
































































































































































































































































































































































































































































































































































































TURTLE GRAPHICS 

and BAC KWARD draw a line only if the pen is down; DRAW always draws ; 
MOVE never does . Each step normally moves the turtle one pixel, a distance 
of 100 units in XY coordinates , unless you use the SET SIZE command to 

alter the step size. By changing the step size you can use the same word to 

draw the same shape in different sizes. 
A turtle's heading and her XY coord inates are always integers. The max­

imum range for X and Y is from -32768 to 32767. If you drive a turtle beyond 
this range you may see unwanted tracks as she "jumps" to the other edge of 
Turtleland. 

U sually you can't see all of Turtleland on the screen. For example: in 
Mode 7 the screen displays only the part of Turtleland from X = 15900 to 
X = 15800 and from Y =-7900 to Y = 7800. You can select your own 
"window" into Turtleland with SET WINDO W command. Any tracks 
beyond the edges of the window won't be visible. Changing the window will 
affect the number of X or Y units per pixe l. An alternate way to set the win ­
dow (and the step size) is with the PER-PIXEL command. 

The reason th at the system defaults to 100 units per pixel is to let the tur­
tle sit "between " pixels. If we used a coordinate system as coarse as the screen 
pixels, then every time we moved a turtle at some angle, her new position 
would get "rounded " to the nearest pixel. We wouldn 't be able to do a series 
of moves without errors accumul at ing. Using 100 XY units per pixel gives us 
increased precision . 

The SET MODE command establishes the whole screen as the "view­
port." This means that the view of Turtl eland visibl e th rough the window 
will be projected onto all of the screen. You can select any rectangular piece 
of the screen to be the viewport with the SET VIEWPORT command. When 
you experiment wi th this, use the FRAME or N EW commands to draw a 
fr ame around the new viewport so you can see where it is. 

So far, four commands - M O DE, SIZE, WINDO W, and VIEWPORT 
- relate to T urtleland as a whole, and seven of them - ACTIVE, PEN, INK, 
HEADING , X, Y, and POSITION - relate to the turtles. It is also possible 
for you to determine the current value of any of these parameters, by leaving 
out the word SET or by ch angi ng it to SH O W. For example, the command X 
by itself (i.e., not preceded by SET) leaves the active turtle's current X co­
ordinate o n the stack, where it can be used by any word for any purpose . So , 
the command SHOW X will display some message like "Turtle #1 is at 
X= 300." 
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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 ava ilable 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 initiali zes the system as follows: 

• 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. 
• 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 var ious 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 
o TO STEPS 
BEGIN 
STEPS INCREMENT + TO STEPS 
STEPS FORWARD 
ANGLE TURN 

AGAIN 
END 

TURTLE GRAPHICS 

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 0 
and we enter a Forth BEGIN ... AGAIN loop. The words between BEGIN 
and AGAIN wi ll be executed indefinitely. (You must press a yellow console 
button to stop POLYSPI.) 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 

2FORWARD 90TURN 
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 
o 
BEGIN 
3 PICK + 
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FORTH FACTORY 
DUPFORWARD 
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 earl ier, ten of the words used in my screens are pns-Forth 
words which won't be ava ilable (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 

: 1- 1 - ; 

and 
: TABLE BUILDS DOES OVER 

+ + @; 

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 graph ics. Simply 
use whatever your system provides to define your own GRAPHICS, wh ich 
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 

o 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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TURTLE GRAPHICS 
Cl# and at PAD, for later use by PLOT and DRAWTO. The definitions of 
PLOT and DRAWTO are complicated because these words result in calls to 
CIO. A gain, 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 posit ion of the screen cursor to this specified 
position, using the byte at PAD as color data. 

I 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 --- 1 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 exec~ting 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 1 Leaves the number of the current Graphics Mode on 
the stack. 

SHOW MODE [ --- 1 Displays a message indicating the current Graphics 
Mode. 

ACTIVE Commands 
SET ACTIVE [ turtle# --- 1 Makes the turtle whose number is turtle# 
the active turtle. Future commands will be directed to her. 

ACTIVE [--- turtle# 1 Leaves the number of the active turtle on the 
st ack. 

