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This paper has several aims: It introduces two useful tools to the
programming community, it argues against the "Law of the Excluded
Miracle”, and it illustrates a lightweight style of literate programming that
the author has found effective and useful.

LIM (the Language of the Included Miracle) is a novel little
programming language useful for writing small programs that include a
good measure of syntactic processing. A LIM program is like a context
free grammar, but with deterministic choice instead of non-deterministic
choice and with both input and output as opposed to grammers, which
support input only (or output only if they are viewed as generators). An
alternative one sentence description: start with Dijkstra's calculus of
guarded commands, drop the Law of the Excluded Miracle, and allow the
commands of the calculus to operate on a state space containing two
character streams, an input stream and an output stream.

Nanoweb is an ultralight literate programming tool implemented in LIM.
Nanoweb is useful, and also serves in this paper in the role of two
examples: an example of a LIM program and as an example of a
lightweight literate program.
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Abstract. This paperhasseveralaims: It introducestwo usefultools to the pro-
grammingcommunity it arguesagainstthe “Law of the ExcludedMiracle”, andit il-
lustratesa lightweightstyle of literateprogramminghatthe authorhasfoundeffective
anduseful.

LIM (theLanguagef thelncludedMiracle)is anovellittle programmindanguage
usefulfor writing smallprogramghatincludea goodmeasuref syntacticprocessing.
A LIM programis like a context free grammay but with deterministicchoiceinstead
of non-deterministichoiceandwith both input and outputasopposedo grammers,
which supportinput only (or outputonly if they areviewed asgenerators)An alter
native onesentencalescription:startwith Dijkstra’s calculusof guardedcommands,
dropthe Law of the ExcludedMiracle, andallow the command®f the calculusto op-
erateon a statespacecontainingtwo charactestreamsaninput streamandanoutput
stream.

Nanawvebis anultralightliterateprogrammingool implementedn LIM. Nanoveb
is useful,andalsosenesin this paperin the role of two examples:an exampleof a
LIM programandasanexampleof alightweightliterateprogram.

1 Intr oduction

To meetthe enormouschallengepresentedy softwaretechnology we scientistsand
engineersvill needo embracessomeradicalnew ideas.Oneideathatgoeso therootof
theproblemis DonaldE. Knuth's Literate programming [8, 10], theideathata program
shouldbe readableasa literary work. Knuth'’s systemWeb producesfrom a single
sourcefile, eitheran executableor a typesetexpositionof a program.His first version
of Web tamgettedPascal(thatis, useda Pascalcompilerin the pathto the executable
andusedan augmentedrersionof the Pascallanguagén the exposition); subsequent
versionsof Web, and subsequerniiterate programmingtools by otherswho have fol-
lowed Knuth'’s lead,have targettedotherprogramminganguages SinceKnuth’s first
work, thetrendin literateprogrammingoolshasbeentowardsincreasinglylightweight
systemsfor example,considemMNormanRamsg’s recentsystemnoweb [14].

This paperdescribedNanaveb, anultralightweightliterate programmingool. For
simplicity, Nanaveb omits the reorderingand the macrofacilities supportedoy most
otherliterateprogrammingools (evennoweb). Nanavebwaswritten by theauthorin



2003to meetthe immediateneedsof the researctprojectDenali-2[5] (sincediscon-
tinued),andmy complexity budgetwasextremelytight (I budgeteds00linesfor code,
exposition,documentationandtests).

As releasedNanaveb targetsJava, sincethat wasto be the implementatiorlan-
guageof Denali-2,but Nanovebis almostlanguage-independerdandthis paperwill
explain how to retagetit to otherlanguages.Nanaveb is implementedn LIM, the
Languageof the IncludedMiracle designedandimplementedn 1993 by Mike Bur-
rows and Greg Nelson,andavailable for download over the internet[2]. This paper
described IM andNanowveb,usingtheLIM implementatiorof Nanovebasanexam-
ple. Theopeningparagraphsf thisintroductionhave focussedn Nanaveb, but mary
readersnayfind thedescriptiorof LIM to bethemostinterestingpartof thepaper The
paperconsistof theNanavebandLIM specificationgalsoknown asmanpages)fol-
lowedby the LIM implementatiorof Nanaveb astypesetby itself. Thusthis paperis
abouttwo partsmanpageandonepartlightweightliterateprogram.Beforethe current
literate programmingmovementthe Unix manpagehadalreadyemegedasa useful
anddistinctive genre(anda successfuliseof specificationsn softwareengineering)a
factthatseemsmportantandunderappreciatedand! would lik e in this paperto give
thatgenreits due. The paperis stitchedtogethemwith twenty-sixadditionalsentences
of commentaryof which sixteenhave formedthis introduction.

2 The Nanoweb manpage

2.1 Name

nanoweb — anultralightweightliterateprogrammingool.

2.2 Syntax.

nanoweb < rawprogfile > texfile

2.3 Explanation.

Nanavebtranslategheraw sourceof a Java programinto LaTeX commandghatwill
typesetthe programfor a discerningreader Nanaveb will alsowork with program-
ming languagegshat shareJava’s syntaxfor commentsandfor string literals, suchas
C and C++. The programauthormustwrite andtypesetthe exposition, which she
includesin thecommentsn theraw source.

More preciselythe expositionshouldbe placedin exposition comments, which are
definedascommentopeneddy /* whoseopeniingdelimitershave nothingbut white
spaceprecedinghemon their lines. Nanaveb copiesthe contentof expositioncom-
mentsin comment mode, which meanst copiesthemwith almostno transformation.
In commentmode,Nanavebwill copy ary LaTeX commandgrom inputto output,so
that,if youwantto, you canuseall the pawer of LaTeX (sectioningcommandsmath
mode,bulletedparagraphdyells, whistles)to typesetthe exposition. In particular you
canmake tablesor useLaTeX verbatimmode. Therefore,Nanaveb hasno special



supportfor verbatimdisplayswithin commentmode(unlike its predecessan3totex
andits cousingppmp andpplim ).

