


































































































































































































































































































































































































































































































































































































































































































































































































































































































FORTH FACTORY

The system also has miscellaneous commands like CLEAR for clearing
the screen, FRAME for drawing a frame around your picture, and HOME,
START, and NEW for starting over. The command BYE leaves Turtleland
and returns to pns-Forth.

Of course, all the usual Forth words are still available while you’re in
Turtleland, in case you need to do arithmetic, comparisons, branching, loop-
ing, or whatever. You can use the more compact loop syntax (...)and (. ..
+) in place of the structures 0 DO ... LOOP and 0 DO ... +LOOP.

The important command DEFINE . .. AS ... END allows you to add
new words to the turtle’s vocabulary. This makes it very easy to change any
of my command names that you don't like.

As an interesting example, you might want to

DEFINE HILDA

AS 1 SET ACTIVE END
DEFINE GILDA

AS 2 SET ACTIVE END
DEFINE MATILDA

AS 3 SET ACTIVE END

so that you can talk to a turtle simply by invoking her name.

Using The System

To start turtle-ing, just use the SET MODE command. If you want to have
Turtleland displayed in Graphics Mode 7, for example, type 7 SET MODE.
After this you can immediately move the turtles around with 10 DRAW, 45
TURN, etc. SET MODE initializes the system as follows:

o All four turtles are home at X=0 and Y =0, with heading 0 degrees.

® They all have their pens down.

® Their pens are filled with various ink types as described under the
START command in the glossary.

e Turtle #1 is active.

® The window is such that X=0, Y =0 is in the center of the screen and
there are 100 X or Y units per pixel.

® The viewport is the whole screen.

After you get acquainted with the various commands, you'll want to
start extending the system by defining your own. Here is an example of a
new command:
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VALUE STEPS
VALUE INCREMENT
VALUE ANGLE

DEFINE POLYSPI AS
TO ANGLE
TO INCREMENT
0 TO STEPS
BEGIN
STEPS INCREMENT +TO STEPS
STEPS FORWARD
ANGLE TURN

AGAIN

END

POLYSPI can make all sorts of interesting polygonal spirals. It expects to
find two numbers on the stack. It stores the top one in ANGLE; this will be
how many degrees the turtle will turn between each move. The one below
gets stored in INCREMENT; this will be how many more steps the turtle will
take each time compared to the previous time. Next STEPS is initialized to O
and we enter a Forth BEGIN . . . AGAIN loop. The words between BEGIN
and AGAIN will be executed indefinitely. (You must press a yellow console
button to stop POLYSPIL.) Each time through the loop, STEPS is incre-
mented by INCREMENT, and the turtle takes the number of steps in STEPS
and turns the number of degrees in ANGLE. Thus POLYSPI is just an auto-
mated sequence of FORWARDs and TURNS. For example, 2 90 POLYSPI is

really the same as

2 FORWARD 90 TURN
4 FORWARD 90 TURN
6 FORWARD 90 TURN

and so on.

The three VALUE words POLYSPI uses make it easy to see what’s going
on. However, another definition of POLYSPI is possible which uses no vari-
ables at all:

DEFINE POLYSPI AS
0

BEGIN

3 PICK +
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DUP FORWARD
OVER TURN
AGAIN
END

This version keeps everything on the stack, using the Forth words PICK,
DUP, and OVER for stack manipulation. You can make a variety of patterns
with this one command by changing its two parameters.

Pressing a yellow console button will break out of an indefinite loop of
turtle moves. In fact, every time a turtle changes position, the system checks
the console buttons and returns to command level if one is depressed. This
makes it easy to regain control.

As mentioned earlier, ten of the words used in my screens are pns-Forth
words which won’t be available (at least not with the same meanings) in
other Forth systems. Two of these, 1- and TABLE, are common Forth exten-
sions whose high-level definitions are

o
and

: TABLE BUILDS DOES OVER

+ + @3

The others are highly system-specific. Four of them — SETUP S,
CLOSE S, SPLIT-SCREEN, and GR. — were used in the word GRAPHICS.
Their definitions are quite complex, as these words are part of pns-Forth’s in-
terface to the CIO routines in the Operating System. Their joint effect in the
word GRAPHICS, however, is quite simple. Any Forth system sold for the
ATARI will probably have words for opening the screen for graphics. Simply
use whatever your system provides to define your own GRAPHICS, which
takes one number from the stack and opens the screen in that mode, with a
text window at the bottom.