SHOW ACTIVE [ --- 1 Displays a message indicating the currently acti ve 
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 1 on the stack if the act ive turtle's pen is down and 
o if it is up. 

SHOW PEN [---] Displays a message indicat ing 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 0 ink is erasing ink. Types 1,2, and 3 are colored. Types 2 and 3 are not 
ava ilable 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 indicat ing the active turtle's 
heading. 

X Commands 

SET X [ x --- ] C hanges 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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TURTLE GRAPHICS 
YCommands 
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 y] Leaves the active 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 --- 1 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] Leaves the current size parameters on the stack. 

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

WINDOW Commands 
SET WINDOW [ xmin xmax ymin ymax ---] Sets the window to 
be the region from X = xmin to X = xmax and from Y = ymin to 
Y= ymax . 

WINDOW [--- xmin xmax ymin ymax ] Leaves the current win­
dow parameters o n the stack. 

SHOW WINDOW [--- 1 Displays a message indicating the current win­
dow. 

VIEWPORT Commands 
SET VIEWPORT [left right top bottom ---] Sets the viewport 
to extend from screen column left to screen column right and from screen 
row top to screen row bottom . 
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FORTH FACmRY 
WHOLE·SCREEN SET VIEWPORT [---J 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 J Leaves the current view­
port parameters on the stack. 

SHOW VIEWPORT [---J Displays a message indicating the current 
viewport. 

Other Commands 
CLEAR [--- J Clears the graphics screen without affecting the turtles. 

FRAME [ ink# ---J Draw a frame around the viewport, using ink of type 
ink# . 

HOME [--- J Moves the active turtle to X =0 and Y =0 with heading 0, 
without drawing a line, and then lowers her pen. 

START [ --- J HOMEs 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 O'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 [ --- J Clears the screen, draws a frame with type 1 ink, and initializes 
the turtles by executing START. 

PER· PIXEL [ distance ---J Sets the window so that the point X =0, Y =0 is 
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 ---J 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 ifher pen is down. 

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

DRAW [ steps ---J 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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TURTLE GRAPHICS 
MOVE steps --- ] Raises the active turtle 's pen so that a line will 
definitel y not be drawn as sh e moves forw ard 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 r ight if degrees is positi ve and to the left if negative. 

LEFT [ degrees --- ] Like RIGHT except in the opposite direct ion. 

TURN [ degrees --- ] The same as RIGHT. 

GOTO [ x y ---] The same as SET POSITION . 

DRAWTO [ x y --- ] Lowers the 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 y ---] Raises the active turtle's pen so that a line will 
definitely not be drawn as she moves to X = x and Y = y . Then her pen 
is retur ned to its previous state. 

TURN TO [ 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? [ --- fl ag ] Leaves a 1 on the stack if the active turtle's 

'pen is down and a 0 if it is up . Thi s is the same as PEN. 

PENUP? [ --- fl ag ] Leaves a 1 on the stack if the active turtle's pen is 
up and a 0 if it is dow n . This is the opposite of PEN. 

ERASING [--- ] Fills the active turtle's pen with type 0 ink (the eras ing 
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 comm and which will execute the words between AS and 
END. 

BYE [ --- J Leaves Turtleland and returns to pm-Forth . 
by Gordon Smith 
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( T urI I e Graphics I , screen 1 
DECIMAL 
TA B L E SINES 
9999 , 91 75 , 9349 , 9523 , 9698 
9872 , 1945 , 1 21 9 , 1 392 , 1 564 
1 736 , 1 998 , 2979 , 2259 , 241 9 
2588 , 2756 , 2924 , 3999 , 3256 
3429 , 3584 , 3746 , 3997 , 4967 
4226 , 4384 , 4549 , 4695 , 4848, 
5999 , 5 1 59 , 5299 , 5446 , 5592 
5736 , 5878 , 691 8 , 61 57 , 6293 
6428 , 6561 , 669 1 , 6829 , 6947 
797 1 , 7 1 93 , 7314 , 7431 , 7547 
7669 , 7771 , 7889 , 7986 , 8999 
81 92 , 8299 , 8387 , 8489 , 8572 
8669 , 8746 , 8829 , 8919 , 8988 
9963 , 91 35 , 9295 , 9272 , 9336 
9397 , 9455 , 951 1 , 9563 , 9613 
9659 , 9793 , 9744 , 9781 , 981 6 
9848 , 9877 , 9993 , 9925 , 9945 
9962 , 9976 , 9986 , 9994 , 9998 
1 9999 , --> 
( T urI I e Graphics I , screen 
) 

