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Chapter 1

Preface

1.1 Copyright

Copyright (c) 2001J.L. Bezemer.

Permissionis grantedto copy, distribute and/ormodify this documentunderthe termsof the GNU Free
DocumentationLicense,Version1.1or any laterversionpublishedby theFreeSoftwareFoundation;with
theInvariantSectionsbeing”GNU FreeDocumentationLicense”,”Introductionand”About this primer”,
with the Front-Cover Texts being”And so Forth...,J.L. Bezemer”,andwith the Back-Cover Texts being
”The initial versionof this primerwaswritten by HansBezemer, authorof the4tH compiler.”. A copy of
thelicenseis includedin thesectionentitled"GNU FreeDocumentationLicense".

1.2 Intr oduction

Don’t you hateit? You’ve just got a new programminglanguageand you’re trying to write your first
program. You want to usea certainfeature(you know it’s got to be there)andyou can’t find it in the
manual.

I’ ve hadthat experiencemany times. So in this manualyou will find many shortfeatureson all kind of
topics.How to input anumberfrom thekeyboard,whatacell is, etc.

I hopethis will enableyou to get quickly on your way. If it didn’t, email me at ’hansoft@bigfoot.com’.
You will notonly getananswer, but youwill helpfutureForthusersaswell.

Youcanusethismanualtwo ways.Youcaneitherjustgetwhatyouneedor work yourwaythrough.Every
sectionbuildsontheknowledgeyouobtainedin theprevioussections.All sectionsaregroupedinto levels.
We adviseyou to usewhatyou’velearnedafteryou’veworkedyourway througha level.

If this isn’t enoughto teachyou Forth you canalwaysget a real goodtextbook on Forth, like "Starting
Forth" by LeoBrodie.Have fun!

1.3 About this primer

This primer wasoriginally written for 4tH, my own Forth compiler. 4tH isn’t ANS-Forth compliant,by
ANS-Forth standardsnot evena ANS-Forth system.After a while I got questionswhy certainexamples
weren’t working. SinceI testedevery singleoneof themI wonderedwhy. Until it dawnedon me: people
learningForthwereusingmy primer!

7



8 CHAPTER1. PREFACE

So dueto high demandI startedto rewrite it for ANS-Forth compliantsystems.Most of thesesystems
don’t evenhave a manualat all so theneedfor it shouldbegreat.Thenext questionwas: which format.
SinceI wantedto learnLYX anyway, I settledfor that. You canproducevariousformatswith it which are
readableon mostsystems,includingMS-DOS,MS-WindowsandLinux.

Thenext questionwas: how far do you go. Theoriginal versionwasheavily gearedtowards4tH, which
reflectsmy own views on Forth. And thoseviewssometimescontradictto thoseof ANS-Forth. However,
sinceLeo Brodie took the liberty in ”Thinking Forth” to expresshis views, I thoughtI shouldhave the
freedomto expressmine.

Someexamples,especiallyin the ”Advancedtopics” chapter, usespecial4tH extensions. Fortunately
Wil Badenhadhelpedme to write a 4tH-to-ANS-Forth interface. Sincesomeof theseextensionscover
functionalitiescommonlyfoundin otherlanguagesI decidedto keepthosesectionsin, usingtheEasy4tH
definitions.In thepreviouschaptersyou’ll find some4tH wordsaswell, but verysparingly.

Youmayfind thatsomeexamplesarenotworkingwith yourspecificForthcompiler. Thatmayhaveseveral
reasons.First,your compilermaynot supportall ANS-Forthwordsets.Second,yourcompilermaynot be
completelyANS-Forth compliant. I’ ve testedmostof theseexampleswith GForth or Win32Forth,which
are(almost)100%ANS-Forthcompliant.Third, yourcompilermightbecase-sensitive.

TheANS-Forth standardis a very importantdocument.I canonly adviseyou to get it. You shouldhave
no troublefinding it on the internet. I canonly hopethat thecompileryou choseat least documentedits
ANS-Forthcompatibility.

Thisprimerwaswritten in thehopethatit will beusefulandthatstartingForthersaren’t putoff by thehigh
priceof Forth textbooks.It is dedicatedto LeoBrodie,who taughtmemuchmorethanjust Forth.

HansBezemer

Den Haag,2001-03-07



Chapter 2

Forth fundamentals

2.1 Making calculationswithout parenthesis

To useForth you mustunderstandReversePolishNotation.This is a way to write arithmeticexpressions.
Theform is abit tricky for peopleto understand,sinceit is gearedtowardsmakingit easyfor thecomputer
to performcalculations;however, mostpeoplecangetusedto thenotationwith abit of practice.

ReversePolishNotationstoresvaluesin a stack.A stackof valuesis just like a stackof books:onevalue
is placedon top of another. Whenyou wantto performa calculation,thecalculationusesthetop numbers
on thestack.For example,here’sa typical additionoperation:

1 2 +

WhenForth readsa number, it just putsthevalueontothestack.Thus1 goeson thestack,then2 goeson
thestack.Whenyou put a valueontothestack,we saythatyou pushit ontothestack.WhenForth reads
theoperator’+’, it takesthetop two valuesoff thestack,addsthem,thenpushestheresultbackonto the
stack.Thismeansthatthestackcontains:

3

aftertheaboveaddition.As anotherexample,consider:

2 3 4 + *

(The ’*’ standsfor multiplication.) Forth begins by pushingthe threenumbersonto the stack. Whenit
finds the ’+’, it takesthe top two numbersoff the stackandaddsthem. (Taking a valueoff the stackis
calledpoppingthestack.)Forth thenpushestheresultof theadditionbackonto thestackin placeof the
two numbers.Thusthestackcontains:

2 7

WhenForth finds the ’*’ operator, it againpopsthe top two valuesoff thestack. It multiplies them,then
pushestheresultbackontothestack,leaving:

14

9



10 CHAPTER2. FORTH FUNDAMENTALS

The following list givesa few moreexamplesof ReversePolishexpressions.After each,we show the
contentsof thestack,in parentheses.

7 2 - (5)
2 7 - (-5)
12 3 / (4)
-12 3 / (-4)
4 5 + 2 * (18)
4 5 2 + * (28)
4 5 2 * - (-6)

2.2 Manipulating the stack

You will oftenfind thattheitemson thestackarenot in theright orderor thatyou needa copy. Thereare
stack-manipulatorswhichcantakecareof that.

To display a numberyou use’.’, pronounced"dot". It takes a numberfrom the stackand displaysit.
’SWAP’ reversestheorderof two itemson thestack.If we enter:

2 3 . . cr

Forthanswers:

3 2

If youwantto displaythenumbersin thesameorderasyou enteredthem,youhave to enter:

2 3 swap . . cr

In thatcaseForthwill answer:

2 3

You canduplicateanumberusing’DUP’. If you enter:

2 . . cr

Forthwill complainthatthestackis empty. However, if you enter:

2 dup . . cr

Forthwill display:

2 2

Anotherway to duplicatea numberis using’OVER’. In thatcasenot the topmostnumberof thestackis
duplicated,but thenumberbeneath.E.g.

2 3 dup . . . cr
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will giveyou thefollowing result:

3 3 2

But thisone:

2 3 over . . . cr

will giveyou:

2 3 2

Sometimesyou want to discarda number, e.g. you duplicatedit to checka condition,but sincethe test
failed,youdon’t needit anymore.’DROP’ is theword weuseto discardnumbers.Sothis:

2 3 drop .

will giveyou "2" insteadof "3", sincewedroppedthe"3".

The final oneI want to introduceis ’ROT’. Most usersfind ’ROT’ the mostcomplex onesinceit hasits
effectsdeepin thestack.Thethirdmostitem to beexact. This item is takenfrom its placeandput on top
of thestack.It is ’rotated’,asthis smallprogramwill show you:

1 2 3 \ 1 is the thirdmost item
. . . cr \ display all numbers
( This will display ’3 2 1’ as expected)
1 2 3 \ same numbers stacked
rot \ performs a ’ROT’
. . . cr \ same operation
( This will display ’1 3 2’!)

2.3 Deepstackmanipulators

Thereare two manipulatorsthat candig deeperinto the stack,called ’PICK’ and ’ROLL’ but I cannot
recommendthem. A stackis NOT anarray! Soif therearesomeForth-83usersout there,I canonly tell
you: learnForth theproperway. Programsthathavesomany itemsonthestackarejustbadlywritten. Leo
Brodieagreeswith me.

If youarein ’deep’troubleyou canalwaysusethereturnstackmanipulators.Checkout thatsection.

2.4 Passargumentsto functions

Thereis no easierway to passargumentsto functionsasin Forth. Functionshave anothernamein Forth.
We call them"words".Wordstake their "arguments"from thestackandleave the"result"on thestack.

Otherlanguages,likeC, doexactly thesame.But they hidetheprocessfrom you. Becausepassingdatato
thestackis madeexplicit in Forth it haspowerful capabilities.In otherlanguages,you cangetbackonly
oneresult.In Forthyoucangetbackseveral!

All wordsin Forth have a stack-effect-diagram.It describeswhatdatais passedto thestackin whatorder
andwhat is returned.Theword ’*’ for instancetakesnumbersfrom thestack,multipliesthemandleaves
theresulton thestack.It’sstack-effect-diagramis:
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n1 n2 -- n3

Meaningit takesnumbern1 andn2 from thestack,multipliesthemandleavestheproduct(numbern3)on
the stack. The rightmostnumberis alwayson top of the stack,which meansit is the first numberwhich
will betakenfrom thestack.Theword ’.’ is describedlike this:

n --

Whichmeansit takesanumberfrom thestackandleavesnothing.Now wegetto themostpowerful feature
of it all. Take thisprogram:

2 ( leaves a number on the stack)
3 ( leaves a number on the stack on top of the 2)
* ( takes both from the stack and leaves the result)
. ( takes the result from the stack and displays it)

Notethatall databetweenthewords’*’ and’.’ is passedimplicitly! Like puttingLEGO stoneson top of
another. Isn’t it great?

2.5 Making your own words

Of course,every seriouslanguagehasto have a capability to extend it. So hasForth. The only thing
you have to do is to determinewhatnameyou want to give it. Let’s sayyou want to make a word which
multipliestwo numbersanddisplaystheresult.

Well, that’s easy. We’ve alreadyseenhow you have to codeit. Theonly wordsyou needare’*’ and’.’.
You can’t nameit ’*’ becausethatnameis alreadytaken. You couldnameit ’multiply’, but is thata word
youwantto typein forever?No, far too long.

Let’scall it ’*. ’. Is thatavalid name?If you’veprogrammedin otherlanguages,you’ll probablysayit isn’t.
But it is! Theonly charactersyou can’t usein a namearewhitespacecharacters(<CR>,<LF>, <space>,
<TAB>). It dependson theForth you’reusingwhetherit is case-sensitiveor not,but usuallyit isn’t.

So ’*. ’ is okay. Now how do we turn it into a self-definedword. Justadda colonat thebeginninganda
semi-colonat theend:

: *. * . ;

That’s it. Yourword is readyfor use.Soinsteadof:

2 3 * .

We cantype:

: *. * . ;
2 3 *.

And wecanuseour ’*. ’ overandoveragain.Hurray, you’vejust definedyourfirst word in Forth!
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2.6 Adding comment

Adding commentis very simple.In fact,therearetwo waysto addcommentin Forth. That is becausewe
likeprogramswith a lot of comment.

Thefirst form you’vealreadyencountered.Let’s saywe wantto addcommentto this little program:

: *. * . ;
2 3 *.

Sowe addourcomment:

: *. * . ; This will multiply and print two numbers
2 3 *.

Forth will not understandthis. It will desperatelylook for thewords’ this’, ’will’, etc. However theword
’\’ will markeverythingup to theendof theline ascomment.Sothis will work:

: *. * . ; \ This will multiply and print two numbers
2 3 *.

Thereis anotherword called ’(’ which will mark everythingup to the next ’)’ ascomment. Yes,even
multiple lines. Of course,theselines may not containa ’)’ or you’ll make Forth very confused.So this
commentwill berecognizedtoo:

: *. * . ; ( This will multiply and print two numbers)
2 3 *.

Notethatthereis a whitespace-characterafterboth’\’ and’(’. This is mandatory!

2.7 Text-format of Forth source

ForthsourcecanbesimpleASCII-files. And youcanuseany layoutaslong a this rule is followed:

All wordsareseparatedby at leastonewhitespacecharacter!

Well, in Forth everythingis a word or becominga word. Yes,even’\’ and’(’ arewords! And you canadd
all theemptylinesor spacesor tabsyou like,Forth won’t careandyourharddisksuppliereither.

However, someForthsstill usea specialline editor, which works with screens.Screensareusually1K
blocks,dividedinto 16 linesof 64 characters.Explaininghow thesekind of editorswork goesbeyondthe
scopeof this manual.You haveto checkthedocumentationof yourForthcompileron that.Thefiles these
editorsproducearecalledblockfiles.
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2.8 Displaying string constants

Displayinga string is aseasyasaddingcomment.Let’s sayyou want to make theultimateprogram,one
thatis displaying"Hello world!". Well, that’salmosttheentireprogram.Thefamous’hello world’ program
is simply this in Forth:

.( Hello world!)

Enterthis andit works.Yes,that’s it! No declarationthatthis is themainfunctionandit is beginninghere
andendingthere.May beyou think it looks funny on thedisplay. Well, you canadda carriagereturnby
addingtheword ’CR’. Sonow it lookslike:

.( Hello world!) cr

Still prettysimple,huh?

2.9 Declaring variables

Onetimeor anotheryou’regoingto needvariables.Declaringa variableis easy.

variable one

Thesamerulesfor declaringwordsapplyfor variables.You can’t usea namethatalreadyhasbeentaken
or you’ll getprettystrangeresults.A variableis a word too! And whitespacecharactersarenot allowed.
NotethatForth is usuallynotcase-sensitive!

2.10 Usingvariables

Of coursevariablesareof little usewhenyou can’t assignvaluesto them. This assignsthe number6 to
variable’ONE’:

6 one !

We don’t call ’!’ bangor somethinglike that,we call it ’store’. Of courseyou don’t have to put a number
on the stackto useit, you canusea numberthat is alreadyon the stack. To retrieve the valuestoredin
’ONE’ weuse:

one @

Theword ’@’ is called’fetch’ andit putsthenumberstoredin ’one’ on thestack.To displayit youuse’.’:

one @ .

Thereis a shortcutfor that,theword ’?’, which will fetchthenumberstoredin ’ONE’ anddisplaysit:

one ?
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2.11 Built-in variables

Forth hastwo built-in variablesyou canusefor your own purposes.They arecalled’BASE’ and’>IN’.
’BASE’ controlstheradixat run-time,’>IN’ is usedby ’WORD’ and’PARSE’.

2.12 What is a cell?

A cell is simply the spacea numbertakesup. So the sizeof a variableis onecell. The sizeof a cell is
importantsinceit determinestherangeForth canhandle.We’ll cometo thatfurtheron.

2.13 Declaring and using constants

Declaringa simpleconstantis easytoo. Let’s saywewantto makeaconstantcalled’FIVE’:

5 constant five

Now youcanuse’FIVE’ like youwould ’5’. E.g. this will print fivespaces:

five spaces

Thesamerulesfor declaringwordsapply for constants.You shouldn’t usea namethatalreadyhasbeen
taken.A constantis a word too! And whitespacecharactersarenot allowed.NotethatForth is usuallynot
case-sensitive.

