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:IMPORTANT! 

DUPLICATE 
THIS 

DISl-{ETTE 
BEFORE 

USING 
THIS 

PROGRAM! 

This APX diskette is unnotched to protect the software against 
accidental era.sure. However, this protection also prevents a program 
from storing information on the diskette. The program you've 
purchased involves storing information. Therefore, before you can use 
the program, you must duplicate the contents of the diskette onto a 
notched diskette that doesn't have a write-protect tab covering the 
notch. 

To duplicate the diskette, call the Disk Operating System <DOS> menu 
and select option :r, Duplicate Disk. You can use this option with a 
single disk drive by manually swapping source <the APX diskette> and 
destination (a notched diskette) until the duplication process is 
complete. You can also use this option with multiple disk drive 
systems by inserting source and destination diskettes in two separate 
drives and letting the duplication process proceed automatically. 
<Note . This option copies sector by sector. Therefore, when the 
duplication is complete, any files previously stored on the 
destination diskette will have been destroyed.) 





PREFACE 

WSFN CTURTLE> was originally planned for release in cartridge form. This version is either on 
diskette or cassette. Therefore, please substitute the word applying to the version you have 
whenever you read the word "cartridge" in these instructions. 

Two documents accompany TURTLE. AT ARI WSFN <TURTLE> is a tutorial. EXTENDED WSFN CTURTLE> 
is a reference manual. 

REQUIRED ACCESSORIES 

16K RAM for cassette version 
24K RAM for diskette version 
ATARI 410 Program Recorder for cassette 
ATARI 810 Disk Drive for diskette 

GETTING STARTED 

If you have the cassette version of TURTLE: 

1. Have your computer turned OFF. 

2. Insert the TURTLE cassette in the program recorder, press REWIND, and then press PLAY, 

3. Turn on your computer while holding down the START key. 

4. When you hear the beep, release the START key and press the RETURN key. TURTLE will 
load into RAM and you'll see the TURTLE display screen. 

If you have the diskette version of TURTLE: 

1. Turn on your disk drive, insert the TURTLE diskette, and power up your computer. 

2. When the READY prompt displays, type DOS to call up the menu. 

3. Enter menu selection L CEinary Load). 

4. To the LOAD FROM WHAT FILE? prompt, enter TURTLE and press the RETURN key. TURTLE 
will load into RAM and you'll see the TURTLE display screen. 
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1. TURTLE O V ER VIEW 

The turtle package p rovides the u ser with the ability to generate 

screen graphics u sing a few simpie keyboard commands. The drawing 

element is called a turtle, which may move around the screen leaving 

"tracks " (or not, at the user's d iscret ion). H is motion and d irection 

are controlled w ith f ive commands, each of wh ich is a s ingle keystroke: 
� 

H - Pl ace turtle on home posit ion (center of screen). 

N - Po int turtle north (up). 

R - Rot ate turtle 45° clockw ise. 

L - Rotate turtle 45° counterclockw is.e. 

F - Move turtle forward one un it. 

These commands are sufficient to draw pictures of any degree of com-

plexity, when coupled with other commands and capab ilities. Beyond 

th� command ·set prov ided by the turtle package, the user may def ine 

·add it ional commands which are conglomerat ions of other system or user 

commands. Nested and/or recurs ive command structures m ay be defined 

which behave very much like programs in more procedur e-oriented lang -

uages. 

1.1 TURTLE'S DO�AIN 

The turtle' s domain consists of two regions: (1) the visible region and 

(2) the invisible region. The domain is fixed in size as a 65536 by 

65536 '' sphere " with the v i sible region being variable in size, depending 

on the current dis play mode and resolution. The turtle may be confined 

to the vi sible region or not, at the user's  di scretion. 
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The turtle is  always defined by hi s po sition and orientation. From 

his position, he may move to any of 8 adjac ent 11cells 11 ba sed upon hi s 

orientation, as shown below. 

In addition to moving to an adjacent cell, the turtle may al so 11sense11 

whether a cell is in the visible region or not, and detect the presence 

of a 11 track11 in an adjacent cell. 

1. 2 D RAWING 

The turt le draws by leaving "track s " with a magic marker which is con­

tro l led with three commands. 

U - -which s tands for pen..!:!£.; this allows the turtle to move without 

leaving tracks. 

P --is the � select command ; this selects one of three colors for 

the pe� or era se ( which removes tracks that the turt le cro s s es ). 

0--which stands for pen down; th i s  ca u ses  the turtl e to leave 

tracks  of the curr ent pen co l or. 

I 
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The turtle can also detect tracks that are already in his region with the 

11S11 ( sense ) command. 

1.3 CONTROL OF THE TURTLE 

The turtle is con�rolled by keyboard c.ommands, which are executed as 

they are entered. Conmand execution may be deferred, however, by using 

the nesting capability provided by the{) and CJ matched sets. Thus, if 

(CHNR999F) is entered, none of the commands within the parens will be exe­

cuted until the matching right paren is entered--at which time the string 

of commands. will be executed at full speed. The command string above does 

the following: 

C - Clear the screen 

H - Home the turtle 

N - Face him North 

R Rotate him to the right (now facing NE) 

999F - Move forward 999 times (each time leaving a track, if 

the pen is down ) . 

This example illustrates another feature, that of repetition ( or iteration ) ; 

a number preceding a convnand indicates that the command is to be executed 

as many times as indicated by the number. This feature also applies to the 

nesting brackets; thus, the example below includes nested iterations: 

4(2R 4{10F2R)) 
.. , • 

\.. 
Draws a square 

.J 
..,. 

Draws 4 squares with a common corner: 

l 



1.4 KEYBOARD CONTROL 

The keyboard is monitored at all timest even while a command is being executed; if a key 

is pressedt the current command is temporarily susp ended, the newly entered command is 

executedt and then the prior command is resumed . This command interruption may actually 

be accomplished to any number of levels <commands interrupting commands interrupting 

commandst etc.>. 

The BREAK key stops all command activity and puts the turtle into an idle state. 

CTRL-<key) and lower-case <key) are equivalent. 

USER DEFil!ED COMMAMDS 

The user may define unused keys to b e  "macro" commands-conglomerates of intrinsic and/or 

user defined commands. These commands may recurset if desiredt and may also, in tumt 

define other command s or redefine themselves. 

-5-
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2. COMMAND FORM S  

Turtle commands fall into one o f  s ix forms, as w ill be described in 

the par agraphs that follow. 

2. 1 SINGLE LETTER 

<conmand) : : = <name) 

Many commands are of this form, where a single key stroke 

(the name ) is the conmand. Examp l es are : H (Home), C ( Clear), 

F (Forward). 

2.2 TESTING COMMANDS 

<command) : : = <:name) <then) <el se) 

There are four commands of thfs form, where a test is made and 

either the <.then') clause or the (e 1 se) c l ause is  executed, (but 

not bothi Examples are : T (Test Acc.), E ( Edge test) and? (Ran­

dom test). 

2.3 I TE RATION 

(conmand) : := <value) (clause> 

There are three commands of this form, where a numer ic value is 

used to iterate a following clause. Examples are: A (Iterate by 

AC C ), # v ( Iter at e  by var i able), and n ( Iterate by num ber). 
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2.4 N EST I NG 

(corranan� : := <nesting bracke9<,Clause) .. <clause)<matching bracke1) 

There are two nesting bracket sets: ( ... ) and[ . . . ] . 

2.5 COMMANO/VA�UE 

(comman� : := (n ame) (value) 

2.6 DEFINITION 

(comm and) · ·= <name) [*J (clause> 
: := (name) # 
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3. SPECIFIC COMMANDS 

3. 1 TURTLE POSITION & ORIENTATION 

- Home Turtle - � 

PAGE 8 

Puts turtle to the center of the screen and leaves his 11track11 

if the pen is down; does not alter turtle orientation. 

- Point Turtle North - � 
Faces the turtle towards the top of the screen without altering 

his position. 

- Turtle Forward - � 
Moves the turtle forward one unit and leaves his 11track11 if the 

pen is down; does not alter turtle orientation unless the screen 

edge is hit in reflect mode. 

- Rotate Turtle Right - � 
Rotates the turtle clockwise 45°. 

- Rotate Turtle Left - � 
Rotates the turtle counterclockwise 45°. 

3.2 TURTLE "SENSES" 

- Sense Color Value - � 
Reads the color of the square lD. front of the turtle and puts it 

into the turtle accumulator (ACC) . Background is read as zero, 

turtle tracks are read just as they were written, and squares 

beyond the screen edge are read as zero. 
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3.2 TURTLE "SENSES" (continued) 

- Joystick/Trigger Sense - I $ c(.select).<:on) <'of� 
Tests the selected joystick position, joystick trigger and 

executes either the <'orC> clause or .(°oft) clause, based 

upon the result of  the test. See Appendix F for a list of  

the select codes for the various sensible items. 

Joystick position and triggers are continuously sensed; 

there is no edge detection or reset logic. 

- Pot Controller Read - J % <(Select). ] 
Reads the selected pot controller and puts. its value in the 

accumulator; the controller range is from 0 ( full counter­

clockwise) to 228 (full clockwise). The <(select)> values 

range from 0 to 7 corresponding to the 8 pot controllers. 

- Orientation Sense - {=:J 
Sets the accumulator to one of the values shown below, based 

on the current orientation: 

0 - N 

l - NE 

2 - E 

3 - SE 

4 - s 

5 - SW 4 

6 - w 

7 - NW 
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3.2 TURTLE " SENSES" ( continued ) 
- Edge Test - I E (true) (false) ! 
Tests to see if the square l.!!. front of the turtle is at or beyond 

the screen edge; if so, the ( true > clause is executed; otherwise, 

the < false> clause is executed. 

3.3 TURTLE MAN IFESTATIONS 

- Beep - G 
Generates an audible tone using the television sound system. 

- Pen Up - 0 
Allows the turtle to move without leaving tracks; this command 

is countermanded by the "D" corrmand described below. 

- Pen Down - � 
Lowers the pen, which means that the turtle will leave tracks 

( or erase ) , depending upon the current pen color selected. 

- Audio Control ( CTRL-A ('letter> I 
Allows sounds to be generated as manifestatians of internal 

registers of the turtle program, as shown in Appendix H. 

- � - 0 
Causes the turtle to wait for the next 30 HZ clock tick before 

resuming execution of turtle corrmands. See also 3.10 for a 

description of the speed control command. 
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3.3 TURTLE MANIFESTATIONS (continued) 

- Pen Select - � 

PAGE 11 

The value of the turt l e  acc umu l ator modu l o  128 is used as 

the color select for turtle tracks, until changed. Zero is 

background {erase) and is not the same as issuing a "PEN UP" 

comnand. 

- Turtle Representation - I CTRL-T <number> I 
Selects or de-selects a turtle overlay that nondestructively 

sho�s turtle position and orientation at all times. 

<number) = 0, de-selects the overlay; 

<number) = 1, selects an arrow overlay; 

<number;) = 2, selects a turtle overlay; 

<ilumbe� = 3, selects a point overlay. 

3.4 TURTLE WORLD 

- Ciear Screen - 0 
Clears all turtle tracks from the screen without altering the 

turtle position or orientation. 

- Edge Rule Select - j cTRL- E  <'number) 
Selects one of four rules to follow when the turtle encounters 

the edge of the screen. 

number = 0, turtle stops; 
number = l , turtle wraps to opposing edge; 

number = 2, turtle bounces (reflects) off edge; 

number = 3, turtle goes off edge but does not leave 

tracks until he gets back in screen boundary. 



3.4 TURTLE WORLD <continued> 

If the turtle isn't in the screen boundaries when an edge rule is selected, he'll be put 
to the home position. 

- Display Mode Select - I CTP.L-D (number) I 

Preselects one of the eight display modes available <see Appendix C for descriptions of 
each mode>. The mode c:hange takes plac:e with the next operating mode select <CTRL-M, see 
3.10> 

- Color Register Values - I & <select) I 
Allow s  the hard ware color register selected ta b e  updated with the value in the turtle 
ac:umula.tor. See Appendix D far the utilization of the color registers for each screen 
mode and see Appendix E for c:olor register values ta use ta get the d esired colors and 
luminesc:enc:e. 

3.5 TURTLE AP..ITHMETIC 

- Increment Turtle Ac:cumula.tar - ffi 
Adds one ta the four-digit ACC; w on't increment it pa.st all nines. 

- Decrement Turtle Ac:c:umula.tor - r:=:l. 
Subtracts one from the four-digit ACC; will not decrement it past zero. 

- Test ACC for = Zera - I T<true)(f alse) I 
Tests ta see if the ACC is greater t han zero; if so, the <true) clause is exeCJted; 
otherwise , the <false) clause is exeCJted . 

- Set ACC to Zero - .[[l 

Sets the ACC to zero. 

- Set ACC to Number - I (constant:> @ I 
Sets the ACC to the value of the constant. 

- Set ACC ta Variable - I #<variable) @ I 
Sets the ACC ta the value of the variable . 

-12-
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3. 6 ITERATION 

·. 

- Iterate by Constant - ! <constant) (clause) I 
Iterates the <'clause) by the number indicated in the constant. 

If the constant is zero, the <'clause) is not executed at all . 
If <:constant;> exceeds four digits in length, the last four 

digits are used. 

- Iterate by Vari ab le - j # (variable) (clause) I 
Same as above, except current value of the indicated variable 

is used instead of a constant. 

- Iterate by Turtle Accumulator - I A (clause) r 
Same as for CONSTANT, except current value of the ACC is used 

instead of a constant. The ( clause) may modify the ACC without 

�hanging the iteration count. 

- Stop Iteration - � 
When executed, makes the current iteration the last iteration 

(set the iteration count to zero) within the current iteration 

level. This command will not affect outer level iteration counts. 

- Increment Iteration Count - [;] 
When executed, increments the current .iteration count . Has 

no effect if not executed within an iteration. 

3.7 NESTING COMMANDS & CLAUSES 

- Basic Nest - (<clause) .. . (clause)) 
Any number (including zero ) of <'.clauses)> may be nested together 

creating a single new clause, using matched parentheses. Parens 

may exist within other parens to any level desired. 
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3.7 NESTING C OMMANDS & C LAUSES  ( Cont i n u ed ) 
- Accumula tor Save/ Res tore Nest I [ · .  ·] I 

PAGE  14 

Behaves the same a s  above except  tha t the t urt l e accumul ator 

i s  saved and res tored by the [ and ] commands. 