The last four words specific to pns-Forth are CL#, COLOR, PLOT, and
DRAWTO. These are used by LINE, FRAME, and POSITION. The first
two are simple to define; just use

0 VARIABLE CL#

and

: COLOR DUP CL# ! PAD C!;

CL# is a variable which is used to keep track of the color data used to
plot a pixel. COLOR takes a number from the stack and stores it both in
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CL# and at PAD, for later use by PLOT and DRAWTO. The definitions of
PLOT and DRAWTOQO are complicated because these words result in calls to
CIO. Again, however, their functions are simple and your system probably
provides similar words. Define a PLOT which takes a column and a row
number from the stack, moves the screen cursor to that position, and plots a
pixel there using whatever byte is at PAD as the color data. Similarly, define
a DRAWTO which takes a column and a row number from the stack, and
draws a line from the current position of the screen cursor to this specified
position, using the byte at PAD as color data.

[ believe that all the other words I've used in this system are either stan-
dard fig-Forth words or new words that I've defined.

Glossary of Turtle Commands

MODE Commands

SET MODE [ mode -~ ] Opens the screen in the Graphics Mode
specified by mode , which should be 3-8. Sets up a default viewport, win-
dow, and step size by executing WHOLE-SCREEN SET VIEWPORT and
100 PER-PIXEL. Draws a frame around the viewport with ink of type 1. Initial-
izes the turtles by executing START.

MODE [-- mode ]Leavesthe number of the current Graphics Mode on
the stack.

SHOW MODE [ --- ] Displays a message indicating the current Graphics
Mode.

ACTIVE Commands
SET ACTIVE [ turtle# --]Makes the turtle whose number is turtle#

the active turtle. Future commands will be directed to her.

ACTIVE [ - turtle# ] Leaves the number of the active turtle on the
stack.

SHOW ACTIVE [ --]Displays a message indicating the currently active

turtle.
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PEN Commands

SET PEN [ state -] Lowers the active turtle’s pen if state is nonzero
and raises it if state is zero.

PEN [-- state ]Leaves 1on thestackifthe active turtle’s pen is down and
0 if it is up.

SHOW PEN [---]Displays a message indicating whether the active turtle’s
pen is up or down.

INK Commands

SET INK [ ink# ] Fills the active turtle’s pen with ink of type ink# .
Type 0ink is erasing ink. Types 1, 2, and 3 are colored. Types 2 and 3 are not
available in modes 4, 6, or 8.

INK [-~ ink# ]Leaves on the stack the type of ink in the active turtle’s
pen.

SHOW INK [ --]Displays a message indicating the type of ink in the ac-

tive turtle’s pen.

HEADING Commands
SET HEADING [ degrees -- ] Makes the active turtle head in the direc-

tion specified by degrees . Directions are measured clockwise from the ver-
tical.

HEADING

[ - degrees ] Leaves the active turtle’s heading on the stack.

SHOW HEADING [ ---]Displays a message indicating the active turtle’s
heading.

X Commands

SET X [ x --]Changes the active turtle’s X coordinate to x . Draws a line
if her pen is down.

X [ x ]Leaves the active turtle’s X coordinate on the stack.

SHOW X [ --]Displays a message indicating the active turtle’s X coordinate.
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Y Commands

Similar to X Commands.

POSITION Commands
SET POSITION [ x y --]Changes the active turtle’s coordinates to

X= x and Y=y . Draws a line if her pen is down.

POSITION [~ x vy ]Leavestheactive turtle’s X and Y coordinates on
the stack.

SHOW POSITION [ --]Displays a message indicating the active turtle’s

X and Y coordinates.

SIZE Commands

SET SIZE [ distance steps --- | Sets the step size so that the number of
steps given by steps will cover a distance in XY coordinates given by
distance .

