
mai l from turt l e 1 , t he ke yboard turtl e . If th e r e is n o 
message , t he n MAIL returns the value O. The stateme nt 

IF :X 

c hec ks for t he v a l ue of :X . If it is 0 , t he n the stat e men t s 
i n parentheses are s kippe d . Si nce the pa r e ntheses e n c lose a ll 
t he r est of t he commands, a 0 causes the loop to start agai n . 
Thus t h e turtle just kee ps c hec k i n g its mai l until i t ge t s a 
message f r om t urtl e 1 . 

If we look bac k a t GETKEYS we see that a message 1 meant 
to move . Therefore if : X = 1 t h e runner is mov ed fo rward 8 . 
If a t this poi n t the message is not 1, t h e n it mu s t be e ither 
45 or 315 . The runner is t urn e d right by either amount 
(remember t hat RT 3 1 5 is the same as LT 4 5 ). This co mp letes 
t h e mov e , so t h t u rtle goes bac k to c hec king its mai l from 
turtle 1 . 

Before go ing f ur t her , look careful ly at the arrangeme nt 
of the t wo IF stateme nts i n RU NNER . Notice t h at t he paren­
t heses after the fir st IF e nclose t h e second I F and t h e ELSE . 
Thi s pairs t h e ELSE with th e second I F. The meaning i s : i f :X 
i s not 0 (the first I F), th e n do on e or t h e ot her of t h e 
fo ll o win g ; if : X is 1 mov e forwa rd - otherwise t urn. 

Th e CHA SER procedure is si milar to RUNNER, but it 
includes t he test for a s uccessful catc h . 
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TO CHASER :X 
WH ILE 1 

( HOME PU 

END 

WHI LE NEAR 2 > 1 2 
(MAKE : X MA IL 1 

IF : X 

) 

(IF : X= l (FD 16 ) 
ELSE (RT :X) 

) 

SE ND 0 1 
) 

: HASER inc ludes nes t e d WH ILE s tate me nt s . The fir s t on e s t a rt s 
t he c h ase r a nd r un s f o r e ve r . The inne r o ne runs un til a 
capture i s ma d e . The d e finiti on of a captu r i s th a t t he 
va lue r e turne d by t he NEAR fun c ti on is 1 2 o r l ess . The po r ­
tion of the proce du r e controll e d by th e condi t i on NEAR 2 > 1 2 
i s id e n tical t o t ha t in RUNNER. Re me mbe r t hat t he NEAR func­
ti on r e turns t he t o t a l numb e r o f X and Y step s fro m th e 
c urre nt t u rtl e to t he des i g na t e d tur t l e , he r e t o turtl e 2 . 
Thus t he inn e r pa rt o f t he proc dure say s t o continu e c hec k­
i ng mail and ma king mo ves a s l on g as t h run n r i s mor t ha n 
12 s t e p s a way . 

If the runne r i s no t mo r e t ha n 
turtl e 3 , t he c ha se r, se nd s a message 
(turtl e 0) . Ha vin g sent t he message , 
t he home posi tion a nd t he c hase begi n s 

1 2 ste ps a way, th e n 
(1) t o the scor kee pe r 
t he c hase r r e turn s to 
agai n. 

Now we t u r n t o t he proce dure f o r th e sco r kee pe r . 

END 

TO SCOREKEEPER : S 
HT S X 200 S Y 1 80 
WHILE 1 

(PR I NT " " PRI NT: S 
WH ILE MA I L 255 0 () 
MAKE : S : S + 1 

) 

Again the r e a r e se ve r a l ne w ideas i n th is proc dur . The 
fir s t s t e ps a r e to h id e t he turtl e a nd t o pos iti o n i t to ke p 
t he sco r e boa rd . We se t t he initi a l sco r e t o 0 by t he call o f 
t h p roce du re a nd again use a WHILE 1. The PR I NT s tate me nt 
causes a ny t h in g con taine d in quotes t o be pr i nte d on th e 
screen a t the curre nt tur t l e pos i t i o n . The Lu r ll e i s no t 
mo ve d . The PRINT s t ateme nt a l so can be use d t o prin t t he 
c urre nt va lue o f a va r i abl e in the same wa y . Bo th a r e use d 
he r . MAIL 255 i s a s pec i a l v r s i o n o f th e MA I L fun c ti o n. 
MA I L 25 5 wil l acce pt messa ges fr om a ll o t he r turtl es . He r e we 
could use MA IL 3 jus t as we ll, s ince turtl 3 i s t he only on e 
sendin g messages to t he sco r e kee pe r. Th e f o ll o wi ng l i ne : 
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WHILE MAIL 25 5 = 0 () 

continues t o c hec k un i l mai l i s r ece ive d . 

On e use ful c h a r ac t er i s ti c of the MAIL function i s tha t 
1 1k a ny d ecent ma il s y stem it will collec t messages . Thu s i f 
se v e r a l messages have c oll ec t e d from o ne or more so urc es , the 
MAIL fun c ti o n will d e live r the oldes t unde live re d message and 
kee p the ot he r s for future r e f e r e nce . A SE ND 25 5 go s onto 
e v e ry turtl e ' s li s t . Th a t message di s appe ars f rom all li s ts 
wh e n on e turtl e acce pt s i t . 

No w th a t you hav e the wh o l e se t o f proce dures in, you 
c a n try running th e game . To s t a rt it , run CATCHEM. Ju s t 
r e me mb e r that thi s i s a n duc ational e xp e ri e nce , no t pure 
e nt e rt a inme nt. Yo u ma y di sco ve r t h a t the r e i s a fl a w i n the 
game . If the runne r i s caug ht c lose to home , the n, because 
the c hase r i s r e turne d t o hom e a ft e r e a c h s u ccessful catch, 
the runn r i s un a bl e to escape and the sco r e mount s . You 
c ould fix thi s by movin g the c hase r e l sewh e r e if the runne r 
i s too c lose to h ome , or by jus t in c r e me nting the x po s ition 
of the c hase r by some large numb e r ( say 100) a ft e r e ac h 
c atch . 

The sec ond game i s call e d REBOUND . It ma kes use of th e 
g a me con troll e r s . The obj ec t of the game is to boun ce a ba ll 
off t wo turnabl e pa ddl es o nto a t a r ge t . He r e we ' ll nee d a f e w 
mOr e turtl es . We fi rs t ass i g n f o ur t asks : readin g o f the two 
contro ll e r s , a score keep · r , a nd a tri gge r t o s tart th e whol e 
thin g off. 

'ro REBOUND 
CLEAR /-IT 
H,A.TCH 2 PADDLE1 
HATCH 3 PADD I.E? 
HATCH 6 SCOR EKEEP 
TRIGGER 

END 

Le t ' s l oo k at t h e pa ddl o ntro l s fir s t . 

TO PADDLE1 
HT S X 60 SY 180 
TURN 0 

END 

TO TURN :P : X 
if HILE 1 

(MAKE :X PADDLE : P/ 2 
LINE 3 
SH 4 5 + 3* : X 
LI NE 0 
WHILE PADDLE : P/ 2 

) 
END 
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TO LI NE : COLOUR 
PC :COLOUR 
cD 1 5 BK 1 5 BK 1 5 fD 15 

END 

PADDLE 1 es t a bl ish es the posit ion of the fir s t p a ddl e o n t h e 
scree n . It calls TUR N which ac tu a lly reads the game 
controller . Th e ne w idea in TURN i s t h e u se of the PADDLE 
functio n. Th e PADDLE f un ction r turn s a numb e r between 0 and 
63 for the d es i g n a t e d input ; the number d e p e nd s o n t h e 
position of t h e con t rol ler h a ndl e . Th e inputs a r e 0 and 1 for 
the hor i zontal a nd ve r tica l positions o f the l ef t g ame con ­
troller and 2 and 3 for t h e horizon tal a nd verti cal posi ti o n s 
of the right game cont roller . Thus PADDLEl by the instruction 
TURN 0 tells the procedure TURN to r ead the horizontal 
position of t he l eft con troll er (l e ft r efers to the position 
of the plug o n t he r ear of the Dragon Computer) . Because the 
inst ruct ion i s 

MAKE : X PADDLE : P/ 2 

th e vari a bl e : X i s a number b e tween 0 a n d 3 1 . Thi s divi sion 
of the con troller reading by 2 reduces t h e se n s itivity of t h e 
display and s p eeds response . Notice that , af t e r t h e f irst 
pass. throug h TURN, t h e proce dure l oo k s for a c h a n ge in t he 
con troller sett ing . It stays in t h e loop 

WH ILE PADDLE :P/ 2 = : X () 

until there is a c han ge . When t here is a c ha n ge , it runs 
throug h the outer l oop wh ich upd a t es :X, erases t he old 
padd l e (LINE 3 ), compu tes a n e w h eading ( SI-I 4 5 + 3* : X), and 
dra ws a n e w p a ddle (LINE 0) . Re me mbe r t h a t : X can be betwee n 
o a nd 31 , so the h a din g for the p a ddl e can b e betwee n 4 5 a nd 
4 5 + 3 ' · (31) = 1:3G. 'rh c procedure LI NE actually draws t h p 
paddles a nd e r ases them . Th e BK is broken i nto t wo step s so 
t hat it e xac tly dupli cat es the fD ste p s ; thi s insures a 
s uccessful e r ase . 