Inputtext thatisn’t in expositioncommentgsometimesalledcode) is translatedn
code mode, which meanghatit is typsetin typewriter font, with spacing/ine breaks,
andindentationpresered. In codemode,Nanovebwill carefullyquoteary characters
thatarespecialto TeX, soyou can't do your own typesettingn codemode:thereader
seeswhatthe compilersees A commenthatisn’t anexpositioncommentwill alsobe
translatedn codemode. In this case Nanoveb requiresthatthe commentbegin and
endonthesamesourcdine.

Nanavebdoesntintroduceor remove newlines,soLaTeX errormessagéne num-
bersgivenrelative to Nanaveb’s outputarealsoaccurateelative to Nanaveb’sinput.

Nanavebgivesspecialtreatmenbnly to commentgdelimitedby /* and*/ ; com-
mentsdelimitedby // andend-of-lineareignored.

Nanavebsupportghreeadditionalfeatures:

2.4 Preamble.

Theportionof theraw programsourceupto andincludingthefirst groupof oneor more
blanklinesis calledthe preamble. (A blankline is aline containingspacesandtabs
only.) nanoweb readsandignoresthe preambleandstartsproducingTeX commands
from the positionof theraw sourcammediatelyafterthepreamble This allowsyouto
includeat the beginning of your raw sourcethingslik e authorinformation, copyright
noticeschangdogs,andthelik e. Justputthosethingsatthetop of yourfile, andmake
surethey have ablankline afterthem(andnointernalblanklines).

2.5 LaTeX boilerplate.

By default, Nanavebwill produceLaTeX commandso begin andendthe document,
andto selecthelLaTeX “article” style. Thismaybeundesirablefor example for users
of otherTeX macropackagesor if Nanaveb’soutputis to beincludedin alongerdoc-
ument(asit is in this paper). Therefore Nanavebwill omit the LaTeX boilerplateat
thebeginningandendingof its outputif theone-word comment‘noboilerplate "
(with no spacesn or aroundit) appearsmmediatelyafterthe preamble.

2.6 Escapeto codemode.

Whenthe expositionrefersto a programname,it is a goodideato typesetthe name
in typewriter font ratherthanromanfont, to help the readerrecognizethat the name
is a name. This leadsto mary instancef the pattern‘\hbox{\tt ..} inthe
exposition,which aretediousto type anddistractingto read.(Of coursewe neverread
the raw source,but we never say never, either) To alleviate this problem,Nanaveb
hasthefollowing feature:in commentmode,it will putarny phraseenclosedn double-
quotesinto a TeX boxin typewriter font. Soinsteadof

\hbox{\tt p.link}



you canjustwrite
"p.link"

(includingthedouble-quotes)Any TeX specialcharacterin thedouble-quoteghrase
arequoted,just asin codemode. The double-quotephrasemustappearentirely on
a singleline of the raw source. If for somereasonyou want a literal double-quote
to appeaiin your exposition,you will needto usea constructionlike “\char042 ”
(double-quotds charactemctal forty-two). If you wantto employ the double-quote
characteiin somenon-trivial way in your own typesettingn commentmode(for ex-
ample,to useTeX'’s notationfor hexadecimalnumbers),you will just have to find a
way to dowithoutit (for example,by usingoctal notationinstead).

2.7 Author

Greg NelsondesignedandimplementedNanaveb,andwrotethis manpage.

3 ThelLIM manpage
3.1 Name.

lim —text processindanguagewith patternmatchingandbacktracking

3.2 Syntax.

lim prodfile

3.3 Description.

ParseandexecutetheLIM programin thefile progfile . TheLIM progranwill read
from standardnputandwrite to standarcbutput.

3.4 LIM languageoverview

LIM is atext processinganguagen thegenerafamily of YACC,LEX, sed,andAWK,
but is basedn Dijkstra’s calculusof guardeccommandsThe nameis anacrorym for
Languageof the IncludedMiracle, becausd IM programscan violate the so-called
Law of the ExcludedMiracle. This law wasintroducedin EdsgerW. Dijkstra’s clas-
sic Discipline of Programming [3]. The generalizectalculuswithout the law wasin-
troducedin a paperof Greg Nelsons [12]. Anotherof Nelsons papersprovidesan
introductionandoverview of thegeneralizectalculus[13].

The input to YACC and other corventionalparsergeneratorsgs a hybrid of two
ratherdifferentlanguagesa BNF-like languageo specifysyntaxanda corventional
imperative programminganguageo specifyactionsto be performedduring parsing.
The LIM approachis different: it providesa singlelanguagehatis almostascorve-
nientasBNF at describinglanguagesyntaxandalmostascorvenientascorventional



imperative programminganguagest describingactionsto be performedduring pars-
ing. This generalityis obtainednot by addingfeaturesbut by droppinga restriction,
namelythe Law of the ExcludedMiracle.

LIM is a minimalist languageand thereare mary situationswhereit fails to be
applicablebecausef it lacks somecrucial feature. But whenit is applicable,it can
producesolutionsof attractve simplicity. After completingthis overview of LIM, the
manpageprovidesa completedescription.

Herearefour importantLIM primitives:

Wr(s) Writes
Rd(s) Reads, failingif it is notnext in theinput
A; B DoA thendoB

A|B DoA, elsedoB if Afails.