2.14 Built-in constants

Thereareseveralbuilt-in constants.Of course,they areall literalsin caseyouwonder. Here’sa list. Refer
to theglossaryfor amoredetaileddescription:

1. BL

2. FALSE

3. PAD

4. TIB

5. TRUE

2.15 Usingbooleans

Booleansareexpressionsor valuesthatareeithertrueor false.They areusedto conditionallyexecuteparts
of yourprogram.In Forthavalueis falsewhenit is zeroandtruewhenit is non-zero.Mostbooleanscome
into existencewhenyou do comparisons.This onewill determinewhetherthevaluein variable’VAR’ is
greaterthan5. Try to predictwhetherit will evaluateto trueor false:

variable var
4 var !
var @ 5 > .

No, it wasn’t! But hey, you canprint booleansasnumbers.Well, they arenumbers.But with a special
meaningaswewill seein thenext section.
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2.16 IF-ELSE constructs

Likemostotherlanguagesyou canuseIF-ELSEconstructs.Let’senhanceour previousexample:

variable var
4 var !

: test
var @ 5 >
if ." Greater" cr
else ." Less or equal" cr
then

;

test

Sonow our programdoesthe job. It tells you whenit’s greaterandwhennot. Note thatcontraryto other
languagestheconditioncomesbeforethe ’IF’ and’THEN’ endsthe IF-clause.In otherwords,whatever
paththeprogramtakes,it alwayscontinuesafterthe’THEN’. A tip: think of ’THEN’ as’ENDIF’..

2.17 FOR-NEXT constructs

ForthdoesalsohaveFOR-NEXTconstructs.Thenumberof iterationsis known in thisconstruct.E.g. let’s
print thenumbersfrom 1 to 10:

: test
11 1 do i . cr loop

;

test

Thefirst numberpresentsthelimit. Whenthelimit is goesbeyondthelimit minusonetheloopterminates.
Thesecondnumberpresentstheinitial valueof theindex. That’swhereit startsof. Soremember, this loop
iteratesat leastonce! You canuse’?DO’ insteadof ’DO’. Thatwill not entertheloop if the limit andthe
index arethesameto begin with:

: test
0 0 ?do i . cr loop

;

test

’I’ representstheindex. It is not a variableor a constant,it is a predefinedword, which putsthe index on
thestack,so’.’ cangetit from thestackandprint it.

But what if I want to increasethe index by two? Or want to countdownwards? Is that possible.Sure.
Thereis anotherconstructto do just that.Okay, let’s take thefirst question:

: test
11 1 do i . cr 2 +loop

;

test
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Thisonewill produceexactlywhatyouaskedfor. An incrementby two. Thisonewill produceall negative
numbersfrom -1 to -11:

: test
-11 -1 do i . cr -1 +loop

;

test

Why -11? Becausethe loop terminateswhenit reachedthe limit minusone. And whenyou’re counting
downward,thatis -11. Youcanchangethestepif you wantto, e.g.:

: test
32767 1 do i . i +loop

;

test

This will print: 1, 2, 4, 8, all up to 16384.Prettyflexible, I guess.You canbreakout of a loop by using
’LEAVE’:

: test
10 0 do i dup 5 = if drop leave else . cr then loop

:

test

2.18 WHILE-DO constructs

A WHILE-DO constructionis a constructionthatwill performzeroor moreiterations.First a conditionis
checked,thenthebodyis executed.Thenit will branchbackto thecondition.In Forth it lookslike this:

BEGIN <condition> WHILE <body> REPEAT

The conditionwill have to evaluateto TRUE in order to executethe body. If it evaluatesto FALSE it
branchesto just aftertheREPEAT. ThisexampledoesaFibbonacitest.

: fib 0 1
begin

dup >r rot dup r> > \ condition
while

rot rot dup rot + dup . \ body
repeat
drop drop drop ; \ after loop has executed

You mightnot understandall of thecommands,but we’ll getto that. If youenter"20 fib" you will get:

1 2 3 5 8 13 21

Thisconstructis particularlyhandyif you arenotsurethatall datawill passthecondition.
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2.19 REPEAT-UNTIL constructs

Thecounterpartof WHILE-DO constructsis theREPEAT-UNTIL construct.This executesthebody, then
checksa conditionat ’UNTIL ’. If the expressionevaluatesto FALSE, it branchesbackto the top of the
body(markedby ’BEGIN’) again.It executesat leastonce.This programcalculatesthe largestcommon
divisor.

: lcd
begin

swap over mod \ body
dup 0= \ condition

until drop . ;

If youenter"27 21 lcd" theprogramswill answer"3".

2.20 Infinite loops

In orderto makeaninfinite looponecouldwrite:

: test
begin ." Diamonds are forever" cr 0 until

;

test

But thereis anicerway to do just that:

: test
begin ." Diamonds are forever" cr again

;

test

Thiswill executeuntil theendof times,unlessyouexit theprogramanotherway.

2.21 Getting a number fr om the keyboard

Let’s startwith "you’re not supposedto understandthis". If you dig deeperin Forth you’ll find out why
it works the way it works. But if you definethis word in your programit will reada numberfrom the
keyboardandput it on thestack.If youhaven’t enteredavalid number, it will promptyou again.

S" MAX-N" ENVIRONMENT? \ query environment
[IF] \ if successful
NEGATE 1- CONSTANT (ERROR) \ create constant (ERROR)
[THEN]

: number ( a -- n)
0. Rot dup 1+ c@ [char] - = >r count r@ if 1 /string then >number nip



2.22. ALIGNING NUMBERS 19

0= if d>s r> if negate then else r> drop 2drop (error) then ;

: input# ( -- n)
begin

refill drop bl word number ( n)
dup (error) <> ( n f)
dup 0= ( n f -f)
if swap drop then ( f | n f)

until ;

2.22 Aligning numbers

Youmayfind thatprintingnumbersin columns(I prefer"right-aligned")canbeprettyhard.Thatis because
thestandardword to print numbers(’.’) printsthenumberandthena trailing space.Thatis why ’.R’ was
added.

Theword ’.R’ worksjust like ’.’ but insteadof justprinting thenumberwith a trailing space’.R’ will print
thenumberright-alignedin afield of N characterswide. Try this andyou will seethedifference:

140 . cr
150 5 .r cr

In this examplethefield is fivecharacterswide,so’150’ will beprintedwith two leadingspaces.
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Chapter 3

Arrays and strings

3.1 Declaring arrays of numbers

You canmakearraysof numbersvery easily. It is verymuchlike makinga variable.Let’s saywe wantan
arrayof 16 numbers:

create sixteen 16 cells allot

That’s it, we’redone!

3.2 Usingarrays of numbers

You canusearraysof numbersjust like variables.Thearraycellsarenumberedfrom 0 to N, N beingthe
sizeof thearrayminusone.Storingavaluein the0th cell is easy. It worksjust likea simplevariable:

5 sixteen 0 cells + !

Whichwill store’5’ in the0th cell. Sostoring’7’ in the8th cell

is donelike this:

7 sixteen 8 cells + !

Isn’t Forth wonderful?Fetchingis donethesameof course:

sixteen 0 cells + @
sixteen 4 cells + @

Plainandeasy.

3.3 Creatingarrays of constants

Makinganarrayof constantsis quiteeasy. Firstyouhaveto definethenameof thearrayby usingtheword
’CREATE. Thenyou specifyall its elements.All elements(eventhe last)areterminatedby theword ’,’.
An example:

create sizes 18 , 21 , 24 , 27 , 30 , 255 ,

Pleasenotethat’,’ is a word! It hasto beseparatedby spacesonbothends.

21
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3.4 Usingarrays of constants

Accessinganarrayof constantsis exactly like accessinganarrayof numbers.In anarrayof numbersyou
accessthe0th elementlike this:

sixteen 0 cells + @

Whenyouaccessthefirst elementof anarrayof constantsyouusethisconstruction:

sizes 0 cells + @

SoI don’t think you’ll haveany problemshere.

3.5 Creatingstrings

In Forthyou haveto definethemaximumlengthof thestring,likePascal:

create name 10 chars allot

Notethatthestringvariableincludesthecountbyte.Thatis a specialcharacterthattells Forth how long a
stringis. Youusuallydon’t have to addthatyourselfbecauseForth will do thatfor you. But youwill have
to reservespacefor it.

That meansthat the string "name"we just declaredcancontainup to nine characters*AND* the count
byte.Thesekind of stringsareusuallyreferredto ascountedstrings.

E.g. whenyou wantto definea stringthathasto contain"Hello!" (without thequotes)you have to define
a stringthatis at least7 characterslong:

create hello 7 chars allot

Whenyoulaterreferto thestringyoujustdefinedits addressis thrown onthestack.An addressis simplya
numberthatrefersto its location.As youwill seeyoucanwork with string-addresseswithouteverknowing
whatthatnumberis. But because it is a numberyou canmanipulateit like any othernumber. E.g. this is
perfectlyvalid:

hello \ address of string on stack
dup \ duplicate it
drop drop \ drop them both

In thenext sectionwewill tell youhow to get"Hello!" into thestring.

3.6 Initializing strings

You caninitialize a stringwith the’S"’ word. You haven’t seenthis oneyet,but we will discussit in more
depthlateron. If youwantthestringto containyourfirst nameusethis construction:
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: place over over >r >r char+ swap chars cmove r> r> c! ;

create name 16 chars allot
s" Hello! " name place

The word ”PLACE”, which is a commonword1, copiesthe contentsof a string constantinto a string-
variable.If you still don’t understandit yet, don’t worry. As long asyou usethis construction,you’ll get
whatyou want. Justrememberthatassigninga stringconstantto a stringthat is too shortwill resultin an
erroror evenworse,corruptotherstrings.

3.7 Getting the length of a string

You getthelengthof a stringby usingtheword ’COUNT’. It will not only returnthelengthof thestring,
but alsothestringaddress.It is illustratedby this shortprogram:

: place over over >r >r char+ swap chars cmove r> r> c! ;

create greeting 32 chars allot \ define string greeting
S" Hello!" greeting place \ set string to ’Hello!’
greeting count \ get string length
.( String length: ) . cr \ print the length
drop \ discard the address

You usuallyhave nothingto do with thestringaddress.However, it mayberequiredby otherwordslike
we will seein thefollowing section.If you just wantthebarelengthof thestringyou canalwaysdefinea
word like ’ length$’:

: place over over >r >r char+ swap chars cmove r> r> c! ;
: length$ count swap drop ;

create greeting 32 cells allot \ define string greeting
s" Hello!" greeting place \ set string to ’Hello!’
greeting length$ \ get string length
.( String length: ) . cr \ print the length

3.8 Printing a string variable

Printinga stringvariableis prettystraightforward. Theword that is requiredto print a stringvariableis
’TYPE’. It requiresthestringaddressandthenumberof charactersit hasto print. Yes,thatarethevalues
thatareleft on thestackby ’COUNT’! Soprinting astringmeansissuingboth’COUNT’ and’TYPE’:

: place over over >r >r char+ swap chars cmove r> r> c! ;

create greeting 32 cells allot \ define string greeting
s" Hello!" greeting place \ set string to ’Hello!’
greeting count type cr \ print the string

If youdon’t like this youcanalwaysdefineaword like ’PRINT$’:
1Althoughnot partof theANS-Forth standard.
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: place over over >r >r char+ swap chars cmove r> r> c! ;
: print$ count type ;

create greeting 32 cells allot \ define string greeting
s" Hello!" greeting place \ set string to ’Hello!’
greeting print$ cr \ print the string

3.9 Copying a string variable

You might wantto copy onestringvariableto another. Thereis a specialword for that,named’CMOVE’.
It takesthe two stringsandcopiesa givennumberof charactersfrom thesourceto thedestination.Let’s
takea look at this example:

: place over over >r >r char+ swap chars cmove r> r> c! ;

create one 16 chars allot \ define the first string
create two 16 chars allot \ define the second string

s" Greetings!" one place \ initialize string one
one dup \ save the real address
count \ get the length of string one
1+ \ account for the count byte
swap drop \ get the real address
two swap \ get the order right
cmove \ copy the string
two count type cr \ print string two

The mostdifficult part to understandis probablywhy andhow to setup the datafor ’CMOVE’. Well,
’CMOVE’ wantsto seethesevalueson thestack:

source destination #chars

With theexpression:

one count

We getthesedataon thestack:

source+1 length

But thecountbytehasn’t beenaccountedfor sofar. That’swhy weadd:

1+

Sonow this parameterhasthe right value. Now we have to restorethe trueaddressof thestringandtell
’CMOVE’ whereto copy thecontentsof stringoneto. Initially, we got thecorrectaddress.That is why
we savedit using:

dup
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Now we’regettingrid of the"corrupted"addressby issuing:

swap drop

This is whatwegot right now:

source #chars

If we simplyadd:

two

Thedatais still not presentedin theright order:

source #chars destination

Sowe addtheextra ’SWAP’ in orderto getit right. Of courseyou maydefinea word thattakescareof all
that:

: place over over >r >r char+ swap chars cmove r> r> c! ;
: copy$ swap dup count 1+ swap drop rot swap cmove ;

create one 32 chars allot
create two 32 chars allot
s" Greetings!" one place
one two copy$

You maywonderwhy we keepon definingwordsto make your life easier. Why didn’t we simply define
thesewordsin thecompilerinsteadof usingthesehardto understandwords?Sure,but I didn’t write the
standard.However, mostForthsallow you to permanentlystorethesewordsin their vocabulary. Check
yourdocumentationfor details.

3.10 Slicing strings

Slicingstringsis just likecopying strings.We just don’t copy all of it andwedon’t alwaysstartcopying at
thebeginningof astring.We’ll show youwhatwemean:

: place over over >r >r char+ swap chars cmove r> r> c! ;
: nextchar dup dup c@ 1- swap char+ c! char+ ;

create one 32 chars allot \ define string one
s" Hans Bezemer" one place \ initialize string one
one dup count type cr \ duplicate and print it
nextchar \ move one character forward
dup count type cr \ duplicate and print it again
nextchar \ move one character forward
dup count type cr \ duplicate and print it again
nextchar \ move one character forward
count type cr \ print it for the last time
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First it will print "HansBezemer",then"ansBezemer",then"ns Bezemer"andfinally "s Bezemer".The
wordCHAR+ is usuallyequivalentto 1+, but Forthwasdefinedto runonunusualhardwaretoo - theCPU
of a pocket calculatorcould be a nibble-machine(4-bit) so eachCHAR occupiesin fact two addresses.
And of course,someForth systemsmaytreatCHAR to bea 16-bit unicode.If we wantto discardthefirst
nameatall we couldevenwrite:

: place over over >r >r char+ swap chars cmove r> r> c! ;

create one 32 chars allot \ define string one
s" Hans Bezemer" one place \ initialize string one
one dup c@ 5 - \ copy address and get count
swap 5 chars + dup rot swap c! \ save new count
count type cr \ print sliced string

Thefive characterswe want to skip arethefirst name(which is four characters)anda space(which adds
up to five). Thereis no specialword for slicing strings.Thereis a smarterway to handlestringsin Forth,
which we will discusslateron. But if you desperatelyneedslicing youmight wantto usea word like this.
It worksjust like ’CMOVE’ with anextraparameter:

: slice$
swap \ reverse dest and #chars
over over \ copy the dest and #chars
>r >r >r >r \ store on the return stack
+ \ make address to the source
r> r> \ restore dest and #chars
char+ \ make address to destination
swap cmove \ copy the string
r> r> \ restore dest and #chars
c! \ save

;

This is anotherexampleof "you’renot supposedto understandthis". You call it with:

source index-to-source destination #chars

Theindex-to-sourcestartscountingatone.Sothis will copy thefirst nameto string"two" andprint it:

: place over over >r >r char+ swap chars cmove r> r> c! ;

: slice$
swap \ reverse dest and #chars
over over \ copy the dest and #chars
>r >r >r >r \ store on the return stack
+ \ make address to the source
r> r> \ restore dest and #chars
char+ \ make address to destination
swap cmove \ copy the string
r> r> \ restore dest and #chars
c! \ save

;

create one 32 chars allot \ declare string one
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create two 32 chars allot \ declare string two
s" Hans Bezemer" one place \ initialize string one
one 1 two 4 slice$ \ slice the first name
two count type cr \ print string two

Thiswill slicethelastnameoff andstoreit in string"two":

: place over over >r >r char+ swap chars cmove r> r> c! ;

: slice$
swap \ reverse dest and #chars
over over \ copy the dest and #chars
>r >r >r >r \ store on the return stack
+ \ make address to the source
r> r> \ restore dest and #chars
char+ \ make address to destination
swap cmove \ copy the string
r> r> \ restore dest and #chars
c! \ save

;

create one 32 chars allot \ declare string one
create two 32 chars allot \ declare string two
s" Hans Bezemer" one place \ initialize string one
one 6 two 7 slice$ \ slice the first name
two count type cr \ print string two

Sincethelastnameis sevencharacterslong andstartsat positionsix (startcountingwith one!). Although
this is very "Basic" way to slice strings,we cando this kind of string processingthe Forth way. It will
probablyrequirelessstackmanipulations.