3.8 USER DEFINED COMMAND S  & VAR IABLE S 

- Def ine User Command - = <name� <'clause> 
=*<name ><clause) 

Creates a def init i on in memory whereby the <.cl au se> may be 

invoked merely be using the �name); the optional* al l ows 

(name:>to be the same as one of the turtle intrin sic commands. 

If the (clause> consists of a blank character ( NOP ), the ("'name> 

will be removed from the user command directory. 

- Invoke User Command - <name) 
*<name> 

Once def ined, a user command may be used exactly as an intrinsic 

command is used; however, if (name) is  the same as an intrinsic 

command, the* mu s t  be u sed, as intrin sic commands have a higher 

priority in the name search. 

- Get User Command Defin i tions - . 1 CTRL-G " (name ) " 

This command clears the current set of user commands and reads in 

a new set from the indicated device. The device name is in the 

s tandard format, e.g., 11C:11, "D:HILBERT", etc. 

- Put User Command Definitions - I CTRL -P  " <_name) " I 
This command writes the current set of user commands to the indi-

cated devic e. The device name is in  the standard format, e. g., 

11 C:11, 11 P :11, 11 D:HILBERT11 , etc. 
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3.8 USER DEF INED COMMA ND S & VA R IABLES  

- Load ROM Resident Command Definit ion s  - I CTRL-L  (character) ! 
This command c lears the current set of user commands and reads 

a new set from ROM. The character following the cormn and indi-

cates which of several sets to lo ad. See Appendix  G for a list 

of cormn and sets and their content. 

- Run ROM Resident Command - I CTRL-R  �character>! 
This cormnand performs a 1 1  of the functions of the LOAD cormnand 

described above, and in addition, executes one of the commands 

lo aded. See Appendix G for more information . 
- C lear User Variab l es - l CTRL - C  l 
Removes all user variables from memory. 

- Define U ser Var i ab l e  - I= # <name) I 
Creates a definition in memory whereby the current va l ue of the 

turt l e  accumu lator is ass igned to the indicated <'name)> . Any 

character may be u sed as  a (name"> .· See section 3. 6 for the 

use of var iab l es. 



3.9 RAMDCM TEST 

- Random Test - I ? (then)(else) I 

Ran domly executes either the (then) or the <else) c:lause ,  using a hard ware rand om bit 
generator. 

3.10 MODE COMTROL Sc OPTIONS 

- Reset - I cfRt-z I 
· 

Restores WSPN environment to the same as a.fter an initial start. 

- Edge Rule - I CTP..L-E <number:> I 
CTRL-E O = Stop at edge; 

CTRL-E 1 = Wrap at edge; 

CTRL-E 2 = Reflect at edge; 

CTRL-E 3 = Disappear at edge.* 

- Speed Control - I CTRL-S <number:> I 
CTRL-S 0 = Run full speed;* . 

CTRL-S 1 =Single step <press CTRL-4 to step>; 

CTRL-S 2-7 =Run with delays: 

2 = 30 commands/sec. 

3 = 15 commands/sec • 

• 

• 

7:::=11 command/sec. 

* power-up default 

-16-
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* 

3. 10 MOOE CONTROL & OPT I ONS ( continued) 

- Operating Mode - I CTRL -M <number) l 
CTRL -M 0 = Draw mode (fu ll screen graphics) 

CTRL-M 1 = Debug mode (full screen text) ; 

CTRL-M 2 = �lit screen w ith internal reg isters; 

CTRL -M 3 = Normal mode ( Sp l it screen with input echo 

DRAW MODE: In draw mode, the entire screen is ded icated to 

turtle graphics. Corrmands are executed as they are entered 

and· the user is typing "bl ind11 (the commands are executed, 

but there is no echoing of the command name to the screen). 

DEBUG MODE: In debug mode, the entire screen is dedicated to 

text data. Commands to be executed must be entered us ing the 

RETU RN KEY and line ed it ing may be performed upon input com­

mand lines. The screen shows the internal workings of the 

turt le and also shows a l l  user defined variables and command 

definitions. 

SPLIT- DEBUG MODE: In split -debug mode, the upper portion of 

the screen is  dedicated to turtle graphics and the lower par-

tion contains four text lines. The first two text lines show 

the turt le  regi ster s as in debug mode and the other two text 

lines are for command entry. 

power-up  defau l t  

only). 
* 
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NORMAL MO DE: Normal mode i s  similar to s plit -debug except 

that the text portion of the screen i s  used solely for com­

mand entry. When one complete command ha s been entered, the 

cursor w ill move to the beg inning of the next l i ne ( thi s may 

c ause the text to scroll ) ; when the command has f in ished the 

execution, the cursor w i l l  move to the beginning of the next 

line. 

D RAW MOO E S CR E EN (MODE 0): 

Graphics data · 

Turtle accepts inputs as ty ped w i thout echoing them to the 

screen; no line editing i s  allowed. 
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DEBUG  MOOE SCREEN  (MODE 1) 

AC C=0000 N UMBER=0000 LEVEL=0000 J 
.. CHAR=F ERROR= )-( 1) Execution data 

• :> ... (2) User input line 

_LCHNA-44FI ,. Previous command line 

A=0001 X=0022 Z=0005 1 User defined v ariables 

G=4F 
I=4ITOFZRI 
Z=A-

> User defined commands � 

IJ 

(1) ACC = Turtle accumu lator value 

NUMBER = Iter ation counter value 

LEVEL = User defined command "c a ll" l evel 

CHAR = Current ( or l ast ) executed command 

ERROR = Comm and error code ( see Appendix B) 

(2) Turtie accepts inputs when "> 11 i s  present; 11 >11 di s appe ars 

whi l e  a command is executing. Input l ines must be termin-

ated by the RETURN key; l ine editing is a l l owed. 
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(1) 

( 2) 

SPL IT-DEBUG MOOE SCR E EN (MODE 2) 

t-�CC=0000 NUMBER =0000 LEV EL= 0000 
CHAR=!: ERROR= 

{� 

(1) See prior p age for explanation. 

" 

'> Gr aphics data 

� 
j 

Execution dat a  

� User input line 

(2) Turtle accepts inputs when 11) 11 is  present; "�' disappears 

while a comm and is executing. Commands are executed as 

input and no l ine editing is allowed. 
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N O RMAL MODE SCR EE N  (MODE 3 )  

" 

Gr aphics data 

(1) User input area I� 
� 
\. 

(1) Commands are s c anned as input and no line editing i s  

allowed. The cursor moves to the beginning of the 

line below the input line ·(or the input line srolls 

upward) when a command is ac cepted and does the same 

ag ain when command execution is complete. 

- Display Mode - I CTRL -D (n umber) I 
CTRL -0 0 - 7 = M ap to O. S. disp lay modes 

1-8, where higher numbers 

represent incre asing l y  

higher reso lution display. 

The system defau lts to CTRL-0 6 (Display Mode 7) . 

This command acts  a s  a pre- s elect; the mode change act ually 

occurs  at  the next CTRL -M command. 

3 .11 NO - O P S 

Blank, und erscore , and al l unassigned keys are treated as no -

opera tion code s. 
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4. EXAMPLES 

4.1 Set Ace =  0 

4.1 Set Ace = 23 

A-23+ 

4.2 Set Ace = Ace * 2 

4.3 Set Ace = Ace * 7 

A( 6+) I 
4.4 Set Ace = Ace I 7 

=ZT(7-Z+) 
(+Z-) -

4.5 Set pen color to 1 without a l tering Ace 

·I cA-+PJ 

4.6 Find upper right corner of screen 

=XE (FX) 
( UN°X2RX D) 

4.7 Recurse by n um ber in Ace 

=ZT (-Z+)  
z -

PAGE 22 
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4.8 S i erp insk i Curv e  

=IT(-I2FI3LG3LI2FI+)2R 
=G4F 
=Y ( H NU44F2R44FRC [A-+P]4( 2FI)) 

After these are def ined, one sets the accumul ator to the 
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desired order and types "Y" to draw the curve. Aga in, "G" 

c an be redef ined to a sma ller number of "F "s to dr aw the 

higher order "Y "s. For 11 DGOF, 11 the accumul ator c an be 

set to 5. 

The Sierp insk i curve is  c l osed and cons i sts of four iden­

t i c al s ides arr anged in d ifferent direct ions and connected 

by a short line 112F .11 The sides are def ined (recurs ive l y  

aga in ) in the m acro 11111 and the closed curve itself is de­

fined in the l ast p art of the macro "Y, " n amely: "4(2FI). " 

A • 
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4.9 Hil bert Curve 

=ZT(-VG2LZ2RGZG2LV+)2L 
=VT(-Z2RGVG2LVZRGZ+)2R 
=G4F 

=J(HNU44F2R44F C2RDZ) 

After these are def ined, one sets the accumul ator to the 

desir�d order and types "J" to draw the curve. "G" can 

be redefined to a smal l er num ber of "F "s to dr aw higher 

order curves. 

I 

NUMH, CU1'1'e et CAI e1•er 1. •• l•t ec•er '· 
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4.10 Trinary Tree Struct ure 

=G(-T(++Z-AF2R3(G2R)AFA+)(+4R)) 
=ZT(2-Z+) 
=J(CHNA-4+99(4(G2R)A+)) 

Type 11 J 11 to Start drawing; press the BREAK key to stop. 

4.11 Spirals 

l 

l 
l 
l 

.. . 

- .. -

=I(T(--2(2LAF)Z) ) 
=V(++2(2RAF)) -

=J [#IY4RU2FD4RZ] 

L 
l 

.....- 0 .. '� '"' 

---

To run: Set acc umulator = 0. ( Type 11A-11 )
. 

Set #I to spiral iteration count. 

(Type  "(n+=#I] 11 

Type 11Q11• 
- - try n=13 fir st ) 
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4.11 S pirals (continued) 

=i r 

#I = 7 

4.12 Super Spiral 

=Q (2RIT(LIT ( L IT ( L I T ( LITZ ) ) ) ) ) 
=I (UFA-2LSTR( SR ) RTF04 R ) -- - - -
=Z (B2LY) - -initiate backtrack 
=Y (2RJT (LJT(LJT(LJT(-LJTSB_)_)_)_)_) 
=J (ST ( FY) I) · 

To run: Put o bstac 1 es on screen. 

Type (HN9999Q) 
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The command wil l prod uce a clockwise spiral fig ure which 

avoids all obstacles in its path. It is basically an edge 

follower with a backtrack algorithm which is invoked when 

there are no forward moves possible. 

4. 13 Diagnonal Plaid 

(NR999( 1 OF +P )] 
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4.14 Random Pattern #1 

I (100(8?R2FlOF)) 

4.15 Random Pattern #2 

[ 999?RF I 
4.16 Random Pattern #3 

I 100(8?2R_lO?F _) I 
4. 17 A Koch Curve 

=ZT( -ZG4L3(2 RGZG )3(GZG2L ) 4RGZ+ ) 
=G2F -
=J4(GZG2R ) 
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After those are defined, one sets the accumul ator to the desired 

order and types "J" to draw the curve. "G" can be redefined to 

a smal ler number of "F"s to draw higher order curves. 

A =  0 D 

A = 1 

A = 2 ( part of ) 
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Hilbert Curve ( written in Pasc al) 

PROGRAM HILBERT; 
VAR SIZE,DELTA,H:INTEGER; 

ORDER: INTEGER; 
PROCEDURE HIL(l:INTEGER); 
VAR A,B:IHTEGER; 

PROCEDURE HIL1; 
BEGIN 

TURN(A); HIL(-B); TURN(A); 
END (•HILl•); � 

PROCEDURE HIL2; 
BEGIN 

HOVECSIZE); 
HIL(B); 
TURN(-A); HOVECSIZE); TURN(-A); 

. HIL.(B); 
MOVE(SIZE ); 

END C*HIL2*); 
BEGIN C*HIL*) 

IF I:O THEN T URN(t80) 
ELSE 
BEGIN 

IF I>O THEN 
BEGIN 

A:=90; B:=I-1; 
END 
ELSE 

BEGIN 
A:=-90; B::I+1; 

END; 

HIL 1; HIL2; H IL 1; 
END; 

END (*HIL*); 
BEGIN (*HAIN PROCRAM*); 

WRITEC'SIZE: '); 

-
. .  

READLNCSIZE ); (*ENTER SIZE FOR YOUR SCREEN•) 
WRITE('ORDER:'); READLNCORDER); 
PENCOLOR(NONE); 
N::ORDER-t; 
DELTA::SIZE; 
WHILE N>O DO 
BEGIN (*COMPUTE STARTING CX,Y) POSITION *) 

DELTA::DELTA*2; 
N::N-1; 

END;-
HOVETOC-DELTA,-DELTA); 
PENCOLOR{WHITE); 
HIL{ORDER); 

END. 
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APPEN:DIX A - LIST OF COMM.Arms 

l C oMMand I CoMMand I CoMMand Si-:mantics I Para- I 
I Char act er I S�nta :-: I I i;:paph I 
! _____________________________________________________________________________ ! 

