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Then press ENTER.* The number tells the turtle how far
forward to move. After you type FORWARD 40 the screen will
show

See the turtle track?

It won't be long before you get tired of typing FORWARD
all the time, so there is an abbreviation which has the same
effect. Enter the following (type it and press ENTER):

FD 10
Try Lo get a feel for the screen size and resolution. Try
FD 1

It's almost too little to see. Then try with a larger number,
like

FD 100

The turtle moved, but it didn't leave a track. When the
turtle goes off the top of the screen, it reenters at the
bottom, a process which is called "wrapping around." A turtle
can wrap around only by temporarily raising its tail, so no
track appears for any step where the turtle wraps around.

*NOTE: If you forget to leave a space between "FORWARD'" and
40", you'll see the message "I DON'T KNOW HOW TO FORWARD40'".
You'll get a similar message if you make any other typing
error. Just press ENTER to get another chance to enter
"FORWARD 40". You can use the left-arrow key to correct
typing errors before you press ENTER. Simply backspace to the
beginning of the error, and retype the turtle instruction,
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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 1is to recognize that the element that is re-
peated six times is a square with a circle inside.

Therefore our main procedure should be

TO PATTERN
REPEAT 6 (SQUARE-CIRCLE RT 60)
END

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 square, but it will leave us with a problem.
We also have to draw a circle inside the square, and SQUARE
leaves the turtle at a corner of the square. The corner is an
awkward place to start drawing a circle which is to be inside
the square. This example shows that when procedures are to be
used together some attention must be devoted to making them
fit. The circle and the square touch at the center of a side.
We choose to make the two procedures fit by starting and
ending the square at the center of a side.

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

Now how do we get the turtle to draw a circle? One very
good way to figure this out is to play turtle. That is, walk
in a vcircle and think about what you are doing in terms of
turtle commands. You'll discover that to make a circle you go
forward a little and turn a little until you get all the way
around. The best circle should be drawn by the following,
right?

TO CIRCLE
REPEAT 360 (FD 1 RT 1)
END

Wrong! This gives an eight-sided figure. 1I'll explain why,
but if you find this confusing for now, skip ahead to the
next paragraph. When a turtle moves forward one step it has
eight choices of where to go.

8 | 2
7 X 3
6 5 4

We start with the turtle pointing straight up (towards 1) and
turn the turtle a small amount, say 5 degrees right. Clearly
the only two choices 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 square 1 and the
process repeats on the next move. With larger steps there are
more squares to which the turtle can move, and we get a
better circle. In general, avoid combining 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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The maximum number of local variables for a procedure is
five. We also can create global variables, variables which
use a common memory location in all procedures in which they
appear. Global variables are created by using them in a
procedure without including them in the TO statement. This
provides a convenient way for sharing information among
procedures.

DESIGN contains our first example of arithmetic expres-
sions, here 360/:N. DRAGON LOGO allows the standard four
arithmetic operations: addition (+), subtraction (-), multi-
plication (*), and division (/). No parentheses are needed
unless the order of operations is non-standard. Fractional
parts of numbers are dropped. Thus in DRAGON LOGO

= 1
+ 4 = 10
3+ 4) =14

o
* %~
~Ww
-

Numbers in the range -32768 to 32767 can be handled. To throw
away the sign of a number, use the ABS function.

ABS -10 is +10

The following procedures give additional examples of the
use of variables and arithmetic expressions.

TO SQUIGGLE
ED 7
REPEAT 8
(FD 4 RT 45)
FD 7
REPEAT 8
(FD 4 LT 45)
FD 7
END

TO SQUIGGLE8 :SIDE :ANGLE
REPEAT 360/ :ANGLE
(REPEAT :SIDE (SQUIGGLE)
RT :ANGLE)
REPEAT 360/ :ANGLE
(REPEAT :SIDE (SQUIGGLE)
LT :ANGLE)
END

Notice the use of the nested REPEAT twice in SQUIGGLE8. if
:ANGLE were 180 and :SIDE were 4, then each of the pairs of
nested REPEATs will repeat 2*4 or 8 times. Try

SQUIGGLE8 1 20

SQUIGGLE8 3 60
SQUIGGLE8 4 90
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TO MANY :N

REPEAT :N (FOUR RT 90/:N)
END

We would like to be able to name the colours you will get
with specific pencolours and coloursets but colours vary from
TV to TV; they vary with the colour settings on the TV, and
they may even switch when you restart your computer. Try
running MANY with a value of 10. Then adjust the colour and
tint controls on your TV set to your satisfaction. On many
TV's, colour set 1 will give more interesting colours, so be

sure to try that too. You can change colour sets without
redrawing Lhe figure by typlng

COLOURSET 1
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An interesting variation can be created by the following
changes.