3.11 Appendingstrings

Thereis nostandardword in Forth to concatenatestrings.As amatterof fact,stringmanipulationis oneof
Forthsweakestpoints. But sincewe arefocusedhereon doing things,we will presentyou a word which
will getthework done.

Theword’APPEND’ appendstwo strings.In thisexamplestring"one"holdsthefirst nameand”Bezemer”
is appendedto string"one" to form thefull name.Finally string"one" is printed.

: place over over >r >r char+ swap chars cmove r> r> c! ;

: append ( a1 n2 a2 --)
over over \ duplicate target and count
>r >r \ save them on the return stack
count chars + \ calculate offset target
swap chars move \ now move the source string
r> r> \ get target and count
dup >r \ duplicate target and save one
c@ + \ calculate new count
r> c! \ get address and store

;
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create one 32 chars allot \ define string one
s" Hans " one place \ initialize first string
s" Bezemer" one append \ append ’Bezemer’ to string
one count type cr \ print first string

Of course,youcanalsofetchthestringto beappendedfrom astringvariableby using’COUNT’.

3.12 Comparing strings

If youeversortedstringsyouknow how indispensablecomparingstringsis. As wementionedbefore,there
arevery few wordsin Forth thatacton strings.But hereis a word thatcancomparetwo strings.

: place over over >r >r char+ swap chars cmove r> r> c! ;

create one 32 chars allot \ define string one
create two 32 chars allot \ define string two

: test
s" H. Bezemer" one place \ initialize string one
s" R. Bezemer" two place \ initialize string two

one count two count compare \ compare two strings
if

." Strings differ" \ message: strings ok
else

." Strings are the same" \ message: strings not ok
then
cr \ send CR

;

test

Simplypasstwo stringsto ’COMPARE’ andit will returnaTRUE flagwhenthestringsaredifferent.This
mightseemabit odd,but strcmp()doesexactly thesame.If youdon’t like thatyoucanalwaysadd’0=’ to
theendof ’COMPARE’ to reversetheflag.

3.13 Removing trailing spaces

Youprobablyknow theproblem.Theuserof yourwell-madeprogramtypeshisnameandhits thespacebar
beforehitting theenter-key. Thereyougo. His namewill bestoredin yourdatafilewith aspaceandnobody
will everfind it.

In Forth thereis a specialword called’-TRAILING’ that removesthe extra spacesat the endwith very
little effort. Justpasteit after’COUNT’. Likewedid in this example:

: place over over >r >r char+ swap chars cmove r> r> c! ;

create one 32 chars allot \ define a string
s" Hans Bezemer " \ string with trailing spaces
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one place \ now copy it to string one

one dup \ save the address

." [" \ print a bracket
count type \ old method of printing
." ]" cr \ print bracket and newline

." [" \ print a bracket
count -trailing type \ new method of printing
." ]" cr \ print a bracket and newline

You will seethat thestring is printedtwice. First with thetrailing spaces,secondwithout trailing spaces.
And whataboutleadingspaces?Patience,old chap.You’vegot a lot of groundto cover.

3.14 String constantsand string variables

Most computerlanguagesallow you to mix string constantsandstring variables.Not in Forth. In Forth
they aretwo distinctdatatypes.To print a stringconstantyou usetheword ’."’. To print a stringvariable
youusethe’COUNT TYPE’ construction.

Thereareonly two differentactionsyoucando with astringconstant.First,youcandefineoneusing’s"’.
Second,youcanprint oneusing’."’.

Thereare two differentwaysto representa string variablein Forth. First, by usingjust its address,the
so-calledcountedstring. Forth relieson thecountbyte to find theendof thestring. Second,by usingits
addressand its length.This requirestwo values.

Theword ’TYPE’ requiresthelatterform. Therefore,youhaveto convertacountedstringin orderto print
it. You canconvertancountedstringto an"address-countstring" with theword ’COUNT’. If you moved
a string(by using’CMOVE’) without takingthecountbyteinto accountyouhave to setit yourself.

This may seema bit mind-bogglingto you now, but we’ll elaboratea bit further on this subjectin the
following sections.

3.15 The count byte

Thecountbyteis usedto setthelengthof a countedstring. It hasnothingto do with British royalty! It is
simply theveryfirst byteof astring,containingthelengthof theactualstringfollowing it.

3.16 Printing individual characters

"I alreadyknow that!"

Sureyoudo. If youwantto print "G" yousimply write:

.( G)

Don’t you? But what if you wantto usea TAB character(ASCII 9)? You can’t typein thatonesoeasily,
huh?You mayevenfind it doesn’t work atall!

Don’t everusecharactersoutsidetheASCII range32 to 127decimal.It mayor maynotwork, but it won’t
beportableanyway. theword ’EMIT’ maybeof somehelp. If you wantto usetheTAB-charactersimply
write:
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9 emit

Thatworks!

3.17 Getting ASCII values

Ok, ’EMIT’ is a niceaddition,but it hasits drawbacks.What if you want to emit thecharacter"G". Do
youhave to look up theASCII valuein a table?No. Forth hasanotherword thatcanhelpyouwith that. It
is called’CHAR’. Thiswill emita "G":

char G emit

The word ’CHAR’ looks up the ASCII-valueof "G" andleave it on the stack. Note that ’CHAR’ only
workswith printablecharacters(ASCII 33 to 127decimal).

3.18 When to use[CHAR] or CHAR

Thereis not one,but two wordsfor gettingtheASCII codeof a character, ’[CHAR]’ and’CHAR’. Why
is that?Well, thecompletestoryis somewhatcomplex, but oneis for useinsidecolondefinitionsandone
is for useoutsidecolondefinitions. And ’CHAR’ isn’t the only word which is affected. We’ve put it all
togetherin a neattablefor you:

INSIDE A DEFINITION OUTSIDE A DEFINITION

.” .(
[CHAR] CHAR
[ ’ ] ’

For example,this producesthesameresults:

: Hello ." Hello world" [char] ! emit cr ; Hello
.( Hello world!) char ! emit cr

You shouldalsohave noticedin the meanwhilethat you can’t usecontrol structureslike DO..LOOPor
IF..THENoutsidecolondefinitions.And notonly these,otherslike ’C”” can’t beusedaswell. RealForth-
erscall this”insideacolondefinition” thingcompilation mode andworking from thepromptinterpretation
mode. You cando reallyneatthingswith it, but thatis still beyondyou now.

3.19 Printing spaces

If you try to print a spaceby usingthis construction:

char emit

You will noticeit won’t work. Sure,youcanalsouse:

.( )
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But thatisn’t too elegant.You canusethebuilt-in constant’BL’ which holdstheASCII-valueof a space:

bl emit

Thatis muchbetter. But youcanachievethesamethingby simply writing:

space

Whichmeansthatif youwantto write two spacesyouhave to write:

space space

If you want to write ten spacesyou eitherhave to repeatthe command’SPACE’ ten timesor usea DO-
LOOPconstruction,which is a bit cumbersome.Of course,Forthhasa moreelegantsolutionfor that:

10 spaces

Whichwill outputtenspaces.NeedI saymore?

3.20 Fetching individual characters

Takea look at this smallprogram:

: place over over >r >r char+ swap chars cmove r> r> c! ;

create one 32 chars allot \ define string one
s" Hans" one place \ initialize string one

Whatis thesecondcharacterof string"one"?Sure,its an"a". But how canyoulet yourprogramdetermine
that?You can’t use’@’ becausethatwordcanonly accessvariables.

Sure,you cando that in Forth, but it requiresa new word, called’C@’. Think of a stringasan arrayof
charactersandyouwill find it mucheasierto picturetheidea.Arraysin Forthalwaysstartwith zeroinstead
of one,but thatis thecountbyte.Soaccessingthefirst charactermight bedonewith:

one 1 chars + c@

This is thecompleteprogram:

: place over over >r >r char+ swap chars cmove r> r> c! ;

create one 32 chars allot \ define string one
s" Hans" one place \ initialize string one
one 2 chars + c@ \ get the second character
emit cr \ print it
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3.21 Storing individual characters

Storingindividualcharactersworksjust thesame.Keepthatarrayof charactersin mind. Whenwewantto
fetchavariablewe write:

my_var @

Whenwe wantto storea valuein avariablewewrite:

5 my_var !

Fetchingonly requirestheaddressof thevariable.Storingrequiresboththeaddressof thevariable*AND*
thevaluewe wantto store.On top of thestackis theaddressof thevariable,below that is valuewe want
to store.Keepthatin mind, this is very important.Let’s saywe have thisprogram:

: place over over >r >r char+ swap chars cmove r> r> c! ;

create one 32 chars allot \ define string one
s" Hans" one place \ initialize string one

Now we wantto change"Hans"to "Hand". If we wantto find out whatthe4th characterof string"one" is
we write:

: place over over >r >r char+ swap chars cmove r> r> c! ;

create one 32 chars allot \ define string one
s" Hans" one place \ initialize string one
one 4 chars + c@ \ get the fourth character

Remember, we startcountingfrom one! If we want to storethecharacter"d" in the fourth character, we
have to usea new word,and(yes,youguessedit right!) it is called’C!’:

: place over over >r >r char+ swap chars cmove r> r> c! ;

create one 32 chars allot \ define string one
s" Hans" one place \ initialize string one
one 4 chars + \ address of the fourth char
char d \ we want to store ’d’
swap \ get the order right
c! \ now store ’d’

If wethrow thecharacter"d" onthestackbeforewecalculatetheaddress,wecanevenremovethe’SWAP’:

: place over over >r >r char+ swap chars cmove r> r> c! ;

create one 32 chars allot \ define string one
char d \ we want to store ’d’
s" Hans" one place \ initialize string one
one 4 chars + \ address of the fourth char
c! \ now store ’d’
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We will presentthevery sameprograms,but now with stack-effect-diagramsin orderto explain how this
works. We will call the index ’i’, thecharacterwe want to store’c’ andtheaddressof thestring ’a’. By
convention,stack-effect-diagramsareenclosedby parenthesis.

If youcreatecomplex programsthis techniquecanhelpyou to understandmoreclearlyhow yourprogram
actuallyworks. It mightevensave youa lot of debugging.This is thefirst version:

: place over over >r >r char+ swap chars cmove r> r> c! ;

create one 32 chars allot ( --)
s" Hans" one place ( --)
one ( a)
4 chars ( a i)
+ ( a+i)
char d ( a+i c)
swap ( c a+i)
c! ( --)

Now thesecond,optimizedversion:

: place over over >r >r char+ swap chars cmove r> r> c! ;

create one 32 chars allot ( --)
char d ( c)
s" Hans" one place ( c)
one ( c a)
4 chars ( c a i)
+ ( c a+i)
c! ( --)

3.22 Getting a string fr om the keyboard

Of course,you don’t want to initialize stringsall your life. Real applicationsget their input from the
keyboard.We’vealreadyshown youhow to geta numberfrom thekeyboard.Now we turn to strings.

When programmingin BASIC, stringsusually have an undefinedlength. SomeBASICs move strings
aroundin memory, othershave to performsomekind of "garbage-collection".Whatevermethodthey use,
it takesup memoryandprocessor-time.

Forth forcesyou to think aboutyourapplication.E.g.whenyouwantto storesomebodiesnamein astring
variable,16 characterswill betoo few and256characterstoo many. But 64 characterswill probablydo.

But that posesa problemwhenyou want to get a string from the keyboard. How canyou prevent that
somebodytypesa stringthatis just too long?

Theword ’ACCEPT’takestwo arguments.First, thestringvariablewhereyou wantto save theinput and
second,themaximumnumberof charactersit cantake. But thereis acatch.Thisprogramcangetyou into
trouble:

64 constant #name \ length of string
create name #name chars allot \ define string ’name’

name #name accept \ input string
name 1+ swap type cr \ swap count and print
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Since64 characters*PLUS* the countbyte addup to 65 characters.You will probablywant to usethis
definitioninstead:

: saccept 1- swap 1+ swap accept ; \ define safe ’ACCEPT’

64 constant #name \ length of string
create name #name chars allot \ define string ’name’

name #name saccept \ input string
name 1+ swap type cr \ print string

This "safe"versiondecrementsthecountsotheuserinput will fit nicely into thestringvariable.In order
to terminateit youwrite:

: saccept 1- swap 1+ swap accept ; \ define safe ’ACCEPT’

64 constant #name \ length of string
create name #name chars allot \ define string ’name’

name dup #name saccept \ input string
swap c! \ set count byte

The word ’ACCEPT’alwaysreturnsthe numberof charactersit received. This is the endof the second
level. Now you shouldbe able to understandmost of the exampleprogramsandwrite simple ones. I
suggestyoudo just that.Experienceis thebestteacherafterall.

3.23 What is the TIB?

The TIB standsfor "Terminal Input Buffer" and is usedby onesingle, but very importantword called
’REFILL’. In essence,’REFILL’ doesthesamething as’ACCEPT’,exceptthat it hasa dedicatedareato
storeits dataandsetsup everythingfor parsing.Whatever you typewhenyou call ’REFILL’, it is stored
in theTIB.

3.24 What is the PAD?

ThePAD is shortfor "scratch-pad".It is a temporarystorageareafor strings. It is heavily usedby Forth
itself, e.g. whenyou print a numberthe string is formedin the PAD. Yes,that’s right: whenyou print
a numberit is first convertedto a string. Then that string is ’COUNT’ed and ’TYPE’d. You caneven
programthatsubsystemyourselfaswewill seewhenweencounterformattednumbers.

3.25 How do I useTIB and PAD?

In general,you don’t. The TIB is a system-relatedareaandit is consideredbadpracticewhenyou ma-
nipulateit yourself. The PAD canbe usedfor temporarystorage,but beware! Temporaryreally means
temporary. A few wordsat themost,providedyoudon’t generateany outputor doany parsing.

Think of boththeseareasaspredefinedstrings.Youcanreferto themas’TIB’ and’PAD’. You don’t have
to declarethemin any way. Thisprogramis perfectlyalright:
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: place over over >r >r char+ swap chars cmove r> r> c! ;

s" Hello world" pad place \ store a string in pad
pad count type cr \ print contents of the pad

3.26 Temporary string constants

Hey, haven’t wealreadyseenthis?Yes,you have.

s" This is a string" type cr

No ’COUNT’? No. ’S"’ leavesits addressandits lengthon thestack,sowe cancall ’TYPE’ right away.
Note that this string doesn’t last forever. If you wait too long it will be overwritten. It dependson your
systemhow long thestringwill last.

