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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
DocumentatiorLicense Versionl.1or ary laterversionpublishedby the FreeSoftware Foundationwith
thelnvariantSectiondbeing”’GNU FreeDocumentatior_icense”,”Introductionand”About this primer”,
with the Front-Corer Texts being”And so Forth...,J.L. Bezemer”,andwith the Back-Caover Texts being
"The initial versionof this primerwaswritten by HansBezemerauthorof the 4tH compiler”. A copy of
thelicenseis includedin the sectionentitled"GNU FreeDocumentatioriicense".

1.2 Intr oduction

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

I’ve hadthat experiencemary times. Soin this manualyou will find mary shortfeatureson all kind of
topics.How to inputa numberfrom thekeyboard,whatacell is, etc.

| hopethis will enableyou to getquickly on yourway. If it didn’t, email me at ’hansoft@bigfoot.com’.
Youwill notonly getanansweybut youwill helpfuture Forth usersaswell.

You canusethis manualkwo ways. You caneitherjust getwhatyou needor work yourway through.Every
sectionbuilds ontheknowledgeyou obtainedn theprevioussections All sectionsaregroupednto levels.
We adviseyou to usewhatyou've learnedafteryou've workedyour way througha level.

If thisisn't enoughto teachyou Forth you canalways get a real good textbook on Forth, like "Starting
Forth" by Leo Brodie. Have fun!

1.3 About this primer

This primer was originally written for 4tH, my own Forth compiler 4tH isn’'t ANS-Forth compliant,by
ANS-Forth standardsiot even a ANS-Forth system. After awhile | got questionswvhy certainexamples
werent working. Sincel testedevery singleoneof theml| wonderedwhy. Until it davnedon me: people
learningForth wereusingmy primer!
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Sodueto high demand! startedto rewrite it for ANS-Forth compliantsystems.Most of thesesystems
don't evenhave a manualat all sothe needfor it shouldbe great. The next questionwas: which format.

Sincel wantedto learnLyX aryway, | settledfor that. You canproducevariousformatswith it which are

readableon mostsystemsincludingMS-DOS,MS-Windows andLinux.

The next questionwas: how far do you go. The original versionwasheavily gearedowards4tH, which
reflectsmy own views on Forth. And thoseviews sometimesontradictto thoseof ANS-Forth. However,
sinceLeo Brodie took the liberty in "Thinking Forth” to expresshis views, | thoughtl shouldhave the
freedomto expresamine.

Someexamples,especiallyin the "Advancedtopics” chaptey use special4tH extensions. Fortunately
Wil Badenhadhelpedmeto write a 4tH-to-ANS-Forth interface. Sincesomeof theseextensionscover
functionalitiescommonlyfoundin otherlanguages$ decidedto keepthosesectiondn, usingthe Easy4tH
definitions.In the previouschapters/ou’ll find some4tH wordsaswell, but very sparingly

Youmayfind thatsomeexamplesarenotworking with your specificForthcompiler Thatmayhave several
reasonsFirst, your compilermay not supportall ANS-Forth wordsets.Secondyour compilermaynot be
completelyANS-Forth compliant. I’ ve testedmostof theseexampleswith GForth or Win32Forth, which
are(almost)100%ANS-Forth compliant. Third, your compilermight be case-sensite.

The ANS-Forth standards a very importantdocument.l canonly adviseyou to getit. You shouldhave
no troublefinding it ontheinternet.| canonly hopethatthe compileryou choseat least documentedts
ANS-Forth compatibility.

This primerwaswrittenin thehopethatit will beusefulandthatstartingForthersarent putoff by thehigh
price of Forth textbooks.It is dedicatedo Leo Brodie,who taughtme muchmorethanjust Forth.

Hans Bezemer

DenHaag, 2001-03-07



Chapter 2

Forth fundamentals

2.1 Making calculationswithout parenthesis

To useForth you mustunderstandreversePolishNotation. This is a way to write arithmeticexpressions.
Theformis abit tricky for peopleto understandsinceit is gearedowardsmakingit easyfor thecomputer
to performcalculationshowever, mostpeoplecangetusedto the notationwith abit of practice.

ReversePolishNotationstoresvaluesin a stack.A stackof valuesis justlike a stackof books:onevalue
is placedon top of another Whenyou wantto performa calculation the calculationusesthe top numbers
onthestack.For example,heres atypical additionoperation:

12+

WhenForth readsa number it just putsthevalueontothe stack. Thus1 goeson the stack,then2 goeson

the stack.Whenyou put a valueontothe stack,we saythatyou pushit ontothe stack. WhenForth reads
the operator+’, it takesthetop two valuesoff the stack,addsthem,thenpusheghe resultbackontothe

stack.This meanghatthe stackcontains:

aftertheabove addition. As anotherexample,consider:
234+

(The'* standsfor multiplication.) Forth begins by pushingthe threenumbersonto the stack. Whenit
findsthe'+', it takesthe top two numbersoff the stackandaddsthem. (Taking a value off the stackis
calledpoppingthe stack.) Forth thenpusheghe resultof the additionbackontothe stackin placeof the
two numbers Thusthe stackcontains:

27

WhenForth findsthe™ operatorit againpopsthe top two valuesoff the stack. It multipliesthem,then
pushegheresultbackontothe stack,leaving:

14
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The following list givesa few more examplesof ReversePolish expressions.After each,we showv the
contentf thestack,in parentheses.

5
-5)
4
1
2

* *

* 4N~
'

(5)
(-5
(4)
(-4
(18
(28
(-6

AR BN D PO~
LEGEGES)
NN+ W
s

2.2 Manipulating the stack

Youwill oftenfind thatthe itemson the stackarenotin theright orderor thatyou needa copy. Thereare
stack-manipulatorg/hich cantake careof that.

To display a numberyou use’.’, pronounced'dot”. It takesa numberfrom the stackand displaysit.
'SWAP’ reversegheorderof two itemson the stack.If we enter:

23. .¢cr
Forthanswers:
32
If youwantto displaythe numberdn the sameorderasyou enteredhem,you have to enter:
2 3 swap . . cr
In thatcaseForthwill answer:
23
You canduplicatea numberusing’DUP’. If you enter:
2. .¢cr
Forthwill complainthatthe stackis empty However, if you enter:
2 dup . . cr
Forthwill display:
22

Anotherway to duplicatea numberis using’OVER'. In that casenot the topmostnumberof the stackis
duplicated put thenumbereneathE.g.

23 dup . . . cr
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will giveyouthefollowing result:

332
But thisone:

2 3over . . . cr
will giveyou:

232

Sometimes/ou wantto discarda number e.g. you duplicatedit to checka condition, but sincethe test
failed,youdon't needit anymore.’DROP’ is theword we useto discardnumbers Sothis:

2 3 drop .

will giveyou"2" insteadof "3", sincewe droppedthe"3".

Thefinal onel wantto introduceis 'ROT’. Most usersfind 'ROT’ the mostcomplex onesinceit hasits
effectsdeepin the stack. The thirdmostitem to be exact. This itemis takenfrom its placeandput on top
of thestack.lt is 'rotated’,asthis smallprogramwill show you:

123 \ 1 is the thirdnost item
.o.o.cr \ display all nunmbers
( This will display "3 2 1" as expected)
123 \ same nunbers stacked
r ot \ performs a 'ROT"
cr \ sane operation

( This will display "1 3 2'!)

2.3 Deepstack manipulators

Therearetwo manipulatorshat candig deeperinto the stack, called’PICK’ and’ROLL’ but | cannot
recommendhem. A stackis NOT anarray! Soif therearesomeForth-83usersout there,l canonly tell
you: learnForththeproperway. Programghathave somary itemsonthe stackarejustbadlywritten. Leo
Brodie agreeswith me.

If youarein 'deep’troubleyou canalwaysusethereturnstacknanipulatorsCheckout thatsection.

2.4 Passargumentsto functions

Thereis no easieway to passargumentgo functionsasin Forth. Functionshave anothemamein Forth.
We call them"words". Wordstake their "arguments'from the stackandleave the "result" on the stack.

Otherlanguagedlike C, do exactly the same But they hidethe procesgrom you. Becausgassingdatato
the stackis madeexplicit in Forth it haspowerful capabilities.In otherlanguagesyou cangetbackonly
oneresult.In Forthyou cangetbackseveral!

All wordsin Forth have a stack-efect-diagram It describesvhatdatais passedo the stackin whatorder
andwhatis returned.Theword ™" for instancetakesnumbergrom the stack,multipliesthemandleaves
theresulton the stack.It’ s stack-efect-diagramis:
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nl n2 -- n3

Meaningit takesnumbem1 andn2 from the stack,multipliesthemandleavesthe product(humbem3) on
the stack. Therightmostnumberis alwayson top of the stack,which meansit is the first numberwhich
will betakenfrom thestack.Theword’.’ is describedik e this:

Which meanst takesanumberfrom the stackandleavesnothing. Now we getto the mostpowerful feature
of it all. Take this program:

( leaves a nunber on the stack)

( leaves a nunber on the stack on top of the 2)

( takes both fromthe stack and | eaves the result)
( takes the result fromthe stack and displays it)

>*

Notethatall databetweerthewords™ and’.’ is passedmplicitly! Like puttingLEGO stoneson top of
anotherlsn'tit great?

2.5 Making your own words

Of course,every seriouslanguagehasto have a capabilityto extendit. So hasForth. The only thing
you have to dois to determinewhatnameyou wantto give it. Let’'s sayyou wantto make a word which
multipliestwo numbersanddisplaystheresult.

Well, that's easy We've alreadyseenhow you have to codeit. The only wordsyou needare™ and’.’.
You cant nameit ¥ becausehatnameis alreadytaken. You could nameit 'multiply’, butis thataword
youwantto typein forever?No, fartoolong.

Let'scallit *.". Isthatavalid name?f you've programmedn otherlanguagesyou’ll probablysayit isn't.
But it is! Theonly characteryou cant usein a namearewhitespacecharacter§<CR>,<LF>, <space>,
<TAB>). It depend®nthe Forth you're usingwhetherit is case-sensitve or not, but usuallyit isn't.

So'*.’” is okay Now how do we turnit into a self-definedword. Justadda colon at the beginninganda
semi-colonattheend:

That'sit. Yourword is readyfor use.Soinsteadof:
23* .,
We cantype:

* *

2 3 *,

And we canuseour*.” overandoveragain.Hurray, you've just definedyour first wordin Forth!
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2.6 Adding comment

Adding comments very simple. In fact, therearetwo waysto addcommentin Forth. Thatis becausave
like programawith alot of comment.

Thefirst form you've alreadyencounteredLet's saywe wantto addcommento this little program:
R
2 3%,

Sowe addour comment:

L This will nultiply and print two nunbers
2 3 *,

Forth will notunderstandhis. It will desperatelyook for thewords’this’, ‘will’, etc. Howevertheword
\" will markeverythingupto theendof theline ascomment.Sothis will work:

L - \ This will nultiply and print two nunbers
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 berecognizedoo:

L ( This will multiply and print two numbers)
2 3%,

Notethatthereis awhitespace-charactefterboth’\’ and’(’. Thisis mandatory!

2.7 Text-format of Forth source

Forth sourcecanbe simpleASCII-files. And you canuseary layoutaslong athis rule is followed:
All wordsareseparatetby atleastonewhitespaceharacter!

Well, in Forth everythingis aword or becomingaword. Yes,even'\’ and’(’ arewords! And you canadd
all theemptylinesor space®r tabsyou like, Forth won’t careandyour harddisksuppliereithet

However, someForthsstill usea specialline editor, which works with screens.Screensare usually 1K

blocks,dividedinto 16 lines of 64 charactersExplaininghow thesekind of editorswork goesbeyondthe
scopeof this manual.You have to checkthe documentatiomf your Forth compileron that. Thefiles these
editorsproducearecalledblockfiles.
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2.8 Displaying string constants

Displayinga stringis aseasyasaddingcomment.Let’s sayyou wantto make the ultimate program,one
thatis displaying'Hello world!". Well, that'salmosttheentireprogram.Thefamoushello world’ program
is simply thisin Forth:

.( Hello world!)

Enterthis andit works. Yes,that'sit! No declaratiorthatthis is the mainfunctionandit is beginninghere
andendingthere.May be you think it looks funny on the display Well, you canadda carriagereturnby
addingtheword'CR’. Sonow it lookslike:

.( Hello world!) cr

Still prettysimple,huh?

2.9 Declaring variables
Onetime or anotheryou’re goingto needvariables.Declaringa variableis easy
vari abl e one

The samerulesfor declaringwordsapply for variables.You cant usea namethatalreadyhasbeentaken
or you'll getpretty strangeresults.A variableis a word too! And whitespacecharacterarenot allowed.
NotethatForthis usuallynot case-sensite!

2.10 Usingvariables

Of coursevariablesare of little usewhenyou cant assignvaluesto them. This assignghe number6 to
variable’ONE":

6 one !

We don't call’!" bangor somethindik e that,we call it 'store’. Of courseyou don't have to putanumber
on the stackto useit, you canusea numberthatis alreadyon the stack. To retrieve the value storedin
'ONE’ we use:

one @

Theword’@’ is called’fetch’ andit putsthenumberstoredin 'one’ onthestack.To displayit youuse’.”:
one @.

Thereis a shortcutfor that,theword'?’, whichwill fetchthenumberstoredin 'ONE’ anddisplaysit:

one ?



2.11. BUILT-IN VARIABLES 15

2.11 Built-in variables

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

2.12 What isacell?

A cell is simply the spacea numbertakesup. Sothe sizeof a variableis onecell. Thesizeof acell is
importantsinceit determinesherangeForth canhandle.We’'ll cometo thatfurtheron.

2.13 Declaring and using constants

Declaringa simpleconstanis easytoo. Let’'s saywe wantto make a constancalled’FIVE”:
5 constant five

Now you canuse’FIVE’ likeyouwould’s’. E.g.thiswill printfive spaces:
five spaces

The samerulesfor declaringwordsapply for constants.You shouldnt usea namethat alreadyhasbeen
taken. A constanis awordtoo! And whitespacecharacterarenotallowed. NotethatForthis usuallynot
case-sensite.

