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CAVEAT



The author assumes no responsability for errors or omissions into this manual. Neither is any liability assumes for damages resulting from the use of the information contained herein.



This is NOT a commercial product. This is an experimental work. It should be used for an educationnal or a personnal purpose. If you are looking for a professionnal and supported system, you should consult with a FORTH vendor.



You must understand that this is an involving product. Try to download from Internet (‘taygeta.com/pub/Forth/Misc’) the last version of the software (froth.zip). You can ask to the author by EMAIL the version number of the last release.



Entire copy of the manual can be made by anybody, to give to other software users. Author waits for suggestions and positive and constructive critics for next release.



When I sat down in front of my computer one evening to play with Turbo Assembler, it was just a game. But, several months later, I don't know exactly how and why, FROTH was born.... And last thing. do not forget that english is not not my native language.
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Froth distribution file (FROTH.ZIP).

Froth complete 386 sources distribution file (FROTHSRC.ZIP).

� INTRODUCTION

Welcome !

Welcome to Froth, an experimental developement system for 386 AT and laters, under MS/DOS operating system. Here are the highlights, we'll describe them in detail later:

Complete and highly interactive integrated tools: interpret, 386 compiler, source editor.

Run in 32-bits protected mode, using all memory (flat model). Can be run in a DOS box under Windows 95.

Written entirely in 386 assembler.

Powerful built-in source editor (FROSTED).

Tools for cross-reference (can modify automatically your sources).

Ability to make stand-alone MS/DOS application (.EXE files).

Code or Data not limited to 64K (only available memory).

Instant go to any definitions (colon definitions or variables) from editor (definitions browser).

Automatic and dynamic variables, with garbage collector.

Fixed and dynamic string handling (length from 0 to 15Mb).

Complete support of 'CTRL-BREAK', under MS/DOS (at any time a program could be stopped, with definitions calls).

Multi-threads: up to 31 threads can run 'at the same time' (cooperative scheduler).

Safe system: protection against 'memory exceptions'.

Trace manager for debugging purpose.

Many examples on disk (source programs in Froth language).

Complete online help (for each definition available on starting).

Complete manual: tutorial guide, reference guide, glossary.



Froth system is an integrated interpret/compiler/editor which converts Froth source files (.FTH) into executable, either into memory (so to be run under the interactive environment), either into a stand-alone executable file (.EXE, to be load from MS/DOS shell).



This software is PUBLIC DOMAIN (source and executable). You can do anything you want with the software, except selling it. Please, do not forget to credit the author. The complete executable and the sources (386 .ASM) are available in two separate.ZIP files.



FROTH and FORTH languages

Froth is a variation of the FORTH language. But there are so many differences between them, it can't be named FORTH. So, don't try to compile directly FORTH source programs, they do not work. Nevertheless, Froth and FORTH share the same philosophy about programming and the use of a computer.



The author of this software is really admirative and impressive about Mr. Charles MOORE, the creator and inventor of FORTH language and concept. He made a so smart and so elegant language, which leads to concise and efficient programs. Don't forget that every time in this manual we speak about the Froth language, it's just a very free implementation of FORTH language. The author didn't invent FORTH, he just add some things into the language (especially automatic and dynamic variables capabilities), and remove others things (especially the fact that Froth is less open than FORTH). Remember that FORTH was conceveid about 25 years ago, and 25 years in computer, it's really an eternity ! But remember, it's an experimental implementation of the forth language.



Here are the main differences between Froth and FORTH languages:

You cannot redefine a word, you must forget previous definition with the same name. A defined word cannot be a valid number (according to numeric I/O base).

Froth interpret is not case sensitive.

IMMEDIATE word must fit inside a definition in Froth.

You can't go back to immediate mode when compiling.

ALLOT work in a different manner than in FORTH and the FORTH word , (comma), used in BUILD>...DOES> construction is replaced by the word ! (store). Also, CREATE (and ALLOT) can't be used ouside a definition. 

FORTH screens are replaced by text files, so LOADing works differently.

Froth is not a threated language, but there is a real 386 compiler behind.

The  return stack is in Froth a real secondary stack.

Strings are, like in C language, ended with zero (think to TYPE).

Froth is not an open language like FORTH, for example you cannot build by yourself your own control structures.



Forth users could use next alias words in place of Froth words (you can use either one of the two words):



forth word�Froth word���variable�int��constant�const��build>�create��then�endif��loop�enddo��+loop�+enddo��

Hardware and software requirements

Froth run only on PC-AT 386 and later (486 and Pentium). Two Mb of memory at least are needed (1Mb of low memory and 1Mb of extended memory). Froth compiler generates instructions for 80386 only.



The host operating system is MS/DOS, version 6.x or version 7.x. But it should work with previous version, starting at version 4.0.



Froth is able to run:

under the control of VCPI server (case of EMM386);

under the control of DPMI (32-bits only) server: it's the case of DOS box under WINDOWS 32-bits (WINDOWS 95 or WIN32);

under the control of XMS;

in a DOS box emulation under Windows 95;

with nothing above.



The video card must be VGA (VGA standard or SuperVGA). 



About the manual

Copy of this manual is on file on distribution disk (MS-WinWord 7 for Windows 95 document, see the file MANUAL.FRM on distribution disk).



This manual is divided into three main parts:

a tutorial guide:	you will be learnt the bases of the language.

a reference guide:	each 'library' definition is fully explained.

appendix:	quick glossary, editor commands, error messages, terms, ...



Of course, the tutorial section is not intended to replace a good book about FORTH language. But, it should help you to enter into the language and it talks about Froth specifities. You should understand the bases of the language, enought to write your programs by yourself. And you could be confused by a book about FORTH language, many things could not work directly under Froth.



Contacting the author

The software author can be reached:

by mail:	see address on top cover.

by electronic mail: 	the best way. Mail must be sent to: singla@email.teaser.fr

by minitel:	on the TEASER server, my mailbox is ‘SINGLA’.

by phone:	+33 1 34 61 19 44 on week-end and vacation. +33 63 39 05 82 on week-days. Do not call if you�		do not have a serious reason. Note that my three kids do not speak english...



You can reach the author to

ask for the last version (this is an involving product...);

relate a major bug;

suggest any modification or improvement.



Installation

Files found on FROTH disk

The next files and directories are found on the distribution disk of Froth (in a the compressed file froth.zip):

FROTH.EXE		The executable itself, all in the box, no overlay;

FROTH.HLP		File used by FROTH online help engine;

KB_US.FKB		Parameters for US 101 keys keyboards;

KB_FR.FKB		Parameters for French 102 keys keyboards;

README.TXT		Last informations;

MANUAL.TXT		Informations about the Froth manual;

SOURCE.TXT		Some tips about the source.

MAN.DOC MAN.STY	Manual (winword 7 format);

EXAMPLES		Directory which contains some source examples, file LIST.TXT give a list;

KB.PRJ KB.C KB_US.H KB_FR.H	Source program to build KB_US.FKB and KB_FR.FKB;

STARTUP.FTH		A source file which is interpreted on Froth starting (to be modified by yourself);

GRCARD.FTH		A source file to scan some super-vga cards (Paradise WD, Trident).

Installation

There is no batch or executable to install automatically on your hard disk. The process is manual and easy:

Make a directory \FROTH on your hard disk;

Make two subdirectories: \FROTH\TEMP and \FROTH\EXAMPLES;

Copy FROTH.EXE, FROTH.HLP, KB_US.FKB (KB_FR.FKB), STARTUP.FTH and GRCARD.FTH into \FROTH;

Copy all examples from A:\EXAMPLES to \FROTH\EXAMPLES;



At the present time, Froth must fit inside the directory \FROTH.

FROTH and QEMM

This version of Froth does not work with QEMM. Remove-it from memory if you want to run Froth.



Credits

This software was wholly made and assembled with Turbo Assembler v4 (BORLAND).



A public domain library was used to allow application to run under protected mode: PMODE, v2.4, from Thomas Pytel (TRAN). This library works as DPMI, VCPI and XMS compliant protected mode header. Please note that Thomas PYTEL has now released a very clean public domain library acting as a DOS EXTENDER, PMODE v3.04



For coding VGA definitions, I have adapted some code given in the book "PC Video Systems". See bibliography.



No other code or library was used, especially no public-domain implementation of FORTH. I started Froth from scratch.



Discovering Froth

Note

Type all the things below. Do not forget a space between each word (esspecially after .").



10 (

. (

use . (

10 500 + (

. (

use + (

20 70 + 3 * . (

use * (

." Hello world !" (

use ." (

: hello (

cr (

." Hello world !" (

; (

hello (

use cr (

use : (

: test (

hello 100 + ; (

35 hello (

-100 hello (

" matches" "load

matches

" nim" "load

nim

" craps" "load

craps

" life" "load

life

" hangman" "load

hangman

bye (

�TUTORIAL

The base of the language - Generalities

Base concepts

Words

The first concept introduced is the concept of word. In Froth, a word is represented by characters, any ascii character (7 bits code) different from space, even a digit number. Because, word can't contain space character, this character will be used to separate each word from others. A word correspond to a given action. Numbers are also words. Strings (enclosed by ") are a special case, and are not considered as several words, but as a whole entity.

Dictionnary, Vocabulary

All the defined words belong to the dictionnary. Because there is a lot of words (thousand), words are grouped by family into vocabularies. It's very similar to files, directories and sub-directories under an operating-system such MS/DOS or UNIX.

The stack

Because each defined word means a specific action, we can describe a state before, and a state after. A lot of words perform an action on a specific area: the parameters stack, let's name it simply the stack. Under Froth, the stack is a data structure:

which contains integer values (and only);

which can be acceded by two privilegiate operations:

push a value,

pop a value.



Think to a stack of plates on a table. You can only:

add a new plate to the top,

or remove the last plate from top.



Stack operation is easy: you just push or pop. You don't have to say where, or to specify an item. Under Froth, the stack is said LIFO: Last In, First Out.



Many Froth words just perform actions on the stack. It's a very easy way to give parameters to a word, and to have results in return. So, for each word, it will be given a stack protocol: stack state before, stack state after. Let's see the stack protocol for the word + : ( n1 n2 --- n3 )



The '---' means the action of the given word. On the left, this is the state before: two parameters (numbers) are popped from the stack (<n2> is the top value, <n1> the value under the top). On the right, the stack state is shown after word operation: a value is pushed onto stack. Of course, we have n3 = n1 + n2. + is a word available when we just start Froth. Remember: we use integer arithmetic on stack.



Yes, stack base objects are only numbers (32 bits numbers). But, a number can be interpreted with many ways:

as a character (ascii),

as a pointer to a string,

as a pointer to a complex data structure (record),

as a bigger number (64 bits) or floating point number,

...



Actually, parameters interpretation depends on each word. You must know the stack protocol to understand how input parameters are interpreted. 



The stack is usually hidden in many high level languages (C, Pascal, ...), not in Froth. Froth programmers have to push and pop data to/from the stack.

Action of programming

In Froth, action of programming consists into creating and adding new words. You just add bricks. New words are defined with previous words (and only). At the top, we will found a word which is in fact the entire application. At the bottom, we will found words which perform a lot of basic and elementary actions. There is no real frontier between the words you'll find on power on (the library...), and the words that you'll define. We could say that programming in Froth is to enrich the language.



Because each word is a piece of program, we use often the more precise term of definition to design a word. We will see later that code and data are in the same manner definitions.



In Froth, you can stay under the integrated developement environment to execute your definitions you have defined. You could test individually each definition of a big program. This is really an interactive language. And do not think a Froth program as a monolithic thing, but rather as a set of cooperative small definitions.

The interpret

The Froth interpret let's you talk with the system. It allows you:

to call any previously defined word,

to define yourself a word,

to push numbers or string on stack,

to call source editor to edit Froth source programs,

to switch between video pages.



The primary job of the Froth interpret is to parse each word met. There is no special syntax, just some rules (to design characters or hexadecimal numbers, to constant character, ...). The most important thing is to leave a space between each word, and a <CR> at the end of the line. Input stream can come:

from the keyboard directly,

or from a text file.



Froth interpret knows two states:

execute state,

compile state.



In execute state, each word parsed is immediatly executed. If the word is a number (or a string), then the value (or the address) is pushed onto the stack.



In compile state, each word parsed is compiled, even it's a number or a string. Because, action of programming consists into defining a new word, we mean by 'is compiled' the fact that the word is added to the current definition being defined. Numbers compiled into a definition will be pushed on stack at run-time, when this definition will execute.



Of course, we will find words that allows to define others, to put system into compile state or execute state. 

Conclusion

The major characteristic of this language is:

there is no syntax: only space(s) (or tabs) between words;

a hight level of interactivity: each word can be tested individually.

The parameters stack is the heart of a Froth program, even if some definitions do not use the stack in their protocol. 

Don't think an application as a monolithic thing, but rather a set of short and concise words, each one able to be individually tested (and why not reusable).

�First contact: the interpret, numbers and stack

The interpret

After starting Froth, you are under the interpret. The prompt printed is the number of integers on stack, between parenthesis. If you type:

123 (

the decimal number 123 is pushed onto the stack. The interpret will then print (1), that means that there is one number on stack. To pop the value from the stack, and to see it on screen, just type:

.(



Now, we will put two numbers on stack:

-50 100 (

The interpret will print (2): there are two numbers on stack. Note that there is a space (at least) between the two numbers  you have entered. Now, if you type:

. (

you'll see the last number pushed:

100�(1)

Then type again:

. Ã

you'll see:

-50�(0)

Now, type that:

12 34 567 . . . Ã

you'll see that:

5673412



Because the word . just print the digit without any space before and after, numbers are placed side by side. You could use the word SPACE to separate themself:

12 34 567 . SPACE . space

will give:

567 34 12

As you can see here, the interpret is not case sensitive, so SPACE, Space and space are taken for the same word.

About numeric base

When you enter a number, the interpret make a conversion from ascii characters to binary value. When you call the word . (dot), the interpret make a binary to ascii conversion. Conversion is made according to the value of the current base for integer numeric I/O. By default, this is the base 10 (decimal). But, it can be changed to any other base, from 2 to 36. The word 1961 can be interpreted as a valid number if base is 10, but not if base is 8. You can change easilly the base used by the interpret with the two next words:

DECIMAL	change base to 10 (valid digits are: 0-9),

HEX		change base to 16 (valid digits are: 0-9 and A-F).



What happens when you enter a word neither defined (ie not stored into the dictionnary) and neither a valid number according to the current base ? An error occurs, with a message (something like "Word not found, Not a valid number"), and the stack is emptied. Note that's a fast way to clear any data pending on stack (just type something like XXX...).



You will be learnt later how to select a different base value from 10 and 16. When we have been talk about variables...

Integer arithmetic base operations

The stack protocol for the four elementary operations are:

+		( n1 n2 --- n3 )�-		( n1 n2 --- n3 )�*		( n1 n2 --- n3 )�/ 		( n1 n2 --- n3 )



Remember that <n1> is the first number entered, so it is under the top. Here are some examples for each operation:

100 -20 + .  Ã

give 80.

1000 300 - . Ã

give 700.

1961 23 * . Ã

give 45103.

6333295 1774 / . Ã

give 3570. Don't forget we work with here only integers, not floating numbers.



Of course, trying to divide something with value zero leads to an error.

Stack underflow

What happens when you call the word + and there is only a value on stack (or none) ? Then, an error occurs, and the message "Stack underflow" will be printed.

Playing with the stack

Several words allow you to manipulate values on stack. Here are their protocols:

drop	( n --- )�dup	( n --- n n )�swap	( n1 n2 --- n2 n1 )�over	( n1 n2 --- n1 n2 n1 )



DROP discard value from stack. Type:

123 456 DROP . Ã

you will see:

123



DUP duplicate the value which is on top the stack. Type:

-721 DUP . SPACE . Ã

you'll see:

-721 -721



SWAP exchange the two values which are on top the stack. Type:

121 747 SWAP . SPACE . Ã

you'll see:

121 747.



OVER duplicate the value which is under on top the stack. Type:

10 20 OVER . SPACE . SPACE .Ã

you'll see:

10 20 10



Of course, there is a lot of others words to manipulate stack. The four we have seen are the useful.

Using the online help

To avoid to watch often into the manual, specially the glossary section, Froth offers you an online help available for each word defined when you start Froth. Just type: USE followed by the word you want some infos.



For example:

USE + Ã�USE DROP Ã

Please note that there is no browser for the text given in the help. For some words, there area 30-40 lines of text, so you might be in a video mode such 43x132 or 50x80 to see all.

Exercices

Under the interpret, using words learned, compute the next operations (integer arithmetic):

365 * 24 * 3600

((1100 - 148) / 17) * (9 + 121)

365 * 24 * 3600

365 24 * 3600 * . Ã

((1100 - 148) / 17) * (9 + 121)

1100 148 - 17 / 9 121 + * . Ã

Words learned in this chapter

DECIMAL	select base 10 for integer numeric I/O

HEX	select base 16 for integer numeric I/O

.	pop the top stack integer, then print it, according to base for integer I/O

+	add the two top stack integers

-	sub the two top stack integers

*	multiply the two top stack integers

/	divide the two top stack integers

DROP	discard the top stack integer

DUP	duplicate the top stack integer

SWAP	exchange the two top stack integers

OVER	duplicate the under top stack integer

USE	print a short help about a given word

SPACE	print a space on screen

�Creating new definitions

Creating a new definition

Supposing we want to add the value 100 to several numbers, we could do that under the interpret:

23 100 + . Ã�58 100 + . Ã

Because, the three actions "100 + ." are shared, we will create a new definition which will do the work:

: Add100 100 + . ; Ã



Note the spaces between each word, they are important. We can call this definition now, exactly as she was available when starting Froth:

23 Add100 Ã�58 Add100 Ã

The word : (colon) is used to create a new definition. Thus, Add100 is called a Colon-Definition. The word : is always followed by the name of the new definition to create. Redefinitions are not allowed in Froth, so attempting to create an existing definition will fail. After having parsed the name of the new definition, Froth change the state of the interpret: from execute-state (each word parsed is executed, each number parsed is pushed on stack, and so far), the system change to compile-state (each word parsed is compiled, each number parsed is also compiled, and so far).



Of course, there are some exceptions, otherwise we could never return to execute-state. The word ; (semicolon) is an immediate word, so it is executed even the system is in compile-mode. The goal of this word is to end the current definition, and to leave compile-state.



What happens if, within compile-state, is parsed an unknow word (and invalid number too, according to the base for integer numeric I/O) ? An errors occurs, with return to execute-state. The word which was being defined is removed.



Let's take an other example of creating a new definition. We would like to create a word which compute the formula 2x + 5y. Parameters (input and output) will be on stack. We could define a word like that:

: 2x+5y 5 * swap 2 * + ; Ã



We take advantage of the fact that any character (7-bits, not control characters) can be used in the name of the definition. It is important to remember that Froth interpret is not case sensitive. For example, the last definition could be called by: 2X+5Y. Nevertheless, the word name is recorded in the  dictionnary as you entered it.



To help you understand this word, here is the stack protocol, and the stack state for each step:

: 2x+5y		( x y --- z )�  5 *		( x y --- x y*5 )�  swap		( x y*5 --- y*5 x )�  2 *		( y*5 x --- y*5 x*2 )�  + ;		( y*5 x*2 --- y*5+x*2 )



In Froth, comments can be  delimited by parenthesis ( and ). Note that these two words are also immediate words. They are nestable.



If you want to see the name of the definitions you have created, use the word XWORDS: it show all the words name that you have defined (and only defined by yourself).



Forgetting definitions

Is there a way to modify an existing definition (you have created) ? The answer is: not directly. You cannot modify it, but you can delete it, then create it again. This method, even it appears not very flexible, is in reality handy: we will see later that source definitions will fit into a text file, not directly typed under interpret.



Supposing we want to change the definition of the word Add100 to just add the value 100 to the top stack number:

forget Add100 Ã�: Add100 100 + ; Ã



If you call XWORDS at this time, you will see that the definition 2x+5y has been removed too. Indeed, when you forget a given word, all the words defined after (and so to the top of the dictionnary) are forgotten.

Stack underflow error

Let's create a definition that will add the value 100 to the two top stack integers:

: CoupleAdd100 Add100 swap Add100 swap ;



Of course, we have used the previous defined word Add100, which is now available as any Froth nucleus word.



What happens if we call this word with no parameter on stack, or only one, whereas this definition wait about 2 values ? You will have a run-time error, inside the word Add100, from the word +. Froth definitions, by default (but you can change that), test the right number of arguments. You can also explicitly test the right number of arguments of the definition Add100 with the word ?ENOUGHT:

forget add100�: add100 �  1 ?enought�  100 + ;



We will see later that, depending of the value of a system variable ?SAFE, ?ENOUGHT can compile nothing, so making a code shorter and faster (just change value of variable ?SAFE before compiling and you will change the compiler strategy).

Printing message inside definition

Supposing that we want to create a definition, called NICE. ( this word will print a message before printing the top stack number):

: nice. ." Top stack number is " . ; Ã

or the same thing:

: nice. " Top stack number is " type . ; Ã



." (dot-quote) and " are FORTH definitions: so, to be parsed by the interpret, it must be delimited by spaces (it's a general rule for parsing words). The second space after ." (if any) will be took into the string. The " which ends the string is not a Froth definition, so it don't have to be preceded by a space (juste a space at least after it, for the next word to be parsed). The purpose of " is to push on stack the address of the string. String is compiled as literal constant into the definition. The purpose of  . "  is to print the give string.



Then, we will use the word TYPE, which pops a string address from stack, and will print on screen this string. Under Froth, and like in 'C' language, strings are ended with a zero.



So, now try this:

123 nice. Ã�-10 nice. Ã

Using FROSTED, the editor

It's not easy to work under the interpret: every new word defined is immediatly compiled, so source form of the definition is lost (the interpret has compiled each word parsed). If you want to modify a definition, the only solution is to forget the definition (and perhaps that forgets several definitions defined after this one !), then to retype again. Not at all realistic and handy...



The smart solution is to place source form of definitions into a text file. This text file will then be interpreted by the interpret, as text came from keyboard. This is the word "LOAD which is used to interpret a given text file. If none extension is given within filename, the extension .FTH is added (this extension should be used for all Froth source programs).



To edit your first source file, just type:

ED Ã

This will bring you into the built in editor, called FROSTED. The purpose of FROSTED is to edit text files: while editing, text files are kept in memory, then, on FROSTED exit, they are stored as file on disk. After editing them, you can compile them.



Using FROSTED editor is quite simple:

read carefully the chapter about FROSTED in this manual (appendix);

use the editor on line help (key 5 from numeric keyboard).



Under editor, type this:

forget <task> Ã�: <task> ; Ã�: add100 1 ?enought 100 + ; Ã�: nice. ." Int on top stack was ". ; Ã�: CoupleAdd100 Ã �  2 ?enought Ã�  add100 swap  add100 swap ; Ã



Several methods exist to save then compile this 'program'. We will talk about the fastest and simplest. So, type the command:

Ctrl X



This FROSTED command do the next things:

save the current edited text into file (a filename will be asked because we started a new file);

then call automatically the word LOAD (see below);

return to editor if an error occurs (on the right line, and after an error message),

or return to interpret if 'compilation' was OK.



The word LOAD alone has the same meaning of the word "LOAD, but the input is implicit, you don't have to give him: it's the file edited in the buffer #1 of FROSTED (FROSTED is able to handle up to 40 buffers, ie text files, at the same time).



Why "FORGET <task>" and ": <task> ;" > ?



Due to the fact that redefinitions are not allowed, we must remove all previous definitions before doing a compilation. 

FORGET do not yell anything if the given word does not exist,

and forgetting a word remove also all the words defined after it.



So, beginning your source with something like that is a good and smart solution to avoid redefinitions errors.



