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Abstract. This paperhasseveral aims: It introducestwo useful tools to the pro-
grammingcommunity, it arguesagainstthe“Law of theExcludedMiracle”, andit il-
lustratesa lightweightstyleof literateprogrammingthattheauthorhasfoundeffective
anduseful.

LIM (theLanguageof theIncludedMiracle) is anovel little programminglanguage
usefulfor writing smallprogramsthatincludeagoodmeasureof syntacticprocessing.
A LIM programis like a context free grammar, but with deterministicchoiceinstead
of non-deterministicchoiceandwith both input andoutputasopposedto grammers,
which supportinput only (or outputonly if they areviewedasgenerators).An alter-
native onesentencedescription:startwith Dijkstra’s calculusof guardedcommands,
droptheLaw of theExcludedMiracle,andallow thecommandsof thecalculusto op-
erateon a statespacecontainingtwo characterstreams,aninput streamandanoutput
stream.

Nanowebis anultralight literateprogrammingtool implementedin LIM. Nanoweb
is useful,andalsoservesin this paperin the role of two examples:an exampleof a
LIM programandasanexampleof a lightweightliterateprogram.

1 Intr oduction

To meetthe enormouschallengepresentedby softwaretechnology, we scientistsand
engineerswill needtoembracesomeradicalnew ideas.Oneideathatgoesto therootof
theproblemis DonaldE.Knuth’sLiterate programming [8, 10], theideathataprogram
shouldbe readableasa literary work. Knuth’s systemWeb produces,from a single
sourcefile, eitheranexecutableor a typesetexpositionof a program.His first version
of Web targettedPascal(that is, useda Pascalcompilerin the pathto the executable
andusedanaugmentedversionof thePascallanguagein theexposition);subsequent
versionsof Web, andsubsequentliterateprogrammingtools by otherswho have fol-
lowedKnuth’s lead,have targettedotherprogramminglanguages.SinceKnuth’s first
work, thetrendin literateprogrammingtoolshasbeentowardsincreasinglylightweight
systems;for example,considerNormanRamsey’s recentsystemnoweb [14].

This paperdescribesNanoweb,anultralightweightliterateprogrammingtool. For
simplicity, Nanowebomits the reorderingandthe macrofacilities supportedby most
otherliterateprogrammingtools(evennoweb). Nanowebwaswrittenby theauthorin
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2003to meetthe immediateneedsof the researchprojectDenali-2[5] (sincediscon-
tinued),andmy complexity budgetwasextremelytight (I budgeted500linesfor code,
exposition,documentation,andtests).

As released,Nanoweb targetsJava, sincethat wasto be the implementationlan-
guageof Denali-2,but Nanoweb is almostlanguage-independent,andthis paperwill
explain how to retarget it to other languages.Nanoweb is implementedin LIM, the
Languageof the IncludedMiracle designedandimplementedin 1993by Mike Bur-
rows andGreg Nelson,andavailablefor downloadover the internet[2]. This paper
describesLIM andNanoweb,usingtheLIM implementationof Nanowebasanexam-
ple. Theopeningparagraphsof this introductionhavefocussedonNanoweb,but many
readersmayfind thedescriptionof LIM to bethemostinterestingpartof thepaper. The
paperconsistsof theNanowebandLIM specifications(alsoknown asmanpages),fol-
lowedby theLIM implementationof Nanowebastypesetby itself. Thusthis paperis
abouttwo partsmanpageandonepartlightweightliterateprogram.Beforethecurrent
literateprogrammingmovement,theUnix manpagehadalreadyemergedasa useful
anddistinctivegenre(andasuccessfuluseof specificationsin softwareengineering),a
factthatseemsimportantandunder-appreciated,andI would like in this paperto give
thatgenreits due. Thepaperis stitchedtogetherwith twenty-sixadditionalsentences
of commentary, of whichsixteenhave formedthis introduction.

2 The Nanoweb manpage

2.1 Name

nanoweb – anultralightweightliterateprogrammingtool.

2.2 Syntax.

nanoweb < rawprogfile > texfile .

2.3 Explanation.

Nanowebtranslatestheraw sourceof a Java programinto LaTeX commandsthatwill
typesetthe programfor a discerningreader. Nanoweb will alsowork with program-
ming languagesthat shareJava’s syntaxfor commentsandfor string literals,suchas
C and C++. The programauthormust write and typesetthe exposition, which she
includesin thecommentsin theraw source.