2.14 Built-in constants

Therearesereralbuilt-in constantsOf coursethey areall literalsin caseyouwonder Heresalist. Refer
to the glossaryfor amoredetaileddescription:

BL

. FALSE
PAD
TIB
TRUE

L A

2.15 Usingbooleans

Booleansareexpression®r valuesthatareeithertrueor false. They areusedto conditionallyexecuteparts
of your program.In Forth avalueis falsewhenit is zeroandtruewhenit is non-zero.Mostbooleansome
into existencewhenyou do comparisonsThis onewill determinewvhetherthe valuein variable’'VAR’ is
greaterthan5. Try to predictwhetherit will evaluateto trueor false:

variabl e var
4 var !
var @5 > .

No, it wasnt! But hey, you canprint booleansasnumbers.Well, they arenumbers.But with a special
meaningaswe will seein thenext section.
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2.16 IF-ELSE constructs

Like mostotherlanguageyou canuselF-ELSE constructsLet’s enhanceur previousexample:

variabl e var

4 var !
. test
var @5 >
if ." Geater" cr
else ." Less or equal" cr
t hen
t est

Sonow our programdoesthejob. It tells you whenit’s greaterandwhennot. Note thatcontraryto other
languageshe conditioncomesbeforethe’'IF’ and’THEN' endsthe IF-clause.In otherwords,whatever
paththe programtakes,it alwayscontinuesafterthe’ THEN'. A tip: think of ' THEN’ as’ENDIF'..

2.17 FOR-NEXT constructs

Forthdoesalsohave FOR-NEXT constructsThenumberof iterationsis known in this construct.E.g. let's
print thenumbersrom 1 to 10:

. test
11 1 doi . cr loop

test

Thefirst numberpresentshelimit. Whenthelimit is goesbeyondthelimit minusonetheloop terminates.
Thesecondhumbermresentsgheinitial valueof theindex. That'swhereit startsof. Sorememberthisloop
iteratesat leastonce! You canuse’?DO’ insteadof 'DO’. Thatwill notentertheloopif the limit andthe
index arethe sameto begin with:

. test
00?doi . cr loop

test

'I' representsheindex. It is nota variableor a constantijt is a predefinedvord, which putsthe index on
thestack,so’.” cangetit from the stackandprint it.

But whatif | wantto increasethe index by two? Or wantto countdownwards? Is that possible. Sure.
Thereis anotherconstructo dojustthat. Okay; let’s take thefirst question:

. test
11 1 doi . cr 2 +loop

test
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Thisonewill produceexactlywhatyouaskedfor. An incrementy two. Thisonewill produceall negative
numbersrom-1to-11:

. test
-11 -1 doi . cr -1 +loop

test

Why -11? Becausedhe loop terminatesvhenit reachedhe limit minusone. And whenyou're counting
downward,thatis -11. You canchangehe stepif youwantto, e.g.:

. test
32767 1 doi . i +loop

test

Thiswill print: 1, 2, 4, 8, all up to 16384. Prettyflexible, | guess.You canbreakout of aloop by using
'‘LEAVE":

. test
10 0 do i dup 5 =if drop leave else . cr then | oop

test

2.18 WHILE-DO constructs

A WHILE-DO constructioris a constructiorthatwill performzeroor moreiterations.Firstaconditionis
checled,thenthe bodyis executed.Thenit will branchbackto thecondition.In Forthit lookslik e this:

BEG N <condi tion> WH LE <body> REPEAT

The conditionwill have to evaluateto TRUE in orderto executethe body. If it evaluatesto FALSE it
branchego justafterthe REPEA. This exampledoesa Fibbonacitest.

 fibo1l
begin
dup >r rot dup r> > \ condition
while
rot rot dup rot + dup . \' body
r epeat
drop drop drop ; \ after loop has executed

You might notunderstanall of thecommandsbut we’ll getto that. If you enter"20 fib" you will get:
123581321

This constructs particularlyhandyif you arenot surethatall datawill passhe condition.
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2.19 REPEAT-UNTIL constructs

The counterparbf WHILE-DO constructss the REPEA-UNTIL construct.This executeghe body, then
checksa conditionat 'UNTIL". If the expressionevaluatesto FALSE, it branchedackto the top of the
body (markedby 'BEGIN’) again.It executesatleastonce. This programcalculateghe largestcommon
divisor.

©led
begin
swap over nod \' body
dup 0= \ condition
until drop . ;

If youenter'27 211cd" theprogramswill answer'3".

2.20 Infinite loops
In orderto make aninfinite loop onecouldwrite:

. test
begin ." Dianonds are forever" cr 0 until

test
But thereis anicerwayto do justthat:

. test
begin ." Dianonds are forever" cr again

test

Thiswill executeuntil theendof times,unlessyou exit the programanotherway.

2.21 Getting anumber from the keyboard

Let's startwith "you're not supposedo understandhis". 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
keyboardandputit onthestack.If you haven't enteredavalid number it will promptyou again.

S' MAX-N' ENVI RONVENT? \ query environment

[1F \ if successful

NEGATE 1- CONSTANT (ERROR) \ create constant (ERROR)
[ THEN]

. nunber (a--n

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

i nput #
begin

refill drop bl word nunber

dup (error) <>

dup 0=

if swap drop then
until ;

2.22 Aligning numbers

(--n

>
=

-~ S5 S

P

Youmayfind thatprintingnumbersn columng(l prefer'right-aligned")canbeprettyhard. Thatis because
the standardvord to print numberq.") printsthenumberandthenatrailing space.Thatis why '.R’ was

added.

Theword’.R’ worksjustlike’.” butinsteadof just printing thenumberwith atrailing space.R’ will print
thenumberright-alignedin afield of N charactersvide. Try thisandyou will seethedifference:

140 . cr
150 5 .r cr

In this examplethefield is five charactersvide, so’150’ will be printedwith two leadingspaces.
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Chapter 3

Arrays and strings

3.1 Declaring arrays of numbers

You canmalke arraysof numbersvery easily It is very muchlike makingavariable.Let's saywe wantan
arrayof 16 numbers:

create sixteen 16 cells allot

That'sit, we're done!

3.2 Usingarrays of numbers

You canusearraysof numbergust like variables.The arraycellsarenumberedrom 0 to N, N beingthe
sizeof thearrayminusone. Storingavaluein theOth cell is easy It worksjustlik e a simplevariable:

5 sixteen 0 cells + !

Whichwill store’s’ in theOth cell. Sostoring’7’ in the 8th cell
is donelik e this:

7 sixteen 8 cells + !
Isn’t Forth wonderful?Fetchingis donethe sameof course:

sixteen 0 cells + @
sixteen 4 cells + @

Plainandeasy

3.3 Creatingarrays of constants

Making anarrayof constantss quiteeasy Firstyou have to definethe nameof thearrayby usingtheword
'CREATE. Thenyou specifyall its elements All elementqeventhe last) areterminatedoy theword’,’.
An example:

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

Pleasenotethat’,’ is aword! It hasto be separatethy space®n bothends.

21
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3.4 Usingarrays of constants

Accessinganarrayof constantss exactly like accessin@narrayof numbers.In anarrayof numbersyou
accesshe Oth elementik e this:

sixteen 0 cells + @
Whenyou accesghefirst elementof anarrayof constantyou usethis construction:
sizes 0O cells + @

Sol don't think you'll have ary problemshere.

3.5 Creatingstrings
In Forth you have to definethe maximumlengthof thestring, like Pascal:
create name 10 chars all ot

Notethatthe string variableincludesthe countbyte. Thatis a specialcharactethattells Forth how long a
stringis. Youusuallydon't have to addthatyourselfbecausé-orthwill dothatfor you. But youwill have
to resene spacefor it.

That meansthat the string "name"we just declaredcan containup to nine charactersAND* the count
byte. Thesekind of stringsareusuallyreferredto ascountedstrings.

E.g. whenyou wantto definea stringthathasto contain"Hello!" (without the quotes)you have to define
astringthatis atleast7 charactersong:

create hello 7 chars allot

Whenyou laterreferto thestringyou just definedits addresss thrown onthe stack.An addresss simply a
numbertthatrefersto its location.As youwill seeyou canwork with string-addressesithouteverknowing
whatthatnumberis. But because it is a numberyou canmanipulatet like ary othernumber E.g. thisis
perfectlyvalid:

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

In thenext sectionwe will tell you how to get"Hello!" into the string.

3.6 Initializing strings

You caninitialize a stringwith the’S™ word. You haven't seenthis oneyet, but we will discusst in more
depthlateron. If youwantthe stringto containyour first nameusethis construction:
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pl ace over over >r >r char+ swap chars cnove r> r> c!

create name 16 chars all ot
s" Hello! " nanme place

The word "PLACE”, which is a commonword?, copiesthe contentsof a string constantinto a string-
variable. If you still don't understandt yet, don't worry. As long asyou usethis constructionyou’ll get

whatyou want. Justremembethatassigninga string constanto a stringthatis too shortwill resultin an
erroror evenworse,corruptotherstrings.

3.7 Getting the length of a string

You getthelengthof a stringby usingtheword ’'COUNT'. It will notonly returnthe lengthof the string,
but alsothe stringaddressilt is illustratedby this shortprogram:

pl ace over over > >r char+ swap chars cnove 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 the string address However, it may be requiredby otherwordslike
we will seein thefollowing section.If you justwantthe barelengthof the stringyou canalwaysdefinea
word like’length$’:

pl ace over over >r >r char+ swap chars cmove r> r> ¢! ;
| engt h$ count swap drop ;

create greeting 32 cells allot \ define string greeting

s" Hello!" greeting place \ set string to 'Hello!”
greeting |ength$ \ get string length
.( String length: ) . cr \ print the length

3.8 Printing a string variable

Printing a string variableis pretty straightforward. The word thatis requiredto print a string variableis
'TYPE'. It requiresthe stringaddressandthe numberof characterst hasto print. Yes,thatarethevalues
thatareleft onthestackby 'COUNT’! Soprinting astringmeandssuingboth’COUNT’ and'TYPE':

pl ace over over > >r char+ swap chars cnove 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 thisyou canalwaysdefineaword like 'PRINTS':

1Althoughnot partof the ANS-Forth standard.
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pl ace over over > >r char+ swap chars cnove 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 astring variable

You mightwantto copy onestring variableto another Thereis a specialword for that,namedCMOVE’.
It takesthe two stringsand copiesa given numberof characterdrom the sourceto the destination.Let’s
take alook atthis example:

pl ace over over >r >r char+ swap chars cnmove r> r> ¢! ;

—

create one 16 chars all ot
create two 16 chars all ot

define the first string
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
chove \ copy the string
\

two count type cr print string two

The mostdifficult partto understands probablywhy andhow to setup the datafor 'CMOVE'. Well,
'CMOVE’ wantsto seethesevaluesonthe stack:

source destination #chars
With the expression:
one count
We getthesedataon the stack:
source+l length
But the countbyte hasnt beenaccountedor sofar. That's why we add:
1+

Sonow this parametehasthe right value. Now we have to restorethe true addresf the string andtell
'CMOVE’ whereto copy the contentsof stringoneto. Initially, we got the correctaddress.Thatis why
we savedit using:

dup
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Now we're gettingrid of the"corrupted"addresdy issuing:
swap drop
Thisis whatwe got right now:
source #chars
If we simplyadd:
t wo
Thedatais still not presentedn theright order:
source #chars destination

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

pl ace over over > >r char+ swap chars cnove r> r> c!
copy$ swap dup count 1+ swap drop rot swap cnove ;

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

You may wonderwhy we keepon definingwordsto make your life easier Why didn’t we simply define
thesewordsin the compilerinsteadof usingthesehardto understandvords? Sure,but | didn’t write the
standard.However, mostForthsallow you to permanentlystorethesewordsin their vocatulary. Check
your documentatioffior details.

3.10 Slicing strings

Slicing stringsis just lik e copying strings.We justdon't copy all of it andwe don't alwaysstartcopying at
thebeginningof a string. We'll shav youwhatwe mean:

pl ace over over >r >r char+ swap chars cnmove r> r> ¢! ;
next char 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
next char \ nove one character forward
dup count type cr \ duplicate and print it again
next char \ nove one character forward
dup count type cr \ duplicate and print it again
next char \ nove one character forward

\

count type cr print it for the last time
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Firstit will print "HansBezemer"then"ansBezemer"then"ns Bezemer“andfinally "s Bezemer".The
word CHAR+ is usuallyequialentto 1+, but Forth wasdefinedto run on unusuahardwaretoo - the CPU
of a pocket calculatorcould be a nibble-maching4-bit) so eachCHAR occupiesin facttwo addresses.
And of course someForth systemsnaytreatCHAR to bea 16-bitunicode.If we wantto discardthefirst
nameatall we couldevenwrite:

pl ace over over >r >r char+ swap chars cnmove r> r> ¢! ;

create one 32 chars allot \ define string one

s" Hans Bezener" 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 charactersve wantto skip arethefirst name(which is four charactersanda spacewhich adds
up to five). Thereis no specialword for slicing strings. Thereis a smartemway to handlestringsin Forth,
whichwe will discusdateron. Butif you desperatelyeedslicing you might wantto useawordlik e this.
It worksjustlike’CMOVE’ with anextraparameter:

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

Thisis anotherexampleof "you're not supposedo understandhis”. You call it with:
source index-to-source destination #chars
Theindex-to-sourcestartscountingat one. Sothis will copy thefirst nameto string"two" andprint it:

pl ace over over >r >r char+ swap chars cnove r> r> ¢! ;

slice$
swap \ reverse dest and #chars
over over \ copy the dest and #chars
>ro>r o >r >t \ store on the return stack
+ \ nake address to the source
r>r> \ restore dest and #chars
char+ \ make address to destination
swap cnove \ 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
s" Hans Bezemer" one place
one 1 two 4 slice$

two count type cr

\
\
\
\
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declare string two
initialize string one
slice the first nane
print string two

Thiswill slicethelastnameoff andstoreit in string"two":

pl ace over over > >r char+ swap chars cnove r> r> c!

slice$
swap
over over
Sro>r o >r o>t
+
r>r>
char+
swap cnove
r>r>
c!

create one 32 chars allot
create two 32 chars allot
s" Hans Bezemer" one place
one 6 two 7 slice$

two count type cr

o o e e e e —

— e — — —

reverse dest and #chars
copy the dest and #chars
store on the return stack
make address to the source
restore dest and #chars
make address to destination
copy the string

restore dest and #chars
save

declare string one
declare string two
initialize string one
slice the first nane
print string two

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

probablyrequirelessstackmanipulations.