Th e sec ond paddle is con trolled by 
contro ll e r . We can use TURN a nd LI NE agai n. 

TO PADDLE 2 
HT SX 180 SY 1 2 
TURN 2 

END 

the second 

No w we h ave to create t h e b a ll and the target . TRIGGER 
start s a n e w round . 

TO TRIGGER 
I-IT 
HATCH 4 BALL 
VANISH 

END 
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The ba ll s h ould c om e f r om a r a nd omly se l ec t e d p o in t toward s 
the f irs t p a ddl e . The eas i est wa y to do th a t i s to c r ea t e t he 
ba lJ turtl e a t the f i r st pa ddl e a nd to move it ( i nv isi bly) i n 
the r a ndomly se l ec t e d direc t i on. These tw o tasks wi ll be 
carri e d out by t h e proce du res LAUNCH BALL a nd STARTS POT . 

TO BALL 
LAUNCH BALL 
WHILE MAIL 5 = 0 

(S TARTS POT 
HATCH 5 TARGET 
REPEAT 4 5 

(FD 10 
IF NEAR 2<20 

( FD 10 LT (HEADING 4 -
HEADI NG 2 + 18 0) *2 FD 3 5) 

IF NEAR 3<25 
(FD 10 

LT (HEADING 4 -
HEADING 3 ) *2 FD 4 5 ) 

) 
TR I GGER 

END 

At t h e same ti me we c r eat e t h e t a r ge t a t a randoml y s el e cte d 
pos iti on (HATCH 5 TARGET). The REPEAT l oo p ac tually moves the 
ba ll . I f the ba ll i s c l ose to t h e fir s t pa ddl e (turtl e 2 ), 
t he heading of t h e ba ll i s c h a nged 

LT (HEADING 4 - HEADING 2 +18 0) *2 

The r e is a s im i l a r c ha n ge wh e n t he ba ll i s c lose t o t h e 
second pa ddl e (turt l e 3 ) . No ti ce tha t whe n the ba ll h a s move d 
t he ml'l ximlJm rli s t a nce it t r igge r o a n e w b a ll b e :fo n :: 
di sappear i n g . 

TO LAU NCH BALL 
HT PU 
SHAPE UFFRRDFRFRFFRFRFFRFRFFR­

FR F 
MAKE :Y RA NDOM 60 + 160 

END 

TO STARTSPOT 
HT SH : Y SX 60 S Y 180 
REPEAT 6 ( FD 10) 
WHILE XLOC 4 > 7 & YLOC 4 > 7 

(FD 10) 
RT 180 ST FD 10 

END 

LAUNCHBALL c reat~ s an a ppropri a t e s h a pe for t h e ba ll and 
e ff ec tive ly pi c ks a r andom s t a rt i n g poin t by pi c king t he 
headin g . STARTS POT hides the ball t urtl e , locat es it a t t h e 
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first paddle , moves it until it r e aches the e dge of the 
sc r ee n, a nd finally turns it arou nd a nd ma kes it vi sib l e . 

TARGET does the sco ring. First it picks a random 
pos ition a nd creates a target s ha p e . The n it watc hes for a 
c lose approach of the ball from be l o w (if th e ball approaches 
from above , it has not bounc e d off t he second paddle) . If the 
ball (turtle 4) comes c lo s nou g h, t he n a message is se nt to 
the scor kee per and to t he b a ll . 

TO TARGET 
SH 0 
HT SX RANDOM 100 + 135 
SY RANDOM 40 + 1 20 
SHAPE URRFFFFFFFFFLLLDF FFF­

FLFFFFFFFFFLFFFFF 
ST 
REPEAT 100 

(IF NEAR 4<1 5 & 
ABS (HEADING 4 -180»90 

(SEND 6 1 SE ND 4 1) 
) 

VANISH 
END 

Th e SCO REKEEP proc dure is essenti a lly t he same as 
before . 

TO SCOREKEEP : SCO RE 
HT SX 200 SY 180 
WHI LE 1 

(PRIN'l' " " PRINT : SCO RE 
WHILE MAIL 5=0 () 

) 
END 

MAKE : SC ORE : SCORE+1 
CO LOURSET 1 COLOURSET 0 

These two examples s hould he lp you to implem nt y our own 
id a s for more complex games . 
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1 7 . Grab Bag 

In t h is last c ha p ter we gi ve a fi na l set of sampl e 
programs wh ich w hope wi ll g ive y o u ideas for y ou r o wn 
p ro j ec t s . We ha ve i n t r oduce d a ll t h feat ures of DRAGO N LOGO 
ear l ier , so we wi ll give t hese wi t ho u t le ngthy comme n ts . 

The first set is cont ro l led by t he proce du re BO ND. 

TO BO ND 
WHI LE 1 

(CO LOUR SET 1 
CLEAR HT DELAY 1000 
TUNNEL 
WALK 
PAI NT) 

END 

TO WALK 
SX 28 MAN 2 ST DELAY 2000 
REPEAT 29 

( MAN 2 DELAY 100 
HT SX XLOC ME + 3 
MAN1 ST DELAY 100 

) 
MAN 2 
DELAY 800 SX XLOC ME - 8 
DELAY 500 SX XLOC ME + 15 
DELAY 500 SX XLOC ME - 15 
DELAY 500 SX XLOC ME + 8 
REPEAT 3 ( 

HT DE LAY 20 
ST DELAY 30 ) 

E ND 

TO TUNNEL 
PC 1 HT SX 50 SH 0 
REPEAT 18 

(FD 20 RT 1 24 
BK 55 LT 10 4) 

END 

TO MAN1 
SHAPE RRUFFFLLDFLFR­
FFLFFRRRFLLFFRRF­
LFLLLFFRRFLFRRFL­
FFLFLFLFLFFLFRFF­
FFLLFRRRFLFFRFL­
FFRRFF 
END 

FD 
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TO MAN2 
SHAPE RRUFFFLLDFF­
FFLFFRRRFLLFFRRF­
LFLLLFFRRFLFRRFL­
FFLFLFLFLFFLFRFF­
FFLLFRRRFLFFFFFF 
END 

TO PAI NT 
PC 2 HT MAKE:X 1 
REPEAT 3 (COLOURSET 0 

DELAY 100 COLOURSET 1 
DELAY 100) 

SX 114 SY 102 SH 0 
REPEAT 13 

) 
END 

(RAGGED : X 
SX XLOC ME - 6 
SY YLOC ME - 2 
MAKE :X : X+ 5 

TO RAGGED : X 
REPEAT 8 

END 

(FD : X RT 135 FD 8 
BK 8 LT 90) 

TO DELAY :T I ME 
REPEAT : TI ME () 

END 
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Th e next se t is for a younger a udi e nce . 

TO CLOCK : DELAY : I NT 
CLEAR 
CLOCKFACE 
TIME : DELAY : I NT 

END 

TO CLOCKFACE 
MAKE : NUM BER 1 2 
S Y 180 SX 104 SH 90 
R1';PEAT 1 2 

END 

(FD 22 RT 
PU BK 10 
FD 10 PD 
RT 30 

90 FD 5 BK 5 
PRINT :NUMBER 
LT 90 FD 22 

MAKE :NUMBE R : NUMBER+1 
IF : NUM BER > 1 2 

( MAKE :NUM BER 1)) 

TO TIME : DELAY : I NTER VAL 
HT 
REPEAT 24 

END 

( MAKE :HR 0 
WHILE :H R<1 2 

( MAKE :MIN 0 
WHILE :M IN <60 

(DIG I TAL : HR :MIN 
PC 1 LITT LEHAND :HR :M I N 
PC 2 BIGHA ND :MIN 
REPEAT : DELAY () 
PC 3 LITTLEHAND : HR : MIN 
BICHAND :M I N 
MAKE :M I N 

:M I N + : INTERVAL) 
MA KE : HR : HR + 1)) 

TO BIG HAND :M I NUTE 
SX 1 28 S Y 96 SH 6* :MINUTE 
LT 8 FD 60 RT 30 FD 18 
RT 130 FD 18 RT 32 FD 60 

END 

TO LITTLEHAND :HOUR 
SX 128 SY 96 

:M INUTE 

SH 30* : HOUR + 
LT 32 PO 30 
RT 120 F"D 30 

END 
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TO DIGITAL :HOUR :MINUTES 
SX 0 SY 180 PRI NT 
SX 8*( :HOUR< =9 & :HOUR <>O ) 
IF :HOUR (P RI NT :HOUR) 
ELSE (PRINT 1 2) 
SX 16 PRI NT " :" SX 24 
IF :MI NUTES<lO 

( PRI NT "0 " SX 32) 
PRINT :MI NUTES 

END 

Notice t hat you can set the i nterva l to any number of cloc k 
minu tes a nd t hat you can set t he s peed with :DELAY . Try 
runnin g 

CLOCK 300 5 

Next we gi ve a nother co l ourful design. 