Moreprecisely, theexpositionshouldbeplacedin exposition comments, whichare
definedascommentsopenedby /* whoseopeniingdelimitershavenothingbut white
spaceprecedingthemon their lines. Nanowebcopiesthecontentsof expositioncom-
mentsin comment mode, which meansit copiesthemwith almostno transformation.
In commentmode,Nanowebwill copy any LaTeX commandsfrom input to output,so
that,if you want to, you canuseall thepower of LaTeX (sectioningcommands,math
mode,bulletedparagraphs,bells,whistles)to typesettheexposition.In particular, you
canmake tablesor useLaTeX verbatimmode. Therefore,Nanoweb hasno special
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supportfor verbatimdisplayswithin commentmode(unlikeits predecessorm3totex
andits cousinsppmp andpplim ).

Inputtext thatisn’t in expositioncomments(sometimescalledcode) is translatedin
code mode, which meansthat it is typsetin typewriter font, with spacing,line breaks,
andindentationpreserved.In codemode,Nanowebwill carefullyquoteany characters
thatarespecialto TeX, soyoucan’t do yourown typesettingin codemode:thereader
seeswhatthecompilersees.A commentthatisn’t anexpositioncommentwill alsobe
translatedin codemode. In this case,Nanowebrequiresthat the commentbegin and
endon thesamesourceline.

Nanowebdoesn’t introduceor removenewlines,soLaTeXerrormessageline num-
bersgivenrelative to Nanoweb’soutputarealsoaccuraterelative to Nanoweb’s input.

Nanowebgivesspecialtreatmentonly to commentsdelimitedby /* and*/ ; com-
mentsdelimitedby // andend-of-lineareignored.

Nanowebsupportsthreeadditionalfeatures:

2.4 Preamble.

Theportionof theraw programsourceupto andincludingthefirstgroupof oneormore
blank lines is calledthe preamble. (A blank line is a line containingspacesandtabs
only.) nanoweb readsandignoresthepreambleandstartsproducingTeX commands
from thepositionof theraw sourceimmediatelyafterthepreamble.Thisallowsyouto
includeat the beginningof your raw sourcethingslike authorinformation,copyright
notices,changelogs,andthelike. Justput thosethingsat thetopof yourfile, andmake
surethey haveablankline afterthem(andno internalblanklines).

2.5 LaTeX boilerplate.

By default,Nanowebwill produceLaTeX commandsto begin andendthedocument,
andto selecttheLaTeX “article” style.Thismaybeundesirable,for example,for users
of otherTeX macropackages,or if Nanoweb’soutputis to beincludedin a longerdoc-
ument(asit is in this paper).Therefore,Nanowebwill omit theLaTeX boilerplateat
thebeginningandendingof its outputif theone-wordcomment“noboilerplate ”
(with no spacesin or aroundit) appearsimmediatelyafterthepreamble.

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 many instancesof the pattern‘ \hbox{\tt ...} ’ in the
exposition,whicharetediousto typeanddistractingto read.(Of course,weneverread
the raw source,but we never saynever, either.) To alleviate this problem,Nanoweb
hasthefollowing feature:in commentmode,it will putany phraseenclosedin double-
quotesinto a TeX box in typewriter font. Soinsteadof

\hbox{\tt p.link}
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youcanjust write
"p.link"

(includingthedouble-quotes).Any TeX specialcharactersin thedouble-quotedphrase
arequoted,just asin codemode. The double-quotedphrasemustappearentirely on
a single line of the raw source. If for somereasonyou want a literal double-quote
to appearin your exposition,you will needto usea constructionlike “ \char’042 ”
(double-quoteis characteroctal forty-two). If you want to employ the double-quote
characterin somenon-trivial way in your own typesettingin commentmode(for ex-
ample,to useTeX’s notationfor hexadecimalnumbers),you will just have to find a
way to do without it (for example,by usingoctalnotationinstead).

2.7 Author

Greg NelsondesignedandimplementedNanoweb,andwrotethis manpage.

3 The LIM manpage

3.1 Name.

lim – text processinglanguagewith patternmatchingandbacktracking

3.2 Syntax.

lim progfile

3.3 Description.

ParseandexecutetheLIM programin thefile progfile . TheLIM programwill read
from standardinputandwrite to standardoutput.