3.11 Appendingstrings

Thereis no standardvordin Forth to concatenatstrings.As amatterof fact,stringmanipulationis oneof
Forthswealestpoints. But sincewe arefocusedhereon doingthings,we will presentyou a word which

will getthework done.

Theword’APPEND’ appendswo strings.In thisexamplestring"one"holdsthefirst nameand’Bezemer

is appendedo string"one" to form thefull name.Finally string"one"is printed.

pl ace over over >r >r char+ swap chars cnmove r> r> ¢! ;

append
over over
>ro>r
count chars +
swap chars move
r>r>
dup >r
c@+

r> cl!

e e e e e e e~

al n2 a2 --)

duplicate target and count
save themon the return stack
cal cul ate of fset target

now nove the source string
get target and count
duplicate target and save one
cal cul ate new count

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 'Bezener' to string
one count type cr \ print first string

Of courseyou canalsofetchthestringto be appendedrom astring variableby using’COUNT".

3.12 Comparing strings

If youeversortedstringsyouknow how indispensableomparingstringsis. As we mentionecefore there
arevery few wordsin Forththatacton strings.But hereis aword thatcancomparegwo strings.

pl ace over over > >r char+ swap chars cnove 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 conpare \ conpare two strings
i f

" Strings differ” \ nmessage: strings ok
el se
" Strings are the sane" \ nmessage: strings not ok
t hen
cr \ send CR
t est

Simply passwo stringsto 'COMPARE’ andit will returna TRUE flag whenthe stringsaredifferent. This
might seema bit odd, but strcmp()doesexactly thesame.lf youdon't like thatyou canalwaysadd’0=" to
theendof 'COMPARE’ to reversetheflag.

3.13 Removing trailing spaces

You probablyknow the problem.Theuserof your well-madeprogramtypeshis nameandhits the spacebar
beforehitting theenterkey. Thereyougo. His namewill bestoredn yourdatafilewith aspaceandnobody
will everfind it.

In Forth thereis a specialword called’-TRAILING’ thatremovesthe extra spacesat the endwith very
little effort. Justpasteit after’ COUNT’. Like we did in this example:

pl ace over over > >r char+ swap chars cnove r> r> c!

create one 32 chars allot \ define a string
s" Hans Bezener \ string with trailing spaces
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one place \ now copy it to string one
one dup \ save the address

I \ print a bracket

count type \ old method of printing
It oer \ print bracket and new ine
ST \ print a bracket

count -trailing type \ new nethod of printing
]t oer \ print a bracket and newine

Youwill seethatthestringis printedtwice. Firstwith thetrailing spacessecondwithout trailing spaces.
And whataboutleadingspacesPatiencepld chap.You've gotalot of groundto cover.

3.14 String constantsand string variables

Most computerdanguagesllow you to mix string constantsandstring variables.Not in Forth. In Forth
they aretwo distinctdatatypes.To print a string constantyou usetheword '."". To print a string variable
you usethe’COUNT TYPE’ construction.

Thereareonly two differentactionsyou cando with a stringconstantFirst, you candefineoneusing’s™.
Secondyou canprint oneusing’.".

Therearetwo differentwaysto represent string variablein Forth. First, by usingjust its addressthe
so-calledcountedstring. Forth relieson the countbyte to find the end of the string. Second py usingits
addresand its length. Thisrequirestwo values.

Theword ' TYPE' requireshelatterform. Thereforeyou haveto corverta countedstringin orderto print
it. You cancorvertancountedstringto an"address-courgtring” with theword 'COUNT’. If you moved
astring (by using’”CMOVE’) withouttakingthe countbyteinto accountyou have 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

The countbyteis usedto setthelengthof a countedstring. It hasnothingto do with British royalty! It is
simply theveryfirst byte of a string, containingthelengthof the actualstringfollowing it.

3.16 Printing individual characters

"l alreadyknow that!"

Sureyoudo. If youwantto print"G" you simply write:

(9

Don’t you? But whatif you wantto usea TAB characte(ASCIl 9)? You cant typein thatonesoeasily
huh?You mayevenfind it doesnt work atall!

Don't ever usecharactersutsidethe ASCII range32to 127 decimal.lt mayor maynotwork, but it won't
be portablearnyway. theword 'EMIT’ may be of somehelp. If youwantto usethe TAB-characteisimply
write:
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9 emt

Thatworks!

3.17 Getting ASCII values

Ok, 'EMIT" is a nice addition,but it hasits dravbacks. Whatif you wantto emit the character'G". Do
you haveto look up the ASCII valuein atable?No. Forth hasanothemwvord thatcanhelpyou with that. It
is called’CHAR’. Thiswill emita"G":

char Gemt

Theword 'CHAR’ looks up the ASCll-valueof "G" andleave it on the stack. Note that’'CHAR’ only
workswith printablecharacter¢ASCII 33to 127 decimal).

3.18 Whento use[CHAR] or CHAR

Thereis not one, but two wordsfor gettingthe ASCII codeof a character’'[CHAR] and’CHAR’. Why
is that?Well, the completestoryis somavhatcomplex, but oneis for useinsidecolondefinitionsandone
is for useoutsidecolon definitions. And 'CHAR’ isn’t the only word which is affected. We've put it all
togetherin aneattablefor you:

| INSIDE A DEFINITION | OUTSIDE A DEFINITION |
1

[CHAR] CHAR
['] '

For example this produceghe sameresults:

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

You shouldalso have noticedin the meanwhilethat you cant usecontrol structuredike DO..LOOPor
IF..THEN outsidecolondefinitions.And not only these ptherslike’C™ cant beusedaswell. RealForth-
erscall this"inside a colondefinition” thing compilation mode andworking from the promptinter pretation
mode. You cando really neatthingswith it, but thatis still beyondyou now.

3.19 Printing spaces
If youtry to print aspaceby usingthis construction:
char enit

Youwill noticeit won't work. Sure,you canalsouse:
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But thatisn’t too elegant. You canusethe built-in constantBL’ which holdsthe ASCII-valueof a space:
bl enit

Thatis muchbetter But you canachieve the samething by simply writing:
space

Which meanghatif you wantto write two spaceyou have to write:
space space

If you wantto write ten spaces/ou eitherhave to repeatthe commandSPACE’ tentimesor usea DO-
LOOP constructionwhichis a bit cumbersomeOf course Forth hasa moreelegantsolutionfor that:

10 spaces

Whichwill outputtenspacesNeed| saymore?

3.20 Fetchingindividual characters
Take alook at this smallprogram:

pl ace over over >r >r char+ swap chars crmove r> r> ¢! ;

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

Whatis thesecondcharactepf string"one"? Sure,its an"a". Buthow canyou let your programdetermine

that?Youcantuse’@’ becausghatword canonly acceswyariables.

Sure,you cando thatin Forth, but it requiresa new word, called’C@’. Think of a stringasan array of
characterandyouwill find it mucheasietto picturetheidea. Arraysin Forth alwaysstartwith zeroinstead
of one,but thatis the countbyte. Soaccessinghefirst charactemight be donewith:

one 1 chars + c@
Thisis thecompleteprogram:

pl ace over over > >r char+ swap chars cnove 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

emt cr \ print it
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3.21 Storing individual characters

Storingindividual charactersvorksjustthe same Keepthatarrayof charactersn mind. Whenwe wantto
fetchavariablewe write:

nmy_var @
Whenwe wantto storea valuein avariablewe write:
5 ny_var !

Fetchingonly requiresheaddres®f thevariable.Storingrequiresboththeaddres®f thevariable*AND*
thevaluewe wantto store.On top of the stackis the addres®f the variable below thatis valuewe want
to store.Keepthatin mind, this is very important.Let’s saywe have this program:

pl ace over over >r >r char+ swap chars cnove r> r> ¢! ;

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 whatthe 4th characteof string"one"is
we write:

pl ace over over >r >r char+ swap chars cnmove r> r> ¢! ;

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

Rememberwe startcountingfrom one! If we wantto storethe charactet'd" in the fourth characterwe
have to usea new word, and(yes,you guessedt right!) it is called’C!":

pl ace over over > >r char+ swap chars cnove 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 thecharactefd" onthestackbeforewe calculateheaddresswe canevenremovethe’ SWAP':

pl ace over over >r >r char+ swap chars crmove r> r> ¢! ;

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 presenthevery sameprogramsput now with stack-efect-diagramsn orderto explain how this
works. We will call theindex 'i’, the charactemwe wantto store’c’ andthe addresof the string’a’. By
corvention,stack-efect-diagramsreenclosedy parenthesis.

If you createcomplex programshis techniquecanhelpyouto understandnoreclearly how your program
actuallyworks. It mightevensave you alot of dehugging. Thisis thefirst version:

pl ace over over > >r char+ swap chars cnove r> r> c!

create one 32 chars allot

(
s" Hans" one place (--)
one (a
4 chars (ati)
+ (ati)
char d (ati )
swap (cati)
(

c!
Now the secondpptimizedversion:

pl ace over over > >r char+ swap chars cnove r> r> c!

create one 32 chars allot
char d

s" Hans" one place c)
4 chars cai)
+ c ati)

(
(
(
one (ca)
(
(
c! (

3.22 Getting a string from the keyboard

Of course,you don't want to initialize stringsall your life. Real applicationsget their input from the
keyboard.We've alreadyshavn you how to geta numberfrom the keyboard.Now we turnto strings.

When programmingin BASIC, stringsusually have an undefinedlength. SomeBASICs maove strings
aroundin memory othershave to performsomekind of "garbage-collection"Whatever methodthey use,
it takesup memoryandprocessotime.

Forth forcesyou to think aboutyour application.E.g. whenyou wantto storesomebodiesamein a string
variable,16 charactersvill betoo few and256 charactersoo mary. But 64 charactersvill probablydo.

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

Theword’A CCEPT'takestwo arguments First, the string variablewhereyou wantto save theinputand
secondthe maximumnumberof character# cantake. But thereis a catch.This programcangetyouinto
trouble:

64 constant #nane \ length of string
create name #nanme chars allot \ define string 'nane’
name #name accept \ input string

name 1+ swap type cr \ swap count and print
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Since64 charactersPLUS* the countbyte add up to 65 characters.You will probablywantto usethis
definitioninstead:

saccept 1- swap 1+ swap accept ; \ define safe ' ACCEPT

64 constant #nane \ length of string
create name #nanme chars allot \ define string ’'nane’
nane #name saccept \ input string

name 1+ swap type cr \ print string

This "safe" versiondecrementshe countsothe userinput will fit nicely into the stringvariable.In order
to terminateit you write:

saccept 1- swap 1+ swap accept ; \ define safe ' ACCEPT

64 constant #nane \ length of string
create name #nanme chars all ot \ define string 'nange’
name dup #name saccept \ input string

swap c! \ set count byte

The word ’A CCEPT' alwaysreturnsthe numberof characterst receved. This is the end of the second
level. Now you shouldbe ableto understandnostof the example programsand write simple ones. |
suggestyou dojustthat. Experiences thebestteachemfterall.

3.23 What isthe TIB?

The TIB standsfor "Terminal Input Buffer" andis usedby one single, but very importantword called
'REFILL’. In essence€REFILL’ doesthe samethingas’ACCEPT’, exceptthatit hasa dedicatedareato
storeits dataandsetsup everythingfor parsing. Whateser you type whenyou call '/REFILL’, it is stored
in theTIB.

3.24 What isthe PAD?

The PAD is shortfor "scratch-pad".lt is atemporarystorageareafor 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 corvertedto a string. Thenthatstringis 'COUNT'ed and'TYPE'd. You caneven
programthatsubsystenyourselfaswe will seewhenwe encounteformattednumbers.

3.25 Howdol useTIB and PAD?

In generalyou don't. TheTIB is a system-relatedreaandit is consideredad practicewhenyou ma-
nipulateit yourself. The PAD canbe usedfor temporarystorage but bewvare! Temporaryreally means
temporary A few wordsat the most,providedyou don't generateary outputor do ary parsing.

Think of boththeseareasaspredefinedstrings.You canreferto themas'TIB’ and’PAD’. Youdon't have
to declarethemin ary way. This programis perfectlyalright:
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pl ace over over > >r char+ swap chars cnove 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 we alreadyseenthis? Yes,you have.

s" This is a string" type cr

No 'COUNT’? No. 'S"™ leavesits addressandits lengthon the stack,sowe cancall 'TYPE' right away.

Note thatthis string doesnt last forever. If you wait too long it will be overwritten. It dependon your
systemhow long the stringwill last.

3.27 Simple parsing

We have alreadydiscussedREFILL’ abit. We've seenthatit is closelyrelatedto '"ACCEPT'.’REFILL’

returnsatrueflag if all is well. Whenyou usethe keyboardit usuallyis, sowe cansafelydropit, but we
will encountem situationwherethis flag comesin handy If you wantto geta stringfrom the keyboard,
you only haveto type:

refill drop \ get string from keyboard

Every next call to 'REFILL" will overwriteary previously enteredstring. Soif you wantto do something
with thatstringyou’ve gotto getit out of there,usuallyto oneof your own strings.

But if accessingheTIB directly is notthe properway, whatis? The useof 'REFILL’ is closelylinkedto
theword 'WORD’, whichis aparser'WORD’ looksfor thedelimiter, whoseASCII codeis onthestack.