Exercices

Create a definition, called sum, which make the sum of the two top stack integers like that:

10 20 sum Ã�The sum of 10 and 20 is 30



Words learned in this chapter

:	create a new definition

;	terminate a definition created with :

words	show all defined words (defined by user, not nucleus)

(	open a comment section

)	end a comment section

forget	remove definitions

"	compile a string into a definition

type	print a string on screen

."	print a litteral string

?enought	test right number of parameters at run-time

ed	call the built-in source editor, FROSTED

"load	interpret a given text file

load	interpret the text file edited into the first buffer of FROSTED

�About vocabulary

The next words will generate the given vocabulary tree:



froth current



vocabulary voc-A	vocabulary voc-B	vocabulary voc-C



voc-A current

vocabulary voc-D	vocabulary voc-E



voc-E current

vocabulary voc-M	vocabulary voc-N	vocabulary voc-O



voc-N current	vocabulary voc-S	vocabulary voc-T



voc-B current

vocabulary voc-F	vocabulary voc-G	vocabulary voc-H



voc-C current

vocabulary voc-I	vocabulary voc-J	vocabulary voc-K	vocabulary voc-L



voc-I current

vocabulary voc-P	vocabulary voc-Q	vocabulary voc-R



voc-P current

vocabulary voc-U	vocabulary voc-V



voc-A current

: toto cr " voc-a" type cr ;



voc-B current

: toto cr " voc-b" type cr ;



voc-C current

: toto cr " voc-c" type cr ;



voc-J current

: titi cr " voc-J" type cr ;



voc-I current

: titi cr " voc-I" type cr ;



voc-Q current

: tonton " voc-Q" type cr ;



voc-R current

: titan " voc-R" type cr ;



voc-P current

: tutu cr " voc-P, 1" type cr ;

: tata cr " voc-P, 2" type cr ;



                                                            FROTH

          +---------------------------------------------------+-----------------------------------------------------------+

          |                                                   |                                                           |

          |                                                   |                                                           |

          |                                                   |                                                           |

  +------voc-A--------+                             +-------voc-B-------+                         +-------------+-------voc-C-----+

  |      TOTO         |                             |       TOTO        |                         |             |       TOTO      |

  |                   |                             |         |         |                         |             |        |        |

  |                   |                             |         |         |                         |             |        |        |

voc-D      +--------voc-E--------+                voc-F     voc-G     voc-H           +----------voc-I-----+  voc-J    voc-K    voc-L

           |          |          |                                                    |          TITI      |  TITI

           |          |          |                                                    |           |        |

           |          |          |                                                    |           |        |

        voc-M   +---voc-N---+   voc-O                                          +-----voc-P---+  voc-Q    voc-R

                |           |                                                  |     TUTU    |  TONTON   TITAN     

                |           |                                                  |     TATA    |

                |           |                                                  |             |

              voc-S       voc-T                                              voc-U         voc-V





Let's examine how things work:



FROTH Ã		FROTH becomes context vocabulary.

toto Ã		Error: TOTO word is unreachable.

voc-d Ã		Error: Vocabulary VOC-D is unreachable.

voc-a Ã		Vocabulary VOC-A becomes context vocabulary.

toto Ã		TOTO word is found: "voc_a"



voc-b Ã		VOC-B becomes context vocabulary.

toto Ã		TOTO word is found: "voc-b"



voc-c Ã		VOC-C becomes context vocabulary.

toto Ã		TOTO word is found: "voc-c"

titi Ã		Error: TITI word is unreachable



voc-i Ã		VOC-I becomes context vocabulary.

titi Ã		TITI word is found: "voc-i"

toto Ã		TOTO word is found: "voc-c"



voc-p Ã		VOC-P becomes context vocabulary.

tutu Ã		TUTU word is found: "voc-P, 1"

titi Ã		TITI word is found: "voc-i"

toto Ã		TOTO word is found: "voc-c"

voc-e Ã		Error: Vocabulary VOC-E is unrechable.



voc-u Ã		VOC-U becomes context vocabulary.

voc-j Ã		Error: vocabulary VOC-J is unreachable.

voc-a Ã		VOC-A becomes context vocabulary.

�Control structures

Note

We suppose now that you will use from this chapter the built-in editor FROSTED. So you will type all these definitions inside a text file, and not directly under interpret.

BEGIN...AGAIN structure

The first structure we'll see is the simplest: the forever loop. The only way to stop the next definition is with CTRL-BREAK key (and only under MS/DOS...):

: forever�  begin�      key		( --- c )�      emit		( c --- )�  again ;



We have introduced two new words. The word KEY wait for a key from the keyboard, and then push its code (ascii) onto stack. The word EMIT do the opposite: it pops from stack a value which is interpreted as ascii code of character to write to screen. So, it's easy to see that this definition called FOREVER waits for a character, then show it, and redo it again and again.



You will see later that BEGIN...AGAIN constructions are often used inside threads (ie piece of programs which are autonomn).



The word BEGIN is only used to mark the beginning of the loop (nothing special is compiled into the definition at this moment).



BEGIN...UNTIL structure

This structure will be used every time you will want to execute some actions until a condition is met. BEGIN (as in BEGIN...AGAIN construction) just marks the top of the loop. At run-time, UNTIL word  pops value from top stack, then interprets this value as a logical value, ie FALSE value (0), or TRUE value (anything else, so not 0, usually 1). If it was true logical value (any value different from zero), the loop is over. But it was false logical value (value 0), execution continue to word just after BEGIN (redo loop). Note that UNTIL pops value from stack. So, it's the job of the words inside BEGIN...UNTIL to push a logical value onto stack.



We will see now a definition which do the same work as FOREVER, but stops when the letter Q is hit on the keyboard:

: untilQ�  begin�      key		( --- c )�      dup		( c --- c c )�      emit		( c c --- c )�      'Q ==		( c --- f )�  until ;



We have introduced a new definition: ==. This word is used to compare the two top stack integers. It leave on stack a logical value which is 1 if there two integers are equal, else the logical value 0.



We have shown the stack protocol at each step of the definition. So you might understand how that works. Note again that UNTIL pops value from top stack, and interprets it as a logical value (false or true).



In the same manner of the BEGIN...AGAIN loop, if you enter into an indefinite loop (in the case of UNTIL is always given a false logical value), you can then use Ctrl-Break key to stop running definition and return back to the interpret (you will see later that this possibility can be forbidden... under your responsability).



BEGIN...WHILE...REPEAT

In the previous definition, the letter Q was shown on screen before stopping the loop. Supposing that we don't want to show this letter. Then, we will use another form of loop: repeat actions while a condition is met. So, our new definition could be written as:

: WhileNotQ�  begin�      key		( --- c )�      dup		( c --- c c )�      'Q !=		( c c --- c f )�  while			( c f --- c )�      emit		( c --- )�  repeat�  drop ;		( c --- )



BEGIN

As in the two previous loops, BEGIN is only used to mark the top of the loop, ie where we 'jump' is words inside loops are to be executed again.



WHILE

WHILE, as its cousin UNTIL, pops a value from top stack. If flag has true logical value, we simply continue on next word (after while). But, if flag has false logical value, we jump after the word REPEAT.



REPEAT

The action of REPEAT is rather simple: come back (jump) to word just after BEGIN. This is an inconditionnal jump.



We have also introduced a new definition: !=, which is very close to the word ==. This word is used to compare the two top stack integers. It leave on stack a logical value which is 1 if there two integers are not equal, else the logical value 0.



IF...ENDIF

We will use the next words if we want to do given actions if a condition is met, and perhaps do another actions else this condition is not met. We will first modify previous definition with printing a given message when the key hit will be a digit:



: WhileNotQ�  begin�      key			( --- c )�      dup			( c --- c c )�      'Q !=			( c c --- c f )�  while				( c f --- c )�      dup			( c --- c c )�      emit			( c c --- c )�      dup '0 >=			( c --- c f )�      swap '9 <=			( c f1 --- f1 f2 )�      and			( f1 f2 ---  f )�      if			( f --- )�          ."  is a digit"		( --- )�      else�          ."  is not a digit"	( --- )�      endif�  repeat�  drop ;			( c --- )



IF

Pops top stack value, interpret as a logical value. If value is true (not zero), then next word after IF is executed. But, it value is false (zero), then control is given:

to the first word after ELSE, if present;

or to the first word after ENDIF, if there is no ELSE.



ELSE

Just marks where to jump (from IF).



ENDIF	or THEN

Just marks where to jump (from IF).



We have introduced a new word, AND. This word take two logical values (ie FALSE or TRUE), then return one logical value (true is the two popped were together true).



CASE...ENDCASE

The next control structure is handy if you want to test a given value with several others, and do specific things for each case. Next word print the name of a given digit:

: DigitName ( c --- )�  case�      '0 of  " zero"    endof�      '1 of  " one"     endof�      ...�      '8 of  " eight"   endof�      '9 of  " nine"    endof�      " not a digit"�  endcase�  type ;



CASE

Pops the value from top stack. This value will then be used as reference value by OF.



OF

Pops the value from top stack. This value is then compared with initial value popped by CASE. If equality, word after OF has control. Else, control is given to first word after ENDOF.



ENDOF

Control is given to first word after ENDCASE.



TIPOF

Used in place of ENDOF: control is then given to first word after next OF.



ENDCASE

Just marks the end of the structure.



Words after the last ENDOF end before ENDCASE are executed only in the case of each test made by the OF were false.

Note

You made certainly the parallel with the C language switch statement. But, under FROTH, you are not limited to test initial value with only constant values.





DO...ENDDO

Note

You might go to the reference section and see how this control structure works. We'll give you some examples below

DO...ENDDO (or DO...LOOP)

This example is quite simple: just print numbers from 1 to 10.

: 1to10�  11 1 DO		// 11 is the endding value; 1 is the starting value�      I . space�  ENDDO ;�

You will see that the word I brings on the stack the value of indice for the inner loop.

DO...+ENDDO (or DO...+LOOP)

The ENDDO word has an implicite step, which is one. If we need a step different of 1, we'll use the word +ENDDO: it take from stack the step value. Here is a first example: print numbers from 100 to 200, with a step of 10.

: 100to200step10�  201 100 do�      I . space�  10 +ENDDO ;



Here is another example: print numbers from 200 to 100, with a step of -10.

: 200to100step-10�  99 200 do�      I . space�  -10 +ENDDO ;

Nested loops

Here is an example of a definition which uses nested loops:

: nested_loops�  6 1 do�      cr " line #" type I . "  : " type�      4 1 do�          '( emit  J .  ', emit  I .  ') emit  space�      enddo�  enddo ;



give that:

line #1 : (1,1) (1,2) (1,3)�line #2 : (2,1) (2,2) (2,3)�line #3 : (3,1) (3,2) (3,3)�line #4 : (4,1) (4,2) (4,3)�line #5 : (5,1) (5,2) (5,3)

WHEN and NOTWHEN clauses

The two words WHEN and NOTWHEN are used to exit the loop. Let's take an example. The two next words do the same thing: print numbers from 1 to 1000 (step 1), and stop as soon as a key is hit.

: 1to1000_a				: 1to1000_b�  1001 1 do				  1001 1 do�      I . space			      	      I . space�      ?key notwhen			      ?key 0== when�  enddo ;				  enddo ;



MAKE...ENDMAKE

This control structure will be used as an alternative to the DO...+ENDDO control structure, in the case (and only) of the step is known when starting loop. And also, start and end values are given on stack in the reverse order. Here are two simple examples, where we print numbers from 10 to 20, with a step of 1, and then from -100 to 200, with a step of 20:

: 10o20					: -100to200step20	�  10 20 MAKE			  	  -100 200 20 +MAKE�      I . space				      I . space�  ENDMAKE ;				  ENDMAKE ;



Words learned in this chapter

KEY		Wait for a key from the keyboard.

EMIT		Send a given character to screen.

BEGIN		Start of structure control: again, until or while-repeat.

AGAIN		Forever loop.

UNTIL		Until loop.

WHILE, REPEAT		While loop.

IF, ELSE, ENDIF		If control structure.

DO, ENDDO,

+ENDDO, +UENDDO,

MAKE, +MAKE, ENDMAKE,

I, J, K, L, M,

WHEN, NOTWHEN		Iterative loop.

CASE, ENDCASE,

OF, ENDOF, TIPOF		Case structure.

==, !=, >=, <=		Logical comparison.

AND		Logical AND between two logical values.

�Using data in FROTH

Introduction

We have learnt how create new definitions (say Colon Definitions). But these words have no data attached to them. They only describe actions. It's time now to learn how create what is called variable in languages such PASCAL or 'C'. But can we really use this term in Froth... ?



The key concept is that some definitions will be able to create others, with allocating space for data attached to them. We call these kind of words "defining words". A defining word let's you encapsulate data and actions in the same object, ie the same definition.

Important !

Do dot confuse between the defining-word (the word which create) and the defined-word (the word which is created by the defining-word)...



Creating a defining-word, we will have to answer to the two fundamental questions:

What to do at compile-time ?

ie which actions will be performed when creating a new word ?

What do to at run-time ?

ie which actions will be performed by the new word.



Compile-time is normally when the new definition is created or allocated (case of dynamic variables). A part of the defining-word is then executed. Run-time is when the created word will be called (it's not the time when it's created). Words executed at run-time are also stored (compiled) in the defining-word.

CONSTANT and INTEGER examples

Let's take the first example of the CONSTANT word. The words CONST and CONSTANT are available when you start up Froth. See reference section to see how it works. We will see how it's coded inside. Lets call it doCONST, because the names CONST and CONSTANT are already used (defined in the nucleus):

: doCONST�  build>		// You could use CREATE in place of BUILD>�      1 allot�      !�  does>�      @�  ;

The three words BUILD>, ALLOT and DOES> work closely together, and are always given in this order. BUILD> must be the first word called by a defining-word. The words inside BUILD> and DOES> are the words run at compile-time. Words given after DOES> (if any) are executed at run-time, ie by defined word.



Let's examine each step of this short definition:



Word	Stack		Explanation� 

compile-time		Example: 123 doConst myConst

build>	( n --- )		Parse next word from input stream, then create new  entry into�			dictionnary�1 allot	( n --- n addr )	Allocate space (a 32 bits cell) for new word defined. Return 			address on stack�!	( n addr --- )	Store value n at address addr (store const initial value into its�			private space)�does>	( --- )		End of compilation actions. The defining word stops here.



run-time			Example: myConst

@	( addr --- n )	When called, the defined-word has the first address�			allocated for its own on stack. So, the only thing to�			do here is to read cell's value.

The second example is about INTEGER. We'll create a definig-word, very similar to INT nucleus definition, but it is given an initial value at creation time. Let's go:

: doINT�  build>	( n --- )		// <n> is initial value of int variable�      1 allot	( n --- n addr )	// ALLOT allocated space for one cell�      !		( n addr --- )		// Store variable's initial value into private cell�  does>				// End of compilation actions. We define now � 				// run-time actions:�  ;�

It's easy to understand how is a constant is used: call it, and you will have its value on stack:

123 doConst myConst Ã�myConst . Ã

will print 123.



But how about a variable ? The mechanism used is that the variable pushes on stack not its value, but the address of this value. So, you will find a definition to read from this cell's address and bring value on stack, and you will find another definition to store a value in cell's address. These definitions are @ (fetch) and ! (store). Here are their stack protocol:

@		( addr --- n )�!		( n addr --- )

Come back to INTEGER definition. When you call a word defined with INTEGER (so a variable), it lets on stack the address of the value. So, you will @ (fetch) to read value, or ! (store) to write value. Let's take an example:

-10 doInt myInt Ã	// Create an integer variable, with initial value�myInt @ . Ã		// Print the value: -10�1961 myInt ! Ã		// Change value�myInt @ . Ã		// Print the value: 1961

You do not have to deal directly with address, it's compltly transparent



ARRAY example

Froth comes only with INT and CONST (only one 32-bits cell of data). We will see now how to create a defining-word which allows to manage array (one dimension). Arrays will be with fixed size, given at construction time (not necessarily compilation time). As INT, access to a given cell of the array will be done through cell's address. Let's see the definition:

: x_array�  build>	       ( n --- )	       // <n> is the size of array�      WordSize* allot   ( n --- addr )	       // Allocate <n> cells�      drop	       ( addr --- )	       // Throw away address (nothing to store in private cells)�  does>				       // End of compilation actions. Define now run-time actions:�      swap	       ( n addr --- addr n )�      WordSize* +	       ( addr1 n --- addr2 )�  ;

Let’s see how things work:

10 x_array myArray Ã�90 0 myArray ! Ã�80 1 myConst ! Ã �70 4 myConst ! Ã�1 myArray @ . Ã		// Will print the value 80 �4 myArray @ . Ã		// Will print the value 70�0 myArray @ . Ã		// Will print the value 90



MSG example

The next example is very interestring: it shows you how to attach a given action to data. We will create a defining-word called build_msg which allows to build messages printed on screen, at a given position:

: build_msg�  build>�      0 begin  ddup + (C@)  while  1+  repeat		// ( x y addrz --- x y addrz len )�      1+ dup 2+ ballot			// ( x y addrz len --- x y addrz len addr )�      >R R 2+ -rot				// ( x y addrz len addr --- x y addr addrz len )�      (cmove)				// ( x y addr addrz len --- x y )�      R 1+ C!				// ( x y --- x )�      R>   C!				// ( x --- )�  does>�      dup C@ swap 1+				// ( addr --- x addr+1 )�      dup C@ swap 1+				// ( x addr+1 --- x y addr+2 )�      !xystring�      clreol�  ;  // build_msg��0  7 " Do you want to play first (Y/N) ? "                      build_msg msg_PlayFirst?�0  9 " Select the stack where you will remove matches."         build_msg msg_HumanSelectStack�0 11 " How many matches do you burn ? "                         build_msg msg_AskNbMatches

For example, if you call the word msg_PlayFirst?, that will print the message "Do you want to play first ?" on screen, at (0, 7). Smarter than create a colon-definition to do that...



TABLE example

This example shows you how to create table of integer constants. It shows how using ALLOTMORE definition:

: table�  build>�      1 allot   0!�  does>�      swap  WordSize* + @�  ;��: , �  1 AllotMore  ! �  ;��table myTable�    10 ,  20 ,  30 ,  40 ,  50 ,

'0 MyTable' will push 10, '1 myTable' will push 20, and so on...



Using automatic variables

Froth brings to you a powerfull concept: automatic (or local) variables. Here is an example:

: 10a+7					// ( n1 --- n2 )�  const n�  n 10 * 7 + const x�  " 10 * " n <#S> +$ "  + 7 = " x <#S> +$�  TYPE ; �

'n' and 'x' are allocated and know only into this definition. Using const is really a convenient way to store temporary integer. Of course, you can use every word made with BUILD> and DOES>, ie. INT, LOGICAL, and so on... (except DSTRING).



Note that the next definition is correct (and amazing too !):

: test�  10 0 do�  	I const n�  	" I = " n <#S> +$ TYPE�  loop ;



Using dynamic variables

First, do not confuse dynamic variables and dynamic strings. In dyanamic variables, programmer manage space allocation and release. Considere the next example:

: barray�  build>	( n --- )		// <n> is the size of byte array�      ballot	( n --- addr )	// Allocate <n> byte cells�      drop	( addr --- )	// Throw away address (nothing to store in private cells)�  does>				// End of compilation actions. Define now run-time actions:�      +	( n addr1 --- addr2 )�  ;�dynamic barray myArray

myArray is here a dynamic variable. Data space for this variable is not yet allocated. Trying to call now myArray leads to a run-time error ("Dyanamic variable not allocated"). We note that the creatin-time words between BUILD> and DOES> are not executed on dyanamic variable creation. That’s the key of the things. They will be called only on variable allocation: this is done with the (compile-only) word ALLOC. See next example:

: start�  15 alloc myArray�  10 3 myArray !�  20 5 myArray !�  3 myArray @ . space			// Print: 10�  5 myArray @ .				// Print: 20�  ;�: end�  free myArray ;�: test�  start end ;

FREE is used as symetrical as ALLOC to free the dynamic variable. An intreasting use of dynamic variables is the use with CONST integer. Ofter in definitions, you need (integer) variables which are initialized only one time, but into a definition (program), not at compile-time. We can them use DYNAMIC CONST. Let’s take a simple example:

dynamic const middle�: start #cols 2/ alloc middle;�: show  ." Middle is at column " middle <#S> +$ type ;�: stop  free myConst ;



Checking array bounds at run-time

FROTH is very flexible on run-time checking: it’s you to decide to have or not a run-time check: What do you want to privilegiate: speed or safe ? Let’s take a simple example: we want to build and use a two dimensions array of integers. We will write two versions of the defining-word: one with run-time check, one with no run-time check. We have choosen to initialize array at creation-time with the value 0, but you could (as exercise) rewrite the definitions to avoid this initializing.

// Version #1: with NO run-time check�: xy_array_v1�  build>			// Creation-Time: ( n1 n2 --- )�      ddup * -rot			// ( n1 n2 --- n0=n1*n2 n1 n2 )�      dup -rot			// ( n0 n1 n2 --- n0 n2 n1 n2 )�      * 1+ allot			// ( n0 n2 n1 n2 --- n0 n2 addr )�      dup -rot			// ( n0 n2 addr --- n0 addr n2 addr )�      !				// ( n0 addr n2 addr --- n0 addr )�      WordSize+ swap 0		// ( n0 addr --- addr+4 n0 0 )�      fill			// ( addr n 0 --- )�  does>				// Run-Time: ( n1 n2 --- addr )�      rot over			// ( n1 n2 addr --- n2 addr n1 addr )�      @ WordSize* * +		// ( n2 addr1 n1 addr1 --- n2 addr2 )�      swap WordSize* +		// ( n2 addr1 --- addr2 )�      WordSize+			// ( addr1 --- addr2 )�;   // xy_array_v1

// Version #2: WITH run-time check�: xy_array_v2�  build>			// Creation-Time: ( n1 n2 --- )�      ddup * -rot		       	// ( n1 n2 --- n0=n1*n2 n1 n2 )�      ddup * 2+ allot	       	// ( n0 n2 n1 --- n0 n1 n2 addr )�      swap over		       	// ( n0 n1 n2 addr --- n0 n1 addr n2 addr )�      !			       	// ( n0 n1 addr n2 addr --- n0 n1 addr )�      swap over		       	// ( n0 n1 addr --- n0 addr n1 addr )�      WordSize+ !		       	// ( n0 addr n1 addr --- n0 addr )�      WordSize+ WordSize+ swap 0	// ( n0 addr --- addr+8 n0 0 )�      fill		       	// ( addr n 0 --- )�   does>		       	// Run-Time: ( n1 n2 --- addr )�      above over			// ( n1 n2 addr --- n1 n2 addr n1 addr )�      WordSize+ @ 0 swap >=<		// ( n1 n2 addr n1 addr --- n1 n2 addr f )�      above above			// ( n1 n2 addr f --- n1 n2 addr f n2 addr )�      @ 0 swap >=< and not if       	// ( n1 n2 addr f n2 addr --- n1 n2 addr f )�          80 fstring err$	       	// Temp string to error msg�	   WordName$ err$ $!�	   "  : bad array indice(s) (" err$ $+ drop�	   -rot swap <#S> err$ $+�	   " ," +$  swap <#S> +$�	   " ) (" +$�	   over WordSize+ @ <#S> +$�	   " ," +$�	   swap @ <#S> +$�	   " )" +$�	   "error�       endif�       rot over	       		// ( n1 n2 addr --- n2 addr n1 addr )�       @ WordSize* * +		// ( n2 addr1 n1 addr1 --- n2 addr2 )�       swap WordSize* +		// ( n2 addr1 --- addr2 )�       WordSize+ WordSize+		// ( addr1 --- addr2 )�;   // xy_array_v2

�

REFERENCE

Starting FORTH.EXE

You can give parameters to Froth on the command line (i.e. when starting Froth from DOS shell):



Syntax is:	froth [-?] [-mX] [-eX] [-sX] [-tX] [-lX]



Meanings of each switch:

-?	Give some help (parameters meanings);

-mx	(x is a decimal nb), fix the size (in Kb) of memory allocated

-tx 	(x is a decimal nb), fix the size (in Kb) of the trace manager buffer

-ex	where x is the nb of K wanted for built-in editor buffers size (default is 128);

-sx	where x is the nb of K wanted for built-in editor scrap buffer (default is 16).

-lx 	(x is 0 for US, 1 for FR), fix the language (x language !) 

Note

The switch -mx is useful when running Froth from Windows 95. If you do not specify a memory size, Froth use for itself all the available memory. Not very smart...

�The interpret

About the interpret

Word parsing, Strings

Each word is parsed, a space (or tab) at least between each word, except for strings.

Constant characters

A constant character begins with the quote ' character. Are supported:

constant character of length 1: 'A for example;

constant character of length 2: 'AB for example;

constant character of length 3: 'ABC for example;

constant character of length 4: 'ABCD for example.

Hexadecimal numbers

An hexadecimal number can be specified, whatever the current base for integer numeric I/O. As in 'C' language, constant hexadecimal numbers are prefixed with 0x. For example: 0xAB0 is the number 2736 in decimal.

String

A string is started by the word " (one space must exist after ", the others are taken in the string), and is endded by ". The character \ will be used inside the string:

to enter the " character as part of the string;

to enter the \ character;

to enter a control or graphic character not available from the keyboard, with a two digits hexadecimal sequence.

Rules for searching words

When a word is parsed, whatever the system is in compile state or execute state, the interpret does next things:

Search the word into the context vocabulary (see the chapter about Compiler);

Then search the word into local definitions table (automatic variables);

Then try to find the method for the given object;

Then try to convert the word into a constant character (see rules above);

Then try to convert word into an integer, according to the current base for numeric integer I/O.

Note

On future version of FROTH, floating point numbers should can be specified: they contains a decimal point, even there is not decimal field (1.0 for example).



Edition keys

Under the interpret, the next keys are available for editing purpose:

Left key, Right key		move cursor left/right on existing text;

Ctrl-left, Ctrl-Right		move cursor thru words;

Home, End		move cursor at beginning / end;

BS			delete left character;

DEL			delete character under cursor;

INS			insert a blank under cursor.

Up-key, Down-key		recall previous lines

Switching around video pages

You can select a given video page with the keys Alt-1 to Alt-8. 

?chat and ?ok

?chat

The variable ?CHAT contains a boolean which is interpreted by Froth when a new definition is created:

if TRUE:	a dot is printed;

if FALSE:	nothing is printed.

?ok

The variable ?OK contains a boolean which is interpreted by Froth when a new line is to be entered from the interpret:

if TRUE:	the message 'ok" is printed;

if FALSE:	the number of integers available on stack is printed, with ( ).