TO BOX
PC 1 FD 50 RT 90
PC 2 FD 30 RT 90
FD 50 RT 90
PC 1 FD 30
END

TO FOUR
REPEAT 4 (BOX)
END

TO MANY :N
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 Turtle Commands

There are a few additional turtle commands which we have
not yet used. We can raise and lower the turtle's tail, so we
have the choice of leaving a track or not leaving a track.
The commands are just what you'd guess, PENUP (abbreviated
PU) and PENDOWN (abbreviated PD).

Let's illustrate by removing the lines of one colour from
the previous figure. Change BOX to

TO BOX
PU FD 50 RT 90
PD PC 2 FD 30 RT 90
FD 50 RT 90
PU FD 30
END

and again run MANY 90.

Every figure thus far has started in the center of the
screen at a position called home. When we get into the RUN
mode the turtle automatically moves to home. If we want to
start the turtle somewhere else, we can. The turtle can be
moved to an arbitrary and absolute screen position by means
of the SETX (abbreviated SX) and the SETY (abbreviated SY)
commands. The results of these two commands are absolute, not
relative to the current position of the turtle. No line is
drawn, and no change in heading is made. For example,

TO DOUBLE
SETX 60
MANY 90
SETX 180
MANY 90

END
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Disk Name

A L
B J
C K
D L
E M
F N
G 0
H B

Loading programs from cassette and diskette 1is also
simple. Again it 1is necessary to be in BREAK mode. In
response to the BREAK mode prompt press L. The prompt then
will read

LOGO: LOAD: _

The responses here are exactly the same as for SAVE: use
letters A through P to load a disk module, and T to load from
tape. In both cases pressing ENTER will start the process. Of
course with the cassette tape you will have to have the
volume set to about 5, have the tape rewound, and have the
PLAY button depressed before pressing ENTER.

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

P+ - for single space
Q - for double space

and the procedures in memory will be printed. If for some
reason you want to eliminate the line feed at the end of any
line (thus using a larger portion of the paper width) enter
EDIT mode and insert an @ character at the end of every line
for which you want to eliminate the carriage return and line
feed. (To place an @ character in a line in EDIT mode, you'll
need to press the @ key twice.)

There remains the question of saving results, the
pletures on the screen. We find that the best way is to take
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wrap-around. Enter RUN mode and type
NOWRAP

Then try a variety of runs, for example

POLYSPI 1 90 1

POLYSPI 1 90 5

POLYSPI 1 120 3
POLYSPI 1 122 3
POLYSPI 1 144 5
POLYSPI 1 145 1
POLYSPI 1 176 3

POLYSPE &t 144 S POLYSPY & 176 3

If you then want to see what happens when the computer allows
wrap-around, type

WRAP
and try some more runs.

Now 1let's try to figure out what is going on with this
POLYSPI. It is useful to think of a DRAGON LOGO program in
terms of levels: the main program is a procedure at level O,
a subprocedure called from. level O is at level 1, a subproce-
dure called from level 1 is at level 2, etc. The operation of
a program like MANY can be diagrammed as

Level O (MANY)
Level | (FOUR) .

Level 2 (BOX)
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Running FRACTAL 50 will show the pattern. (You may want to
enter RT 90 and SX O before running FRACTAL 50 to turn it the
way we've drawn it in the manual.) Notice that the pattern
divides the whole length into thirds; that is why we divide
by 3 on the recursive calls. However, the resulting length
will change somewhat depending on the conditional IF state-
ment because of the roundoff loss in integer arithmetic.
You'll see that if you change the conditional to something
finer -- say, :N<4. That pattern looks like the edge of a
snowflake. Why not make it into something six-sided?