TO SPIDER :X 
COLO UR SET 1 BG 0 
REPEAT 36 

(HATCH 1 OFFSET : X : C 
MAKE : C :C+1 RT 10) 

VAN ISH 
END 

TO OFFSET : LE NGTH : CO LOUR 
PC : CO LOUR FD :LENGTH 
LT 30 FD : LENGTH 
RT 30 FD : LENGTH 

END 
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Try t h i s with 

S PIDER 4 5 

Ne xt we g ive on e whi c h wil l r e mi nd y ou o f the s t ar t o f 
e v ry sci e nce ficti o n f ilm y ou ' v e e ve r seen. Th e r e i s no 
pi c ture in the manu a l f o r th is o n e as th e effec t i s a ll in 
the mo ti o n . 

TO S PACETRAVEL 
COLOURSET 1 8G 0 HT 
MAKE : X 4 
WHILE 1 

( HATCH 1 STAR1 
RT 67 
HATCH 1 STAR 2 
RT 20 7 
HATCH 1 STAR1 
RT 114 
HATCH 1 STAR 2 
RT 87 
SETX XLOC ME + : X 
I F NEAR 2 55>30 

(MAKE : X : X*-l 
HAT CH 1 PLANET) 

) 
VANISH 

END 

TO STAR1 
HT 
SHAPE FFRRFRRF 
PU FD 2 ST 
REPEAT 2 5 (FD 3) 

END 
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TO STAR2 
HT 
SHAPE F 
PU FD 2 
REPEAT 35 

END 

TO PLANET 
HT 

ST 
(FD 3 ) 

IF XLOC ME >128 (SETH 75) 
ELSE (SETH 300) 
FD 10 
SHAPE FFRFFRFFRFFRFFR­

FFRFFRFF 
PU FD 6 ST 
REPEAT 20 (FD 4) 

END 

He r e ' s one which s h o ws the orbit of a mo o n 
planet and whi c h makes use of multipl e turt l es to 
t he mat h e ma tic s . 

TO ORBIT 
COLOURSET 1 
FD 10 RT 90 
REPEAT 8 (FD 
HOME 

BG 0 
PC 3 

6 RT 45 

PU SETH 90 SY 164 
MAKE : MOONPOS 0 
SHAPE U-

FD 6) 

FFFFFRRDFFRFFFFRFFFFRFFFF­
RFFFFRFFFFRFFFFRFFFFRF 

WHILE 1 
(nEFEAT ,~ 

(HATCH 1 MOON :MOONPOS 
REPEAT 6 () 
MAKE :MOONPOS :MOO NPOS+20 

) 

END 

FD 10 RT 9 
) 

TO MOO N :POS 
HT PU RT :MOONPOS 
FD 20 
SHAPE UFFFFRRDFRFFRFFRFFR-

FFRFFRFF'RFFRF' 
ST 
REPEAT 9 () 
VANISH 

END 
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As o u r l ast exampl e we gi v e a final pret ty p ttern. 

1'0 SAMPLE 
CO LOUR SET 1 BG 0 
NPOL Y 8 1 2 3 
S X 70 SY 72 
N2POLY 8 4 8 1 2 

END 

TO NPOLY :N : S : C 
PC : C 
REPE AT :N 

(POL YGON : N : S 
RT 360/:N) 

END 

'1'0 PO LYGO N : N : S 
REP EAT :N (PD: S RT 360 / : N) 

E ND 

TO N? POLY : N : S 1 : S2 : 1 
HT PU MAKE : I 1 
WHI LE : I <= : N 

( HAT CH :1 NPOLY : N : S2 
0 + : 1 -: 1/2*2) 

FD : S l RT 360 / : N 
MAKE : 1 :1+1 

) 
VANI S H 

END 
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Of cou~se y o u can t ~y t h is set with o the~ i npu ts Lh a n t hose 
gi ve n i n SAMPLE . 

We l l , we ha ve no w ~ a h d t he poi n t wh e r y o u are on 
yo u ~ o wn . We a r e s u re t hat t h e exam ples he~ei n h a ve jus t 
scratc hed t h e surface of what is possi bl e . W hop t hat y o u 
ha v e as mu c h e nj oy me n t worki n g o u t you ~ o wn demon st ~a t ion 

proce du~es as we h ave h ad In d velopi n g these . 
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APPENDIX 1 

LANGUAGE SUMMARY OF MICROPI DRAGON LOGO 
FOR THE DRAGO N DATA 32 /64 COMPUTER 

STARTING LOGO 

From Plug-i n ROM: Plug the DRAGON LOGO ca rtrid ge into the 
game s lot , the n turn o n the computer . 

From di s k: Put di s K in drive 1, typ e LOAD " LOGO " and pre s 
the ENTER ke y , wait fo r the drive li g ht t o go 
o u t , typ e EXEC a nd press ENTER . 

MODE S IN DRAGON LOGO 

Th e DRAGON LOGO s y s t e m can b e in one of 4 " mo des " dep e ndin g 
upon wh a t the u s er i s doing a t t he ti m . A bri e f ex pl a nation 
of eac h i g ive n he r e . 

BREAK MODE 

EDIT MODE 

nUN MODE 

DOODLE MODE 

BREAK MODE 

is nte r e d upo n s y s t e m sta rtup an d by 
press ing BREAK at a ny time . I n thi s mod e 
the user can loa d a nd/or sav e prog rams fro m 
tape o r di s k e tte , make printed copies o f 
program s or e nLer EDIT or RUN mo des . 

i s e ntere d from BREAK MODE by pressing the 
E ke y . In thi s mod e the use r can vi e w, 
create or modi.fy prog ram s . 

i s e nt e rprl frnm BREAK MODE by pre ssing th e 
R ke y . In this mod e the use r c an nte r 
turtl e comma nd s , call progra ms t o be run, 
or e nte r DOODLE MODE . 

i s e n tered from RUN MODE by press ing the @ 
ke y . In this mode t h e u se r can doodl e a 
picture whil e c r eati ng a proc e dure u s ing 
s pec ially marked ke y s . 

BREAK MODE is e nt e r e d automatically upon s tarting DRAGON LOGO 
nd can be e ntered from a ny othe r mod e by press in g the BRE AK 

ky at a ny time . 

I L i s s i gnified by the " LOGO: " prompt on the sc reen. 
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The following single-letter co mma nd s may be us d i n BREAK 
mod e . 

SHIFT CLEAR clears the internal program area . 

R enters RUN MODE. 

E ent e r s EDIT MODE . 

P print s contents of internal progra m area on th e 
printe r connected to the se r ial por 

Q prints same as P comm a nd e xc e pt the Q se nd s a line 
feed after a r e turn character . 

L prompts for modul e designat i o n with a " LOAD :", 
then reads from the specified source into the 
internal program area . To l oad from tape ente r 
"T" . To load [rom di s k e nter the modul identi­
fier, whi c h is a s ingle l etter from A to P . Bot h 
require a n ENTER to s t art . The disk ve r sion allows 
program loadlng f r o m di s k or tape . The ROM ve rsion 
l oad s programs only from tap e . 

S prompts for the module nam e with a "SAVE: ", the n 
writes t he internal program a r ea to the s pecified 
destination . To save on tape e nter " T" , to save on 
disk e nte r the module identifier, which is a l et­
ter from A to P. Both requi re a n ENTER to start . 
The di sk version al l o ws program saving to disk or 
tape . The ROM version saves programs only on tape. 

EDI T MODE 

EDIT MODE i s e nt ered from BREAK MODE by pr ssi ng E . I n EDI T 
MODE one can e dit the c urre ntly load e d modul es . To start with 
a blank program area , pre s SHIFT CLEAR in BREAK MODE be fore 
pressing E. 

The editor is very easy to use . It works on the prinCiple 
t hat " what y o u see i s what you get ." Th e first line of text 
(if there is one) is displayed on the bottom line . To enter 
lines of text just t ype them on the screen . The c ursor will 
al ways appear on the bottom line , but the text may be mov e d 
up o r down the screen at will . The followjng keys cause 
special actions to take place. 

ENTER 

UP - ARROW 

mo ves the text up one line on t h e screen, or 
if already on last line, t he n a dd s a new l ine 
to the text e nd . 

mo ves Lhe t ext up one l ine unless already o n 
t he last line . 
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DOWN-ARROW 

LEF T-ARROW 

RI GHT-ARROW 

CLEAR 

SHIFT 
UP-ARROW 

SHIFT 
DOWN-ARROW 

SHIFT 
LEFT-ARROW 

SHIFT 
RIGHT-ARROW 

BREAK 

@ 

moves t h e t e xt do wn o n e line unl ess a lready 
on t he fir s t l i n e . 

mo ves t h e c urs or l e ft o ne c ha r ac t e r unl ess 
a lready a t the beg inn i n g of line . 

moves the c urso r ri g ht on e c haracte r unl ess 
a t the line e nd . 

mo ves t o the t o p line of th e t e xt. 

sc r o ll s t he t e x t up continuo u s ly until. a ny 
ke y i s press d . 

i nse r ts a bl a nk line in f r o nt o f th e c urre nt 
l i n e if the c ursor is in co lumn 1 (the c ur­
r e nt line bump s do wn off th e sc r een); if no t 
i n co lumn 1, the n the c urre nt l i ne i s s pli t 
a t the c urso r l ocati on into two l i nes . 

d e l e t es t h e c h a r ac t e r und e r t he c ursor a nd 
mo ves the r e ma inde r of t he line l ef t to c l ose 
t he gap. If the l i ne has no c h a r ac t e r s t he n 
the b lank line i s r e mov e d . 

insert s a bl a nk into the line a t the c urs or 
l oc ation by mo v i n g the r e ma inder o f the lin e 
ri ght o n e s pa c e . If t h e line i s a lready full , 
t h e n no ac ti o n t a kes pl ace . 

e xit s EDIT MODE a nd r e turn s to BREAK MODE . 

a ll o ws the ne xt c h a r ac t er t o be one o f the 
s p e ci a lly ma rke d si ng l e k y co mm a nd cod es . To 
e nt t:! L' Ci L' eCt I " @" press @ t wi ce . 

