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WHITE LIGHTNING 
by Oasis Software 

INTRODUCTION 

White Lightning is a high level graphics development system for the Commodore 64. 
It is aimed primarily at the user who has commercial games writing in mind and has 
the patience to learn a sizeable new language. It is not a games designer and 
stunning results probably won't be produced overnight, but it does have the power 
and flexibility to produce software of a commercial standard (with a little 
perseverance!). Software produced using White Lightning can be marketed without 
restriction, although we would be very grateful if you felt you could pop a small 
credit on the sleeve. If you're looking for a publisher - don't forget us!! 

Assembly language has three advantages over most high level languages: speed, 
flexibility and compactness. During the running of an arcade game, the processor 
spends most of its time manipulating screen data, and if the appropriate commands 
are implemented in the language, the execution "overhead" is very small. Add to 
this the fact that considerable time has been spent on the routines themselves to 
optimise execution speed, and we feel most machine code programmers would be hard 
pressed to better White Lightning for speed. As far as flexibility is concerned, 
White Lightning has almost 300 commands as well as access to BASIC and machine 
language if required. A lot of the tricky routines like rotations and 
enlargements are already implemented for you. As far as compactness goes, Forth 
itself produces very compact code, but there is, of course, the overhead of the 
language itself. Assembly language has four major drawbacks. Firstly, you've got 
to learn it. Having mastered machine code, program development is very slow 
compared with a typical high level language, there is no "crash protection" 
whatsoever, and to produce effective results, you need a fairly intimate knowledge 
of the machine you're working with. 

BASIC has several points in its favour, these are: excellent crash protection, 
extremely readable source code and a relatively short learning curve. These 
features make BASIC a very good introduction to programming for the hobbyist, but 
for the serious games writer, the language is insufficient in terms of both its 
speed and flexibility. 

White Lightning is Forth based and therefore has virtually the speed of machine 
code, no knowledge of the machine is required, the source code is relatively 
readable, and it is fairly well protected from crashing. 

If you do have any queries concerning White Lightning, then we can be contacted by 
phone on (0934) 419921. If possible, please restrict calls to the periods 9 am to 
11 am or 6 pm to 6.30 pm. If this is not convenient we are here all day. If your 
query is a detailed one then it's probably better to write in. We are also 
interested to hear of any extensions or routines you may develop. 

At the time of writing there are two White Lightning User Groups. They are: 

Mr T. Kelly, Mr M. Richards, 
White Lightning User Group, S.W. White Lightning User Group, 
353A Merville Garden Village, 8 Victoria Road, 
Newtown Abbey, Roche, 
Northern Ireland. Cornwall. 
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SPRITE DEVELOPMENT 

Included with White Lightning is a sprite generator. This canes complete with a 
predefined arcade sprite set. You can use them as they are, custcmise them, or 
design up to 255 of your own sprites. The developement software allows you to 
reflect, spin or invert. When you have finished work, or between sessions, the 
whole lot can be simply saved to tape or disk. 

IDEAL 

The main part of the package is the White Lightning language itself. The language 
can be thought of as being divided into two parts: firstly, there is a super fast 
integer Forth, which conforms to a standard Fig-Forth, but secondly, and of most 
importance to games designers, there is the IDEAL sub-language. IDEAL stands for 
"Interrupt Driven Extendable Animation Language". IDEAL has a dictionary of over 
100 words, which can be freely mixed with Forth. 

Interrupt Driven 

Forth/IDEAL words can be executed under interrupt; this means that programs can be 
run in foreground and background at the same time. Suppose, for instance, the 
program you are writing involves a scrolling backdrop, which has been defined in a 
sprite 6 screens wide. A program can be run in background to handle the scrolling 
backdrop, and a separate program written in foreground to control all of the 
characters which move within the backdrop. This will free the user frcm complex 
timing calculations to get a smooth scroll and is one of the most powerful 
features of the entire package. Background words can be executed up to 60 times a 
second. 

Extendible 

Forth is extendible and was chosen as the most suitable host language for IDEAL 
because of this extremely useful feature. New words can be defined in terms of any 
of the Forth/IDEAL words, or your own previously defined words. This means you 
can create diagonal scrolls, for instance, by combining individual scrolls. 

Animation Language 

Very careful planning went in to the designing of the IDEAL animation language. 
The words were chosen to be as mnemonic as possible and their functions were 
selected to give as much power and flexibility as possible. 