(SIN) (nl --- n2 
DUP 99 > IF 

189 SWAP - THEN 
SINES ; 

SIN (nl --- n2 ) 
( Relurns 19999 limos Ihe sine 
( of nl degrees. ) 

369 MOD 
DUP 9< IF 

369 + THEN 
DUP 189> IF 

189 - (SIN) MINUS ELSE 
(SIN) THEN 

COS (nl --- n2 ) 

2 

, 
, 
, 
, 
, 

, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 

( Relurns 19999 limes Ihe cosine 
( of nl degrees. ) 
369 MOD 99 + SIN 

--> 

( 32 Turtle Graphics I. screon 3 
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SIN* (n1 n2 --- n3 ) 
( Returns n1 times the sine of) 
( n2 degrees. ) 
SIN 10999 */ ; 
COS* (n1 n2 --- n3 ) 
( Returns n1 times the cosine of) 
( n2 degrees. ) 
COS 19999 */ : 

--> 

( 33 Turtle Graphics I, screen 4a 
) 

9 VARIABLE TO - FLAG 
CODE TO (---) 

1 # LOA, TO - FLAG STA, 
NEXT JMP, END-CODE 

: VALUE 
9 CONSTANT 

:CODE 
TO-FLAG LOA, 9- IF, 

2 # LOY, W )Y LOA, PHA, 
INY, W )Y LOA, PUSH JMP, ELSE, 

--> 

9 # LOA, TO-FLAG STA, 
BOT LOA, 2 # LOY, W )Y STA, 

BOT 1+ LOA, INY, W )Y STA, 
POP JMP, THEN, 

END-CODE 

( 34 Turtle Graphics I, screen 4b 
9 VARIABLE TO-FLAG 

TO 
1 TO-FLAG I ; 
VAL U E 

<BUILDS 9 , 
DOES> TO-FLAG @ IF 

9 TO - FLAG I 

--> 

I ELSE 
@ THEN 

( Turlle Graphics I, screen 5 
VOCABULARY CLIPPING IMMEDIATE 
CLIPPING DEFINITIONS 
VALUE LEFT VALUE TOP 
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VALUE RIGHT VALUE BOTTOM 
2 BASE I 

CODE P --- n 
8 

OVER TOP < IF 
1888 + SWAP DROP ELSE 

SWAP ' BOTTOM> IF 
8188 + THEN 

THEN 
OV E R t EF T < I F 

8881 + SWAP DROP ELSE 
SWAP RIGHT> IF 

8818 + THEN 
THEN 

--> 

( Turtle Graphics I. screen 6 
VALUE Xl 
VALUE Y 1 
VALUE C 1 
V ALU E X2 
VAL U E Y2 
VAL U E C2 
VAL U E C 

CLIP _X ( n 1 n 2 ) 
Y 1 -

X2 Xl -
Y2 Y 1 -

*/ Xl + 
CLIP_Y n 1 n 2 

Xl -
Y2 Y 1 -

X2 Xl -

* / Y 1 + 
--> 

3 7 T u rl I e Graph i c s I. s ere 8 n 7 
2 BASE I 
: WHERE? (--- P ) 
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C 8881 AND IF 
LEFT LEFT CLIP_Y ELSE 

C 8818 AND IF 
RIGHT RIGHT CLIP_Y ELSE 

C 8188 AND IF 
BOTTOM CLIP_X BOTTOM ELSE 



TURTLE GRAPHICS 

DECIMAL 
HEREI 

C 1 IJ IJ 8' AND I F 
TOP CLIP_X TOP , 'THEN 

p --- ) 