Errors

When an error occurs (at run-time or compile-time), you enter again into the interpret. The side-effects of an error are:

stack (primary and secondary) is emptied;

all alive threads are stopped;

all pending local variables are discarded (for any thread);

Stack frame is shown, for each alive thread: you know where error occurs (in which word and who called it).

Important

FROTH does not continue compilation after an error: the first error met will abort the compilation process.

Return prematuraly to the interpret from a definition

At any time, a "program" can return to interpret: put the definition QUIT inside the point where you want to stop. At run-time, this word brings you to the interpret, without emptying the stack. The purpose of this word is for primitive debugging:

insert the word QUIT in your definition to test;

compile;

run;

when stopped on QUIT, examine the stack or global variables.



Loading source files

Input stream to the interpret can come from two sources:

from the keyboard:	a line is entered by user, ended by Ã, or

from a file:		a text file, edited by FROSTED.



Two words are available to ask the interpretation of text files:

"LOAD	is given explicitly a filename. Interpret will interpret all the file, then return to prompt.

LOAD	the filename is implicit, it is in fact the file edited in the buffer #1 of FROSTED. 



In a text file, we could include others to be interpret (as #include in 'C' language) with "LOAD. "LOAD:

adds the extension .FTH if one is not given;

adds the directory stored in the variable dir$ (vocabulary editor, see Editor chapter) if one is not given.

�Stack manipulation

Generalities

Object stored on stack parameters are untyped: they are only 32-bits integers. Interpretation of their value is made by each word. A same value can be interpreted as a signed integer (for example the word .), an unsigned integer (U.), or a string (!screen). It's the programmer's responsability to be sure that correct data is available for each definition: right number of parameters and right type for each parameter. Froth helps you by verifying the right number of parameters for system words. And you can use the word ?ENOUGHT for your own definitions.

Note

See Appendix A : Glossary to know the symbolic representation on stack of each type (signed value, unsigned, string address, ...)

Actions on primary stack

Macro

A word flagged as macro acts as a macro only if the variable ?speed is at TRUE. See chapter on compilation.



.S	( --- )

Draw horizontaly all values available on stack. This is not destructive. Each value is interpreted as a signed integer, and is shown in decimal, whatever the current base for integer numeric I/O. The purpose of this word is above all for debugging, or learning stack manipulation (in this case, see tutorial section).



DEPTH	( --- n )

Push the number of integers available on stack. If <n> is zero, that means that stack was empty.



?ENOUGHT	( n --- )

Allows to verify at run-time if there is at least <n> integers available on stack. <n> must be a constant number compiled before the call of ?ENOUGHT. If the variable ?SAFE is FALSE, there is nothing compiled into your definition, and constant is removed: for example "3 ?ENOUGHT" does not compile anything. If the variable ?SAFE is TRUE, then ?ENOUGHT is compiled and will be executed at run-time. That means that you can test your program without any source modification, just change the value of variable ?SAFE.



DROP	( n --- )	Macro

Discard the value which is on top stack.



DDROP	( n1 n2 --- )	Macro

Discard the two values which are on top stack. We could define DDROP as:

	: DDROP DROP DROP ;



UNDER	( n1 n2 --- n2 )	Macro	Alias for NIP

Discard the value which under the top of the stack. We could define UNDER as:

	: UNDER SWAP DROP ;



NIP	( n1 n2 --- n2 )	Macro	Alias for UNDER

Discard the value which under the top of the stack. We could define NIP as:

	: NIP SWAP DROP ;



BELOW	( n1 n2 n3 --- n2 n3 )	Macro

Discard the value which under-under the top of the stack. We could define UNDER as:

	: BELOW ROT DROP ;



DUP	( n --- n n )	Macro

Duplicate the value which is on top stack.



DDUP	( n1 n2 --- n1 n2 n1 n2)

Duplicate the two values which are on top stack. This word could be defined as:

	: DDUP OVER OVER ;



OVER	( n1 n2 --- n1 n2 n1 )	Macro

Duplicate the value which is under the top stack.



ABOVE	( n1 n2 n3 --- n1 n2 n3 n1 )	Macro

Duplicate the value which is under under the top stack.



SWAP	( n1 n2 --- n2 n1 )	Macro

Exchange the two values on top stack.



DSWAP	( n1 n2 n1 n2 --- n2 n1 n2 n1 )

Exchange the two couples on top stack.



ROT	( n1 n2 n3 --- n2 n3 n1 )

Rotate the top three values on stack.



-ROT	( n1 n2 n3 --- n3 n1 n2 )

Rotate the top three values on stack.



ROLL	( n --- )

Rotate the top <n> values on stack. ROT could be defined as:

	: ROT 3 ROLL ;



-ROLL	( n --- )

Rotate the top <n> values on stack. -ROT could be defined as:

	: -ROT 3 -ROLL ;



PICK	( n1 --- n2 )

Duplicate the <n1>-th value which is under the top stack. OVER could be defined as:

	: OVER 2 PICK ;



TUCK	( n1 n2 --- n2 n1 n2 )

Make a SWAP then OVER. We define TUCK as:

	: TUCK SWAP OVER ;



Actions on secondary stack

	Secondary stack	Primary stack



>R	( --- n )	( n --- )	

Bring the top integer from 1st stack to 2nd stack.



R>	( n --- )	( --- n )	

Bring the top integer from 2nd stack to 1st stack.



R	( --- )	( --- n )

Copy the top integer from 2nd stack to 1st stack?



RDROP	( n --- )

Discard the integer on top 2nd stack.



RUNDER	( n1 n2 --- n2 )

Discard the integer under top 2nd stack.



RBELOW	( n1 n2 n3 --- n2 n3 )

Discard the integer under-under top 2nd stack.



RDUP	( n --- n n )

Duplicate the integer on top 2nd stack.



RSWAP	( n1 n2 --- n2 n1)

Exchange the two integers on tio 2nd stack.



ROVER	( n1 n2 --- n1 n2 n1 )

Duplicate the integer under top 2nd stack.



RABOVE	( n1 n2 n3 --- n1 n2 n3 n1 )

Duplicate the integer under-under top 2nd stack.



Note

In forth language, the secondary stack is the 'return' stack, so used for definitions calls, and also for loops indices. This is not true in FROTH: the secondary stack is a real stack, you can use it as you want. You can push a value on it inside a definition, and pop this value from another definition. And you can use it inside a loop.

Infixed expressions

Froth lets you enter infixed expressions in place of postfixed expressions. The opening brace { begins the infixed expression. The closing } closes the expression. Each term of the expression to be parsed must be enclosed by a space (or tab).



Exemple:

10 const x�20 const y�: postfixed�  x y +  50 * ;�: infixed�  { ( x + y ) * 50 } ;

Note

In infixed expression, you can only call constant (not variable with @).

�Integer arithmetic and logical operations

Generalities

Integer arithmetic is performed with a 32-bits precision. Nevertheless, some operations are calculated in 64-bits for intermediate calculations (*/ and */MOD), but the result is still in 32-bits.



Overflow can be detected. There is a boolean variable called ?IARITHOVERFLOW which is used by the compiler while making 386 code. If this variable is set to FALSE, that means that for example, the sum of two unsigned integers (given in hexadecimal) 0x90000000 and 0xA0000000 will give the result: 10000000h (modulo 32-bits). The operations concerned by a potential overflow are: + - 1+ 2+ 1- 2- * 2* WordSize* shl. Overflow run-time error is a fatal error, so you will return to the interpret.



Attempt to divide by value zero leads to a run-time error: program is gracefully stopped. Note that */MOD can bring the error "Divide by zero" even if the divisor is not zero: this is the case when the resulting quotient is too large to fit into the 32-bit register.



Value range:

	Unsigned 32-bits integer		              0 to 4,294,967,295

	Signed 32-bits integer		-2,147,483,648 to 2,147,483,647



You must remember that signed and unsigned acts only for the interpretation of integers. A same binary value can be interpreted as signed or unsigned. It depends of the operation you apply on it (U< vs < for example).

Integer 32-bits arithmetic

NEGATE	( n1 --- n2 )	Macro

Negate a given integer.



+	( n1 n2 --- n3 )	Macro	?IARITHOVERFLOW

Pop the two integers <n1> and <n2>, add them, then push the result on stack (n3 = n1 + n2). If the variable ?IARITHOVERFLOW is true, then a run-time overflow check is made after operation.



1+	( n1 --- n2 )	Macro	?IARITHOVERFLOW

Pop one integer <n1>, add it one, then push the result on stack (n2 = n1 + 2).



2+	( n1 --- n2 )	Macro	?IARITHOVERFLOW

Pop one integer <n1>, add it two, then push the result on stack (n2 = n1 + 1).



-	( n1 n2 --- n3 )	Macro	?IARITHOVERFLOW

Pop the two integers <n1> and <n2>, sub them, then push the result on stack (n3 = n1 - n2).



1-	( n1 --- n2 )	Macro	?IARITHOVERFLOW

Pop one integer <n1>, sub it one, then push the result on stack (n2 = n1 - 1).



2-	( n1 --- n2 )	Macro	?IARITHOVERFLOW

Pop one integer <n1>, sub it two, then push the result on stack (n2 = n1 - 2).



*	( n1 n2 --- n3 )	Macro	?IARITHOVERFLOW

Pop the two integers <n1> and <n2>, multiply them, then push the result on stack (n3 = n1 * n2).



2*	( n1 --- n2 )	Macro	?IARITHOVERFLOW

Pop one integer <n1>, multiply it by two, then push the result on stack (n2 = n1 * 2).



WordSize*	( n1 --- n2 )	Macro	?IARITHOVERFLOW

Pop one integer <n1>, multiply it by WORDSIZE, then push the result on stack (n2 = n1 * WORDSIZE). Note that value of WORDSIZE is actually 4 (32-bits version).



/	( n1 n2 --- n3 )	Macro

Pop the two integers <n1> and <n2>, divide them, then push the result on stack (n3 = n1 / n2).



2/	( n1 --- n2 )	Macro

Pop one integer <n1>, divide multiply it by two, then push the result on stack (n2 = n1 / 2).



WordSize/	( n1 --- n2 )	Macro

Pop one integer <n1>, divide it by WORDSIZE, then push the result on stack (n2 = n1 / WORDSIZE). Note that value of WORDSIZE is actually 4 (32-bits version).



/MOD	( n1 n2 --- n3 n4 )

Pop the two integers <n1> and <n2>, divide them, then push the result (remainder and quotient) on stack (n3 = n1 mod n2 and n4 = n1 / n2).



MOD	( n1 n2 --- n3 )

Pop the two integers <n1> and <n2>, divide them, then push the result (remainder) on stack (n3 = n1 mod n2).



ABS	( n1 --- n2 )

Compute the absolute value for the integer on top stack.



RND	( n1 n2 --- n3 )

Compute a pseudo-random integer betwwen two others.



Integer 64-bits arithmetic

*/	( n1 n2 n3 --- n4 )	?IARITHOVERFLOW

Pop the three 32-bits integers for stack and perform the next operation (n4 = n1 * n2 * n3). Intermediate calculations are made in 64-bits (double-precision). But the final result must fit in 32-bits.



*/MOD	( n1 n2 n3 --- n4 n5 )	?IARITHOVERFLOW

Pop the three 32-bits integers for stack and perform the enxt operation (n5 = n1 * n2 * n3). <n4> is the remainder. Intermediate calculations are made in 64-bits (double-precision). But the final result must fit in 32-bits.

Integer logical operations

A logical value has two values: false (ie zero integer value) or true (ie not zero integer value). By convention, true logical value will be integer value 1. 



FALSE	( --- 0 )

TRUE	( --- 1 )

OFF	( --- 0 )

ON	( --- 1 )

Push the logical value for true (1) or false (0).





MIN	( n1 n2 --- n3 )

MAX	( n1 n2 --- n3 )

UMIN	( u1 u2 --- u3 )

UMAX	( u1 u2 --- u3 )

Return the greatest or lowest value of two signed or unsigned integers.





==	( n1 n2 --- f )	Alias for =

=	( n1 n2 --- f )	Alias for ==

!=	( n1 n2 --- f )	Alias for <>

<>	( n1 n2 --- f )	Alias for !=

<	( n1 n2 --- f )

<=	( n1 n2 --- f )

>	( n1 n2 --- f )

>=	( n1 n2 --- f )

U<	( u1 u2 --- f )

U<=	( u1 u2 --- f )

U>	( u1 u2 --- f )

U>=	( u1 u2 --- f )

Pop the two top stack signed or unsigned integers, compare them, then return a flag.





0==	( n --- f )	Alias for 0= and NOT

0=	( n --- f )	Alias for 0== and NOT

NOT	( n --- f )	Alias for 0== and 0=

Pop integer from top stack, compare with zero value (the logical value for false), then return a flag.





0<	( n --- f )

0<=	( n --- f )

0>	( n --- f )

0>=	( n --- f )

Pop the top stack signed integer, compare with zero value, then return a flag.





><	( n1 n2 n3 --- f )	TRUE if n1>n2 and n1<n3

>=<	( n1 n2 n3 --- f )	TRUE if n1>=n2 and n1<n3

><=	( n1 n2 n3 --- f )	TRUE if n1>n2 and n1<=n3

>=<=	( n1 n2 n3 --- f )	TRUE if n1>=n2 and n1<=n3

U><	( u1 u2 u3 --- f )	TRUE if u1>u2 and u1<u3

U>=<	( u1 u2 u3 --- f )	TRUE if u1>=u2 and u1<u3

U><=	( u1 u2 u3 --- f )	TRUE if u1>u2 and u1<=u3

U>=<=	( u1 u2 u3 --- f )	TRUE if u1>=u2 and u1<=u3

Pop three signed or unsigned integers, compare the first with the two others, then return a flag.





AND	( n1 n2 --- n3 )

OR	( n1 n2 --- n3 )

XOR	( n1 n2 --- n3 )

Pop the two top stack integers, performs the logical bits operation, then push the result.





SHL	( n1 n2 --- n3 )		?IARITHOVERFLOW

SHR	( n1 n2 --- n3 )

Pop the two top stack integers, performs the logical shift operation, then push the result.





SetBit	( n addr --- )

Set the bit <n> on the byte, word or dword stored at address <addr>.





ResetBit	( n addr --- )

Reset the bit <n> on the byte, word or dword stored at address <addr>.





ComplBit	( n addr --- )

Complement the bit <n> on the byte, word or dword stored at address <addr>.





GetBit	( n addr --- f )

Give the <n-th> bit <f> on the byte, word or dword stored at address <addr>.



�Integer numeric I/O

Generalities

Integers have a precision of 32-bits (except for */ and */MOD). All conversions, from ascii to binary, or binary to ascii, use a Froth variable, BASE, which contains the base for integer numeric I/O.



Glossary

BASE	( --- addr )

This variable contains the base used by integer conversion routines. Base can be from base 2 (binary) to base 36. From base 11, digits use letters (A-Z), lower or upper case. When starting Froth, BASE is set by default to base 10 (decimal base).



DECIMAL	( --- )	Immediate word

Select the base 10 for integer numeric I/O. This is an immediate word, so it cannot be compiled inside definitions, but it will be executed.



HEX	( --- )	Immediate word

Select the base 16 for integer numeric I/O. This is an immediate word, so it cannot be compiled inside definitions, but it will be executed.



.	( n --- )

This word pop the integer from top stack, then print it on screen (starting from current position). The conversion is made using the value of BASE variable. The integer is interpreted as signed. There is no space printed before and after the number.



.L	( n1 n2 --- )

This word print the signed integer <n1>, left justified in a field of size <n2>. If <n1> has more digits than value <n2>, number <n1> is just printed.



.R	( n1 n2 --- )

This word print the signed integer <n1>, right justified in a field of size <n2>. If <n1> has more digits than value <n2>, then number <n1> is just printed.



U.	( u --- )

This word pop the integer from top stack, then print it on screen (starting from current position). The conversion is made using the value of BASE variable. The integer is interpreted as unsigned. There is no space printed before and after the number.



H.	( u --- )

This word print the unsigned integer <u> in hexadecimal, whatever the value of the current base.



02H.	( c --- )

This word print the unsigned char <c> in hexadecimal, whatever the value of the current base, with 2 digits.



<#	( n --- n )

This word is used to begin the process of binary->ascii conversion. In fact, this word initialize internal variables to Froth. Nothing visible on screen or on stack.



#	( n1 --- n2 )

This word can only be used between <# and #>. The purpose of # is to convert next digit of the number being converted: <n1> is divided by the current base (variable BASE), then the remainder is used as next digit in the pictured output string, and the quotient is stored on stack. If you get zero as quotient value, that means that all digits of the number are converted. # must be used if number to convert is interpret as signed integer.



U#	( u1 --- u2 )

This word can only be used between <# and #>. The purpose of U# is to convert next digit of the number being converted: <u1> is divided by the current base (variable BASE), then the remainder is used as next digit in the pictured output string, and the quotient is stored on stack. If you get zero as quotient value, that means that all digits of the number are converted. U# must be used if number to convert is interpret as unsigned integer.



HOLD	( c --- )

This word can only be used between <# and #>. HOLD pops character from top stack, then insert it at current location into the pictured output string.



SIGN	( n1 --- n1 )

SIGN insert the minus sign (-) if the initial number to convert (see <#) was negative. Else, nothing occurs. SIGN is normally called in last, when all digits (from right to left) are convered and stored into the pictured output string.



#S	( n --- 0 )

This word converts all digits of signed number <n>.



U#S	( u --- 0 )

This word converts all digits of unsigned number <u>.



#>	( n --- addrz )

This word ends the process of binary to ascii conversion. The number on top stack is usally 0, that means that all digits of initial number were converted, and each digit stored into the pictured output string. The word #> give you the address of internal buffer, which contains the string ready to be printed (or anything other). Usually, you will print the string, using TYPE or !STRING.



<#S>	( n --- addrz )

This word does the process of binary to ascii conversion. The number on top stack converted, using the current value for base integer I/O. As the word #>, the word <#S> gives you the address of internal buffer, which contains the string ready to be printed (or anything other). Usually, you will print the string, using TYPE or !STRING.



NUMBER	( addrz --- n tf )	if conversion OK

	( addrz --- ff )	if conversion not OK

This word try to convert a given string to an integer, according to the current base for integer numeric I/O (variable BASE). If conversion fails, a false flag (tf = FALSE = 0) is let on top stack. Else, the value <n> and a true flag (tf = TRUE = 1) is let on stack. Heading and trailing spaces into string to convert are ignored.

�Keyboard - Ctrl-Break management

Introduction

Froth install its own keyboard interrupt handler. So, foreign keyboards are not properly handled, even you have mounted keyboard drivers in your CONFIG.SYS or AUTOEXEC.BAT file. Froth is shipped with two keyboard definitions: one for US keyboard (101 keys), and one for french keyboard (102 keys). It's easy to define yourself for others cases: just edit file KB.C and KB_US.H, files which you find on distribution disk. If you made others keyboard definitions (UK, Australia, ...), please send-it to the author, he will put it in further release of Froth. These files are just tables to convert scan codes to ascii codes: for each scan code, you define the normal code, the shift code, the ctrl code and the alt code.

Note

FROTH talks directly with keyboard, because that allows to handle precisely the CTRL-BREAK key at any moment. It's also possible to know the state of each key (held or not). This is the case if FROTH is running under MS-DOS (not DOS emulation under WINDOWS 95 or WIN32).

Glossary

KBDFILE	( addrz --- )

Load a keyboard definition file. These files have .FKB extension. See above for more details about these files. KBDFILE will usually be called from the file \FROTH\STARTUP.FTH



?ALTKEY	( --- n )

This definition returns the state of ALT keys:

n=0 means no ALT key is held;

n=1 means left ALT key is held;

n=2 means right ALT key is held;

n=3 means left and right ALT keys are held.



?SHIFTKEY	( --- n )

This definition returns the state of SHIFT keys:

n=0 means no SHIFT key is held;

n=1 means left SHIFT key is held;

n=2 means right SHIFT key is held;

n=3 means left and right SHIFT keys are held.



?CTRLKEY	( --- n )

This definition returns the state of CTRL keys:

n=0 means no CTRL key is held;

n=1 means left CTRL key is held;

n=2 means right CTRL key is held;

n=3 means left and right CTRL are held.



KEY	( --- c )

This definition read a key from keyboard. If not character is available, then KEY waits until one becomes available. While waiting, yielding to others threads (if any) is made. The character hit from keyboard is not shown on screen (use EMIT to do that).



?KEY	( --- n )

Return the number of characters available, not still read. They are to be read with the definition KEY.



SHIFT-ED	( --- n )

This constant, if added to a given key code, give the code of the key when SHIFT key (left or right) is held. This constant is to used only with functions keys (HOME, END, F1, ...).



CTRL-ED	( --- n )

This constant, if added to a given key code, give the code of the key when CTRL key (left or right) is held. This constant is to used only with functions keys (HOME, END, F1, ...).



ALT-ED	( --- n )

This constant, if added to a given key code, give the code of the key when ALT (left or right) is held. This constant is to used only with functions keys (HOME, END, F1, ...).



KEYPAD-ED	( --- n )

This constant, if added to a given key code, give the code of the key when the key is hit within the keypad. This constant is to used only with functions keys (HOME, END, F1, ...).



KEYINDICE	( c --- n )

This definition give an internal code for a given key code (normal, shifted or ctrled). This internal code is to used with the definition ?KEYSTATE, which give the state of the key (held or not held).



?KEYSTATE	( n --- f )

This definition is used to see if a given key is held or not held. Keys are referenced by an internal code, which is given by the definition KEYINDICE.



CtrlBreak_off	( --- )

Forbid the use of Ctrl-break (it does nothing), until you call CtrlBreak_restore. Calls are nestable (these words increments/decrements internal variable). This word, used with CtrlBreak_restore, is usefull for protecting sections of application against sudden break.



CtrlBreak_restore	( --- )

Restore previous mode of Ctrl-break.

�Basic output to screen - Text screen management

Basic output to screen

Introduction

The words introduced into this section allows to print character or strings to screen. They are not very fast (BIOS is called for each character), and you do not have the total control of things (where you print, which attribute and others things). So, for speed and total control, use instead the definitions shown in the next section "Text screen management".



Glossary

EMIT	( c --- )

Send given character <c> to screen, at current position.



SPACE	( --- )

Send space character to screen, at current position.



SPACES	( n --- )

Send <n> space characters to screen, at current position.



CR	( --- )

Move cursor to the begin of the next line on screen. If the cursor was on the last line of the screen (bottom), a scroll is made (one line to up).



TYPE	( addrz --- )

Send the given string (starting at address <addrz>) to the screen, at current position.



-TYPE	( addrz n --- )

Send the given string (starting at address <addrz>) to the screen, at current position. The string is right justified, in a field of length <n>.



TYPE-	( addrz n --- )

Send the given string (starting at address <addrz>) to the screen, at current position. The string is left justified, in a field of length <n>.



Text screen management

Introduction

All the definitions given in this chapter are stored into the SCREEN vocabulary. All output screen is made thought VGA BIOS calls which is fast to write to screen. These definitions will be the preferred way to output to screen.

Glossary

SETVIDEOMODE	( n --- )

This word select a given video mode. See your video card documentation to know the available video modes. For example, standard mode 3 is 25x80, text mode, 16 colors. Author use the 84 (0x54) mode on a Paradise superVGA card, which allows 43x132, in text mode, with 16 colors. When setting a video mode, SETVIDEOMODE updates three constants:

#pages	gives the number of video pages available;

#rows	gives the number of text rows;

#cols	gives the number of text columns.



GETVIDEOMODE	( --- n )

This word returns the current video mode.



#PAGES	( --- n )

This word gives the number of video pages available, depending of the current video mode and your video card. This is a 'constant' (calling this word pushes value, not address), its value is updated when calling SETVIDEOMODE (and on Froth initialization). Note that under the interpret, you can select given video page with keys Alt-1 to Alt-8.



#ROWS	( --- n )

This word gives the number of text rows available, depending of the current video mode and your video card. This is a 'constant' (calling this word pushes value, not address), its value is updated when calling SETVIDEOMODE (and on Froth initialization).



#COLS	( --- n )

This word give the number of text columns available, depending of the current video mode and your video card. This is a 'constant' (calling this word pushes value, not address), its value is updated when calling SETVIDEOMODE (and on Froth initialization).



BACKFOREGROUND	( n1 n2 --- n3 )

This word builds a color byte from the foreground and background color.



SCREENBACKGROUND	( --- addr )

This variable is implicitly used by some definitions as color/attribute. This avoid to give to each next definition an explicit color/atribute: !xychar !xynchar !string !xystring cls clrline clreol.



?UpdateCursor	( --- addr )

This variable is used by the next definitions to see if cursor position is to be updated after printing: !string !astring !xystring !xyastring



PAGE#	( --- addr )

This variable contains the current video page in use (0 is the 1st video page). Changing the video page could be made by:

storing a value into this variable;

calling PAGE> definition.

keys Alt-1 to Alt-8 from the interpret.



PAGE>	( --- )

This word selects the video page, whose value is given into the PAGE# variable.



>PAGE	( n --- )

This word allows to select the given video page <n>. Variable PAGE# is updated.



CURSOR	( n --- )

This definition is used to change the cursor shape:

n=0	means cursor invisible;

n=1 	means a blinking dash cursor under characters;

n=2	means a solid blinking cursor.