ACCESSING BASIC 

If you are not familiar with Forth and want to produce reasonable software 
quickly, you can access the IDEAL language from BASIC. Programs will be less 
portable and you won't get quite the same speed and polish, but perfectly good 
programs can be, and have been, written in this way. More memory will be used for 
BASIC source, so bear this in mind before deciding to put off learning Forth! 
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OPERATING INSTRUCTIONS 

To load White Lightning type: 

SHIFT/RUN STOP for tape users 
LOAD"WL",8,1 for disk users 

Once the program has loaded it will automatically do a COLD start and then go into 
White Lightning command mode. 

To re-enter White Lightning from BASIC type: 

SYS 4608 for a COLD start 
SYS 4612 for a WARM start 

Preparing a Disk 

Users of the disk based White Lightning will need to prepare a disk for storing 
source code, sprites and semi-completed programs. To prepare a disk or disks use 
the following short BASIC program: 

5 REM FORMATTER 
10 OPEN 15,8,15,"N0:name,id" 
20 OPEN 5,8,5,"#" 
30 FOR TR=1 TO 17 
40 FOR SC=0 TO 20 
50 PRINT#15,"B-A:0",TR,SC 
60 NEXT SC 
70 NEXT TR 
80 CLOSE 15 
90 CLOSE 5 
100 END 

This can be loaded from the White Lightning master disk using: 

LOAD"FMAT",8 

You should then place a blank disk in the drive and type RUN. Note that you can 
change line 10 to have your own name and id if you wish. This will format your 
disk and reserve sectors for your White Lightning source code. Don't forget to 
label your disk clearly. 

The prepared disk now has: 

357 sectors for White Lightning source code (approx 88 screens) 
307 sectors for other files/programs (approx 76k) 

Remember that only specially prepared disks may be used for saving your source 
code on (this is done automatically by the editor when a FLUSH etc. is executed), 
but any disk may be used for sprites, semi-finished programs and ZAPped programs. 

WARNING: Do not validate your specially prepared disk at any time or 
you will lose your source code. 
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Program Development 

Source Code 

Disk users can edit into screens 1 to 88 using the specially formatted disk 
described in the previous section. Don't forget to execute a FLUSH once your 
screen has been fully edited. This will send the updated screen to disk. 

Tape users, however, have to keep their source code in RAM. Source code and 
sprites share memory between $6800 and $9900. This 12k or so of space is split 
with source code in the lower portion and sprites in the upper portion. In order 
to prevent source overwriting sprites or vice versa, the user must set the 
partition somewhere between the two using the LOMEM word. 

HEX 6C00 LOMEM 

would allocate Ilk to sprites and only Ik (1 screen) to source. This would mean 
that the source would need to be loaded from tape and then compiled, one screen at 
a time. 

HEX 7000 LOMEM 

would allocate 10k to sprites and 2k (screens 1 and 2) to source code. 

The values for LOMEM and the resulting memory allocations are summarised below: 

LOMEM VALUE (HEX) USABLE SCREEN USABLE SPRITE SPACE 

6C0O 1 11K 
7000 1- 2 10K 
7400 1- 3 9K 
7800 1- 4 8K 
7C00 1- 5 7K 
8000 1- 6 6K 
8400 1- 7 5K 
8800 1-8 4K 
8C00 1- 9 3K 
9000 1-10 2K 
9400 1-11 IK 

If you are writing a large program it is best to set a high LOMEM value, load the 
source and compile it (if required, load a further batch of source into the same 
screen and continue compiling until all source is compiled). LOMEM can now be set 
as low as 6800 and sprites loaded into the 12k of space. 

During the development of a White Lightning program it will be necessary to save: 

1. The White Lightning nucleus and compiled dictionary. 
2. The White Lightning source code screens. 
3. The sprites. 
4. The graphics routines. 

The C64 cannot load from tape to addresses higher than $A000 and this is where the 
graphics routines reside. In order to overcome this problem White Lightning 
"packs" the routines down onto the White Lightning dictionary before SAVEing and 
relocates them back up after LOADing back in. This will corrupt source and 
sprites currently held in memory. As a result, SAVEing a semi-finished program 
requires the following procedure: 
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1. FLUSH the editing buffers (see section on editor). 

2. Save sprites using " filename" STORE. (note the space between " and 
filename). 

3. Save the source (tape version only) using: SI S2 " filename" SCRSAVE. 
This saves from screen SI to screen S2, to tape. So for instance, to save 
the source code for a game called "INVADERS" whose source code occupies 
screens 1 to 1(3, use: 

1 10 " INVADER " SCRSAVE 

4. Save the semi-finished White Lightning program and graphics routines 
(this will corrupt the source and sprites currently held in memory) using: 
" filename" PACK. So to save "INVADERS" use: 

" INVADERS" PACK 

Note that when the SAVE is completed you are returned to White Lightning 
and the graphics routines are put back in their proper place. You will, 
however, need to re-load sprites and (tape version only) source code. 