In ge n e r a l , t o e nte r n e w lines jus t typ e eac h l.ine f o ll owe d 
by an ENTER press . To mod i fy a lin e , mo ve th c u rso r into 
p l ace wi th t he a rro w ke y s , the n modify te x t by typ i n g the ne w 
text ove r the o ld o r by inse r ti n g or d e l e t i n g c h a r ac t e r s as 
desc ribe d a bov e . 

Note : if t he e di to r qui ts acce pting n e w t ext th e n th e prog r a m 
a r e i s full. 

Th e d i t o r i s ge ne r a l e n o u g h to be use d no t only fo r writ ing 
DRA GO N LOGO prog ram s but f o r s impl e wo rd processin g a ppli ca­
tion s . Af t e r e d i tin g a t e x t f i l e it ma y be printe d o r save d 
on disk o r casse tt e f o r l a t e r u se . On e s u c h u se wo uld be 
wr iting doc ume ntation f o r modul es writt n i n DRAGON LOGO. 
Si nce the e dito r has a maximum line l e n g th of 32 c h a r a ct e r s , 

faci lity is p rovid e d t o a llow fo r pr i ntin g of l o nge r t e xt 
li n s on the printe r. I f a line is e nd e d with an " @,, 

c h rac t e r, the n n o RETURN i s output at the e nd o f the l i ne . 
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The result wil l be that the following line on the sc r een will 
be printe d on the s ame printe r line . 

INTER NAL PROGRAM AREA 

DRAGON LOGO procedure s a r e e nte r e d in the EDIT mod e . The y can 
th n be sav e d on di s k or tape and re-Ioad d late r to be run 
aga in . The pr ogram area can ha v e any numb e r of DRAGON LOGO 
proce dures i n it . Eac h proce dure b egi n s with a " TO " s tate ­
m nt . The "TO" s t a t e me nt mu s t be the firs t and only stateme nt 
on a lin e . Ot he r tha n that , a ny numb e r of s tat e me nts c an 
s ha r e a line ; eac h on e is separate d from the pre viou s one by 
one or more s paces . Eac h procedure s hou ld e nd with an " END" 
s t a t e me n t . The wo rk a r ea ma y contai n ma ny procedures a t once . 
It is a good prac ti ce t o l eave at l eas t one blank line 
bet ween proce dures to impro v e r ead a bility . It i s a l so s ug­
gest d that pro g ram lines be ind e nte d to s how the logical 
s tructure o f the program. The e xa mpl es in thi s ma nu a l a r e all 
writte n i n thi s ma nn e r. 

TURTLE S PACE 

The TURTLE i s a creature that has a vi s ibl e SHAPE, a POSITION 
a nd a HEAD I NG . The po s ition is d e fin e d by a n (X , Y) coo rd i n ate 
pa ir. The headin g is d e fin e d by an a n g l e fro m 0 to 359 . In 
ge n e r al the turt l e l ives on the p l a n e of the di sp l a y sc r een. 
By e xec uting TURTLE GRAPHICS CO MMAND S th e turtl e can be made 
t o mov e about a nd, if des i r e d, I eav e a t rai I . Ini t i a lly a 
turtle start s at t h e HOME posi t ion . The home position is the 
a pproximate middl e of t he sc r ee n (X =1 28, Y=96 ). The t urtl e 
head ing a t HOME is zero degrees o r straigh t UP. The sc r ee n 
dime nsion in th e X direction ( ac r oss the sc r een) goes fro m 0 
a t the l ef t e dge to 255 at the righ t e dge . The scree n 
dime nsion in the Y dire c ti o n (up a nd down) goes fr om 0 at the 
bottom to 1 91 a t the top . Th e l ower l e ft h a nd co rner o f the 
sc r een has coordinates (0 , 0) . The upper ri ght co rn e r has 
coordi na t es ( 255 ,1 9 1) . The sc r een is n o rm a lly a wrap-around 
space ; that i s , if t h e t u rtle runs off th to p of the sc r een 
it a ppears o n the bottom. I f i t run s off t h e l e ft it a ppears 
on t he ri ght, etc . I n th a t sen se t il e plan e on wh ic h the 
turtl e wa lk s i s inf i nite in a ny direction . The turtle may be 
poi nt ed in a ny direction from 0 to 359 degrees . Straight up 
is 0 d eg r ees , a nd the dir c ti on in c r eases as t h e turtl e 
rotates to th e r igh t , o r in a c l oc kwi se direc ti on. 
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RUN MODE 

RUN MODE i s e nt e r e d f rom thc BREAK MODE by e n te r i n g "R " . Whe n 
RUN MODE i s e n tered , t h e sc r ee n is c l ear e d, a n d t he t u rt l e 
appears a t the ho me position. A TEXT WI NDOW of t hree lines 
e xi s t s at the bo t tom o f t h e sc r e n . The use r e nters turtl e 
graph ics comma nds or call s DRAGON LOGO proce dures t hat ha v e 
been e n tere d earli e r vi a t he EDI T or DOO DLE MODE . The user 
can e nt e r a ny o f the fo ll o wi n g co mm a nds d irec tly in RUN MODE . 
Ho we ve r, in RUN MODE n o mo r t h a n on e comma nd may be e n te r e d 
o n a l i ne . Once t he ENTER key is p r esse d, t h e co mm a n d i s 
exec u ted . 

CO MMAND S WH IC H CAN BE ENT l:: RED DIREC TLY I N RUN MODE 

CLEAR HOME FOR WA RD BACK 

RIGHT LEFT PENUP PENDOWN 

PENCOLOUR SHOWTURTLE HI DETUR TLE SETX 

SETY SE THEADING SLOW COLOURSE1 

BACKGROUND WRAP NOWRAP SEND 

PRINT HATCH VANI SH 

Some of these comma nd s ma y b e a bbre vi a t e d as s hown 
Oth e r DRAGON LOGO comma nds ma y not be e ntere d i n RUN 
the y ma y only be u se d wi th i n a DRAGON LOGO p roce du re . 

1'0 EXEC UTE A DRAGON LOG O PROCEDURE FROM RUN MODE 

be l ow. 
MODE ; 

1'0 r un a proce du re e n tere d earl ier v ia EDIT or DOODLE MODE, 
jus t ente r t h e n a me of the proce du re . Follow t h e proce dure 
n a me wi th a ny a r g um e n ts t o be p asse d to the p roce dure , the n 
press ENTER. Eac h a r g ume nt is prece d ed by at l east on e s p ace . 
An a r g ume n t can be a number , a v a ri a b le or a n exp r ess i on. I f 
an e x pr ess i on i s use d i t must be e n c l ose d in pa r e ntheses . 

DOODLE MODE 

DOODLE mod e i s e nt e r e d fr om RUN MODE by press in g the "@" k e y . 
DOODLE MODE a ll ows the creation of a t u r tl e graphi cs p roce­
dure t hat will d raw a s h a pe wi t h out re qu iri n g tha t the use r 
e ve n know how to r e ad . In DOODLE mod e the sc r een di s pl a y s a n 
"=" s i g n. The use r e nt e r s a wo rd (non se n se o r o the rwi se ) o f 
at l east on e l e tte r o r number a nd presses ENTER. The wo r d is 
t h e n a me of the proce dure t o be c r eat e d as a pi c ture i s 
d rawn. Now the nume ri c ke y s (mark e d by th e s p ec ial ke yboa rd 
over l a y) can be use d t o e n ter turtl e g r a ph ics comm a nds . Eac h 
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time a ke y is pressed, the s p ec i fie d co mma nd is e xecu te d by 
the t urtl e . At the s am e time , a procedure is creat e d i n t he 
progr a m a r ea . Thi s proce dure can be viewe d by e n te r i ng EDIT 
MODE . Whe n e nt e rin g comma nd s , t he BACKSPA CE ke y can be use d 
t o erase t he l as t comm a nd . In t h is c a se , the e n ti r e screen i s 
e r ase d and the s ha pe i s r e- dra wn wi thout t he l ast e n te r e d 
comma nd . To e x i t t he DOODLE MODE press BREAK. A procedure 
c r ea t e d in DOODLE MODE can be call e d out from RUN MODE t o r e ­
dra w the pi c ture again. To do so , jus t e nt e r the na me tha t 
was g ive n wh e n DOODLE MODE was e nte r e d . 