If the string startswith the delimiter, it will skip this andall subsequenbccurrencesintil it findsa string.
Thenit will look for the delimiter againandslice the string right there. It thencopiesthe slicedstringto
PAD andreturnsits addressThis extremelyhandywhenyou wantto obtainfilteredinput. E.g. whenyou
wantto split somebodiesameinto first name jinitials andlastname:

Hans L. Bezener
Justusethis program:

. test
." Gve first nane, initials, |astnane:
refill drop \ get string from keyboard

n

bl word \ parse first nane
" First nanme: " \ wite message
count type cr \ type first name
bl word \ parse initials
"lnitials ! \ wite message
count type cr \ type initials

bl word \ parse last name
." Last name : " \ wite message
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count type cr \ wite last name

test

You don't have to parsethe entirestring with the samecharacter This programwill split upanMS-DOS
filenameinto its components:

. test
." DOS filename: " refill \ input a DCS fil ename
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
whil e \ print path
drop ." Path : " count type cr
repeat \ parse again
drop drop \ discard addresses
test

If 'WORD' reachesheendof thestringandthedelimiteris still notfound, it returnstheremaindeof that
string. If youtry to parsebeyondtheendof thestring, it returnsaNULL string. Thatis anemptystringor,
in otherwords,a stringwith lengthzero.

Therefore we checled whetherthe string hadzerolength. If it had,we hadreachedhe endof the string
andfurtherparsingwasdeemediseless.

3.28 Converting a string to a number

We now learnechow to parsestringsandretrieve componentérom them.But whatif thesecomponentsire
numbersANell, thereis away in Forth to converta stringto a number but like every numberconversion
routineit hasto actoninvalid strings.Thatis, stringsthatcannotbe corvertedto a valid number

Thisimplementatiorusesaninternalerrorvalue,called’(ERROR)’. Theconstanf(ERROR)’ is astrange
number You can't negateit, you can't subtractary numberfrom it andyou cant printit. If 'NUMBER’
can' corvertastringit returnsthatconstant.Forth hasits own corversionword called’>NUMBER’, but
thatis alot harderto use.Let’s take alook atthis program:

S" MAX-N' ENVI RONMVENT? \ query environment
[1F] \ if successful
NEGATE 1- CONSTANT (ERROR) \ create constant (ERROR)
[ THEN]
nunber 0. Rot dup 1+ c@[char] - = >r count r@if 1 /string

then >nunber nip 0= if d>s r>if negate then else r> drop
2drop (error) then ;
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. test
." Enter a nunber: " \ wite pronpt
refill drop \ enter string
bl word \ parse string
nunber dup \ convert to a nunber
(error) = \ test for valid nunber
if \ if not valid
." You didn't enter a valid nunber!" drop cr
el se \ print if valid
." The nunber was: " . cr
t hen
t est

Youfirst entera string, thenit parsedand’W ORD’ returnstheaddressvherethatstringis stored.’"NUM-
BER'’ triesto corvertit. If 'NUMBER’ returns' (ERRORY)’ it wasnt avalid string. Otherwise the number
it right on the stack,waiting to be printed. Thatwasnt sohard,wasit?

3.29 Controlling the radix

If you area programmeryou know how importantthis subjectis to you. Sometimesyou wantto print
numberdn octal,binaryor hex. Forth cando thattoo. Let’s take the previous programandalterit a bit:

S" MAX-N' ENVI RONMVENT? \ query environment
[1F] \ if successful
NEGATE 1- CONSTANT (ERROR) \ create constant (ERROR)
[ THEN]
nunber 0. Rot dup 1+ c@[char] - = >r count r@if 1 /string

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

. test
." Enter a number: " \ wite pronpt
refill drop \ enter string
bl word \ parse string
nunber dup \ convert to a nunber
(error) = \ test for valid nunber
i f \ if not valid
." You didn't enter a valid nunber!" drop cr
el se \ print if valid
hex
." The nunber was: " . cr
t hen
test

Weaddedheword’HEX' justbeforeprintingthenumber Now thenumbemwill beprintedin hexadecimal.
Forth hasa numberof wordsthatcanchangeheradix, like'DECIMAL " and’OCTAL'. They work in the
sameway as'HEX'.
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Forth alwaysstartsin decimal. After thatyou areresponsible Note thatall radix control follows the flow
of theprogram.If you call aself-definedvordthatalterstheradix all subsequerntorversionis donetooin
thatradix:

S" MAX-N' ENVI RONMVENT? \ query environment
[1F] \ if successful
NEGATE 1- CONSTANT ( ERROR) \ create constant (ERROR)
[ THEN]
nunber 0. Rot dup 1+ c@[char] - = >r count r@if 1 /string

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

.hex hex . ; \ print a nunber in hex
. test
." Enter a nunmber: " \ wite pronpt
refill drop \ enter string
bl word \ parse string
nunber dup \ convert to a nunber
(error) = \ test for valid nunber
i f \ if not valid
." You didn't enter a valid nunber!" drop cr
el se \ print if valid
." The nunber was: " .hex cr
t hen
t est

In this examplenot only that single numberis printedin hex, but alsoall subsequenhumberswill be
printedin hex! A betterversionof the".HEX" definitionwould be:

.hex hex . deciml ;

Sincethat oneresetsthe radix backto decimal. Wordslike '"HEX' do not only control the outputof a
number but theinput of numberds alsoaffected:

S" MAX-N' ENVI RONMENT? \ query environnent
[1F] \ if successful
NEGATE 1- CONSTANT (ERROR) \ create constant (ERROR)
[ THEN]
nunber 0. Rot dup 1+ c@[char] - = >r count r@if 1 /string

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

. test
." Enter a nunber: " \ wite pronmpt
refill drop \ enter string
bl word \ parse string
hex \ convert hexadeci mal
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nunber dup
(error) =
if
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\ convert to a nunber
\ test for valid nunmber
\ if not valid

." You didn't enter a valid nunber!" drop cr

el se
dup
." The nunber was: " deci nal
." The nunmber was: " hex .
t hen
t est

\ print if valid

deci mal " cr
cr

n

hex

'NUMBER’ will now alsoaccepthexadecimahumberslf thenumberis nota valid hexadecimahumber
it will return’(ERROR)’. You probablyknow thereis moreto radix control than’OCTAL’, '"HEX' and
'DECIMAL . No, we have not forgottenthem. In fact,you canchooseary radix betweern? and36. This
slightly modifiedprogramwill only acceptinary numbers:

S' MAX- N
[IF]
NEGATE 1- CONSTANT ( ERRCR)
[ THEN]

ENVI RONVENT?

nunber 0. Rot dup 1+ c@][char] -
then >nunber nip 0= if d>s r> if
2drop (error) then ;

binary 2 base ! ;

. test
." Enter a nunber:
refill drop
bl word
bi nary
nunber dup
(error) =
if

n

\' query environnent
\ if successful
\ create constant (ERROR)

=>r count r@if 1 /string
negate then else r> drop

\ wite pronmpt

\ enter string

\ parse string

\ convert hexadeci mal

\ convert to a nunber

\ test for valid nunber

\ if not valid

." You didn't enter a valid nunber!" drop cr

el se
dup
." The nunber was:
." The nunber was:
t hen

n

deci mal
hex .

n

test

\ print if valid

\ both decinal and hex
" decimal" cr

cr

n

hex

'BASE’ is a predefinedsariablethat enablesy/ou to selectary radix betweern? and36. This makesForth

veryflexible:
hex 02B decimal . cr

However, thiswon't work:
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: wont-work hex 02B decimal . cr ;
But this will:

hex
 will-work 02B decimal . cr ;

Why that? Well, 'HEX' will just be compiled,not executed. So when Forth tries to compile "02B”, it

doesnt recognizeit asa hexadecimalnumberandwill try to find word '02B’. Which it cant of course.
Note that after "WILL-W ORK” hasbeencompiledall numbersfollowing it will stuill be compiledas
hexadecimalnumbers. Why? BecauseéDECIMAL’ is compiledtoo! You shouldplacea 'DECIMAL’

outsidethe definitionin orderto resettheradix. BTW, it is alwaysa goodideato addaleadingzeroto a
hexadecimahumber For example,is this ahex numberor aword:

face

3.30 Pictured numeric output

You probablyhave usedthis before lik e whenwriting Basic. Never heardof "PRINT USING.."? Well, it
is away to print numbersn a certainformat. Lik e telephone-numbersime, dates.etc. Of courseForth
cando thistoo. In fact, you've probablyusedit before.Both’.” and’.R’ usethe sameinternalroutines.
They arecalledjust beforea numberis printed.

This numericstringis createdn the PAD andoverwrittenwith eachnew call. But we'll go into thata bit
lateron.

Whatyou have to remembeiis thatyou definethe formatreverse.Whatis printedfirst, is definedlastin
theformat. Soif youwantto print:

060- 5556916
You haveto defineit thisway:
6196555- 060

Formattingbeginswith theword '<# andendswith theword '#>". A singlenumberis printedusing'#’
andthe remainderof the numberis 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 single number(sinceonly '#S’ is betweenthe '<# andthe '#>' andgoesto a new
line. Thereis hardly ary differencewith *.". You cantry ary (positive) number Note thatthe valuesthat
'#>" leaveson the stackcandirectly beusedby 'TYPE'. You canforgetaboutthe’S>D’ word. Justdon’t
forgetto putit there.

Thisis aslightly differentformat:

print3# s>d <# # # # #> type cr ;
256 print 3#
1 print3#
1000 print 3#
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Thisonewill print"256","001" and"000". Alwaysthelastthreepositions.The'#' simply standdor 'print
asingledigit’. Soif youwantto print anumberwith atleastthreedigits, the formatwould be:

#s # #

Thatis: print theremaindeiof the number(atleastonedigit) andthentwo more.Now reverseit:
# # #s

Encloseit by 'S>D’, '<#’ and'#>" andadd'TYPE CR’:
s>d <# # # #s #> type cr

And that'sit! Isit? Not quite. Sofarwe've only printedpositive numbers.If you try a negative number
youwill find it printsgarbageThisbehaior canbefixedwith theword’SIGN’.

'SIGN’ simply takesthe numberfrom thestackandprintsa"-" whenit is negative. The problemis thatall
otherformattingwordscanonly handlepositive numbers.Sowe needthe samenumbertwice. Onewith
thesignandonewithout. A typical signednumberformattingword lookslike:

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

Notethe’'DUP ABS’ sequenceFirstthe numberis duplicated(for 'SIGN’) andthentheabsolutevalueis
taken (for the otherformattingwords). Sowe got the on the stacktwice. First on thereturnstackvith sign
(for 'SIGN"), secondwithoutsign(for the otherformattingwords). Doesthatmake sensdo you?

We canplace’SIGN’ whereserwe want. If we wantto placethe signafterthe number(like someaccoun-
tantsdo) we would write:

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

But thatis still not enoughto write "$2000.15"is it? Well, in orderto do thatthereis anothervery handy
word called’'HOLD’. Theword’HOLD’ justcopiesary characteinto theformattednumber Let's giveit
atry:

$2000. 16

Let'sreversethat:
61.0002%

Sowe first wantto print two numbersgvenwhenthey arezero:
# # .0002%

Thenwe wantto printadot. Thisis where'HOLD’ comesn. 'HOLD’ takesanASCII codeandplaceshe
equivalentcharactein theformattingstring. We don't have to look up the ASCII codefor adot of course.
We canuse’CHAR':

# # char . hold 0002%
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Thenwe wantto print therestof thenumber(which s atleastonedigit):

# # char . hold #s $
Finally we wantto print thecharactet'$". Anotherjob for 'HOLD:

# # char . hold #s char $ hold
Sothisis our formattingword:

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

And we call it likethis:

200016 currency

You cando somepretty complex stuff with theseformattingwords. Try to figure out this onefrom the
mastethimself,Leo Brodie:

sextal 6 base ! ;

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

Yeah,it printsthetime! Prettyneat,huh? Now try the telephone-numbewe discussedn the beginning.
Thatshouldnt betoo hard.

3.31 Converting a number to a string

Sincethereis no specialword in Forth which will corvert a numberto a string, we’'ll have to createit
oursehes. In the previous sectionwe have seenhow a numericstringis createdn the PAD. We canuse
this to createa word thatcorvertsa numberto a string.

Becausehe PAD is highly volatile, we have to move the stringimmediatelyafter its creation. Sowe’'ll
createaword thatnot only createghe string, but movesit directly to its properlocation:

>string > dup > abs s>d <# #s r> sign #>
r@char+ swap dup >r crove r> r> c!
(na--)

It takesa numberthe addres®f a stringandreturnsnothing. Example:

create nunt 16 chars all ot
-1024 nun$ >string
nun$ count type cr
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Stacksand colon definitions

4.1 The addressof a colon-definition
You cangettheaddres®f a colondefinitionby usingtheword™ (tick):

;oadd + ; \ a colon definition
" add . cr \ display address

Very nice,but whatgoodis it for? Well, first of all the constructiort” ADD" throwstheaddres®f "ADD"
onthestack.You canassigrit to avariable defineaconstanfor it, or compileit into anarrayof constants:

add constant add- addr ess

vari abl e addr
' add addr !

create addresses ' add ,

Are you with ussofar? If we would simply write "ADD", "ADD" would be executedright away andno
valuewould beleft on the stack. Tick forcesForth to throw the addresof "ADD" on the stackinsteadof
executing"ADD". Whatyou canactuallydo with it, we will showv youin thenext section.

4.2 Vectoredexecution

Thisis athingthatcanbeterribly difficult in otherlanguageshut is extremelyeasyin Forth. Maybeyou've
everseena BASIC programlik e this:

10 LET A=40

20 GOSUB A

30 END

40 PRINT "Hel | 0"
50 RETURN

60 PRI NT " 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,themereexpressiofGOSUBA" cando two differentthings.In Forth you cando this much
morecomfortable:

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

variable a

. greet a @execute ;

hello a !
greet

goodbye a !
gr eet

What are we doing here? First, we definea few colon-definitionscalled"HELLO" and"GOODBYE".
Second,we definea variablecalled "A". Third, we define anothercolon-definitionwhich fetchesthe
valueof "A" andexecutest by calling’EXECUTE'. Then,we getthe addresof "HELLO" (by using"
HELLQO") andassignit to "A" (by using"A !"). Finally, we execute"GREET" andit says'Hello".

It seemasif "GREET"is simply analiasfor "HELLO", but if it wereit would print "Hello" throughout
the program. However, the secondtime we execute"GREET", it prints "Goodbye". Thatis becausave
assignedheaddres®f "GOODBYE"to "A".