SIZE [--- distance steps ]Leavesthe current size parameters on the stack.

SHOW SIZE [ -] Displays a message indicating the current step size.

WINDOW Commands
SET WINDOW [ xmin xmax ymin ymax --]Setsthe window to

be the region from X= xmin to X= xmax and from Y= ymin to
Y= ymax .

WINDOW [-- xmin xmax ymin ymax ]Leavesthecurrentwin-
dow parameters on the stack.

SHOW WINDOW [ --- ] Displays a message indicating the current win-
dow.

VIEWPORT Commands
SET VIEWPORT [ left right top bottom --]Setsthe viewport

to extend from screen column left toscreen column right and from screen
row top toscreen row bottom .
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WHOLE-SCREEN SET VIEWPORT [---]Sets the viewport to extend
from column 1 to the next to the last column and from row 1 to the next to the
last row.

VIEWPORT [-- left right top bottom ]Leavesthe current view-

port parameters on the stack.

SHOW VIEWPORT [ -] Displays a message indicating the current

viewport.

Other Commands

CLEAR [ ---]Clears the graphics screen without affecting the turtles.

FRAME [ ink# --]Draw aframe around the viewport, using ink of type
ink# .

HOME [ -- ] Moves the active turtle to X=0 and Y =0 with heading 0,

without drawing a line, and then lowers her pen.

START [--]HOME:s all the turtles first. Then fills their pens with ink. (In
Mode 3, 5, or 7, the Nth turtle’s pen is filled with ink of type N. In Mode 2, 4, or
6, turtle 0’s pen is filled with type 0 ink while the pens of turtles 1, 2, and 3 are
filled with type 1 ink, the only colored ink available in these modes.) Finally,
makes turtle 1 the active turtle.

NEW [--]Clears the screen, draws a frame with type | ink, and initializes
the turtles by executing START.

PER-PIXEL [ distance ---]Setsthe window so that the point X=0, Y =0is
the center of the viewport, and so that the distance in XY coordinates given
by distance will be the size of one pixel. Also, sets the step size so that each
step is distance units long.

FORWARD [ steps --]Moves the active turtle forward the number of
steps specified by steps . The movement is in the direction she is currently
heading if steps is positive and in the opposite direction if steps is
negative. The turtle’s heading is unaffected. A line is drawn if her pen is down.

BACKWARD [ steps ---]Like FORWARD except in the opposite direc-
tion.

DRAW [ steps --]Lowers the active turtle’s pen so that a line will defi-
nitely be drawn as she moves forward the number of steps given by steps .
Then her pen is returned to its previous state.
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MOVE [ steps --- | Raises the active turtle’s pen so that a line will
definitely not be drawn as she moves forward the number of steps given by
steps . Then her pen is returned to its previous state.

RIGHT [ degrees --] Turns the active turtle the specified number of
degrees, to the right if degrees is positive and to the left if negative.

LEFT [ degrees --]Like RIGHT except in the opposite direction.
TURN [ degrees -] The same as RIGHT.
GOTO [ x y --]Thesame as SET POSITION.

DRAWTO [ x vy --]Lowersthe active turtle’s pen so that a line will
definitely be drawn as she moves to X= x and Y= y . Then her pen is
returned to its previous state.

MOVETO [ x vy --]Raises the active turtle’s pen so that a line will
definitely not be drawn as she movesto X= x and Y= y . Then her pen
is returned to its previous state.

TURNTO [ degrees -] The same as SET HEADING.

PENDOWN [ --- | Lowers the active turtle’s pen: This is the same as 1
SET PENSTATE.

PENUP [ --- ] Raises the active turtle’s pen. This is the same as 0 SET
PENSTATE.

PENDOWN? [ - flag ]Leavesa 1 on the stack if the active turtle’s
‘pen is down and a O if it is up. This is the same as PEN.

PENUP? [-- flag ]Leavesa | on the stack if the active turtle’s pen is
up and a 0 if it is down. This is the opposite of PEN.

ERASING [ --- ] Fills the active turtle’s pen with type 0 ink (the erasing
type). This is the same as 0 SET INK.