3.4 LIM languageoverview

LIM is atext processinglanguagein thegeneralfamily of YACC,LEX, sed,andAWK,
but is basedonDijkstra’s calculusof guardedcommands.Thenameis anacronym for
Languageof the IncludedMiracle, becauseLIM programscanviolate the so-called
Law of the ExcludedMiracle. This law wasintroducedin EdsgerW. Dijkstra’s clas-
sic Discipline of Programming [3]. Thegeneralizedcalculuswithout the law wasin-
troducedin a paperof Greg Nelson’s [12]. Anotherof Nelson’s papersprovidesan
introductionandoverview of thegeneralizedcalculus[13].

The input to YACC andother conventionalparsergeneratorsis a hybrid of two
ratherdifferentlanguages:a BNF-like languageto specifysyntaxanda conventional
imperative programminglanguageto specifyactionsto beperformedduringparsing.
TheLIM approachis different: it providesa singlelanguagethat is almostasconve-
nientasBNF at describinglanguagesyntaxandalmostasconvenientasconventional

4



imperativeprogramminglanguagesat describingactionsto beperformedduringpars-
ing. This generalityis obtainednot by addingfeaturesbut by droppinga restriction,
namelytheLaw of theExcludedMiracle.

LIM is a minimalist languageand therearemany situationswhereit fails to be
applicablebecauseof it lackssomecrucial feature. But whenit is applicable,it can
producesolutionsof attractive simplicity. After completingthis overview of LIM, the
manpageprovidesa completedescription.

Herearefour importantLIM primitives:

���������
Write s	�
������
Reads , failing if it is not next in theinput�
���
Do A, thendo B�
���
Do A, elsedo B if A fails.

In the first two commands,s is a string literal (for now). The commandRd(s)
readss from theinput if it is present,otherwiseit fails. Failuredoesnotcauseanerror,
it causestheimplementationto backtrackandfind anotherpaththatavoidsfailure.The
commandWr(s) writes thestrings to theoutput;it never fails. ThecommandA;B
fails if eitherA or B fail, while thecommandA|B fails only if bothA andB fail. For
example,thecommand

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

will copy a singlebinarydigit from input to output,or fail if the input is exhaustedor
thenext input characteris not a binarydigit. (Thesemicolonbindsmoretightly than
theverticalbar.)

TheLaw of theExcludedMiracleholdsthatwp
�
A � false

�
is falsefor any command

A, wherein generalwp
�
A � R

�
holdsof thoseinputstatesfrom whichall computational

outcomesof A areoutputstatesthatsatisfy R. Now it is clearthat if therecanbe an
input statethatis relatedto no outcomesby A, thensucha statewill satisfywp

�
A � R

�
for any R, evenfor R :� false, sincethequantificationoverall its outcomesis vacuous.
(No statesatisfiesfalse, but every elementof the emptysetsatisfiesfalse.) In short:
droppingtheLaw of theExcludedMiracle is equivalentto enrichingthecalculuswith
commandsthatcorrespondto partialrelationsbetweeninputstatesandoutcomes.This
generalizationis appropriatefor programmingparsers.From an input statein which
theinput is exhaustedor thestrings is not next in theinput,we would like to saythat
it is not possibleto executethecommandRd(s) : thecommandrelatessuchaninput
stateto no outcomesat all. If oneinsistson anoperationalinterpretation,thebestwe
cansayis that theeffect is to backtrack,but thesemanticmodelwith partial relations
is clearerthantheoperationalsemantics.

Failing commandsnever have sideeffects. If a computationhassideeffectsand
thenfails, it is asthoughthesideeffectsneverhappened.For example,

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

and

Wr("0"); Rd("0")
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meanexactly thesamething: copy a zerofrom input to outputif possible,andother-
wisefail without writing anything.

ThecommandA | B is pronounced“A elseB”. Theoperationis calleddetermin-
istic choice. It is generallymoreuseful thannon-deterministicchoice,so it is ironic
thatnon-deterministicchoiceis somuchbetterknown. For example,non-deterministic
choiceis usedin regular expressions,in Dijkstra’s classiccalculusof guardedcom-
mands,andin the conventionalBNF notationfor context-freegrammars.The reason
may be that deterministicchoiceis interestingonly in the absenceof the Law of the
ExcludedMiracle (if A obeys theLaw, thenA never fails, andA | B is equivalentto
A).