3.27 Simpleparsing

We have alreadydiscussed’REFILL’ a bit. We’ve seenthat it is closelyrelatedto ’ACCEPT’.’REFILL’
returnsa trueflag if all is well. Whenyou usethekeyboardit usuallyis, sowe cansafelydropit, but we
will encountera situationwherethis flag comesin handy. If you want to geta string from thekeyboard,
youonly haveto type:

refill drop \ get string from keyboard

Every next call to ’REFILL’ will overwriteany previously enteredstring. Soif you wantto do something
with thatstringyou’vegot to getit out of there,usuallyto oneof yourown strings.

But if accessingtheTIB directly is not theproperway, what is? Theuseof ’REFILL’ is closelylinkedto
theword ’WORD’, which is a parser. ’WORD’ looksfor thedelimiter, whoseASCII codeis on thestack.

If thestringstartswith thedelimiter, it will skip this andall subsequentoccurrencesuntil it findsa string.
Thenit will look for thedelimiteragainandslice thestring right there. It thencopiestheslicedstring to
PAD andreturnsits address.This extremelyhandywhenyou wantto obtainfilteredinput. E.g. whenyou
wantto split somebodiesnameinto first name,initials andlastname:

Hans L. Bezemer

Justusethis program:

: test
." Give first name, initials, lastname: "
refill drop \ get string from keyboard
bl word \ parse first name
." First name: " \ write message
count type cr \ type first name
bl word \ parse initials
." Initials : " \ write message
count type cr \ type initials
bl word \ parse last name
." Last name : " \ write message
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count type cr \ write last name
;

test

You don’t have to parsetheentirestringwith thesamecharacter. This programwill split up anMS-DOS
filenameinto its components:

: test
." DOS filename: " refill \ input a DOS filename
drop cr \ get rid of the flag

[char] : word \ parse drive
." Drive: " count type ." :" cr

\ print drive
begin

[char] \ word \ parse path
dup count 0<> \ if not a NULL string

while \ print path
drop ." Path : " count type cr

repeat \ parse again
drop drop \ discard addresses

;

test

If ’WORD’ reachestheendof thestringandthedelimiteris still not found,it returnstheremainderof that
string. If you try to parsebeyondtheendof thestring,it returnsaNULL string.Thatis anemptystringor,
in otherwords,a stringwith lengthzero.

Therefore,we checkedwhetherthestringhadzerolength. If it had,we hadreachedtheendof thestring
andfurtherparsingwasdeemeduseless.

3.28 Converting a string to a number

Wenow learnedhow to parsestringsandretrievecomponentsfrom them.But whatif thesecomponentsare
numbers?Well, thereis a way in Forth to convert a stringto a number, but like every number-conversion
routineit hasto acton invalid strings.Thatis, stringsthatcannotbeconvertedto a valid number.

This implementationusesaninternalerror-value,called’(ERROR)’. Theconstant’(ERROR)’ is astrange
number. You can’t negateit, you can’t subtractany numberfrom it andyou can’t print it. If ’NUMBER’
can’t converta string it returnsthatconstant.Forth hasits own conversionword called’>NUMBER’, but
thatis a lot harderto use.Let’s takea look at this program:

S" MAX-N" ENVIRONMENT? \ query environment
[IF] \ if successful
NEGATE 1- CONSTANT (ERROR) \ create constant (ERROR)
[THEN]

: number 0. Rot dup 1+ c@ [char] - = >r count r@ if 1 /string
then >number nip 0= if d>s r> if negate then else r> drop
2drop (error) then ;
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: test
." Enter a number: " \ write prompt
refill drop \ enter string
bl word \ parse string
number dup \ convert to a number
(error) = \ test for valid number
if \ if not valid

." You didn’t enter a valid number!" drop cr
else \ print if valid

." The number was: " . cr
then

;

test

You first entera string,thenit parsedand’WORD’ returnstheaddresswherethatstringis stored.’NUM-
BER’ triesto convert it. If ’NUMBER’ returns’(ERROR)’ it wasn’t a valid string.Otherwise,thenumber
it right on thestack,waiting to beprinted.Thatwasn’t sohard,wasit?

3.29 Controlling the radix

If you area programmer, you know how importantthis subjectis to you. Sometimes,you want to print
numbersin octal,binaryor hex. Forthcando thattoo. Let’s take thepreviousprogramandalterit abit:

S" MAX-N" ENVIRONMENT? \ query environment
[IF] \ if successful
NEGATE 1- CONSTANT (ERROR) \ create constant (ERROR)
[THEN]

: number 0. Rot dup 1+ c@ [char] - = >r count r@ if 1 /string
then >number nip 0= if d>s r> if negate then else r> drop
2drop (error) then ;

: test
." Enter a number: " \ write prompt
refill drop \ enter string
bl word \ parse string
number dup \ convert to a number
(error) = \ test for valid number
if \ if not valid

." You didn’t enter a valid number!" drop cr
else \ print if valid

hex
." The number was: " . cr

then
;

test

Weaddedtheword’HEX’ justbeforeprintingthenumber. Now thenumberwill beprintedin hexadecimal.
Forth hasa numberof wordsthatcanchangetheradix, like ’DECIMAL ’ and’OCTAL’. They work in the
sameway as’HEX’.
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Forth alwaysstartsin decimal.After thatyou areresponsible.Notethatall radix control follows theflow
of theprogram.If youcall aself-definedword thatalterstheradixall subsequentconversionis donetoo in
thatradix:

S" MAX-N" ENVIRONMENT? \ query environment
[IF] \ if successful
NEGATE 1- CONSTANT (ERROR) \ create constant (ERROR)
[THEN]

: number 0. Rot dup 1+ c@ [char] - = >r count r@ if 1 /string
then >number nip 0= if d>s r> if negate then else r> drop
2drop (error) then ;

: .hex hex . ; \ print a number in hex

: test
." Enter a number: " \ write prompt
refill drop \ enter string
bl word \ parse string
number dup \ convert to a number
(error) = \ test for valid number
if \ if not valid

." You didn’t enter a valid number!" drop cr
else \ print if valid

." The number was: " .hex cr
then

;

test

In this examplenot only that single numberis printed in hex, but also all subsequentnumberswill be
printedin hex! A betterversionof the".HEX" definitionwouldbe:

: .hex hex . decimal ;

Sincethat oneresetsthe radix back to decimal. Words like ’HEX’ do not only control the outputof a
number, but theinput of numbersis alsoaffected:

S" MAX-N" ENVIRONMENT? \ query environment
[IF] \ if successful
NEGATE 1- CONSTANT (ERROR) \ create constant (ERROR)
[THEN]

: number 0. Rot dup 1+ c@ [char] - = >r count r@ if 1 /string
then >number nip 0= if d>s r> if negate then else r> drop
2drop (error) then ;

: test
." Enter a number: " \ write prompt
refill drop \ enter string
bl word \ parse string
hex \ convert hexadecimal
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number dup \ convert to a number
(error) = \ test for valid number
if \ if not valid

." You didn’t enter a valid number!" drop cr
else \ print if valid

dup
." The number was: " decimal . ." decimal" cr
." The number was: " hex . ." hex" cr

then
;

test

’NUMBER’ will now alsoaccepthexadecimalnumbers.If thenumberis nota valid hexadecimalnumber,
it will return ’(ERROR)’. You probablyknow thereis more to radix control than ’OCTAL’, ’HEX’ and
’DECIMAL ’. No, we have not forgottenthem. In fact,you canchooseany radix between2 and36. This
slightly modifiedprogramwill only acceptbinarynumbers:

S" MAX-N" ENVIRONMENT? \ query environment
[IF] \ if successful
NEGATE 1- CONSTANT (ERROR) \ create constant (ERROR)
[THEN]

: number 0. Rot dup 1+ c@ [char] - = >r count r@ if 1 /string
then >number nip 0= if d>s r> if negate then else r> drop
2drop (error) then ;

: binary 2 base ! ;

: test
." Enter a number: " \ write prompt
refill drop \ enter string
bl word \ parse string
binary \ convert hexadecimal
number dup \ convert to a number
(error) = \ test for valid number
if \ if not valid

." You didn’t enter a valid number!" drop cr
else \ print if valid

dup \ both decimal and hex
." The number was: " decimal . ." decimal" cr
." The number was: " hex . ." hex" cr

then
;

test

’BASE’ is a predefinedvariablethatenablesyou to selectany radix between2 and36. This makesForth
veryflexible:

hex 02B decimal . cr

However, this won’t work:
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: wont-work hex 02B decimal . cr ;

But thiswill:

hex
: will-work 02B decimal . cr ;

Why that? Well, ’HEX’ will just be compiled,not executed. So whenForth tries to compile ”02B”, it
doesn’t recognizeit asa hexadecimalnumberandwill try to find word ’02B’. Which it can’t of course.
Note that after ”WILL-W ORK” hasbeencompiledall numbersfollowing it will stuill be compiledas
hexadecimalnumbers.Why? Because’DECIMAL ’ is compiledtoo! You shouldplacea ’DECIMAL ’
outsidethedefinition in orderto resettheradix. BTW, it is alwaysa goodideato adda leadingzeroto a
hexadecimalnumber. For example,is this ahex numberor a word:

face

3.30 Pictured numeric output

You probablyhave usedthis before,like whenwriting Basic.Never heardof "PRINT USING.."? Well, it
is a way to print numbersin a certainformat. Like telephone-numbers,time, dates,etc. Of courseForth
cando this too. In fact,you’ve probablyusedit before. Both ’.’ and’.R’ usethesameinternalroutines.
They arecalledjust beforeanumberis printed.

This numericstring is createdin thePAD andoverwrittenwith eachnew call. But we’ll go into thata bit
lateron.

Whatyou have to rememberis thatyou definethe format reverse.What is printedfirst, is definedlast in
theformat.Soif youwantto print:

060-5556916

You haveto defineit this way:

6196555-060

Formattingbeginswith theword ’<#’ andendswith theword ’#>’. A singlenumberis printedusing’#’
andthe remainderof thenumberis printedusing’#s’ (which is alwaysat leastonedigit). Let’s go a bit
furtherinto that:

: print# s>d <# #s #> type cr ;
256 print#

This simply prints a singlenumber(sinceonly ’#S’ is betweenthe ’<#’ andthe ’#>’ andgoesto a new
line. Thereis hardlyany differencewith ’.’. You cantry any (positive) number. Note that thevaluesthat
’#>’ leaveson thestackcandirectly beusedby ’TYPE’. You canforgetaboutthe’S>D’ word. Justdon’t
forgetto put it there.

This is a slightly differentformat:

: print3# s>d <# # # # #> type cr ;
256 print3#
1 print3#
1000 print3#
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Thisonewill print "256", "001" and"000". Alwaysthelastthreepositions.The’#’ simplystandsfor ’print
a singledigit’. Soif youwantto print anumberwith at leastthreedigits, theformatwouldbe:

#s # #

Thatis: print theremainderof thenumber(at leastonedigit) andthentwo more.Now reverseit:

# # #s

Encloseit by ’S>D’, ’<#’ and’#>’ andadd’TYPE CR’:

s>d <# # # #s #> type cr

And that’s it! Is it? Not quite. Sofar we’ve only printedpositive numbers.If you try a negative number,
youwill find it printsgarbage.Thisbehavior canbefixedwith theword ’SIGN’.

’SIGN’ simply takesthenumberfrom thestackandprintsa "-" whenit is negative. Theproblemis thatall
otherformattingwordscanonly handlepositive numbers.Sowe needthesamenumbertwice. Onewith
thesignandonewithout. A typicalsignednumberformattingword lookslike:

: signed# dup >r abs s>d <# #s r> sign #> type ;

Notethe’DUP ABS’ sequence.First thenumberis duplicated(for ’SIGN’) andthentheabsolutevalueis
taken(for theotherformattingwords).Sowe got theon thestacktwice. First on thereturnstackwith sign
(for ’SIGN’), secondwithoutsign(for theotherformattingwords).Doesthatmakesenseto you?

We canplace’SIGN’ whereverwewant. If we wantto placethesignafterthenumber(likesomeaccoun-
tantsdo)we wouldwrite:

: account# dup >r abs s>d <# r> sign #s #> type ;

But that is still not enoughto write "$2000.15"is it? Well, in orderto do that thereis anothervery handy
wordcalled’HOLD’. Theword ’HOLD’ just copiesany characterinto theformattednumber. Let’sgive it
a try:

$2000.16

Let’s reversethat:

61.0002$

Sowe first wantto print two numbers,evenwhenthey arezero:

# # .0002$

Thenwewantto print adot. This is where’HOLD’ comesin. ’HOLD’ takesanASCII codeandplacesthe
equivalentcharacterin theformattingstring.We don’t have to look up theASCII codefor a dot of course.
We canuse’CHAR’:

# # char . hold 0002$
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Thenwe wantto print therestof thenumber(which is at leastonedigit):

# # char . hold #s $

Finally we wantto print thecharacter"$". Anotherjob for ’HOLD’:

# # char . hold #s char $ hold

Sothis is our formattingword:

: currency <# # # [char] . hold #s [char] $ hold #> type cr ;

And wecall it like this:

200016 currency

You cando somepretty complex stuff with theseformattingwords. Try to figure out this onefrom the
masterhimself,LeoBrodie:

: sextal 6 base ! ;
: :00 # sextal # decimal 58 hold ;
: time# s>d <# :00 :00 #S #> type cr ;
3615 time#

Yeah,it prints the time! Prettyneat,huh? Now try the telephone-numberwe discussedin thebeginning.
Thatshouldn’t betoo hard.

3.31 Converting a number to a string

Sincethereis no specialword in Forth which will convert a numberto a string, we’ll have to createit
ourselves. In the previoussectionwe have seenhow a numericstring is createdin thePAD. We canuse
this to createa word thatconvertsa numberto a string.

Becausethe PAD is highly volatile, we have to move the string immediatelyafter its creation. So we’ll
createa word thatnot only createsthestring,but movesit directly to its properlocation:

: >string >r dup >r abs s>d <# #s r> sign #>
r@ char+ swap dup >r cmove r> r> c! ;
( n a -- )

It takesa number, theaddressof a stringandreturnsnothing.Example:

create num$ 16 chars allot
-1024 num$ >string
num$ count type cr
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Stacksand colondefinitions

4.1 The addressof a colon-definition

You cangettheaddressof acolondefinitionby usingtheword ”’ (tick):

: add + ; \ a colon definition
’ add . cr \ display address

Verynice,but whatgoodis it for? Well, first of all theconstruction"’ ADD" throwstheaddressof "ADD"
onthestack.Youcanassignit to avariable,defineaconstantfor it, or compileit into anarrayof constants:

’ add constant add-address

variable addr
’ add addr !

create addresses ’ add ,

Are you with usso far? If we would simply write "ADD", "ADD" would beexecutedright away andno
valuewould beleft on thestack.Tick forcesForth to throw theaddressof "ADD" on thestackinsteadof
executing"ADD". Whatyoucanactuallydowith it, we will show you in thenext section.

4.2 Vectoredexecution

Thisis athingthatcanbeterribly difficult in otherlanguages,but is extremelyeasyin Forth. Maybeyou’ve
everseenaBASIC programlike this:

10 LET A=40
20 GOSUB A
30 END
40 PRINT "Hello"
50 RETURN
60 PRINT "Goodbye"
70 RETURN

43
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If you executethis program,it will print "Hello". If you changevariable"A" to "60", it will print "Good-
bye". In fact,themereexpression"GOSUBA" cando two differentthings.In Forthyoucando this much
morecomfortable:

: goodbye ." Goodbye" cr ;
: hello ." Hello" cr ;

variable a

: greet a @ execute ;

’ hello a !
greet

’ goodbye a !
greet

What arewe doing here? First, we definea few colon-definitions,called"HELLO" and"GOODBYE".
Second,we definea variablecalled "A". Third, we defineanothercolon-definitionwhich fetchesthe
valueof "A" andexecutesit by calling ’EXECUTE’. Then,we get theaddressof "HELLO" (by using"’
HELLO") andassignit to "A" (by using"A !"). Finally, weexecute"GREET"andit says"Hello".