I I I i I 
A IA<coMMand> !Iterate COMMand b� value of ACC I I 

I I I I I 

I 8 IE: I E:eep I I 
I I I I I 
I C IC !Clear screen I I 
I I I I I 
I D ID I Pen down I I 
I I I I I 
I E IE<then><else> !Tests for turtle at screen edge I I 
I I I I I 
I F IF I T•.•r tle forward one unit I I 

I I I I I 
I H I H I T•.•r tle tc> hoMe position I I 

I I I I I 
I L IL I Rotate ti..•rtle left 'i5 degrees I I 
I I I I I 
I N I N I Point t1..1rtle north I I 
I I I I I 
I P IP I Vah•e ir1 ACC is pen color select I I 
I I I I I 
I R I R I Rotate tu1·tle right. 'i5 degrees I I 
I I I I I 
I S IS !Color select in front of turtle to ACC I I 
I I I I I 
I T IT<then><else> !Test ACC for non-zero I I 
I I I I I 
I U I U I Pen •-•P I I 
l I I I I 
I W I W I H ait for ne::t 30 HZ CLOCJ{ TICH I I 
I I I I I 
I <blank> !<blank> !No-op I I 
I I I I I 
I I! I Stop ir1nerMost iteration I I 
I I I I I 
I t lt<variable><coMMand> !Iterate coMMand b� valu� of variable I I 
I I I I I 
I $ l$<select><then><else> ITest selected Jo�stick position I I 
I I I I I 
I �� I ��<select> I Read selected pot cor1trol ler to ACC I I 
I I I I I 
I & !!<select> !Value in ACC goes to selected I I 
I I I color register I I 
I I < <coMMand> • • • •  ) IE: i nds co MM and as a •.•nit I I 
I I I I I 
I @ I@ I Set ACC to zero I I 
I I I I I 
I l<nuMber>@ ISet ACC to nuMber I I 

I I I I 
!t<variable>@ !Set ACC to variable value I I 
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APPENDIX A - LIST OF COMMANDS <continuec> 

l Co MMand I COMMand CoMMand SeMantics lPara-1 

lCharacterl S�ntax l I graph I 
I I 
·-----------------------------------------------------------------------------· 
l · l: I Sense orientation to ACC I 

+ 

<nuMber> 

= 

c 

I\ 

CTRL-A 

CTRL-C 

CTRL-0 

c:rRL-E 
CTRL-G 
CTRL-L 

I I 
I+ IACC = ACC + 1 
I I 
I- IACC = ACG - 1 

I I 
l<nuMber><coMMand> 
I 
l=<naMe><coMMand> 

I 
I= t <naMe> 
I 
l ?<then><else> 
I 
I 

l C <coMMar1d> • • • •  J 
I 

1 _  
I 
I" 
I 

<option> 

<Mode> 

<r•.•le> 

"<dev ice>" 

<naMe> 

!Iterates <coMMand> b� value of <nuMber> 
I 
!Defines user coMMand 

I 
!Defines user variable = A CC value 

I 
I Rar1doM test 
I 
ISaMe as < >  eHcept ACC saved & restored 

I 
I No-op 
I 
IIncreMent current iteration count 
I 
!Audio select 

I 
!Clear <reMove> all user variables 
I 
!Select displa� Mode 
I 
!Select edge rule 
l 
!Get user definitions fr oM dev i ce 
I 
ILcad user definitions fruM ROM 
I 

CTRL-M l <Mode> 
I 

!Select operating Mode 
I 

CTRL-P 

CTRL-R 

!"<device>" 
I 
l<naMe> 
I 

CTRL-S !<option> 

I 
CTRL-T !<option> 

I 
CTRL-Z I 

!Put user definitions to device 
I 
!Load and run user COMMand froM ROM 
I 
ICoMMand execution speed select 

I 
!Select turtle representation 
I 
I Reset 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



TH E T URTLE 

A P PE NDI X B - ERROR  STATUS  CO DE S  

A - Operator Abort ( B R EAK key ) 
D - Device name error 

F - User comnand definition area full 

I - Systems I/0 error 

L - Load/Run argument  undefined 

N - Nesting e rror ( unmatched right bracket ) 
0 - Overlength comnand line input 

P - Incomplete ( partial ) line input 

R - Reserved name for user command 

S - Stack overflow 

U - Undefined user variable name used 
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APPENDIX D - PEN SELECTS (BY SCREEN MODE) 

Mode 

0 

1 

2 

3 

4 

5 

6 

7 

&O = PFO 
&1 = PFl 
&2 = PF2 
&3 = PF3 

Pen Range 

0 - 127 

0 - 127 

0 - 3 

0 - 1 

0 - 3 

0 - 1 

0 - 3 

0 - 1 

(&4 = background -- someday ) 

Color Registers Used 

0 = background 
1 = PFO 
2 = PFl 
3 = PF2 

0 = background 
1 = PFO 

0 = bac kground 
1 = PFO 
2 = PFl 
3 = PF2 

0 = background 
1 = PFO 

0 = background 
1 = PFO 
2 .= PFl 
3 = PF2 

0 = PF2 
1 PFl (luminescence only) 
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A P P E N DI X  E - COLOR REGI ST ER VAL UE S  

Range Mid - Bright Color 

0 - 15 8 

16 - 31 24 

32 - 47 40 

48 - 63 56 

64 - 79 72 

80 - 95 88 

96 - 111 104 

112 - 127 120 

128 - 143 136 

144 - 159 152 

160 - 175 168 

176 - 191 184 

192 - 207 200 

208 - 223 216 

224 - 239 232 

240 - 255 248 
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Select 
Cod e 

A 

B 
c 
D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

p 

Q 
R 

s 

T 

APPENDIX F - JOYSTICK TRIGGER TESTS 

Dir ection* 
Tr igger 

F 

R 
B 
L 

F 

R 

B 
L 

F 

R 

B 

L 

F 

R 

B 

L 

T 
T 

T 

T 

Device 

JOYSTICK 0 

JOYSTICK 0 

JOYSTICK 0 

JOYSTICK 0 

JOYSTICK 1 
JOYSTICK 1 

JOYSTIC.K 1 

JOYSTICK 1 

JOYSTICK 2 
JOYSTICK 2 

JOYSTICK 2 

JOYSTICK 2 

JOYSTICK 3 

JOYSTICK 3 

JOYSTICK 3 
JOYSTICK 3 

POT 0 

POT 1 

POT 2 

POT 3 

Select 
Code 

u 

v 

w 

x 

y 

z 

( 
'\ 

* 

Direction 
Tr igger 

T 

T 

T 

T 

T 

T 

T 

T 

F = Forward 

R = Right 

B = Backwar d 

L = Left 

T : Tr igger 

(j) 
L R 
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Device 

POT 4 

POT 5 

POT 6 

POT 7 

JOYSTICK 0 

JOYSTICK 1 

JOYSTICK 2 

JOYSTICK 3 



APPENDIX G - ROM RESIDENT USER COMMANDS 

<See page 15> 

I Load/Run I Content I Runs I Reference 
I NaMe I I I I 

'-------------------�----------------------------------------------------! 
I 1 I Y = SIERPINSKI CURVE I Y I See 1.8, 1+9 I 
I I . J = HILBERT CURVE I I I 

'------------------------------------------------------------------------1 
I Z I Y = TRINARY TREE I Y I See 1.10, 1+11 I 

I I J = SIMPLE SPIRAL I I I 

1------------------------------------------------------------------------1 
I 3 I K = SUPER SPIRAL I K I See 1.1z I 

1------------------------------------------------------------------------' 
I 1 I Y = DRAW <CARTESIAN> I Y I 
I I J = DRAW CPOLAR> I I 

'------------------------------------------------------------------------
5 I Y = WALL BANGER I Y I 

. 

6 

7 

I J =: BREA�mUT I I 

J = HOLLYWOOD SQUARES J 

y = �mcH CURVE y See 1+ 1 7  

---------------------------------------------------------------.--------
8 · I Y = THE ZAPPER I Y I 

----------------------------------------------�--------1 FROM 

9 I Y = DRAW I Y I I 

-------------------------------------------------------' "ATARI I. 
A I Y = POSIES I Y I I 

-------------------------------------------------------' WSFN" I 
B I J = SUPERTURTLE I J I I 

-------------------------------------------------------' MANUAL I 
C I COLORPOWER I I I 

------------------------------------------------------------------------1 
D I Y = MAGIC CARPET I . Y I I 

------------------------------------------------------------------------1 

WSFN/TURTLE BUILT IN PROGRAMS 

You can access several programs <user commands> built into the Ata.ri WSFN/TURTLE 
cartridge by using the CTRL-L or the CTRL-R commands. These programs a.re itemized in 
Appendix G of the lan guage/system specification . The pa.ragrap hs that follow elaborate 
en the information in Appendix G. 

1. The c:clumn labeled "Lead/Run Name" c:ontains the one character name of the program 
group that's loaded by CTRL-L or CTRL-R. See pa.ge 15 of the specification for the 
semantics of CTRL-L and CTRL-R. 

2. The c:olumn labeled "Content" specifies the c:ommand name<s> and description(s) of the 
top level command(s) in each group. Note that, in general, eac:h group contains many 
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low-level user command d efinitions,  and one or t w o  top -level c:ommands. 

3 . The column lab eled "Runs "  indicates w hic:h of the loaded c:ommand s  are executed w hen you 
invoke the CTRL-L command.  For examp le , CTRL-R l is the same as CTRL-L 1 Y .  

4 .  The column labeled " Reference" p oints out sup porting n arrative in formation , w hen it's 
available. 

The remaining paragrap hs give more information ab out the built-in programs themselves. 
Note also that you c:an examine the c:ontent of the groups by loading them in the debug 
mode CCTRL-M 2> or b y  putting the loaded definitions to the printer CCTRL-P •pt"> .  

SIERPINSKI CURVE - no additional information required 

HILBERT C URVE - n o  additional information required 

TRINARY TREE - no additional informaton required 

SIMPLE SPIRAL - no additional information required 

SUPER SPIRAL - first draw a c:omplex, non-c:losed figure on the screen using DRAW 
<CARTESIAN> , and then invoke SUPER SPIRAL. 

DRAW <CARTESIAN> - joystick O is used to produce line drawings: the stick c:ontrols the 
cursor motion and the trigger c:ontrols pen up/down . 

DRAW <POLAR> - similar to DRAW <CARTESIAN> but uses spaceship type c:ontroU it's very 
difficult to use. 

WALL BANGER - first draw a c:omplex, c:losed , maze-like fig ure on the screen using DRAW 
<CARTESIAN>, and then invoke WALL BANGER. 

HOLLYWOOD SQUARES - no additional information required 

KOCH C URVE -- no ad ditional information required . 

THE ZAPPER throug h C OLORPOWER - see " ATARI WSFN , an introduction . . . .  " . 

Note that you c:an invoke the audio select command CCTRL-A> w hile another c:ommand is 
exec:uting ,  without affecting the operation cf that comman d .  The same holds true for the 
turtle representation selection <CTRL-T>. 

Note also that you can store additional demonstration programs and load them from a mass 
storage p erip heral such as cassette or diskette using the g et <CTRL-G> and put <CTRL-P> 
command s .  
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AP PE ND I X  H - AUD I O  S E L ECT OPT I ONS  

0 - audio off 

re a i ve o upper l eft  corner 
A - LSB  of  hor i zonta l pos i t i on 1 1 t ·  t 
B - LSB of vert i c a l  pos i t i on 

c - MSB of software st ack po inter 

D - Pot  controller 0 

E - Pot contro l l er 1 

F - v al ue in CHAR ( current command ) 

G - (intern a l ) - TEMP 

H - (intern a l ) - T EM P + 1 

I - ( in terna l ) - COUNT 

J - h ardware st ack pointer 

K MSB of h or i zont a l  posit i on} 
L - MSB of vertica l  posi t i on 

M - LSB  o f  software st ack  po inter  

N - (intern al )  - I N PT +2 

0 LSB  of  t urtle accumul ator 

re l at ive t o  screen center 





A T A R I-

S F N 
........ 

(Tu RTLE ) 

A N 1- N T R 0 D u c T I 0 N I I I I 





ATAR I WS FN I NT RO D U CTO RY MAN UAL 

P re pa red by : G re go ry Yob 

P RE FA C E  ( Ge ne r a l rema rks t h a t  a re un l i ke l y  to appe a r  i n  the f i na l  
ve rs i on o f  t h i s  man ua l . )  

1 )  ATAR I WS FN i s  s ubj ect to ch anges  wh i ch may req u i re chan ges 
to th i s  man ua l - fo r examp l e ,  the r e p r e s e n t at i on of the 
t u r t l e  m i g h t  change .  

2 )  I t  i s  a s s umed that t h e  u s e r i s  fam i l i a r w i th  t h e  ATA� I 
keyboa rd , an d knows how t o  man i pu l a t e  the SH I FT  and CTRL 
key s . 

3 ) En t ry o f  keys w i l l  be as  ty ped w i th  these  except i on s : 

Le t t e r  c means  CTRL - Le t te r  

Let t er  s mean s SH I FT- Le t t e r 

Fo r examp l e ,  Hc2Tc 1 H CN i s  eq u i va l en t  to : 

C T RL - H  2 CTRL -T 1 H C N 

WHAT ' S  WS FN 7 7 7 7  

H a ve you eve r  t r i e d t o  bu i l d  a hou s e o u t  o f  t oo t h p i cks ? O r  
t o  ba i l out  a b a t t l es h i p  w i t h a t ea s poon ? Tha t ' s  the s i t uat i on 
tha t the f i rs t compu te r hob by i s t s  we re fa ced w i t h • • • • • •  

B ack i n  the "o l d  day s " o f pe r sona l compu t e rs , you wo u l d b uy 
some k i t s  th rough the ma i l ,  and  w i t h  a so l de r i n g i ron , a l ot o f  
pa t i en ce ,  an d even mo re l uck , you wo u l d end  u p  w i t h  you r ve ry own 
pe rson a l comp ut e r !  Howeve r ,  that was on l y  ha l f the s t o ry - fo r 
a compute r w i t hout a p rog ram i s  l i ke a ca r o u t  o f  gas  - o r  you r 
ATAR I 400 ( o r ATA R I 800 ) w i thou t any ca r t r i dges . You cou l d  t u rn 
you r  comp u t e r on - an d i t  wou l d  s i t  t h e re an d do not h i n g . • • • • • . • .  

Deep i n s i de eve ry compu t e r  i s  the  e l ect ron i c equ i va l en t  o f a 
b l ackboa rd , an d  w r i t t en on t he b l a ckbo a rd  i s  a se r i es o f  i n s t ru c t i on s  
fo r the comp u t e r t o  fo l l ow .  You m i g h t  i ma g i ne a n  o rd i n a ry b l ackboa rd 
w i t h a g r i dwo r k  of 1 /2 i n ch s q ua res on i t  - i f  you f i l l ed s ome squa res  
w i t h  cha l k ,  an d  e ra s e d  o t he r s ,  yo u can d raw l e t t e r s  - an d then 
wo r d s  an d s en t en ces . Of co u rs e i t  t a ke s h un d re ds o f  l i t t l e s q ua re s 
t o  w r i t e  a s ho rt s en t e n ce . . . . .  . 

, 



When a comp u t e r  t s  t u rn ed on , i t  l ooks a t i t s memo ry ( tha t ' s 
the b l ackboa rd ) , a n d  t he pa t t e rn o f  on es  a n d  ze roes (wh i t e o r  b l ack 
sq u a res ) con ta i ns  t he i n s t ruct i on s  that  te l l i t  to do s ome th i ng .  S fn ce 
i t i s  ea s i e r  an d cheape r  to bu i l d  compu t e rs tha t recogn i ze "b i na ry 
pa t t e rn s" tha t to make comp u te rs  tha t un de rs tan d Eng l i s h sen t en ces , 
the comp ut e r ' s memo ry w i l l  l ook ve ry s t range to you an d me . 