5. If you do wish to continue by re-loading sprites, use: 

" filename" RECALL 

to re-load sprites, and if you are using tape then use: 

" filename" BLKLOAD 

to re-load source code. 

Tape users should note that if they have followed the above procedure and used a 
single tape then the three files should be in the order: 

Sprites, source code, White Lightning dictionary and graphics routines 

Most users will probably find it easier to work with three labelled tapes. 

It should also be noted that for most applications it is only necessary to save 
sprites and source code. The source code can be loaded back in as above and 
re-compiled, thus generating the White Lightning object code. PACK is normally 
used when producing your own extended version of White Lightning. 

Saving a Completely Finished Program 

Once you have completely finished and de-bugged the White Lightning program, 
developed all the sprites and successfully tested and compiled all the screens, 
you can now save the completed code in a form that will run without White 
Lightning present, (this final program must not return to command level as White 
Lightning is no longer present and would result in a crash), to do this you will 
need to ZAP your program. 

ZAPping your program destroys certain areas of White Lightning, making it unusable 
as a program developer, but leaves intact that part responsible for program 
execution. The resulting program will be saved to tape or disk as a single 
program under the specified filename. 
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Before typing " filename" ZAP, be sure that: 

1. You have compiled your program. 

2. The last word in the dictionary is: 

HEX : nnnn 6800 IOMEM prog ; 

where "nnnn" can be any WORD and "prog" is the word which executes your 
final program. 

3. All your sprites are present. 

4. The loader program (see next section) has been saved to tape or disk. 

5. Your tape or disk is ready to receive the final program. 

6. Your program does not dynamically create sprites. 

In order to ZAP your program all you need to type is: 

" filename" ZAP 

Note that the finished program could be up to 45k long, so if you are using a tape 
recorder a long tape and a fairly long wait could be required. 

Reloading a ZAPped Program 

The ZAPped program requires a small BASIC loader program to load and execute it. 
This should be saved to tape or disk before ZAPping your program and given the 
filename of the finished program. 

Tape Version 

20 POKE 183,0:POKE 184,l:POKE 185,l:POKE 186,1 
30 FOR 1=580 TO 591 
40 READ B : POKE I,B 
50 NEXT I 
60 SYS 580 
70 END 
80 DATA 169,54,133,01,169,00 
90 DATA 32,213,255,76,00,18 

Disk Users 

10 A=A+1 : IF A=l THEN LOAD "filename",8,1 
20 SYS 4608 

The "filename" in line 10 is once again the name of the ZAPped file. 

So, your final program consists of a BASIC loader and a machine code program and 
all that is required to run your final program is to load and run the BASIC 
loader. Happy Zapping! 
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C64 FORTH 

by Stuart Smith 

Forth is an extraordinary computer language developed originally for the control 
of Radio Telescopes, by an American named Charles Moore. 

Forth is neither an interpreter nor a compiler, but combines the best features of 
both to produce a super-fast, high level language, incorporating the facilities 
offered by an interactive interpreter and the speed of execution close to that of 
machine-code. In order to achieve these fantastic speeds, Forth employs the use 
of a data, or computation stack, on which to hold the data or the operations to be 
performed, coupled with the use of Reverse Polish Notation (RPN). This may be 
quite a mouthful, but RPN is very easy bo use and understand with only a little 
practice - in fact, Hewlett Packard use RPN on many of their calculators. 

All standard Forths use integer arithmetic for their operations and can handle up 
to 32 bit precision if required - floating point mathematics routines could be 
incorporated, but with a reduction in the execution speeds of a program. 

White Lightning consists of a standard Fig-Forth model, but with over 100 
extensions to the standard vocabulary of Forth words. There are two important 
extensions to White Lightning: the first is the ability to execute lines of BASIC 
frcm within Forth itself. Only the standard Ccmmodore BASIC commands can be used 
in this manner but the aim of this extension is to provide the newcomer bo Forth 
with a gradual transition. The second and most important addition is the IDEAL 64 
sub-language. 

In addition to the basic vocabulary of White Lightning words, the user can very 
easily ADD his own NEW WORDS using previously defined words, thus extending the 
vocabulary and building up as complex a word as is necessary to do the task in 
hand. 

Fully structured programming methods are also employed as a fundamental feature of 
Forth through the use of the structured control sequences included, such as: 

IF ELSE ENDIF 
DO UNTIL 

The standard 64 editor can be used to create lines of White Lightning source code 
for later compilation. Do not allow lines to exceed 63 characters - any 
characters after this are ignored. The standard Forth line editor is included for 
compatibility with existing text. The source code is stored in memory from $6800 
onwards, and can be LOADed or SAVEd to tape as and when required. Once the source 
code is complete, it may then be compiled into the White Lightning dictionary for 
later execution. 