It seemsasif "GREET" is simply analiasfor "HELLO", but if it wereit would print "Hello" throughout
the program. However, the secondtime we execute"GREET", it prints "Goodbye". That is becausewe
assignedtheaddressof "GOODBYE" to "A".

Thetrick behindthis all is ’EXECUTE’. ’EXECUTE’ takestheaddressof e.g. "HELLO" from thestack
andcallsit. In fact,theexpression:

hello

Is equivalentto:

’ hello execute

Thiscanbeextremelyuseful.We’ll giveyoua little hint:

create subs ’ hello , ’ goodbye ,

Doesthis giveyou any ideas?

4.3 Usingvalues

A valueis a cross-overbetweena variableandaconstant.May bethisexamplewill giveyou anidea:

declaration:

variable a ( No initial value)
1 constant b ( Initial value, can’t change)
2 b + value c ( Initial value, can change)
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fetching:

a @ ( Variable throws address on stack)
b ( Constant throws value on stack)
c ( Value throws value on stack)

storing:

2 b + a ! ( Expression can be stored at runtime)
( Constant cannot be reassigned)

2 b + to c ( Expression can be stored at runtime)

In many aspects,valuesbehave like variablesandcanreplacevariables.Theonly thing you cannotdo is
makearraysof values.

In fact,a valueis a variablethatbehavesin certainaspectslike a constant.Why usea valueat all? Well,
therearesituationswherea valuecanhelp, e.g. whena constantCAN changeduring execution. It is
certainlynot a goodideato replaceall variablesby values.

4.4 The stacks

Forth hastwo stacks. So far we’ve talked aboutonestack,which is the DataStack. The DataStackis
heavily used,e.g.whenyou executethis code:

2 3 + .

Only theDataStackis used.First, "2" is thrown on it. Second,"3" is thrown on it. Third, ’+’ takesboth
valuesfrom thestackandreturnsthesum.Fourth,this valueis takenfrom thestackby ’.’ anddisplayed.
Sowheredo weneedtheotherstackfor?

Well, weneedit whenwewantto call acolon-definition.Beforeexecutioncontinuesatthecolon-definition,
it savestheaddressof thecurrentlyexecuteddefinitionon theotherstack,which is calledtheReturnStack
for obviousreasons.

Thenexecutioncontinuesat thecolon-definition.Every colon-definition is terminatedby ’;’, which com-
pilesinto ’EXIT’. When’EXIT’ is encountered,theaddresson top of theReturnStackis popped.Execu-
tion thencontinuesat thataddress,which in factis theplacewherewe camefrom.

If we would storethataddresson the DataStack,thingswould go wrong,becausewe cannever be sure
how many valueswereon thatstackwhenwe calledthecolon-definition,nor would beknow how many
thereareon thatstackwhenweencounter’EXIT’. A separatestacktakescareof that.

Try andfigureout how this algorithmworkswhenwe call a colon-definitionfrom a colon-definitionand
youwill seethatit works(Forth is proof of that).

It now becomesclearhow ’EXECUTE’ works. When ’EXECUTE’ is called, the addressof the colon-
definition is on the DataStack. All ’EXECUTE’ doesis copy its addresson the ReturnStack,take the
addressfrom theDataStackandcall it. ’EXIT’ neverknowsthedifference..

But the ReturnStackis usedby otherwordstoo. Like ’DO’ and’LOOP’. ’DO’ takesthe limit andthe
counterfrom the DataStackandputs themon the ReturnStack. ’LOOP’ takesboth of themfrom the
ReturnStackandcomparesthem.If they don’t match,it continuesexecutionafter’DO’. Thatis oneof the
reasonsthatyoucannotsplit a ’DO..’LOOP’.

However, if you call a colon-definitionfrom within a ’DO’..’LOOP’ you will seeit works: the return
addressis put on top of the limit andthecounter. As long asyou keeptheReturnStackbalanced(which
isn’t too hard)youcangetawaywith quitea few thingsaswewill seein thefollowing section.
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4.5 Saving temporary values

We haven’t shown you how the ReturnStackworks just for the fun of it. Although it is an areathat is
almostexclusively usedby thesystemyoucanuseit too.

We know we canmanipulatetheDataStackonly threeitemsdeep(using’ROT’). Most of thetime that is
morethanenough,but sometimesit isn’t.

In Forth therearespecialwordsto manipulatestackitemsin pairs,e.g. "2DUP" ( n1 n2 – n1 n2 n1 n2)
or "2DROP" ( n1 n2 –). In mostForthsthey arealreadyavailable,but we couldeasilydefinethosetwo
ourselves:

: 2dup over over ;
: 2drop drop drop ;

You will noticethat "2SWAP" ( n1 n2 n3 n4 – n3 n4 n1 n2) becomesa lot harder. How canwe get this
deep?You canusetheReturnStackfor that..

Theword ’>R’ takesan item from theDataStackandputsit on theReturnStack.Theword ’R>’ doesit
theotherwayaround.It takesthetopmostitem from theReturnStackandputsit on theDataStack.Let’s
try it out:

: 2swap ( n1 n2 n3 n4) \ four items on the stack
rot ( n1 n3 n4 n2) \ rotate the topmost three
>r ( n1 n3 n4) \ n2 is now on the Return Stack
rot ( n3 n4 n1) \ rotate other items
r> ( n3 n4 n1 n2) \ get n2 from the Return Stack

;

And why doesit work in thiscolon-definition?Why doesn’t theprogramgohaywire?BecausetheReturn
Stackis andwasperfectlybalanced.Theonly thingwehadto dowasto getoff "n2" beforethesemi-colon
wasencountered.Remember, thesemi-coloncompilesinto ’EXIT’ and’EXIT’ popsareturn-addressfrom
theReturnStack.Okay, let meshow you theReturnStackeffects:

: 2swap ( r1)
rot ( r1)
>r ( r1 n2)
rot ( r1 n2)
r> ( r1)

; ( --)

Note, thesearetheReturnStackeffects! "R1" is thereturn-address.And it is thereon top on theReturn
Stackwhen’EXIT’ is encountered.Thegeneralrule is:

Cleanup yourmessinsideacolon-definition

If yousavetwo valuesontheReturnStack,getthemoff therebeforeyouattemptto leave. If yousavethree,
get threeoff. And soon. This meansyou have to bevery carefulwith loopingandbranching.Otherwise
youhavea programthatworksperfectlyin onesituationandnot in another:

: this-wont-work ( n1 n2 -- n1 n2)
>r ( n1)
0= if ( --)
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r> ( n2)
dup ( n2 n2)

else
1 2 ( 1 2)

then
;

Thisprogramwill work perfectlyif n1 equalszero.Why? Let’s look at theReturnStackeffects:

: this-wont-work ( r1)
>r ( r1 n2)
0= if ( r1 n2)

r> ( r1)
dup ( r1)

else ( r1 n2)
1 2 ( r1 n2)

then
;

You seewhenit entersthe’ELSE’ clausetheReturnStackis nevercleanedup,soForthattemptsto return
to thewrongaddress.Avoid this,sincethis canbeveryhardbugsto fix.

4.6 The Return Stack and the DO..LOOP

We’ve alreadytold you that the limit andthecounterof a DO..LOOP(or DO..+LOOP)arestoredon the
ReturnStack.But how doesthisaffectsaving valuesin themiddleof a loop?Well, thisexamplewill make
thatquiteclear:

: test
1 ( n)
10 0 do ( n)

>r ( --)
i . ( --)
r> ( n)

loop ( n)
cr ( n)
drop ( --)

;

test

You might expectthat it will show you thevalueof thecountertentimes. In fact, it doesn’t. Let’s take a
look at theReturnStack:

: test
1 ( --)
10 0 do ( l c)

>r ( l c n)
i . ( l c n)
r> ( l c)
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loop ( --)
cr ( --)
drop ( --)

;

test

You might have noticed(unlessyou’re blind) that it prints tentimesthenumber"1". Wheredoesit come
from? Usually’I’ printsthevalueof thecounter, which is on top of theReturnStack.

This time it isn’t: the number"1" is there. So ’I’ thinks that "1" is actually the counteranddisplaysit.
Sincethatvalueis removedfrom theReturnStackwhen’LOOP’ is encountered,it doesn’t domuchharm.

We seethatwe cansafelystoretemporaryvalueson theReturnStackinsidea DO..LOOP, but we have to
cleanup themess,beforewe encounter’LOOP’. So,this rule appliesheretoo:

Cleanup yourmessinsideaDO..LOOP

But we still have to bepreparedthattheword ’I’ will not providetheexpectedresult(which is thecurrent
valueof thecounter).In fact,’I’ doessimplycopy thetopmostvalueontheReturnStack.Which is usually
correct,unlessyou’vemanipulatedtheReturnStackyourself.

Note that thereareotherwordsbeside’I’, which do exactly the samething: copy the top of the Return
Stack.But they areintendedto beusedoutsideaDO..LOOP. We’ll seeanexampleof thatin thefollowing
section.

4.7 Other Return Stackmanipulations

TheReturnStackcanavoid somecomplex stackacrobatics.Stackacrobatics?Well, you know it by now.
Sometimesall thesevaluesandaddressesare just not in propersequence,so you have to ’SWAP’ and
’ROT’ a lot until they are.

You canavoid someof theseconstructionsby just moving a singlevalueon the ReturnStack. You can
returnit to theDataStackwhenthetime is there.Or you canusethetop of theReturnStackasa kind of
local variable.

No, you don’t have to move it aroundbetweenbothstacksall thetimeandyou don’t haveto use’I’ out of
its context. Thereis a well-establishedword,which doesthesamething: ’R@’. This is anexampleof the
useof ’R@’:

: delete ( n --)
>r #lag + ( a1)
r@ - #lag ( a1 a2 n2)
r@ negate ( a1 a2 n2 n3)
r# +! ( a1 a2 n2)
#lead + ( a1 a2 n2 a3)
swap cmove ( a1)
r> blanks ( --)

;

’R@’ copiesthetop of theReturnStackto theDataStack.This exampleis takenfrom a Forth-editor. It
deletes"n" charactersleft of the cursor. By putting the numberof characterson the ReturnStackright
away, its valuecanbe fetchedby ’R@’ without using’DUP’ or ’OVER’. Sinceit canbe fetchedat any
time,no ’SWAP’ or ’ROT’ hasto comein.
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4.8 Altering the flow with the Return Stack

Themerefact that returnaddressesarekepton thestackmeansthatyou canalter theflow of a program.
This is hardly ever necessary, but if you’re a real hacker you’ll try this anyway, so we’d bettergive you
somepointerson how it is done.Let’s take a look at this program.Note thatwe commenton theReturn
Stackeffects:

: soup ." soup " ; ( r1 r2)
: dessert ." dessert " ; ( r1 r6)
: chicken ." chicken " ; ( r1 r3 r4)
: rice ." rice " ; ( r1 r3 r5)
: entree chicken rice ; ( r1 r3)
: dinner soup entree dessert ; ( r1)
dinner cr ( --)

And this is theoutput:

soup chicken rice dessert

Beforeweexecute"DINNER" theReturnStackis empty. Whenweenter"DINNER" thereturnaddressto
themainprogramis on theReturnStack(r1).

"DINNER" calls"SOUP".Whenweenter"SOUP"thereturnaddressto "DINNER" is ontheReturnStack
(r2). Whenwe aredonewith "SOUP",its returnaddressdisappearsfrom theReturnStackandexecution
continueswithin "DINNER".

Then "ENTREE" is called,putting anotherreturnaddresson the ReturnStack(r3). "ENTREE" on its
turn,calls"CHICKEN". Anotherreturnaddress(r4) is put on theReturnStack.Let’s take a look on what
currentlylies on theReturnStack:

- Top Of Return Stack (TORS) -
r4 - returns to ENTREE
r3 - returns to DINNER
r1 - returns to main program

As wealreadyknow, ’;’ compilesan’EXIT’, which takestheTORSandjumpsto thataddress.Whatif we
losethecurrentTORS?Will thesystemcrash?

Apart from otherstackeffects (e.g. too few or the wrong dataare left on the DataStack)nothingwill
go wrong. Unlessthe colon-definitionwascalledfrom insidea DO..LOOP, of course.But what DOES
happen?The solutionis providedby the table: it will jump backto "DINNER" andcontinueexecution
from there.

: soup ." soup " ; ( r1 r2)
: dessert ." dessert " ; ( r1 r6)
: chicken ." chicken " r> drop ; ( r1 r3 - r4 gets lost!)
: rice ." rice " ; ( r1 r3 r5)
: entree chicken rice ; ( r1 r3)
: dinner soup entree dessert ; ( r1)
dinner cr ( --)

Since"CHICKEN" getsrid of the returnaddressto "ENTREE", "RICE" is never called. Instead,a jump
is madeto "DINNER" thatassumesthat"ENTREE" is done,soit continueswith "DESSERT". This is the
output:
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soup chicken dessert

Notethatthis is not commonpracticeandwedonotencourageits use.However, it givesyouaprettygood
ideahow theReturnStackis usedby thesystem.

4.9 Leaving a colon-definition

You cansometimesachieve the very sameeffect by usingthe word ’EXIT’ on a strategic place. We’ve
alreadyencountered’EXIT’. It is theactualword thatis compiledby ’;’.

Whatyou didn’t know is thatyou cancompilean ’EXIT’ without usinga ’;’. And it doesthevery same
thing: it popsthe returnaddressfrom the ReturnStackandjumpsto it. Let’s take a look at our slightly
modifiedpreviousexample:

: soup ." soup " ; ( r1 r2)
: dessert ." dessert " ; ( r1 r6)
: chicken ." chicken " ; ( r1 r3 r4)
: rice ." rice " ; ( is never reached)
: entree chicken exit rice ; ( r1 r3)
: dinner soup entree dessert ; ( r1)
dinner cr ( --)

After "CHICKEN" hasbeenexecutedby "ENTREE", an ’EXIT’ is encountered.’EXIT’ works just like
’;’, soForth thinksthecolon-definitionhascometo anendandjumpsbackto "DINNER". It nevercomes
to calling "RICE", sotheoutputis:

soup chicken dessert

’EXIT’ is mostlyusedin combinationwith somekind of branchinglike IF..ELSE..THEN.Compareit with
’LEAVE’ thatleavesaDO..LOOPearly.

But now for the big question:what is the differencebetween’EXIT’ and’;’? Both compilean ’EXIT’,
but they arenot aliases.Forth shutsdown the compilerwhenencountering’;’. This is not performedby
’EXIT’.

4.10 How deepis your stack?

You canaskForth how many valuesareon the DataStackusing’DEPTH’. It will reportthe numberof
values,beforeyou executed’DEPTH’. Let’selaborateon thata little more:

.( Begin) cr ( no values on the stack)
10 ( 1 value on the stack)
5 ( 2 values on the stack)
9 ( 3 values on the stack)
depth ( 4 values on the stack)
. cr ( Forth reports "3")
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Advancedtopics

5.1 Booleansand numbers

You might have expectedwe haddiscussedthis subjectmuchearlier. But we haven’t andfor onevery
goodreason.We’ve told you a few chaptersagothat’IF’ branchesif thetop of thestackis non-zero.Any
numberwill do. Soyou wouldexpectthatthisprogramwill print "I’m here":

: test
1 2 and
if

." I’m here"
then

;

test

In fact, it doesn’t! Why? Well, ’AND’ is a BINARY operator, not a LOGICAL operator. Thatmeansit
reactson bit-patterns.Giventwo numbers,it will evaluatebits at thesameposition.