Now , back i n  t he "o l d day s " , t h e  peop l e  w i t h  b i g  compu te rs had  
a l rea dy so l ved t h i s  p rob l em - pa t te rn s  o f ones an d ze roes were made 
wh i ch l et huma n s  u s e  typew r i te rs an d Eng l i s h- l i ke sen t en ces to t e l l 
the compute r what to do . (Th i s  i s  ca l l ed  p rog ranm i ng . ) But ! !  The 
poo r fe l l ow w i th  h i s  pe r s on a l comp u t e r  d i dn ' t  ha ve t hese compu te r 
l an guages - an d h i s pe r sona l comput e r ' s  memo ry was ve ry sma l l .  I n  
fa ct ,  the memo ry wa s t oo sma l l  to ho l d t he l an g uages  tha t b i g  
compute rs we re u s e d  to . 

Compu t e r  ho b by i s t s soon got t i red o f  f l i pp i ng sw i t ches  
thousands  o f  t i ine s  to make t he i r p rog rams - so " t i ny" l an g uages  
we re i nven ted . A t i ny l an guage cou l dn ' t  do as  much a s  the 
l angua ges  on b i g  comut e rs , b u t  you can s t i l l  do a l ot mo re i n  
a t i ny l a ng ua g e , an d do i t  a l ot fa s t e r , than mak i ng u p  t he 
ones a n d  ze roes by han d .  

I n  1 9 77 , L i chen Wan g , who h a d  a l rea dy ma ce a T i ny BAS I C ,  
dec i ded to make a t i ny l an g ua ge fo r con t ro l l i ng robo ts  w i t h  h ·i s  
compu te r .  When  h e  s ha red i t  w i th h i s  f r i en d s , they s ta rted to 
ca l l i t  d i f fe ren t th i n g s  - s i n ce L i chen hadn ' t g i ven t he l an gua ge 
a n a me . When L i chen wa s  a s ke d  wha t to ca l l  the l an g ua ge ,  he 
s a i d :  " I f eve ryt h i n g h a s  to have an ac ron ym , I wou l d  rathe r 
ca l 1 i t  WS FN (Wh i ch S t an d s  Fo r Not h i ng ) . "  

When L i ch en h a d  WS FR rea dy , he d i dn ' t  have a robo t - but  
be d i d  have a TV s e t , a n d WS FN cou l d  be made to d raw p i c t u res 
w i t h  the T u r t l e .  (You can t h i n k of t he Tu rt l e as a v i deo robo t 
i f  you wan t  to . ) We l l ,  l e t s p l ug i n  ou r ATAR I 400 (o r ATA R I 800 ) , 
pu t i n  the  WS FN ca r t r i dge , an d s ee what t u rt l es can do . 
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Ge t t i ng S t a r ted 

P l ug i n the WS FN ca rt r i dge ,  and t u rn on the TV an d yo u r  ATAR I 
400 (o r ATA R I 800 } . The TV s ho u l d  l ook l i ke th i s : 

.. 

Tu rt l e  a rea ( b l ack) 

a En t ry  a rea ( b l ue )  

W S FN when the powe r i s  tu rned on . 

The top pa rt  o f  t he s c reen w i l l  be b l a ck ,  w i t h  a b r i gh t do t i n  
the cen te r .  The bo t tom pa rt w i l l  be l i gh t  b l ue ,  w i th  a b r i gh t squa re 
nea r the l e ft s i de . 

The top h a l f i s  t he wo r l d o f t he t u r t l e ,  a n d h e re i s  whe re p i c t u re s  
can b e  ma de . To d raw p i c t u re s , you mus t en t e r corrman d s  w i th t he key boa r d , 
an d the b l ue a rea w i l l  s how you r  l a s t  en t ry an d t he l i n e  you a re en te r i n g . 
( Noth i ng i s  s hown when you s t a r t  s i nce noth i n g  h a s  been en te red . ) 

How to S ee t h e  Tu rt l e  

When WS FN s t a rts  up , the t u r t l e  i s  the b r i gh t do t - wh i ch does n ' t  
l ook l i ke a t u rt l e ! To s ee a b e t t e r  t u rt l e ,  en t e r  on the keyboa rd : 

CTRL-T 2 

P re s s  t he CTRL key , a n d wh i l e i t  i s down , p re s s t h e  T key . Then p re s s  
t h e  2 key ( a f t e r  r e l e a s i n g t h e CT RL key . ) 

N O TE : I n s t e a d  o f  s p e l l i n g S H I FT o r  C T RL fo r k ey s t rok e s , we w i l l  
us e s o r  c l i ke t h i s :  Hs vc - t h e s e  mea n  S H I FT - H a n d  CT RL - V . The 
t u r t l e comma n d s hown a bo ve b e come s Tc 2 • 
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Now the s c reen w i l l  l ook  l i ke t h i s :  

•"Z You  en te red  Tc2 
• 

Tu rt l e  

Mak i n g t he Tu rt l e  appea r .  

The 1 i t t l e  an i ma l  on ithe s c reen i s  the t u rt l e .  I f  you l ook  i n  the  
b l ue a rea , you w i l l  s ee a •  2 .  The re i s  a g ra ph i cs cha racte r , � ,  so 
th i s rep res en t s  t he comman d  you j us t  typed i n .  

( I f  you h ave u s e d  a comp u t e r  b e fo re , an un usua l th i n g i s  go i n g o� 
he re : WS FN DO E S A C O MMAN D  AS S OON AS I T  RE COGN I ZES I T .  You don ' t  have 
to  pre s s  RETURN - WS FN i s  awa res of what you type i n  a s  each key i s  
p res sed . ) 

I I  



A l l About Tur t l es 

S uppose you had  a t ra i ned  t u rt l e ,  and  you put  h i m i n  the l i v i ng 
roan on a p i ece o f  pa pe r : 

--

A Tu rt l e  

· a ... 
,,,,. 

- ... 
, J 

i n  you r  l i v i n g room . 

- -----

) 

---
-------------

. . 

9. ill .! 
���-;:�� �--�L I 

The t u rt l e  ho l ds a fe l t pen  i n  i t s mou th l i ke th i s :  

The pen i s  down . 

The pen i s  up . 



I f  the t u rt l e wa l ke d  fo rwa r d ,  t he feJ t pen wou l d  d rag a l ong  t he f l oo r , 

l ea v i n g a ma rk on t he p a p e r :  

made by 

T u rt l e  goes fo r a wa l k  w i th  the 
pen down . 

No ma rk wou l d  b e  ma de i f  t he t u r t l e wa s to l d to l i ft i t s hea d f i rs t .  

S i n ce t u r t l es a ren ' t  too sma rt , you can on l y  make h i m  t u rn  to 
the r i gh t  o r the l ef t  by  ha l f- t u rn s l i ke th i s :  

/ 

< 

H ow a T u r t l e  c h a n g e s  d i re c t i on s .  
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Some t i mes the t u rt l e  m i g h t  wa l k  o f f  t he pape r  - a n d  yo u ' l l  have to  
p i ck h i m  up and put h i m  back i n  the m i dd l e . I f  you wan t ,  you can te l l 
the t u rt l e  to po i n t  t owa rds  the l i v i n g room w i n dow • • • • • • 

An d ,  o f  cou r s e , when a d raw i n g i s  f i n i s hed , i t ' s  t i me  to put  a 
c l ean s heet o f  pape r on the f l oo r .  

The WS FN t u r t l e  can do a l l o f  t h e s e  th i ng s . The comman ds a re :  

u - UP 

D - DOWN 

F - FO RWARD  

R "  - R I GHT 

L - LEFT 

H - HOME 

N - NO RTH 

c - CLEAR 

L i ft the pen o f f  the f l oo r .  

Put the pen on t he f l oo r .  

Move � s tep fo rwa rd .  

Tu rn r i gh t one ha l f- t u m . 

Tu m  l e ft  one h a l f - t u m .  

Put  the t u r t l e  i n  t he m i dd l e  of t he s c reen . 

Po i n t t he t u rt l e  No r th (up on the s c reen ) . 

C l ea r  the s c reen . 

Us i n g the WS FN Tu rt l e  

P res s the  F key ( FO RWARD ) a few t i me s  - i f  you  do i t  enoug h , 
t he t u rt l e w i l l  move upwa rd an d a l i ne a p pea rs  beneath  h i m :  

( H e re y o u  e n te r e d  F F F F F F F F F F F F FF F . ) 

I f  yo u ho l d  t h e  F key down fo r a wh i l e ,  t h e  ATAR I  w i l l re p e a t 
t h e  key (w i t h b e e p s  fo r e a ch r e p e a t . ) . T h e  t u rt l e  w i l l  t ra v e l u p  t h e  
s c r e e n  a n d  d i s a p p e a r o f f  t h e  t o p  e d g e . 
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F 
• 

<E-- Home i s  h e r e  · 

The Tu rt l e  wa l ked o f f  t he t op o f  t he s c reen . 

To ge t h i m  ba ck , use  H (HOME )  - an d the t u rt l e  w i l l  rea p pea r i n  
t he cen t e r  aga i n . 

( Ea ch t i me  you p res s a t u r t l e  comman d key , ·ws FN doe s i t  i mme d i a te l y .  
[h i s  l eaves  on l y  o n e  l et te r a s  t he l as t  comman d s hown i n  t h e  bot tom 
a rea on the s c reen . )  

Now p res s R ( R I GHT ) . The t u rt l e  w i l l  ro tate  a aa l f- t u rn to t he 
r i g h t . I f  you ho l d  R down , the  t u r t l e  w i l l  s p i n  l i ke a top ! {T ry i t 
an d s ee . ) 

P res s i n g L ( LE FT ) t u rn s the t u r t l e  to the l e ft  by  a h a l f- t u rn .  

He re i s  a cha l l en ge fo r you : See  i f you can d r aw t he p i c t u re s hown 
be l"ow :  

R -



II 

Can you d raw th i s  p i ctu re ? 

( No te : D i a gona l 1 i nes  w i  1 1  l ook 1 i ke 7"-.;/J on the  
s c reen . ) ·.J' · .  

(When t he t u rt l e goes i n to the b l ue a rea , t he t u rt l e  i s  v i s i b l e , 
but the l i n e  i t  d raws i sn ' t  s hown . )  

To e ra s e  t he s c reen , p res s C ( CLEAR) . The p i c t u re goes away ,  
w i th t he tu rt l e  rema i n i ng whe re i t  wa s b e fo re . C l ea r  t he sc reen an d  
see i f  you can d raw th i s  p i ct u re : 

Ano t h e r  cha l l en g e  fo r t h e  d r aw i ng exp e rt -
an d  a s ma l l  my s t e ry .  

9 



How d i d  the t u rt l e g e t  awa y  f rom the  d raw i n g w i t ho ut a l i ne ? ?  
S i mp l e ! H e  l i f t e d  h i s  pen up - i f  you p re s s U ( U P ) , t he t u rt l e can 
be move d  w i t hou t  mak i n g a l i n e . Now s ee i f  you can do t h e  d raw i n g  an d 
l e a ve the t u rt l e  i n  t h e  s po t  s hown .  

(H i n t : I f  you h a ve a h a rd t i me ma k i n g the l i n es mee t i n  t he cen te r , 
j us t coun t t he n umbe r o f  F ' s  you en t e red - an d then i t ' s  ea sy . Coun t i ng 
i s  ve ry i mpo r t a n t i n WS FN . ) . 

To make t he t u rt l e d raw aga i n , use D ( DOWN ) , an d the pen w i l l  now 
make a l i ne on t he s c reen . 

Hake t he t u  rt l e  s pj·n a rottnd  by ho t d i n g down t he R key . Then p re s s  
N ( NO RTH ) a n d  s ee . wha t ha ppen s . T ry th i s  s eve ra l t i me s . 

S ome Opt i on a l Exe r c i s e s  

I f  you have a few moment s , and  wan t to rea l l y know yo u r  WS FN , 
t ry  the exe rc i s es i n  th i s  s ect i on .  Some of  them a ren ' t  ea sy , so 
fee l f ree to s k i p t h em i f  you wan t to go on . 

1 )  D raw a bo rde r a roun d  the edg e  of t he sc reen . Keep coun t so yo u  
know how many " foo t s teps"  h i gh an d w i de t he s c reen i s .  

2 )  D raw a squa re 1 5  s teps  on a s i de ,  an d f i l l  i t  i n  by wa l k i ng 
a roun d i n s i de i n a s p i ra 1 • 

3 )  Draw t h i s  f i g u re :  

• ·  

S pen d some t i me ma k i ng p i c t u re s  w i t h t he t u rt l e ,  a n d t hen go 
on w i th  t h e  n ex t  s e ct i on .  

1 0  -



GETT I NG FAN C I E R 

Su ppose  you wan ted to d raw a checke rboa rd on t he s c reen .  I f  you 
d raw i t  one s t ep a t a t i me by p res s i n g F ,  R an d  L ,  i t  w i l l  t ake a l ot 
o f  e f fo rt ! WS FN h a s  s eve ra l  ways to  save �ffo rt - so  l et ' s l ook at 
a few of t hese . 