Th DOODLE MODE comma nds a r e : 

(1 ) CLEAR 

(6 ) LT 45 

(2 ) HOME 

(7) F'D 1 

( 3) PU 

( 8) FD 10 

(4) PD 

( 9 ) RT 15 

( 5 ) RT 4 5 

to) LT 15 

DRAGO N LOGO STAT EMENTS AND CO MMANDS 

CONTR OL STATEMENTS 

I F e xpr 
(l ist of stateme n ts ) 

E LSE 
( list of stateme n ts ) 

REPEAT e xpr 
(li s t of s t a t e me n ts ) 

The e xpress i o n i s evaluate d . If the 
va lue i s t rue (non- ze r o ) t he list 
of s t ateme nt s i n pare ntheses is 
e xec ute d . I f it i s f a ] se (0) the n 
the l ist of s t a t e me nt s i s s kippe d. 
The wo rd THEN ma y be inse rte d a ft e r 
the e xpression i f des ire d . The IF 
s t ateme nt ma y be fo llo we d by an ELSE 
stateme n t . The "li st of s t a t e me nts" 
de no t e d he r e a nd be l o w ( see ELSE, 
REPEAT and WH I LE ) con Sists o t' zero 
o r mo r e s t a t e ments e nclo sed in 
pare ntheses . The s t a t e me nt s ma y in­
clude a ny t urtl e comma nd s or othe r 
con tro l s t a t e me n ts e xce pt t he TO 
s t a t e me nt . The r e may be multipl e 
stateme n ts pe r line and any numb e r 
of l i nes ma y be u se d . 

Th is s t ateme n t mu s t fo llow an IF 
stateme n t . If the e xpression va lue 
o n the IF s tate me n t is f a l se , the n 
the li st of s t ateme n ts a f te r ELSE i s 
e xecu ted. Othe rwi se i t i s s k i ppe d. 

The e xpre s s ion i s e v a lua t e d; if it 
has a va lue l ess than o r e qu a l to 
ze r o , the n the list of s t a t e me nt s is 
skippe d . Othe rwi se the li s t of 
s t a t e me nt s i s e xec ute d the speci­
fi e d numb e r of times . 
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WHILE exp r 
(l ist of statem nt s ) 

STOP 

TO proc n a me parml ist 

END 

VANIS H 

MJ\KE : var expr 

PHI N'l' " text " 
PHI N'l' xpr 

Th e exp r ess i on is e va l uate d; if it 
i s false (0), t h e n th e li s t of 
s tate me n ts i s s k ipp d . If it i s true 
(no n-zero) , t he n the list of state­
me n ts i s executed . After t h e li st is 
e xec ute d , control returns to the 
WHILE agai n . Th e expression is then 
e v a luated agai n. The li st of state­
me nt s i s exec uted I' p aLe dly unLll 
t he e xpression i s fo un d to be fa l se . 

Thi s t ermin ates t h e exe uti on of a 
procedure . Control is r eturned to 
t he calling procedure if there i s 
on e . If t h procedure was cal l e d 
from HUN MODE, the n con t rol r eturns 
to HU N MODE . If t he procedure was 
call e d by a HATCH s t ateme nt, then 
t h e associated t u rtle goes ou t of 
existencc . 

Th is stat e me n t defines t he start of 
a DHAGON LOGO procedure . It mu s t 
s tart i n column 1 of a l ine and 
mu s t be t he o nly s tatem n t on the 
line . Th e " procname " may be any 
n a me of o n o r mo r letters . The 
po.ro.meters in t h e " po.rmlist " may 
I)e from 0 to 5 var i a bl es . Each one 
consists o f a co l on " : " f ol l o w- d by 
a ny word of o n e o r more 1 t t ers . 

Thi s is 
procedure . 
e quival e n t 
sta t e me nt . 

t h e l ast stateme n t in a 
Execution of an END is 
to that of th e STOP 

VANI SH t a kes t he c urre n t turtl e out 
of ex i sten ce . 

Th e va lue of t h e e xpre ss ion is 
assign e d t o t he variable . 

'l'h l ite r al t e xt or t he xpression 
value i.s d i s p l ayed at t h turtlc 

t i on. Th e turt l e is not moved . 
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NOWRAP 

WRA P 

Normal ly, the screen i s in " wra p " 
mo d e . That is , a turtl e whic h run s 
off t he sc re e n will come bac k on 
t h e opposite e dge . Exec ution o f th e 
NOWRAP stateme n t takes the sc r een 
out of wrap mode . If a turt l e th e n 
run s off t h e scr e n, t he program 
wi ll te rmin ate with an "OUT OF 
BOUNDS " rror message . 

Put s t he sc r ee n bac k in wrap mode . 

HATC H ex pr procn a me arg l ist Creates a n e w turtl e . The 
turtl e will s t art at t h e same 
(X,Y) posi t ion as its parent 
(th turtl that HAT CHed it ) 
a nd will be pOi.n t d in the 
s am e direction . It will ha v e 
th e s tand a rd turtl e s h a pe . The 
e xpr ssion va lu becomes t h e 
n e w t ur tle ' s ident if i cation 
number (a nu mber fro m 1 to 
254). Th e " proc n a me " speci fi es 
the proc e d u r e to be e xec u te d 
by the n w t u rt l e . The " a r g­
list " is option a l ; it s pec i­
fies the argu me nts to be 
passe d to t he proc e dure . The 
n e w t u rt l e r un s s i mul taneously 
wi t h t he ot h e r act ive t u rt l es . 

SEND expr e xpr A message i s sen t to t he specif i e d 
turtl e . The fi r st e xpre ssion va lu e 
d e note s t he ide n tification of t he 
turtl to whi h t he message is 
sen t . A value of 255 denotes t hat 
th messag i be i n g se n t to t h e 
first t urtl e th a t r e quests it s 
mail . Any o ther valu d e notes t h a t 
t h e message can be received o nly by 
a turtl e wit h t h e s pec ifi e d id e n ti ­
fication ( see a l so t he MAIL func­
tion) . The va lu e of t h e second 
ex pression i s th e val ue se n t to t he 
ot h e l~ turtle . 
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proc na me arg li st 

SLOW e xpr 

TURTLE GRAPHICS COMMANDS 

Th is i s r efer r e d to as a CALL 
stat e me nt, e ve n thou gh it does not 
con tai n t he word CALL. To CALL any 
proce dure , jus t code its name fo l ­
l o w d by a ny arg ume nts to be 
passed . If a rgume nts a r e prese n t , 
the y are se pa r ate d by o ne or more 
s paces . Each a rgume nt ma y be a 
numb e r , a vari a bl e , a fu nct i on 
r e f erence o r an ex press i on con­
tai ne d in pa r e n t heses . The argu ­
me nt ' s values a r e passed to the 
para me t e r v a r iabl es on t he TO 
s tateme n t of t he call e d procedure . 
If t he r e a r e fe we r argume n ts t han 
t he r e a re para me t e r s on t he TO , 
t he n e xtra pa r a meters are set to O. 
If t he call e d procedure exec u tes a 
STOP o r END, t he n cont ro l con tinues 
wi th t he ne xt sta t e me n t after t he 
cal l s t a t e me nt . 

The SLOW stateme nt causes execu ­
tion to s l ow down so th a t it can be 
wa t c he d more c lose ly . The val ue o f 
the e xpress i on de notes how s l o w to 
go . A va lue of 127 is the s l o wes t 
s pee d . A val ue of 0 is f ull speed . 

STATEMENT ABBREVIATION REMARK S 

BACK expr BK 

BACKGROUND e xpr BG 

COLOURSET e xpr 

123 

moves the turtl e bac kward 
the numbe r of ste ps de ­
noted by t he val ue of t he 
e xpress ion . If the tur­
tle ' s pe n is down , t he n a 
line of the current pe n 
co l our i s dra wn as t he 
turtle mo ves . 

sets the bac kg round co l our 
of the sc r ee n to colour 0 , 
1, 2 or 3 . The default 
bac kground co l o u r i s 3 . 

se l ects colour se t 0 o r 1 . 
For eac h set the r e are 
four distinct colours. The 
defa ult colourset i s O. 