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

���������
write thecharacterc	�
������
readthecharacterc	�
����
readandreturnthenext inputcharacter��� � ���
repeatedlyexecuteA until it fails

Rd() fails if theinput is atendof file; otherwiseit returnsthe(integercodefor) the
next characterin the input, asit consumesthat character. Rd(c) readsthe character
c from the input or fails if the next characterisn’t c . Wr(c) never fails; it writes to
outputthecharacterc .

For example,thefollowing programwill copy input to output,replacingall occur-
rencesof “gnelson ” with “burrows ” and“burrows ” with “gnelson ”:

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

OD

A shortinterludeaboutperformanceandautomatatheory:In aclassicpaper, Don-
ald E. Knuth introduceda collectionof techniquesfor automaticallyconstructingef-
ficient parsersfor the “LR languages”,a usefulsubsetof the context free languages
[6]. Many tools, includingYACC, arebasedon LR parsingtheoryor its aantecedent
theoryof regularexpressionsandfinite automata.Thesetechniquesreducethe inner
loopof a languagetranslatorto asinglestatemachinestepplus(in theLR case)astack
operation.Consequentlytoolsbasedon thesetheoriesareveryefficient. However, LR
theorydoesn’t apply in any obviousway to LIM, nor doesregularexpressionparsing
theoryapply to the regular part of LIM (LIM with procedurecalls restrictedto tail
calls);bothbecauseLIM hasdeterministicchoiceinsteadof non-deterministicchoice
andbecauseLIM commandsdon’t just readinput, they alsowrite output. We suspect
that it would bepossibleto modify Knuth’s theoryso that it appliedto a largesubset
of LIM, andif suchatheoryweredeveloped,andaLIM implementationbuilt thatwas
baseduponit, thencommandslike the oneabove would run at the speedof a tightly
codedstatemachine. However, we haven’t attemptedthis. Our interpretersimply
savesthe stateandrestoresit whenbacktrackingis found to benecessary. Executing
the burrows-gnelsonswap progamon our 500 megahertzEV6 Alpha, our interpreter
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translatesinput to outputat 2.6 megabytesper second.1 On the sameplatform, The
regularexpression-basedtool sed excutesaverysimilarprogram5.3timesfasterthan
LIM (It wouldbeawkwardto write a truly equivalentsed program;thesed program
we wrote performsthree“s/.../g ” commands;it hasthe identicaleffect provided
thatthestring“abc99 ” doesnotappearanywherein theinput.)

In aprecisetechnicalsense,DO-ODis to theregularexpression� operatorasdeter-
ministic choiceis to non-deterministicchoice.As would beexpectedfrom this obser-
vation,DO-ODis generallymoreusefulthan � . Regular-expressionbasedlexical tools
wrestlearoundthenon-determinismof � in a varietyof ways. For example,Michael
Lesk’spopulartool LEX imposesa“longestmatchrule” [11]). Thewrestlingis mostly
avoidedif � is replacedby DO-OD.

3.5 LIM languagedefinition

We now givea completedefinitionof theLIM language.

3.5.1 PROGRAMS.

A programis a sequenceof globaldeclarations.Therearetwo kindsof globaldecla-
rations:proceduredeclarationsandglobalvariabledeclarations.Eachof theseglobal
declarationsis terminatedby a semicolon.

Theeffectof executingaLIM programis to initialize all its globalvariables(in the
orderin which they aredeclared)andthento executetheprocedurecall Main() . This
proceduremustbedeclaredandmusthaveno parameters.

For example,hereis acompleteLIM programfor countingthenumberof newlines
in a file

VAR n := 0;

PROCMain() IS
DO Rd(’\n’); n := n + 1 | EVAL Rd() OD

END;

The exampleis ratheruseless,sinceit doesn’t print the count. But it doesillustrate
globaldeclarations.

3.5.2 PROCEDURE DECLARATIONS.

A proceduredeclarationhasthesyntax

PROCouts := inouts:P(ins) IS B END;

whereP is anidentifier, thenameof theprocedure,outs , inouts , andins arethe
formal parametersof variousmodes,andB is a command,thebodyof theprocedure.
If thereare no out parameters,“outs := ” must be omitted. If thereare no inout
parameters,“ inouts : ” mustbe omitted. If thereareno in parameters,ins must

1For themuchlargerLIM programthatimplementsNanoweb,thespeedfallsto 406kilobytespersecond.
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be empty, but the parenthesesare still required. Both ins and outs are comma-
separatedlists of variables,but inouts is eithera singlevariable,or a parenthesized
comma-separatedlist of at leasttwo variables.