TO FLAKE :N

CLEAR

REPEAT 6 (FRACTAL :N RT 60)
END

You may have to play with the starting position (SX and SY)
and the size to get a nice figure without wrap-around. You
may also prefer the figure you get when FLAKE is made to draw
three sides at 120 degrees.

Other variations are possible. We can replace FD :N in
the IF statement with a more elaborate series of commands. A
few examples follow.

TO FLAKE :N

CLEAR

S5X 50

SY 50

REPEAT 3 (FRACTAL :N RT 120)
END
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TO C
SH O 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-1)

RT 135 FD 2 SH O PU ST

END

TO CIR :STEP
REPEAT 8 (FD :STEP RT 45)

END
The last line before the END in C restores the turtle to the
original position. It is not easy to compute what moves are
necessary to reach the original position, so we do it by

experiment. Run C immediately upon entering RUN mode, so that
the starting position for the turtle is at the home (128,96)
position. When the procedure has finished do a SX 128 and a
SY 96. Watch which way the turtle moves, if at all. From
those moves we can tell what changes must be made in the last
line of C to restore the turtle to the original (home)
position.

With these procedures the child can move the turtle
around the screen using the number keys, and the child can
produce triangles by pressing T, squares by pressing S, and
circles by pressing C. But, I hear you say, this 1is for
children who don't know the letters. We suggest that you
cover the selected keys with small adhesive labels on which
the symbols have been drawn. In this example this would mean
putting a label with a triangle on the T key, a label with a
square on the S key, and a label with a circle on the C key.
Of course you could use any other keys instead by renaming
the procedures.
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Try running PATTERN1. The idea is that the «child is to
reproduce the pattern on the upper set of dots on the Ilower
set, and then, after that is mastered, the child is to give
an equivalent pattern with some other shapes. Before you try
this with a child, try it yourself! Try to copy the pattern
on the lower row of dots. You'll find that it is more diffi-
cult than necessary. It is needlessly difficult to move the
turtle the correct number of units (12 as the procedure is
written). We can make the exercise much less bothersome by
some minor adjustments. Notice that these adjustments in no
way detract from the point of the exercise, which 1is to
recognize and continue the pattern.

TO LINE-OF-DOTS
REPEAT 12 (DOT FD 20)
END

The change to FD 20 means that the child can connect dots
with two keystrokes (key 8 producing FD 10 on each stroke).
We have to adjust PATTERN1 as well.

TO PATTERN1
DOTS
SX 5 SY 150
REPEAT 6 (PD FD 20 PU

FD 20)
SX 5 SY 50 ST PD
END
@s&&"

i s;'wdf»w& W e W

Wl o w wm m om w m m ow ow oW ow
You may be wondering why we didn't just give you the
final versions immediately. The point is that we hope you
wlll try creating your own exercises, and we want you to see

that a little attention to detail can make the exercises much
more effective. Especially with very young children, be sure
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to try out the task to check the difficulty level before they
are around. This is supposed to be fun as well as instruc-
tive, and not a new source of frustration.

The same pieces can be used for a slightly more diffi-
cult exercise.

TO PATTERN2

DOTS

SX 5 SY 150

REPEAT 6 (PD LT 60 FD 40
RT 120 FD 40
LT 60)

SX 5 SY 55

LT 90 FD 10 RT 90 FD 40

RT 90 FD 10 BK 10 LT 90

ST

Here the task 1is to reproduce the indicated pattern by
continuing the shapes started on the lower line. Because the
two shapes forming the pattern are different, the focus is on
the shape rather than straight copying.

We may as well make use of some of the fancier shapes
that we have defined in the OK Set. The following is another
example of complete the pattern, but one which is visually
more interesting.
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This gives a more complex pattern.