Repet i t i on · 

I f  you en te r a n umbe r be fore any WS FN conmand , WS FN w i l l  repeat 
the conmand .  For examp l e ,  c l ea r  the s c reen , home t he t u rt l e , po i n t 
no rth ,  and en te r :  

25F 

T h e  t u rt l e  w i l l  move 25 un i ts fo rwa rd . (Be  s u re not to put a b l an k  
b etween the 2 5  a n d  t he F .  A b l an k  i s  a WS FN comman d t o  do no th i n g ,  
an d i f  you en t e r  25 ( b l an k ) , WS FN w i l l  do n ot h i ng - 25 t i mes ! )  

Mak i ng a s q u a re i s  e a s y ! T ry  en te r i n g : 

HCN25F2R25F2 R2 5 F2R25F  

I f  you d i d t h a t  r i gh t , you w i l l  see : 

To tw i r l  the t u rt l e ,  en te r :  

999 9R 

( NOTE : 9999 i s  t he l a rges t n umbe r t ha t WS FN un de rst ands . I f  you en te r 
a b i gg e r  n umbe r ,  WS FN w i l l  t a ke the  fou r  r i g h tmos t d i g i t s a s  the  
rep e t i t i on va l ue . ) 
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P a ren thes i s  

When you d rew the s q ua re , d i d  you no t i ce that  a s qua re cots l d be • .  : 

ma de by repea t i ng th i s  comman d  fou r  t i me s ?  

fou r o f :  2 5 F2R 

I n  WS FN ,  g roups o f  comman d s  can be pu t  i n s i de pa i rs of pa ren thes i s 
an d t hen repeated  j us t  l i ke one comma n d . Let ' s  d raw that s q ua re a ga i n : 

H CN ( s e t  up t he s c reen ) 

4 {2SF2R}  (make t he s q ua re )  

I f  you l ook ca re fu l l y  a t  t he s c reen , t he tu rt l e  i s  n ow po i n ted 
up i n s tead cf  po i n t i n g to the l e ft . Why? {H i n t : The f i rs t  t i me you 
ma de the s qua re ,  was the re a 2R a t  t h e  en d? ) 

The b l ue area ha s  anot he r s u rp r i se - the en t i re seq uence was 
en te red , a n d  then WS FN d i d the  comman d .  WS FN d i dn ' t  do ea ch s t ep a s  
you  typed t hem i n .  

When you  ent e r a pa ren t he s i s ,  WS FN w i l l  wa i t  un t i l  you en te r the 
o the r  pa ren thes i s  befo re do i n g t he corrman d .  When you a re doi n g  a l on g  
s et o f  commands , a pa ren t hes i s  w i l l  l et you s ee t h e  en t i re l i ne  be fo re 
WS FN executes  i t  - i f  yo u  . ma ke a m i s t a ke , the BAC K S key can be us ed  
to e rase  l e t te r s . Let ' s  t ry  an examp l e :  

(The obj ect i s  to make a rec t an g l e  20  un i ts h i g h an d 1 0  un i t s 
w i de . ) 

H CN 

(20F2 R 1 0F2R20F3 R 1 0 F  
1' 

oop s ! you wan t 2 R  l a s t  t i me 

en t e r  5 BACK- S , an d t hen en t e r : 

2R 1 0 F )  

(As a n  exe rc i se , take a l ook  at  t he p i c t u re t hat  wo u l d res u l t i f  
you d i dn ' t  co r rect the  e r ro r  - that ' s  a m i g h t y  s t ran ge rectang l e ! )  

, ,, 



Nes t i ng Pa ren thes i s  

Pa i rs o f  pa ren thes i s  can be u s ed to b u i l d  b i gger  an d bet te r 
comman ds o ut o f  sma 1 1  e r  ones . WSFN w i 1 1  wa i t  un t i l  a U  the 
pa ren thes i s  a re "ba l an ced" - tha t i s ,  the  numbe r o f  l mat ches 
t he numbe r o f  ( . Fo r examp l e , t ry :  

( ( ( ( ( ( ( ( ( (2 0F) ) ) ) ) ) ) ) ) )  

The 20F won ' t  be done un t i l the l a s t  ) i s  en tered . 

He re i s  a n i ce r  k i nd of  squa re : 

8 ( 4  (20F2R) R) 

On ce t h i s  p i c t u re i s  on you r s c reen (You have to actua l l y  do 
t h i s  one - we won ' t  put  the p i c t u re i n  t h i s  man ua l ! ) , l et ' s  see-rf 
i t  can be f i g u red . out . 

The way to - un de rs t an d  l i nes w i t h  pa ren thes i s  i s  to wo rk f rom the 
i n s i de out , s ta rt i ng w i th the i nne rmo s t  pa i r . I n  th i s  ca s e , th i .s i s :  

. ( 20F2 R) 

Th i s  d raws one s i de of  a squa re , an d t u rn s  the t u rt l e  90° to t he 
r i gh t . Now l e t s  bu i l d up  the next l aye r :  

4 (20F2R) R 

The f i rs t pa rt d raws the fou r s i des  of  t he squa re . Then the  t u rt l e  
i s  t u rned on ce to the r i gh t . Th i s  mean s tha t the next t i me a s q ua re i s  
d rawn , i t  w i l l  be t i l t ed d i agona l l y .  

Now , the en t i re th i ng i s  done e i gh t  t i mes : 

8 (.4 (20F2R ) R) 

I f you t race t h i s  out by han d , t h e  t u rt l e  en ds  up at the Home 
s pot a fter  ea ch s q ua re - but  t he t u r t l e  i s  t u rned on ce to t he r i gh t  
each t i me .  When the s q ua re was d rawn t he f i rs t t i me , the home s po t  
i s  the t owe r 1 eft  co rne r • • • • • 

WS FN tend s to d raw i t s p i c t u re s  ra t he r  rap i d l y  - to see how a 
p i c t u re i s  con s t r uct ed maean s you ha ve to s l ow WS FN down i n  some 
manne r .  The W comman d t e l l s  WSFN to wa i t  fo r 1 / 30 seco� d .  Let ' s  
add  th i s  to the  fan cy s qua re an d s ee how the squa re i s  made : 

8 ( 4 l2 0F2R30W )  R)  

A f t e r each s i de of a s q u a re i s  d rawn , the t u r t l e  wa i t s fo r on e 
s e con d - an d i t ' s  much e as i e r  to  s e e  how the  p i c t u re i s  made ! 
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J us t fo r fun , t ry t h e s e  l i n es , a n d  s ee i f  you can f i gu re out  
how they wo rk . I f  they go too fa s t , i n s e rt a 3 0W i n s i de the i nne rmos t 
pa ren t hes i s ( l i ke we d i d w i t h  the  fan cy s q ua re ) . 

8 ( 8 ( 1 0FR) R )  
8 ( 8 (5FR) 20FR)  
8 ( 8  (SFR)  2 0 FL )  
8 ( 6  (S FR) R) 
8 ( 7 (5FR) R)  

( s t a i n ed g l a s s  w i ndow ) 
( s upe r  e i gh t )  
( d i ffe ren t fo r s u ch a sma l l chan g e ! )  

You can see t hat sma l l changes can make b i g  d i f fe rences !  He re i s  
a rea 1 1  y 1 ong 1 i ne to t ry :  

8 ( 8 (8 ( 6 ( 5 FR) 1 0FL ) 1 5 FR ) 2 0 FL )  

Some Opt i ona l Exe rc i s es 

T ry the f i rs t few of  these  to see  how comp l i cat ed s ha pes c an 
be made f rom s i mp l e r  one s . I t  i s  q u i te d i f f i cu l t to t ype a l l o f  
these i n  co r rect l y ,  s o  fee l f ree t o  qu i t  when you get  f rus t r a t ed . 

The se r i es o f  en t r i es s hown be l ow s nows how to con s t ruct 
a checke rboa rd by mak i ng a s q u a re ,  and t hen add i n g mo re an d mo re 
un t i l  a checke rboa rd i s  d rawn . I n  the p roces s ,  some m i s ta kes  (wh i ch 
comput e r  p rog ranwne rs ca l l b ug s ) w i l l  appe a r  - an d then they w i l l  
be f i xed . I f  you ·  t ry  to ma ke comp l i ca ted p i ctu re s  of  you r own , 
you w i l l  make m i s takes  too . 

The new pa rt s  o f  each en t ry w i l l  be unde r l i ned . 

1 )  4 ( 8F2R ) 

2 ) J. 4 ( 8 F2R )  SF)  

3 )  .§_{ 4 ( 8 F2R} 8 F )  

Th i s  d raws a squa re 

Once a squa re i s  ma de , move the 
t u rt l e  t o  s ta r t a n ew s qua re . 

Do e i g h t s q ua res i n  a row . 

4 )  (HCN40F4R8 ( 4 ( 8 F2R) 8F)l 
The e i g h t  squa res ran o f f  the top o f  
t he s c reen ,  s o  put  the t u rt l e  n ea r t he 
top an d po i n t h i m  downwa rd . Then do t he 
row of  s qu a re s . 

5 ) (H CN 40F4R8 {4 ( 8 F2R) 8 F ) 2 R 1 6 F2 R64F )  

A f t e r do i n g a row o f s qua res , pu t t he 
t u r t l e  i n  pos i t i on t o  s t a rt a n ew row . 

6 )  ( H CN40F2 R32F2 R8 ( 4 ( 8 F2 R ) S F ) 2 R 1 6 F2 R64F )  

J u s t  pu t t i n g t he t u rt l e  ove r to t he 
r i g h t  t o  cen t e r  the checke rboa rd on t h e  
s c reen . 

-- , ll 



7 )  <J..H CN.!:!_4 0 F2R32F2 R.Q2_8 ( 4 ( 8F2 R }  S F')  �2 R 1 b F2 R64 F.Q.L> 

When the t u rt l e  i s  be i ng pu t i n t o  po s i t i on , 
i t  s hou l dn ' t d raw a l i n e . The pen i s  l i f ted  
be fo re a move a n d  put  down a ft e rwa rd . The 
n ew pa ren thes i s  s e pa ra te t he pos i t i on i ng 
moves f rom the s qua re d raw i n g and  he l p ma ke 
the en t ry ea s i e r to read . 

(No t e : I f  you have got th i s  fa r , you r  en t ry w i l l appea r on two 
l i nes  of  the s creen ' s  l owe r a rea .  WS FN can accept up to 
cha rac te r l i n e s . ) 

8 )  ( ( H CNU40F2 R32F2 RD ) �8 ( 4 ( 8 F2R) 8 F ) {U2 R 1 6 F2 R64FD )l) 

To ma ke a checke rbca rd , j u s t repeat  the 
row of s qua res an d the move to t he next 
row e i gh t  t i mes  - but i t  does n ' t  wo rk ! 
(When a row i s  s t a rted , the t u rt l e  mus t 
po i n t � ' an d we l e ft  i t  po i n t i ng �- ) 

9 ) { (HCNU 4 0 F2 R32 F2RD ) 8 { 8 ( 4 { 8 F2 R) 8 F )  ( U2 R l 6 F2 R64 F�D ) ) )  

W i th  t he t u rt l e ' s  d i re ct i on f i xed ,
· 

we 
ge t a checke r boa rd , b u t  w i th the rows 
too fa r apa rt - a n ew row $ ta rt s  8 s teps  
to the  l ef t  i n s tead of  1 6 . Le t ' s  f i x  
t h  i s an d t ry aga i n  • 

1 0 ) { ( H CN U 4 0 F 2 R32F2RD) 8 ( 8 ( 4 ( 8 F2R ) 8F ) ( U2R_§.F2 R64 F4RO ) ) )  

Wow ! I t wo rks th i s  t i  me ! ! ! ! 
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MAK I N G YOV R OWN C011MAN DS 

E a ch t i me  you wan t to d raw a sma l l p i c t u re , you h a ve to en t e r  
t he comman ds fo r t h e  t u r t l e  - fo r examp l e ,  t o  ma k e t h ree s q ua res  
mean s you have to repeat : 

4 ( 1 2 F2R)  ( d raw t he s q ua re ) 

(move t he t u r t l e  to t he n ext s pot ) 

t h ree t i mes - on ce fo r each t i me t he s q ua re i s  d rawn . A des i gn w i t h  
a l o t o f  s q u a res cou l d take a �ot o f  t yp i n g !  

WS FN l e t s  you make new comnan d s  - a n d  i t  wi  1 1  remembe r t h e  
comma n d  as  l on g  a s  t h e  ATAR I  i s t u rn e d  o n  {o r un t i l yo u chan g e  
the comman d ' s mean i ng ) . He re ' s how to ma ke a " S q ua re" comman d :  

•*S 4  ( J  2F2R) 

The • t e l l s  WS FN that  a n ew comman d  i s  be i n g n amed . The n ame o f  
t he comman d i s  *S , a n d  t he me an i n g o f t h e  comman d i s  4 ( 1 2F2R)  wh i ch 
d raws a s q u a re . 

D raw i n g t he s q ua re i s  ea s y  now. - j u s t  en te r :  

*S 
an d the s q ua re a p pea rs . You can a l so p u t  yo u r  n ew col'Tl'llan d i n to 
o t he r WS FN l i n e s  - fo r examp l e :  

8 ( * S R )  

4 ( 8 ( *S R )  2 4 F2 R )  

I f  yo u h a ve been do i n g t he examp l e s ,  yo u s u re l y  have en t e re d  
t h i s  on e a l o t :  

H CN 

Why n o t  make i t  a corrman d a s  we l l  - *C , fo r examp l e :  

•*C (HCN ) 

You can i n c l ude comma n d s  t h a t  y ou h a ve i n ven t e d  i n to o t h e r 
comman d s . L e t ' s  t a ke t h a t  fa n cy des i gn an d t u rn i t  i n t o a comman d : 

= * F ( *C 4 ( 8 ( *S R ) 2 4F2 R ) ) 

How b y  p r e s s i n g j us t  two key s , a comp l e t e  p i c t u re i s  d r awn ! 

, h 



( Not es : 1 )  WS FN us e s t h e * t o  t e 1 1 i f  a corrma n d  I s  a l r ea dy i n 
t he "canned" comman ds tha t I t  a l rea dy knows o r  i f  you i n ven ted i t .  
2 )  An I nven ted comman d w i l l  e n d  i n  t he sa me  way a no nna J  WS FN corrman d 
doe s - fo r examp l e ,  i f  you wan t *Z to mean 4 F3 R , you s hou l d  put some 
pa ren t hes i s a ro un d i t  1 i ke t h i s : •*Z ( 4 F3 R) I f  you  don ' t ,  WS FN w i l 1 
th i nk tha t *Z mean s 4 F .  3 )  WS FN doe sn ' t  actua l l y do the corrman d 
un t i l  you te l l i t  to - the • i s  a comma n d  to re co rd  n ew comman ds . 
U s e  t he corrman d ( s u ch a s  *S o r  *Z) to make WS FN p e r fo rm . ) 

A Comman d  Tha t  La s t s  Fo reve r (A l mos t )  

Let ' s  make *O. a comman d w i th i t s own name i n c l uded (Th i s shou l d 
d r i ve WS FN nuts ! ) : 

•*0. ( *S R4F*Q.) 