For example,

PROCCopyToEof() IS DO Wr(Rd()) OD END;

PROCn:Inc() IS n := n + 1 END;

PROC(x,y):Swap IS
VAR t := x IN x := y; y := t END

END;

PROCn := Square(m) IS n := m * m END;

We find that LIM’ s in andout parametersaresimilar in function to the inherited
andsynthesizedattributesof attribute grammersasintroducedby Knuth [7], but less
esoteric.

3.5.3 GLOBAL VARIABLE DECLARATION

A globalvariabledeclarationhasthesyntax

VAR vlist;

wherevlist is a comma-separatedlist of expressionsof theform

v := E

wherev is an identifier (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
streamsof ISOLatin-1characters,aswell asprogram-declaredintegervariables.

LIM’ svariablesrangeovertheintegersonly. No,nofloating-pointnumbers(groan).
No strings(sob). No orderedpairsor maps(wail). And yes,in makingthis strict de-
cision we are knee-cappingour own brainchild. But ruthlessnessin the pursuit of
simplicity is no vice.

Lackingbooleans,theguardarrow treats0 asfalseandany othervalueastrue.

3.5.5 COMMANDS.

Herearethethirteensyntactictypesof LIM commands:
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A; B ExecuteA, thenexecuteB.

P -> A EvaluateP; if it is non-zero,executeA (else
fail).

A | B ExecuteA, elseexecuteB if A fails.

DO A OD RepeatedlyexecuteA aslong asit succeeds.
(Morebelow.)

TIL A DO B END RepeatedlyexecuteB until executingA suc-
ceeds.(Morebelow.)

VAR vlist IN A END Introducelocalvariablesvlist andexecute
A. (Morebelow.)

v := E EvaluatetheexpressionE andassignits value
to v . Fail if any procedurecalledby E fails.

EVAL E EvaluatetheexpressionE anddiscardthere-
sult. Fail if any procedurecalledby E fails.

SKIP A no-op.

FAIL Thiscommandalwaysfails.

ABORT Printanerrormessageandaborttheprogram.

outs := inouts:P(ins) Procedurecall. (Morebelow.)�
A � ExecuteA; bracesarejust for grouping.

Semicolonbindsmoretightly thantheguardarrow, which bindsmoretightly than
deterministicchoice. But A ; P -> B meansA ;

�
P -> B � sincethis is the

only legal interpretation.
TheloopDO A ODis definedby unrolling it once:

DO A OD = A; DO A OD | SKIP

It is worth notingthatDO A ODnever fails. For example,DO FAIL ODis thesame
asSKIP . It is alsoworth noticing that the recursiondefiningDO-ODdiffers from the
recursiondefiningthe regularexpression� operatoronly in the substitutionof deter-
ministic choicefor non-deterministicchoice.

TheloopTIL A DO B ENDis alsodefinedby unrolling it once:

TIL A DO B END = A | B; TIL A DO B END

It is worth noting that TIL A DO B ENDwill fail if A andB both fail after some
number(possiblyzero)of iterationsof B. It is alsoworthnoticingthatA mayconsistof
severaldifferentcasesconnectedwith thedeterministicchoiceoperator, in which case
theloophasmultipleexits.

Thecommand

VAR v := E IN A END

introducesa local variablev andthenexecutesv := E; A. Thescopeof v includes
E andA; it is probablyamistake (undetectedby LIM) if v occursin E.

For example,thefollowing procedurereadsadecimaldigit andreturnsits value,or
fails if thenext inputcharacteris not a digit:
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PROCn := DigitVal() IS
VAR c := Rd() IN

’0’ <= c AND c <= ’9’ -> n := c - ’0’
END

END

Justasin a globalvariabledeclaration,a vlist canbea comma-separatedlist of
expressionsof theform v := E. For example

VAR v1 := E1, v2 := E2 IN A END

is shortfor

VAR v1 := E1 IN VAR v2 := E2 IN A END END.