GOTOXY	( x y --- )

This definition is used to move cursor to text column x (from 0 to #COLS-1) and text row y (from 0 to #ROWS-1). No test is made about the validity of <x> and <y>.



GOTOX	( x --- )

This definition is used to move cursor to text column x (from 0 to #COLS-1), on the current row. No test is made about the validity of <x>.



GOTOY	( y --- )

This definition is used to move cursor to text row y (from 0 to #ROWS-1), on the current column. No test is made about the validity of <y>.



WHERXY	( --- x y )

This definition returns the current position of the cursor (column and row).



WHEREX	( --- x )

This definition return the current column position of the cursor into the current row.



WHEREY	( --- y )

This definition return the current row position of the cursor into the current column.



@XYCHAR	( x y --- c )

This definition read the character <c> on screen stored at column <x>, row <y>. No test is made about the validity of <x> and <y>.



@XYACHAR	( x y --- a c )

This definition read the character <c> and the attribute <a> on screen stored at column <x>, row <y>. No test is made about the validity of <x> and <y>.



!XYCHAR	( x y c --- )

This definition allows to write a character <c> on screen, at column <x>, row <x>.  No test is made about the validity of <x> and <y>. The color/attribut of the character is taken from the variable ScreenBackGround.



!XYACHAR	( x y a c --- )

This definition allows to write a character <c> on screen, at column <x>, row <x>.  No test is made about the validity of <x> and <y>. The color/attribut of the character is given as <a>.



!XYNCHAR	( x y n c --- )

This definition allows to write <n> characters <c> on screen, at column <x>, row <x>.  No test is made about the validity of <x> and <y>. The color/attribut of the character is taken from the variable ScreenBackGround.



!XYNACHAR	( x y n a c --- )

This definition allows to write <n> characters <c> on screen, at column <x>, row <x>.  No test is made about the validity of <x> and <y>. The color/attribut of the character is given as <a>.



!XYSTRING	( x y addrz --- )

This definition allows to write the given string <addrz> on screen, at column <x>, row <x>.  No test is made about the validity of <x> and <y>. The color/attribut of the string (each character) is taken from the variable ScreenBackGround. The max size of the string should not exceed #COLS (width of the screen).



!XYASTRING	( x y a addrz --- )

This definition allows to write the given string <addrz> on screen, at column <x>, row <x>.  No test is made about the validity of <x> and <y>. The color/attribut of the string (each character) is given as <a>. The max size of the string should not exceed #COLS (width of the screen).



CLS	( --- )

Clear the entire screen. The variable ScreenBackGround is used as color/attribute for filling screen. The cursor is moved to (0, 0) position.



ACLS	( a --- )

Clear the entire screen, with a given color/attribute <a> used for filling screen. The cursor is moved to (0, 0) position.



CLRLINE	( y --- )

Clear the given row <y>. The variable ScreenBackGround is used as color/attribute for filling line. The cursor stay at initial position.



ACLRLINE	( y a --- )

Clear the given row <y>,  with a given color/attribute <a> used for filling line. The cursor stay at initial position.



CLREOL	( --- )

Clear the current row, from current position to end-of-line. The variable ScreenBackGround is used as color/attribute for filling line. The cursor stay at initial position. Nothing is made is cursor was on last character of the line.



ACLRLINE	( a --- )

Clear the current row, from current position to end-of-line, with a given color/attribute <a> used for filling line. The cursor stay at initial position. Nothing is made is cursor was on last character of the line.



BLACK	( --- 0 )

BLUE	( --- 1 )

GREEN	( --- 2 )

CYAN	( --- 3 )

RED	( --- 4 )

MAGENTA	( --- 5 )

BROWN	( --- 6 )

LIGHTGRAY	( --- 7 )

DARKGRAY	( --- 8 )

LIGHTBLUE	( --- 9 )

LIGHTGREEN	( --- 10 )

LIGHTCYAN	( --- 11 )

LIGHTRED	( --- 12 )

LIGHTMAGENTA	( --- 13 )

YELLOW	( --- 14 )

WHITE	( --- 15 )

These constants should be used as color attribute.

�Compiler

Vocabulary

At a given moment, a big number of definitions can be available. Think to files on a hard disk. Because, they are a lot, they are organized with arborescent structure. It's the same thing for vocabularies under Froth. The root vocabulary is Froth: we found inside it general words for compiling, arithmetics, ... Inside this root vocabulary, we will found, for example, the vocabulary SCREEN: its contains all definitions about output to screen, in text mode. Programmers have the ability to build themself vocabularies when they build they own definitions (application).



Vocabularies offers many advantages:

speed up compiler (searching definitions in a limited portion of dictionnary);

definitions are well classified, so a program will be clearer;

because definitions can have the same name in differents vocabularies, changing just the vocabulary can change the behavior of an application.



At a given moment, Froth knows two special vocabularies:

the context vocabulary, and

the current vocabulary.



The context vocabulary is the one used by Froth to begin the search of definitions. The current vocabulary is the one used by Froth to store new definitions added to dictionnary.



The next rules are used to search vocabularies or definitions from a given vocabulary:

above:	all levels above (father, father's father, ... until root Froth vocabulary).

same level:	all brothers.

below:	the sons of the vocabulary, just one level below.



A new vocabulary will be created with the word: VOCABULARY, followed by the name of the new vocabulary to create. This vocabulary will be created into the current vocabulary (use VOCS to know the current and context vocabularies). Later, invoquing this vocabulary will bring this vocabulary as the context vocabulary (the one used for searching definitions and vocabularies). Vocabularies are immediate words: they are not compiled inside definition, but instead executed. This allows to change the vocabulary context when compiling a definition.

Note

See the tutorial section for more informations about vocabularies.



Create new definitions

Froth interpret knows two states: execute state and compile state. In execute state, each word parsed is immediatly executed, each number parsed is immediatly pushed on stack. In compile state, each word parsed is compiled (into the definition being defined), and each number parsed is compiled too. This is a normal programming process: record actions into something (here, a definition). These actions will be later executed, when we will ask the definition for running.



This is the word : (colon) which is used to create a new definition, and to enter into compile mode. The : word is followed by the new definition to create. After doing that, alls words and numbers parsed are compiled into the definition under creation. This is not true for some special words which are nevertheless executed in compile state (for example: BEGIN, //, ... and of course ;). This is the word ; (semicolon) which is used to end the definition (and return to execute state).



In Froth, a definition must be unique: redefinitions are not allowed. By unique, we means that the rules decribed in the vocabulary section for searching a definition apply. In compile state, only existing definitions can be referenced. You cannot reference a definition not still created. 



What happens if a not defined word is parsed (and too not a valid number) ? An error occurs:

a message is printed (with the name word parsed);

parameters stack is emptied;

compile state is canceled (return to execute state);

the definition which is aborted and not ended is removed.



You cannot, like in PASCAL for example, nest definitions (by creating 'local' definitions inside others).



See words into dictionnary

Three words are available:

VOCS

He prints all the vocabularies defined, with for each one:

the number of words defined inside;

the vocabulary father.

XWORDS

He prints all the words you have defined (not system words).

WORDS

He prints all the words defined (starting at CONTEXT vocabulary).



Forget definitions

We have to forget definitions when we want to recompile definitions, after a modification for example. If we do not a forget, what happens ? Because a new definition with same name can't be created, this leads to an error. A word name must be given to FORGET. Thus, all the words from the given word and the last defined word are removed. If the word name given to FORGET is not found, no error occurs. Thus, the main file of an application should begin by things like that (see tutorial, chapter "Creating new definitions"):

FORGET <task>�: <task> ;



Comments

All the line: //

Like in the 'C' language, the characters // tells to the interpret to ignore all things given until the end of the line. Do not forget that // is a word, so to be parsed by the interpret, it must be followed by spaces (or tabs).

Comment sections: ( ... )

The left parenthesis word ( opens a comment section. And the right parenthesis word ) closes a comment section. Comment sections are nestable, and they can spread on several lines.

Changing compiler strategy

?Speed : Speed vs Space

The variable ?SPEED contains a boolean which is interpreted by Froth when he compiles machine code:

if TRUE:	speed is choosen against space;

if FALSE:	space is choosed against speed.



The code of system words flagged as MACRO is duplicated into definitions being compiled, only if ?SPEED is TRUE. If FALSE, just a call to the run-time word is compiled.

?Safe : Verify the number of parameters on stack

If the variable ?SAFE is set to TRUE value, then two things are made:

For the system words flagged as MACRO, the test for right number of parameters is made (not made if ?SAFE and ?SPEED are FALSE).

The word ?ENOUGHT is compiled, and only in this case (if ?SAFE is FALSE, ?ENOUGHT and the constant number compiled before is discarded from the definition).

Note

?SPEED and ?SAFE plays a role only on compilation process. Anyway, these words cannot be compiled inside definitions.



Asking informations

Informations on Code and Data size

The word INFOS gives informations about:

Size of code (not system, all what you have defined);

Size of data (not system, all what you have defined);

Size of data which can be recovered by calling the garbage collector (DUST).



The word INFOS should be put at last in file being interpreted.

Informations on a given definition

To have technical informations about a given definition,just type:

WINF name

You will be given these informations (code address, size, ...).



Indirect execution using ' and EXECUTE

The two next words if used together allow to implement indirect execution.



'	( --- addr )

Parse next word and push its code address. A run-time error occurs if word is not defined.



EXECUTE	( addr --- )

Execute code starting at given address <addr>.



Building stand-alone applications

You can build .EXE files, ready to execute. End-users will don't know that this .EXE file was built with Froth compiler. This is the last word defined (by yourself) which will be run after executable file load. In case of run-time error, message is still printed, then return to host operating system (ms/dos shell). .EXE file will be built with the next word:



SAVE.EXE	( addrz --- n )

All user's definitions (code and static data) are saved into the file (filename is popped from stack). Is returned on stack either -1 if a disk error occurs, either the size of the .EXE file.



How about data ? Dynamic variables are not saved into .EXE files. That means that if you use a huge array into your application, use ALLOC/FREE, else you will have a huge .EXE file. You will be warned...

�Control structures

BEGIN ... AGAIN control structure

This control structure has the next 'syntax':



	BEGIN

		...

	AGAIN



Each word of the control structure operate as:

BEGIN: just marks the top of the loop.

AGAIN: control is given to the next word after the BEGIN word (ie the top if the loop).



This is an indefinite loop. So, this loop will be used above all in threads. Indeed, a thread can be killed by another.



Here is the stack protocol of the words of this control structure (at run-time):



BEGIN	( --- )

AGAIN	( --- )

Remember

If your program enters in a BEGIN...AGAIN loop, you can nevertheless stop it with the Ctrl�BREAK sequence, provided that however you program ditn't forbade this possibility !

BEGIN ... UNTIL control structure

This control structure has the next 'syntax':



	BEGIN

		...

	UNTIL



Each word of the control structure operate as:

BEGIN: just marks the top of the loop.

UNTIL: pops the value from top stack.

If value is zero, then control is given to the next word after the BEGIN word (ie the top of the loop).

If value is not zero, then control is given to the word after UNTIL.



This control structure will be used in the case: DO actions UNTIL a condition is met. Note that words inside the control structure are at least execute one time.



Here is the stack protocol of the words of this control structure (at run-time):



BEGIN	( --- )

UNTIL	( f --- )

Remember

Under FROTH, the zero value has the meaning FALSE flag, and any other value different from zero is considered as TRUE flag.



BEGIN ... WHILE ... REPEAT control structure

This control structure has the next 'syntax':



	BEGIN

		...

	WHILE

		...

	REPEAT



Each word of the control structure operates as:

BEGIN: just marks the top of the loop.

WHILE: pops the value from top stack.

If value is zero, then control is given to the next word after the REPEAT word (ie bottom of the loop).

If value is not zero, then control is given to the word after WHILE (is main part of control structure).

REPEAT: always gives control to the word after BEGIN (ie top of the loop).



This control structure will be used in the case: DO actions WHILE a condition is set. Note that words inside the BEGIN and WHILE are at least execute one time.



Here is the stack protocol of the words of this control structure (at run-time):



BEGIN	( --- )

WHILE	( f --- )

REPEAT	( --- )

IF ... ELSE ... ENDIF control structure

This control structure has the two next 'syntaxes':



	IF			IF

		...			...

	ENDIF			ELSE

					...

				ENDIF



In the form IF..ENDIF, each word of the control structure operates as:

IF: pops the value from top stack.

If value is zero (FALSE), then control is given to the word after ENDIF.

If value is not zero (TRUE), then control is given to the next word after IF.

ENDIF: does nothing, just marks the end of the control structure.



In the form IF..ELSE..ENDIF, each word of the control structure operates as:

IF: pops the value from top stack.

If value is zero (FALSE), then control is given to the word after ELSE.

If value is not zero (TRUE), then control is given to the next word after IF.

ELSE: give control always to the word after ENDIF.

ENDIF: does nothing, just marks the end of the control structure.



This control structure will be used in the case: DO actions IF a condition is set, ELSE do others actions.



Here is the stack protocol of the words of this control structure (at run-time):



IF	( f --- )

ELSE	( --- )

ENDIF	( --- )	Alias for THEN

THEN	( --- )	Alias for ENDIF



CASE ... ENDCASE control structure

This control structure has the next 'syntax':



	CASE

		... OF ... ENDOF

		... OF ... ENDOF

		...

	ENDCASE



Each word of the control structure operate as:

CASE: pops value from top stack. This valus is kept internaly, and will be used by each OF for a test.

OF: pops the value from top stack, then compare with the value previously popped by CASE:

if values are equal: control is given to word after OF;

if values are different: control is given to word after next ENDOF.

ENDOF: control is given to the word after ENDCASE.

TIPOF: control is given to the word after next OF.

ENDCASE: does nothing, just marks the end of the control structure.



It's possible to have words bewteen the last ENDOF and the word ENDCASE: in this case, these words will be executed if none case was encountered.



This control structure will be used in the case: compare a given value with some others, and make specific actions for each one.



Here is the stack protocol of the words of this control structure (at run-time):



CASE	( n --- )

OF	( n --- )

ENDOF	( --- )

TIPOF	( --- )

ENDCASE	( --- )



TIMES ... ENDTIMES

This control structure has the next 'syntaxe':



	TIMES

		...

	ENDTIMES



Each word of the control structure operate as:

TIMES: pops the value from top stack.

If zero, control is given to next word after ENDTIMES.

If not zero, value is kept for future test by ENDTIMES. Then value zero is used as starting indice (internal), and control is given to next word.

ENDTIMES: increments by one the current (internal) indice.

If this value reaches the initial value popped by TIMES, then control is given to next word (exit loop).

If this value is lower to initial value popped by TIMES, then control is given to first word after TIMES.



It is possible to know the value of the current internal indice with the word I: it pushes on stack that value (within the range 0 to n-1).



This control structure will be used in the case: repeat actions a given number of times.



Here is the stack protocol of the words of this control structure (at run-time):



TIMES	( n --- )

I	( --- n )

ENDTIMES	( --- )



DO ... ENDDO

In its simplest form, this control structure has the next 'syntaxe':



	DO

		...

	ENDDO



In this case, each word of the control structure operate as:

DO: pops two values from top stack.

The top stack value is the end value of next indice;

The under top stack value is the start value of next indice.

_ ENDDO: increments by one the current (internal) indice.

If this value is greater than the end value popped by DO, then control is given to next word (exit loop).

If this value is lower or equal to end value popped by DO, then control is given to first word after DO.



You can add inside the loop the words WHEN and NOTWHEN:

WHEN: pops the value from top stack.

if value is zero (FALSE flag), then control is given to next word after ENDDO (or +ENDDO or +UENDDO) (therefore leave loop).

if value is not zero (TRUE flag), then control is given to next word after WHEN (still rest into loop).

NOTWHEN: exactly the reverse of the word WHEN. Pops the value from top stack.

if value is not zero (TRUE flag), then control is given to next word after ENDDO (or +ENDDO or +UENDDO) (therefore leave loop).

if value is zero (FALSE flag), then control is given to next word after WHEN (still rest into loop).



It's possible to have a step different from value 1. In this case, use in place of ENDDO:

+ENDDO: pops the top stack value and adds it to the current indice. Two cases are to see:

1st case: the value popped by +ENDDO is positive:

it works like ENDDO, but the step is fixed (and not one).

2nd case: the value popped by +ENDDO is negative:

the loop will be stopped when current indice will be lower than the end value popped by DO.



In the same manner, it's possible to use the word +UENDDO instead the word +ENDDO: it works the same as, but comparaison is made against unsigned values.



This control structure will be used in the case: repeat actions for indice going from one value to another.



Note that words inside the control structure are at least execute one time, whatever start and end values of indice.



Here is the stack protocol of the words of this control structure (at run-time):



DO	( n1 n2 --- )

I	( --- n )

J	( --- n )

K	( --- n )

L	( --- n )

M	( --- n )

WHEN	( f --- )

NOTWHEN	( f --- )

ENDDO	( --- )	Alias for LOOP

LOOP	( --- )	Alias for ENDDO

+ENDDO	( n --- )	Alias for +LOOP

+LOOP	( n --- )	Alias for +ENDDO

+UENDDO	( u --- )	Alias for +ULOOP

+ULOOP	( u --- )	Alias for +UENDDO



MAKE ... ENDMAKE

This control structure is a cousin of the DO...ENDDO structure and has the next 'syntaxe':



	MAKE				+MAKE

		...	or			...

	ENDMAKE				ENDMAKE



Each word of the control structure operate as:

+MAKE: pops three values from top stack:

1st value is the indice value to start;

2nd value is the last value for indice;

3rd value is the step.

MAKE: pops two values from top stack:

1st value is the indice value to start;

2nd value is the last value for indice;

The step is implicit: 1

ENDMAKE: increments by the step the current (internal) indice.

If this value reaches or is greater than the end value popped by MAKE or +MAKE, then control is given to next word (exit loop).

Else control is given to first word after MAKE or +MAKE (stay inside loop).



As in DO...ENDDO structure, it is possible to know the value of the current internal indice with the words I, J, K, L and M.



This control structure will be used in the case: repeat actions with indice from a given value to another.



Here is the stack protocol of the words of this control structure (at run-time):



+MAKE	( n1 n2 n3 --- )

MAKE	( n1 n2 --- )

ENDMAKE	( --- )

�Memory

Introduction

This chapter is to read closely with the chapter 'Defining��� words'. Indeed, memory is asked by such words. So, in this chapter we will not be concerned by how memory has been allocated. We just explain words which work on data in memory.



Froth offers a protection against memory violation: if you try to read/write from/into memory not allocated, program will be stopped gracefuly, and shows in which definition there is a problem.



A word about memory used by Froth. When running Froth, it asks from host operating system all the memory available. This memory will be then used under the total control of Froth. In free memory, we will found code and data. Code space and Data space are managed separatly by Froth (code area grows from low to hight, data from hight to low). If you use huge arrays of data, you will have less space for code.



Because access is more efficient on addresses multiple of 4 on 386 processors, code and data addresses are always multiple of 4.



You cannot use for yourself the memory below 1Mb, only all the memory above. All the memory below 1Mb is used internally by FORTH for things like:

FROSTED private code;

FROSTED buffers (depends of their size);

Froth words available on power-on ('library');

Froth internal variables and buffers (cross ref table, ...);

...

Glossary

MEMFREE	( --- n )

This return the amount of free memory for CODE and DATA. This value is given in bytes. As said above, free memory is shared by code and data.



MEM	( --- )	System word

This word give informations about memory used: how munch space is used by code and by data, and more informations.



CMOVE	( addr1 addr2 n --- )	Alias is:	BMOVE

This word moves fastly an area of memory from one place to another. <addr1> is the destination address, <addr2> is the source address, <n> is the number of bytes to move. If destination address is above source address (ie if addr1 > addr2), then CMOVE will decrement pointers. As opposite as (CMOVE), this word implement memory protection: you must use this word only on memory allocated by yourself.



(CMOVE)	( addr1 addr2 n --- )	Alias is:	(BMOVE)

This word moves fastly an area of memory from one place to another. <addr1> is the destination address, <addr2> is the source address, <n> is the number of bytes to move. If destination address is above source address (ie if addr1 > addr2), then CMOVE will decrement pointers. As opposite as (CMOVE), this word does not implement memory protection: you must use this word only on memory not allocated by yourself.



FILL	( addr c n --- )

This word fills <n> bytes with value <c> starting address <addr>.



@	( addr --- n )	Macro

This word reads the 32-bits integer stored at address <addr>, then pushes the value read <n> on stack. The word @ is used among others to read value of variable created by the defining�word INT.



(@)	( addr --- n )

Does the same thing than  @ but does not implement memory protection.



[@]	( addr --- n )

Does the same thing than @ but does not implement memory protection and read at real address (useful to read into the rom space).



W@	( addr --- w )

This word reads the 16-bits integer stored at address <addr>, then pushes the value read <w> on stack.



(W@)	( addr --- w )

Does the same thing than W@ but does not implement memory protection.



[W@]	( addr --- w )

Does the same thing than W@ but does not implement memory protection and read at real address (useful to read into the rom space).



C@	( addr --- c )

This word reads the 8-bits integer stored at address <addr>, then push the value read <c> on stack.



(C@)	( addr --- c )

Does the same thing than C@ but does not implement memory protection.



[C@]	( addr --- c )

Does the same thing than C@ but does not implement memory protection and read at real address (useful to read into the rom space).



!	( n addr --- )	Macro

This word writes the 32-bits integer <n> at address <addr>. The word ! is used among others to write value of variable created by the defining�word INT.



(!)	( n addr --- )

Does the same thing than ! but does not implement memory protection.



W!	( w addr --- )

This word writes the 32-bits integer <w> at address <addr>.



(W!)	( addr --- n )

Does the same thing than W! but does not implement memory protection.



C!	( c addr --- )

This word writes the 32-bits integer <c> at address <addr>.



(C!)	( addr --- n )

Does the same thing than C! but does not implement memory protection.



@swap	( addr1 addr2 --- )

This word exchange fastly the two 32-bits integer values stores at addresses <addr1> and <addr2>.



W@swap	( addr1 addr2 --- )

This word exchange fastly the two 16-bits integer values stores at addresses <addr1> and <addr2>.



C@swap	( addr1 addr2 --- )

This word exchange fastly the two 8-bits integer values stores at addresses <addr1> and <addr2>.



@==	( n addr --- f )

This word test fastly an integer variable with a given value: tf (TRUE) is pushed on stack if equality, else ff (FALSE).



@=!	( n addr --- f )

This word test fastly an integer variable with a given value: tf (TRUE) is pushed on stack if not equality, else ff (FALSE).



@0==	( addr --- f )

This word test fastly an integer variable with zero value: tf is pushed on stack if variable is null, else ff (FALSE).



@0=!	( addr --- f )

This word test fastly an integer variable with zero value: tf is pushed on stack if variable is not null, else ff (FALSE).



FALSE!	( addr --- )	Macro

Store value zero (ie logical false value) to a boolean variable.



TRUE!	( addr --- )	Macro

Store value one (ie logical true value) to a boolean variable.



FALSE?	( addr --- f )	Macro

Return true flag (ie 1 integer value) if a given boolean variable is false, else false flag (ie 0 integer value).



TRUE?	( addr --- f )	Macro

Return true flag (ie 1 integer value) if a given boolean variable is true, else false flag (ie 0 integer value).



0!	( addr --- )	Macro

Store fastly zero value to an integer variable.



1!	( addr --- )	Macro

Store fastly one value to an integer variable.



-1!	( addr --- )	Macro

Store fastly -1 value to an integer variable.



+!	( n addr --- )	Macro

Add fastly a given value to an integer variable.



1+!	( addr --- )	Macro

Add fastly one to an integer variable.



2+!	( addr --- )	Macro

Add fastly two to an integer variable.



-!	( n addr --- )	Macro

Sub fastly a given value to an integer variable.



1-!	( addr --- )	Macro

Sub fastly one to an integer variable.



2-!	( addr --- )	Macro

Sub fastly two to an integer variable.



*!	( n addr --- )

Multiply fastly a given value to an integer variable.



2*!	( addr --- )

Multiply fastly an integer variable by two.



/!	( n addr --- )

Divide fastly an integer variable by a given value.



2/!	( addr --- )

Divide fastly an integer variable by a two.



?	( addr --- )

Print the value of 32-bits signed integer stored at given address. The value is printed using the value of base for integer numeric I/O. This word is imply defined as:

	: ? (@) . ;



W?	( addr --- )

Print the value of 16-bits signed integer stored at given address. The value is printed using the value of base for integer numeric I/O. This word is imply defined as:

	: W? (W@) . ;



C?	( addr --- )

Print the value of 8-bits integer stored at given address. The value is printed using the value of base for integer numeric I/O. This word is imply defined as:

	: C? (C@) . ;



DUST	( --- )

Asking for a garbage collection. Due to the scheme of memory allocation (see the chapter 'Defining-words', section 'When memory is allocated), there can be 'hole' into memory space. This memory is recovered by the word DUST. Note that DUST is run automatically in two circumstances:

when forgetting definitions,

on allocation when the amount of memory which can be recovered by DUST reach the value given by the DustThreshold variable.



DustThreshold	( --- addr )

Amount theshold (of memory which can be recovered by DUST) which leads to dust automatically on space allocation.



DataSalvage	( --- n )

Amount of memory which will be recovered if running DUST.