Thenumber"1" is "01" in binary. Thenumber"2" is "10" in binary. ’AND’ will evaluatethefirst bit (binary
digit, now you know wherethatcamefrom!). Thefirst bit is therightmostbit, so"0" for thenumber"2"
and"1" for thenumber"1".

’AND’ workson a simplerule, if bothbits are"1" theresultwill be"1" on thatposition.Otherwiseit will
be"0". So"1" and"0" are"0". Theevaluationof thesecondbit hasthesameresult:"0". We’restuckwith
a numberthatis "0". False.So’IF’ concludesthattheexpressionis not true:

2 base ! \ set radix to binary
10 ( binary number "2")
01 AND ( binary number "1")
= . cr ( binary result after AND)

It will print "0". However, "3" and"2" would work just fine:

2 base ! \ set radix to binary
10 ( binary number "2")
11 AND ( binary number "3")
. cr ( binary result after AND)

51
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It will print "10". The sameappliesto otherbinary operatorsas ’OR’ and’INVERT’. ’OR’ works just
like ’AND’ but works the otherway around. If both bits are"0" the resultwill be "0" on that position.
Otherwiseit will be"1":

2 base ! \ set radix to binary
10 ( binary number "2")
01 OR ( binary number "1")
. cr ( binary result after OR)

It will print "11". We do not encouragetheuseof ’INVERT’ for logical operations,althoughthestandard
allows it. You shoulduse’0=’ instead. ’0=’ takesthe top of the stackandleave a true-flagif it is zero.
Otherwiseit will leaveafalse-flag.Thatmeansthatif aconditionistrue(non-zero),it will leaveafalse-flag.
Which is exactlywhata logical NOT shoulddo.

Take a look at his brother’0<>’. ’0<>’ takesthe top of the stackandleavesa true-flagif it is non-zero.
Otherwiseit will leave a false-flag. The funny thing is ’AND’ and’OR’ work perfectlywith flagsand
behaveasexpected.’0<>’ will converta valueto a flag for you. Sothis works:

: test
1 0<>
2 0<>
and if

." I’m here" cr
then

;

test

Of course,you don’t have to use’0<>’ whena word returnsa flag. You shouldcheckthe standardfor
detailson that.

5.2 Including your own definitions

At a certainpoint you mayhave written a lot of definitionsyou’re very fond of. You usethemin mostof
your programs,so beforeyou actuallyget to the programsyou have to work your way throughall these
standarddefinitions.Evenworse,whenyou changeoneof themyou have to edit all yourprograms.Most
Forthshave a way to permanentlyincludethemin the kernel,but if you’re not up to that or want your
programsto beasportableaspossibleyou cansolve this in a betterway.

Justput all of yourdefinitionsin a singlefile andstartyourprogramwith:

s" mydefs.fs" included

Thecompilerwill now first compileall thedefinitionsin ”mydefs.fs”beforestartingwith themainprogram.
We’vedoneexactly thesamein thefollowing sections.Mostof thecodeyou’ll find thereusestheEasy4tH
extensions,soinsteadof listing themeverysingletime,we’vejustincludedthem.Easy4tHhasold favorites
like ”PLACE” and”NUMBER” alreadyavailableto you.

Youhaveto definetheconstant”/STRING-SPACE” first in orderto useit. A valueof 16384shouldbefine
in mostcases.If you getanerror, you canalwaysincreaseit.
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5.3 Conditional compilation

This is somethingwhich canbevery handywhenyou’redesigninga Forth programfor differentenviron-
mentsor evendifferentForth compilers.Let’s sayyou’vewritten a generalledgerprogramin Forth thatis
sogood,you cansell it. Your customerswanta demo,of course.You’re willing to give oneto them,but
you’reafraidthey’regoingto usethedemowithout everpayingfor it.

Onething you cando is limit thenumberof entriesthey canmake. So,you copy thesourceandmake a
specialdemoversion.But youhaveto do thatfor everynew release.Wouldn’t it just beeasierto haveone
versionof theprogramandjustchangeonesingleconstant?You canwith conditionalcompilation:

true constant DEMO

DEMO [if]
256 constant #Entries
[else]
65536 constant #Entries
[then]

variable CurrentEntry

create Entries #Entries cells allot

Wedefinedaconstant,called"DEMO", whichis true.So,whenthecompilerreachesthe"DEMO [if]" line,
it knowsthatit hasto compile"256constantEntries",since"DEMO" is true.Whenit comesto "[else]", it
knowsit hasto skipeverythingup to "[then]". So,in this casethecompilerbehaveslikeyou’vewritten:

256 constant #Entries
variable CurrentEntry
create Entries #Entries cells allot

Would youchange"DEMO" to false,thecompilerwould behaveasif youwrote:

variable CurrentEntry
65536 constant #Entries
create Entries #Entries cells allot

Theword’[IF]’ only worksatcompiletimeandis never compiledinto theobject.’[IF]’ takesaexpression.
If thisexpressionis true,thecodefrom ’[IF]’ until ’[ELSE]’ is compiled,justas’[IF]’ wasn’t there.Is this
expressionis false,everything’[IF]’ up to ’[ELSE]’ is discardedasif it wasn’t there.

Thatalsomeansyou candiscardany codethat is superfluousin theprogram.E.g. whenyou’remakinga
colon-definitionto checkwhetheryou canmake any moreentries.If you didn’t useconditionalcompila-
tion, youmight havewritten it like this:

: CheckIfFull ( n -- n)
dup #Entries = ( n f)
if ( n)

drop ( --)
DEMO ( f)
if ( --)

." Buy the full version"
else \ give message and exit program
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." No more entries"
then ( --)

cr quit
then ( n)

;

But thisoneis nicerandwill take up lesscode:

DEMO [IF]
: .Message ." Buy the full version" ;
[ELSE]
: .Message ." No more entries" ;
[THEN]

: CheckIfFull ( n -- n)
dup #Entries = ( n f)
if ( n)

drop ( --)
.Message
cr quit

then ( n)
;

You canalsouseconditionalcompilationto discardlargechunksof code.This is a muchbetterway than
to commentall thelinesout,e.g.this won’t work anyway:

(
: room? \ is it a valid variable?

dup ( n n)
size 1- invert and ( n f)
if \ exit program

drop ." Not an element of ROOM" cr quit
then

;
)

This is prettycumbersomeandproneto error:

\ : room? \ is it a valid variable?
\ dup ( n n)
\ size 1- invert and ( n f)
\ if \ exit program
\ drop ." Not an element of ROOM" cr quit
\ then
\ ;

But this is somethingthatcaneasilybehandled:

false [if]
: room? \ is it a valid variable?

dup ( n n)
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size 1- invert and ( n f)
if \ exit program

drop ." Not an element of ROOM" cr quit
then

;
[then]

Justchange"false" to "true" and the colon-definitionis part of the programagain. Note that ’[IF] ..
[THEN]’ canbenested!Conditionalcompilationis verypowerfulandoneof theeasiestfeaturesalanguage
canhave.

5.4 Exceptions

Youknow whenyouviolatetheintegrity of Forth, it will exit andreportthecauseandlocationof theerror.
Wouldn’t it beniceif youcouldcatchtheseerrorswithin theprogram?It wouldsavealot of error-checking
anyway. It is quitepossibleto checkevery valuewithin Forth, but it takescodeandperformance,which
makesyourprogramlesscompactandslower.

Well, youcando thattoo in Forth. And noteventhat,youcantriggeryourown errorsaswell. Thissimple
programtriggersanerrorandexits Forthwhenyouentera "0":

16384 constant /string-space
s" easy4th.fs" included

: input# \ get a number
begin

refill drop ( --)
bl word number ( n )
dup (error) <> ( n f )
dup 0= ( n f -f )
if swap drop then ( f | n f )

until ( input routine )
;

\ get a number
\ if non-zero, return it
\ if zero, throw exception

: could-fail ( -- n)
input# dup 0=
if 1 throw then

;
\ drop numbers and
\ call COULD-FAIL

: do-it ( --)
drop drop could-fail

;
\ put 2 nums on stack and
\ execute DO-IT

: try-it ( --)
1 2 [’] do-it execute
." The number was" . cr

;
\ call TRY-IT

try-it
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"TRY-IT" putstwo numberson thestack,getstheexecutiontokenof "DO-IT" andexecutesit. "DO-IT"
dropsboth numbersandcalls "COULD-FAIL". "COULD-FAIL" getsa numberandcomparesit against
"0". If zero,it callsanexception.If not, it returnsthenumber.

Theexpression"1 THROW" hasthesameeffect ascalling ’QUIT’. Theprogramexits, but with theerror
message"Unhandledexception".Youcanuseany positivenumberfor ’THROW’, but "0 THROW" hasno
effect. This is calleda"userexception",which meansyoudefinedandtriggeredtheerror.

Therearealsosystemexceptions. Theseare triggeredby the system,e.g. whenyou want to accessan
undefinedvariableor print a numberwhenthestackis empty. Theseexceptionshave a negative number,
so:

throw -4

Will trigger the "Stackempty"error. You canusetheseif you want but we don’t recommendit, sinceit
will confusetheusersof yourprogram.

You’re probablynot interestedin an alternative for ’QUIT’. Well, ’THROW’ isn’t. It just enablesyou to
"throw" anexceptionandexceptionscanbecaughtby yourprogram.ThatmeansthatForthwon’t exit, but
transferscontrolbackto someroutine.Let’sdo just that:

16384 constant /string-space
s" easy4th.fs" included

: input#
begin

refill drop ( --)
bl word number ( n )
dup (error) <> ( n f )
dup 0= ( n f -f )
if swap drop then ( f | n f )

until ( input routine )
;

: could-fail ( -- n)
input# dup 0=
if 1 throw then

;

: do-it ( --)
drop drop could-fail

;

: try-it ( --)
1 2 [’] do-it catch
if drop drop ." There was an exception" cr
else ." The number was" . cr
then

;

try-it

The only thingswe changedis a somewhat moreelaborate"TRY-IT" definition andwe replaced’EXE-
CUTE’ by ’CATCH’.



5.4. EXCEPTIONS 57

’CATCH’ worksjust like ’EXECUTE’, exceptit returnsaresult-code.If theresult-codeis zero,everything
is okay. If it isn’t, it returnsthe valueof ’THROW’. In this caseit would be "1", sincewe execute"1
THROW". Thatis why "0 THROW" doesn’t haveany effect.

If you entera nonzerovalueat theprompt,you won’t seeany differencewith thepreviousversion.How-
ever, if we enter"0", we’ll getthemessage"Therewasanexception",beforetheprogramexits.

Buthey, if wegotthatmessage,thatmeansForthwasstill in control! In fact,it was.When"1 THROW" was
executed,thestack-pointerswererestoredandwe weredirectly returnedto "TRY-IT". As if "1 THROW"
performedan’EXIT’ to thetokenfollowing ’CATCH’.

Sincethestack-pointerswerereturnedto their original state,thetwo valueswe discardedin "DO-IT" are
still on thestack.But thepossibilityexists they have beenalteredby previousdefinitions.Thebestthing
we cando is discardthem.

So,thefirst versionexitedwhenyoudidn’t enteranonzerovalue.Thesecondversiondid too,but notafter
giving usa message.Can’t wemakeaversionin whichwe canhaveanothertry? Yeswecan:

16384 constant /string-space
s" easy4th.fs" included

: input#
begin

refill drop ( --)
bl word number ( n )
dup (error) <> ( n f )
dup 0= ( n f -f )
if swap drop then ( f | n f )

until ( input routine )
;

: could-fail ( -- n)
input# dup 0=
if 1 throw then

;

: do-it ( --)
drop drop could-fail

;

: retry-it ( --)
begin

1 2 [’] do-it catch
while

drop drop ." Exception, keep trying" cr
repeat
." The number was " . cr

;

retry-it

This versionwill not only catchthe error, but it allows us to have anothergo! We cankeepon entering
"0", until we entera nonzerovalue. Isn’t that great?But it getseven better! We canexhaustthe stack,
triggera systemexceptionandstill keepon going. But let’s take it onestepat the time. First we change
"COULD-FAIL" into:
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: could-fail ( -- n)
input# dup 0=
if drop ." Stack: " depth . cr 1 throw then

;

This will tell us that the stackis exhaustedat his point. Let’s exhaustis a little further by redefining
"COULD-FAIL" again:

: could-fail ( -- n)
input# dup 0=
if drop drop then

;

Another’DROP’?But wouldn’t thattriggeran"Stackempty"error?Yeah,it does.But insteadof exiting,
theprogramwill reactasif wewrote"-4 THROW" insteadof "DROPDROP". Theprogramwill correctly
reportanexceptionwhenwe enter"0" andactaccordingly.

This will work with virtually every runtimeerror. Which meanswe won’t have to protectour program
againsteverypossibleuser-error, but let Forthdo thechecking.

Wewon’t evenhaveto setflagsin everypossiblecolon-definition,sinceForthwill automaticallyskipevery
level between’THROW’ and’CATCH’. Evenbetter, thestackswill berestoredto thesamedepthasthey
werebefore’CATCH’ wascalled.

You can handlethe error in any way you want. You can display an error message,call somekind of
error-handler, or just ignoretheerror. Is thatenoughflexibility for you?

5.5 Lookup tables

Leo Brodiewrote: "I considerthecasestatementanelegantsolutionto a misguidedproblem:attempting
analgorithmicexpressionof whatis moreaptlydescribedin adecisiontable".And thatis exactlywhatwe
aregoingto teachyou.

Let’s saywewanta routinethattakesa numberandthenprintstheappropriatemonth.In ANS-Forth,you
coulddo thatthis way:

: Get-Month
case

1 of ." January " endof
2 of ." February " endof
3 of ." March " endof
4 of ." April " endof
5 of ." May " endof
6 of ." June " endof
7 of ." July " endof
8 of ." August " endof
9 of ." September" endof
10 of ." October " endof
11 of ." November " endof
12 of ." December " endof

endcase
cr

;
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This takesa lot of codeanda lot of comparing.In this case(little wordplay)you would bebetterof with
anindexedtable,like this:

16384 constant /string-space
s" easy4th.fs" included

create MonthTable
$" January " ,
$" February " ,
$" March " ,
$" April " ,
$" May " ,
$" June " ,
$" July " ,
$" August " ,
$" September" ,
$" October " ,
$" November " ,
$" December " ,

: Get-Month ( n -- )
12 min 1- MonthTable swap cells + @ pad copy1 count type cr

;

Which doesthevery samething andwill certainlywork faster. Normally, you can’t do that this easilyin
ANS-Forth,but with thisprimeryoucan,souseit! But canyouusethesamemethodwhenyou’reworking
with a randomsetof valueslike "2, 1, 3, 12,5, 6, 4, 7, 11,8, 10,9". Yes,you can.But you needa special
routineto accesssucha table.Of coursewe designedonefor you:

: Search-Table ( n1 a1 n2 n3 -- n4 f)
swap >r ( n1 a1 n3)
rot rot ( n3 n1 a1)
over over ( n3 n1 a1 n1 a1)
0 ( n3 n1 a1 n1 a1 n2)

begin ( n3 n1 a1 n1 a1 n2)
swap over ( n3 n1 a1 n1 n2 a1 n2)
cells + ( n3 n1 a1 n1 n2 a2)
@ dup ( n3 n1 a1 n1 n2 n3 n3)
0> >r ( n3 n1 a1 n1 n2 n3)
rot <> ( n3 n1 a1 n2 f)
r@ and ( n3 n1 a1 n2 f)

while ( n3 n1 a1 n2)
r> drop ( n3 n1 a1 n2)
r@ + ( n3 n1 a1 n2+2)
>r over over ( n3 n1 a1 n1 a1)
r> ( n3 n1 a1 n1 a1 n2+2)

repeat ( n3 n1 a1 n2)

r@ if
>r rot r> ( n1 a1 n3 n2)

1”COPY” is partof theEasy4tHextensionsandwill copy acountedstringfrom oneaddressto another(addr1addr2– addr2).
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+ cells + @ ( n1 n4)
swap drop ( n3)

else
drop drop drop ( n1)

then

r> ( n f)
r> drop ( n f)

;

This routinetakesfour values.Thefirst oneis thevalueyou want to search.Thesecondis theaddressof
thetableyou wantto search.Thethird oneis thenumberof fieldsthis tablehas.And on top of thestack
you’ll find the field which valueit hasto return. The first field mustbe the "index" field. It containsthe
valueswhichhave to becompared.Thatfield hasnumberzero.