(...) [#loops - ]Executes the words between the left parenthesis and
the right parenthesis the number of times given by #loops .

DEFINE . .. AS...END Defines the word between DEFINE and AS to
be a new turtle command which will execute the words between AS and

END.

BYE [ ---] Leaves Turtleland and returns to pns-Forth.
by Gordon Smith
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(«

Turtle Graphlcs I, s
DECIMAL
TABLE SINES
poee , @175 , @349 , @523
@872 , 1445 , 1219 , 1392
1736 , 1968 , 2879 , 22540
2588 , 2756 , 2924 , 3694
3a29 , 3584 , 3746 , 3907
4226 , 4384 , 45408 , 4695
5048 , 5158 , 5299 , 5446
5736 , 5878 , 60618 , 6157
6428 , 6561 , 6691 , 6824
I S o TR i I B 1 B Ty
7668 , 7771 , 7888 , 7986
8192 , 8299 , 8387 , 8484
8668 , 8746 , 8829 , 8914
9463 , 9135 , 9245 , 9272
9397 , 9455 , 9511 , 9563
9659 , 9743 , 9744 , 9781
9848 , 9877 , 9983 , 9925
9962 , 9976 , 9986 , 9994
19008 , ——>
( Turtle Graphics I,
)
: (SIN) (- IR = e
pup 94 > IF
180 SWAP - THEN
SINES
SIN {SEnE1 =i | 2080
( Returns 100088 times
( of nl1 degreas. )
364 MOD
DUP @< IF
360 + THEN
DUP 188 > IF
188 — (SIN) MINUS ELSE
(SIN) THEN
CO0S (i nEli =i 2 )
( Returns 10@@0 times t
( of n1 degrees. )
360 MOD 94 + SIN
e

\1»32 Ut e Gintaipihiiccis: I 18

D

creen 1

g698
1564
2419
3256
4067
48438
5592
6293
6947
1547
8g94
8572
8988
9336
9613
9816
9945
9998

’
’
’
’
’
’
»
’
y
’
’
’
’
’
’
’
’
’

screen 2

he sine

)

he cosine

)

creen 3

o
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)
(/j SIN* (SA IS s

( Returns nl1 times
( n2 degreess. )
SIN 190488 */

COS* (il N2l ==
( Returns nl1 times
( n2 degrees. )

C0S 140088 */
ey
( 33 Turtle Graphics

)
§ VARIABLE TO-FLAG
CODE TO (=i
et L
NEXT JMP,
VALUE

TO-FLAG

2 # LDY, W
W )Y LDA,
g # LDA,
BOT LDA,
BOT 1+ LDA,

INY,

==
( 34 Turtle Graphics
@ VARIABLE TO-FLAG
st
1 TO-FLAG !
VALUE
<BUILDS @ ,
DOES> TO-FLAG @ IF
@ TO-FLAG !
| ELSE
@ THEN
==
( Turtle Graphics
VOCABULARY CLIPPING
CLIPPING DEFINITIONS

Kl}LUE LEFT

)
TO-FLAG STA,
END-CODE

)Y LDA,
PUSH JMP,
TO-FLAG
2 # LDY,
INY,
POP JMP,

VALUE TOP

\

n3 )

the sine of )

n3d )

the cosine of )

I, screen 4a

@ CONSTANT
;CODE
g= IF,
PHA,
ELSE,
STA,
STA,
STA,
THEN,
END-CODE

LDA,

W)Y
W )Y

I, screan 4b )

I, screen 5 )

IMMEDIATE
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/;;LUE RIGHT VALUE BOTTOM
2 BASE |
CODE {ep ==L
g