�Defining�words - Memory allocation

Introduction

This chapter introduce the concept certainly the most interesting about Froth language. And, of course, the most difficult. Because this is the reference section, things are not explicited in detail, see the tutorial section to have more explications and examples.



The basic purpose of a defining�word is to define (create) a new definition, with data and actions on this. So each defining�word is to be followed by a definition name, the one created.



Built-in defining�words

Note

See the tutorial section 'Definining words' to see how the next words are coded in FROTH.

CONST		Alias:	CONSTANT

This defining�word is used to create an integer constant. 



Compile-time	Stack: ( n --- )

The new definition is created. The integer is popped from stack and stored into the definition created.



Run-time	Stack: ( --- n )

Calling the definition created with CONST will push on stack the initial value popped at creation.

INT		Alias:	VARIABLE		INTEGER

This defining�word is used to create an integer variable. 



Compile-time	Stack: ( --- )

The new definition is created. A cell (32-bits) is reserved to store the value of variable.



Run-time	Stack: ( --- addr )

Calling the definition created with INT will push the cell's address.



The words @ and ! will be used to read and store integer value from/to an integer variable.

IINT		Alias:	IINTEGER

This defining�word is used to create an integer variable with an initial value.



Compile-time	Stack: ( n --- )

The new definition is created. A cell (32-bits) is reserved to store the value of variable.



Run-time	Stack: ( --- addr )

Calling the definition created with INT will push the cell's address.



The words @ and ! will be used to read and store integer value from/to an integer variable.

LOGICAL

This is nearly the same thing than INT, but more appropriate to use if the integer stored is to be considered as a logical value (say a boolean).

ILOGICAL

This is nearly the same thing than IINT, but more appropriate to use if the integer stored is to be considered as a logical value (say a boolean).



Creating defining�words

Introduction

To create a new defining�word, you will have to answer to the two next questions:

What to do at compilation-time ?

What to do at run-time ?



In general (it's a guideline):

At compile-time, memory is reserved, and, possibly, initial values are stored.

At run-time, tests are possibly made about parameters (if any, think to indices of array for example), then, finally, an address is returned (address of data).



To create defining�words, we have to use three words:

BUILD>	is used to create the new definition (name is parsed from input stream)

(CREATE is an alias for BUILD>)

ALLOT	reserve space for the new definition;

DOES>	introduce the run-time part of the definition.



These three words must be used in the given order, and each one must be given.



Words between BUILD> and DOES> are executed at compilation. Words after DOES> are executed only by definitions created (so we call this time run-time).

Let's take a sample example

Because, things are not quite sample, let's take an example. We will take the example of CONST word. Because, the CONST word already exist, we will call our defining word doCONST.



Answering to two above questions:



What to do at compile time ?

create the new definition (the integer question therefore);

allocate space for an integer;

store constant's value into the area allocated.



What to do at run-time ?

read constant's value stored;

push-it on stack.



Then we can write the definition of the defining-word CONST:



: doConst�  build>�	1 ALLOT !�  does>�	@ ;

BUILD> ALLOT and DOES>

BUILD>

BUILD> introduces the actions made at compile-time. Thus, when we type "10 doConst myConst", the three words (and only) "1 ALLOT !" will be executed. BUILD> must be the first word compiled of a definig-word.

ALLOT		( n --- addr )

ALLOT allocate <n> cells (32-bits) of data for the definition created. Then, the address of the first cell is pushed onto stack. If there is no more memory free, there is two possibilities:

?AllotFail is set to TRUE (default): then an error occurs with the message "Out of memory".

?AllotFail is set to FALSE: then, ALLOT return 0, and it's the programmer's responsability to manage such case.



In place of ALLOT, we could use:

BALLOT: same as ALLOT, but ask for <n> bytes.

WALLOT: same as ALLOT, but ask for <n> words.

DOES>

DOES> introduces the actions made at run-time, ie executed by the definitions created by the defining-word. Thus, when we call myVar, the next word will be executed "@". A very important thing: when the defined word is executed, is pushed on stack the address of the 1st cell which was allocated by ALLOT.

When memory space is allocated ?

Allocation-class of a variable

Note

The term 'variable' used here is not very appropriate, but we will use to simplify the discussion. By 'variable', we means a definition created by a defining-word.



This question introduces allocation-class of the variable. In Froth, there are three allocation-classes for variables:

global variable;

automatic variable;

dynamic variable.

Global variable

A global variable is defined outside a definition, ie in execute state (not compile state). Allocation space is made when loading the file (or parsing keyboard input). After the definition (the variable) has been compiled, space for this definition is allocated, and will stay until we forget this definition. A global variable follows the general rules of visibility of definitions: she will be callable only by definitions compiled after her (no forward references).

Automatic variable

An automatic variable is defined inside a definition. Allocation space is made, automatically, on entering into the definition, and is released automatically on exit. An automatic variable is know only by the definition where she is defined. She can't take the same name as any existing definition (according to the context vocabulary of course). Space is not allocated on stack, so huge data can be allocated.

Dynamic variable

A dynamic variable is very similar to a global variable, but that is the programmer's responsability to manage allocation and release of the space needed by the variable. Two words are used for that:

ALLOC	ask for allocate space for the variable;

FREE	ask for release memory used by the variable.



A word is used to define a variable as dynamic:

DYNAMIC	



In the example above (even it's not a good example, because it's rather stupid to use dynamic variables for only one cell), we could use CONST as:



dynamic doConst myConst

: Creating

  10 alloc myConst ;

: Using

  myConst . ;

: Freeing

  free myConst ;



Note the fact that the compile-time actions are not executed when creating the word, but when allocating space. So, initial parameters on stack needed by the defining-word doCONST will be pushed on stack on ALLOC use.



Of course, trying to:

to use ALLOC or FREE to a not dynamic variable;

to use a dynamic variable when space is not allocated;

to allocate space for a dynamic variable of which space is already allocated;

to free space of a dynamic variable of which space has not been allocated (or has beed freed)

will lead to an error.

ALLOTMORE, BALLOTMORE and WALLOTMORE

When creating a global variable, it's not always possible to know how many memory will be used by this variable. In this special case, we will use the word ALLOTMORE which allows to adds 32-bits cells of data to the last global variable defined. For example, we will use ALLOTMORE in the next situation:



TABLE myTable

    10 , 20 , 30 , 40 , 50 ,



See the tutorial section to see code for the words , and TABLE.



Building structures

Introduction

Froth lets you create structure as in 'C' or PASCAL language. This is a convenient way to mix and match various types. Structures is a data type that contains one or more data elements called members. The size of the structure is know only when used to create a structure object. Froth lets you fully nest structures within one another, that means that a member can be a structure name.



Structures are very close to defining-words. There are also used to build objects. And you can define methods for structures



We will describe structure using through an example.



Structure example

In this example, we will create a structure to hold persons, with some informations about them.



( Force decimal for integer numeric I/O )

decimal



( Compiler strategy )

?speed.true!                                                   // Choose speed vs. size

?safe.true!                                                    // Run-time check stack under/overflow

?iarithoverflow.true!                                          // Run-time check integer arithmetic overflow

?chat.true!                                                    // Print a dot for each compiled definition



( Empty word: this is the 1st word, we kill it on each load )

forget <task>

: <task> ;



// ---------------------------------------------------------------------------------------------------------------------------- \\

// ·      Word : WINT                                                                                                           \\

// ·     Stack : Compile-time: ( --- )           Input-stream: WINT name                                                        \\

// ·                 Run-time: ( --- addr )                                                                                     \\

// Description : As built-in INT, this is defining-word to use 16-bits integer variable.                                        \\

// ·   Callers :                                                                                                                \\

// ·     Calls :                                                                                                                \\

// ---------------------------------------------------------------------------------------------------------------------------- \\

:  wint

   build>                                                      // Define compile-time part:

       1 wallot                                                // ( --- addr )  Allocate 16-bits cell

       drop                                                    // Discard address's cell

   does>                                                       // Define run-time part:

       ;   // wint



// ---------------------------------------------------------------------------------------------------------------------------- \\

// ·      Word : BINT                                                                                                           \\

// ·     Stack : Compile-time: ( --- )           Input-stream: WINT name                                                        \\

// ·                 Run-time: ( --- addr )                                                                                     \\

// Description : As built-in INT, this is defining-word to use 8-bits integer variable.                                         \\

// ·   Callers :                                                                                                                \\

// ·     Calls :                                                                                                                \\

// ---------------------------------------------------------------------------------------------------------------------------- \\

:  bint

   build>                                                      // Define compile-time part:

       1 ballot                                                // ( --- addr )  Allocate 8-bits cell

       drop                                                    // Discard address's cell

   does>                                                       // Define run-time part:

       ;   // bint



// ---------------------------------------------------------------------------------------------------------------------------- \\

// ·      Word : DATE                                                                                                           \\

// ·     Stack : none                                                                                                           \\

// Description : This is a class.                                                                                               \\

// ·   Callers :                                                                                                                \\

// ·     Calls :                                                                                                                \\

// ---------------------------------------------------------------------------------------------------------------------------- \\

struct DATE

    wint   wYear                                               // 1995 for example

    bint   bMonth                                              // 1, 2, ... 12

    bint   bDay                                                // 1 .. 31

endstruct



// ---------------------------------------------------------------------------------------------------------------------------- \\

// ·      Word : DATE!                                                                                                          \\

// ·     Stack : ( d m y addr --- )                                                                                             \\

// Description : This is a method for DATE class: initialize a value to a DATE object.                                          \\

// ·   Callers :                                                                                                                \\

// ·     Calls :                                                                                                                \\

// ---------------------------------------------------------------------------------------------------------------------------- \\

:  DATE!

   >R R W!                                                     // ( d m y addr --- d m )

   R 2+ C!                                                     // ( d m --- d )

   R> 3 + C!                                                   // ( d --- )

   ;   // DATE.!



// ---------------------------------------------------------------------------------------------------------------------------- \\

// ·      Word : PERSON                                                                                                         \\

// ·     Stack : none                                                                                                           \\

// Description : This is a class.                                                                                               \\

// ·   Callers :                                                                                                                \\

// ·     Calls :                                                                                                                \\

// ---------------------------------------------------------------------------------------------------------------------------- \\

struct PERSON

    24 fstring   zName                                         // Name of the person

    18 fstring   zFirstname                                    // First name of the person

    DATE        sBirthday                                      // Birthday for this person

    bint        bAge                                           // Computed age of the person

endstruct



PERSON gsOliver



:   example

    " SINGLA" gsOliver.zName $!

    " Oliver" gsOliver.zFirstname $!

(   1961 gsOliver.sBirthday.wYear W!

       5 gsOliver.sBirthday.bMonth C!

      23 gsOliver.sBirthday.bDay C! )

    23 5 1961 gsOliver.sBirthday date!

    ;  // example

�Fixed and Dynamic strings

Introduction

In Froth, strings are, as in ‘C’ language, endded with a ‘\0’. So, they are handled by an address on stack. Therefore, pushing a string on stack means pushing its adress. 



In Forth, I have used the next conventions:

all string variables end with the $ character;

all string functions begin with the $ character.



Introduction

A litteral string begins with the word ". So, next space (after the ") is not part of string, but is used by Interpret to parse the " word.. In execute state (not compile), Froth moves the given string to a temporary place, then pushes its address on stack. In compile mode, the string is stored inside the definition (code segment). At run-time, Froth just pushed its address on stack.



A litteral string can use the ‘\’ character as:

enter an hexadecimal given character (ex: ‘\41’ means ‘A’);

skip a line (‘\n’).



Examples:	1)	" ABCD EFG " TYPE

		2)	: test " ABCD EFG" TYPE ;



Constant string

A constant string is just a word (definition) associated with a litteral string. It could be not be modified.



Example:	" Game of LIFE" CSTRING myTittle

		myTittle TYPE

Fixed string

A fixed string is a variable which can be associated a string with a length from 0 (null string) to a given length. Max length is given at fixed string creation time. Trying to store a string bigger than this max string length .leads to a run-time error.



Example:	8 FSTRING myStr$

		" abc" myStr$ $!

		" defgh" myStr$ $+		// is OK

		" defghi" mySTr$ $+		// is not OK



Dynamic string

A dynamic string is the same as a fixed string, but space allocated for the string can grow as needed. Length of a dynamic string is only limited by the amount of available memory. So, at dynamic string creation time, you will give:

an initial max length (as a fixed string);

the increment length (used any time the string grows)..



Example:	12 8 DSTRING myStr$

		" Hello" myStr$ $!

		" Hello my " myStr$ $+	// space allocated is 12 (len = 9)

		" world !" myStr$ $+	// space allocated is 20 (len = 16)



Glossary

CSTRING

This defining�word is used to create a string constant. 



Compile-time	Stack: ( addrz --- )

The new definition is created. Space is reserved to store the value of the constant string.



Run-time	Stack: ( --- addrz )

Calling the definition created with CSTRING will push the string's address.



FSTRING

This defining�word is used to create a fixed string variable. 



Compile-time	Stack: ( n --- )

The new definition is created. Space is reserved to store a string on max length <n>. String is initialized to null string when created with FSTRING.



Run-time	Stack: ( --- addrz )

Calling the definition created with FSTRING will push the string's address.



The words $! $+ ... will be then used to store string value into a string variable (fixed or dynamic).



DSTRING

This defining�word is used to create a dynamic string variable. 



Compile-time	Stack: ( n1 n2 --- )

The new definition is created. Space is first reserved to store a string on max length <n1>. <n2> is the increment size when string's space grows. String is initialized to null string when created with FSTRING.



Run-time	Stack: ( --- addrz )

Calling the definition created with DSTRING will push the string's address.



?STRING	( addrz --- addrz )

Issue an error if given address is not a valid string (either fixed or dynamic).



?FIXEDSTRING	( addrz --- addrz )

Issue an error if given address is not a valid fixed string.



?DYNAMICSTRING	( addrz --- addrz )

Issue an error if given address is not a valid dynamic string.



NULL$	( --- addrz )

Push the address of the null string (length = 0).



$LEN	( addrz --- n )

Return the current length of the given string.



$MLEN	( addrz --- n )

Return the max length allocated of the given string. This definition is only useful for fixed strings.



$UpperCase	( addrz --- addrz )

Convert each character of the given string to uppercase .



$LowerCase	( addrz --- addrz )

Convert each character of the given string to lowercase .



$==	( addrz1 addrz2 --- f )

Compare the two given strings: return <tf> if the strings are the same, else return <ff>.



$<	( addrz1 addrz2 --- f )

Compare the two given strings: return <tf> if <addrz1> string is lesser than <addrz2> string, else return <ff>.



$<=	( addrz1 addrz2 --- f )

Compare the two given strings: return <tf> if <addrz1> string is lesser or equal than <addrz2> string, else return <ff>.



$>	( addrz1 addrz2 --- f )

Compare the two given strings: return <tf> if <addrz1> string is greater than <addrz2> string, else return <ff>.



$>=	( addrz1 addrz2 --- f )

Compare the two given strings: return <tf> if <addrz1> string is greater or equal than <addrz2> string, else return <ff>.



$!	( addrz1 addrz2 --- )

Copy the string <addrz1> to <addrz2>. A run-time error occurs if <addrz2> is a fixed string and <addrz1> length exceeds <addrz2> max length (as given when creating with FSTRING). If <addrz2> is a dynamic string, space allocated for the string can grow as needed. A run-time error occurs if <addrz1> or <addrz2> are not a string.



$+	( addrz1 addrz2 --- )

Add the string <addrz1> at the end of the string <addrz2>. A run-time error occurs if <addrz2> is a fixed string and final length exceeds <addrz2> max length (as given when creating with FSTRING). If <addrz2> is a dynamic string, space allocated for the string can grow as needed. A run-time error occurs if <addrz1> or <addrz2> are not a string.



+$	( addrz1 addrz2 --- )

Add the string <addrz2> at the end of the string <addrz1>. A run-time error occurs if <addrz1> is a fixed string and final length exceeds <addrz1> max length (as given when creating with FSTRING). If <addrz1> is a dynamic string, space allocated for the string can grow as needed. A run-time error occurs if <addrz1> or <addrz2> are not a string.



$FIND	( addrz1 addrz2 --- addrz2 n )

Search the string <addrz1> from the beginning of the string <addrz2>. If not found, <n> value is -1. If found, <n> is the offset of the sub-string (from 0). A run-time error occurs if <addrz1> or <addrz2> are not a string.



$CopyToChar	( addrz1 n c addrz2 --- )

Copy into the string <addrz2> from the string <addrz1> starting at offset <n>, and until character <c> or end of string is reached. A run-time error occurs if <addrz2> is a fixed string and final length exceeds <addrz2> max length (as given when creating with FSTRING). If <addrz2> is a dynamic string, space allocated for the string can grow as needed. A run-time error occurs if <addrz1> or <addrz2> are not a string.



$CopyChars	( addrz1 n1 n2 addrz2 --- )

Copy into the string <addrz2> from the string <addrz1> starting at offset <n1>, <n2> characters or end of string is reached. A run-time error occurs if <addrz2> is a fixed string and final length exceeds <addrz2> max length (as given when creating with FSTRING). If <addrz2> is a dynamic string, space allocated for the string can grow as needed. A run-time error occurs if <addrz1> or <addrz2> are not a string.



$MONTH	( n --- addrz )

Return the name of the n-th month of a year (n is within [0, 11]). The length of the months name is 3 characters (Jan, Feb, Mar, ...).



$INPUT	( addrz n --- )

Read from the keyboard a string (stored into addrz) of n characters max. BS and CR keys are handled. No more than n characters are allowed. The null string (CR with no keys hit) is allowed.



$ConvNb	( addrz n1 --- n2 n3 )	on conversion success

	( addrz n1 --- ff )	on conversion failure

Try to convert from string <addrz> starting at offset <n1> to an integer occording to the current base. On failure, the <ff> flag is returned (-1). On success, <n2> is the offset of the first charcter which has stopped numeric conversion, and <n3> is the number. A run-time error occurs if <addrz> is not a string or if <n1> is after <addrz> string length.

�Threads

Introduction

Using threads in an application allows to do a 'pseudo multi-tasking'. You cut the program in logical and autonomous entities called threads. At a given moment, only one of these entities is active (ie the processor is working for). And this is this thread that is responsable to freeze itself and give control to next thread. Not a mechanism above application (muti-tasking operating-system, like QNX).



Threads share all definitions. That means that a given definition (colon-definition or built by a defining-word) can be used by any thread. But, it's easy to build private variables for each thread (by indexing on the thread number): see tutorial section for more details.



A thread can have the two next states:

dead:		none colone-definition is attached to the thread.

running:	a colon-definition is therefore attached to the thread;



A running thread can have the two next states:

active:	this the one which the processor is running for;

held:		will be active (awoken) when active thread will yield.



A running thread does not control which next thread will be awoken when yielding: Froth use a round-robin algorithm to determine which one will be actived.



There is always at least one thread (thread #0). So your program will always be made at leats of one thread. Of course, using YIELD when there is only one thread active does not anything and is valid action.



Each thread owns its own special parameters stack. On a thread creation, it's possible to copy some parameters from the stack of the creating-thread to the stack of the created-thread.



IO and threads

Some words of the Froth nucleus does automaticcaly yielding:

KEY

Serial I/O:

FlushOutput

SerialIn

SerialRead



They are all I/O words. While the specific event is not met, YIELD is made.



Using automatic variable inside threads

When using automatic variables inside threads, you must keep in mind that allocation is not made on stack, but rather in a separate data dictionnary. So, what happens if you code something like that ?

: EachThread

  integer xx

  ActiveThread xx !

  " Thread a) " type ActiveThread .

  "  : " type xx @ . cr

  yield

  " Thread b) " type ActiveThread .

  "  : " type xx @ . cr

  yield ;



: RunThreads

  0 NewThread EachThread  drop

  0 NewThread EachThread  drop

  0 NewThread EachThread  drop

  key drop ;



You will see:

Thread a) 1 : 1

Thread a) 2 : 2

Thread a) 3 : 3

Thread b) 1 : 3

Thread b) 2 : 3

Thread b) 3 : 3



It's easy to found a smart solution in Froth. Use TINT instead of INTEGER:

: TINT

  build> MaxNbThreads allot drop

  does>  ActiveThread WordSize* + ;



Glossary

MAXNBTHREADS	( --- n )

The maximum number of threads that can be created is pushed onto stack.



NbThreads	( --- n )

Is pushed onto stack the actual number of threads. The minimal number of running threads is one: Thread #0 is always active.



ActiveThread	( --- n )

This is the number of the active thread (and the one which calls this word). This number could be used as index in a table to manage private data for each thread.



NewThread	Stack:	( n1 --- n2 )

	Input stream:	NewThread <word>

This word is used to create a new thread. To the new thread created will be attached the given existing word (colon-defined). The new thread created will be held, he will be actived on the next yield (from the yield which created this one). If the new thread cannot be created (because too munch thread in the system), <n2> is set to -1. Else, <n2> is the number of the new thread created. <n1> is interpreted as the number of integers to copy from the stack of the creating thread to the stack of the created stack.



EndThread	( --- )

This word is used by a thread to kill itself.



KillThread	( n --- )

This word is used by a thread to kill any other thread different from thread #0. If the thread number is incorrect (out of range, thread #0, or a dead thread), nothing occurs.



Yield	( --- )

This word is the heart of 'cooperative multi-tasking' concept. When called by a given thread, this thread is held, and another thread (round-robin scheduling) is awoken. 

�File functions

Introduction

Before working with a file, you must open it. A file handle is then returned. This file handle is used with all file related functions (except opening). When a file is opened, a file pointer is maintained by operating system. This is the current file position. Reading from file or writing to file will be done starting this position (which can be know and modified).



Glossary

FileIOStatus	( --- n )

Return the status of the last file I/O definition called. FILEIOSTATUS has to be called in case of error of a file related function.



R/O	( --- n )

W/O	( --- n )

R/W	( --- n )

These constants will be used with OPEN-FILE. R/O means Read Only. W/O means Write Only. R/W means Read Write. With OPEN-FILE, if the given file does not exist, only W/O and R/W create the file.



Open-File	( addrz n --- fh )

Open the given file. n is the access mode (R /O, W/O or R/W). If the file does not exist, it is created only if access mode is R/W or W/O. The file handle fh is returned, or -1 on error. The filename can contains pathname.



Close-File	( fh --- )

Close the given file (file handle given). None status is returned on stack, so use FileIOStatus to see if Close-file was OK.



File-Position	( fh --- n )

Return the current file position for the given file (handle fh).



File-Reposition	( fh n1 n2 --- n3 )

Seek-Set	( --- n )	from beginning of file

Seek-Cur	( --- n )	from current file position

Seek-End	( --- n )	from end-of-file

Move the file pointer (current file position) to a given location. fh is the handle of the file. n1 is the method of moving (seek-xxx). n2 is new pointer value/increment.



Emit-File	( fh c --- n )

Send one character to the given file. Return the number of written characters to file (1 if no error, -1 if error).



File-Size	( fh --- n )

Return the length in bytes of the given opened file.



?FileExist	( addrz --- f )

Return a flag : tf if file exist, ff is file does not exist.



Delete-File	( addrz --- )

Delete the given filename. Of course, file should not be opened.



Write-File	( fh addr n1 --- n2 )

Write to file (handle fh) n1 bytes from buffer at addr. The number  of characters written is returned on stack, or -1 on error (in this case call FILEIOSTATUS). The characters are written to file at current file position (see FILE-POSITION or FILE-REPOSITION).



Read-File	( fh addr n1 --- n2 )

Read from file (handle fh) n1 bytes (or less if end-of-file is reached). Data are stored in buffer at addr. The number of characters read is returned on stack, or -1 on error (in this case call FILEIOSTATUS). You can call the word ?EOF to see if end-of-file has been reached. The characters are read from file starting current file position (see FILE-POSITION or FILE-REPOSITION).



?EOF	( fh --- f )

This word return true-flag (1) if after the last call to Read-File ot Read-Line on this file, end-of-file has been reached.



LineSep$	( --- addrz )

This fixed string is used by line file I/O functions such Write-Line and Read-Line: it is the value of the line seperator. Under MS-DOS, the string will be: " \0D\0A". Under UN*X (Linux, ...), the string will be: " \0d".



Write-Line	( fh addrz --- n )

Write to file (handle fh) the given string addrz. The number  of characters written is returned on stack, or -1 on error (in this case call FILEIOSTATUS). The characters are written to file at current file position (see FILE-POSITION or FILE-REPOSITION). After the string is written to file, the string LineSep$ is then written (line seperator).



Read-Line	( fh addrz n1 --- n2 )

Read from file (handle fh) a text-line of n1 max length and stored into string addrz. The number of characters read (without the length of the line separator) is returned on stack, or -1 on error (in this case call FILEIOSTATUS). The text-line is read from file starting current file position (see FILE-POSITION or FILE-REPOSITION). The string LineSep$ is used to build the text-line.

�Serial communication

Introduction

Serial communication is made under control of interruptions, for input and output. While sending or receiving data, your application is able to do others things (not blocking functions), especially if you use threads.



For receiving data, you can work at two levels (which exclude themself mutually):

character level: you get data character by character, or you can get a given number of characters on one call.

packet level: first, you have defined how packets are made (ie which characters means the end of the packet), then you will get one whole packet. You can have up to 10 differents packet specifications (think to CR, function keys, ...).