This routinecansearchzero-terminatedtables.Thatmeansthe lastvaluein the index field mustbezero.
Finally, it canonly lookuppositive values.You canchangeall thatby modifying the line with "0> >r". It
returnsthevaluein theappropriatefield anda flag. If theflag is false,thevaluewasnot found.

Now, how do weapplythis to ourmonthtable?First,wehave to redefineit:

16384 constant /string-space
s" easy4th.fs" included

0 Constant NULL

create MonthTable
1 , $" January " ,
2 , $" February " ,
3 , $" March " ,
4 , $" April " ,
5 , $" May " ,
6 , $" June " ,
7 , $" July " ,
8 , $" August " ,
9 , $" September" ,
10 , $" October " ,
11 , $" November " ,
12 , $" December " ,
NULL ,

Notethatthis tableis sorted,but thatdoesn’t matter. It wouldwork justaswell whenit wasunsorted.Let’s
getour stuff together:theaddressof thetableis "MonthTable",it hastwo fieldsandwe wantto returnthe
addressof thestring,which is locatedin field 1. Field 0 containsthevalueswe wantto compare.We can
now definea routinewhich searchesour table:

: Search-Month MonthTable 2 1 Search-Table ; ( n1 -- n2 f)

Now, we defineanew "Get-Month"routine:

: Get-Month ( n --)
Search-Month \ search table
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if \ if month is found
pad copy count type \ print its name

else \ if month is not found
drop ." Not found" \ drop value

then \ and show message

cr
;

Is thisflexible? Oh,youbet! We canextendthetablewith ease:

16384 constant /string-space
s" easy4th.fs" included

0 Constant NULL
3 Constant #MonthFields

create MonthTable
1 , $" January " , 31 ,
2 , $" February " , 28 ,
3 , $" March " , 31 ,
4 , $" April " , 30 ,
5 , $" May " , 31 ,
6 , $" June " , 30 ,
7 , $" July " , 31 ,
8 , $" August " , 31 ,
9 , $" September" , 30 ,
10 , $" October " , 31 ,
11 , $" November " , 30 ,
12 , $" December " , 31 ,
NULL ,

Now we makea slightmodificationto "Search-Month":

: Search-Month MonthTable #MonthFields 1 Search-Table ;

Thisenablesusto addmorefieldswithouteverhaving to modify "Search-Month"again.If weaddanother
field, we just have to modify "#MonthFields".We cannow evenaddanotherroutine,which enablesusto
retrieve thenumberof daysin amonth:

: Search-#Days MonthTable #Monthfields 2 Search-Table ;

Of course,thereis roomfor evenmoreoptimization,but for now weleaveit atthat.Do younow understand
why Forth shouldn’t havea CASEconstruct?

5.6 What DOES>CREATE do?

Let’stakeacloserlook at ’CREATE’. Whatdoes’CREATE’ actuallydo?Well, it takesthestringafterward
asa nameandmakesaword out of it. Let’s try this:

CREATE aname
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You caneventypethatat theprompt.It works,it just makesaword. If youdon’t believeme,typethis:

aname .

Now "ANAME" justwroteoutanaddress.Whenyou’restill at thepromptandhaven’t doneanythingelse,
typethis:

5 ,

Right afterour definitionwe just compiledin "5". Is thatuseful?Canwe ever retrieve it? Sure,we just
created"ANAME", didn’t we?And theaddress"ANAME" gave is exactly theaddresswhereout "5" was
compiled!Believe it or not:

aname @ .

Sure,it answers"5". We canevencompileanothernumber:

10 ,

And retrieve it:

aname 1 cells + @ .

Looksa lot like anarraydoesn’t it? Well, underthehoodForth is actuallydoingthesamething. Let’s say
we wantaword thatcompilesanumberandmakesanamefor it. We coulddefinethis:

: compilenumber create , ;

Now let’suseit:

10 compilenumber anothername
anothername @ .

First ’CREATE’ doesit’s job andandcreatesthe word "ANOTHERNAME". Second,’,’ kicks in and
compilesthenumberthatis on thestack,just like at our previousexample.Whenwe execute,theaddress
of thenumberis thrown on thestack,sowe canretrieve thecontentsanddisplaythem.

Don’t you think "COMPILENUMBER" is a badname. What we actuallydid wascreatean initialized
variable!Sowhatdo you think theword ’VARIABLE’ does?Simple:

: variable create 1 cells allot ;

It createsa nameandreservessomespacefor it! But can’t we do anything elsethanjust throw a address.
Yes,you cannot just definethe way Forth compilesa word, but alsowhat it doesat runtime. You use
’DOES>’ to defineit. Let’s saywe want it to displaythecontentsright away. We alreadygot anaddress.
Whatnext? Sure:

@ .

Thatwill getthecontentsof theaddressandshow ’em. Justput thembehind’DOES>’:
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: displaynumber create , does> @ . ;

That’s it! Let’suseit:

11 displaynumber anumber
anumber

Great,isn’t it? Looksalot like’CONSTANT’, doesn’t it? Let’sfill youin onthat. ’CONSTANT’ is defined
like this:

: constant create , does> @ ;

Thereis really nothingmoreto it. Yeah,you cando greatthingswith that. Make you own datatypesand
such.We’ll seemoreof thatlateron.

5.7 Fixed point calculation

We alreadylearnedthatif we can’t calculateit out in dollars,wecancalculateit in cents.And still present
theresultin dollarsusingpicturednumericoutput:

: currency <# # # [char] . hold #s [char] $ hold #> type cr ;

In this case,this:

200012 currency

will print this:

$2000.12

Well, thatmaybearelief for thebookkeepers,but whataboutusscientists?Youcandotheverysametrick.
We haveconvertedsomeForthcodefor you thatgivesyou veryaccurateresults.Youcanuseroutineslike
SIN, COSandSQRT. A smallexample:

31415 CONSTANT PI
10000 CONSTANT 10K ( scaling constant )
VARIABLE XS ( square of scaled angle )

: KN ( n1 n2 -- n3, n3=10000-n1*x*x/n2 where x is the angle )
XS @ SWAP / ( x*x/n2 )
NEGATE 10K */ ( -n1*x*x/n2 )
10K + ( 10000-n1*x*x/n2 )

;

: (SIN) ( x -- sine*10K, x in radian*10K )
DUP DUP 10K */ ( x*x scaled by 10K )
XS ! ( save it in XS )
10K 72 KN ( last term )
42 KN 20 KN 6 KN ( terms 3, 2, and 1 )
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10K */ ( times x )
;

: SIN ( degree -- sine*10K )
PI 180 */ ( convert to radian )
(SIN) ( compute sine )

;

If youenter:

45 sin . cr

You will get"7071",becausetheresultis multiplied by 10000.You cancorrectthis thesameway you did
with thedollars:just print thenumberin theright format.

: /10K. <# # # # # [char] . hold #S #> type cr ;
45 sin /10K.

Thisonewill actuallyprint:

0.7071

But notethatForth internallystill workswith thescalednumber, which is "7071". Anotherexample:

: SQRT ( n1 -- n2, n2**2<=n1 )
0 ( initial root )
SWAP 0 ( set n1 as the limit )
DO 1 + DUP ( refresh root )

2* 1 + ( 2n+1 )
+LOOP ( add 2n+1 to sum, loop if )

; ( less than n1, else done )

: .fp <# # [char] . hold #S #> type cr ;

If you entera numberof which theroot is aninteger, youwill geta correctanswer. You don’t evenneeda
specialformattingroutine. If you enterany othernumber, it will returnonly the integerpart. You canfix
this by scalingthenumber.

However, scalingit by 10 will get you nowhere,since"3" is the squareroot of "9", but "30" is not the
squareroot of "90". In that case,we have to scaleit by 100, 10,000or even 1,000,000to get a correct
answer. In orderto retrieve thenext digit of thesquareroot of "650", wehave to multiply it by 100:

650 100 * sqrt .fp

Whichwill print:

25.4

To acquiregreaterprecisionwehaveto scaleit upevenfurther, like10,000.Thiswill show us,that"25.49"
bringsusevencloserto thecorrectanswer.
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5.8 Recursion

Yes,but canshedo recursion?Of courseshecan! In orderto let a colon-definitioncall itself, you have to
usetheword ’RECURSE’.Everybodyknowshow to calculatea factorial.In Forthyoucando this by:

: factorial ( n1 -- n2)
dup 2 >
if

dup 1-
recurse *

then
;

10 factorial . cr

If you usetheword ’RECURSE’outsidea colon-definition,theresultsareundefined.Notethatrecursion
laysaheavy burdenon thereturnstack.Sometimesit is wiserto implementsucharoutinedifferently:

: factorial
dup

begin
dup 2 >

while
1- swap over * swap

repeat

drop
;

10 factorial . cr

Soif youever run into stackerrorswhenyouuserecursion,keepthis in mind.

5.9 Forward declarations

It doesn’t happenvery often, but sometimesyou have a programwheretwo colon-definitionscall each
other. Thereis no specialinstructionin Forth to do this, like Pascals"FORWARD" keyword, but still it
canbedone. It evenworks thesameway. Let’s saywe’ve got two colon-definitionscalled"STEP1"and
"STEP2". "STEP1"calls"STEP2"andvice versa.First we createa valuecalled"(STEP2)".We assignit
thevalue’-1’ sinceit is highly unlikely, therewill everbeaword with thataddress:

-1 value (Step2)

Thenwe usevectoredexecutionto createa forwarddeclarationfor "STEP2":

: Step2 (Step2) execute ;

Now we cancreate"STEP1"without aproblem:
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: Step1 1+ dup . cr Step2 ;

But "STEP2"doesnot have a body yet. Of course,you could createa new colon-definition,tick it and
assigntheexecutiontokento "(STEP2)",but this createsa superfluousword.

It is muchneaterto use’:NONAME’. ’:NONAME’ canbeusedlike a normal’:’, but it doesn’t requirea
name. Instead,it pushesthe executiontoken of the colon-definitionit createdon the stack. No, ’:NON-
AME’ does*NOT* createa literal expression,but it is just whatwe need:

:noname 1+ dup . cr Step1 ; to (Step2)

Now we areready!We cansimply executetheprogramby calling "STEP1":

1 Step1

Note that if you run this program,you’ll get stackerrors! Sorry, but the examplehasbeentaken from a
TurboPascalmanual;).

5.10 This is the end

This is the endof it. If you masteredall we have written aboutForth, you may be just asproficientas
we are.Or evenbetter. In themeanwhileyou mayevenhave acquireda tastefor this strange,but elegant
language.If you do,thereis plentyleft for you to learn.

If you find any errorsin this primer or just want to make a remarkor suggestion,you cancontactus by
sendinganemailto:

hansoft@bigfoot.com

We do alsohavea web-site:

http://hansoft.come.to

You will find therelots of documentationandnewson 4tH, ourown Forthcompiler.
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Easy4tH

\ easy4th V1.0d A 4tH to ANS Forth interface

\ Typical usage:
\ 4096 constant /string-space
\ s" easy4th.fs" included

\ This is an ANS Forth program requiring:
\ 1. The word NIP in the Core Ext. word set
\ 2. The word /STRING in the String word set
\ 3. The word D>S in the Double word set
\ 4. The words MS and TIME&DATE in the Facility Ext. word set
\ 5. The words [IF] and [THEN] in the Tools Ext. word set.

\ (c) Copyright 1997,2001 Wil Baden, Hans Bezemer. Permission is granted by the
\ authors to use this software for any application provided this
\ copyright notice is preserved.

\ Uncomment the next line if REFILL does not function properly
\ : refill query cr true ;

\ 4tH datatypes
: ARRAY CREATE CELLS ALLOT ;
: STRING CREATE CHARS ALLOT ;
: TABLE CREATE ;

\ 4tH constants
S" MAX-N" ENVIRONMENT? \ query environment
[IF] \ if successful
NEGATE 1- CONSTANT (ERROR) \ create constant (ERROR)
[ELSE]
.( Error: MAX-N undefined) cr
[THEN]

S" MAX-N" ENVIRONMENT? \ query environment
[IF] \ if successful
CONSTANT MAX-N \ create constant MAX-N
[ELSE]
.( Error: MAX-N undefined) cr
[THEN]

S" STACK-CELLS" ENVIRONMENT? \ query environment
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[IF] \ if successful
CONSTANT STACK-CELLS \ create constant STACK-CELLS
[ELSE]
.( Error: STACK-CELLS undefined) cr
[THEN]

S" /PAD" ENVIRONMENT? \ query environment
[IF] \ if successful
CONSTANT /PAD \ create constant /PAD
[ELSE]
.( Error: /PAD undefined) cr
[THEN]

\ 4tH compiletime words
: [NOT] 0= ;
: [*] * ;
: [+] + ;

\ 4tH wordset
: TH CELLS + ;
: @’ @ ;
: COPY ( a b -- b ) >R DUP C@ 1+ R@ SWAP MOVE R> ;
: WAIT 1000 * MS ;

: NUMBER ( a -- n)
0. ROT DUP 1+ C@ [CHAR] - = >R COUNT
R@ IF 1 /STRING THEN >NUMBER NIP 0=
IF D>S R> IF NEGATE THEN ELSE R> DROP 2DROP (ERROR) THEN

;

( Reserve STRING-SPACE in data-space. )
CREATE STRING-SPACE /STRING-SPACE CHARS ALLOT
VARIABLE NEXT-STRING 0 NEXT-STRING !

( caddr n addr -- )
: PLACE OVER OVER >R >R CHAR+ SWAP CHARS MOVE R> R> C! ;

( "string<">" -- caddr )
: $" [CHAR] " PARSE
DUP 1+ NEXT-STRING @ + /STRING-SPACE >

ABORT" String Space Exhausted. "
STRING-SPACE NEXT-STRING @ CHARS + >R
DUP 1+ NEXT-STRING +!
R@ PLACE
R>

;

\ 4tHs Random generator

( Default RNG from the C Standard. ‘RAND’ has reasonable )
( properties, plus the advantage of being widely used. )
VARIABLE RANDSEED

32767 CONSTANT MAX-RAND
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: RAND ( -- random )
RANDSEED @ ( random) 1103515245 * 12345 + DUP RANDSEED !
16 RSHIFT MAX-RAND AND

;

: SRAND ( n -- ) RANDSEED ! ; 1 SRAND

( Don’t mumble. )
: random ( -- n ) RAND ;

: set-random ( n -- ) SRAND ;

( Mix ’em up. )
: randomize ( -- )
TIME&DATE 12 * + 31 * + 24 * + 60 * + 60 * + set-random
;

randomize
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GNU FreeDocumentationLicense

GNU FreeDocumentationLicense

Version1.1,March2000

Copyright (C) 2000FreeSoftwareFoundation,Inc. 59 TemplePlace,Suite330,Boston,MA 02111-1307
USA

Everyoneis permittedto copy anddistributeverbatimcopiesof this licensedocument,but changingit is
not allowed.