Included in this documentation is a glossary of Fig-Forth terms (courtesy of the 
FORTH INTEREST GROUP,PO BOX 1105, SAN CARLOS, CA 94070). 

C64 Forth was written by Stuart Smith, the author of the extremely successful 
DRAGONFORTH and SPECTRAFORTH, and is an enhancement of a program written by the 
Forth Interest Group - to whom we offer our thanks. 

If you are using a tape based version instructions referring to discs should be 
interpreted as accessing RAM. The disk version does not require any RAM to store 
screens in as it writes any updated screens to disk. 
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AN INTRODUCTION TO C64 FORTH 

This introduction does not set out to teach Forth programming, but rather to serve 
as a supplement to available texts on the subject; references include: 

'Starting Forth' by Brodie,. published by Prentice Hall. 
'Introduction to Forth' by Knecht, published by Prentice Hall 
'Discover Forth' by Hogan, published by McGraw Hill. 

White Lightning syntax consists of Forth words or literals, separated by spaces 
and terminated by a carriage return. A valid name must not contain any embedded 
spaces since this will be interpreted as two distinct words, and must be less than 
31 characters in length. If a word is entered which does not exist or has been 
spelt wrongly, or the number entered is not valid in the current base, then an 
error message will be displayed. To compile and execute programs created using 
the Editor type n LOAD <CR> (where n is the number of the screen to be compiled). 
Throughout these examples <CR> means 'PRESS RETURN'. 

e.g. -FINE will generate an error message 0 since the word does 
not exist. 

HEX 17FZ will generate an error message 0 since Z is not valid 
in hexadecimal base. 

Other error messages include: 

STACK EMPTY 
STACK FULL 
DICTIONARY FULL 

In order to program in White Lightning, it is necessary to define new words based 
on the words already in the vocabulary. Values to be passed to these words are 
pushed onto the stack and if required, the word will pull these values from the 
stack, operate on them, and push the result onto the stack for use by another 
Lightning word. As mentioned previously, C64 Forth (as with all Forths) uses 
Reverse Polish Notation and integer numbers, therefore no precedence of operators 
is available, thus all operations are performed in the sequence in which they are 
found on the stack. 

e.g. 1 2 + 3 * is equivalent to 3*(1+2) 

As can be seen, in RPN, the operators are input after the numbers on which they 
have to operate have been input. 

We will now discuss seme of the words in greater depth. 

1. INPUT/OUTPUT Operators. 

EMIT : This will take the number held on the top of the stack and display it 
on the terminal, as its original ASCII character. 

e.g. HEX 41 EMIT CR <CR> 
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will instruct the Forth to move into hexadecimal mode, push 41H onto the stack, 
and then take that number and display it on the terminal - in this example the 
character displayed will be an "A". The actual character displayed may be any of 
the recognisable ASCII characers, a graphic character, or a control code depending 
on the value of the number on the stack. 

KEY : This will poll the keyboard, wait for a key to be pressed and push 
the ASCII code for that key onto the stack, without displaying it on 
the terminal. 

e.g. KEY Press "A" on the keyboard 

will instruct the computer to wait for a key to be pressed (press the "A") and 
then push the ASCII value of this key, in this case 41H (where the 'H' implies 
Hexadecimal 41 ie 65 decimal) onto the top of the stack. 

CR : This will transmit a carriage return and line feed to the display. 

: Convert the number held on the stack using the current BASE and 
print it on the screen with a trailing space. 

e.g Suppose the stack contains 16H and BASE is decimal (10), then . will print 
22 (this is 16 + 6); if BASE were hexadecimal (16), then . would print 16. 

In order to see this working we will alter the BASE and push numbers onto the 
stack - remember, that just by typing in a valid number will result in it being 
pushed onto the stack. There are two words to alter the BASE: 

HEX : Use hexadecimal base 
DECIMAL : Use decimal base 

Try: 

(i) HEX 1F7 . <CR> (Where <CR> means press ENTER). 
This will print 1F7 

(ii) DECIMAL 2048 . <CR> 
This will print 2048 

(iii) DECIMAI^ 2048 HEX . <CR> 
This will print 800, since this is the HEX equivalent of 2048. 
Remember that . will remove the number from the stack that it is printing. . 

U. : Prints the number held on the top of the stack as an unsigned number. 

e.g. HEX C000 U. <CR> 

will push C000 onto the stack and then print it. 

If we use just . we will get a negative result. 

HEX C000 . <CR> 

will print -4000 
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