After opened a serial port, you will be given a channel number. This value identify the given port, and will be used in all serial functions (Close, Send data, Receive data).



Depending of the hardware, Froth supports ports which share the same interrupt. You have nothing special to do: just open serial ports with same interrupt number, and different base IO address, and Froth will test on interrupt which port is to be used.



Glossary

SerialOpen	( n1 n2 n3 n4 --- addr1 addr2 n5)	on success

	( n1 n2 n3 n4 --- -1 )	on failure

This definition is used to open a serial port:

	- <n1> is the serial port (3f8 for example);

	- <n2> is the hardware interrupt number (4 for example);

	- <addr1> and <n3> are address/size of buffer for input data;

	- <addr2> and <n4> are address/size of buffer for output data.

This definition return the channel number <n5> which is to be used for all serial functions.



NONEPARITY	( --- 0 )

ODDPARITY	( --- 1 )

EVENPARITY	( --- 2 )

These constants are to be used with SerialParam.



SerialParam	(n1 n2 n3 n4 n5 n6 --- )

This definition is used to parameter an opened serial port:

<n1> is the channel number (returned by SerialOpen);

<n2> is the speed, in bauds (1200, 2400, ...);

<n3> is the parity, see constants above;

<n4> is is the number of data bits (7 or 8);

<n5> is the number of start bits (0, 1 or 2);

<n6> is the number of stop bits (0, 1 or 2).



SerialClose	( n --- )

The given serial channel <n> is closed.



SerialIn?	( n1 --- n2 )

Return the number <n2> of characters available from the opened serial channel <n1>. If an error occurs, the value -1 is returned. Characters are to be read with the definition SerialIn or SerialRead, not SerialPacketRead.



SerialIn	( n --- c )

Read the next character <c> from the opened serial channel <n>. If an error occurs, the value -1 is returned. This is a blocking function: waiting until a character will be available. Note that this definition do yielding anothers threads (if any) while waiting character.



SerialRead	( n1 addr n2 --- n3 )

Read <n2> characters from the opened serial channel <n>. Characters are stored in memory starting at address <addr>. The number of characters read is returned as <n3>, or -1 if error. As SerialIn, this is a blocking function: waiting until <n2> character will be available. Note that this definition do yielding anothers threads (if any) while waiting character.



SerialDefPacket	( n1 n2 n3 n4 n5 n6 --- )

Define the characters which are used to define a packet:

<n1> is the serial channel number;

<n2> is a number between 0 and 9 (you can define up to 10 set of characters);

<n3> to <n6> are the characters. Use 0 if not used (for example: 1Bx 41x 0 0).



SerialPackets?	( n1 --- n2 )

Return the number <n2> of packets available from the opened serial channel <n1>. Packets will then be read with the definition SerialPacketRead (and not SerialRead or SerialIn).



SerialPacketRead	( n1 addr n2 --- n3 n4 )

This definition read next packet:

<n1> is the serial channel number;

<addr> is the address where packet will be stored;

<n2> is the maximum size of the packet: if packet size is greater than this value, the overflow characters will be discarded;

<n3> is the packet number (from 0 to 9), it can be used to see which characters have been received to form the packet (F1? CR? ESC? ... );

<n4> is the number of characters of the packet (the characters which have defined the end of the opacket are not stored).



SerialFlushIn	( n --- )

Flush (discard) any pending character into input buffer from the serial channel <n>.



SerialOut	( n c --- )

Send a given character <c> to an opened serial channel <n>.



SerialWrite	( n1 addr n2 --- )

Send <n2> characters (stored starting address <addr>) to the opened serial channel <n1>.



SerialFlushOut	( n --- )

Flush all pending characters to the opened serial channel <n1>. This definition waits until all characters are really sent (output is interrupt driven). Note that this definition do yielding anothers threads (if any) while waiting.



SerialAbort	( n --- )

Stop the interrupt (irq) number <n>. This definition will be used to stop interrupts before forgetting words which use SerialOpen.

�Various things

Date and Time

GETDATE	( --- n1 n2 n3 n4 )

This definition return the current date:

<n1> is the century and the year (for example: 1994);

<n2> is the month (from 0 to 11);

<n3> is the day of the month (1 to 31);

<n4> is the day of the week (0 is Sunday, 1 is Monday, ...).



GETTIME	( --- n1 n2 n3 n4 )

This definition return the current time:

<n1> is the current hour;

<n2> is the current minute;

<n3> is the current seconde;

<n4> is the current 1/100 seconde.



DATE&TIME	( --- n1 n2 n3 n4 n5 n6 )

This definition return the current date and time:

<n1> is the current hour;

<n2> is the current minute;

<n3> is the current seconde;

<n4> is the day of the month (1 to 31);

<n5> is the month (from 0 to 11);

<n6> is the century and the year (for example: 1994);



GETTICKS	( --- n )

This definition return a number which is incremented by one each msec (1/1000 sec).



DELAY	( n --- )

This definition waits <n> msec. While waiting, yield is done automatically to any other pending thread.



Words cross-reference

For each definition created by yourself, Froth is able to keep trace  of:

each words called by the definition;

each words which call the definition.



Once you have conpiled definitions, you can ask Froth about the cross-ref informations by using the word WINF, followed by the name of the definition. 



But there is much better: Froth can store these informations inside your sources ! For doing that, you must set an header before each definition you want informations. Watch out ! This header must have be set by the editor command Ctrl-Z. This is the word UPDATE which update words headers. Of course, into each header, only the informations relative to callers and calleds are touched, others (word name, stack protocol, description) are ignored. You must complete the field 'Word name' into the header, in accordance, of course, with the name of the next definition. UPDATE processes all text files which are stored into editor buffers (so up to 40). These files are not saved to disk, so you must enter editor session to save them (CTRL-U or CTRL-S).



Cross-reference is given only for the definitions you have defined, not the words of the Froth nucleus. By definitions, we means colon definitions as well as words created with defining words.



Another great thing about cross-ref. FROSTED is able to browse all referenced definitions and to go immediatly on the first line of the definition, into the text file. This is made by the command Alt Ã. You will find that is very handy. But, dont't forget: cross-ref informations are only available after compilation. If you add a new definition inside text file, this definition will not appear into the browse list until next compilation.



Trace manager

Introduction

The purpose of the trace manager is to show informations from you program when running. The functions offered are a cheap alternative to a debugger. Nevertheless, they can help you to catch bugs.



At the present time, trace manager works only if there are at least two available video pages: one for your application, one for the trace manager output. The number of available video pages depends of the current video mode. You can know it with the word #pages (screen vocabulary).

Glossary

TRACE_CLEAR	( --- )

Clear all messages previously sent by application to trace manager. It's a good thing to always begin yout application with this word (when using trace functions of course).



TRACE_BEGIN	( --- )

Start a message, to be sent to the trace manager. After TRACE_BEGIN, you will use the next functions: TRACE_. TRACE_.S and TRACE_TYPE. TRACE_END will be used to send to built message to trace manager.



TRACE_END	( --- )

Send now the message built to the trace manager.



TRACE_.	( n --- )

Add to the current message (under construction) the value on top stack integer.



TRACE_TYPE	( addrz --- )

Add to the current message (under construction) the string, whose address is popped from top stack integer.



TRACE_S.	( --- )

Add to the current message (under construction) the state of the stack.



TRACE_PAGE	( --- )

Gives control to the trace manager: you will be able to browse all recorded messages. Your applicatiion (all threads) are frozen, until you exit the trace manager (ESC).



Informations about the running version of FROTH

FrothDate	( --- n1 n2 n3 )

Return the date of the running version of Froth:

n1 is the year (example: 1996);

n2 is the month (example: 4 for May);

n3 is the day of the month (from 1 to 31).



FrothVersion	( --- n1 n2 n3 )

Return the version number of the running version of Froth:

n1 is the year (example: 1 for version ' 0.41.b' );

n2 is the month (example: 41);

n3 is the day of the month (example: 0).



PMODE	( --- n )

Return an information about how the protected memory is managed:

3 is DPMI 32-bits (example: Froth running in the DOS box under Windows 95 or Win32);

2 is VCPI;

1 is XMS;

0 for none.



Arguments given on the command line

Introduction

These words allow to get the arguments from the current line. An argument is a word delimited by space(s). For example, in the command line "    ab    cde f   g   ", there are 4 arguments: #0 is "ab", #1 is "cde", #2 is "f" and #3 is "g". If running not a turnkey application (i.e. under interpret), the command line is the one given when starting Froth from DOS shell. If running a turnkey application, this is the cpmmand line given when starting this turnkey application.

Glossary

?TurnKey	( --- f )

Return a flag wich is TRUE if running from a turnkey application (built with SAVE.EXE).



#CmdArgs	( --- n )

Return the number of arguments given in the command line.



CmdArgs$	( n --- addrz )

Return (as a string) the n-th argument given from the command line. n starts from value 0 (and might not be >= to #CmdArgs else the NullStr$ is returned).



Coding definitions into machine language - Technical tips

The [: ... :] mode

We are sorry, Froth does not come with a 386 assembler (perhaps one day...?). But, you can nevertheless define colon definitions in assembler, by giving 386 codes, directly. If you have a 386 assembler, it's an easy job, even rather tedious. Author uses Turbo Assembler v4.0, it's a good product (Froth is entirely assembled with it). Giving 386 codes operations will be given within [: :]. [: open the mode: after, Froth interprets only accepts numbers (given only in hexadecimal), comments words (ie: (, ) or //), and :] to close the mode.



Technical tips

For coding directly in assembler, you must know some tips relative to internal mechanisms of Froth.



The first very important thing is that you definition must preserve the values of registers EDI and ESI. Do not change their values !



ESI is used as pointer into stack parameters (the stack own by the current thread). So, you will use this register to access and store parameters from/on stack. If the stack contains two parameters (say n1 and n2, n2 is on the top), the next instructions will get (not pop) values:

mov		eax, [esi]			; get <n2>

mov		ebx, [esi + @WordSize]		; get <n1>

The value of constant @WordSize is 4 (size for a machine word). You will note that, like 386 stack, stack grows from hight memory to low memory. To update stack pointer, use ADD ESI, n. For example. the word DROP could be codes as:

: DROP

  [: 83 C6 04 :]		// add	esi, @WordSize

;



Examples of definitions coded in machine code (386)

1st example: 5*	( n --- n*5 )

: 5*

  [: 8B 06 :]		// mov	eax, [esi]

  [: 8D 04 80 :]		// lea	eax, [eax + eax*4]

  [: 89 06:]		// mov	[esi], eax

;



2nd example: ++	( n1 n2 n3 --- n1+n2+n3)

: ++

  [: 8B 06 :]		// mov	eax, [esi]

  [: 03 46 04 :]		// add	eax, [esi + @WordSize]

  [: 83 C6 08 :]		// add	esi, @WordSize*2

  [: 01 06 :]		// add	[esi], eax

;

�Graphics



*** not documented here: see quick words glossary and on line help ***



�APPENDIX

Quick words glossary

CONVENTIONS USED IN STACK PROTOCOL

n	integer (signed or unsigned), 32-bits.

u	unsigned integer, 32-bits.

w	integer (signed or unsigned), 16-bits.

c	char (signed or unsigned), 8-bits.

uc	unsigned char (8-bits).

f	flag (value is FALSE or TRUE).

tf	true flag.

ff	false flag.

addr	memory address.

addrz	pointer to a string endded with zero.

x	integer interpreted as a column number (starting at value 0) {graphics or text mode}.

y	integer interpreted as a row number (starting at value 0) {graphics or text mode}.

o	integer interpreted as a color {graphics or text mode}.

attr	integer interpreted as a video attribute {text mode}.

fh	integer interpreted as a file handle.

INTEGER LOGICAL OPERATIONS

FALSE	( --- ff )	Push the logical value for FALSE {ff = 0}.

TRUE	( --- tf )	Push the logical value for TRUE {tf = 1}.

OFF	( --- ff )	Push the logical value for FALSE {ff = 0}.

ON	( --- tf )	Push the logical value for TRUE {tf = 1}.

==	( n1 n2 --- f )	Compare two integers (signed or not signed) {f = (n1 == n2) ? TRUE : FALSE}.

=	( n1 n2 --- f )	Alias for ==

!=	( n1 n2 --- f )	Compare two integers (signed or not signed) {f = (n1 != n2) ? TRUE : FALSE}.

<>	( n1 n2 --- f )	Alias for !=

<	( n1 n2 --- f )	Compare two signed integers {f = (n1 < n2) ? TRUE : FALSE}.

<=	( n1 n2 --- f )	Compare two signed integers {f = (n1 <= n2) ? TRUE : FALSE}.

>	( n1 n2 --- f )	Compare two signed integers {f = (n1 > n2) ? TRUE : FALSE}.

<=	( n1 n2 --- f )	Compare two signed integers {f = (n1 >= n2) ? TRUE : FALSE}.

U<	( u1 u2 --- f )	Compare two unsigned integers {f = (u1 < u2) ? TRUE : FALSE}.

U<=	( u1 u2 --- f )	Compare two unsigned integers {f = (u1 <= u2) ? TRUE : FALSE}.

U>	( u1 u2 --- f )	Compare two unsigned integers {f = (u1 > u2) ? TRUE : FALSE}.

U<=	( u1 u2 --- f )	Compare two unsigned integers {f = (u1 >= u2) ? TRUE : FALSE}.

0==	( n --- f )	Compare an integer with value zero {f = (n == 0) ? TRUE : FALSE}.

NOT	( n --- f )	This is an alias of the definition 0==

0=	( n --- f )	This is an alias of the definition 0==

0<	( n --- f )	Compare a signed integer with value zero {f = (n < 0) ? TRUE : FALSE}

0<=	( n --- f )	Compare a signed integer with value zero {f = (n <= 0) ? TRUE : FALSE}

0>	( n --- f )	Compare a signed integer with value zero {f = (n > 0) ? TRUE : FALSE}

0>=	( n --- f )	Compare a signed integer with value zero {f = (n >= 0) ? TRUE : FALSE}

0!=	( n --- f )	Compare an integer with value zero {f = (n != 0) ? TRUE : FALSE}.

><	( n1 n2 n3 --- f )	Compare a signed int with two others {f = ((n1 > n2) && (n1 < n3)) ? TRUE : FALSE}.

>=<	( n1 n2 n3 --- f )	Compare a signed int with two others {f = ((n1 >= n2) && (n1 < n3)) ? TRUE : FALSE}.

><=	( n1 n2 n3 --- f )	Compare a signed int with two others {f = ((n1 > n2) && (n1 <= n3)) ? TRUE : FALSE}.

>=<=	( n1 n2 n3 --- f )	Compare a signed int with two others {f = ((n1 >= n2) && (n1 <= n3)) ? TRUE : FALSE}.

U><	( u1 u2 u3 --- f )	Compare an unsigned int with 2 others {f = ((u1 > n2) and (n1 < n3)) ? TRUE : FALSE}.

U>=<	( u1 u2 u3 --- f )	Compare an unsigned int with 2 others {f = ((n1 >= n2) and (n1 < n3)) ? TRUE : FALSE}.

U><=	( u1 u2 u3 --- f )	Compare an unsigned int with 2 others {f = ((n1 > n2) and (n1 <= n3)) ? TRUE : FALSE}.

U>=<=	( u1 u2 u3 --- f )	Compare an unsigned int with 2 others {f = ((n1 >= n2) and (n1 <= n3)) ? TRUE : FALSE}.

AND	( n1 n2 --- n3 )	AND logical operation between two integers {n3 = n1 & n2}.

OR	( n1 n2 --- n3 )	OR logical operation between two integers {n3 = n1 | n2}.

XOR	( n1 n2 --- n3 )	XOR logical operation between two integers {n3 = n1 ^ n2}.

SHL	( n1 n2 --- n3 )	Shift bit digit to left {n3 = n1 << n2}.

SHR	( n1 n2 --- n3 )	Shift bit digit to right {n3 = n1 >> n2}.

SetBit	( n addr --- )	Set a given bit at specified address {Set the n-th bit at [addr]}.

ResetBit	( n addr --- )	Reset a given bit at specified address {reset the n-th bit at [addr]}.

ComplBit	( n addr --- )	Reverse a given bit at specified address {Reverse the n-th bit at [addr]}.

GetBit	( n addr --- f )	Give a given bit at specified address {Return the n-th bit at [addr]}.



INTEGER ARITHMETIC OPERATIONS

MIN	( n1 n2 --- n3 )	Give the smallest signed integer between two {n3 = (n1 < n2) ? n1 : n2}.

MAX	( n1 n2 --- n3 )	Give the greatest signed integer between two {n3 = (n1 > n2) ? n1 : n2}.

UMIN	( u1 u2 --- u3 )	Give the smallest unsigned integer between two {u3 = (u1 < u2) ? u1 : u2}.

UMAX	( u1 u2 --- u3 )	Give the greatest unsigned integer between two {u3 = (u1 > u2) ? u1 : u2}.

NEGATE	( n1 --- n2 )	Negate an integer {n2 = -n1}.

ABS	( n1 --- n2 )	Give the absolute value of the given integer.

+	( n1 n2 --- n3 )	Adds two integers {n3 = n1 + n2}.

1+	( n1 --- n2 )	Adds one to an integer {n2 = n1 + 1}.

2+	( n1 --- n2 )	Adds two to an integer {n2 = n1 + 2}.

WordSize+	( n1 --- n2 )	Add an integer with the size of machine word {n2 = n1 + 4}

-	( n1 n2 --- n3 )	Subs two integers {n3 = n1 - n2}.

1-	( n1 --- n2 )	Subs one to an integer {n2 = n1 - 1}.

2-	( n1 --- n2 )	Subs tow to an integer {n2 = n1 - 2}.

WordSize-	( n1 --- n2 )	Substract an integer with the size of machine word {n2 = n1 - 4}

*	( n1 n2 --- n3 )	Multiply two integers {n3 = n1 * n2}.

2*	( n1 --- n2 )	Multiply an integer by two {n2 = n1 * 2}.

WordSize*	( n1 --- n2 )	Multiply an integer by the size of machine word {n2 = n1 * 4}

/	( n1 n2 --- n3 )	Divide two integers, the remainder is lost {n3 = n1 / n2}.

2/	( n1 --- n2 )	Divide an integer by two {n2 = n1 / 2}.

WordSize/	( n1 --- n2 )	Divide an integer by the size of machine word {n2 = n1 / 4}.

/MOD	( n1 n2 --- n3 n4 )	Divide two integers, giving quotient and remainder {n3 = n1 mod n2, n4 = n1 / n2}.

MOD	( n1 n2 --- n3 )	Divide two integers, discards the quotient {n3 = n1 mod n2}.

*/	( n1 n2 n3 --- n4 )	Performs in double precision (64 bits) the next operation: n4 = (n1 * n2) / n3

*/MOD	( n1 n2 n3 --- n4 n5 )	Performs in double precision (64 bits) the next operation: n4 = (n1 * n2) / n3 (n5 is the remainder)

RND	( n1 n2 --- n3 )	Compute a random integer n3 between n1 and n2.



STACK MANIPULATION

DEPTH	( --- n)	Push the number of integers on stack.

?ENOUGHT	( n --- )	Bring an error if the number of integers on stack is less than n. Use ?SAFE

DROP	( n --- )	Discard the integer on top stack.

DDROP	( n1 n2 --- )	Discard the two integers on top stack.

UNDER	( n1 n2 --- n2 )	Discard the integer under top stack.

NIP	( n1 n2 --- n2 )	Alias for UNDER

BELOW	( n1 n2 n3 --- n2 n3 )	Discard the integer under-under top stack.

DUP	( n --- n n )	Dupliacet the integer on top stack.

DDUP	( n1 n2 --- n1 n2 n1 n2)	Duplicate the two couple of integers on top stack.

PICK	( n1 --- n2 )	Duplicate the n1-th integer on top stack.

SWAP	( n1 n2 --- n2 n1 )	Exchange the two integers on top stack.

DSWAP	( n1 n2 n3 n4 --- n3 n4 n1 n2)	Exchange the two couple of integers on top stack.

OVER	( n1 n2 --- n1 n2 n1 )	Duplicate the integer under top stack.

ABOVE	( n1 n2 n3 --- n1 n2 n3 n1 )	Duplicate the integer under-under top stack.

ROT	( n1 n2 n3 --- n2 n3 n1 )	Rotate the top three integers on top stack.

-ROT	( n1 n2 n3 --- n3 n1 n2 )	-Rotate the top three integers on top stack.

ROLL	( n --- )	Rotate the first n top stack values.

-ROLL	( n --- )	-Rotate the first n top stack values.

TUCK	( n1 n2 --- n2 n1 n2 )	Make a SWAP then OVER



2ND STACK MANIPULATION

	Secondary stack	Primary stack

>R	( --- n )	( n --- )	Bring the top integer from 1st stack to 2nd stack.

R>	( n --- )	( --- n )	Bring the top integer from 2nd stack to 1st stack.

R	( --- )	( --- n )	Copy the top integer from 2nd stack to 1st stack?

RDROP	( n --- )		Discard the integer on top 2nd stack.

RUNDER	( n1 n2 --- n2 )		Discard the integer under top 2nd stack.

RBELOW	( n1 n2 n3 --- n2 n3 )		Discard the integer under-under top 2nd stack.

RDUP	( n --- n n )		Duplicate the integer on top 2nd stack.

RSWAP	( n1 n2 --- n2 n1)		Exchange the two integers on tio 2nd stack.

ROVER	( n1 n2 --- n1 n2 n1 )		Duplicate the integer under top 2nd stack.

RABOVE	( n1 n2 n3 --- n1 n2 n3 n1 )		Duplicate the integer under-under top 2nd stack.

RROT	( n1 n2 n3 --- n3 n1 n2 )		Rotate the top three integers on top 2nd stack.

R-ROT	( n1 n2 n3 --- n3 n1 n2 )		-Rotate the top three integers on top 2nd stack.



INTEGER NUMERIC I/O

BASE	( --- addr )	This variable is used as the base for int numeric I/O. Base can be from 2 to 26. Default value is 10.

DECIMAL	( --- )	Set decimal base for integer numeric I/O.

HEXADECIMAL	( --- )	Set hexadecimal base for integer nuleric I/O.

.	( n --- )	Print an integer, interpreted as signed, in the current base.

.R	( n1 n2 --- )	Print a signed integer n1, in the current base, right justified in a field of n2 length.

.L	( n1 n2 --- )	Print a signed integer n1, in the current base, left justified in a field of n2 length.

U.	( u --- )	Print an integer, interpreted as unsigned, in the current base.

H.	( u --- )	Print an integer, interpreted as unsigned, in hexadecimal base (16), whatever the current base.

02H.	( c --- )	Print an unsigned byte integer in hexadecimal base (16) with 2 digits, whatever the current base.

<#	( n --- )	Start the binary-ascii process conversion of an integer (signed or not signed). Must use next: # #> ...

#	( n1 --- n2 )	Binary-ascii process conv. next: divide n1 by current base,store rest (digit),return quotient n2

U#	( u1 --- u2 )	Same as #, but interger is interpreted as unsigned.

SIGN	( n --- n )	Insert minus sign (-) into the pictured output string (hidden until #>) if initial number was negative.

HOLD	( n c --- n )	Insert a given character into pictured output string (hidden until #>).

#S	( n --- )	Convert all digits of signed integer n, using current base.

U#S	( u --- )	Convert all digits of unsigned integer <u>, using current base.

#>	( n --- addrz )	End the binary-ascii process conversion of an integer (signed or unsigned).

<#S>	( n --- addrz )	Do the binary-ascii process conversion of a signed integer.

NUMBER	( addrz --- n tf ) if conversion OK	Try to convert an ascii string to an integer, according to the current base.

	( addrz --- ff ) if conversion not OK	A Flag is pushed on stack: ff on fail, tf on success.



KEYBOARD

CtrlBreak_Off	( --- )	Push a not ctrl-break managment.

CtrlBreak_Restore	( --- )	Pop a not ctrl-break managment.

KBDFILE	( addrz --- )	Load a keyboard file ("\froth\kb_fr.fkb" for example).

?ALTKEY	( --- n )	Return 1 if left ALT key is down, 2 if right ALT key is down, else return 0.

?SHIFKEY	( --- n )	Return 1 if left SHIFT key is down, 2 if right SHIFT key is down, else return 0.

?CTRLKEY	( --- n )	Return 1 if left CTRL key is down, 2 if right CTRL key is down, else return 0.

KEY	( --- c )	Read (wait) a key for keyboard. Perform YIELD while waiting.

?KEY	( --- n )	Give the number of available keys, to read with KEY.

SHIFT-ED	( --- n )	Constant value, to add to function-keys code, to have the code of the shift-ed key.

CTRL-ED	( --- n )	Constant value, to add to function-keys code, to have the code of the ctrl-ed key.

ALT-ED	( --- n )	Constant value, to add to function-keys code, to have the code of the alt-ed key.

KEYPAD-ED	( --- n )	Constant value, to add to function-keys code, to have the code of the keypad-ed key.

KEYINDICE	( c --- n )	For a given character, give value n to use with the ?KEYSTATE definition.

?KEYSTATE	( n --- f )	For a given indice-character, push a boolean which tells if key is held down or not.