OVER TOP < IF
1088 + SWAP DROP ELSE
SWAP BOTTOM > IF
#1848 + THEN
THEN
. OVER LEFT < IF
g@@1 + SWAP DROP ELSE
SWAP RIGHT > IF
#d1@8 + THEN
THEN
= >
( Turtle Graphics I, screen 6
VALUE X1
VALUE Y1
VALUE C1
VALUE X2
VALUE Y2
VALUE C2
VALUE C
CLIP_X tnl ——— 2 )
Yi -
X2 X1
Yz Yi -
27 X & -
GLIP_Y ol ——— 2 )
X1 - i
Y2 Y1 —
Xz Xl -
s N
=
( 37 Turtlie Graphics I, screoon 7
2 BASE |
WHERE? (s —pi)
C APP1 AND IF
LEFT LEFT CLIP_Y ELSE
C @@1@ AND IF
RIGHT RIGHT CLIP_Y ELSE
C #1886 AND IF
\\» BOTTOM CLIP_X BOTTOM ELSE
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( C 1008 AND IF )

TOP CLIP_X TOP THEN

THEN
THEN
THEN ;
DECIMAL
: WHERE! (p ) .
C C1 = IF

TO Y1 T0 X1 X1 Y! CODE 70 C1 ELSE
TO Y2 TO X2 X2 Y2 CODE TO €62 THEN

==

( 38 Turtle Graphics I, scroen 8 )
FORTH DEFINITIONS
¢ CLIP (Gipl p2 == pl p2 bt
( or )
R s )
CLIPPING

TO Y2 10 X2 X2 Y2 CODE TO0 C2
=Y T0 X1 X1 Y1 CODE TO0 C1
BEGIN
C1 C2 OR WHILE
C1 C2 AND IF
g ;8 THEN
Cl IE
C:1 10 C ELSE
C2 TO C THEN
WHERE? HERE! REPEAT
‘ X1 Y1 X2 Y2 | .

——>
( 39 Turtle Graphics I, screen 9 )
GRAPHICS (3=t

( Clears the screen and sets it up )

( for graphics modea n with 4 text )

( window. )

>R SETUP § CLOSE §
SPLIT-SCREEN 8> Bh. :

LINE ( p1 p2 == )

( Displays whatever piece of the )

(Fine ftrom pl tao p2 Is within )

( the clipping window. )
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( CL# @ COLOR \

CLIP IF
PLOT DRAWTO THEN
B
( Turtle Graphics II, screen 1
)
DECIMAL
VALUES
<BUILDS @ DO
@ , LOOP
DOES> OVER + +
TO-FLAG @ IF
@ TO-FLAG ! | ELSE
@ THEN
VALUE PREFIX
S SET ) 2 TO PREFIX
SHOW-- (=== ) & T0 PREFIX

ROOT: (=)
<BUILDS SMUDGE |
DOES> PREFIX + @ EXECUTE
@ TO PREFIX
=
( Turtle Graphics II, screen 2

)
4 CONSTANT #TURTLES
VALUE WHICH
( The number of the active turtle )

ACTIVE! (L mi=—=") TO WHICH

.WHICH ()

: Turtle #' WHICH

ACTIVE? (B ==t

.WHICH . is active " CR ;
ROOT: ACTIVE WHICH ACTIVE! ACTIVE?
e
( Turtle Graphics II, screen 3

)

MODE@ (ic=== ) 87 Ce

MODE? (=)

“ This is graphics mode

MODE@ . CR

TABLE MAX_COL# (A = 2 )

30 = 10 ] 00 39 10 R 0 /
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f 115:9. ., 1519 = 319 ‘\\

TABLE MAX_ROW# ( nl ——— n2 )
B, 10N e, g gl g g
70, 70 e
WHOLE-SCREEN  ( ——— nl n2 n3 n4 )

1 MODEe MAX_COL# 1-
1 MODEe MAX_ROW# 1-
b
( 44 Turtle Graphics II, screen 4
)

VIEWPORT@ (U=l 23t )
CLIPPING LEFT RIGHT TOP BOTTOM ;
VIEWPORT? (" === )a . CLIPPING
“ The viewport is from column *
LEFT: e e ton 2GR L eia | umin
RIGHT . . and from row " TOP .
: to row ” BOTTOM . CR
VALUE XMIN VALUE YMIN
VALUE XMAX VALUE YMAX
WINDOWe (===inl n2 n3 nd )