THEN 
THEN 

THEN 

C C1 - IF 
TO Yl TO Xl Xl Yl tODE TO C1 ELSE 
TO T2 TO X2 X2 Y2 CODE TO C2 THEN 

--> 

( 38 Turlle Graphics 
FORTH DEFINITIONS 

I, screen 8 

: CLIP (p1 p2 
( 

TO Y2 
,'" TOY 1 

( p 1 P 2 

TO X2 
TO Xl 

o r 
pl' P 2 . I ) 

) 
) 

CLIPPING 
X2 Y2 CODE TO C2 
Xl Yl CODE TO Cl 

BEGIN 
Cl C2 OR WHILE 

C1 C2 AND IF 
e ;S THEN 

C 1 IF 
C1 TO C ELSE 
C2 TO C THEN 

WHERE? HEREI REPEAT 
Xl Yl X2 Y2 1 

39 Turlle Graphics 1, s ,creen 9 

GRAPHICS (n --- ) 
( Clears the screen and sels il up 

lor grapblcs mode n wIth , . texl , ) 
( wludow . ) 
>R SETUP S CLOSE .'8 ,' ' 

SPLIf - SCRE EN 8> ~R . ,: 
LIRE (pl p2 --- ) 
( Displays whatever piece 01 Ihe 
( I I n e 1 rom p 1 lop 2 I s w,l I h I n 
( I h,e c I I P pin g win dow. ) 
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CL# @ COLOR 
CLIP IF 

PLOT DRAWTO THEN 
;S 

Turtle Graphics II. screen 1 
) 

DECIMAL 
VALUES 

<BUILDS "DO 
" • LOOP 

DOES> OVER + + 
TO-FLAG @ IF 

" TO-FLAG I I ELSE 
@ THEN 

VALUE PREFIX 
SET (---) 2 TO PREFIX 
SHOW (---) 4 TO PREFIX 
ROO T : (---) 

<BUILDS SMUDGE I 
DOES> PREFIX + @ EXECUTE 

" TO PREFIX 
--> 

( Turlle Graphics II. screen 2 
) 

4 CONSTANT #TURTLES 
VALUE WHICH 

( The number of the active turlle 
ACTIVEI (n ---) TO WHICH; 
. WHICH (---) 
." T u r tie #" W HI C H . ; 
ACTIVE? (---) 
. WH I C H . " i sac t i ve .. C R 

ROOT: ACTIVE WHICH ACTIVEI ACTIVE? 
--> 

Turtle Graphics II. screen 3 
) 
MODE@ 
MODE? 
." T his 

( --- n ) 
( --- ) 
is graphics mode" 

MODE@ . CR 
TABLE MAX_COL# (n1 --- n2 ) 

39. 19. 19. 39 • 79 • 79 • 
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TURTLE GRAPHICS 

159 , 159 , 319 , 
TABLE MAX_ROW# (n1 --- n2 ) 

19 , 19, 9, 19 , 39 , 39, 
79 , 79 , 159 , 
WHOLE-SCREEN ( n1 n2 n3 n4 ) 
1 MODE@ MAX _COL# 1-
1 MODE@ MAX _ ROW# 1-

--> 

( 44 Turtle Graphics II. screen 4 

VIEWPORT@ (--- n1 n2 n3 n4 ) 
CLIPPING LEFT RIGHT TOP BOTTOM 
VIEWPORT? (---) CLIPPING 
." The viewport is from column .. 

LEFT . . " to" CR ." column 
RIGHT ... and from row" TOP 

" to row" BOTTOM CR 
VALUE XMIN VALUE YMIN 
VALUE XMAX VALUE YMAX 

WIN 0 0 W@ (-- - n 1 n 2 n 3 n 4 
XMIN XMAX YMIN YMAX 
WINDOW? (---) 

" The window is from X=" XMIN . 
" to X- " XMAX . CR . " and from Y=" 

YMIN . . " to Y=" YMAX . CR 

--> 

( Turtle Graph i cs II, screen 5 
) 

VAlUE 9COL VAlUE gROW 
-- - ) CLIPPING 
MINUS RIGHT LEFT -
* / LEFT + TO 9COL 
MINUS TOP BOTTOM -

: ORIGIN! ( 
XMIN 

XMAX XMIN -
YMAX 

YMAX YMIN -
VIEWPORT! 