KEY_INS	( --- n )	Return the code for INS key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_DEL	( --- n )	Return the code for DEL key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_HOME	( --- n )	Return the code for HOME key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_END	( --- n )	Return the code for END key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_PGUP	( --- n )	Return the code for PGUP key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_PGDN	( --- n )	Return the code for PGDN key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_UP	( --- n )	Return the code for UP key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_DOWN	( --- n )	Return the code for DOWN key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_LEFT	( --- n )	Return the code for LEFT key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_RIGHT	( --- n )	Return the code for RIGHT key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_ESC	( --- n )	Return the code for ESC key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_+	( --- n )	Return the code for + key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_-	( --- n )	Return the code for - key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_F1	( --- n )	Return the code for F1 key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_F2	( --- n )	Return the code for F2 key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_F3	( --- n )	Return the code for F3 key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_F4	( --- n )	Return the code for F4 key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_F5	( --- n )	Return the code for F5 key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_F6	( --- n )	Return the code for F6 key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_F7	( --- n )	Return the code for F7 key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_F8	( --- n )	Return the code for F8 key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_F9	( --- n )	Return the code for F9 key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_F10	( --- n )	Return the code for F10 key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_F11	( --- n )	Return the code for F11 key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_F12	( --- n )	Return the code for F12 key. You can add constants SHIFT-ED, CTRL-ED, ALT-ED, KEYPAD-ED.

KEY_ALT_A	( --- n )	Return the code for key ALT Z.

...

KEY_ALT_Z	( --- n )	Return the code for key ALT_Z.



BASIC OUTPUT TO SCREEN

EMIT	( c --- )	Send given character c to screen, at current cursor  position.

SPACE	( --- )	Send space character to screen, at current cursor position.

SPACES	( n --- )	Send n space characters to screen, at current cursor position.

CR	( --- )	Set cursor to the start of next line, and scroll screen if needed.

TYPE	( addrz --- )	Send given string (starting at given address addrz) to screen.

-TYPE	( addrz n --- )	Send given string (starting at address addrz) to screen. String is right-justified in a field of length n

TYPE-	( addrz n --- )	Send given string (starting at address addrz) to screen. String is left-justified in a field of length n

."	( --- )	Send given string (until next quote) to screen.

C"	( --- )	Alias of ."

S"	( --- )	Alias of ."

PEMIT	( c --- )	Send given character c to printer.

PTYPE	( addrz --- )	Send given string (starting at given address addrz) to printer.



MISCELANEANOUS

CharUppercase	( c1 --- c2 )	Convert a given character c1 to uppercase.

CharLowercase	( c1 --- c2 )	Convert a given character c1 to lowercase.

"	( --- addrz )	String constant: give the address of the given string (prefixed, quote delimited).

BYE	( --- )	Return to host OS (Ms/Dos), without any confirmation.

WordSize	( --- n )	Return the size of a macgine word (4, because 32-bits).

Language	( --- addr )	This variable can be used by application as language for input/ouput.

English	( --- n )	This constant is to be used with language.

French	( --- n )	This constant is to be used with language.

.S	( --- )	Show all integers available on stack.

UPDATE	( --- )	Update cross-ref header functions into source files opened into Frosted buffers.

PMODE	( --- n )	About protected mode managment: 3=DPMI 32 bits, 2=VCPI, 1=XMS, 0=none

FrothVersion	( --- n1 n2 n3 )	Return the version # of current froth.exe

FrothDate	( --- n1 n2 n3 )	Return the date of current froth.exe. n1 = year n2 =month n3 = day

?turnkey	( --- f )	Return a flag, TRUE if running a turnkey application (build with SAVE.EXE)

#CmdArgs	( --- n )	Return the number of arguments given in the command line.

CmdArgs$	( n --- addrz )	Return the n-th argument given in the command line.



THREADS

MaxNbThreads	( --- n )	Push the maximum number of threads that can be created under FROTH.

NbThreads	( --- n )	Push the nb of alive threads: between 1 (thread #0 is always alive) and MaxNbThreads

ActiveThread	( --- n )	Nb of the current active thread (the one which is executed): between 0 and MaxNbThreads-1

NewThread	Input stream: NewThread name	Create a new thread. Word <name> must exist. n2 is the nb of new thread created, or -1 if error.

	( n1 --- n2 )	New thread will not run until yield (from current thread). n1 is the nb of int copied between stacks.

EndThread	( --- )	End the current active thread (the thread which call this word). Thread #0 can't be endded.

KillThread	( n --- )	Delete a given thread. Thread #0 is always alive, and can't be killed.

Yield	( --- )	Allows anothers alive threads to be sceduled (this is cooperative multi-tasking).



FILE MANAGEMENT

FileIOStatus	( --- n )	Give the status of the last file I/O definition.

R/O	( --- n )	Constant, to be used with Open-File, means Read Only.

W/O	( --- n )	Constant, to be used with Open-File, means Write Only.

R/W	( --- n )	Constant, to be used with Open-File, means Read/Write.

Open-File	( addrz n --- fh )	Open (and create) a file, n is access mode (R/O, W/O or R/W). Return handle, or -1 if error.

Close-File	( fh --- )	Close a file, with a given handle. Ask FileIOStatus to see if operation is OK.

LineSep$	( --- addrz )	Line separator, used by Write-Line or Read-Line

?eof	( fh --- f )	Return a flag showing if end-of-file was reached (by Read-File or Read-Line)

Emit-File	( fh c --- n )	Send one character to a file. Return the number of writen characters to file (or -1 if error).

WriteFile	( fh addr n1 --- n2 )	Write data (n1 bytes from addr) to a file. Return the nb of writen chars to file (-1 if error).

ReadFile	( fh addr n1 --- n2 )	Read data  (n1 bytes from addr) from a file. Return the nb of read chars to file (-1 if error). Update ?eof

Write-Line	( fh addrz --- n )	Send a string to a file. Return the number of written characters to file (or -1 if error).

Read-Line	( fh addrz n1 --- n2 )	Read a line from file. Return the number of  read characters from file (or -1 if error). Update ?eof

SeekSet	( --- n )	Constant, to be used with File-Reposition, means: from beginning of file.

SeekCur	( --- n )	Constant, to be used with File-Reposition, means: from current position of file pointer.

SeekEnd	( --- n )	Constant, to be used with File-Reposition, means: from end of file.

File-Reposition	( fh n1 n2 --- n3 )	Move file pointer, with method n1, with offset n2. New pointer value is given (n3).

File-Position	( fh --- n )	Give the file pointer current value (from beginning of file).

File-Size	( fh --- n )	Give the length (in bytes) of an open file. Do not change file pointer position.

Delete-File	( addrz --- )	Delete a file, with a given name (can contains path).

?FileExist	( addrz --- f )	Return a flag showing if a given file exists.



TEXT SCREEN MANAGEMENT	SCREEN vocabulary

SetVideoMode	( n --- )	Select a given video mode. Update the variables: #pages #rows #cols

GetVideoMode	( --- n )	Return the current video mode.

#pages	( --- n )	Return nb of video pages available under the current video mode. Updated by SetVideoMode.

#rows	( --- n )	Return the number of rows available under the current video mode. Updated by SetVideoMode.

#cols	( --- n )	Return the nb of columns available under the current video mode.  Updated by SetVideoMode.

BackForeGround	( n1 n2 --- n3 )	Build a video attribute from background and foreground {n3 = (n1 << 4) + n2}.

ScreenBackground	( --- addr )	This variable is used implicitly as attribute by: cls clrline clreol xychar xynchar xystring

?UpdateCursor	( --- addr )	The value of this variable (FALSE,TRUE) is used to see if cursor is updated after drawing 

page#	( --- addr )	This variable contains the current video page in use (and used implicitly by all drawing functions).

page>	( --- )	Read current page from variable page# then select this video page.

>page	( n --- )	Select a given video page, then update the variable page#.

cursor	( n --- )	Change the cursor shape: 0 means no cursor, 1: a dash under characters, 2: a plain cursor

gotoXY	( x y --- )	Move cursor at column x, row y.

gotoX	( x --- )	Move cursor at column x, on current row.

gotoY	( y --- )	Move cursor at row y, on current column.

whereXY	( --- x y )	Return the current cursor position (column, row).

whereX	( --- x )	Return the current column cursor position into the current row.

whereY	( --- y )	Return the current row cursor position into the current column.

@xychar	( x y --- c )	Return the character stored at (column, row).

@xyachar	( x y --- attr c )	Return character and attribute stored at (column, row).

!xychar	( x y c --- )	Write a character at (column, row), with implicite attribute (variable ScreenBackGround).

!xyachar	( x y attr c --- )	Write a character at (column, row), with a given attribute.

!xynchar	( x y n c --- )	Write n characters starting at (column, row), with implicite attribute (variable ScreenBackGround)

!xynachar	( x y n attr c --- )	Write n characters starting at (column, row), with a given attribute.

!string	( addrz --- )	Write a string at current cursor position. Update cursor position depends of value of ?UpdateCursor.

!astring	( attr addrz --- )	Write a string at current cursor pos., with given attribute. ?UpdateCursor is used for updating cursor

!xystring	( x y addrz --- )	Write a string at (column, row).  Update cursor position depends of value of ?UpdateCursor.

!xyastring	( x y attr addrz --- )	Write a string at (column, row), with a given attribute.  ?UpdateCursor is used for updating cursor.

>xylstring_char	( c --- )	Define the delimiter character used by !XYLSTRING

>xylstring_attr	( n1 n2 n3 --- )	Define the n1-th attr/color (n2=background, n3=foreground). Use then !XYLSTRING

!xylstring	( x y addrz )	Write a string at (x, y), with attr/color description inside the string.

cls	( --- )	Clear the entire screen. Variable ScreenBackGround is used as attribute.

aCls	( attr --- )	Clear the entire screen, with a given attribute.

ClrLine	( y --- )	Clear a given line. Variable ScreenBackGround is used as attribute.

aClrLine	( y attr --- )	Clear a given line, with a given attribute.

ClrEOL	( --- )	Clear until end of current line. Variable ScreenBackGround is used as attribute.

aClrEOL	( attr --- )	Clear until end of current line, with a given attribute.

BLACK	( --- 0 )	Constant color.

BLUE	( --- 1 )	Constant color.

GREEN	( --- 2 )	Constant color.

CYAN	( --- 3 )	Constant color.

RED	( --- 4 )	Constant color.

MAGENTA	( --- 5 )	Constant color.

BROWN	( --- 6 )	Constant color.

LIGHTGRAY	( --- 7 )	Constant color.

DARKGRAY	( --- 8 )	Constant color.

LIGHTBLUE	( --- 9 )	Constant color.

LIGHTGREEN	( --- 10 )	Constant color.

LIGHTCYAN	( --- 11 )	Constant color.

LIGHTRED	( --- 12 )	Constant color.

LIGHTMAGENTA	( --- 13 )	Constant color.

YELLOW	( --- 14 )	Constant color.

WHITE	( --- 15 )	Constant color.



DATE AND TIME

GETTIME	( --- n1 n2 n3 n4 )	Get current time: n1 is hour, n2 is mn, n3 is seconds, n4 is 1/100 seconds.

GETDATE	( --- n1 n2 n3 n4 )	Get current date: n1 is year, n2 is month, n3 is day, n4 is day of the week.

GETTICKS	( --- n )	Get a value which is incremented by one each 1/18.2 sec.

TIME&DATE	( --- n1 n2 n3 n4 n5 n6 )	Get current date & time: n1: hour n2: minut n3: seconds n4: day n5: month n6: year

DELAY	( n --- )	Wait n msec, with yielding to others pending threads.



INTERPRET

?Ok	( addr --- )	When set to TRUE, interpret just print Ok, else print number of integers on stack.

?Chat	( addr --- )	When set to TRUE, interpret is chat (print a dot every compiled word).

[:	( --- )	After this word, only hex constants area allowed and stored by Froth compiler (386 codes)

:]	( --- )	Close the [: ... :] mode (enter 386 in hexa).

{	( --- )	Begin infixed evaluation expression.

}	( --- )	Close infixed evaluation expression.



CONTROL STRUCTURES

Stack protocol is shown for run-time parts of each word.

BEGIN	( --- )	Mark the top of a loop (used with AGAIN, UNTIL or WHILE / REPEAT).

AGAIN	( --- )	BEGIN..AGAIN: inconditionnal jump to the top of loop (on BEGIN).

UNTIL	( f --- )	BEGIN..UNTIL: jump to the top of the loop (BEGIN), if flag popped was FALSE. If TRUE, continue after UNTIL.

WHILE	( f --- )	BEGIN..WHILE..REPEAT: jump to the end of the loop (after REPEAT) if flag popped was FALSE. If TRUE, continue

REPEAT	( --- )	BEGIN..WHILE..REPEAT: inconditionnal jump to the top of the loop: after BEGIN.

IF	( f --- )	IF..[ELSE..]ENDIF: jump after ENDIF (IF..ENDIF) or after ELSE (IF..ELSE..ENDIF) if popped flag was FALSE.

ELSE	( --- )	IF..ELSE..ENDIF: marks the begin of words executed if flag popped by IF was FALSE.

ENDIF	( --- )	IF..[ELSE..]ENDIF: marks the end of the structure.

THEN	( --- )	Alias for ENDIF

TIMES	( u --- )	TIME..ENDTIMES: TIMES pop a number <u>, then words within TIMES and ENDTIMES are executed <u> times.

ENDTIMES	( --- )	Marks the end of the loop TIMES..ENDTIMES.

DO	( n1 n2 --- )	DO..[[NOT]WHEN..]..[+]ENDDO: marks the begin of the loop. Indice will take values from n1 to n2 (included).

WHEN	( f --- )	If popped flag was FALSE, then exit of the DO..ENDDO loop (jump after [+]LOOP).

NOTWHEN	( f --- )	If popped flag was TRUE, then exit of the DO..ENDDO loop (jump after [+]LOOP).

ENDDO	( --- )	Add one to the internal indice, jump to top of loop (DO) if indice is less than n2 popped beforehand by DO.

LOOP	( --- )	Alias for ENDDO

+ENDDO	( n --- )	Add n to the internal indice, jump to top of loop (DO) if indice is do not exceed n2 popped beforehand by DO.

+LOOP	( n --- )	Alias for +ENDDO

+UENDDO	( u --- )	Same as +ENDDO, but works with unsigned value.

+ULOOP	( u --- )	Alias for +UENDDO

MAKE	( n1 n2 --- )	MAKE..[[NOT]WHEN..]..ENDMAKE: marks begin of the loop. Indice will run from n1 to n2 (included), step 1

+MAKE	( n1 n2 n3 --- )	+MAKE..[[NOT]WHEN..]..ENDMAKE: marks begin of the loop. Indice will run from n1 to n2 (included), step n3

ENDMAKE	( --- )	Add previously given step n3 to internal indice, jump to loop top if indice is less than n2 popped beforehand by MAKE

I	( --- n )	Push the current value of indice of most inner loop.

J	( --- n )	Push the current value of indice of next to last loop.

K	( --- n)	Push the current value of index of loop, 2 levels above current level.

L	( --- n)	Push the current value of index of loop, 3 levels above current level.

M	( --- n)	Push the current value of index of loop, 4 levels above current level.

CASE	( n --- )	Marks the begin of a CASE..OF..ENDOF..OF..ENDOF..CASE structure: n will the reference value tested by each OF.

OF	( n2 --- )	Pop the value n2, compare with value n popped by CASE: if not equal, jump after next ENDOF, else continue.

ENDOF	( --- )	Jump to end of  CASE..ENDCASE structure, that is after ENDCASE.

TIPOF	( --- )	Used in place of ENDOF: control is then given to first word after next OF.

ENDCASE	( --- )	Marks the end of CASE..ENDCASE structure.



DEFINING�WORDS - MEMORY ALLOCATION

CONST	n const word	Create a 32-bits integer constant: when called, push value on stack.

CONSTANT	n constant word	Alias for CONST

INT	int word	Create a 32-bits integer variable: when called, push address on stack.

VARIABLE	variable word	Alias for INT

IINT	n Iint word	Create a 32-bits integer variable with a given initial value: when called, push address on stack.

LOGICAL	logical word	Create a boolean integer variable (32-bits) with a given initial value: when called, push address on stack.

ILOGICAL	f logical word	Create a boolean integer variable (32-bits): when called, push address on stack.

BUILD>	( --- )	Define the compile-time part of a defining�word.

CREATE	( --- )	An alias of BUILD>

DOES>	( --- )	Define the run-time part of a defining�word.

ALLOT	( n --- )	Allocate memory within run-time part of a defining�word: allocate n cells (32-bits)

BALLOT	( n --- )	Allocate memory within run-time part of a defining�word: allocate n 8-bits cells.

WALLOT	( n --- )	Allocate memory within run-time part of a defining�word: allocate n 16-bits cells.

?AllotFail	( --- addr )	When set at TRUE, this variable means that ALLOT will fail on out of memory, else return 0.

ALLOTMORE	( n --- )	Allocate more memory for the last word defined by a defining�word: allocate n 32-bits cells more.

BALLOTMORE	( n --- )	Allocate more memory for the last word defined by a defining�word: allocate n 8-bits cells more.

WALLOTMORE	( n --- )	Allocate more memory for the last word defined by a defining�word: allocate n 16-bits cells more.

DUST	( --- )	Ask for a garbage collector.

DustThreshold	( --- addr )	If not -1, this variable store the amount of lost data which leads automatically to a DUST.

DataSalvage	( --- n )	Amount of data memory which can be recovered by a call to DUST.

ALLOC	alloc word	Allocate space for a dynamic variable.

FREE	free word	Free the memory used by a dynamic variable.

DYNAMIC	dynamic defining�word word	Create a dynamic variable: space will be allocated only with word ALLOC



MEMORY

MEMFREE	( --- n )	Give amount of free memory, which can be used for code AND data.

CMOVE	( addr1 addr2 n --- )	Move n bytes from memory addr2 to addr1. Overlay is possible.

BMOVE	( addr1 addr2 n --- )	Alias for CMOVE

(CMOVE)	( addr1 addr2 n --- )	Same as CMOVE but there is no memory protection.

(BMOVE)	( addr1 addr2 n --- )	Alias for (CMOVE)

FILL	( addr c n  --- )	Fill n bytes with c starting address addr

@	( addr --- n )	Read the integer at address addr.

(@)	( addr --- n )	Read the integer at address addr with no memory protection.

[@]	( addr --- n )	Read the integer at raw address addr (useful to read into rom space).

W@	( addr --- w )	Read the 16-bits integer at address addr.

(W@)	( addr --- w )	Read the 16-bits integer at address addr with no memory protection.

[W@]	( addr --- w )	Read the 16 bits integer at raw address addr (useful to read into rom space).

C@	( addr --- c )	Read the 8-bits integer at address addr.

(C@)	( addr --- c )	Read the 8-bits integer at address addr with no memory protection.

[C@]	( addr --- c )	Read the 16 bits integer at raw address addr (useful to read into rom space).

!	( n addr --- )	Write an integer into memory.

(!)	( n addr --- )	Write an integer into memory  with no memory protection.

W!	( w addr --- )	Write a 16-bits integer into memory.

(W!)	( w addr --- )	Write a 16-bits integer into memory with no memory protection.

C!	( c addr --- )	Write a 8-bits integer into memory.

(C!)	( c addr --- )	Write a 8-bits integer into memory with no memory protection.

@swap	( addr1 addr2 --- )	Exchange the two 32-bits integers values stored at given address.

W@swap	( addr1 addr2 --- )	Exchange the two 16-bits integers values stored at given address.

C@swap	( addr1 addr2 --- )	Exchange the two byte values stored at given address.

@==	( n addr --- f )	Compare an integer variable with a given value, then return TRUE if equality.

@=!	( n addr --- f )	Compare an integer variable with a given value, then return TRUE if not equality.

@0==	( addr --- f )	Compare an integer variable with zero, then return TRUE if equality.

@0!=	( addr --- f )	Compare an integer variable with zero, then return TRUE if not equality.

0!	( addr --- )	Set integer variable to 0 value.

1!	( addr --- )	Set integer variable to 1 value.

2!	( addr --- )	Set integer variable to 2 value.

-1!	( addr --- )	Set integer variable to -1 value.

-2!	( addr --- )	Set integer variable to -2 value.

+!	( n addr --- )	Add a given integer variable by a given value.

1+!	( addr --- )	Add one to a given integer variable.

2+!	( addr --- )	Add two to a given integer variable.

-!	( n addr )	Subb a given integer variable by a given value.

1-!	( addr --- )	Sub one to a given integer variable.

2-!	( addr --- )	Sub two to a given integer variable.

*!	( n addr --- )	Multiply a given integer variable by a given value.

2*!	( addr --- )	Multiply a given integer value by value 2.

/!	( n addr --- )	Divide a given integer value by a given value.

2/!	( addr --- )	Divide a given integer value by value 2.

?	( addr --- )	Print the integer value from a given address.

W?	( addr --- )	Print the 16-bits integer value from a given address.

C?	( addr --- )	Print the 8-bits integer value from a given address.

FALSE!	( addr --- )	Store the false boolean value into a logical variable.

TRUE!	( addr --- )	Store the true boolean value into a logical variable.

FALSE?	( addr --- f )	Return tf if  logical variable is true boolean value, else ff

TRUE?	( addr --- f )	Return tf if  logical variable is false boolean value, else ff



TRACE MANAGER

TRACE_CLEAR	( --- )	Clear all messages previously sent by application to trace manager.

TRACE_BEGIN	( --- )	Start a message, to be sent to trace manager. Use after: TRACE_. TRACE_.S and TRACE_TYPE.

TRACE_END	( --- )	Send now the message built to the trace manager.

TRACE_.	( n --- )	Add to the current msg (under construction) the value on top stack integer.

TRACE_TYPE	( addrz --- )	Add to the current msg (under construction) the string, whose address is popped from top stack integer

TRACE_S.	( --- )	Add to the current message (under construction) the state of the stack.

TRACE_PAGE	( --- )	Gives control to the trace manager: you will be able to browse all recorded messages.



FIXED AND DYNAMIC STRINGS

CSTRING	compile-time:	( addrz --- )	run-time:	( ---- addrz )	Create a constant string.

FSTRING	compile-time:	( n --- )	run-time:	( ---- addrz )	Create a variable fixed  string: n is string max length.

DSTRING	compile-time:	( n1 n2 --- )	run-time:	( ---- addrz )	Create a variable dynamic  string: n1: initial max length, n2: inc size

NULL$	( --- addrz )	Push the address of the null string (length is 0).

?string	( addrz --- addrz )	Issue an error if not a valid string (either fixed or dynamic).

?FixedString	( addrz --- addrz )	Issue an error if not a valid fixed string.

?DynamicString	( addrz --- addrz )	Issue an error if not a valid dynamic string.

$LEN	( addrz --- n )	Return the current length of the given string.

$MLEN	( addrz --- n )	Return the max length of the given fixed string.

$UpperCase	( addrz --- addrz )	Convert each character of the given string to uppercase.

$LowerCase	( addrz --- addrz )	Convert each character of the given string to lowercase.

$==	( addrz1 addrz2 --- f )	Compare two strings: return tf is addrz1 is = with addrz2

$<	( addrz1 addrz2 --- f )	Compare two strings: return tf is addrz1 is < than addrz2

$<=	( addrz1 addrz2 --- f )	Compare two strings: return tf is addrz1 is <= than addrz2

$>	( addrz1 addrz2 --- f )	Compare two strings: return tf is addrz1 is > than addrz2

$>=	( addrz1 addrz2 --- f )	Compare two strings: return tf is addrz1 is >= than addrz2

$!	( addrz1 addrz2 --- )	Copy addrz1 to addrz2. 

$+	( addrz1 addrz2 --- )	Add addrz1 at the end of addrz2

+$	( addrz1 addrz2 --- )	Add addrz2 at the end of addrz1 

$FIND	( addrz1 addrz2 --- addrz2 n )	Search addrz1 from the beginning of addrz2. If  not found: n = -1, else n = offset of found string.

$CopyToChar	( addrz1 n c addrz2 --- )	Copy into addrz2 from addrz1 starting at offset  n and until character c is reached or end of string.

$CopyChars	( addrz1 n1 n2 addrz2 --- )	Copy n2 characters into addrz2 from addrz1 starting at offset  n1

$MONTH	( n -– addrz )	Return the name of the n-th month (0 <= n <= 11) in 3 characters (Jan, Feb, Mar, ...)

$INPUT	( addrz n --- )	Read a string (stored into addrz) of n characters max length.

$ConvNb	( addrz n1 --- n2 n3 )	on conversion success	Try to convert from addrz starting at offset n1 to an integer:

	( addrz n1 --- ff )	on conversion failure	n2 is offset of the 1st char which has stopped conversion, n3 is the ineteger



COMPILER - DICTIONNARY

QUIT	( --- )	Force return to interpret (abort definition execution).

"ERROR	( addrz --- )	Error with a given message (useful in run-time array bounds checking into defining words).

WordName$	( --- addrz )	Return the definition name (useful with "ERROR in run-time checking into defining words).

?load	( --- )	Error if compiling from a file.

?compile	( --- )	Error if not in compile mode.

?execute	( --- )	Error if not in execute mode.

#if	( f --- )	Pop flag: ignore next words (to #else or #end) if flag was false.