The t u rt l e  d raws the d e s i g n be l ow , an d t hen doe s i t  ove r , a n d  ove r ,  a n d  
ove r ,  an d • • • • • •  

The corrma n d  *Q t e l l s  WS FN t o  d raw t he s q ua re *S , move t h e  t u rt l e  
an d t u rn i t  a l � t t l e  , a n d t hen , do *Q a g a i n !  Th i s  i s  ca l l e d an 
i n f i n i te l oo p  - t h e  s a me t h i n g g e t s  don e  fo reve r . . . .  
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{No te : Act ua l l y ,  WS FN w i l l  do *Q fo r s eve ra l  m i n u tes , a n d  t hen 
qu i t . The rea son s fo r t h i s  a re beyond the s cope o f  th i s  man ua l .  I t  i s  
pos s i b l e  to make true i n f i n i t e  l oo p s  i n  WS FN - ag a i n ,  us i ng fea t u res 
tha t a ren 1 t  cove re d he re . ) 

To make WS FN s top , p re s s  the B REAK key - B REA K w i l l  a l ways s top 
WS FN no ma t te r w h a t  i t  i s  do i ng .  

En t e r  *Q a ga i n , a n d  wh i l e i t t s go i ng , p res s t h e  R o r  L keys 
now and then - the f i g u re w i l l  move a roun d .  WS FN w i l l  s top i n  t he 
m i d d l e  of a corrmand to do one tha t yo u j us t typed i n  ( i n th i s  case , 
R o r  L ) , an d  then con t i n ue do i ng t he o l d  corrman d .  

Look i n g a t  You r Comma n d s  

Now that  we h a ve seve ra l new c:onman ds , how d o  w e  l ook a t  t hem 
i f  changes a re needed .  J us t en t e r : 

(That ' s  CTRL -M a n d 1 ) 

The s c reen w i l l  change to : 

> 
• 1  

ACC=0000 NUMBER=0000 LEVEL=000fa 
CHAR= l 

S= 4 ( 1 2F2R ) 
C= ( HCN )  
F= ( *C4 ( 8 ( *ST ) 24F2R ) ) 
Q= ( SR4F*Q ) 

The De b u g  M o d e  S c reen 



Th i s  t s ca l l e d  t he " de b u g g i ng mo de" . The fou r l i n e s I n  the 
m i d d l e  a re t he fo u r  corrvnan d s  yo u e n t e re d . 

I f  yo u wan t to cha n g e a comma n d , you can e i t h e r t y pe i t  I n  
a ga i n , o r  us e t he c u r s o r movemen t s  & s c reen e d i to r  to ch an g e the 
corrman d ' s  l i ne d i rect l y .  ( Th i s  man ua l a s s ume s t ha t  you know how 
to us e t he s c reen ed i to r . ) 

The re i s  one b i g  d i f f e ren ce i n  de bug g i ng mode - to make WS FN 
do a l i ne , you mu s t p re s s t h e  RETU RN key . 

To l eave deb ug g i n g mode , en t e r : 

( CTRL-H , 3 ,  an d p re s s  RETU RN )  

(No te : WS FN ' s  debugg i n g mode h a s  many fea t u res  wh i ch won ' t  be 
d i s cu s s e d  i n  t h i s  man ua l . Fo r t he p re s en t , j us t  u s e  debugg i n g mod e  
to s ee you r l i b ra ry  of  s pe c i a l  comma n ds ,  a n d  t o  ma ke chan g es t o  you r  
s pe c i a l comman ds . ) 

, Q 



TH E A C CUMU LATO R 

WS FN has an "ac cumu l a to r1 1  - wh i ch i s a co un t e r  wh i ch can be 
u s ed to keep t rack o f wha t you a re do i ng .  Fo r examp l e , s uppos e  
you wan t to d r aw a s p i ra l  s q u a re l i ke th i s :  

-

E a ch s i d e o f  the  squa re i s  one s t ep l a rge r th an t he p rev i ou s  one . 
I f  you t ry to do th i s  w i th t he WS FN you a l rea dy know , i t  ge t s  ha rde r 
an d h a rd e r to do : 

( 3 F2 R) 

( ( 3F2R)  F ( 3 F2 R ) )  

•*S ( 3F2R)  

( *S F*S2F*S 3F*S4F )  
-

( one s i de d on e )  

( two s i de s  done ) 

(make a s i de a s pec i a l 
corrmand ) 
( on ce a ro un d )  

( *S F*S2F*S 3F*S 4 F*S SF*S 6 F*S 7 F�S 8 F )  

e t c  . . . . . .  . 

The accumu l a to r can be u s ed t o  s o l ve t h i s p rob l em . I n  WS FN , 
the comman d s : 

+ a d ds one to the a cc umu l � t o r . 

s ub t racts on e f rom t he a c cumu l a t o r . 

A re pea t s th e  next comman d a s  many t i me s  a s  i n d i cated  
by the  n umbe r i n  the  a ccumu l at o r . 

Let ' s  see  how th i s  wo rks i n  p ra ct i ce .  S t a r t i n g w i t h  t he t u rt l e  
a t  home , a n d  po i n t i n g no rth , en te r :  

++++ 1 1- 1 1 1 + ( p res s + t en t i mes )  

AF  

The t u rt l e  w i l l  move up 1 0  s t e p s  - t h a t ' s t h e  n umbe r i n  the  
a c c umu l a to r . I f  you repea t :  
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AF 

the t u rt l e  w i l l  move ano t he r  1 0  s tep s fo rwa rd .  

T ry en te r i ng seve ra l  - ,  and  then the AF . Now the t u rt l e  w i l l  
move a s ho rt e r  d i s t an ce . I f  you p re s s  - enough t i mes ,  the a ccumu l at o r  
w i l l  ha ve a ze ro i n  i � .  N ow the t u rt l e  won ' t  move a t  a l l .  

The sma l l es t n umb e r  i n  t he accumu l a to r  i s  ze ro (and  the  l a rges t 
l s  9999) . I f  you ente r too many - ,  the a ccumu l ato r w i l l  j us t  s t ay 
at ze ro .  T ry  p res s i ng - 1 5  t i me s , an d then AF - t he t u rt l e  s t ays 
s t i l l .  

The comman ds + an d - can be repeated l i ke any  othe r s . Fo r examp l e ,  

1 5+ adds  1 5  to the accumu l ator  

23- s ub t rac t s  23  f rom the accumu l ato r  

I f  you use  A to te l l how many +  o r - to use , you w i l l  get : 

A- s e t s  the accumu l a t o r  to z e ro 

A+ dou b l es  the n umbe r i n  the accumu l a to r 

( Be s u re you  un de r s t an d  t h e  A+ and A- . A- i s  used a l ot to "make 
th i ngs  rea dy" - i t  i s  ea s y  to en te r a comman d wh i ch l ea ve s  some j un k  
i n  the a ccumu l a tor  - an d when you t ry the comman d aga i n , WS FN w i l l  
do somet h i ng d i f fe ren t ! ( an d  us ua l l y  not ve ry n i ce ) . ) 

I f  you wan t to see what ' s  i n  t he accumu l at o r , go i n to deb ug mode 
an d p l ay a b i t  w i th the + an d - comman ds . The a ccumu l a to r  i s shown 
i n  the l i ne t h a t  s ays : 

i n the uppe r l e f t  co rn e r .  + and  

I l l  I I I I RETU RN 

w i l l  change th i s  va l ue ,  fo r examp l e ,  

w i l l  make the  accumu l a to r  l ook l i ke th i s : 

( Note : Hc l ge t s  you i n to debug mode , and  Hc3 ge t s you ou t . ) 

Now , b a ck to the s q u a re s p i ra l  - each s i de i s  on e un i t  l on g e r 
t ha n  the  p re v i o u s  on e ,  s o : 

(AF2 R+ ) w i l l  d raw a s i de A un i t s l on g , an d a d d  on e t o 
the  a cc umu l a t o r .  
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He re t s  the  s p i ra l : 

HCNA- 40 (AF2 R+ )  

HCN sets  u p  t he s c reen , A- remove s  an y  l e f tove r J un k , an d 40 (AF2R+)  
d raws 40 s i des  to t he s p i ra l . 

To f i l l  up the s c reen , en t e r : 

1 20 {AF2R+) 

No t e tha t t he s p i ra l  con t i n ues  f rom whe re i t  s topped be fo re - we d i dn ' t  
ze ro the ac cumu l a to r  o r  home the t u rt l e !  

J us t  fo r fun , t ry these va r i a t i on s  on sp i ra l s  - an d see i f  yo u 
un de r s tan d  wha t t hey do . (The rea l l y  s e r i ous  s t uden t i s  a s ked to 
v i s ua l i ze the p i c t u re befo re t ry i n g them ou t . ) 

S qua res : 

40 ( 4 (AFRR) +)  
40 ( ( 4 (AFRR) ) + )  
40 ( ( 4 (AFRR) ) ++ ) 
40 ( ( 4 (AFRR) ) ++RR) 

I t  i s  us e f u l t o  def i ne t h i s comman d to set  up t he s c reen between 
p i ct u res : 

•*R (HCNA- ) 

O c tagons : 

40 ( ( 8 (AFR)  ) + ) 
40 (AFR+ )  
40 ( 7 (AFR) + )  
40 ( 6 (AFR) +R) 

Remembe r that yo u can i n s e rt some de l ay i f  you pu t a 30W i n s i de the  
i nne rmos t pa ren thes i s , fo r examp l e ,  

40 ( 4 (AFRR30W) +)  

- - ? ? -



S i ng l e  S t ep Mo de 

Somet i mes WS FN w i l l  do th i ng s  mu ch too fa s t ,  a n d  you w i l l  need to 
have a c l os e r  l ook at wha t ' s  ha ppen i ng . ( I f  you a re j us t l ea rn i ng WS FN , 
s k i p t h  i s pa rt un t i 1 1 a t e  r .  ) 

The re a re t\o/O comman ds  tha t  can he l p  you l ook mo re c l os e l y : 

HC2 Th i s  puts  the uppe r pa rt  of t h e  debug mode d i s p l ay 
i n to the b l ue a rea - I f  you t ry some o f  the p rev i ous 
examp l es , you can see the va l ue of t he a ccumu l a to r  
change . The l i ne ca l l ed : 

CHAR• 

d i s p l ay s  the  cu r ren t cha rac te r tha t WS FN i s  l ook i n g at . 

I f  you en te r Hc3 you w i l t  ret u rn  t o  t he us ua l mode . 
( I f  you wan t a s c reen w i thout  any b l ue a rea , use  He&. ) 

s c i Th i s  i s  s i ng l e - s tep mode . WS FN w i l l  do one act i on � 
t i me you p re s s CTRL-4 . Fo r examp l e ,  en t e r : 

1 0+ ( get  i n to debug mode f i r s t ) 

and  t he a ccumu l a to r  w i l l  i n c remen t by one ea ch t i me you 
p re s s  4c . 

sc has some o t he r  opt i on s a l so :  

s ee ret u rn s  WS FN to n o rma l  s peed 

s c7 makes WS FN do about  1 a ct i on pe r 
secon d .  

When you a re i n  e i t he r  debug mode (Hc2 o r  HC l ) ,  WS FN w i l l  run 
mo re s l ow l y - i t  has  t he j ob of wr i t i ng t he debu g  d a t a  on t he s c reen , 
a n d  th i s  takes  some t i me t o  do . 

T ry some o f  the s i mp l e r examp l es tha t you a l ready un de rs tand 
w i t h  the s e  new commands - an d you w i l t  s ee how they can he l p  you 
un de rs tan d comp l i ca t ed comman ds . 
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TEST I NG AN D DE C I S I ON S  

WS FN h a s  s e ve ra l comman ds wh i ch w i l l s e l ect  be twe en two 
conman ds . Fo r -ex amp l e ,  i f  t he a ccumu l at o r  i s  ze ro ,  on e conmand 
w i l l  b e  pe r fo rme d . I f  t he accumu l a to r i s n ' t ze ro , t h e  o t he r  
conmand w i l l  b e  don e . These comman ds a re known a s  tes t s , an d 
t hey a l  1 l ook 1 i ke :  

( tes t s ome t h i n g )  ( i f  t he re s u l t i s  t rue , do th i s  one ) 
( i f  the res u l t  i s  fa l s e ,  do t h i s  one i n s t ea d )  

The te s t fo r t h e  a ccumu l a to r  l ooks l i ke t h i s :  

T ( l O F )  ( 1 0R)  

I f  t he accumu l a to r i s n ' t  ze ro , t he f i r s t  act i on ( l O F)  i s  chosen . I f  
t he ac cumu l a to r i s ze ro , the s e con d a c t i on ( l O R)  i s  done i n s t ea d . 
I n  bo th cas es , the a ct i on tha t i sn � t  cho s en i s  i gno re d .  

Let ' s  l oo k  a t some o f  t h e s e i n  mo re de ta i l :  

The Ran dom Te s t ( 1 ) 

The comman d 7 w i l l  se l ec t on e o f  the two comman d s  fo l l ow i n g . i t 
w i t h 1 : 1  odd s (Yo u can t h i n k  o f WS FN f l i pp i ng a co i n  - i f  the co i n  
i s  heads , the f i rs t conma n d i s  don e , a n d  i f i t  i s  ta i l s ,  the s e con d 
conma n d  i s  don e . ) 

T ry the fo l l ow i n g en t ry on you r ATAR I - do i t  se ve ra l t i mes .  
Ea ch t i me yo u en t e r t h i s  comman d p  t he t u rt l e  e i the r move s fo rwa rd 
5 un i ts or t u rn s  to t he r i g h t : 

? SFR ( Remembe r that rc 2 s e t s up  you r t u rt l e . ) 

Repea t i n g t h i s  can make some n i ce s qu i gg l es :  

l OOO? SFR 

No te : I f  yo u can ' t  ge t t h e  1 to wo r k , remembe r tha t 7 i s  a s h i f t e d  
cha ra c t e r  - you mu s t  p re s s SH I FT  t o  g e t  a ? .  

Pa ren t he s i s ca n be us e d to bu i l d  mo re comp l i ca t ed tes t s : 

1 007 ( U 5 7 5 FR)  ( 08 ( S FR) ) 

T ry i t  o u t , an d t h en l e t ' s a n a l yze wha t t h i s  exp re s s i on doe s . 
F i r s t ,  the re i s  1 00 re p e t i t i on s  o f  the  exp res s i on :  

- ? lJ 



7 1U S 1 5 FR ) ( D 8 ( 5 FR ) ) 

The f i r s t act i on i s  U57 5 FR wh i ch i s  se l ected ! o f  t he t i me .  Th i s  
l i f t s  the pen , an d moves t he t u rt l e  ran dom l y  f i ve t i me s . (J us t  the  
p rev i ous examp l es w i th the  pen up . ) 

The o the r  a ct i on i s  08 ( S FR) wh i ch d raws an o c t a gon on t he s c r een . 