Thetrick behindthis all is ' EXECUTE'. 'EXECUTE’ takesthe addresof e.g. "HELLO" from the stack
andcallsit. In fact,theexpression:

hel | o
Is equivalentto:

" hello execute
This canbeextremelyuseful. We’'ll give you alittle hint:

create subs ' hello, ' goodbye ,

Doesthis giveyou ary ideas?

4.3 Usingvalues

A valueis a cross-oerbetweera variableanda constantMay bethis examplewill giveyou anidea:

declaration:

variable a ( No initial value)
1 constant b ( Initial value, can't change)
2 b+valuec ( Initial value, can change)
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fetching:
a@ ( Variable throws address on stack)
( Constant throws val ue on stack)
c ( Value throws val ue on stack)
storing:
2b+al ( Expression can be stored at runtinme)
( Constant cannot be reassigned)
2b+toc ( Expression can be stored at runtinme)

In mary aspectsyaluesbehave like variablesand canreplacevariables. The only thing you cannotdo is
male arraysof values.

In fact,a valueis a variablethatbehaesin certainaspectdik e a constant.Why usea valueat all? Well,
thereare situationswherea value can help, e.g. whena constantCAN changeduring execution. It is
certainlynota goodideato replaceall variablesby values.

4.4 The stacks

Forth hastwo stacks. So far we've talked aboutone stack,which is the Data Stack. The Data Stackis
heavily used,e.g.whenyou executethis code:

23 +.

Only the DataStackis used.First,"2" is thrown onit. Second,'3" is thrown onit. Third, '+ takesboth

valuesfrom the stackandreturnsthe sum. Fourth, this valueis taken from the stackby .’ anddisplayed.
Sowheredo we needthe otherstackfor?

Well, we needt whenwe wantto call acolon-definition.Beforeexecutioncontinuesatthecolon-definition,
it savestheaddres®f the currentlyexecuteddefinitiononthe otherstack,whichis calledthe ReturnStack
for obviousreasons.

Thenexecutioncontinuesat the colon-definition.Every colon-definition is terminatedoy ’;’, which com-
pilesinto 'EXIT’. When’EXIT’ is encounteredhe addres®ontop of the ReturnStackis popped.Execu-
tion thencontinuesatthataddresswhichin factis the placewherewe camefrom.

If we would storethat addresson the Data Stack,thingswould go wrong, becauseve cannever be sure
how mary valueswereon that stackwhenwe calledthe colon-definition,nor would be know how mary
thereareon thatstackwhenwe encountetEXIT'. A separatetacktakescareof that.

Try andfigure out how this algorithmworks whenwe call a colon-definitionfrom a colon-definitionand
youwill seethatit works (Forthis proof of that).

It now becomestlearhow 'EXECUTE’ works. When’EXECUTE’ is called, the addressof the colon-
definition is on the Data Stack. All 'EXECUTE’ doesis copy its addreson the ReturnStack,take the
addressrom the DataStackandcall it. 'EXIT’ neverknowsthedifference..

But the ReturnStackis usedby otherwordstoo. Like 'DO’ and’LOOP’. ‘DO’ takesthe limit andthe
counterfrom the Data Stackand puts themon the ReturnStack. 'LOOP’ takes both of themfrom the
ReturnStackandcompareshem.If they don’t match,it continuessxecutionafter’'DO’. Thatis oneof the
reasonghatyou cannotsplita’DO..LOOP".

However, if you call a colon-definitionfrom within a 'DO’.."LOOP’ you will seeit works: the return
addresss put on top of thelimit andthe counter As long asyou keepthe ReturnStackbalancedwhich
isn’'t too hard)you cangetaway with quite afew thingsaswe will seein thefollowing section.
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4.5 Saving temporary values

We haven't shovn you how the ReturnStackworks just for the fun of it. Althoughit is an areathatis
almostexclusively usedby the systemyou canuseit too.

We know we canmanipulatethe DataStackonly threeitemsdeep(using’ROT’). Most of thetime thatis
morethanenoughput sometimest isn't.

In Forth thereare specialwordsto manipulatestackitemsin pairs,e.g. "2DUP" ( n1 n2—nl1 n2 nl n2)
or "2DROP" ( n1 n2-). In mostForthsthey arealreadyavailable,but we could easily definethosetwo
oursehes:

2dup over over ;
2drop drop drop ;

You will noticethat"2SWAP" ( n1 n2 n3 n4 —n3 n4 nln2) becomes lot harder How canwe getthis
deep?You canusethe ReturnStackfor that..

Theword >R’ takesanitem from the DataStackandputsit on the ReturnStack. Theword'R>" doesit
the otherway around.It takesthetopmostitem from the ReturnStackandputsit onthe DataStack.Let’s
try it out:

2swap ( n1n2n3n4) \ four items on the stack
rot ( nl n3ndn2) \ rotate the topnost three
>  ( nl n3 n4) \ n2 is now on the Return Stack
rot ( n3 n4 nl) \ rotate other items
r> (n3nd4dnln2) \ get n2fromthe Return Stack

And why doesit work in this colon-definitionAWhy doesnt the programgo haywire?Becausehe Return
Stackis andwasperfectlybalancedTheonly thing we hadto do wasto getoff "n2" beforethe semi-colon
wasencounteredRememberthe semi-coloncompilesinto 'EXIT’ and’EXIT’ popsareturn-addressom
theReturnStack.Okay, let me shav you the ReturnStackeffects:

2swap (rl)
rot ( ril)
> (. rln2)
rot ( rl n2)
r> (rl)
(--)

Note, thesearethe ReturnStackeffects! "R1" is the return-addressAnd it is thereon top on the Return
Stackwhen’EXIT’ is encounteredThegenerakuleis:

Cleanup your messinsidea colon-definition

If yousave two valuesontheReturnStack,getthemoff therebeforeyouattempto leave. If yousavethree,
getthreeoff. And soon. This meansyou have to be very carefulwith looping andbranching.Otherwise
you have a programthatworks perfectlyin onesituationandnotin another:

: this-wont-work ( nln2--nln2
>r ( nl)
0= if (--)
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r> (

dup (
el se

12 (
then
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n2)
n2 n2)

12)

This programwill work perfectlyif n1 equalszero.Why? Let's look atthe ReturnStackeffects:

. this-wont-work
>r
0=if
r>
dup
el se
12
then

P

ri
rin2)
ri n2)
ri)
ri
rin2)
rin2)

You seewhenit enterghe’ELSE’ clausethe ReturnStackis never cleanedup, so Forth attemptdo return
to thewrongaddressAvoid this, sincethis canbe very hardbugsto fix.

4.6 The Return Stackandthe DO..LOOP

We've alreadytold you thatthe limit andthe counterof a DO..LOOP(or DO..+LOOP)arestoredon the
ReturnStack.But how doesthis affect saving valuesin themiddle of aloop?Well, this examplewill make

thatquiteclear:

. test

1

10 0 do
>r
[
r>

| oop

cr

drop

P

test

' 35 5
==

>

>

>
[ g

You might expectthatit will shav you the valueof the countertentimes. In fact, it doesnt. Let's take a

look atthe ReturnStack:

. test
1
10 0 do
>r
i
r>

P

_——— —
O O o0 o~
~
> 5
=
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| oop (--)

cr (--)

drop (--)
test

You might have noticed(unlessyou’re blind) thatit printstentimesthe number'1". Wheredoesit come
from? Usually’l’ printsthevalueof the counterwhichis ontop of the ReturnStack.

This time it isn’t: the number"1" is there. So’l’ thinksthat"1" is actuallythe counteranddisplaysit.
Sincethatvalueis removedfrom the ReturnStackwhen’LOOP’ is encounteredt doesnt do muchharm.

We seethatwe cansafelystoretemporarywalueson the ReturnStackinsidea DO..LOOR but we have to
cleanup themessheforewe encountefLOOP’. So,thisrule appliesheretoo:

Cleanup your messinsidea DO..LOOP

But we still have to be preparedhattheword’l’ will not provide the expectedresult(whichis the current
valueof thecounter).In fact,’l’ doessimply copy thetopmostvalueonthe ReturnStack.Whichis usually
correct,unlessyou’ve manipulatedhe ReturnStackyourself.

Note that thereare otherwordsbeside’'l’, which do exactly the samething: copy the top of the Return
Stack.But they areintendedo beusedoutsidea DO..LOOPR We'll seeanexampleof thatin thefollowing
section.

4.7 Other Return Stack manipulations

The ReturnStackcanavoid somecomplex stackacrobatics Stackacrobatics2Mell, you know it by now.
Sometimesall thesevaluesand addressesarejust not in propersequenceso you have to 'SWAP’ and
'ROT’ alot until they are.

You canavoid someof theseconstructiondy just moving a singlevalue on the ReturnStack. You can
returnit to the DataStackwhenthetime is there. Or you canusethetop of the ReturnStackasa kind of
local variable.

No, youdon't have to move it aroundbetweerbothstacksall thetime andyou don't haveto use’l’ outof
its context. Thereis awell-establishedvord, which doesthe samething: 'R@’. Thisis anexampleof the
useof 'R@":

del ete (n--)

>r #lag + ( al)

r@- #ag ( al a2 n2)
r@negate ( al a2 n2 n3)
r# +! ( al a2 n2)

#l ead + ( al a2 n2 a3)
swap cnove ( al)

r> bl anks (--)

'R@’ copiesthetop of the ReturnStackto the DataStack. This exampleis takenfrom a Forth-editor It
deletes'n" characterdeft of the cursor By putting the numberof charactersn the Return Stackright
away, its valuecanbe fetchedby 'R@’ without using’DUP’ or 'OVER'. Sinceit canbe fetchedat ary
time,no’SWAP’ or 'ROT’ hasto comein.
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4.8 Altering the flow with the Return Stack

The merefactthatreturnaddressearekepton the stackmeanghatyou canalterthe flow of a program.
This is hardly ever necessarybut if you're a real hacler you'll try this anyway, sowe’d bettergive you
somepointerson how it is done. Let's take a look at this program. Note that we commenton the Return
Stackeffects:

di nner soup entree dessert ;

; ri
di nner cr

soup ." soup " ; (r1lr2)
dessert ." dessert " ; (rlre)
chicken ." chicken " ; (r1r3r4
rice ." rice " ; (r1r3rb)
entree chicken rice ; (r1r3)

(

(

And thisis theoutput:
soup chicken rice dessert

Beforewe execute’DINNER" the ReturnStackis empty Whenwe enter’'DINNER" thereturnaddresso
themainprogramis onthe ReturnStack(rl).

"DINNER" calls"SOUP".Whenwe enter'SOUP"thereturnaddress$o "DINNER" is onthe ReturnStack
(r2). Whenwe aredonewith "SOUP",its returnaddresslisappearérom the ReturnStackandexecution
continueswithin "DINNER".

Then"ENTREE" is called, putting anotherreturn addreson the Return Stack(r3). "ENTREE" on its
turn, calls"CHICKEN?". Anotherreturnaddresgr4) is puton the ReturnStack.Let’s take alook on what
currentlylies onthe ReturnStack:

- Top Of Return Stack (TORS) -

r4 - returns to ENTREE
r3 - returns to DI NNER
rl - returns to main program

As we alreadyknow, ’;’ compilesan’EXIT’, whichtakesthe TORSandjumpsto thataddressWhatif we
losethecurrentTORS?Will thesystemcrash?

Apart from other stackeffects (e.g. too few or the wrong dataare left on the Data Stack)nothing will
go wrong. Unlessthe colon-definitionwas called from insidea DO..LOOR of course. But what DOES
happen?The solutionis provided by the table: it will jump backto "DINNER" and continueexecution
from there.

soup ." soup " ; (r1r2
dessert ." dessert " ; (rlr6)
chicken ." chicken " r> drop ; (r1r3- r4 gets lost!)
rice ." rice " ; (r1r3rb)
entree chicken rice ; (r1r3)
. dinner soup entree dessert ; (rl)
di nner cr (--)

Since"CHICKEN" getsrid of thereturnaddresdo "ENTREE", "RICE" is never called. Instead,a jump
is madeto "DINNER" thatassumeshat"ENTREE"is done,soit continueswith "DESSER™. Thisis the
output:
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soup chi cken dessert

Notethatthis is not commonpracticeandwe do notencouragéts use.However, it givesyou a prettygood
ideahow the ReturnStackis usedby the system.

4.9 Leaving acolon-definition

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

Whatyou didn’t know is thatyou cancompilean’EXIT’ withoutusinga’;’. And it doesthe very same
thing: it popsthe returnaddresgrom the ReturnStackandjumpsto it. Let's take a look at our slightly
modifiedpreviousexample:

: soup ." soup " ; (r1r2)

: dessert ." dessert " ; (rlr6)

. chicken ." chicken " ; (r1r3r4)

crice ." rice " ; ( is never reached)
: entree chicken exit rice ; (r1r3)

: dinner soup entree dessert ; (rl)

di nner cr (--)

After "CHICKEN" hasbeenexecutedby "ENTREE", an’EXIT’ is encountered!EXIT’" worksjustlike
"', soForth thinksthe colon-definitionhascometo anendandjumpsbackto "DINNER". It never comes

to calling "RICE", sothe outputis:
soup chi cken dessert

'EXIT’ is mostlyusedin combinationwith somekind of branchindik e IF..ELSE.. THEN Comparét with
'LEAVE'’ thatleavesa DO..LOOPearly.

But now for the big question:what s the differencebetweenEXIT’ 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 mary valuesareon the Data Stackusing’DEPTH'. It will reportthe numberof
values beforeyou executedDEPTH'. Let’s elaborateon 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")



Chapter 5

Advancedtopics

5.1 Booleansand numbers

You might have expectedwe had discussedhis subjectmuchearlier But we haven't andfor one very
goodreasonWe'vetold you afew chaptersaagothat’lF’ branchesf thetop of the stackis non-zero.Any
numbemwill do. Soyou would expectthatthis programwill print"I'm here":

. test
1 2 and
if
" I"mhere"
then

test

In fact,it doesnt! Why? Well, 'AND’ is a BINARY operatoynot a LOGICAL operator That meanst
reactson bit-patterns Giventwo numbersit will evaluatebits atthe sameposition.