[if]	( f --- )	Alias for #if

#else	( --- )	Used with #if

[else]	( --- )	Alias for #else

#endif	( --- )	Used with #if and #else

[then]	( --- )	Alias for #endif

?Safe	( --- addr )	If true: macro words test right number of parameters, and ?Enought is compiled if invoqued.

?Speed	( --- addr )	If true: Froth compiler pivilegiate speed vs. space when compiling.

?iarithoverflow	( --- addr )	If true: Froth compiler generate code to make exception on integer arithmetic overflow (+ - * ...)

VOCABULARY	VOCABULARY definition	Create a new vocabulary definition (in current vocabulary): calling this def. will set context vocabulary.

CURRENT	( --- )	Select context vocabulary as current (the one where new definitions are added).

VOCS	( --- )	Show all vocabularies defined.

XWORDS	( --- )	Show all user definitions, starting from context vocabulary.

WORDS	( --- )	Show all definitions (user and system), starting from context vocabulary.

//	( --- )	Start a comment to end of line.

\	( --- )	Alias of //

(	( --- )	Start a comment section, will be endded by ). They are nestable.

)	( --- )	Ends comment section.

:	: definition	Define a colon-definition, enter in compile-mode. ; (semicolon) will end the compilation.

;	;	End the compilation of the last colon-definition.

IMMEDIATE	( --- )	Mark current definition being compiled as immediate.

COMPILE	COMPILE definition	Compile next immediate definition into the definition being compiled.

'	' definition	Parse next word (must be defined) and push its code address. Used typically with EXECUTE.

EXECUTE	( addr --- )	Execute code starting at given addr. Used typically with ' (tick).

FORGET	FORGET definition	Forget all definitions from the one given to the last defined into dictionnary. No error if def. doesn't exist.

?SPEED	( --- addr )	Setting this variable to TRUE means that compiler will choose speed vs. space.

?SAFE	( --- addr )	Setting this value to TRUE means that compiler will choose security vs. space and speed.

?ENOUGHT	( n --- )	If ?SAFE is TRUE, verify at run-time that there is at least n int on stack. n MUST be a constant.

"LOAD	( addrz --- )	Start the interpretation of the given file. Extension .FTH is added if one is not given.

LOAD	( --- )	Start interpretation of the file edited in the buffer #1 of FROSTED (source editor).

FROTH	( --- )	Root vocabulary which contains all base definitions (arithmetic, memory, compiler, ...)

SAVE.EXE	( addrz --- n )	Save all definitions into a standalone application (.EXE file). n is the file size or -1 if error.

STRUCT	( --- )	Begin a struct definition.

ENDSTRUCT	( --- )	End a struct definition.



SERIAL COMMUNICATION	SERIAL vocabulary

OpenSerial	( n1 n2 n3 n4 --- addr1 addr2 n5 )	n1=IO addr, n2=irq, (addr1,n3)=input buff addr/size, (addr2,n4)=output buff addr/size

		n5=channel nb

NONEPARITY	( --- 0 )	Constant to be used within SERIALPARAM.

ODDPARITY	( --- 1 )	Constant to be used within SERIALPARAM.

EVENPARITY	( --- 2 )	Constant to be used within SERIALPARAM.

SerialParam	( n1 n2 n3 n4 n5 n6 --- )	n1=channel, n2=speed, n3=parity, n4=bits (7, 8), n5=start bits (0, 1, 2), n6=stop bits (0, 1, 2)

SerialDefPacket	( n1 n2 n3 n4 n5 n6 --- )	Define chars which parse packet n2, channel n1, made with chars n3..n4.

SerialClose	( n --- )	Close serial channel n. All pending data (in and out) are discarded.

SerialIn	( n --- c )	Read (wait with yield) a character from channel n. c is -1 on error.

SerialIn?	( n1 --- n2 )	How many characters are pending on input (channel n1) ?

SerialRead	( n1 addr n2 --- n3 )	Read from channel n1n2 chars stored starting <addr1>. n3 is nb chars read, or -1 on error.

SerialPackets?	( n1 --- n2 )	Return the number n2 of available packets from serial channel n1.

SerialPacketRead	( n1 addr n2 --- n3 n4 )	n1: channel, addr where chars are stored,  n2: max size of the packet, n3: :packet nb

		n4: nb of chars in the pck

SerialFlushIn	( n --- )	Flush all chars pending on input on channel n.

SerialOut	( n c --- )	Send char c on channel n.

SerialWrite	( n1 addr n2 --- )	Send n2 chars starting at address addr on channel n1.

SerialFlushOut	( n --- )	Flush all chars pending on output on channel n.

SerialAbort	( n --- )	Close channel, with the irq n. Used before forget words opening serial



GRAPHICS		GRAPHICS vocabulary

320x200x16	( --- )	Select the given graphics mode (0x0D BIOS video mode)

640x200x16	( --- )	Select the given graphics mode (0x0E BIOS video mode)

640x350x4	( --- )	Select the given graphics mode (0x0F BIOS video mode)

640x350x16	( --- )	Select the given graphics mode (0x10 BIOS video mode)

640x480x2	( --- )	Select the given graphics mode (0x11 BIOS video mode)

640x480x16	( --- )	Select the given graphics mode (0x12 BIOS video mode)

320x200x256	( --- )	Select the given graphics mode (0x13 BIOS video mode)

800x600x16	( n --- )	Select the given graph mode. As non standard SVGA mode, BIOS video mode must be given

#gcols	( --- n )	This constant is the width of the graphics screen (number of pixels).

#grows	( --- n )	This constant is the height of the graphics screen (number of pixels).

#gcolors	( --- n )	This constant is the number of available colors under the current graphics mode.

#gpages	( --- n )	This constant is the number of available pages under the current graphics mode.

clear	( o --- )	Clear the entire graphics screen with the given color <o>.

gmode_copy	( --- n )	Raster operation for next all graphics operations: COPY

gmode_and	( --- n )	Raster operation for next all graphics operations: AND

gmode_or	( --- n )	Raster operation for next all graphics operations: OR

gmode_xor	( --- n )	Raster operation for next all graphics operations: XOR

gmode	( n --- )	Specify the logical operation made on screen for next graphics words: GAND, GOR, GXOR.

NOTFILLED	( --- n )	Constant used in some graphics definitions, meaning no filling.

FILLED	( --- n )	Constant used in some graphics definitions, meaning filling.

setpixel	( x y o --- )	Set a given pixel with a given color.

getpixel	( x y --- c )	Get a given pixel.

line	( x1 y1 x2 y2 o --- )	Draw a line between two points.

hline	( y x0 x1 o --- )	Draw an horizontal line.

vline	( x y0 y1 o --- )	Draw a vertical line.

box	( x1 y1 x2 y2 o f --- )	Draw a rectangle (ff) or a filled box (tf).



EDITOR		EDITOR vocabulary

ED	( --- )	Call built-in source editor FROSTED.

EDITOR	( --- )	Vocabulary which contains all next definitions.

C_StatusLabels	( --- addr )	This byte variable is interpreted by FROSTED as Color/Attr to draw elements on status line.

C_StatusInfos	( --- addr )	This byte variable is interpreted by FROSTED as Color/Attr to draw data on status line (INS/OVR,position)

C_NormalText	( --- addr )	This byte variable is interpreted by FROSTED as Color/Attr to draw normal edited text.

C_EditedText	( --- addr )	This byte variable is interpreted by FROSTED as Color/Attr to draw selected edited text.

C_NormalHelp	( --- addr )	This byte variable is interpreted by FROSTED as Color/Attr to draw normal help text.

C_AltText	( --- addr )	This byte variable is interpreted by FROSTED as Color/Attr to draw help text (prefix keys: ^ and @).

C_KeysText	( --- addr )	This byte variable is interpreted by FROSTED as Color/Attr to draw help text (keys).

VideoMode	( --- addr )	This variable is the video mode set by FROSTED on init. -1 means no video mode change.

?DirectVideo	( --- addr )	This variable tells is FROSTED write directly into screen memory.

dir$	( --- addrz )	Default directory added to files with no explicit directory (load and save within FROSTED).

CommentField	( --- addr )	Column position where comment starts.

LinePosAdjust	( --- addr )	Position on screen of an asked line.

EditKey	( --- addr )	Key code which calls FROSTED under interpret.



TOOLS

MEM	( --- )	Give informations about memory used (address and size).

INFOS	( --- )	Show informations about code and data size (nice to be put at the end of a loaded file).

WINF	WINF definition	Show various informations about a given definition (size, attributes, cross-ref, ...)

LIMITS	( --- )	Show all constants limits value of current froth system.

USE	USE definition	Show on-line help about the given definition (ex: USE DROP).

LIMITS	( --- )	Show all constants limits value of current froth system.

DUMP	( a1 n2 --- ) or ( addr n )	Dump memoy from addresses a1 to a2 or n bytes from addr



TOOLS ON DEBUG VERSION OF FROTH

.VOC	( --- )	Give internal informations about vocabularies.

.NIA	( --- )	Give internal informations about Names Infos Area (NIA).

.CDA	( --- )	Give internal informations about Code Area (CDA).

.DDIR	( --- )	Give internal informations about Data Directory (DDIR) {memoy blocks}..

.CREF	( --- )	Give internal informations about cross-ref.

�Limits

Note

These values are given just for informations. They may change, depending of the FROTH version used. You can see these values from FROTH interpret by typing: LIMITS. This words give right values for the current version of FROTH.



FROTH system

Max size of a word name	24

Max line length that can treated by interpret	131

Max nb of threads	32

Max nb of int on stack	16

Max nb of int on secondary stack	8

Max nb of definitions (included system words)	4096

Max nb of words references (cross ref)	5000

Max length for a filename (path + name)	63

Max nb of vocabularies	64

Max nb of variables	2048

Max nb of local variables inside a definition	24

Max nb of nested include (load)	5

Max nb of nested control structures	5

Max nb of nested CASE..ENDCASE structures	3

FROSTED editor

Max line length	130

Max nb of opened files	40

Space allocated for the biggest file	user definable (command line)

Trace manager

Space allocated for keeping messages send by application	4K

�FROSTED, the editor

Note

If your VGA card support text modes over 80x50, use them ! For example, the author has used the 132x42 mode on a SuperVGA Paradise card.

Introduction

FROSTED is the integrated editor, used inside Froth sessions to edit source programs. As you have seen beforehand in the tutorial section, definitions are not entered directly under the interpret. Your application is made by a set of definitions. Source form of these definitions are stored in one, on several text files. The purpose of FROSTED is therefore to edit these files, closely with the Froth system.



Characteristics

FROSTED is able to edit up to 40 files at the same time, with a quick access to them thought F1-F10 function keys. Files are unloaded and reloaded if needed (this save memory: only the biggest file in memory take place). Because it's entirely writen in 386 assembler, it's very fast (if the variable ?DirectVideo is set with value TRUE).



Entering into editor session

Under the interpret, you have two methods to call editor:

The first is simply to type the word ED, then return: this system word calls editor.

The second is faster: you can associate a key (see variable ED_KEY) to the editor. For example, if the key is F2, pressing F2 brings you quickly into editor session.



In any case, after editor's exit, you will be back into Froth interpret, ready to execute your definitions.



� Keys summary

Moving

_�	Move to left character. Do not move to previous line.

�_	Move to right character. Do not move to next line.

Home	Move to the begin of the line.

End	Move to the end of the line (the end is always the last non blank character).

Ctrl _�	Move to left word (a word is delimited by blanks only). Do not move to previous line.

Ctrl �_	Move to right word. Do not move to next line.

_	Move to previous line, same column.

_	Move to next line, same column.

PgUp	Move to previous page.

PgDn	Move to next page.

Ctrl PgUp	Move to the top of the screen.

Ctrl PgDn	Move to the bottom of the screen.

Ctrl Home	Move to the top of the text.

Ctrl End	Move to the bottom of the text.

CR	Move to the beginning of next line. A new line is created at the end of the text.

Ctrl _	Scroll by one line to up.

Ctrl _	Scroll by one line to down.

Alt Ã	Move to a given line number.

Shift Ã	Move to the comment field of the current line (default is column 63). See variable ED_CommentField

Alt Ã	Browse the list of all definitions compiled. On enter on a given definition, you will move to it.

F11	Mark current position (F11 is tag #0, Shift F11 is tag #1, Ctrl F11 is tag #2, Alt F11 is tag #3).

F12	Goto pos. previously marked (F11 is tag #0, Shift F11 is tag #1, Ctrl F11 is tag #2, Alt F11 is tag #3)



Insert and delete

INS	Toggle between insert / overwrite modes.

DEL	Delete the character currently under the cursor. The next line is not joined.

_	Delete the character on left, except on 1st column where nothing is made.

Ctrl INS	Delete to end of line.

Ctrl DEL	Delete the right word.

Alt INS	Insert a new line before the current line. The entire current line is moved down by one line.

Alt DEL	Delete the entire current line. The next line is moved up by one line.

Alt _	Break the current line, at the current column position.

Alt _	Join the next line with the current line.



File management

Ctrl L	Load a new file into the current buffer.

Ctrl S	Save the current file from the current buffer to file.

Ctrl V	Save as: same as Ctrl S, but a new filename is asked.

Ctrl T	Abort buffer: the current buffer is discarded.

Ctrl N	Insert a file (filename asked) into the text, at current position.

Ctrl U	Save all modified buffers.

Ctrl Q	Save all modified buffers, then return to Froth interpret.

Ctrl X	Save all modified buffers, LOAD the 1st file (buffer #0), then return to Froth interpret.



Buffer management

F1 ... F10	Select buffer #0 to buffer #9.

Shift F1 ... Shift F10	Select buffer #10 to buffer #19.

Ctrl F1 ... Ctrl F10	Select buffer #20 to buffer #29.

Alt F1 ... Alt F10	Select buffer #30 to buffer #39.

Ctrl E	Select a buffer inside a list.

Ctrl -	Select previous buffer (in use).

Ctrl +	Select next buffer (in use).



Scrap

Shift _	Make a selection of lines (lines selected are shown in reverse video).

-	Copy current selection to the scrap.

+	Paste current scrap to text, at current position (before current line).

*	Fast copy current line to scrap (no selection to make with Shift _ sequence).

/	Fast cut current line to scrap.

(The four above keys are on numeric keyboard).



Find / Replace

Ctrl F	Find a definition.

Ctrl R	Replace a definition by one other.

Ctrl A	Redo last Find / Replace.



Macros

Ctrl C	Start / End recording a macro.

Ctrl K	Save macros definitions into a file.

Ctrl R	Load macros definitions from a file.



Miscelleneous

Ctrl Y	Insert a blank file header, on top of the text (only if not already present).

Ctrl Z	Insert a blank definition header, at current position.



FROTH variables used by FROSTED

Note

Usually, you will set these variables in the file STARTUP.FTH, compiled on FROTH startup.



C_StatusLabels	( --- addr )

This variable contains a byte which is interpreted as the Attribute/Color used by FROSTED to draw elements on status lines (the top and bottoms lines).



C_StatusInfos	( --- addr )

This variable contains a byte which is interpreted as the Attribute/Color used by FROSTED to draw data on status lines (the top and bottoms lines). For example: current buffer #, row and column, filename, ...



C_NormalText	( --- addr )

This variable contains a byte which is interpreted as the Attribute/Color used by FROSTED to draw normal text (the edited text).



C_SelectedText	( --- addr )

This variable contains a byte which is interpreted as the Attribute/Color used by FROSTED to draw selected text (the edited text).



C_NormalHelp	( --- addr )

This variable contains a byte which is interpreted as the Attribute/Color used by FROSTED to draw normal text inside the help window.



C_AltHelp	( --- addr )

This variable contains a byte which is interpreted as the Attribute/Color used by FROSTED to draw text (prefix key: ^ or @), inside the help window.



C_KeysHelp	( --- addr )

This variable contains a byte which is interpreted as the Attribute/Color used by FROSTED to draw text (keys), inside the help window.



VideoMode	( --- addr )

This variable contains an integer which is interpreted by FROSTED when starting editor session as the video mode to set (see your card documentation). For example, the  mode 3 (standard) is 25x80, 16 colors. You might choose an higher mode, well adapted to edit sources programs: for example, the author use the 84 mode (132x43 on a PARADISE SuperVGA card). If the variable VideoMode is set with value -1, FROSTED keeps previous video mode and does not change the video mode. Default value is -1.



?DirectVideo	( --- addr )

This variable contains a boolean (TRUE | FALSE) which is interpreted by FROSTED to see if screen update is made directly inside video memory, instead BIOS access. You might always set ?DirectVideo to TRUE: video access throught BIOS calls is rather slow (don't forget that Froth change 386 mode from protected to real when calling BIOS or DOS...). Default value is TRUE.



dir$	( --- addrz )

This variable contains a string which is interpreted by FROSTED as a default directory added to files with no directory given. This variables is also used by the word "LOAD. Default value is null string. If you do not want a default directory, store null string:

	null$ dir$ $!



CommentField	( --- addr )

This variable contains an integer which is interpreted by FROSTED as the column position where comments start (when given in the same line of code). This comment field is usually used to describe the stack protocol. Valid values are between 48 and 72. Default value is 63.



LinePosAdjust	( --- addr )

This variable contains an integer which is interpreted by FROSTED as the line position on screen of an asked line (for example, when you go to a given line by the Alt-Ã key sequence). Valid values are in the range 5-15. Default value is 10.



EditKey	( --- addr )

This variable contains an integer which is interpreted by Froth (more exactly the interpret) as asking going editor session. You can store value -1 if you do not want use this facility. Default value is KEY_F2.



Special functions

TABS

When you load in a buffer a file which contains TABS, FROSTED transform them into spaces. So a file can take in memory more room than in the file. When saving a buffer, FROSTED always transform as many as possible of spaces into TABS.

Size allocated for editing buffer and scrap buffer

At a given instant, FROSTED can have in memory the biggest file edited (or all or several buffers if there is enought more). So you must allocate space for the biggest file you want to edit. You control the size of the buffers allocated by parameters on the command line (no, this is not Froth variables). Syntax is:

-ex	where x is the nb of K wanted for buffers size (default is 128);

-sx	where x is the nb of K wanted for scrap buffer (default is 16).

Exit with compiling

The file in buffer #0 is treated specially: when you exit FROSTED with Ctrl-X sequence (save and load), or when you invoke LOAD directly from Froth interpret, this is this file that is compiled. If your application is rather big, you will have several files. Then, these files will be called from the main file (buffer #0) by the word "LOAD. And theses files will be edited in buffer #1 and next.



When you exit with Ctrl-X sequence, Froth compile your source. If an error is met, then you will have a message, and you will be offered to re-enter directly into the editor, at the right position.

Scrap

Text into scrap is always made with complete lines.

Macros

You can define up to 26 macros. A macro is always called by the key sequence: Alt + letter. Macros can be saved into a file, to be restored in another Froth session. Their purpose is is to automatize tedious text manipulations.

Definitions browser

The Ctrl-Ã lets you browse to all compiled definitions. After select one, FROSTED brings you instantly in the source, where the definition is defined.

�Errors messages

At compile time

"Word not found and not a number."

Interpret had parsed a word which was not found in the dictionnary (according to the context vocabulary), and was not also a number (according to the base for integer numeric I/O).



"No word has been be specified."

You have forgetten to specify a word name (for example after :).



"Invalide word name."

You have specified an invalid word name: word names are made with characters from code 0x20 to 0x7F. Word name length must be between 1 and 23 (see LIMITS).



"Cannot redefine a word."

You have tried to define an already existing definition. In Froth, each definition must be unique, according to the search rules (context vocabulary).



"Already defined as word, cannot be redefined as vocabulary."

You tried to create a vocabulary, but this is already a defined word (as colon definition).



"Already defined as vocabulary."

You tried to create a vocabulary, which already exists.



"Vocabulary table full."

You defined too munch vocabularies: see LIMITS to see how munch you can create.



"This vocabulary can't be forgotten (not son of context)"

You tried to forget a vocabulary which is not a vocabulary son of the context vocabulary.



"Word not defined."

You referenced a not defined word.



"Word is used."

"This word can't be forgotten."

You tried to forget a word which is currently referenced by others words.



"System must be in execute state."

You tried to call a word in compile state, and this word can only be executed in execute state (for example the word :).



"Still in compile state: ; missing."

After a text file has been loaded (ie interpreted by Froth), the system is still in compile state: that means that, somewhere (on the last colon definition into the text file) you have forgetten the ; (semicolon).



"Run time words can't be compiled inside user definitions."

"Run time words can't be executed in execute state."

"This system word can't be compiled inside user definitions."

Some system-words can't be compiled inside your own definitions: it's for security.



"'COMPILE' can be used only with immediate words."

You tried to use COMPILE for a word which is not immediate: compile this word directly, you don't need COMPILE !



"'BUILD>' has been already called."

"'DOES>' has been already called."

"'ALLOT' has been already called."

"'BUILD>' must be the 1st definition compiled."

"'BUILD>' not called beforehand."

"'DOES>' not called beforehand."

"'ALLOT' not called beforehand."

"'BUILD> ... ALLOT ... DOES>' construction is incorrect."

These messages occur when the construction "BUILD>...ALLOT...DOES>" is incorrect. 



"'ALLOTMORE' can be used only after ALLOT (non dynamic)."

You tried to use the word ALLOTMORE after a colon definition.



"DYNAMIC word already called."

You called DYNAMIC not followed immediatly by a variable.



"ALLOCATE word already called."

You called ALLOCATE not followed immediatly by a variable.



"Dynamic variable not allocated."

You tried to reference a variable which has not been allocated (with ALLOCATED).



"Dynamic variable already allocated."

You tried to reference a variable which has already been allocated (with ALLOCATED).



"Try to allocate a not dynamic variable."

You applied ALLOCATE to a variable which was not declared as dynamic.



"[: mode already open."

You tried to call the word [ and you are already into the [: :] mode.



"[: mode not open."

You called [ and you are not inside the [: :] mode.



"[: mode is not closed."

You trie to end the current definition (;), and [: :] mode is pending.



"Not a valid hexadecimal number in [: :] mode."

Within the [] mode, only hexadecimal numbers can be entered.



"Local word already defined."

You tried to create an already automatic variable.



"Too many local words defined."

You tried to define more than 32 automatic variables (see LIMITS).



"Bad right comment sign (lacks left sign: ')')."

You called ) with not matching (.



"It lacks end quote (")."

You specified a string, and have forgetten the end quote.



"'BEGIN' not called beforehand."

"'IF' not called beforehand."

"'TIMES' not called beforehand."

"'DO' not called beforehand."

"'WHILE' not called beforehand."

"'CASE' not called beforehand."

"'OF' not called beforehand."

Control structure construction is incorrect.



"BEGIN... structure not ended."

"BEGIN...WHILE...REPEAT structure not endded."

"IF...ELSE...ENDIF structur not ended."

"TIMES...ENDTIMES structure not ended."

"DO...ENDDO structure not ended."

"DO...(NOT)WHEN...ENDDO structure not ended."

"CASE...ENDCASE structure not ended."

"CASE...OF..ENDOF...ENDCASE structure not ended."

There messages are printed by the word ; (semicolon), if any structure control inside is not properly ended.



"Too many nested control structures."

You tried to nest too many structure controls (see LIMITS).



"An integer constant must be compiled before ?ENOUGHT"

The previous word compiled before ?ENOUGHT is not an integer constant.



At run time

"Division by zero."

A division by zero occurs.



"Attempt to R/W into memory not property of user application."

A memory exception occurs.



"Stack underflow."

"Stack overflow."

This error occurs inside a definition when the right number of arguments is not given (underflow), or too munch integers are on the stack (overflow, see LIMITS).



"Second stack underflow."

"Second stack overflow."

This error occurs inside a definition using the second parameters stack, when the right number of arguments is not given (underflow), or too munch integers are on the stack (overflow, see LIMITS).



"File not found."

"Path not found."

"Too many open files."

"Access denied."

File error (for example inside "LOAD).



"Bad keyboard file format."

The file given to the word KBDFILE has incorrect format. You'll found on distribution disk a C program which build KB_US.FKB and KB_FR.FKB.



"File '\FROTH\FROTH.HLP' not found."

The help file was not found. So, you will not be able to use the word USE, which read into this file the help on the given word.



"System must be in compile state."

You called a word which can only be executed in compile-state, and the systeme was in execute-state (for example, you called the word ; in execute-state).



"Cannot be compiled from a loaded file."

Some words cannot be parsed from a text file (so loaded). For example, the word USE (we do that because this word share an internal buffer used by LOAD...).



"Cannot allot: out of memory."

ALLOT failed, you asked too munch memory (more than available), and ?AllotFail was set to TRUE.



"Data allocation table full."

You tried to defined more than 2000 (see LIMITS) variables.



"FROSTED main file not specified."

You called LOAD, and no file is specified in FROSTED buffer #1.



"No help available on user words."

"Help not available for this word."

You tried to ask online help (with the word USE) on a definition on which there is not help available.



"Too many nested loops control structures."

You tried to nest too many control loops (see LIMITS).



"Bad loop indice."

You called I, J, K, L, or M, and there is no corresponding loop.



"Too many nested cases control structures."

You tried to nest too many case structures (see LIMITS).



"Invalid word header, can't update callers/calleds."

This error occurs from UPDATE, if it have processed an invalid word header (use editor command Ctrl-Z).
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