In the first two commandss is a string literal (for now). The commandRd(s)
readss from theinputif it is presentptherwiseit fails. Failuredoesnot causeanerror,
it causesheimplementatiorto backtrackandfind anothempaththatavoidsfailure. The
commandWr(s) writesthestrings to the output;it never fails. The commandA;B
failsif eitherA or B fail, while the commandA|B fails only if both A andB fail. For
example thecommand

Rd("0"); Wwr("0") | Rd("1"); Wr("1")

will copy a singlebinarydigit from inputto output,or fail if theinputis exhaustecbr
the next input characteiis not a binary digit. (The semicolonbindsmoretightly than
theverticalbar)

ThelLaw of theExcludedMiracle holdsthatwp(A, false) is falsefor any command
A, wherein generalwp(A, R) holdsof thoseinputstatefrom which all computational
outcomef A areoutputstatesthatsatisfy R. Now it is clearthatif therecanbe an
input statethatis relatedto no outcomediy A, thensucha statewill satisfywp(A, R)
for ary R, evenfor R := false, sincethequantificatioroverall its outcomess vacuous.
(No statesatisfiesfalse, but every elementof the empty setsatisfiesfalse) In short:
droppingthe Law of the ExcludedMiracle is equivalentto enrichingthe calculuswith
commandshatcorrespondo partialrelationsbetweerinput statesandoutcomesThis
generalizatioris appropriatefor programmingparsers.From an input statein which
theinputis exhaustedr the strings is not next in theinput, we would like to saythat
it is not possibleto executethe commandrd(s) : thecommandelatessuchaninput
stateto no outcomesat all. If oneinsistson anoperationainterpretationthe bestwe
cansayis thatthe effect is to backtrack but the semantionodelwith partialrelations
is clearerthanthe operationakemantics.

Failing commandsever have side effects. If a computationhasside effectsand
thenfails, it is asthoughthe sideeffectsnever happenedFor example,

Rd("0"); Wr("0")
and

Wr("0"); Rd("0")



meanexactly the samething: copy a zerofrom input to outputif possible andother
wisefail without writing anything.

ThecommandA | BispronouncedA elseB". Theoperations calleddetermin-
istic choice. It is generallymore usefulthannon-deterministichoice,soit is ironic
thatnon-deterministichoiceis somuchbetterknown. For example,non-deterministic
choiceis usedin regular expressionsjn Dijkstra’s classiccalculusof guardedcom-
mands,andin the corventionalBNF notationfor contet-free grammars.The reason
may be that deterministicchoiceis interestingonly in the absencef the Law of the
ExcludedMiracle (if A obeysthelLaw, thenA neverfails,andA | B is equialentto
A).

Herearefour moreLIM primitives,threeof which areoverloadingsof of the pre-
viousRd andWr primitives:

Wr(c) write thecharactec
Rd(c) readthecharactec
Rd() readandreturnthenext inputcharacter
DO AOD repeatedlyexecuteA until it fails

Rd() failsif theinputis atendof file; otherwisdt returnsthe (integercodefor) the
next characteiin the input, asit consumeghat character Rd(c) readsthe character
¢ from theinput or fails if the next characteisn’'t c. Wr(c) neverfails; it writesto
outputthecharactec.

For example,thefollowing programwill copy inputto output,replacingall occur
rencef “gnelson " with “burrows " and“burrows ” with “gnelson ”:

DO Rd("burrows"); Wr("gnelson™)
| Rd("gnelson”); Wr("burrows")
| Wr(Rd())

oD

A shortinterludeaboutperformanceandautomataheory: In a classicpaper Don-
ald E. Knuth introduceda collectionof techniquedor automaticallyconstructingef-
ficient parserdor the “LR languages”a useful subsetof the context free languages
[6]. Many tools,including YACC, arebasedon LR parsingtheoryor its aantecedent
theoryof regular expressionsandfinite automata.Thesetechniqueseducethe inner
loop of alanguagéranslatotto a singlestatemachinestepplus(in theLR case)astack
operation.Consequentlyools basen thesetheoriesarevery efficient. However, LR
theorydoesnt applyin any obviousway to LIM, nor doesregular expressiorparsing
theory apply to the regular part of LIM (LIM with procedurecalls restrictedto tail
calls); bothbecausé.IM hasdeterministicchoiceinsteadof non-deterministichoice
andbecausé&.IM commandsglon't just readinput, they alsowrite output. We suspect
thatit would be possibleto modify Knuth'’s theorysothatit appliedto alarge subset
of LIM, andif suchatheoryweredevelopedandalLIM implementatiorbuilt thatwas
baseduponit, thencommanddik e the oneabove would run at the speedof a tightly
codedstatemachine. However, we haven't attemptedthis. Our interpretersimply
savesthe stateandrestorest whenbacktrackings foundto be necessaryExecuting
the burrows-gnelsorswap progamon our 500 megahertzEV6 Alpha, our interpreter



translatesnput to outputat 2.6 megabytesper second. On the sameplatform, The
regularexpression-basetbol sed excutesavery similarprograms.3timesfasterthan
LIM (It would be awkwardto write atruly equivalentsed program;thesed program
we wrote performsthree“s/.../g " commandsijt hastheidenticaleffect provided
thatthe string“abc99 ” doesnotappealmarnywherein theinput.)

In aprecisetechnicalsensePGODis to theregularexpression: operatorasdeter
ministic choiceis to non-deterministichoice. As would be expectedfrom this obser
vation,DGODis generallymoreusefulthanx. Regularexpressiorbasedexical tools
wrestlearoundthe non-determinisnof * in a variety of ways. For example,Michael
Lesk’'spopulartool LEX imposesa“longestmatchrule” [11]). Thewrestlingis mostly
avoidedif x is replacechy DOOD

3.5 LIM languagedefinition

We now give a completedefinitionof theLIM language.