Thenumber'1l" is"01" in binary. Thenumber'2" is"10" in binary. '"AND’ will evaluatethefirstbit (binary
digit, now you know wherethatcamefrom!). Thefirst bit is the rightmostbit, so"0" for the number"2"
and"1" for thenumber'1".

'AND’ worksonasimplerule,if bothbitsare"1" theresultwill be"1" on thatposition. Otherwiseit will
be"0". So"1" and"0" are"0". Theevaluationof the secondit hasthe sameresult:"0". We're stuckwith
anumberthatis "0". False.So’lIF’ concludeghattheexpressioris nottrue:

2 base ! \ set radix to binary

10 ( binary nunmber "2")

01 AND ( binary number "1")

=. cr ( binary result after AND)

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

2 base ! \ set radix to binary

10 ( binary number "2")

11 AND ( binary nunmber "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.
Otherwiselt will be"1":

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

It will print"11". We do notencouragehe useof 'INVERT’ for logical operationsalthoughthe standard
allows it. You shoulduse’0=" instead.’0=" takesthe top of the stackandleave a true-flagif it is zero.
Otherwisdt will leave afalse-flag.Thatmeanghatif aconditionistrue(non-zero)ijt will leave afalse-flag.
Whichis exactly whatalogical NOT shoulddo.

Take a look at his brother’'0<>’. '0<>’ takesthetop of the stackandleavesa true-flagif it is non-zero.
Otherwiseit will leave a false-flag. The funny thingis '"AND’ and’OR’ work perfectlywith flagsand
behare asexpected.0<>" will corvertavalueto aflagfor you. Sothis works:

. test
1 0<>
2 0<>
and if
" I"mhere" cr
then
t est

Of course,you don't have to use’0<>" whena word returnsa flag. You shouldcheckthe standardor
detailsonthat.

5.2 Including your own definitions

At a certainpoint you may have written a lot of definitionsyou'’re very fond of. You usethemin mostof

your programsso beforeyou actuallyget to the programsyou have to work your way throughall these
standardiefinitions. Evenworse,whenyou changeoneof themyou have to editall your programs Most

Forths have a way to permanentlyincludethemin the kernel, but if you're not up to that or want your

programgo beasportableaspossibleyou cansolve thisin abetterway.

Justputall of your definitionsin a singlefile andstartyour programwith:

s" nydefs.fs" included

Thecompilerwill now first compileall thedefinitionsin "mydefs.fs”beforestartingwith themainprogram.
We've doneexactly thesamein thefollowing sections Most of the codeyou’ll find thereuseghe Easy4tH
extensionssoinsteadof listing themeverysingletime, we'vejustincludedthem. Easy4tHhasold favorites
like"PLACE"” and’NUMBER" alreadyavailableto you.

You haveto definetheconstant/STRING-SFACE” firstin orderto useit. A valueof 16384shouldbefine
in mostcaseslf you getanerror, you canalwaysincreaset.



5.3. CONDITIONAL COMPILATION 53
5.3 Conditional compilation

This is somethingwvhich canbevery handywhenyou're designinga Forth programfor differenterviron-
mentsor evendifferentForth compilers.Let’'s sayyou've written a generaledgerprogramin Forth thatis
sogood,you cansellit. Your customersvanta demo,of course.You're willing to give oneto them,but
you're afraidthey’re goingto usethe demowithout ever payingfor it.

Onething you candois limit the numberof entriesthey canmake. So, you copy the sourceandmake a
specialdemoversion.But you have to dothatfor every new releaseWouldn't it just be easietto have one
versionof the programandjust changeonesingleconstant?/ou canwith conditionalcompilation:

true constant DEMO

DEMO [if]

256 constant #Entries
[el se]

65536 constant #Entries
[then]

variable CurrentEntry

create Entries #Entries cells allot

We definedaconstantcalled"DEMO", whichis true. So,whenthecompilerreacheshe"DEMO [if]" line,
it knowsthatit hasto compile"256 constanEntries”,since"DEMQ" is true. Whenit comesto "[else]", it
knowsit hasto skip everythingup to "[then]". So,in this casethe compilerbehaeslik e you've written:

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

Would you change'DEMO" to false the compilerwould behae asif youwrote:

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

Theword[IF]" only worksatcompiletime andis never compiledinto theobject.’[IF]’ takesaexpression.
If this expressioris true,thecodefrom [IF]" until [ELSE]’ is compiled,justas’[IF] wasnt there.ls this
expressiornis false,everything’[IF] upto’[ELSE] is discardedhsif it wasnt there.

Thatalsomeansyou candiscardarny codethatis superfluousn the program.E.g. whenyou're makinga
colon-definitionto checkwhetheryou canmake any moreentries.|If you didn’t useconditionalcompila-
tion, you might have writtenit lik e this:

Checkl f Ful |
dup #Entries =
if
drop
DEMO
if (--)
." Buy the full version"
el se \ give nessage and exit program

AA,—\,_\,_\
>
=
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." No nore entries"
t hen (--)

cr quit
t hen (n

But this oneis nicerandwill take uplesscode:

DEMO [ | F]
: .Message ." Buy the full version" ;
[ ELSE]
.Message ." No nore entries" ;
[ THEN]
Checkl f Ful | (n--n
dup #Entries = (nf)
if ( n)
drop (--)
. Message
cr quit
t hen (n)

You canalsouseconditionalcompilationto discardlarge chunksof code. Thisis a muchbetterway than
to commentall thelinesout, e.g.this won’t work aryway:

(

roonf \ isit avalid variable?
dup ( nn
size 1- invert and (nf)
i f \ exit program
drop ." Not an elenent of ROOM cr quit
t hen

)

Thisis pretty cumbersomandproneto error:

\ roonf \ isit avalid variable?
\ dup ( nn

\ size 1- invert and (nf)

\ if \ exit program

\ drop ." Not an elenent of ROOM cr quit

\ t hen

\ ;

But thisis somethinghatcaneasilybe handled:

false [if]
roonf \'isit avalid variable?
dup ( nn
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size 1- invert and (nf)
if \ exit program

drop ." Not an elenent of ROOM cr quit
t hen

[then]

Justchange“false"to "true" and the colon-definitionis part of the programagain. Note that '[IF] ..
[THEN] canbenested!Conditionalcompilationis very powerful andoneof theeasiesfeaturesalanguage
canhave.

5.4 Exceptions

You know whenyou violatetheintegrity of Forth, it will exit andreportthecauseandlocationof theerror.

Wouldn'tit beniceif you couldcatchtheseerrorswithin the program?t would save alot of error-checking
aryway. It is quite possibleto checkevery valuewithin Forth, but it takescodeand performancewhich

malkesyour programlesscompactandslower.

Well, you candothattooin Forth. And noteventhat,you cantriggeryour own errorsaswell. This simple
programtriggersan errorandexits Forthwhenyou entera"0":

16384 constant /string-space

s" easydth.fs" included
i nput # \ get a nunber
begin
refill drop (--)
bl word nunber (n)
dup (error) <> (nf)
dup 0= (nf -f)
if swap drop then (f|] nf)
until ( input routine)
\ get a nunber
\ if non-zero, returnit
\ if zero, throw exception
: coul d-fail (--n)
i nput# dup 0=

if 1 throw then

\ drop nunbers and
\ call COULD FAIL
: do-it (--)
drop drop coul d-fail

\ put 2 nunms on stack and
\ execute DOIT
Dotry-it (--)
127['] do-it execute
." The nunber was" . cr

\ call TRY-IT
try-it
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"TRY-IT" putstwo numberson the stack,getsthe executiontoken of "DO-IT" andexecutest. "DO-IT"
dropsboth numbersandcalls "COULD-FAIL". "COULD-FAIL" getsa numberandcomparest against
"0". If zero,it callsanexception.If not, it returnsthe number

The expression'l THROW" hasthe sameeffectascalling’QUIT’. The programexits, but with the error
messagéUnhandledexception”.You canuseary positive numberfor THROW’, but "0 THROW" hasno
effect. Thisis calleda"userexception”,which meansyou definedandtriggeredthe error.

Thereare also systemexceptions. Theseare triggeredby the system,e.g. whenyou wantto accessan
undefinedvariableor print a numberwhenthe stackis empty Theseexceptionshave a negative number
so:

throw -4

Will triggerthe "Stackempty"error You canusetheseif you wantbut we don’t recommendt, sinceit
will confusethe usersof your program.

You're probablynotinterestedn an alternatve for 'QUIT’. Well, ' THROW’ isn’t. It just enablesyou to
"throw" anexceptionandexceptionscanbe caughtby your program.ThatmeanghatForthwon't exit, but
transferscontrol backto someroutine.Let’'s do justthat:

16384 constant /string-space

s" easydth.fs" included
i nput #
begin
refill drop (--)
bl word nunber (n)
dup (error) <> (nf)
dup 0= (nf -f)
if swap drop then (f ] nf)
until ( input routine)
: coul d-fail (--n)
i nput# dup 0=

if 1 throw then

: do-it (--)
drop drop coul d-fail

Dotry-it (--)
127(["] do-it catch
if drop drop ." There was an exception" cr
el se ." The nunber was" . cr
t hen

try-it

The only thingswe changeds a somavhat more elaboraté' TRY-IT" definition andwe replacedEXE-
CUTE’ by 'CATCH'.
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'CATCH'’ worksjustlike’'EXECUTE’, exceptit returnsaresult-codelf theresult-codas zero,everything
is okay. If it isn't, it returnsthe value of "THROW'. In this caseit would be "1", sincewe execute"1l
THROW". Thatis why "0 THROW" doesnt have ary effect.

If you enteranonzerovalueatthe prompt,youwon't seeary differencewith the previousversion.How-
ever, if we enter'0", we'll getthe messagéTherewasanexception”,beforethe programexits.

But hey, if we gotthatmessagehatmeand-orthwasstill in control! In fact,it was.When"1 THROW" was
executedthe stack-pointersvererestoredandwe weredirectly returnedto "TRY-IT". Asif "1 THROW"
performedan’EXIT’ to thetokenfollowing’'CATCH'.

Sincethe stack-pointersverereturnedto their original state the two valueswe discardedn "DO-IT" are
still on the stack. But the possibility exists they have beenalteredby previous definitions. The bestthing
we candois discardthem.

So,thefirst versionexited whenyou didn’t enteranonzerovalue. The secondversiondid too, but not after
giving usamessageCant we make a versionin whichwe canhave anothertry? Yeswe can:

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

i nput #
begin
refill drop (
bl word nunber (
dup (error) <> (
dup 0= ( -
if swap drop then ( nf)
until (

coul d-fail (--n)
i nput# dup 0=
if 1 throwthen

do-it (--)
drop drop coul d-fail

retry-it (--)
begin
12]["] do-it catch
while
drop drop ." Exception, keep trying" cr
r epeat
." The nunber was

n

cr

retry-it

This versionwill not only catchthe error, but it allows usto have anothergo! We cankeepon entering
"0", until we entera nonzerovalue. Isn't thatgreat? But it getseven better! We canexhaustthe stack,
trigger a systemexceptionandstill keepon going. But let's take it onestepat the time. First we change
"COULD-FAIL" into:
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. could-fail (--n)
i nput# 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:

: coul d-fail ( --n)
i nput# dup 0=
if drop drop then

Another'DROP’?But wouldn't thattriggeran“Stackempty"error? Yeah,it does.But insteadof exiting,
theprogramwill reactasif we wrote"-4 THROW" insteadof "DROP DROP". The programwill correctly
reportanexceptionwhenwe enter'0" andactaccordingly

This will work with virtually every runtime error. Which meanswe won't have to protectour program
againstevery possibleusererror, but let Forth do the checking.

Wewon't evenhaveto setflagsin every possiblecolon-definition sinceForthwill automaticallyskip every
level betweenTHROW' and’CATCH'. Evenbetter the stackswill berestoredo the samedepthasthey
werebefore’CATCH’ wascalled.

You can handlethe error in ary way you want. You candisplay an error messagecall somekind of
errorhandleryor justignoretheerror. Is thatenoughflexibility for you?

5.5 Lookup tables

Leo Brodiewrote: "l considerthe casestatemenan elegantsolutionto a misguidedproblem: attempting
analgorithmicexpressiorof whatis moreaptly describedn adecisiontable". And thatis exactly whatwe
aregoingto teachyou.

Let's saywe wanta routinethattakesa numberandthenprintsthe appropriatemonth.In ANS-Forth, you
coulddo thatthis way:

Cet-Mnth
case
1 of ." January " endof
2 of ." February " endof
3 of ." Mrch " endof
4 of ." April " endof
5of ." May " endof
6 of ." June " endof
7of ." July " endof
8 of ." August " endof
9 of ." Septenber" endof
10 of ." Cctober " endof

11 of ." Novenber " endof
12 of ." Decenber " endof
endcase
cr
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This takesalot of codeandalot of comparing.In this case(little wordplay)you would be betterof with

anindexedtable,lik e this:

16384 constant /string-space

S

create Mnt
J
" Fe

Se

No
De

HhH BB BR N B R B R N

Get - Mont h

easy4th. fs" included

hTabl e

n

anuary " ,

n

bruary " ,
March " |
April " |
my " 1

n

June ,

n

July ,

n

August ,

n

pt ember"

Cct ober "

n

venber ,

n

cenber ,

(n

)
12 min 1- MonthTable swap cells + @pad copy! count type cr

Which doesthe very samething andwill certainlywork faster Normally, you cant do thatthis easilyin
ANS-Forth, but with this primeryou can,souseit! But canyou usethe samemethodwhenyou’reworking
with arandomsetof valueslike"2, 1, 3, 12,5, 6,4, 7,11,8, 10,9". Yes,you can.But you needa special
routineto accessuchatable.Of coursewe designednefor you:

Sear ch- Tabl e

swap
rot r
over
0

begin

whil e

>r
ot
over

swap over
cells +
@dup

0> >r

rot <>
r@and

r> drop
r@+

>r over over
r>

r epeat

r@if

> rot r>

nl
nl
n3
n3
n3

P

n3
n3
n3
n3
n3
n3
n3
n3
n3
n3
n3
n3
n3

e R R R R e R N N

(nl

al
al
nl
nl
nl

nl
nl
nl
nl
nl
nl
nl
nl
nl
nl
nl
nl
nl

al

n2
n3)
al)
al
al

al
al
al
al
al
al
al
al
al
al
al
al
al

n3

n3 -- n4 f)

nl al)
nl al n2)

nl al n2)

nl n2 al n2)
nl n2 a2)

nl n2 n3 n3)
nl n2 n3)

n2 f)

n2 f)

n2)

n2)

n2+2)

nl al)

nl al n2+2)
n2)

n2)

1"COPY” is partof the Easy4tHextensionsandwill copy acountedstringfrom oneaddresso anothefaddrladdr2—addr2).
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+cells + @ ( n1 n4)

swap drop ( n3)
el se

drop drop drop ( nl)
t hen
r> (nf)
r> drop (nf)

This routinetakesfour values.Thefirst oneis the valueyou wantto search.The seconds the addresof
the tableyou wantto search.Thethird oneis the numberof fieldsthis tablehas. And on top of the stack
you'll find the field which valueit hasto return. Thefirst field mustbethe "index" field. It containsthe
valueswhich have to be comparedThatfield hasnumberzero.