XMIN XMAX YMIN YMAX
WINDOW? (=)
The window is from X=" XMIN

to X=":XMAX . CR . and :from Y=
YMIN . ato: Y="-YMAX ..CRH
—=>
( Turtle Graphics II, screen §
)
VALUE @COL VALUE @ROW
ORIGIN! Elirz= CLIPPING
XMIN MINUS RIGHT LEFT -
XMAX XMIN - */ LEFT + TOD @COL
YMAX MINUS TOP BOTTOM -
YMAX YMIN - =*/ TOP + TO @GROW
VIEWPORT! (ngflom2endind =)
CLIPPING

MODEe@ MAX_ROW# MIN TO BOTTOM
g MAX TO TOP

MODEe@ MAX_COL# MIN TO RIGHT
g MAX TO LEFT

ORIGIN!

&wmnum ( wlm2ag wa 22y J
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("TU YMAX TO YMIN TO0 XMAX TO XMIN‘\\

ORIGIN!

D
( Turtle Graphics II, screen 6

)
ROOT: VIEWPORT

VIEWPORT@ VIEWPORT! VIEWPORT?
ROOT: WINDOW

WINDOWe WINDOW! WINDOW?

LEFT- ( -—— n

CLIPPING LEFT 1— § MAX

TOP- ( ——— n )

CLIPPING TOP 1- § MAX ;

RIGHT+ ( ---'K )  CLIPPING

RIGHT 1+ MODEe@ MAX_COL# MIN

BOTTOM: | -~ &) CLIPPING

BOTTOM 1+ MODE@ MAX_ROW# MIN

FRAME  ( n ——— ) COLOR
LEFT- TOP- PLOT
RIGHT+ TOP- DRAWTO

RIGHT+ BOTTOM+ DRAWTO
LEFT- BOTTOM+ DRAWTO

CERET— I "TOP- DRAWTO
==
( Turtle Graphics II, screen 7
)
#TUHTLES VALUES PEN()
PEN@ (=== 1EIFaigs ) WHICH PEN()
PENDOWN? (=== tlag ) PENe :
PENUP? (he=== illnag ) PENe 0=
PENI (BTt g
f= @= WHICH TO PEN() ;
PENDOWN () 1 PEN!
PENUP (= s=m=r ) g PENI
PEN? (i) .WHICH
has her pen ©* PENe@ IF
down " ELSE
S oup ¢ THEN
CR
ROOT: PEN PENe PEN! PEN?
G

( Turtle Graphics II, screen 8
i U
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(

(

(’}URTLES VALUES INK() <‘\

——>

)
#TUHTLES VALUES HEADING()

ROOT: HEADING
HEADINGe HEADING! HEADING?
TURN (0 -— )

HEADINGe + HEADING! :
RIGHT = ( n --— )  TURN ;

: LEFT  ( n -=- )  MINUS TURN

bl

)
#TURTLES VALUES X ()
#TURTLES VALUES Y()

INKe === ) WHICH INK() :
INK! ) WHICH TO0 INK<()
ERASING (=== 3) g INKI!

INK? (=)

.WHICH .v {is wusing ink # INKe . GCR

00T: INK INKe INK! INK?

Turtle Graphles II, screen 9

HEADING@ ==—uin

WHICH HEADING ()

HEADING? (= ) .WHICH
." has heading " HEADINGe . CR
HEADING'® (tn —— |

36@ MOD WHICH TO HEADING()
TURNTO (e ) HEADING!

Turtle Graphics II, screen 140

Xe@ (== WHICH X ()

Yo i ==rn) WHICH Y ()

X? L =)

.WHICH . [s at X=" Xo& . CR

Y? L= )

WHICH .” iIs at Y=-' Yo . CR :
POSITION@ === nl n2z ) Xe Ye
POSITION? === ) .WHICH

iscat.X=" X@ . .° and Y= Yo . CBR

e
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7 ™
: X—>C0L G nl === n2 ) CLIPPING

RIGHT LEFT - XMAX XMIN - */ @COL + ;
Y-=ROW (a1l ——— n2 ) CLIPPING
TOP BOTTOM — YMAX YMIN - */ BROW +

SCALE { al n2:-~= 13 nd )

SWAP X->COL SWAP Y->ROW

?CONSOLE { = ftbane)

53279 C@ 7 = NOT ;

POSITION! (0l n2 ———

?CONSOLE IF
SP1 CR .” ok QUIT THEN
PENe@ IF
INKe@ COLOR
OVER OVER SCALE POSITIONe SCALE
LINE THEN
WHICH TO Y() WHICH TO X()
=
( Turtle Graphics II, screen 12

)

: GOTO (il n2 —— ) POSITION!
ROOT: POSITION

POSITION@ POSITION! POSITION?