3.5.1 PROGRAMS.

A programis a sequenc®f global declarations.Therearetwo kinds of global decla-
rations: proceduredeclarationsandglobalvariabledeclarations Eachof theseglobal
declarationgs terminatedoy a semicolon.

Theeffectof executingaLIM programis to initialize all its globalvariablegin the
orderin whichthey aredeclaredndthento executethe procedurecall Main() . This
proceduranustbedeclarecandmusthave no parameters.

For example hereis acompletelIM programfor countingthenumberof newlines
in afile

VAR n = O;
PROCMain() IS

DO Rd(\n); n:=n+1| EVALRd() OD
END;

The exampleis ratheruselesssinceit doesnt print the count. But it doesillustrate
globaldeclarations.
3.5.2 PROCEDURE DECLARATIONS.
A proceduraleclaratiorhasthe syntax
PROCouts := inouts:P(ins) IS B END;

whereP is anidentifier, the nameof the procedureputs , inouts , andins arethe
formal parametersf variousmodes,andB is acommandthe body of the procedure.
If thereare no out parameters;outs :=" mustbe omitted. If thereare no inout
parameters;inouts  :” mustbe omitted. If thereareno in parametersins must

1ForthemuchlargerLIM programthatimplementdNanaveb, thespeedallsto 406kilobytespersecond.



be empty but the parentheseare still required. Both ins and outs arecomma-
separatedists of variablesbut inouts s eitherasinglevariable,or a parenthesized
comma-separatdist of atleasttwo variables.

For example,

PROCCopyToEof() IS DO Wr(Rd()) OD END;
PROCn:Inc() IS n:= n + 1 END;

PROC (x,y):Swap IS

VARt = x IN x = vy, y =t END
END;
PROCn := Square(m) IS n := m?* m END;

We find that LIM’ s in and out parametergre similar in function to the inherited
and synthesizedttributesof attribute grammersasintroducedby Knuth [7], but less
esoteric.

3.5.3 GLOBAL VARIABLE DECLARATION
A globalvariabledeclaratiorhasthe syntax
VAR vlist;
wherevlist  is acomma-separatdibt of expression®f theform
v = E
wherev is anidentifier (the nameof the global variablebeingdeclared)andE is an
expression(theinitial valuefor thevariable).
3.5.4 STATE SPACE AND VALUE SPACE.

LIM programsoperateon a statespacethat includesinput and output, which are
stream=f ISOLatin-1charactersaswell asprogram-declarethtegervariables.

LIM’ svariablegangeovertheintegersonly. No, nofloating-pointhumberggroan).
No strings(sob). No orderedpairsor maps(wail). And yes,in makingthis strict de-
cision we are knee-cappingour own brainchild. But ruthlessnesén the pursuit of
simplicity is novice.

Lackingbooleanstheguardarrow treatsO asfalseandary othervalueastrue.

3.5.5 COMMANDS.

Herearethethirteensyntactictypesof LIM commands:



A; B ExecuteA, thenexecuteB.

P -> A EvaluateP; if it is non-zero,executeA (else
fail).
A | B ExecuteA, elseexecuteB if Afails.
DO A OD RepeatedlyexecuteA aslong asit succeeds.
(More below.)
TIL A DO B END RepeatedlyexecuteB until executingA suc-
ceeds(More below.)

VAR vlist IN A END Introducelocalvariablesvlist andexecute
A. (More below.)
v = E EvaluatetheexpressiorE andassigrits value

tov. Fail if any procedurecalledby E fails.
EVAL E EvaluatetheexpressiorE anddiscardthere-
sult. Fail if any procedurecalledby E fails.
SKIP A no-op.
FAIL  Thiscommandalwaysfails.
ABORT Printanerrormessagandaborttheprogram.
outs = inouts:P(ins) Proceduresall. (More below.)
{ A} ExecuteA; bracesarejustfor grouping.

Semicolonbindsmoretightly thanthe guardarraw, which bindsmoretightly than
deterministicchoice.ButA ; P -> BmeansA ; { P -> B } sincethisisthe
only legal interpretation.

TheloopDO A ODis definedby unrollingit once:

DOA OD = A; DOA OD| SKIP

It is worth notingthatDO A ODneverfails. For example,DO FAIL ODis thesame
asSKIP. It is alsoworth noticing that the recursiondefining DGODdiffers from the
recursiondefiningthe regular expressionx operatoronly in the substitutionof deter
ministic choicefor non-deterministichoice.

TheloopTIL A DO B ENDis alsodefinedby unrollingit once:

TIL ADOBEND = A | B; TIL ADOB END

It is worth notingthat TIL A DO B ENDwill fail if A andB both fail after some
number(possiblyzero)of iterationsof B. It is alsoworth noticingthatA mayconsistof
severaldifferentcaseconnectedvith the deterministicchoiceoperatorin which case
theloop hasmultiple exits.

Thecommand

VARV = EIN A END

introducesalocal variablev andthenexecutesy := E; A. Thescopeof v includes
E andA, it is probablya mistale (undetectedby LIM) if v occursin E.

For example thefollowing procedureaeadsadecimaldigit andreturnsits value,or
failsif thenext inputcharacteis notadigit:



PROCnh := DigitVval() IS
VAR c = Rd() IN
' <=c¢c ANDc <=9 > n:=1c¢-0
END
END

Justasin a globalvariabledeclarationavlist ~ canbeacomma-separatdast of
expression®f theformv := E. Forexample

VAR vVl = E1, v2 := E2 IN A END
is shortfor

VARVl = E1 IN VARvV2 = E2 IN A END END.
A procedurecall commandhasthe form

outs := inouts:P(ins)

whereP is a procedureandouts , inouts , andins specifythe actualparameters
of thevariousmodes.If thereareno out parameters;outs :=" mustbeomitted. If
thereareno inout parameters;inouts  : " mustbe omitted. If therearenoin pa-
rametersins mustbeempty but the parenthesearestill required.Syntacticallyins
is a comma-separatedist of expressionsputs is a comma-separatelist of identi-
fiers,andinouts s eitherasingleidentifieror a parenthesizedomma-separatdibt
of atleasttwo identifiers.A procedurecall is allowedto appeararlierin the program
text thanthe procedures declaration.