This routinecansearchzero-terminatedables. Thatmeanghelastvaluein theindex field mustbe zero.
Finally, it canonly lookup positive values.You canchangeall thatby modifying theline with "0> >r". It
returnsthe valuein the appropriatdield andaflag. If theflagis falsethevaluewasnotfound.

Now, how do we applythisto our monthtable?First, we have to redefineit:

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

0 Constant NULL

create MnthTabl e
$" January " |
February " |
March ",
April ",
My

June ,

n

July ,
August ",
Sept enber" |
10 , $" Cctober " |,
11 , $" Novenber " |
12 , $" Decenber " ,

NULL

O ~NOoO Ol bh wN -

B R HR R B R

[{e)

Notethatthistableis sorted but thatdoesnt matter It would work justaswell whenit wasunsortedLet’s
getour stuff together:ithe addres®f thetableis "MonthTable",it hastwo fieldsandwe wantto returnthe
addres®f the string, which is locatedin field 1. Field O containsthe valueswe wantto compare We can
now definearoutinewhich searchesurtable:

Search-Mnth MonthTable 2 1 Search-Table ; (nl--n2f)
Now, we defineanew "Get-Month"routine:

Get-Month (n--)
Sear ch- Mont h \ search table
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if

pad copy count type
el se

drop ." Not found"
t hen

cr

if month is found
print its nane

if month is not found
drop val ue

and show nmessage

Is this flexible? Oh, you bet! We canextendthetablewith ease:

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

0 Constant NULL
3 Constant #Mont hFi el ds

create MnthTabl e

1, $" Januvary ", 31,
2, $" February " , 28,
3, % March ", 31,
4, %" April ", 30,
5, ¢ My ", 31,
6, % June ", 30,
7,%  July ", 31,
8, % August ", 31,
9, $" Septenber" , 30

10 , $" Cctober " , 31,
11, $" Novenber " , 30,
12 , $" Decenber " , 31,
NULL ,

Now we malke a slight modificationto "Search-Month":

Sear ch-Month Mont hTabl e #Mont hFi el ds 1 Search-Tabl e ;
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Thisenablesusto addmorefieldswithout ever having to modify "Search-Month'again.If we addanother
field, we just have to modify "#MonthFields".We cannow evenaddanothemroutine,which enablesisto

retrieve thenumberof daysin amonth:

Sear ch- #Days Mont hTabl e #Monthfields 2 Search-Table ;

Of coursethereis roomfor evenmoreoptimization but for now we leaveit atthat. Do younow understand

why Forth shouldnt have a CASE construct?

5.6 What DOES>CREATE do?

Let'stakeacloserlook at’CREATE’. WhatdoesCREATE’ actuallydo?Well, it takesthestringafterward

asanameandmakesaword out of it. Let’stry this:

CREATE anane
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You caneventypethatatthe prompt. It works, it justmakesaword. If you don't believe me,typethis:
anane .

Now "ANAME" justwroteoutanaddressWhenyou're still atthepromptandhaven’t donearythingelse,
typethis:

5 '

Right after our definition we just compiledin "5". Is that useful? Canwe ever retrieve it? Sure,we just
createdANAME", didn't we? And theaddresSANAME" gaveis exactly theaddressvhereout"5" was
compiled!Believeit or not:

anamre @.

Sure,it answers’5". We canevencompileanothemumber:
10 ,

And retrieveit:
anane 1 cells + @.

Looksalot like anarraydoesnt it? Well, underthe hoodForth is actuallydoingthe samething. Let's say
we wantaword thatcompilesa numberandmakesa namefor it. We could definethis:

conpi | enunber create , ;
Now let's useit:

10 conpi |l enunber anot her nane
anot hernane @.

First'CREATE’ doesit’s job and and createsthe word "ANOTHERNAME". Second,,” kicks in and
compilesthe numberthatis on the stack,just like at our previousexample.Whenwe execute theaddress
of thenumberis thrown on the stack,sowe canretrieve the contentsaanddisplaythem.

Don't you think "COMPILENUMBER" is a bad name. What we actually did was createan initialized
variable! Sowhatdo you think theword 'VARIABLE' does?Simple:

: variable create 1 cells allot ;

It createsa nameandresenessomespacefor it! But cant we do anything elsethanjustthrow a address.
Yes, you can not just definethe way Forth compilesa word, but alsowhat it doesat runtime. You use
'DOES>’ to defineit. Let’'s saywe wantit to displaythe contentsright away. We alreadygot anaddress.
Whatnext? Sure:

@.

Thatwill getthe contentsof theaddresandshav 'em. Justputthembehind DOES>":
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: displaynunber create , does> @. ;
That'sit! Let'suseit:

11 displ aynunber anunber
anunber

Great,isn'tit? Looksalot like’CONSTANT’, doesntit? Let'sfill youin onthat."CONSTANT’ is defined
likethis:

. constant create , does> @;

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

5.7 Fixed point calculation

We alreadylearnedhatif we cant calculateit outin dollars,we cancalculateit in cents.And still present
theresultin dollarsusingpicturednumericoutput:

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

200012 currency
will print this:

$2000. 12

Well, thatmaybearelief for thebookkeepersbut whataboutusscientists?You cando thevery sametrick.
We have cornvertedsomeForth codefor you thatgivesyou very accurateesults.You canuseroutineslike
SIN, COSandSQRT. A smallexample:

31415 CONSTANT PI

10000 CONSTANT 10K ( scaling constant )
VARI ABLE XS ( square of scaled angle )
KN ( nl n2 -- n3, n3=10000-nl*x*x/n2 where x is the angle )
XS @ SWAP / ( x*x/n2)
NEGATE 10K */ ( -nl*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)
Pl 180 */ ( convert to radian )
(SIN ( conpute sine )
If youenter:
45 sin . cr

Youwill get"7071", becausé¢heresultis multiplied by 10000.You cancorrectthis the sameway you did
with the dollars:just print the numberin theright format.

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

Thisonewill actuallyprint:
0.7071

But notethatForth internally still workswith the scalednumberwhichis "7071". Anotherexample:

SQRT ( nl-- n2, n2**2<=nl)
0 (initial root )
SWAP 0 ( set nl as the lint )
DO 1 + DUP ( refresh root )
2* 1 + ( 2n+l)
+LOOP ( add 2n+1 to sum loop if )
; ( less than nl, else done )

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

If you entera numberof whichtherootis aninteger, youwill getacorrectanswer Youdon't evenneeda
specialformattingroutine. If you enterany othernumber it will returnonly the integer part. You canfix
this by scalingthe number

However, scalingit by 10 will getyou 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, 10,0000r even 1,000,000t0 geta correct
answer In orderto retrieve thenext digit of the squareroot of "650", we have to multiply it by 100:

650 100 * sqgrt .fp
Whichwill print:
25.4

To acquiregreatermprecisionwe haveto scaleit up evenfurther, like 10,000.Thiswill showv us,that"25.49"
bringsusevencloserto the correctanswer
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5.8 Recursion

Yes,but canshedo recursion?0f courseshecan! In orderto let a colon-definitioncall itself, you have to
usetheword’RECURSE’. Everybodyknows how to calculatea factorial. In Forth you cando this by:

. factorial ( nl-- n2)
dup 2 >
if
dup 1-
recurse *
t hen

10 factorial . cr

If you usetheword’RECURSE’ outsidea colon-definition the resultsareundefined Note thatrecursion
laysaheavry burdenon thereturnstack.Sometimest is wiserto implementsucharoutinedifferently:

. factorial
dup

begin

dup 2 >
whil e

1- swap over * swap
repeat

drop

10 factorial . cr

Soif you everruninto stackerrorswhenyou userecursionkeepthisin mind.

5.9 Forward declarations

It doesnt 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 evenworksthe sameway. 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 val ue (Step2)
Thenwe usevectoredexecutionto createa forwarddeclaratiorfor "STEP2":
Step2 (Step2) execute ;

Now we cancreate'STEP1"withouta problem:
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Stepl 1+ dup . cr Step2? ;

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

It is muchneaterto use:NONAME'. :"NONAME' canbeusedlike anormal’’, butit doesnt requirea
name. Instead,it pusheghe executiontoken of the colon-definitionit createdon the stack. No, :NON-
AME’ does*NOT* createa literal expressionbut it is justwhatwe need:

:noname 1+ dup . cr Stepl ; to (Step2)
Now we areready! We cansimply executethe programby calling"STEP1":
1 Stepl

Notethatif you run this program,you’ll getstackerrors! Sorry, but the examplehasbeentakenfrom a
TurboPascalmanual;).

5.10 This isthe end

This is theendof it. If you masteredall we have written aboutForth, you may be just as proficientas
we are. Or evenbetter In the meanwhileyou may even have acquireda tastefor this strange put elegant
languagelf you do, thereis plentyleft for youto learn.

If you find ary errorsin this primer or just wantto make a remarkor suggestionyou cancontactus by
sendinganemailto:

hansoft@bigfoot.com
We do alsohave aweb-site:
http://hansoft.come.to

Youwill find therelots of documentatiomndnews on 4tH, our own Forth compilet
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Easy4tH

\ easydth Vi1.0d A 4tHto 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 TI ME&DATE in the Facility Ext. word set
\ 5. The words [IF] and [THEN] in the Tools Ext. word set.

\ (c) Copyright 1997,2001 WI| Baden, Hans Bezenmer. 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 dat atypes

. ARRAY CREATE CELLS ALLOT ;
. STRING CREATE CHARS ALLOT ;
. TABLE CREATE ;

\ 4tH constants

S' MAX-N' ENVI RONVENT? \ query environnent

[1F] \ if successful

NEGATE 1- CONSTANT ( ERROR) \ create constant (ERROR)
[ ELSE]

.( Error: MAX-N undefined) cr

[ THEN]

S' MAX-N' ENVI RONVENT? \ query environment
[1F \ if successful
CONSTANT MAX- N \ create constant MAX-N
[ ELSE]

.( Error: MAX-N undefined) cr

[ THEN]

S' STACK- CELLS" ENVI RONMENT? \ query environment
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[1F] \ if successful

CONSTANT STACK- CELLS \ create constant STACK- CELLS
[ ELSE]

.( Error: STACK- CELLS undefined) cr

[ THEN]

S' [/ PAD" ENVI RONMENT? \ query environnent
[1F] \ if successful
CONSTANT / PAD \ create constant /PAD
[ ELSE]

.( Error: /PAD undefined) cr

[ THEN]

\ 4tH conpiletinme words
: [NOT] 0= ;

: [*] * ,

S
\' 4t H wordset

. TH CELLS + ;

@ @;

. COPY (ab--b) >R DUP C@1+ R@SWP MVE R> ;
© WAIT 1000 * MB ;

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

( Reserve STRING SPACE in data-space. )
CREATE STRI NG SPACE | STRI NG SPACE CHARS ALLOT
VARI ABLE NEXT- STRI NG 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 @+ / STRI NG SPACE >

ABORT" String Space Exhausted. "

STRI NG SPACE NEXT- STRING @ CHARS + >R
DUP 1+ NEXT- STRI NG +!
R@ PLACE
R>

\ 4t Hs Random gener at or

( Default RNG fromthe C Standard. ‘RAND has reasonable )
( properties, plus the advantage of being wi dely used. )
VARI ABLE RANDSEED

32767 CONSTANT MAX- RAND



RAND ( -- random)
RANDSEED @ ( random) 1103515245 * 12345 +  DUP RANDSEED !
16 RSH FT  MAX- RAND AND

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

( Don't numble. )

: random (--n) RAND ;

: set-random (n--) SRAND ;

( Mx "emup. )

: randomi ze (--)

TIVEQDATE 12 * + 31 * + 24 * + 60 * + 60 * + set-random

randoni ze
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GNU FreeDocumentationLicense

GNU FreeDocumentatiorLicense
Versionl.1,March2000

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

Everyoneis permittedto copy anddistribute verbatimcopiesof this licensedocumentbut changingit is
notallowed.

0. PREAMBLE

Thepurposeof this Licenseis to make amanual textbook,or otherwritten documentfree" in the senseof
freedom:to assureeveryonethe effective freedomto copy andredistriluteit, with or without modifyingit,
eithercommerciallyor noncommerciallySecondarilythis Licensepreseresfor the authorandpublisher
awayto getcreditfor theirwork, while notbeingconsidereaesponsibldor modificationanadeby others.

This Licenseis akind of "copyleft”, which meanghatderivative works of the documenimmustthemseles
be free in the samesense.lt complementshe GNU GeneralPublic License,which is a copyleft license
designedor free software.

We have designedthis Licensein orderto useit for manualsfor free software, becausdree software
needdreedocumentationa free programshouldcomewith manualgproviding the samefreedomghatthe
softwaredoes. But this Licenseis not limited to software manuals;it canbe usedfor arny textual work,
regardlessof subjectmatteror whetherit is publishedasa printed book. We recommendhis License
principally for workswhosepurposes instructionor reference.

1. APPLICABILITY AND DEFINITIONS

This Licenseappliesto any manualor otherwork that containsa notice placedby the copyright holder
sayingit canbe distributedunderthe termsof this License. The "Document",below, refersto any such
manualor work. Any memberof the publicis alicenseeandis addresseds"you".