X1 (o= ) Ne POSTTTONI -
¥ (n ~—— ) Xe SWAP POSITION!
ROOT: X Xe X! X? ;

ROOT: Y Yo Y! Y?
: MOVETO tnl n2i=——

PENe ROT ROT PENUP POSITION! PEN!

DRAWTO (-0l 12 ==

PEN@ ROT ROT PENDOWN POSITION! PEN!

T Em

( Turtle Graphics II, screen 13
)

VALUE SIZE_N VALUE SIZE_D

: SIZEe (@ == n-|ani2as)
SIZE_N SIZE.D ;
SIZE* (il - 12.) SIZE@ */
SIZE! (enl ong ——— )

TO SIZE_D TO0 SIZE_N

\:>SIZE? ( -—— ) : </)
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( SIZE_D DUP . 1= LF <‘\

step-is ¢ ELSE
easilceipsiia e =t T HIEIN
" a distance of = SIZE_N.. CR
ROOT: SIZE SIZE@ SIZE! SIZE?
e
( Turtle Graphics II, screen 14
)
VECTOR (SN N e 2
DUP HEADINGe SIN* X@ +
SWAP HEADINGe CO0S* Ye@ +
FORWARD (RuSpEt=
SIZE* VECTOR POSITION!

BACKWARD (m ——— ) MINUS FORWARD

MOVE (R = Vi)

PENe SWAP PENUP FORWARD PEN!

DRAW (ERnas===it)

PEN@ SWAP PENDOWN FORWARD PEN!
=
( Turtle Graphics II, screen 15

)

PER=PIXEL (=)

CLIPPING >R
RIGHTYT LEET — 2/
DUP MINUS R * SWAP 1+ R *
BOTTOM TOP - 2 /
DUP MINUS R * SWAP 1+ R *
SET WINDOW R> 1 SET SIZE
( Make SURE you typed the >R and R> )
( in this correctly. )
: SCREEN-DEFAULTS (==
WHOLE-SCREEN SET VIEWPORT
188 PER-PIXEL
TABLE GR.BYTES (Lemlsi==t 02 )
969 , 490 , 2960 , 2086 , 448 ,
8pg@ , 1668 , 32090 , 6400 ,

CLEAR (= )
88 @ MODEe@ GR.BYTES ERASE
==
( Turtle Graphics II, screen 16

)

\:HOME | ( -—- ) )
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’ # @ MOVETO @ TURNTO PENDOWN : ‘\\

START  ( --- |
“*TURTLES @ DO
I SET ACTIVE HOME
MODE@ 2 MOD IF
I ELSE I @= @- THEN
SET INK LOOP
1 SET ACTIVE
MODE! ( n —-—— )
GRAPHICS SCREEN-DEFAULTS
1 FRAME START ;
ROOT: MODE  MODE@ MODE! MODE? ;

: NEW (i==="0c CIEERR = 1" FRAME = S TART
BYE L === ) @ GRARHICS
g 718 Gt 68 712 C!
e
( Turtle Graphics II, screen 17
)
DEFINE [COMPILE] : ; IMMEDIATE
: AS ; IMMEDIATE
: END [COMPILE] : ; IMMEDIATE
i\ (“ignores rest of Il'lne )
INe@ C/7L / 1+ G/L * IN | ; IMMEDIATE

L

COMPILE # [COMPILE] DO ; IMMEDIATE
) [COMPILE] LOOP ; IMMEDIATE

+) [COMPILE] +LOOP ; IMMEDIATE

& .
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