* / TOP + TO gROW 
( n1 n2 n3 n4 --- ) 

CLIPPING 
MODE@ MAX_ROW# MIN TO BOTTOM 

9 MAX TO TOP 
MODE@ MAX_COL# MIN TO RIGHT 

9 MAX TO LEFT 
ORIGIN! 

WINDOW! ( n1 n2 n3 n4 --- ) 
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TO YMAX TO YMIN TO XMAX TO XMIN 
ORIGINI 

--> 
( Turlle Graphics II, screen 6 

) 
ROOT: VIEWPORT 

VIEWPORT@ VIEWPORTI VIEWPORT? 
ROOT: WINDOW 

WINDOW@ WINDOWI WINDOW? ; 
LEFT- (--- n ) 
CLIPPING LEFT 1- 9 MAX; 
TOP- (--- 0) 
CLIPPING TOP 1- 9 MAX ; 
RIGHT+ (--- n) CLIPPING 
RIGHT 1+ MODE@ MAX_COL# MIN 
BOTTQM+ (--- n) CLIPPING 
BOTTOM 1+ MODE@ MAX_ROW# MIN 
FRAME (n---) COLOR 

LEFT- TOP- PLOT 
RIGHT+ TOP- DRAWTO 
RIGHT+ BOTTOM+ DRAWTO 
LEFT- BOTTOM+ DRAWTO 
LEFT- TOP- DRAWTO 

--> 

Turlle Graphics II, screen 7 
) 

#TURTLES VALUES PEN() 
P E N@ (--- f I a g ) WHICH PEN() 
PENDOWN? (--- flag ) PEN@; 
PENUP? (--- flag) PEN@ g- ; 
PENI (flag --- ) 
g- g- WHICH TO PEN() ; 
PENDOWN (---) 1 PENI 
PENUP (---) 9 PENI ; 
PEN? (---) .WHICH 
" has her pen" PEN@ IF 

." down" ELSE 
." up .. THEN 

ROOT: PEN 
eR 

P E N@ PEN I P'E N ? ; 
--> 

Turtle Graphics II, screen 8 
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#TURTLES VALUES INK() 
INK@( --- n) WHICH INK() : 
INKI (n ---) WHICH TO INK<() 

ERASING (---) 0 INKI ; 
INK? (---) 
.WHICH ." is us i ng ink #" INK@ CR 

ROOT: INK I N K@ INK I INK? ; 
--> 

( Turtle Graphics II. screen 9 
) 

#TURTLES VALUES HEAOING() 
HEADING@ (--- n ) 
WHICH HEADING() ; 
HEADING? (---) .WHICH 
. " has heading" HEADING@ , CR 
HEADING' (n --- ) 
360 MOD WHICH TO HEADING() ; 
TURNTO (n ---) HEADINGI 

ROOT: HEADING 
HEADING@ HEADING I HEADING? 
TURN (n --- ) 
HEADING@ + HEADINGI ; 
RIGHT (n ---) TURN 
LEFT (n ---) MINUS TURN 

--> 

( Turtle Graphics II. screen 10 
) 

. #TURTLES VALUES X() 
#TURTLES VALUES V() 

X@ , ( --- n) WH I C HX () ; 
V@ (--- n) WHICH V() ; 
X? (---) 
.WHICH ." is at X-" X@ . CR 
V? (---) 
.WHICH." is at V= " V@. CR • 
PO SIT I 0 N@ (--- n 1 n 2) X@ V@ 
POSITION? (---) .WHICH 

" is at X-" X@ ... and V=" V@ , CR 

--> 

Turtle Graphics II. screen 11 

295 



FORTH FACTORY 

) 
X->COL (n1 --- n2) CLIPPING 
RIGHT LEFT - XMAX XMIN - */ SCOL + 
Y->ROW (n1 --- n2) CLIPPING 
TOP BOTTOM - YMAX VMIN */ SROW + 

SCALE (n1 n2 --- n3 n4 
SWAP X->COL SWAP V->ROW 
?CONSOLE (--- flag) 
53279 C@ 7 = NOT 
POSITIONI (n1 n2 ) 