A "Modified Version"of the Documentmeansary work containingthe Documentor a portionof it, either
copiedverbatim,or with modificationsand/ortranslatednto anothedanguage.

A "SecondarySection"is a namedappendixor a front-mattersectionof the Documentthat dealsexclu-

sively with therelationshipof thepublishersor authorsof the Documento the Documents overall subject
(or to relatedmatters)and containsnothingthat could fall directly within that overall subject. (For ex-

ample,if the Documentis in part a textbook of mathematicsa SecondarySectionmay not explain ary

mathematics.)lhe relationshipcould be a matterof historicalconnectiorwith the subjector with related
mattersor of legal, commercial philosophical ethicalor political positionregardingthem.

77



78

The "Invariant Sections"are certain SecondarySectionswhosetitles are designatedas being those of
InvariantSectionsjn the noticethatsaysthatthe Documents releasedinderthis License.

The "Cover Texts" are certainshortpassagesf text that arelisted, as Front-Cover Texts or Back-Coer
Texts, in the noticethatsaysthatthe Documents releasedinderthis License.

A "Transparenttopy of the Documentmeansa machine-readableopy, representedn a formatwhose
specificationis available to the generalpublic, whose contentscan be viewed and edited directly and
straightforvardly with generictext editorsor (for imagescomposedf pixels) genericpaint programsor
(for drawings) somewidely available drawing editor, andthat is suitablefor input to text formattersor
for automatictranslationto a variety of formatssuitablefor input to text formatters. A copy madein an
otherwiseTransparenfile format whosemarkuphasbeendesignedo thwart or discouragesubsequent
modificationby readerds not TransparentA copy thatis not"Transparentfs called"Opaque".

Examplesof suitableformatsfor Transparentopiesinclude plain ASCII without markup, Texinfo input
format, IATEX input format, SGML or XML using a publicly available DTD, and standard-conforming
simple HTML designedfor humanmaodification. Opaqueformatsinclude PostScript,PDF, proprietary
formatsthat canbe readand editedonly by proprietaryword processorsSGML or XML for which the
DTD and/orprocessingools arenot generallyavailable,andthe machine-generatdd TML producedby
someword processor$or outputpurpose®nly.

The "Title Page"meansfor a printedbook, thetitle pageitself, plus suchfollowing pagesasareneeded
to hold, legibly, the materialthis Licenserequiresto appeaiin thetitle page.For worksin formatswhich
do not have ary title pageassuch, Title Page"meanghetext nearthe mostprominentappearancef the
work’stitle, precedinghe beginning of the body of the text.

2. VERBATIM COPYING

You may copy and distribute the Documentin any medium, either commerciallyor noncommercially
providedthatthis License the copyright notices,andthe licensenotice sayingthis Licenseappliesto the
Documentarereproducedn all copies,andthatyou addno otherconditionswhatso®er to thoseof this
License.You may not usetechnicalmeasureso obstructor control the readingor further copying of the
copiesyou make or distribute. However, you may acceptcompensatiorin exchangefor copies. If you
distribute alarge enoughnumberof copiesyou mustalsofollow the conditionsin section3.

You mayalsolend copies,underthe sameconditionsstatedabove, andyou may publicly displaycopies.

3. COPYING IN QUANTITY

If you publish printed copiesof the Documentnumberingmore than 100, and the Documents license
noticerequiresCover Texts, you mustenclosethe copiesin coversthatcarry, clearlyandlegibly, all these
Cover Texts: Front-Corer Texts on the front cover, andBack-Cover Texts on the backcover. Both covers
mustalsoclearlyandlegibly identify you asthe publisherof thesecopies.Thefront cover mustpresenthe
full title with all wordsof thetitle equallyprominentandvisible. You mayaddothermaterialonthecovers
in addition. Copying with changedimited to the covers,aslong asthey preserethetitle of the Document
andsatisfytheseconditions,canbetreatedasverbatimcopying in otherrespects.

If therequiredtextsfor eithercoveraretoo voluminousto fit legibly, you shouldputthefirst onedlisted (as
mary asfit reasonablypntheactualcover, andcontinuethe restontoadjacenpages.

If you publishor distribute Opaquecopiesof the Documennumberingmorethan100,you musteitherin-
cludeamachine-readabl€ransparentopy alongwith eachOpaquecopy, or statein or with eachOpaque
copy apublicly-accessibleomputernetwork locationcontaininga completeTransparentopy of the Doc-
ument, free of addedmaterial,which the generalnetwork-usingpublic hasaccesgo download anory-
mouslyat no chage usingpublic-standarahetwork protocols. If you usethe latter option, you musttake
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reasonablyprudentsteps,whenyou begin distribution of Opaquecopiesin quantity to ensurethat this
Transparentopy will remainthusaccessiblatthe statedocationuntil atleastoneyearafterthelasttime
you distribute an Opaquecopy (directly or throughyour agentsor retailers)of thateditionto the public.

It is requestedhut notrequired thatyou contacttheauthorsof the Documentwell beforeredistritutingany
largenumberof copiesto give thema chanceto provide you with anupdatedversionof the Document.

4. MODIFICA TIONS

Youmay copy anddistribute a Modified Versionof the Documentunderthe conditionsof section® and3
above, providedthatyou releasehe Modified Versionunderpreciselythis License with the Modified Ver-
sionfilling therole of the Documentthuslicensingdistribution andmodificationof the Modified Version
to whoever possesseacopy of it. In addition,you mustdo thesethingsin the Modified Version:

A. Usein the Title Page(andon the covers,if ary) aftitle distinct from that of the Document,andfrom
thoseof previous versions(which should,if therewereary, be listedin the History sectionof the Doc-
ument). You may usethe sametitle asa previous versionif the original publisherof that versiongives
permission.

B. List on the Title Page,as authors,one or more personsor entitiesresponsiblefor authorshipof the
modificationsin the Modified Version,togethemwith at leastfive of the principalauthorsof the Document
(all of its principalauthorsijf it haslessthanfive).

C. StateontheTitle pagethe nameof the publisherof the Modified Version,asthe publisher
D. Presere all the copyright noticesof the Document.
E. Add anappropriatecopyright noticefor your modificationsadjacento the othercopyright notices.

F. Include,immediatelyafterthe copyright noticesalicensenoticegiving the public permissiorto usethe
Modified Versionunderthetermsof this License,in theform shavn in the Addendumbelow.

G. Preserein thatlicensenoticethefull lists of InvariantSectionsandrequiredCover Texts givenin the
Documentslicensenotice.

H. Includeanunalteredcopy of this License.

I. Preserethesectionentitled"History", anditstitle, andaddto it anitem statingatleastthetitle, year new
authors,and publisherof the Modified Versionasgivenon the Title Page. If thereis no sectionentitled
"History" in the Document,createone statingthe title, year authors,and publisherof the Documentas
givenonits Title Page thenaddanitem describinghe Modified Versionasstatedn theprevioussentence.

J. Presere the network location, if ary, givenin the Documentfor public accesgo a Transparentopy
of the Document,andlik ewise the network locationsgivenin the Documentfor previousversionsit was
basedon. Thesemaybe placedin the"History" section.You may omit a network locationfor awork that
was publishedat leastfour yearsbeforethe Documentitself, or if the original publisherof the versionit
refersto givespermission.

K. In ary sectionentitled"Acknowledgementsbr "Dedications" presere the sectionstitle, andpresere
in the sectionall the substancandtone of eachof the contributor acknaviedgementsnd/ordedications
giventherein.

L. Presere all the InvariantSectionsof the Document,unalteredn their text andin their titles. Section
numbersor theequivalentarenot consideregartof the sectiontitles.

M. Deleteary sectionentitled"Endorsements”Sucha sectionmay not be includedin the Modified Ver
sion.

N. Do notretitle ary existing sectionas"Endorsementstr to conflictin title with ary InvariantSection.If
the Modified Versionincludesnew front-mattersectionsor appendiceshatqualify asSecondansections
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andcontainno materialcopiedfrom the Documentyou may at your optiondesignatesomeor all of these
sectionsasinvariant. To do this, addtheir titles to thelist of InvariantSectionsin the Modified Versions
licensenotice. Thesetitles mustbedistinctfrom ary othersectiontitles.

You may add a sectionentitled "Endorsements"provided it containsnothingbut endorsementsf your
Modified Versionby variousparties—forexample,statement®f peerreview or thatthe text hasbeenap-
provedby anorganizationasthe authoritative definition of a standard.

You may add a passagef up to five wordsas a Front-Cover Text, and a passagef up to 25 wordsas
a Back-Cover Text, to the end of thelist of Cover Texts in the Modified Version. Only one passagef
Front-Cover Text andoneof Back-Cover Text may be addedby (or througharrangementmadeby) any
oneentity. If the Documentalreadyincludesa covertext for the samecover, previously addedby you or
by arrangemeniadeby the sameentity you are actingon behalfof, you may not add another;but you
may replacethe old one,on explicit permissiorfrom the previouspublisherthataddedtheold one.

Theauthor(s)andpublisher(s)f the Documentdo not by this Licensegive permissiorto usetheir names
for publicity for or to asserbr imply endorsemendf ary Modified Version.

5. COMBINING DOCUMENTS

You maycombinethe Documentwith otherdocumentseleasedinderthis License underthetermsdefined
in section4 above for modified versions provided thatyou includein the combinationall of the Invari-
ant Sectionsof all of the original documentspunmodified,andlist themall asInvariantSectionsof your
combinedwork in its licensenotice.

The combinedwork needonly containonecopy of this License,andmultiple identicallnvariantSections
maybereplacedvith asinglecopy. If therearemultiple InvariantSectionsvith thesamenamebut different
contentsmale thetitle of eachsuchsectionuniqueby addingat the endof it, in parentheseshe nameof

theoriginal authoror publisherof thatsectionif known, or elsea uniquenumber

Make the sameadjustmento the sectiontitles in thelist of InvariantSectionsn thelicensenoticeof the
combinedwork.

In the combination,you mustcombineary sectionsentitled"History" in the variousoriginal documents,
forming onesectionentitled"History"; likewise combineary sectionsentitled"Acknowledgements"and
ary sectionsentitled"Dedications". You mustdeleteall sectionsentitled"Endorsements."”

6. COLLECTIONS OF DOCUMENTS

You may malke a collectionconsistingof the Documentandotherdocumentseleasedinderthis License,
andreplaceheindividual copiesof this Licensen thevariousdocumentsvith asinglecopy thatisincluded
in the collection, provided that you follow the rules of this Licensefor verbatimcopying of eachof the
documentsn all otherrespects.

Youmayextractasingledocumenfrom sucha collection,anddistributeit individually underthis License,
providedyou inserta copy of this Licenseinto the extracteddocumentandfollow this Licensein all other
respectsegardingverbatimcopying of thatdocument.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilationof the Documenbr its derivativeswith otherseparatandindependendocument®r works,
in or on a volumeof a storageor distribution medium,doesnot asa whole countasa Modified Version
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of the Document provided no compilationcopyright is claimedfor the compilation. Sucha compilation
is calledan "aggregate",andthis Licensedoesnot apply to the otherself-containedvorks thuscompiled
with the Documentpn accounof their beingthuscompiled,if they arenotthemselesderivative works of
the Document.

If the Cover Text requirementof section3 is applicableto thesecopiesof the Document,thenif the
Documentis lessthan one quarterof the entire aggreyate,the Documents Cover Texts may be placed
on coversthat surroundonly the Documentwithin the aggreyate. Otherwisethey mustappearon covers
aroundthewholeaggreate.

8. TRANSLATION

Translationis considered kind of modification,soyou may distribute translationf the Documentunder
the termsof section4. ReplacinginvariantSectionswith translationsrequiresspecialpermissionfrom
their copyright holders,but you may includetranslationsof someor all InvariantSectionsin additionto
the original versionsof theselnvariantSections. You may include a translationof this Licenseprovided
thatyou alsoincludethe original Englishversionof this License. In caseof a disagreemenetweerthe
translationandthe original Englishversionof this License the original Englishversionwill prevail.

9. TERMIN ATION

You may not copy, modify, sublicenseor distribute the Documentexceptasexpresslyprovided for under
this License. Any otherattemptto copy, modify, sublicenseor distribute the Documentis void, andwill
automaticallyterminateyour rights underthis License. However, partieswho have receved copies,or
rights, from you underthis Licensewill not have their licenseserminatedsolong assuchpartiesremain
in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

TheFreeSoftwareFoundatiormaypublishnew, revisedversionsf the GNU FreeDocumentatioricense
fromtimetotime. Suchnew versionawill besimilarin spirit to the presentersion,but maydiffer in detail
to addressew problemsor concerns.Seehttp://www.gnu.og/copyleft/.

Eachversionof the Licenseis given a distinguishingversionnumber If the Documentspecifiesthat a
particularnumberedversionof this License"or ary later version"appliesto it, you have the option of
following the termsand conditionseither of that specifiedversionor of ary later versionthat hasbeen
published(not asa draft) by the FreeSoftware Foundation. If the Documentdoesnot specifya version
numberof this License,you may chooseary versionever published(not asa draft) by the FreeSoftware
Foundation.

ADDENDUM: How to usethis Licensefor your documents

To usethis Licensein adocumentyou have written, includeacopy of theLicensein thedocumentandput
thefollowing copyright andlicensenoticesjust afterthetitle page:

Copyright (c) YEAR YOUR NAME.

Permissioris grantedto copy, distribute and/ormodify this documentunderthe termsof the
GNU Free DocumentatiorLicense,Version1.1 or ary later versionpublishedby the Free
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SoftwareFoundationwith thelnvariantSectiondeingLIST THEIR TITLES, with the Front-
Cover Texts beingLIST, andwith the Back-Corer Texts beingLIST. A copy of thelicenseis
includedin thesectionentitled"GNU FreeDocumentatiorLicense".

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

If yourdocumentontainsnontrivial examplesof programcode, we recommendeleasingheseexamples
in parallelunderyour choiceof free softwarelicense,suchasthe GNU GeneralPublic License to permit
their usein free software.