He re a re a few o the r random pa t te rn s to p l ay w i t h : 

1 007 ( 1 0 F7 RL ) ( 8 ( 3 FL ) 2 R) 
1 007 (H2075F7 RL ) ( 2 R8 ( 2 FR) 2L ) 
1 007 (H207 5F7 RL ) ( 1 07 ( 2R8 ( 4 FL ) 2L ) 1 2F)  

The Accumu l a to r Tes t  ( T ) 

The command T checks t he accumu'l a to r .  I f  t he a cc umu l ato r i s  
not ze ro , the  f i r s t aet i on a fte r the T i s  pe r fo rmed . I f  t he 
accumu l ato r i s  ze ro , the secon d a ct i on t akes p l ace . 

By s et t i ng the  accumu l a to r ,  you can ma ke you r comnan ds mo re 
re s pon s i ve - th ey can check the accumu l a t o r a n d  s e l e c t  d i f fe ren t 
a c t i on s  i f  t he accumu l ato r i s  ze ro .  

He re i s  an examp l e :  

•*ET ( 20F2R} ( 4 {S F2 R) ) 

HOlA-

Ente r i ng *E w i l l  d raw a sma l l s q ua re (Tha t ' s  the  4 ( 5 F2R )  when 
the accumu l a to r  i s ze ro . ) 

I f  you do a + ,  *E now moves the  t u r t l e  1 0  un i ts a n d  t u rn s  i t  
r i g h t  - do i ng th i s  fou r t i mes  makes  a l a rge r s qua re .  

Coun t i ng t he n u n be r i n  the accumu l ato r can be han dy - l et ' s  
s ee wha t  can be �one w i th s p i ra l s :  

•*ST (AF2R- *S ) ( s p )  ( s p  mean s SPAC E )  

I f  some th i ng i s  i n  the accumu l a to r ,  d r aw pa rt o f  t he s qua re 
s p i ra l . I f  t he a ccumu l a t o r i s  empty , do t he s p  - s pace i s WS FN fo r 
" do noth i ng" . H e re i t  mean s we a re done w i t h  the s p i ra l . 

Aft e r t he s i de o f  t he· squa re i s  d rawn , s ub t rac t one , an d t hen 
ca l l  *S to do  the n ext  s i de - th i s  w i l l  con t i n ue un t i l t he accumu l a t o r  
i s  ze ro . 

T ry s e t t i n g the  a cc umu l a to r  to d i f fe ren t va l ue s a n d  s ee the 
s p i ra l s  tha t can be d r awn . 
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I f  yo u wan t t o  check i f  t he a c c umu l a to r i s  l a r ge r t h a n  32 , 
u s e : 

32-T (et c) 

F i rs t ,  s u b t ra ct 32 , a n d t h en te s t  t he a cc umu l a t o r .  

The U s e  o f  B ra cke t s  

I f  yo u en c l o s e  some WS FN corrma n d s  i n b racke t s  ( ] ,  an 
i n t e res t i n g t h i n g happen s - t he acc umu l a to r  i s  s a ve d , an d 
n o  ma t te r what you do t o  the accumu l a to r  i n s i de t h e  b ra cket s ,  
i t  w i l l  be r e s to red to i t s o l d va l ue when yo u  come ou t s i de .  
The b ra cke t s  a l so wo rk l i ke pa ren t h e s i s  fo r  g roup i n g corrmands 
toge t h e r .  

He re i s  a n  examp l e - we w i l l  move t he t u rt l e  fo rwa rd by 
t he n umb e r i n  the a ccumu l ato r ,  d raw the s p i ra l  w i t h  *S , tu rn r i g h t ,  
s u b t ract 5 f ro m  t he accumu l a to r , an d repe a t un t i  1 the a ccumu l a to r  
i s  emp t y . 

I f  we u s e d  pa ren t he s i s  a ro u n d  *S , on l y  o n e  s p i ra l wo u l d  �e 
d rawn - why ? - the comman d *S l ea ve s  t he a c cumu l a t o r a t ze ro . 
The c u re i s  to put b ra cke t s a roun d  *S wh i ch p r e s e rve s t h e  a ccumu l a to r 
wh i l e *S i s  pe r fo rme d . L e t ' s  t ry i t :  

( be s u re *S i s  a l rea dy en t e red ) 

•*QT (AF(*S ] 2R5 - *Q) ( s p )  

To t ry t h i s  o u t , en t e r : 

H CNA· 30+*Q 

I t ' s  f un t o  t ry d i f fe ren t va l ue s o f  t he a cc umu l a t o r  a n d  see  wha t *Q 
d oe s . 

Some L as t Opt i ona l Exe rc i s e s  

1 )  Ch an g e  * S  to s ome o f  t he o t he r s p i ra l s  and  o c t a gon s 
i n  t h e  s e c t i on on t he a ccumu l a to r .  

2 )  Change *Q t o  mov e  a bou t ran dom l y ,  a n d  t h en to s e t  t he 
a c c umu l a to r  a t  ran dom ( f rom 2 t o  20 ) a n d ca l l  *S - a n d  do 
t h i s  20 t i me s . 

3 )  Loo k a t  the o p t i on a l exe rc i s e s  t h a t d raw a checke rbo a rd . 
B re a k  t he exp r e s s i on s down i n to s eve ra l * corrrna n d s  wh i ch 
A )  d raw t h e  s q u a re , B ) mo ve t he s q ua re on e u n i t ,  C )  d raws 
a row o f  s q u a re s , D }  mov e s  to t h e n ex t  row , a n d  E )  does 
the  en t i re b o a r d . N o t i ce how much e a s i e r i t  i s  t o  ch eck 
ea ch pa r t  a n d  to f i x  b ug s (m i s t a ke s t h a t you m a d e , b e i n g 
a fa l l i b l e  h u ma n  b e i n g ) . 
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S O ME F I NAL C O MMENTS 

Now tha t you have s u rv i ve d  th i s  i n t rod uc t i on to WS FN , t he re ' s  
a l o t mo re to cove r . (Ge t t he r e fe ren ce man ua l fo r det a i l s . ) 
WS FN can : 

1 )  Cheek t he j oys t i cks  pos i t i on a n d  t r i g ge rs . 
2)  Cheek t he padd l e  po ts an d t r i g ge rs .  
3l Make soun ds  - bot h  beeps  and  v i a  the T V  s et . 
41  Change the co l o rs i n  the d i s p l ay .  
5 ) Cheek i f  the squa re i n  f ron t o f  the t u rt l e  has been 

d rawn on � 
6) Save and l oad  you r  conma n d s  f rom d i scs  and ta pes . 
7) Load " canned" corrma n ds f rom t he ca rt r i dge ROH .  
8 )  Con t ro l  repet i t i on i n  seve ra l othe r  ways . 
9 ) Rep res en t the t u rt l e - o r  make i t  go away i n  d i ffe ren t 

ways . 
1 0 ) Con t ro l how . the t u rt l e  t rea t s  the e dge of  t he d i s p l ay .  
1 1 )  Save the a ccumu l ato r i n  "va r i ab l es"  fo r l at e r  use .  
1 2 )  Re po rt some e rro rs i n  debug  mode . 

SOME DEMON STRAT I ON P ROGRAMS 

The fo l l ow i n g demon s t ra t i on s  i l l us t ra te some o f  t he ext ra 
fea tu res  i n  WS FN and  a re fun t o  p l ay w i t h . 

P l ea s e  t a ke ca re to s ee t ha t  you have en t e red  them co r rect l y  -
an e r ro r  i n  en t ry usua l l y  mean s  the p rog ram won ' t wo rk .  Eac:h g roup 
i s  sepa rat e un l e s s  s tated  o t he rw i s e .  

The Zappe r 

The Zappe r i l l us t rates  t h e  use  o f  
i n  WSF�fh ree p ro ced u re(:?;)�A , * C , an d 

•W{Mc0ACGA- 1 (+P& 1§;J�� 
�_( &0 (A+& l ] (T (AF\-*[j.&2 * &3 ) H  ] )  

:t;" -�-Q ( 3 R2 F2R)  i 
G- ,  S t a r t  the Zappe r w i t h  *A . 

s ound and co l o r opt i on s  
* D  a re requ i red . 

Va r i at i on s  o f  the Zappe r i nvo l ve changes to *D : 

•*0 ( ? ( 3 R2F2L ) ( 3 L2 F3L ) )  
• * 0 ( ? 7 (AFR- ) { L ) ] 
•*D(T { 7 {AF2R) FR- ) s p ]  s p  me a n s  S PA C E  

S e ve ra l of  t h e  s h a p e s  i n  t h e man ua l , s u ch a s  t h e  oc t agon a l  an d s q u a re 
s p i ra l s ,  can  be us e d .  E n c l o s e  t h e s e  p ro c e d u re s i n  s q u a re b r a c k e t s  [ ]  
t o  p r e s e rve t he a c cumu l a t o r .  
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Some Joys t i ck Exe rc i s es 

WS FN can l ook a t  t he j oys t i cks , a n d  these  examp l es s how a few 
pos s i b i l i t i es . The j oy s t i ck i s  to be  p l ug ged i n t o Po rt � ( t he l e f t ­
most po rt i n  f ron t . ) 

Each of t hese  j oy s t i ck p rog rams a re s t a rt ed w i t h  *J . 

D raw P rog ram 

Th i s  makes the j oy s t i ck l i ke a t u rt l e . UP rrx:>ves the t u rt l e  
fo rwa rd , R I GHT t u rn s  the t u rt l e  R ,  LEFT t u rn s  the t u rt l e L ,  and  
DOWN put s  t he tu rt l e  a t  home ( H ) . 

•*J (HC0TC2 t ( *KA) ) 
•*K ( SP-( FB ) s p $ 6( RB ) s p $l) (LB ) s p S(.( H S B ) s p ) 

!J..!.nt i ng Pos i es 

•*J (MC�Tc2HN 1 ( *KA) ) 
•*K ( U$Afs p $s;ts p $9l s p $C! D*P B ) s p 2W )  � (8 (3FR) 3L6F ) 

�He re , DOWN p l an ts a 1 1 pos i e 1 1 , an d t he ot he r  
the t u rt l e  a round w i t h  t he pen up . An a l t e rnat e 

1/- �-(8 ( 8  ( 3 FRACAW) 3L6F2 RAc" ) ) 

and each " po s  i e" makes a soun d ! 

The S upe r t u rt l  e 

con t ro l s . move 
"pos i e" i s : 

S i n ce t he WS FN t u rt l e  has  on l y  8 d i rect i on s , he re i s  a 
"h i gh re so l u t i on "  t u rt l e  w i th 24 d i rect i on s . The comman ds  
*F ,  *R , a n d  *L p e r fo rm t he S u pe rtu rt l e equ i va l en ts o f  F , R , an d 

· L .  *F w i l l  move the t u rt l e a bout 4 un i t s ho r i zont i a l l y/ve rt i ca l l y  
an d a bo ut 3 un i t s d i agona l l y . ( S u re l y you have not i ce d  t ha t  F 
on the d i a gona l i s ·  l on ge r  t han F of f  t he d i agon a l . *F t r i es to 
co r rect th i s  d i s t o rt i on . ) 

The S upe rt u rt l e  commands  w i l l  no t change t he a ccumu l a to r an d  
can be s ub s t i t ut ed i n to  ot he r f i gu res . ( i e ,  change F to *F , et c . ) 

oc 7Mc" w i l l  s e t  u p  a h i gh reso l ut i on d i s p l ay ( 2 co l o rs on l y ) 
i n  wh i ch S u pe r t u r t l e  can be u s ed n i ce l y .  

= *U4 F 
= *V (2 FRFL F )  
= *'W ( FR2 FL F)  
= *X ( R3 FL )  
= *Y ( 2 RFL2 F R F2 L ) 
=* Z  ( 2 R2 FL F RF2 L )  

* U  t o  * Z  d raw i n  ea ch S upe rt u rt l e  
d i  re c t  i on . 



*U 
When the t u rt l e  i s  po i n ted No rt h , 

the p rocedu res *U to *Z w i l l  
move a s  s hown . The t u rt l e  

*Z 

rema i ns po i n te d  No rth . 
To move i n  the o the r  
d i rec t i on s  I n vo l ves 

S upe r t u rt l e  D i rect i on s  

u s i ng Z R  o r  Z L  to 
ge t  i n to the n ext 
qua d ran t . 

The " i n d i v i d ua l d i rect i ons  s ho u l d be checked by hom i n g  the 
t u rt l e  an d en te r i ng 8 o r  1 0  repet i t i ons  fo r each l i ne . Fo r 
examp l e ,  H 8*V to check *V . 

•*F[A-#Z+T ( -T ( -T ( -T ( -T ( -Ts p*Z) *Y ) *X ) *W) *V ) *U ] 
•*R(A-#Z+4-T (A-•#Z2 R) ( #Z++•#Z) ] 
•*L (A-#Z+T ( -•#Z) ( 5+•#Z2L ) ] 

I f  the  s i x ·  d i rect i on p r i m i t i ves  a re co r rec� , th i s exp re s s i on 
w i l l  d raw a n i ce c i rc l e : 

�*U*V*W*X*Y*Z2R)  ( Be s u re T u rt l e  i s  not on  a d i agon a l . )  

Here a re some p i ctu re s  to do w i th Supe r t u r t l e  - mo s t a re 
va r i a t i on s  o f  the same i dea : 

\S 

2 4 ( H * R 1 2 * F ) 
24 (H4 ( *R3* F ) 3*L )  · 

24 (H 1 2 ( * R* F ) 1 1 *L) 
2 4 ( 1 2*F1 l *R )  
(A- 3 0 { 2 4 (A*F*R) +* R) ) 
24  ( .2 4  ( *F*L ) *R)  
3 (24 (2 4 ( *F*L ) *R) 3* F )  
4 ( 6 ( H 1 2 ( *L*F ) +P 1 1 *R) ) 

I 

The S upe rs t i ck 

I f  yo u have the S upe r t u rt l e  en te red , here i s  a supe rj oys t i ck 
wh i ch doe s  t he S upe r t u r t l e ' s ve rs i on of the d raw p rog ram. *J w i l l  
get  th i ng s  go i ng .  