To executethe call, the proceduresin andinout formalsareboundto the valuesof
the correspondingctuals;thenthe body of the procedurds executed,andfinally the
outandinoutactualsareboundto thevaluesof the correspondindormals.

3.5.6 EXPRESSIONS.

Herearetheoperatorallowedin LIM expressionsljistedin orderof increasinginding
power.

e ORf logical disjunction;f is notevaluatedf e is non-zero

e ANDf logical conjunctionjf is notevaluatedf e is zero

NOT e logical negation

e =f equals

e # f differs

e <f lessthan

e > f greaterthan

e <= atmost

e >= atleast

e + f sum

e * f product

e DIV f thefloorof therealquotientof e andf
e MODf e - f * (e DIV f)

1
D

unaryminus

10



Thebooleanoperationgroducel for true, 0 for false.
Expressionganalsohave the forms:

inouts:P(ins) procedurecall

% Valueof thevariablev

literal An integer, string, or charactetiteral

(e) roundparenthesefor groupingin expressions

A procedurecanbe calledin anexpressiorif it hasexactly oneout parameterThe
syntacticrule for inouts andfor ins arethe sameasthosepreviously describedor
aprocedurecall commandasaretherulesfor bindingthein andinout parameters.
However, for a procedurecall in an expressionno actualout parameteis supplied,
andafter executingthe body of the procedurethe valueof its formal out parameter
becomegshevalueof the expression.

An integerliteral is a non-emptysequencef decimaldigits; it is interpretecbase
ten.

A charactediteral is a single printing characteror escapesequencenclosedn
singlequotes.It denoteghe integer ISOLatin-1codefor the enclosedcharacter The
escapsequenceallowedare

\\ backslash\ )
\t tab

\n newline

\f form feed

\r return

\s blankspace
\b backspace
\v verticaltab
\e escape

\ singlequote
\" doublequote

\ddd charwith octalcodeddd
\dd charwith octalcodedd

\d charwith octalcoded
\xhh charwith hex codehh
\xh charwith hex codeh

A stringliteral is asequencef printing characterer escapesequencesurrounded
by double-quotesA string literal may not spanmultiple lines of the LIM sourcepro-
gram. Stringliteralsareallowed only asparameter$o the built-in procedurefd, Wr,
At, andErr : they arenotallowedin generakxpressions.

3.5.7 IDENTIFIERS, COMMENTS, AND TOKEN SEPERATION.

Variablesandproceduresredenotedy identifiersthatconsistof asequencef letters,
digits, andunderbardeginningwith aletteror underbar

LIM tokenscanbe separatedy white spaceand comments. A commentis an
arbitrarysequencef character®peneddy (* andclosedby *) . Commentsiest.

11



3.5.8 BUILT-IN PROCEDURES.

LIM providesthefollowing built-in procedures:

Rd(str) Readstr (astringliteral), or fail.

Rd(c) Readthecharacterc (anexpression)pr fail.

Rd() Readandreturnthe next characteror fail.

Wr(str) Write str (astringliteral).

Wr(c) Write thecharacterc (anexpression).

At(str) A noopif str (astringliteral) is next in theinput;
otherwisefails.

At(c) A noopif thenext characteis c; otherwisefails.

Eof() A noopif atendof file; elsefails.

Err(str) Write str to standarcerror.

Err(c) Write thecharacterc (anexpression}o standarcerror.

The primitive Err is usefulfor debugging,but it doesnot obey therulesof LIM:
the outputthatit performswill not generallybe undone gvenif the computatiorfails.
For example,

Err("A";  FAIL

is NOT equialentto FAIL ; it will print“A” to standarderrorasit backtracksThe ex-
actoutputof aprogramcontainingcallsto Err() depend®nwhichinternaloptimiza-
tionsthe LIM interpreteruses.But you canrely on theidiom Err(<message>);
ABORTto print the errormessagandaborttheLIM program.

3.5.9 ERRORS.

LIM reportssyntaxerrorsor otherstaticlanguageviolationswith aline number Don’t
take theline numbertoo seriously In this casetheinterpreterexits with Unix exit code
2.

Commonsyntaxerrorsareto includea redundantrailing semicolon(within com-
mandsLIM usessemicolonto denotesequentiatompositionnotto enda statement)
or to omit therequiredemptyparenthesesn aprocedurenith noin parameters.

If theLIM programabortstheinterpretemprintstheline numberatwhichit aborted
andthe numberof charactershe programhadreadandwritten at thetime it aborted,
andexits with code2.

If theLIM programhaltsnormally, theinterpreterexits with codeO.

If theprocedureMain() fails,LIM printstheerrormessagéguard failed ~,
togethemwith the“high-watermark”, which is themaximumnumberof charactershat
the programreadfrom the input at any time in the backtrackingexecutionbeforeit
wasdeterminedo fail; thenthe interpreterexits with codel1. Often anexamination
of the input in the vicinity of the high-water mark for readingcan help you detect
the reasonfor the failure. If you arewriting a parserin LIM, you may want make
surethis never happensfor example,by replacingsomeprocedurebody B with B |
<recovery action>) . If therecoveryactionis simply to print anerrormessage
andthe procedurebody is a outer procedurdike Main , thenthis transformationis

12



trivial to perform.If youwantto try moreambitiousrecovery actionsfrom lower-level
proceduresthenthetransformatiorcanbe morework.