CLEAR 

FORWARD e xpr 

HI DETURTLE 

IIOME 

LEFT c xp r 

PENCOLOUR ex pr 

PE NDOWN 

PENUP 

IUG IIT e xpr 

FD 

HT 

L'I' 

PC 

PO 

PU 

R'I' 

1 2 4 

p ai nt s Lh e e nt i r e di s play 
a r ea the bac kg r o und co l o u r 
a nd mov s t h c urre n t t ur­
tl e t o Lh e ho me po s i t i o n . 

mo ves t h e tu r t l e f o rw a rd 
the numb e r o f ste p s d e ­
note d by the va lue of Lh e 
e xpr ss .i.o n . I f th e ur­
ti e ' s p e n i s do wn, Lh e n a 
1 ine of th e c u rre n t pe n 
c ol o u r is d rawn as th e 
t u r t l e mo v e s . 

ma kes t h e tu r Ll e inv isibl e 

se nd s th e c u r r e n t tur t l e 
to po s itio n (1 28 , 96 ) wi t h 
headin g O. 

turn s the turtl e 
( counL e r- c loc kwi. se ) 
s p ec ifi d numb e r o f 
g r ees . 

l e ft 
t he 
d e -

se Ls t he p e n co l our o f t h e 
c ur r e n t turtle to c ol o ur 
0 , I, 2 o r 3 . The d e f a ult 
LS O. The ac tua l c ol o ur 
d e pe nd s on t he c u rre nt 
co l ou r se L. I f th e pe n 
c olour i s se t to the same 
co lour a s t h e scre e n bac k­
ground co l o u 1" , th e n the 
turtl e pe n will e r ase a s 
it mo ves . 

t e l l s t he c u rre n t t ur t l e 
to dra w a line as it moves 
in r esp o nse to FORWARD or 
8ACK c o mm a n d s . 

t e ll s the c urre nt turtl e 
no t Lo dra w a line as it 
mo v es in r espon se to 
FORWARD or BACK c omm a nd s . 

turns the t ur t l e ri ght 
(cloc kwi se ) t h e s pe c ifi e d 
numb e r of d eg r ees . 



SETI-IEADING e x pr SETH a nd SH poi n ts t h e t u rt l e i n t h e 
djrection specified by the 
ex p ression. The heading 
can be fro m 0 to 3 9 de­
grees . 0 degrees i s 
straigh t up . 

SETX xpr 

SETY expr 

SHA PE s h a pe l is t 

SIIOWTUI1TLE 

EXPHESSIO NS 

SX 

SY 

S1' 

moves t h e t u r tl e by h a ng­
i ng i t s X coord in a t e t o 
t he val ue spec i fie d. No 
l i n e i s drawn . The val ue 
may be fro m 0 ( l eft edge) 
to 255 (righ t edg ). 

moves t h e turtlc by c ha ng­
i n g t h e Y coordi nate to 
t he va lue specified . No 
line i s d r a wn. The val u 
may be f r om 0 ( bottom) to 
19 1 ( top) . 

c h a nges the s hape of t h e 
c urre nt t ur t l e to a s hape 
d e noted by t he s hap list . 
See TU HTLE SHA PE LIS T be­
l o w. 

ma kes t h e t u rtle visible. 

Th e "expr " design a t ion a bo v e d e n o t es a p l ace in wh :i.c h an 
expression can be s ubstitute d. An ex p ression can b a numb r , 
a variabl, a f un c t ion r fer nce o r a comb in at i o n of t hese 
a nd t he o p e r a t o r s s hown below. An e xpression is al ways e va l ­
uated to a number f r om -32 7 68 to 32767 . 

Expressions may contain parent h ses a nd are , i n 
evaluated i n t he sam ma nner as t hose i n BASIC 
languages . 

AHI THMET I C OPEHATOH S 

gen ral , 
or other 

Thes operators result in a numb r fro m - 32 7 68 to 32767 . 

+ addi ti on 
mu lti pl icati o n 

s ubtraction 
/ div ision 
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LOGICAL AND RELATIONA L OPERATORS 

These operato r s a lwa y s r esul t i n a 1 for TRUE o r a 0 f o r 
FALSE . 

& l ogical AND l og i ca l OR 

NOT l ogical negati on 

< l ess t ha n > g r ea t er tha n 

e qu a l t o <> not e qu a l t o 

<= l ess t ha n o r e qu a l to >= gr eat e r tha n o r e qu a 

VARIA BLES 

A variab l e consists of a co l o n f o ll o wed by a word co ntai nin g 
a ny numbe r of l et t ers o r numb e r s . A v a ri a bl r presents a 
un i qu e storage l ocati o n for a number . If a va r iabl e i s gi ve n 
on a TO stateme n t , t he n t h a t v a r iable i s sa id t o be a LOCAL 
va ri a bl e . Th a t i s , eac h time the proce dure i s i nv o ke d , a ne w 
sto r age l ocation is assigned t o t h e v a ri a b le . Thus , if a 
proce du re i s i nvo ke d r ec ursi v e ly o r by se ve r a l t u rt l es a t 
o nce , the n eac h i nvoca t io n has it s o wn se t o f l ocal v a ri a bl es 
whi c h, th o u g h the y ha ve th e same na me , are k e p t di sti n c t . 
The r e may be up t o 5 pa r a meters o n a TO s t a t e me nt; thus the r e 
ma y be up t o 5 l ocal va r iabl es in a procedure . 

I f a variab l e is r e f ere nce d i n a proce dure b ut i s not on t h e 
TO s t ateme n t for t he procedure , the n t h e v a ri a b le i s said t o 
be a GLOI:lAL var i ab l e . T r l e !'e 1 ::; u •• ly o ne s t o r age l ocati on 
assigned t o eac h par t icular g l o bal var i a bl e . Thu s a l l re f er­
e nces to th e g l oba l v a ri a b le r e f e r to t h e same sto r age l oc&­
tion e ve n i f the r e f e r e nces a r e i n diffe r e n t proce dures . Thi s 
p r ov ides a wa y o f shari n g i nfo rmation a mong p roce du res o r 
a mon g t u rtles . 

LITERALS 

' C A quote ( ' ) fol l o we d by on e c h a r acte r is 
call e d a l i t r a l. It can be used a nywh e r e a 
numbe r can be used . The va lue of a li te r a l i s 
the ASCII va lue of the c harac t er . For 
e xa mp l e , ' A i s e qu a l to 65 . A I i t r al i.s 
pa rt ic ul a rly useful i n c hec king f o r va lues 
r t u r ne d by t h e KEY fun ction . 
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FUNCTIONS 

ME 

KEY 

ABS arg 

J ANDOM a r g 

XLOC arg 

YLOC arg 

HEADING arg 

NEAR arg 

MAIL arg 

r eturn s t he identification of the 
turtle. The main turtle i s numb er 
ot hers are numbere d from 1 to 254. 

curre nt 
O. The 

returns 0 if no ke y is dep r esse d . If a ke y is 
depressed , t he n t he value is the ASCI I va lu e 
of the c haracte r . 

returns the a bsolute (positive ) va lue of the 
argume nt . 

r eturns a r a ndom number from 0 to arg- 1 . 

returns the X coordinate of t h e turtle with 
the specifie d identification (note " XLOC ME " 
g i ves your own X coordina t e ). If no turtle 
exists with the identification, th n 128 i s 
returned. 

returns the Y coord inate of the turtl e with 
the spec i fie d id e n t ifi cation (not " YLOC ME" 
g ives your o wn Y coordinat) . If no turtl 
exists with t he identification, then 92 is 
returned. 

returns t he headin g (0 to 359 ) of the turtle 
with t he s pec ifi e d ide ntification (note 
" HEADING ME" g ives your own direc ti on) . If no 
turtle exists with the identif i cation, then 0 
is returned . 

r eturn s a measure of the di s tance fro m the 
c urre nt turtle to t he one wlth the s pecif i ed 
identification . The measure is equal to the 
numb e r of ste p s i n the X direction plus the 
number of steps in the Y direction. If no 
turtle e xi s t s with the s pec ifi e d identifica­
tion, the n the di stan ce to HOME i s measure d. 

r eturn s a number val ue . MAI L is u sed to c heck 
for and receive messages sent vi a the SEND 
command. The argument of the MAIL fu nc ti on 
de notes t he sourc e fro m whi c h messag s are t o 
be received . If the a rgum e nt i s 255 , then 
ma i l is received from any turtle that has 
sent mai l addressed to the c urre nt turtle . If 
t he argume nt i s not 255 t he n it denotes the 
ide ntifi cation of the turtle fro m which mail 
i s to be r ece ive d. If mo r e than one message 
is available for d e livery, then the o ldest 
und e livere d message is t he one returned. If 
no messages are availabl e , then a va lue of 
z e ro is returned . 
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PADDLE arg r e turns a v a lue fr om a to 63 de not ing the 
posi ti o n of o ne of the game padd l es ( j oy­
sti~S ). The arg i s a v a lu e from a t o 3 . 
PADD E a gi ves t he UP/DOWN o f th e l e ft pa d 
dI e . PADDLE 1 g ives the RI GHT/LEFT o f the 
l ef t pa ddl e . PADDLE 2 gives th e UP/DOWN of 
the r igh t paddl e . And PADDLE 3 g ives the 
RIGHT/LEFT of the ri g h t paddl e . f o r UP/DOWN 
t h c min i mum v a lue is UP. Fo r RI GHT /LEFT Lh e 
mi n i mum v a lue is LEf T. 

The " arg " design a t ion s hown a bo ve de n o t es a n arg ume nt va lu e 
passe d to a p roc dure o r f un ct i o n. Th a r g ume n t can b a 
variab l e , a numb e r, a fun c t ion r efe r e nce o r a n e xp r ess i on. If 
the argume n t i s a n e xpressio n , it mu s t be e nc l osed in paren­
these s . 