0. PREAMBLE

Thepurposeof thisLicenseis to makeamanual,textbook,or otherwrittendocument"free" in thesenseof
freedom:to assureeveryonetheeffectivefreedomto copy andredistributeit, with or withoutmodifying it,
eithercommerciallyor noncommercially. Secondarily, this Licensepreservesfor theauthorandpublisher
awayto getcreditfor theirwork, while notbeingconsideredresponsiblefor modificationsmadeby others.

This Licenseis a kind of "copyleft", which meansthatderivativeworksof thedocumentmustthemselves
be free in the samesense.It complementsthe GNU GeneralPublic License,which is a copyleft license
designedfor freesoftware.

We have designedthis Licensein order to useit for manualsfor free software, becausefree software
needsfreedocumentation:a freeprogramshouldcomewith manualsproviding thesamefreedomsthatthe
softwaredoes. But this Licenseis not limited to softwaremanuals;it canbeusedfor any textual work,
regardlessof subjectmatteror whetherit is publishedasa printedbook. We recommendthis License
principally for workswhosepurposeis instructionor reference.

1. APPLICABILITY AND DEFINITIONS

This Licenseappliesto any manualor otherwork that containsa noticeplacedby the copyright holder
sayingit canbe distributedunderthe termsof this License. The"Document",below, refersto any such
manualor work. Any memberof thepublic is a licensee,andis addressedas"you".

A "Modified Version"of theDocumentmeansany work containingtheDocumentor a portionof it, either
copiedverbatim,or with modificationsand/ortranslatedinto anotherlanguage.

A "SecondarySection"is a namedappendixor a front-mattersectionof the Documentthat dealsexclu-
sively with therelationshipof thepublishersor authorsof theDocumentto theDocument’soverallsubject
(or to relatedmatters)andcontainsnothingthat could fall directly within that overall subject. (For ex-
ample,if the Documentis in part a textbook of mathematics,a SecondarySectionmay not explain any
mathematics.)Therelationshipcouldbea matterof historicalconnectionwith thesubjector with related
matters,or of legal,commercial,philosophical,ethicalor political positionregardingthem.
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The "InvariantSections"are certainSecondarySectionswhosetitles are designated,as being thoseof
InvariantSections,in thenoticethatsaysthattheDocumentis releasedunderthis License.

The "Cover Texts" arecertainshortpassagesof text that arelisted, asFront-Cover Texts or Back-Cover
Texts, in thenoticethatsaysthattheDocumentis releasedunderthis License.

A "Transparent"copy of the Documentmeansa machine-readablecopy, representedin a format whose
specificationis available to the generalpublic, whosecontentscan be viewed and editeddirectly and
straightforwardly with generictext editorsor (for imagescomposedof pixels)genericpaint programsor
(for drawings) somewidely availabledrawing editor, and that is suitablefor input to text formattersor
for automatictranslationto a varietyof formatssuitablefor input to text formatters.A copy madein an
otherwiseTransparentfile format whosemarkuphasbeendesignedto thwart or discouragesubsequent
modificationby readersis not Transparent.A copy thatis not "Transparent"is called"Opaque".

Examplesof suitableformatsfor Transparentcopiesincludeplain ASCII without markup,Texinfo input
format, LATEX input format, SGML or XML usinga publicly availableDTD, and standard-conforming
simpleHTML designedfor humanmodification. OpaqueformatsincludePostScript,PDF, proprietary
formatsthat canbe readandeditedonly by proprietaryword processors,SGML or XML for which the
DTD and/orprocessingtoolsarenot generallyavailable,andthemachine-generatedHTML producedby
someword processorsfor outputpurposesonly.

The"Title Page"means,for a printedbook, the title pageitself, plussuchfollowing pagesasareneeded
to hold, legibly, thematerialthis Licenserequiresto appearin thetitle page.For works in formatswhich
do not have any title pageassuch,"Title Page"meansthetext nearthemostprominentappearanceof the
work’s title, precedingthebeginningof thebodyof thetext.

2. VERBATIM COPYING

You may copy and distribute the Documentin any medium,either commerciallyor noncommercially,
providedthat this License,thecopyright notices,andthe licensenoticesayingthis Licenseappliesto the
Documentarereproducedin all copies,andthat you addno otherconditionswhatsoever to thoseof this
License.You maynot usetechnicalmeasuresto obstructor control thereadingor furthercopying of the
copiesyou make or distribute. However, you may acceptcompensationin exchangefor copies. If you
distributea largeenoughnumberof copiesyoumustalsofollow theconditionsin section3.

You mayalsolendcopies,underthesameconditionsstatedabove,andyoumaypublicly displaycopies.

3. COPYING IN QUANTITY

If you publish printed copiesof the Documentnumberingmore than 100, and the Document’s license
noticerequiresCover Texts,you mustenclosethecopiesin coversthatcarry, clearlyandlegibly, all these
Cover Texts: Front-CoverTexts on thefront cover, andBack-CoverTexts on thebackcover. Both covers
mustalsoclearlyandlegibly identify youasthepublisherof thesecopies.Thefront covermustpresentthe
full title with all wordsof thetitle equallyprominentandvisible. Youmayaddothermaterialonthecovers
in addition.Copying with changeslimited to thecovers,aslong asthey preservethetitle of theDocument
andsatisfytheseconditions,canbetreatedasverbatimcopying in otherrespects.

If therequiredtexts for eithercoveraretoovoluminousto fit legibly, youshouldput thefirst oneslisted(as
many asfit reasonably)on theactualcover, andcontinuetherestontoadjacentpages.

If youpublishor distributeOpaquecopiesof theDocumentnumberingmorethan100,youmusteitherin-
cludeamachine-readableTransparentcopy alongwith eachOpaquecopy, or statein or with eachOpaque
copy apublicly-accessiblecomputer-network locationcontainingacompleteTransparentcopy of theDoc-
ument,free of addedmaterial,which the generalnetwork-usingpublic hasaccessto downloadanony-
mouslyat no chargeusingpublic-standardnetwork protocols.If you usethe latteroption,you musttake
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reasonablyprudentsteps,whenyou begin distribution of Opaquecopiesin quantity, to ensurethat this
Transparentcopy will remainthusaccessibleat thestatedlocationuntil at leastoneyearafterthelasttime
youdistributeanOpaquecopy (directlyor throughyouragentsor retailers)of thateditionto thepublic.

It is requested,but notrequired,thatyoucontacttheauthorsof theDocumentwell beforeredistributingany
largenumberof copies,to give themachanceto provideyouwith anupdatedversionof theDocument.

4. MODIFICA TIONS

Youmaycopy anddistributeaModifiedVersionof theDocumentundertheconditionsof sections2 and3
above,providedthatyoureleasetheModifiedVersionunderpreciselythisLicense,with theModifiedVer-
sionfilling therole of theDocument,thuslicensingdistribution andmodificationof theModified Version
to whoeverpossessesacopy of it. In addition,youmustdo thesethingsin theModifiedVersion:

A. Usein the Title Page(andon the covers,if any) a title distinct from that of the Document,andfrom
thoseof previous versions(which should,if therewereany, be listed in the History sectionof the Doc-
ument). You may usethe sametitle asa previousversionif the original publisherof that versiongives
permission.

B. List on the Title Page,asauthors,oneor more personsor entitiesresponsiblefor authorshipof the
modificationsin theModified Version,togetherwith at leastfive of theprincipalauthorsof theDocument
(all of its principalauthors,if it haslessthanfive).

C. Stateon theTitle pagethenameof thepublisherof theModifiedVersion,asthepublisher.

D. Preserveall thecopyright noticesof theDocument.

E. Add anappropriatecopyright noticefor yourmodificationsadjacentto theothercopyright notices.

F. Include,immediatelyafterthecopyright notices,a licensenoticegiving thepublicpermissionto usethe
ModifiedVersionunderthetermsof this License,in theform shown in theAddendumbelow.

G. Preserve in that licensenoticethefull lists of InvariantSectionsandrequiredCover Texts givenin the
Document’s licensenotice.

H. Includeanunalteredcopy of this License.

I. Preservethesectionentitled"History", andits title, andaddto it anitemstatingatleastthetitle, year, new
authors,andpublisherof the Modified Versionasgivenon the Title Page. If thereis no sectionentitled
"History" in the Document,createonestatingthe title, year, authors,andpublisherof the Documentas
givenonits Title Page,thenaddanitemdescribingtheModifiedVersionasstatedin theprevioussentence.

J. Preserve the network location, if any, given in the Documentfor public accessto a Transparentcopy
of theDocument,andlikewise thenetwork locationsgiven in the Documentfor previousversionsit was
basedon. Thesemaybeplacedin the"History" section.You mayomit a network locationfor a work that
waspublishedat leastfour yearsbeforetheDocumentitself, or if theoriginal publisherof the versionit
refersto givespermission.

K. In any sectionentitled"Acknowledgements"or "Dedications",preserve thesection’s title, andpreserve
in thesectionall thesubstanceandtoneof eachof thecontributor acknowledgementsand/ordedications
giventherein.

L. Preserve all the InvariantSectionsof the Document,unalteredin their text andin their titles. Section
numbersor theequivalentarenot consideredpartof thesectiontitles.

M. Deleteany sectionentitled"Endorsements".Sucha sectionmaynot be includedin theModified Ver-
sion.

N. Do not retitleany existingsectionas"Endorsements"or to conflict in title with any InvariantSection.If
theModified Versionincludesnew front-mattersectionsor appendicesthatqualify asSecondarySections
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andcontainno materialcopiedfrom theDocument,you mayat your optiondesignatesomeor all of these
sectionsasinvariant. To do this, addtheir titles to the list of InvariantSectionsin theModified Version’s
licensenotice.Thesetitlesmustbedistinctfrom any othersectiontitles.

You may adda sectionentitled"Endorsements",provided it containsnothingbut endorsementsof your
Modified Versionby variousparties–forexample,statementsof peerreview or that the text hasbeenap-
provedby anorganizationastheauthoritativedefinitionof astandard.

You may adda passageof up to five wordsasa Front-Cover Text, anda passageof up to 25 wordsas
a Back-Cover Text, to the endof the list of Cover Texts in the Modified Version. Only onepassageof
Front-Cover Text andoneof Back-Cover Text maybe addedby (or througharrangementsmadeby) any
oneentity. If theDocumentalreadyincludesa cover text for thesamecover, previously addedby you or
by arrangementmadeby the sameentity you areactingon behalfof, you may not addanother;but you
mayreplacetheold one,onexplicit permissionfrom thepreviouspublisherthataddedtheold one.

Theauthor(s)andpublisher(s)of theDocumentdo not by this Licensegivepermissionto usetheir names
for publicity for or to assertor imply endorsementof any ModifiedVersion.

5. COMBINING DOCUMENTS

YoumaycombinetheDocumentwith otherdocumentsreleasedunderthisLicense,underthetermsdefined
in section4 above for modifiedversions,provided that you includein the combinationall of the Invari-
ant Sectionsof all of the original documents,unmodified,andlist themall asInvariantSectionsof your
combinedwork in its licensenotice.

Thecombinedwork needonly containonecopy of this License,andmultiple identicalInvariantSections
maybereplacedwith asinglecopy. If therearemultipleInvariantSectionswith thesamenamebutdifferent
contents,make thetitle of eachsuchsectionuniqueby addingat theendof it, in parentheses,thenameof
theoriginalauthoror publisherof thatsectionif known, or elseauniquenumber.

Make thesameadjustmentto thesectiontitles in the list of InvariantSectionsin the licensenoticeof the
combinedwork.

In thecombination,you mustcombineany sectionsentitled"History" in thevariousoriginal documents,
forming onesectionentitled"History"; likewisecombineany sectionsentitled"Acknowledgements",and
any sectionsentitled"Dedications". You mustdeleteall sectionsentitled"Endorsements."

6. COLLECTIONS OF DOCUMENTS

You maymake a collectionconsistingof theDocumentandotherdocumentsreleasedunderthis License,
andreplacetheindividualcopiesof thisLicensein thevariousdocumentswith asinglecopy thatis included
in the collection,provided that you follow the rulesof this Licensefor verbatimcopying of eachof the
documentsin all otherrespects.

Youmayextractasingledocumentfrom suchacollection,anddistributeit individually underthisLicense,
providedyou insertacopy of thisLicenseinto theextracteddocument,andfollow thisLicensein all other
respectsregardingverbatimcopying of thatdocument.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilationof theDocumentor its derivativeswith otherseparateandindependentdocumentsor works,
in or on a volumeof a storageor distribution medium,doesnot asa whole countasa Modified Version
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of theDocument,providedno compilationcopyright is claimedfor thecompilation. Sucha compilation
is calledan"aggregate",andthis Licensedoesnot apply to theotherself-containedworks thuscompiled
with theDocument,onaccountof theirbeingthuscompiled,if they arenot themselvesderivativeworksof
theDocument.

If the Cover Text requirementof section3 is applicableto thesecopiesof the Document,then if the
Documentis lessthanonequarterof the entireaggregate,the Document’s Cover Texts may be placed
on coversthat surroundonly the Documentwithin the aggregate.Otherwisethey mustappearon covers
aroundthewholeaggregate.

8. TRANSLATION

Translationis consideredakind of modification,soyoumaydistributetranslationsof theDocumentunder
the termsof section4. ReplacingInvariantSectionswith translationsrequiresspecialpermissionfrom
their copyright holders,but you may includetranslationsof someor all InvariantSectionsin additionto
the original versionsof theseInvariantSections.You may includea translationof this Licenseprovided
thatyou alsoincludethe original Englishversionof this License.In caseof a disagreementbetweenthe
translationandtheoriginalEnglishversionof this License,theoriginalEnglishversionwill prevail.

9. TERMIN ATION

You maynot copy, modify, sublicense,or distributetheDocumentexceptasexpresslyprovidedfor under
this License.Any otherattemptto copy, modify, sublicenseor distribute theDocumentis void, andwill
automaticallyterminateyour rights underthis License. However, partieswho have received copies,or
rights, from you underthis Licensewill not have their licensesterminatedsolong assuchpartiesremain
in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

TheFreeSoftwareFoundationmaypublishnew, revisedversionsof theGNU FreeDocumentationLicense
from timeto time. Suchnew versionswill besimilar in spirit to thepresentversion,but maydiffer in detail
to addressnew problemsor concerns.Seehttp://www.gnu.org/copyleft/.

Eachversionof the Licenseis given a distinguishingversionnumber. If the Documentspecifiesthat a
particularnumberedversionof this License"or any later version"appliesto it, you have the option of
following the termsandconditionseitherof that specifiedversionor of any later versionthat hasbeen
published(not asa draft) by the FreeSoftwareFoundation.If the Documentdoesnot specifya version
numberof this License,you maychooseany versionever published(not asa draft) by theFreeSoftware
Foundation.

ADDENDUM: How to usethis Licensefor your documents

To usethisLicensein adocumentyouhavewritten, includeacopy of theLicensein thedocumentandput
thefollowing copyright andlicensenoticesjust afterthetitle page:

Copyright (c) YEAR YOURNAME.

Permissionis grantedto copy, distributeand/ormodify this documentunderthe termsof the
GNU FreeDocumentationLicense,Version1.1 or any later versionpublishedby the Free
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SoftwareFoundation;with theInvariantSectionsbeingLIST THEIR TITLES,with theFront-
Cover Texts beingLIST, andwith theBack-CoverTexts beingLIST. A copy of thelicenseis
includedin thesectionentitled"GNU FreeDocumentationLicense".

If you have no InvariantSections,write "with no InvariantSections"insteadof sayingwhich onesare
invariant. If you have no Front-Cover Texts, write "no Front-Cover Texts" insteadof "Front-Cover Texts
beingLIST"; likewisefor Back-CoverTexts.

If your documentcontainsnontrivial examplesof programcode,we recommendreleasingtheseexamples
in parallelunderyour choiceof freesoftwarelicense,suchastheGNU GeneralPublicLicense,to permit
their usein freesoftware.