A corvenientwayto reverseengineegfile formatis to encodehecurrenthypothsis
asalLIM program,testthe hypothesisby applyingthe programto samplefiles, and,
in caseof failure, refine the hypothesisby examining the actualfile contentsin the
vicinity of the high-watermark.

3.5.10 LIM EXECUTABLE FILES.

The interpreterignoresthe first line of its inputfile if it startswith the charactef#”.
Thisallowsthe UNIX kernelto invoketheLIM interpreteronLIM programdf thefile
hasits executebit setandstartswith a line of the form: #!lim_pathname  where
lim\_pathname isthepathnameftheLIM interpreter Youcanfind this pathname
by typing “which lim” to your shell.

3.5.11 FURTHER HINTS AND EXAMPLES.

WhenusingLIM to parsecontect-freesyntax,it is necessaryo left-factorthegrammay
bothto avoid grammaticaleft recursion(whichwould creatdnfinite recursiorin LIM),
and, usually, to reflectthe differentbinding powersof the differentoperators.For ex-
ample hereis a programthat parsesandevaluatesanarithmeticexpressiorcontaining
sums differencesproducts decimalnumeralsandparenthesizedubepressions:

PROCMain() IS Writelnt(Eval()) END;
* "Bval()" (parses and) evaluates an expression. *)

PROCn = Eval() IS

n := Evall();
DO Token('+); n = n + Evall()
| Token(-); n:= n - Evall(
oD
END;
* "Bvall()" evaluates an expression

tight enough to be an argument to "+". %)

PROCn = Evall() IS

n = Eval2();

DO Token(); n:= n* Eval2() OD
END;
* "Eval2()" evaluates an expression

tight enough to be an argument to ™". %)

PROCn = Eval2() IS
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n := Rdint()

| Token((); n := Eval(); Token())
END;
PROCn := Rdint) IS
SkipWhite();
n := RdDigit();
DOn := 10 * n + RdDigit() oD

END;

PROCn := RdDigit() IS
VAR c = Rd() IN
' <=c¢c ANDc <=9 > n:=1c¢-"0

END
END;
(* "Token(c)" skips white space then
reads the single-character token "c". *)

PROCToken(c) IS Skipwhite(); Rd(c) END;
PROC SkipWhite() IS DORdA(C 7) | Rd(W) OD END;

PROC Writelnt(n) IS
n =0 -> Wr(0)
| n <0 -> Wr(-); WritePos(-n)
| WritePos(n)
END;

PROC WritePos(n) IS
n =0 -> SKIP
| WritePos(n DIV 10); Wr(0' + (n MOD10))
END;

A commonerroris to forgetto properlysortthe casef along syntacticcategory.
For example,considersomethindik e the following fragmentof code,which attempts
to readidentifiers,integers,or functionapplications:

Id()
| Int()
| 1d();  Token(();
{ Token())
| Expr();
TIL Token()) DO Token(,’); Expr() END;
}
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This is a mistale: the functionapplicationcasewill never betaken,sincewheneer it
couldbe, the first casewill betakeninstead.The mistale canbe fixed by reordering
thecases.

3.6 Writing FastLIM Programs.

The basicstratagyy of the currentimplementatioris to save the statebeforeexecuting
A | B; if A fails, the implementationrestoresthe old statebefore continuingwith

B. Similarly, the statemustbe saved beforeeachiterationof a DO loop or TIL loop.
However, the implementatioromits saving the stateif staticanalysisshavs thatit is

unnecessaryror example,to execute

Wr('0%); Rd('0") [
the statemustbe saved, sinceit maybe necessaryo undothewrite, but to execute
Rd('0%); Wr('0") | ... ,

thereis no needto save the state sinceif theleft algumentto | fails, it doessobefore
causingary side effects. As a result,the secondcommandexecutessomavhatfaster
thanthefirst.

3.7 Bugs.

Theinterpreterdoesnot detectarithmeticoverflow in the programit is interpreting.It
doesnt detectstackoverflow, either, althoughyour operatingsystemmight.

3.8 Seealso

pplim , distributedwith LIM, is a pretty-printerfor LIM thatis itself writtenin LIM.
In additionto beinganinstructve exampleof LIM programmingit providesatemplate
thatcaneasilybeinstantiatedo producepretty-printerdor otherlanguages.

3.9 Authors

Mik e Burrows andGreg Nelsondesigned_IM, implemented_IM, andwrotethis man
page.

4 The Nanoweb program

This sectionpresentsheimplementatiorof Nanoveb,whichis aLim program.At the
risk of beingsomeavhatsubjectve, | would claim thattheimplementatiorof Nanoveb
in Lim resembles big grammamorethanit resembles corventionalparser To the
extentthatgrammarsarejudgedto be declaratve andmanageablehe samemight be
saidof Lim programs.

Of course,this sectionis alsoan illustration of what ultralight literate programs
look lik e afterthey have beentypeset.
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Thisis thesourcecodefor Nanowveb,typesety Nanavebitself.

4.1 The Main procedure
TheproceduréMain translategheentiresource.

PROCMain() IS (* delta = 0 *)
SkipToBlankLine(); (* delta =1 %
DO BlankLine(0) OD;

SetBPFlag();
Prolog(); (* delta =0 %
MainLoop();
Epilog()
END;

In thecommentsdelta is the numberof newlinesreadlessthe numberwritten. Its
valueis commentedvheneerit changes.