· 

•*J ( H CNMC0 1 { $)!f F s p $!!.*Rs  p $J)*Ls� sp  J\ 211 QJ 
The S upe�s t i ck ca n be " f l own "\;t'i te n i ce l y . 
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Co l o rpowe r Ma ch i ne 

Con t ro l  o f  the co l o r reg i s t e rs  can c rea t e  some n i ce e f fe c t s . 
The p ro ce du res o f fe red  he re pe rm i t the u s e  o f  two j oy s t i ck s  to 
con t ro l  the co l o rs i n  a d raw i ng .  

=*A (A- #A++= #A& l ) 
=*B (A-#B++=#B &2 )  
• *C (A- #A+-•#A& l ) 
• *O (A- #B+-•#B& 
•*E (A- #C++=#C 
•*F (A-I O++•# D&� ) 
•*G (A- #C+-•#C 3 
•*H (A-#0+-•# 0& ) 

Not e : I f  WS FN h a d  @ 1  mean l oad  ace  
w i th co l o r  i n  co l o r  reg 1 ,  these 
p rocedures  sou l d be much s ho rte r .  
( i e , •*A (@ 1 +& 1 )  . )  

A n i ce t es t f i gu re i s  d rawn by i n vok i ng *M : 

=*M ( MC0TC0HCNA-=#A=#B=#C=# D*N ) 
=*N 8 ( 3+P [3 2 ( 8 (AFR) + ) ] R) 

I f  you e n t e r the j oys t i ck con t ro l , i nvoke *M an d then *J , the 
j oy s t i cks w i l l  change t he co l o rs . O p pos i t e d i re c t i on s (UP - DOWN , 
R I GHT- L E FT )  chan ge a s i ng l e  cG l o r .  

· 

•*J 1 ( $A*As p $B * B s p $C *C s p $ 0*0s p $ E *Es p $ F*Fs p $ G*Gs p $H*Hs p 3W,J 

The co l o r con t ro l  rout i ne s  can ma ke some n i ce e ffec t s  by be i ng 
i n c l u de d  i n  ot he r WS FN exp res s i on s . Change *N a s  fo l l ows , i nvoke w i th 
*M , an d then t ry :  ( Yo u  m i ght  wan t to u s e  MC3 i n  *H i n s tead ) 

=*N (1 50? (+PH ) ( 20 ( 3F7 RL ) ) )  

1 ( 7 ( 7 *A*B ) ( ? *C *O) WA) 
(A- l (A( *A]+A( *B ]+A( *C ]+A (*D] A) )  
1 (J 7 7 77 7 7 7 *A*B *C * D*E*F*G*Hs p s p s p s p�) 
1 ("? ( ?  ( ? *A*B ) { ? *C * D ) ) ( 7  ( ? *E*F ) ( ? *G �':H ) ) )  
1 ( "? (.? ( 1 6*A )  ( 1 6 *8 ) ) ( 7 ( 1 6*C ) { 1 6*0 ) 6W ) ) 

NOTES FO R DEMONST RAT I ONS  

The s e  b r i e f not es w i l l  he l p exp l a i n  how the  va r i ou s  demon s t rat i on s  
ope ra te  a n d  t he s pe c i a l  fea t u res u s ed . 

The Zappe..!.!. *A set s up t he s c reen i n  fu l l  g raph i c  mode (MC0 ) 
and  t u rn s  o n  the  sound {ACG ) an d ze roes t he a ccumu l at o r .  I t  
then repet i t i ve l y  ca l l s  *C . The ca re t i n c remen ts  t he i t e r a t i on 
coun t e r .  When t h i s  i s  i n s i de a p a re n t hes i s  p receded by 1 o r  
mo re , � t he re s u l t  i s  a t rue i n f i n i t e l oop . The colTVTlan d P s e t s  
t he t u rt l e ' s pen co l o r  t o  t h e  va l ue i n t he accumu l at o r  - i n  
WS FN , t h i s  i s  the  4 va l ues s e l e c t e d  b y  t he 2 L S B  o f  t h e  
a ccumu l ato r .  

-- � 0 -



*C p l ay s  w i t h the  co l o r reg i s t e r s &� , & 1 , &2 , a n d  &3 . 
The & s e t s  the i n d i ca t e d co l o r reg i s t e r  to t he accumu l a t o r ' s  
va l ue .  E a ch co l o r  reg i s t e r  may h a ve a va l ue f rom 0 t o 2 5 5 , an d 
the co l o r se l e c t e d  w i l l  a ppea r on any l i n e s  d rawn w i th the  
co r re s pon d i n g pen  se l ec t i on ( P ) . *C t h en move s  t h e  t u rt l e  
A un i t s , i n vokes *D , an d t hen i n vokes i t s e l f re cu rs i ve l y . When 
the a ccumu l at o r  z e roe s , the t u rt l e  i s  home d , a n d *C i s  at l a s t  
f i n i s hed . 

*D i s  u s e d  to d raw any con ven i en t  f i gu re to embe l l i sh 
the p l ot .  

Joys t i ck. Exe r c i s es *J s e t s  u p t he s c reen w i t h  a t u rt l e  and 
repe a te d l y ca l l s  *K w i t h  the ca ret t r i ck .  

*K t e s t s  e a ch pos i t i on o f  the j oy s t i ck a n d  then the 
t u rt l e  i s  move d a p p rop r i a t e l y  ( i e ,  FB , RB , e t c ) . The beep 
i s  i n c l uded to  p rov i de fee d b a c k , and to s l ow t h i n g s  down to 
human s peed . Home g i ve s  a l on ge r beep . 

I n  the pos i es ,  *J i s  a l i t t l e bet t e r  w i t h  s e t up o f  the 
s c reen . *K l i f t s  the pen and  moves the t u rt l e · - exce p t  w i th 
t he DOWN o p t i on wh i ch p u t s  the  pen down an d d raws the po s i e .  
The 2W i s  needed to s l ow t h i ng s  down . 

The f i rs t *P i s  c l ea r  enoug h .  The secon d one t u rn s  t h e  
sound on , a n d  then o f f . (AC  fo l l owe d w i th A - P  make s some "a rt i fa ct" 
soun ds w i t h  the l e t t e r  s e l e c t i n g the a rt i fact . Ac0 t u rn s t he 
soun d o f f . T ry  i t  w i th o t he r  WS FN d raw i ng s . )  

$ fo l l owed by a l e t te r  t e s t s  a j oy s t i ck pos i trt.on an d 
does t h e  f i rs t comman d i f  the j oy s t i ck i s  move d , an d the 
se con d i f  i t  i s  no t .  Fo r examp l e ,  $EFH wo u l d  move the t u r t l e  
i f  t h e  j oy s t i ck i s  UP , a n d  home the t u r t l e  i f  t he j oy s t i ck 
wa s n ' t  UP . 

Th e j o ys t i ck pos i t i on s a re :  

U P  R I GHT DOWN LEFT 

,_,-_AE F
B _ 

G H 

L-;{ --r-·---� �- . . . . . . .  � . . _!_--=--TJ 

Po rt ta 
P o rt 1 
Po rt 2 
Po rt 3 

S upe r t u rt l e :  *U to *Z d raw on e o f  t he 6 d i re c t i on s  i n  each 
q u a d ran t .  Tu rn i ng the t u rt l e  90 deg rees pe rm i t s  re- u se of these  
p roc e d u re s i n  the  th re e  ot he r q ua d ran ts . 

* F  t e s t s  t h e  va l u e  o f  a va r i ab l e  # Z  wh i ch s to re s  the 
s upe rt u r t l e ' s " d i rec t i on" wh i ch i s  f rom il to S .  I t  t h en 
c a l l s  t h e  a p p ro p r i a t e  d rawe r f rom *U - * Z .  

'· , 



* R  ch e ck s  #Z , a n d  doe s one of : 
I f  #Z i s  5 ,  s e t  #Z to 1 e ro a n d t u rn t he t u rt l e  

r i g h t  90  deg rees . 
E l s e  a d d  1 to # Z . 

*L che cks IZ , a n d  doe s on e o f : 

I F  # Z  i s  s e re , s e t  Z to 5 a n d  t u rn t he t u rt l e  
l e ft 90 deg rees . 

E l s e s ub t ract one f rom # Z . 

WS FN p e rm i t s  the s to rage o f  t h e  a cc umu l a to r ' s va l ue 
i n to va r i ab l es ,  i den t i f i ed by # ( #A to # Z ) . The two o pe rat i on s  

o n  va r i ab l es a re :  

•#va r 
A- #va r+ 

Set  va r t o  va l ue i n  a cc umu l a t o r  
S e t  a ccumu l a t o r t o  va r i ab l e ' s  va l ue 

Va r i a b l es can a l so be us e d  fo r repe t i t i on s  ( a s  s hown i n  s et t i ng 
the a c cumu l a to r a bo ve . ) 

S upe rs t i c:k :  Done b y  s ub s t i t u t i ng t he S u pe r t u rt l e * F , *R an d  *L 
i n to the d raw p rog ram an d p u t t i ng  t he l oo p · &  se t up i n to *J a l so .  

Co l o rpowe r Mach i ne :  P ro ce d u re s  *A t h rou g h  *H i n c remen t  o r  
dec r emen t the co l o r  reg i s t e r s . Va r i a b l e s #A t o  # 0  ho l d the 
co l o r  reg i s te r  va l ue s . 

*H i s  u s e d  to s e t  up t he s c reen - a n d ! to i n i t i a l l y  def i ne 
t h e  va r i a b l e s  u s e d . *N d raws an a b s t ra c t  pa t t e rn wh i ch ha s ma ny 
t ex t u re s . 

*J i s  an ex tended ve r s i on o f  t h e  us ua l  j oy s t i ck t ex t -
now hand l i ng two j oys t i cks i n  Po rt 0 a n d Po r t  1 .  When runn i ng ,  
t h ree o f  the  co l o rs w i l l b e  cha n g e d . On e s e t  i s t h e  backg ro un d ,  
a n d  can not  change  ( a t  p re s en t ) .  A s  t he va l ues i n  #A to # 0 
i n c rea s e , t he p rog ram run s mo re s l ow l y d ue to t he #A+ ( e t c )  
n ee d e d  t o  s e t  u p  t he a cc umu l a to r .  The co l o rs i n· t he co l o r reg i s te r s  
a re a r ra n g e d  i n  a way t ha t cha n g e s  b r i g h tnes s fa s t e r  t h a n  hue 
wh i ch t a ke s  ge t t i n g us e d  to . 

The va r i ou s  exp res s i on s  random l y change t he co l o r  va l ues 
b y d i ff e ren t ru s e s  and w i l l  run i n de f i n i t e l y .  *N wa s ch anged 
fo r  t be heck o f  i t . 

- � ?  



Limited Warranty on Media and Hardware Accessories. We, Atari , I nc., guarantee to you,  the origi nal 
retai l  purchaser, that the med i u m  on which the APX program is recorded and any hardware 
accessories sold by APX are free from defects for th i rty days from the date of purchase. Any appl icable 
impl ied warranties, including warranties of merchantabi l ity and fitness for a particu lar purpose, are 
also l imited to th irty days from the date of purchase. Some states don't al low l i mitations on a warranty's 
period, so this l imitation might not apply to you. If you discover such a defect withi n  the th irty-day 
period, cal l  APX for a Return Authorization Num ber, and then return the product along with proof of 
purchase date to APX. We will repair or replace the product at our option. 

You void this warranty if the APX product ( 1 ) has been m isused or shows signs of excessive wear. 
(2) has been damaged by use with non-ATAR I Home Computer products; or (3) has been serviced or 
modified by anyon e  other than an Authorized ATAR I Computer Service Center. I ncidental and conse­
quential damages are not covered by this warranty or by any i m pl ied warranty. Some states don't al low 
exclusion of incidental or consequential damages, so th is exclusion might not apply to you. 

Oisctaimer of Warranty and Liability on Computer Programs. Most APX programs have been written 
by people not employed by Atari , I nc. The programs we select for APX offer something of val ue that we . 
want to make available to ATARI  Home Com puter owners. To offer these programs to the w idest 

number of people economically, we don't put APX products th rough ri gorous testing. Therefore, APX 
products are sold "as is, "  and we do not guarantee them in  any way. In particular, we make no warranty, 
express or impl ied , incl uding warranties of merchantabil ity and fitness for a particular purpose. We are 
not l iable for any losses or damages of any kind that result from use of an APX product. 

For the complete list of current 
APX programs, ask your ATAR I retailer 

for the APX Product Catalog 





P.O. Bex 3705 
SQnlo Claa. CA 95055 

We're interested in your experiences with APX programs 
and documentatior:1. both favorable and unfavorable. 
Many of our authors are eager to improve their programs 
if ttley know what you want. And. of course. we want to 
know about any bugs that supped by us. so that the 
author can fix them. We ajso want to know whether our 

1 .  Name and APX number of program. 

Review Form 

instructions are meeting your needs. You are our best 
source for suggesting improvements! Please h&jp us by 
taking a moment to fill in this review sheet. Fold the sheet 

in thirds and seat it so that the address on the bottom of 
the back becomes the envetope front. Thank you for 
heiping us! 

2. If you have problems using the program. please describe them here. 

3. What do you especially like about this program? 

4. What do you think the program's weaknesses are? 

5. How can the catajog description be more accurate or comprehensive? 

6. O n  a scale of 1 to 1 0. 1 bet n g  "poor" and 10 bei ng "excellent" . please rate the fol lowing aspects of this program : 

___ Easy to use 
___ User-oriented ( e.g . .  menus. p rompts. clear language) 
--- Enjoyable 

___ Self- instructive 
___ Usefu l (non-game programs)  
___ I maginative graphics an d sound 



i=rom 

7. Describe any technical errors you found in the user i nstructions ( please give page n u m bers ) .  

8 .  What d i d  y o u  especially l i ke about t h e  user i nstructions? 

9. What revisions or additions would improve tt'lese instructions? 

10. On a scaJe of 1 to 10, 1 representing "poor" and 10 representing "excellent" . how woald you rate the user 
instrudions and why? 

• 

1 1 .  Other comments about the program or user. instructions: 

ATAR I Program Exchange 
P. O .  Box 3705 
Santa Clara. CA 95055 

[ seat nere i 