A procedurecall commandhastheform

outs := inouts:P(ins)

whereP is a procedureandouts , inouts , and ins specify the actualparameters
of thevariousmodes.If thereareno out parameters,“outs := ” mustbeomitted. If
thereareno inout parameters,“ inouts : ” mustbeomitted. If thereareno in pa-
rameters,ins mustbeempty, but theparenthesesarestill required.Syntactically, ins
is a comma-separatedlist of expressions,outs is a comma-separatedlist of identi-
fiers,andinouts is eithera singleidentifieror a parenthesizedcomma-separatedlist
of at leasttwo identifiers.A procedurecall is allowedto appearearlierin theprogram
text thantheprocedure’sdeclaration.

To executethecall, theprocedure’sin andinout formalsareboundto thevaluesof
thecorrespondingactuals;thenthebodyof theprocedureis executed,andfinally the
out andinout actualsareboundto thevaluesof thecorrespondingformals.

3.5.6 EXPRESSIONS.

Herearetheoperatorsallowedin LIM expressions,listedin orderof increasingbinding
power.

e OR f logical disjunction;f is not evaluatedif e is non-zero
e AND f logical conjunction;f is not evaluatedif e is zero
NOT e logical negation
e = f equals
e # f differs
e < f lessthan
e > f greaterthan
e <= f at most
e >= f at least
e + f sum
e * f product
e DIV f thefloor of therealquotientof e andf
e MODf e - f * (e DIV f)
-e unaryminus
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Thebooleanoperationsproduce1 for true,0 for false.
Expressionscanalsohavetheforms:

inouts:P(ins) procedurecall
v Valueof thevariablev
literal An integer, string,or characterliteral
(e) roundparenthesesfor groupingin expressions

A procedurecanbecalledin anexpressionif it hasexactlyoneoutparameter. The
syntacticrule for inouts andfor ins arethesameasthosepreviouslydescribedfor
aprocedurecall command,asaretherulesfor bindingthe in andinout parameters.
However, for a procedurecall in anexpression,no actualout parameteris supplied,
andafterexecutingthe bodyof theprocedure,the valueof its formal out parameter
becomesthevalueof theexpression.

An integer literal is a non-emptysequenceof decimaldigits; it is interpretedbase
ten.

A characterliteral is a single printing characteror escapesequenceenclosedin
singlequotes.It denotesthe integer ISOLatin-1codefor theenclosedcharacter. The
escapesequencesallowedare

\\ 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 asequenceof printingcharactersor escapesequencessurrounded
by double-quotes.A string literal maynot spanmultiple linesof theLIM sourcepro-
gram.Stringliteralsareallowedonly asparametersto thebuilt-in proceduresRd, Wr,
At , andErr : they arenot allowedin generalexpressions.

3.5.7 IDENTIFIERS, COMMENTS, AND TOKEN SEPERATION.

Variablesandproceduresaredenotedby identifiersthatconsistof asequenceof letters,
digits,andunderbarsbeginningwith a letteror underbar.

LIM tokenscan be separatedby white spaceand comments. A commentis an
arbitrarysequenceof charactersopenedby (* andclosedby *) . Commentsnest.
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3.5.8 BUILT-IN PROCEDURES.

LIM providesthefollowing built-in procedures:

Rd(str) Readstr (astringliteral), or fail.
Rd(c) Readthecharacterc (anexpression),or fail.
Rd() Readandreturnthenext character, or fail.
Wr(str) Write str (astringliteral).
Wr(c) Write thecharacterc (anexpression).
At(str) A noopif str (a stringliteral) is next in theinput;

otherwisefails.
At(c) A noopif thenext characteris c ; otherwisefails.
Eof() A noopif at endof file; elsefails.
Err(str) Write str to standarderror.
Err(c) Write thecharacterc (anexpression)to standarderror.

Theprimitive Err is usefulfor debugging,but it doesnot obey therulesof LIM:
theoutputthat it performswill not generallybeundone,evenif thecomputationfails.
For example,

Err("A"); FAIL

is NOT equivalentto FAIL ; it will print “A” to standarderrorasit backtracks.Theex-
actoutputof aprogramcontainingcallsto Err() dependsonwhichinternaloptimiza-
tions the LIM interpreteruses.But you canrely on the idiom Err(<message>);
ABORTto print theerrormessageandaborttheLIM program.

3.5.9 ERRORS.

LIM reportssyntaxerrorsor otherstaticlanguageviolationswith a line number. Don’t
take theline numbertooseriously. In thiscasetheinterpreterexits with Unix exit code
2.