Main skipsto thefirst blankline (by calling SkipToBlankLine , definedbelow).
(SkipToBlankLine  alsoincrementgielta .) Theloop DO BlankLine(0) oD
skipsary additionalblank lines thatimmediatelyfollow the first. ThenMain calls
SetBPFlag , which setsor clearsa global flag controlling whetherto print LaTeX
boilerplate. This flag is readby Prolog andEpilog , which write ary necessary
boilerplate(Prolog alsodecrementdelta .) Bracketedby thecallsto Prolog and
Epilog isthecallto MainLoop thatdoestherealwork:

PROCMainLoop() IS

TIL Eof() | XCom(); MainLoop() DO
CodeLine()

END

END;

This loop repeatediycalls CodeLine , which translatesa line of codein codemode.
Eventually the codelines end, either at the end of the file, in which casethereis
nothingmoreto do, andMainLoop exits, or with an expositioncomment,in which
caseMainLoop callsXCom() to translatehatcommentin commentmode,andthen
recursvely callsMainLoop to translateherestof theraw source.

(The Denali-2 projectusesthe ESC/Jaa tool [4] to checkits sourcecode,whosean-
notationdook bestwhentypesetin codemode.Thereforejn theversionof nanoweb

usedby the Denaliproject,MainLoop is slightly different. The changesrevery mi-
nor. Thenanoweb tool is releasedvith theexpectatiorthatuserswill tailor it to meet
their needsn similarways.)
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4.2 Miscellaneousglobal declarations

Theflagbpflag controlswhetherLaTeX boilerplateis to beproducedlt isinitialized
to one(LIM for true):

VAR bpflag := 1;

SetBPFlag() readgheone-wordcommennoboilerplate andclearsbpflag ,
otherwiseit is anoop.

PROC SetBPFlag() IS
RdOpen();
Rd("noboilerplate™);
RdClose();
bpflag:= 0

| SKIP
END;

RdOpen, RdClose , WrOpen, and WrClose readandwrite commentdelimiters.
Theirbodiesaretrivial, they aremadeinto procedureso facilitateretaigetingNanoveb
tolanguagewvith differentcommentdelimiters.For example,in theversionof nanoweb
usedto typesetitself, theseproceduresvere changedo readandwrite openpren-star
andstarcloseprer(theLIM delimiters)insteadof the Java/C slash-staandstarslash.

PROCRdOpen() IS Rd("/*")  END;
PROCWrOpen() IS Wr("/*")  END;
PROCRdClose() IS Rd("™/")  END;
PROCWrClose() IS Wr("™*/")  END;

SkipToBlankLine  skipsup to andincludingthe next blankline. It consumeghe
blankline withoutemittinga compensatingewline; thatis, it incrementslelta (be-
causehecompensatingenline will bewritten by Prolog ).

PROC SkipToBlankLine() IS
TIL BlankLine(1)
| Eof(); Err("nanoweb: no blank line found"); ABORT
DO ReadLine()
END
END;

Thecall BlankLine(b) readsablankline (or failsif thenext characterin theinput

don't form ablankline). It alsoemitsa newline unlessb is true,in which caset emits

nothing. Thusfor one-bitb, BlankLine(b) hastheeffectdelta := delta + b.
ReadLine() readsanddiscardghenext line of input. It neverfails
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PROCBIlankLine(b) IS
TIL Rd(\n’) DORA( ") | Rd(W) END;
{ b -> SKIP | Wr(\n") }

END;

PROCReadLine() IS
TIL Rd("\n"); Wr("\n") | Eof() DO EVAL Rd() END
END;

BlankLine(0)  andReadLine() write newlinesin orderto presereline numbers,
sothat TeX errormessagegelative to Nanoveb outputwill be accuraterelative to its

inputaswell. BlankLine(1) is usefulto readthefirst blankline of theraw source,
whosecompensatingewline will beincludedwith the LaTeX boilerplate.

The next proceduresProlog andEpilog , write the LaTeX boilerplate(unlessit is
suppressed)Prolog 's outputcontainsexactly onenewline, regardlessof bpflag
sothatit decrementslelta . Whenwe getto the epilog, we no longer careabout
delta .

PROC Prolog() IS
bpflag ->
Wr("\documentclass[12pt}{article}" );
Wr("\usepackage{times}");
Wr("\usepackage{mathtime}");
Wr("\begin{document}\n")
| Wr("\n")
END;

PROCEpilog() IS
bpflag -> Wr("\n\\end{document}\n") | SKIP
END;

4.3 codemode

CodeLine() translate®nelinein codemode startingfrom thebeginningof theline.

PROCCodelLine() IS

BlankLine(1);

Wr("\\par\\penalty-500\\medskip\\no indent \n")
| Wr("\mbox{\\tt ")

TIL {Rd(\n’) | Eof()}; Wr("HWn")

DO CodeElem()
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END
END;

A blank line in the code becomesan explicit paragraphboundarytogetherwith a
mediumvertical skip. The negative penaltycommandindicatesa good placefor a
pagebreak.

A non-blankline is translatednto “\mbox{...}\\ " where“... " isthesequence
of translationof the charactersn the line (asprovided by CodeElem). (Warning:
“mbox’ and“\\ " areLaTeXisms.If nanoweb is usedwith otherTeX macropack-
agesthey mustbechanged.)