TURTLE SHAPE LIS T 

Th e SHAPE stateme n t is use d to ass i gn a ne w s h a pe to th e 
c u rrent t u r tl e . Th e s h a pe of a turtl e i s ma d e up o f a pa tte rn 
of dots o n a g r i d . The s ha pe li s t t e ll s DRAGON LOGO ho w to 
draw t he t ur t l e pat t ern. The t u rt l e s ha pe is a uto ma ti cally 
rotated to face i n the di rec ti o n t he t ur t l e i s heade d . Draw­
ing the t ur t l e s ha pe i s simil a r t o u s ing n o rm a l turt l e 
grap h ics comm a nd s t o d raw a ny s h ape . Th e diffe r e nce i s that 
the co mma nds whi c h ma ke up th e s h a pe l ist a r e a r es tri c t e d 
and s i mpl if i e d fo rm of t he no rm a l t urtl e g r a phics co mm a nd s . 
The comma nds a ll o w a step of on e pi xe l ( o n e s qu a r e on a pi ece 
of grap h pap e r) i n a ny of the 8 poss ibl direction s . The 8 
direc tions a r e : u p , down, r ight, le f t , a nd t h e fo ur d i a go n a l 
direction s . The one -l e t te r comma nd s tha t ma y be use d in a 
shape IlSt a r e s hown below. Th e s ha pe li st can be a ny l e n g th. 
If it r un s over a l i n e bound a ry, put a hyphe n ,, _It a t the e nd 
of the line , t he n cont i nu e i n co lumn 1 of the ne xt line . The 
turtle s h ape dra win g pe n compl e me nt s t h e a ff ected pi xe l s . 
That is , t he compl e me nt o f " a do t p r esent " is " no d o t 
present " a n d v ice versa . Thi s a ll o ws a t urtl e to pass ov e r a 
pi cture witho u t dcst r oy i n g t h e p icture . 
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TURTLE S HA PE COMMA ND 

B 

R 

L 

U 

D 

MULTIPLE TURTLES 

MEANING 

ste p forw a rd o n e pixe l; if the pe n 
i s d o wn , compl e me nt the pix e l . 

step bac kward one p ix e l; if th pen 
i s down, compl e me nt th pix e l . 

r otate right by 4 5 deg r ees . 

r otat e left by 4 5 d eg r ees . 

pick up the turtle s ha p e pe n; thi s 
p n i s a lway s assu med do wn at the 
start o f a s h a p e l ist . Thi s pe n 
s ho ul d not b e confu s d with the 
turtl e pe n t h a t dra ws wh e n a f OR­
WARD or BACK t ur t l graphics s t ate ­
me nt i s e xec ute d . 

put t h e turtl e s h a p e p n do wn ; if 
t he pe n was pre vi o u s ly up, th e n 
utting it d o wn will cau e t he 

c urre nt pixe l to b compl e me nt d . 

No rm a lly o n e turtl e ex i s t s . Th e use r can create a dditi o nal 
t u rtles by usi n g the HATCH s tate me n t . Eac h tu rt l e th n run s 
its proc e dure s indep e nd e n tly of t he other turtl es . Th e HATCH 
sta t e me nt assign s a n ide ntifi cat i o n numb e r to each t urtl e . 
That numbe r ma y be use d by o th e r t u rt l es t o send mai l or 
r e qu est l ocat i o n i nformat i o n a bo ut the t urtl . The main 
tur tl e i s al wa y s numbe r O. Othe r turtl es can ha ve a numb e r 
fr om 1 t o 25 4. 

Wh e n a turtl e oth e r th a n th e ma in o n e e xit s from th e proce­
dure g ive n it whe n i t was HAT CHe d, it goes o ut of cx i s t e n c 
l eavin g be h.i.nd only Lh e l.i.n es .i. L d ce w o n t he se cc n . The 
VANISH s t a t e me nt a l so cau ses t he t u rtl to go o u L of 
ex i s t e n ce . Th e ma in t u rt l e , in con trast , can only go out o f 
exis t e nce by e xec utin g a VANI SH stat e me n t . 

If the ma in turtl e e xit s f r om th e procedure given to it fro m 
RUN MODE , it will r eturn to RUN MODE wh e r e t he u se r can then 
e n ter it s ne xt comm a nd or proced ure to run . If wh e n th e ma in 
t u rt l e i s in RUN MODE t he r e are other t ur tles , the n t he o ther 
tu rt l es cease to mo ve . Eac h t i me t he E NTER ke y is pr sse d , 
ac h of t h e turtl es e xe cutes on e program stateme nt . Thi s has 

th e e ff ec t of steppin g th e hatc h e d turtl es a l o n g at a 
controll e d pac e . A useful d e buggin g meth od i s to HATCH a 
tu r t l e from HUN MODE a nd t e ll it t o run t h e proce dure whi c h 
i s to b e tested . Then th e procedure is run by pressi n g ENTER 
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repeatedly . If y ou e nter a VANISH co mm a nd, then t he main 
turtle will di sappear and t h e ha t c hed turtle will run a t full 
s peed . 

ERROR MESSAGES FROM DRAGO N LOGO 

I n BREAK MODE a " ? " i s printed if a ny key other than a val id 
co mm a nd l etter i s pressed. A l oad or sav e co mm a nd may a l so 
print a di git followed by a " ? " 

" 1 ? " 

"2? " 

"3? " 

"4? " 

"6? " 

me mory error 

tape c hec ks um error (pro b a bly a bad t ape or 
t he vol ume not set correct ly 

a tte mpt to l oad a tape t hat i s no t a DRAGO N 
LOGO program 

attempt to l oad a modul e t hat is too l ong for 
me mory 

disk drive not ready , or a n attempt to writ e 
o n a write-protec t ed di s kette , or a n i mproper­
ly formatted diskett . 

In RUN MODE there a r e sev ral possible messages that may be 
i ssu ed . These messages at t e mpt t o id ntify t h e e rror in th e 
program , but remember that the message i s only a "g u ess " as 
to wh a t is wro n g . It i s possi bl e th a t the message does not 
exact ly fit the problem . 

Each time on e of th following messages is display ed , the 
user mu s t press a ny ke y to cont in ue . 
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MES SAGE 

I DO N'T KNOW HOW TO . .. 

I CA N' T FIGURE OUT ... 

I DON ' T KNOW HOW MUCH 

" ( ,, OR " ) ,, NOT RIGHT 

I CAN 'T DO THAT IN THI S MODE 

PROBABLE MEANING 

i s fill e d in with th e 
n a me o f wh a t DRAGON LOGO 
tho u ght was a procedure nam e 
to call; bu t the proce dure 
n a me is no t fo und in t h e p ro ­
g r a m a r ea . If the name i s o ne 
which s h o uld be i n th e pro g r a m 
a r ea , ma ke s ure tha t it is 
prece de d by "TO" (not " TO " 
( ze r o )) . Al so ma k e s ur " TO " 
is i n co lumn 1. Chec k a l so 
tha t t he n a me is co rrec tly 
s pe ll e d . If t h e n a me was not 
s uppose d t o b e a pro e dur , 
th e n pro ba bly the r e i s so me ­
thing wron g wi t h the imm ­
d iate l y precedi n g co mm a nd . 

i s fill e d ~ n with t h e 
wo rd th a t cau s d the co nfu ­
s i on . DRAGO N LOGO was a tte mpt ­
ing to compute h va lue o f an 
e xpress i o n wh e n it e n counte r e d 
t he p r o bl e m. Possi b l y th e s yn ­
t a x o f the e xpr ss i o n i s i n 
e rro r; o r a co l on i s 1 ft out 
b e f o r e a v a r i abl e n a me ; o r a 
fun c ti o n n a me i s mi sspe l l e d . 

Th is message m a n s t hat a 
comm a nd s uc h as RIGHT o r FOR­
WARD whi. (' h « hnlll rI h p. f o llo we d 
by a number is not f o ll o we d by 
a numb e r . Eithe r a n e xpress ion 
is not presen t whe r e on e 
s h ould b e o r t h ve ry fir s t 
ite m i n t he e xpress i o n is not 
v a lid . 

A l e f t pare nthesis i s n o t 
found as e xpec t d a ft e r an IF , 
WHILE o r REPEAT ex p ression o r 
a ft e r a n ELSE . Or , unbalance d 
pare ntheses are d e t ec t e d . 

A comma nd ( s u c h as REPEAT) 
othe r than on e of the on es 
all owe d i s e n te r e d direc tly 
fro m the ke yboa rd in RU N MODE. 
Re me mbe r , s om e command s ma y b e 
e x ec ute d only within a DRAGO N 
T nr.f) proc e dure . 
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MY MEMORY I S TOO FULL 

OUT OF BO UNDS 

Th i n ternal p rogram a nd work 
a r ea i s f i lled . Thi s wi ll 
a lwa y s ha ppen e v e n t u al l y if a 

-p r ogram is allowe d to do i nfi-
n i t e r c u rs i o n (cal l itself 
repeatedly fore ve r ) . I n ge ner­
aI , proce du re calls , hatc h i ng 
t u rt l es and sen di n g messages 
co ns ume me mory . The l onger the 
text i n t he program area , th e 
less a vai l able me mory for 
t hese operation s . 

The screen h as been placed i n 
NOWRAP mode a nd a t u rtle has 
r u n off th e bo und ar i es of t he 
screen. 