TO PATTERNS
CLEAR
LINES 60 128 10
HOME

END

TO LINES :LENGTH :X :STEP
IF :LENGTH = O (STOP)
SX :X SY 36 ©SH 0
FD :LENGTH RT 90 FD :LENGT.
LINES (:LENGTH - :STEP)
(:X + :STEP) :STEP

END

The starting points for the pattern are picked so as to
center the pattern on the home position. Thus because home is
at 128,96 the starting point for the first line is at 128,36
which is 60 units below home. We've chosen to orient the
pattern so that the child can begin drawing without turning
the turtle.

At some point the child will need practice in learning
letters and numbers. Part of learning to recognize them is to
look at them very carefully, and this can be encouraged by
use of DOODLE mode activities. The child will probably want
to use the letters later to write simple words, so we'll save
the procedures they make. The first tasks could be simply
copying from a model. Because most people identify computers
with mathematics, here we'll counter that tendency by using
letters for examples. We'll begin with the letter F. We need
a procedure to draw the model.

69



TO DRAW-F
CLEAR
SX 50 SY 146 RT 180
FD 50
SX 50 SY 146 LT 90 FD 30
SX 50 SY 126 FD 20
HOME
END

This will draw a large capital F as you can see by running
the procedure. However, it will draw the F so quickly that it
gives the child no hint as to the order in which the lines
should be drawn. The order can be indicated in several ways.
Colour can be used (draw the red part, then draw the blue
part). We can put delays between the strokes to make the
sequence on the example visible. We'll use both techniques.

TO DRAW-F
CLEAR
SX 50 SY 146 RT 180
PC 1 FD &0
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 WAIT :T
REPEAT :T (REPEAT 820 ())
END
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Notice that the procedure WAIT does nothing but count. The
number on the inner REPEAT is picked so that the number :T is
approximately the number of seconds that are used up count-
ing. Be sure that the child's procedure is named F so that
there is a simple correspondence between the name and the
drawing. If you still have the OK Set in memory, you'll have
to delete F from that set.

Once the child is familiar with the shape of the letter,
or of several letters, you can let them try making letters by
connecting dots. Here the procedure must draw the dots,
preferably starting at the home position.

TO DOTM
CLEAR
DOT FD 60 DOT RT 135
FD 30 LT 45 DOT
LT 45 FD 30 RT 45
DOT RT 90 FD 60 DOT
HOME

END

In this procedure we've been careful to always have the
turtle pointing in the horizontal direction to keep the
spacing of the dots perfectly regular. That may not be
essential.

This dot-to-dot exercise works best for those letters
and numbers where the pen never need be raised. Most letters
require that the pen be raised. The dot pattern for these may
be a bit of a puzzle, perhaps a worthwhile challenge. If that
is  too difficult, colour coding the dots into two or three
sets or adding intermediate dots may help.
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The ability to visualize how things will appear in other
positions may be worth developing. The idea here is to give a
figure in one position and to ask the child to doodle it in
another position. We are going to reuse the child's procedure
for final comparison, so here we use DOODLE mode. One task is
to ask the child to complete a partially drawn figure, but in
another position.

TO PATTERNG6

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 5Y 96 SH 180

FD 50 RT 90 FD 70 RT 90 FD 50

Remember that in entering DOODLE mode it will be necessary to
name the procedure that the child is creating. The comparison
of the two figures can be made nicely. Let's assume that the
child's procedure is named Z7Z7Z. After ZZ is completed, enter
RUN mode and do the following.

RT 180
PATTERNG6
SX 70

SY 146
PC 2
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This will rotate the original figure and draw the child's

figure over the rotated original in another colour. The
result is even more satisfying when the child is drawing the
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Try running this set of procedures, first with one tree and
then with several. With some TV sets you may be able to get
green .tops and brown trunks, so try playing around. If not,
you can always claim that they're intended to be blue spruce.
There are a couple of new ideas in the last two procedures.
In FIR11 we have used the XLOC function. This returns the x
screen coordinate of the designated turtle. Here :X is the
starting point for the right half of the tree. When XLOC has
returned to the starting point, the procedure is finished. In
FIR notice the use of the variable :T to indicate the turtle
number. In EVERGREEN we have introduced the RANDOM function.
RANDOM produces a random number between O and the argument -
1. For example