CodeElem() translates singleelementof the code. Thisis typically a singlechar
acterto be echoedfrom input to output. But several specialcasesarise. (1) If the
characterin the codeis specialto TeX, it mustbe quoted(with QuoteTexChar ).
(2) Blank spacedn codeshouldbecomeTeX control spacessincetwo are not the
sameasone.(3) A single-line-commenin codemodeis readandtranslatecdby a TIL
loopasoneof thecase®f aCodeElem, sinceasingle-linecodecommentis supposed
to betypesetascode,(4) A stringliteral in codemodeis alsoreadandtranslatedy a
TIL loop asoneof the caseof a CodeElem, to preventanopencommentdelimiter
in a stringliteral from beingmistalenasarealopencomment.(5) A charactetiteral
is alsotranslatedasa singleCodeElem, in caseit is adouble-quoteThis produces:

PROCCodeElem() IS
QuoteTexChar()

| RA(C );  Wr("™\W "

| RdOpen(); WrOpen();
TIL RdClose(); WrClose()

| {At(\n) | EofQ};
Err("nanoweb: illegal code comment");
ABORT
DO CodeElem()
END

| Echo(\"); TIL Echo(\"™) DO CharOrEscape() @ END
| Echo(\"); CharOrEscape(); Echo('\")
| Wr(Rd()

END;

CharOrEscape translates singlecharacteor stringliteral escapesequence:

PROCCharOrEscape() IS

Rd('\\); Wr("\\char\'134{}"); (* Echo a backslash. *)
{ Echo(’'n’) | Echo(’t) | Echo(’b’)

| Echo(e’) | Echo(r) | Echo(f)

| Echo(’\") | Echo(\")
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RACWV); Wr("\\char\'134{}")

I
| OctDigit(); {OctDigit() | SKIP};,  {OctDigit() | SKIP}
| Echo(’x’); HexDigit(); {HexDigit() | SKIP}
| Echo('u); HexDigit(); HexDigit(); HexDigit(); HexDigit()
| QuoteTexChar()
| RAC ) witW )
| Wr(Rd())
END;

Whew. Thatwasaslog. But it is easycoastingirom here:

Echo readsa specifiedcharactefrom theinput andwritesthatsamecharacteto out-
put:

PROCEcho(c) IS Rd(c); Wr(c) END;

OctDigit andHexDigit echoary octal digit, or ary hexadecimaldigit, respec-
tively. They rely on Echo2(lo, hi) , which echoesary charactemithin therange
[lo..hi]

PROCOCctDigit) IS Echo2(0’, '7) END;

PROC HexDigit() IS
Echo2('0’, '9) | Echo2(a), ') | Echo2(A’, )
END;

PROCEcho2(lo, hiy IS
VAR c = Rd() IN
lo <= ¢ ANDc <= hi -> Wr(c)
END
END;

QuoteTexChar() readsa charactethathasspecialsignificanceto TeX andemits
a\char commandhatwill typesetthatcharactemwithout confusingTeX. We don'’t
wantthis\char commando causeleX to ignoreary blankspaceshatmightbenext,
sowe insertanemptygroup({} ) afterit:

PROC QuoteTexChar() IS
VAR ch = Rd() IN

ch =% ORch ='' ORch ='& ORch ='$ OR
ch =" ORch =# ORch = ORch =7 OR
ch ='WV ORch =" >
Wr("\\char\""); OutOct(ch); Wr("{}")
END

END;
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For anaturalnumbem, OutOct(n) writesn in octalif it is positive, andwritesthe
emptystring if n is zero. Sincethe charactewith codezerois not one of the TeX
specialcharactersthe first caseoccursonly in the recursve call, not in the call from
QuoteTexChar :

PROCOutOct(n) IS
n=20-> SKIP | OutOct(n DIV 8); Wr(0' + (n MODS8))
END;

4.4 Commentmode

XCom() translatesnexpositioncommentstartingfrom the beginning of theline on
whichthe commenis opened.

PROCXCom() IS
TIL RdOpen() DORA( ) | Rd(\W) END;
TIL RdClose()
| Eof(); Err("nanoweb: unclosed comment”); ABORT
DO ComElem() END
END;

First XComskipsblankspaceandreadsthe opencommendelimiter. Thenit translates
theremainderof the commentby repeatedlytranslatingan “elementof the comment”
with ComElem

PROCComElem() IS
RA(\n’);
BlankLine(1);
Wr("\n\\par\\medskip\\noindent\n")
| RA("\"™);
Wr("\leavevmode\\hbox{\\tt ");
TIL  RA("\""); wr("}) DO
Rd('\n");
Err("nanoweb: newline in code escape");
ABORT
| CodeElem()
END
| Wr(Rd())
END;
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An elementof a commentis eithera blank line to be translatednto a mediumverti-
cal skip, a double-quotechraseto be translatedn codemode (by repeatectalls to
CodeElem), or a characteito be copiedfrom input to output. (Neither Javza nor C
allow nestedcomments. In languagedike Modula-3andLIM that do allow nested
commentsafourth alternatve shouldbeaddedo ComElem For example,addingthe
alternatve| RdOpen(); TIL RdClose() DO ComElem() ENDwouldsim-
ply flatten nestsof commentsby inlining eachnestedcommentinto the containing
comment.) The leavevmode commandbeforethe \hbox is importantin casea
double-quotegbhraseappearsstheinitial phrasdn aparagraphasexplainedin Don-
ald E. Knuth'’s TeXBook [9].

Fini.

5 Concluding remarks

Justaswith otherliterary genresijt is morework to write a shortprogramthanalong
one. As | write thesesentencesd, have just finishedtwo weeksof hardwork writing
Nanaveh In theend,| metmy budgetwith morethanninetylinesto spareasrevealed
by afinalwc nanoweb.lim  nanoweb.1 test/*.in

During thosetwo weeks,| alsorevisedthe LIM manpageandwrotethefirst draft
of this paper but even consideringthis, 410linesin two weeksis muchmuchslower
thanl write codewhenl amnotundersuchatight compleity budget.Somemanagers
may be horrified by what they mistalenly think to be a drasticreductionof produc-
tivity. | would remindthemthatlines of coderepresentost, not value. Experienced
programmersion’'t needthis remindeerthey know it all toowell; | would remindthem
thatthoughthe work requiredto write shortprogramss difficult, it is alsosatisfying.

Finally: | hope,gentlereaderthatyou will find LIM andNanowveb to be useful,
andthatyou have alsofoundthemto beagoodread.
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