?CONSOLE IF 
SP! CR .. ok" QUIT THEN 

P E N@ IF 
INK@ COLOR 

OVER OVER SCALE POSITION@ SCALE 
LINE THEN 

WHICH TO V() WHICH TO X() 
--> 

Turt!e Graphics II. screen 12 
) 

: GOTO (n1 n2 --- POSITION I 
ROOT: POSITION 

POSITION@ POSITIONI POSITION? ; 
: XI (n ---) V@ POSITION! ; 
: VI (n ---) X@ SWAP POSITIONI 
ROO T: X X@ X I X? ; 
ROOT: Y V@ VI V? ; 

MOVETO (n1 n2 --- ) 
PEN@ ROT ROT PENUP POSITION! PENI ; 

: 0 R A WT 0 (n 1 n 2 --- ) 
PEN@ ROT ROT PENDOWN POSITION I PENI 

--> 

( Turtle Graphics II, screen 13 
) 

VALUE SIZE_N VALUE SIZE_D 
S I Z E@ (--- n 1 n 2 
SIZE_N SIZE_D ; 
SIZE* (n1 --- n2) SIZE@ */ 
SIZEI (n1 n2 --- ) 
TO SIZE_D TO SIZE_N 
SIZE? (---) 
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TURTLE GRAPHICS 

SIZE_D DUP , 1 - IF 
," step is" ELSE 

," steps are" THEN 
," a distance of " SIZE_N , CR 

ROOT: SIZE SIZE@ SIZEI SIZE? ; 
--> 

Turlle Graphics II. screen 14 
) 
VECTOR (n --- nl n2 

DUP HEADING@ SIN* X@ + 
SWAP HEADING@ COS* Y@ + 
FORWARD (n --- ) 
SIZE* VECTOR POSITION I 
BACKWARD (n - --) MINUS FORWARD 

MOVE 
PEN@ 
DRAW 
PEN@ 

( n 
SWAP 

( n 
SWAP 

--- ) 
PENUP FORWARD PENI ; 
--- ) 
PENDOWN FORWARD PENI 

--> 

( Turlle Graphics II, screen 15 
) 

PER-PIXEL ( n --- ) 
CLIPPING >R 

RIGHT LEFT - 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 correclly, ) 
SCREEN-DEFAULTS (---) 
WHOLE-SCREEN SET VIEWPORT 

100 PER-PIXEL 
TABLE GR,BYTES (nl --- n2 ) 

960, 400, 200, 200, 400, 
800 . 1600 . 3200 . 6400 . 

: CLEAR (---) 
88 @ MODE@ GR,BYTES ERASE 

--> 

( Turtle Graphics II. screen 16 
) 
: HOME ( ---) 
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FORTH FACTORY 

8 8 MOVETO 8 TURNTO PENDOWN 
STAiH (-~-) 

q U R TL E S ' 8 0' 0 
I SET ' ACTIVE HOME 

MODE@ 2 MOD IF 
I ELSE I 8- 8- THEN 

SET INK LOOP 
1 SEl ACTIVE 

MODEl (0 --- ) 
GRAPHICS SCREEN - DEFAULTS 

1 F R A M,E STAR T ; 
ROO T: MOO E MO 0 E@ MOD ElM ODE ? ' ; 
: ·N E W ( ) C LEA R 1 F RAM E STAR T 

: BYE ( -- ~ ,) 8 G RAP H I C S 
8 718 CI 6B 712 CI ' ; 

--> 
T ur I I 8 G rap hIe s I I. s c r 8 8 0 1 7 

) , 

DEFINE [COMPILE) ; IMMEDIATE 
AS; I MM ED I ATE 
END (COMPILE); , ; I M M E 0 I A TE 
\ ' ( ' Ignores resl 011108 ) 
IN @ Cll I 1+ Cll • IN I ; IMMEDIATE 
l" , COMPILE 8 [COMPILE) DO ; IMMEDIATE 
) (COMPILE) LOOP ; IMMEDIATE 
+) [COMPILE) ,' +LOOP; IMMEDIATE 

;' S 
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