FOR MAT OF A COLOUR LOGO LESSO N DISK 

A DRAGO N LOGO program dis k is formatted wi t h t he " DS KI NIO " 
co mm a nd under BASIC . Howe ver , DRAGO N LOGO does not u se the 
BASIC di rec t ory. DRAGO N LOGO d i v ides t he di skette into 16 
modul es name d A t h ro ugh P . Once a d is ke t te i s used under 
DRAGO N LOGO it s hould no t be writte n upo n un der BASIC . Eac h 
DRAGO N LOGO modu le occ up i es 2 trac ks or 36 sectors on t he 
d i skette. 
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APPE NDI X 2 

MAKI NG A BACKUP COPY OF THE DRAGO N LOGO DI S KETT E 

I t is a good idea to ma ke a copy of t he DR AGO N LOGO di s ke tte 
fo r e v e ryday use . Th e original DRAGON LOGO di s ket t e can be 
s tore d i n a safe place to protec t it from damage . To ma ke a 
backup copy, fo ll o w t he s t e p s be l o w. 

One- Dri ve Dragon Computer Di s k Sy stem 

1. Make s ure that t he Drago n Co mp u ter is properl y conn ecte d 
t o t he colour t e l e v is i o n o r colour v ideo . Pl u g th e Drago n 
Co mp u ter Dis k Contro ll e r i n to the s l ot o n t h e ri gh t s id e 
of t he comp uter . 

2 . Turn th e colour vid eo a nd th e Dragon Co mput e r s y s t e m o n . 
(Th e computer ' s power s witc h is o n t he bac k l e ft corne r 
of t he comput e r. Th e di s k d r i ve s witc h is o n th e bac k of 
t h e dri v e , i n t he upper corn e r.) 

3 . Wh e n you see t he " OK" promp t , in se r t a ne w, blank dis k-
e tt e in to the d i s k dri v e . Th e n type 0 S K I NIT 
a nd press ENTER 

4 . Whe n t he " OK" prompt reap pears , 
fr o m t h e d i s k drive . 

r e mo ve t h e ne w di s ket t e 

5 . Pl ace an ad hes ive tab (pro v ided with new di s ket t es) o v e r 
t h e s qu a r e no tc h i n the DRAGO N LOGO diskette . (If y o u do 
not ha ve a ny tab s , u se a s ma ll piece of o p a qu e t ape . ) 

6 . In sert t he DRA GO N LOGO diskette with t he l abe l up a nd 
a n d t he n o t c h to th e right, into t he disk drive . Cl ose 
t h e disk dr ive latch . 

7. Typ e B A CKUP 1 a nd press ENTER 

8 . Wh e n y o u see t he message , " INSERT DES TI NA TI ON DIS KETTE 
AN D PRESS ENTER " , re mo ve th e DRAGON LOG O diskette (called 
t he " SOU RCE " di s ket t e ) fro m t he d i s k driv e . In sert t he 
ne w d is ket t e that y o u u sed .in S t ep 3 (th e " DESTI NA TIO N" 
diskette) in to t he di s k dr i ve . Close the disk drive 
l atc h. Fin a lly, press ENTER 

9 . Wh e n y o u see t h e message , " INSERT SOU RCE DI SKET'l' E AND 
PRE SS ENTER " , r e mo ve the DESTI NAT IO N di skette fro m t h e 
di s k dri v e , insert the DRAGON LOGO di s kette , c l ose the 
d is k drive lat c h, and press ENT ER . 

10. Continue t o s wi tc h between t he SO UR CE d i s kette a nd the 
DESTINATION dis ket t e as inst ructed by t he compute r. Wh e n 
the BACKU P p rocess i s comp lete , y o u ' ll see the " OK" 
prompt r eap p ear. 
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Two-Drive Dragon Computer Disk Sys t e m 

1 . Ma ke s ure that the Dragon Computer is properly conn ected 
to the colour televislon or co l o ur video . Plug the Dragon 
Computer Dis k Controller into the slot on the r ight s id e 
of t he computer . 

2 . Tu rn the co l o u r v ideo a n d t h Dragon Compu ter s yste m on . 
(The computer ' s pow r s wit c h is on th e bac k l eft corn e r 
of the computer . Th di s k drive s witc h is on th bac k of 
t h e driv , i n t he u p pe r corner . ) 

3 . In sert a n e w, bl a nk diskette into Drive 2 (th e top di s k 
d r ive in t he Drago n Di s k Drive Unit) . Close the disk 
drive l atc h. 

4 . Type D SKI N I T 2 a nd press ENTER . 

5 . Pl ace an ad hesi v e t ab (provided with n e w diskettes) over 
the s qu are notch i n the DRAGON LOGO program diskette . (If 
you do not ha v a n a dh si v t a b, use a s mal l pi ece of 
opaqu e tape .) 

6. In se rt the DRAGO N LOGO dis ket t e in Drive 1 (the bottom 
di s k drive in t he Dragon Di s k Driv e Un it) . Clos the dis k 
dri.ve l atc h . 

7 . Typ e BACKUP 1 'I' 0 2 and press ENTER . 

8 . The computer will copy t h e contents of the diskette in 
Drive 1 o n to the cliskett in Drive 2 . Wh n th BACKUP 
process is complete, you 'll see the " OK " prompt r eappea r . 
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INDEX 

Note that the l a n g uage s ummary in the App e ndix begin s on 
page 11 5 . Therefore, page numb r S below 115 refer to 
discussions with i n the tutorial, and page numbers above 114 
refer to s ummaries in the l a n g uage refe r e n c a ppe ndix . 

ABS 
Address 
Ani mat i on 
ARC 
Ari thmetic 
ASCII 

BACK 
BACKGROUND 
BG 
Binary tree 
BK 
BREAK 
BREAK mode 

Call 
Camera 
Cartridge 
Cassette 
Circle 
CLEAR 
COLOURSET 
Complement 
Commun ication 
Conditional 
Control statement 
Cursor 

De l ete 
Directory 
Di s kette 
DOODLE mo d e 
DSKINI T 

Edit , DOODLE 
EDIT mode 
Editor 
ELSE 
END 
End loop r ec urs ion 
Erase 
Erase , DOODLE 
Error message 
Expression 

27 , 127 
99 
87 
3 4 
27 ,1 25 
98 

9 ,1 23 
29 , 123 
29 , 1 23 
4 5 
9 ,1 23 
4 
115 

1 23 
40 
3 
37 
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76 
11 
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37 
3 , 37 ,11 5 
53 ,11 9 
37 , 133 

54 
11,11 6 
11 , 116 
81,120 
1 21 
41 
29 
60 
130 
27 , 1 25 

PO 
F'ormat 
F'ORWARD 
F'ractal 
F'unctions 

5 , 124 
37 
4,1 24 
4 8 
127 

Game controller . 102 
Games 97 
Global 

variable 

HATCH 

27 , 98 ,1 26 

34,7 5 , 122 
34 
127 
9,124 

Heading 
HEADING 
HIDETURTLE 
HOME 33 , 34 , 118 , 1 24 
Ho me 
HT 

posi tion 59 

IF 
I nd e n tation 
I nsert 

KEY 
Keyword 

LEF'T 
Level 
LI SP 
Literal 
Load 

9 , 1 24 

45,120 
1 7 
1 2 , 117 

98,127 
15 

9 , 124 
4 2 
1 
99 , 1 26 

3 , 38 ,11 5 
26 ,1 26 
1 26 
9 , 1 24 

Local variable 
Log i cal operator 
LT 
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MAIL 
MAIL 255 
MAKE 
Master turtle 
ME 
Message 
Modes 
Modul e 

100 
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101,127 
67 , 1 2 1 
75 
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Multiple tur tles 75,129 Save 37,116 
Multiprogramming 75 Scan 14 

Screen dimension 119 
Names 15 Screen position 33 
NEAR 79,127 Scroll 9 
NOWRAP 42 , 122 SEND 99,122 

SE'rH 34 ,12 5 
OK Set 57 SETHEADING 34,125 
Overlay 53 SETX 33,125 

SETY 33,125 
PADDLE 102 ,1 28 SH 34,125 
PC 29 ,1 24 SHAPE 87,125,129 
PD 33,124 SHOWTUR'rLE 9,125 
PEN COLOR 29,124 Single step 76 
PENDOWN 33,124 SLOW 76,123 
PENUP 33,124 Speed 76 
Photograph 40 ST . 9,125 
PRINT 105,121 STOP 46,121 
Printing procedures 39,116 Structure 21 
PU 33,124 Subprocedure 19 

sx 33 ,12 5 
SY 33,125 

Queuing mail 107 
TO 121 

RANDOM 82,83,127 Turtle 255 79 
Recursion 41 Turtle graphi c 4 
Relational operators 126 
REPEAT 19,120 VANISH 78,121 
Reset 4 Variable 25,126 
RIGHT 6,124 
ROM 3,115 WAIT 71 
RT 7,1 24 WHILE 79,121 
RUN mode 119 WRAP 42,122 

Wrap-around 5,119 

XLOC 84,127 

YLOC 127 
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