RANDOM 200 + 20

adds 20 to a random number between O and 199. The result must
be a number between 20 and 219. We do this to keep the trees
away from the edge where the wrap-around will give some
rather lopsided trees. Also note the use of WHILE in combina-
tion with the

MAKE :TREES :TREES-1
This gives a number which is one less every time through the

WHILE 1loop. :TREES is used to vary the turtle numbers for
each tree drawn.
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TO WALK
HT PU SX 100 RT 90
REPEAT 100 (ONE ST WAIT 100
HT FD 6 TwWO ST
WAIT 100 HT FD 6)
END

TO WAIT :T
REPEAT :T ()
END

Notice that in this case we want the turtle shape to be drawn
at right angles to the turtle motion. That is taken care of
in the SHAPE statement. Notice also that we have to slow down
the process by including the WAIT instruction. Otherwise it
runs so fast that we have trouble seeing the shape. Try other
values for :T to vary the speed. We can make the figure
climb; Jjust enter LT 15 before running WALK again. We can
even make the figure walk in a circle.

TO WALK-AROUND
HT PU SX 100 RT 90
REPEAT 100 (ONE ST WAIT 100
HT RT 15 FD 6
TWO ST WAIT 100
HT RT 15 FD 6)
END

You may prefer the motion you get with a different
control procedure. Try this as an alternative to WALK.

TO WALK1
HT PU SX 100 RT 90
REPEAT 100
(HATCH 1 WALKA
REPEAT 8 ()
HT FD 6
HATCH 1 WALKB
REPEAT 8 ()
HT FD 6
)
END

TO WALKA
HT ONE ST
REPEAT 10 ()
END

TO WALKB
HT TWO ST
REPEAT 10 ()
END

The trick here is to get the delays (that is, the REPEATS
with empty parentheses) synchronized. The delays in WALK1
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TO T1
HT TURTLE1
ST
REPEAT 10 ()
END

TO T2
HT TURTLE?2
ST
REPEAT 10 ()
END

TO HERD
CLEAR HT
MAKE :T O MAKE :T 1
REPEAT 20 (
IF :1<10 (MAKE :1 :I+1)
MAKE :J 1
WHILE :J<:I
(HATCH :T CRAWL :T O (:J*18)
MAKE :T :T+2
MAKE :J :J+1)
REPEAT 900 ()
)
END

It is clear that while much is possible with the turtle
shapes, DRAGON LOGO 1is not likely to become a tool for the
generation of Saturday morning TV shows. It was never intend-
ed that it should be so. It is a tool that will allow the

child to produce results which can be immensely satisfying to
the creator.
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TO MAN2

SHAPE RRUFFFLLDFF-
FFLFFRRRFLLFFRRF -
LFLLLFFRRFLFRRFL-
FFLFLFLFLFFLFRFF-
FFLLFRRRFLFFFFFF
END

TO PAINT
PC 2 HT MAKE :X 1
REPEAT 3 (COLOURSET O
DELAY 100 COLOURSET 1
DELAY 100)
SX 114 SY 102 SH O
REPEAT 13
(RAGGED :X
SX XLOC ME - 6
SY YLOC ME - 2
MAKE :X :X+5
)
END

TO RAGGED :X
REPEAT 8
(FD :X RT 135 FD 8
BK 8 LT 90)
END

TO DELAY :TIME
REPEAT :TIME ()
END
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TO DIGITAL :HOUR :MINUTES
SX O SY 180 PRINT " "
SX 8*(:HOUR<=9 & :HOUR<>0)
IF :HOUR (PRINT :HOUR)
ELSE (PRINT 12)
SX 16 PRINT ":" SX 24
IF :MINUTES<10
(PRINT "O" SX 32)
PRINT :MINUTES
END

Notice that you can set the interval to any number of clock
minutes and that you can set the speed with :DELAY. Try
running

CLOCK 300 5

Next we give another colourful design.

TO SPIDER :X
COLOURSET 1 BG O
REPEAT 36
(HATCH 1 OFFSET :X :C
MAKE :C :C+1 RT 10)
VANISH
END

TO OFFSET :LENGTH :COLOUR
PC :COLOUR FD :LENGTH
LT 30 FD :LENGTH
RT 30 FD :LENGTH

END
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