Commonsyntaxerrorsareto includea redundanttrailing semicolon(within com-
mands,LIM usessemicolonto denotesequentialcomposition,not to enda statement)
or to omit therequiredemptyparentheseson aprocedurewith no in parameters.

If theLIM programaborts,theinterpreterprintstheline numberatwhichit aborted
andthenumberof characterstheprogramhadreadandwritten at the time it aborted,
andexits with code2.

If theLIM programhaltsnormally, theinterpreterexits with code0.
If theprocedureMain() fails,LIM printstheerrormessage“guard failed ”,

togetherwith the“high-watermark”, which is themaximumnumberof charactersthat
the programreadfrom the input at any time in the backtrackingexecutionbeforeit
wasdeterminedto fail; thenthe interpreterexits with code1. Often an examination
of the input in the vicinity of the high-water mark for readingcan help you detect
the reasonfor the failure. If you are writing a parserin LIM, you may want make
surethis never happens,for example,by replacingsomeprocedurebodyB with B |
<recovery action>) . If therecovery actionis simply to print anerrormessage
and the procedurebody is a outer procedurelike Main , then this transformationis
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trivial to perform.If youwantto try moreambitiousrecoveryactionsfrom lower-level
procedures,thenthetransformationcanbemorework.

A convenientwayto reverseengineerafile formatis to encodethecurrenthypothsis
asa LIM program,testthe hypothesisby applyingthe programto samplefiles, and,
in caseof failure, refine the hypothesisby examining the actualfile contentsin the
vicinity of thehigh-watermark.

3.5.10 LIM EXECUTABLE FILES.

The interpreterignoresthefirst line of its input file if it startswith the character“#”.
ThisallowstheUNIX kernelto invoketheLIM interpreteronLIM programsif thefile
hasits executebit setandstartswith a line of the form: #!lim_pathname where
lim\_pathname is thepathnameof theLIM interpreter. Youcanfind thispathname
by typing“which lim” to yourshell.

3.5.11 FURTHER HINTS AND EXAMPLES.

WhenusingLIM to parsecontext-freesyntax,it is necessaryto left-factorthegrammar,
bothto avoidgrammaticalleft recursion(whichwouldcreateinfinite recursionin LIM),
and,usually, to reflectthedifferentbindingpowersof thedifferentoperators.For ex-
ample,hereis aprogramthatparsesandevaluatesanarithmeticexpressioncontaining
sums,differences,products,decimalnumerals,andparenthesizedsubexpressions:

PROCMain() IS WriteInt(Eval()) END;

(* "Eval()" (parses and) evaluates an expression. *)

PROCn := Eval() IS
n := Eval1();
DO Token(’+’); n := n + Eval1()

| Token(’-’); n := n - Eval1()
OD

END;

(* "Eval1()" evaluates an expression
tight enough to be an argument to "+". *)

PROCn := Eval1() 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();
DO n := 10 * n + RdDigit() OD

END;

PROCn := RdDigit() IS
VAR c := Rd() IN

’0’ <= c AND c <= ’9’ -> n := c - ’0’
END

END;

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

PROCToken(c) IS SkipWhite(); Rd(c) END;

PROCSkipWhite() IS DO Rd(’ ’) | Rd(’\t’) OD END;

PROCWriteInt(n) IS
n = 0 -> Wr(’0’)

| n < 0 -> Wr(’-’); WritePos(-n)
| WritePos(n)

END;

PROCWritePos(n) IS
n = 0 -> SKIP

| WritePos(n DIV 10); Wr(’0’ + (n MOD10))
END;

A commonerroris to forgetto properlysortthecasesof a long syntacticcategory.
For example,considersomethinglike thefollowing fragmentof code,which attempts
to readidentifiers,integers,or functionapplications:

Id()
| Int()
| Id(); Token(’(’);

{ Token(’)’)
| Expr();

TIL Token(’)’) DO Token(’,’); Expr() END;
}

...
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This is a mistake: thefunctionapplicationcasewill never betaken,sincewhenever it
couldbe, thefirst casewill be taken instead.Themistake canbefixedby reordering
thecases.

3.6 Writing FastLIM Programs.

Thebasicstrategy of the currentimplementationis to save thestatebeforeexecuting
A | B; if A fails, the implementationrestoresthe old statebeforecontinuingwith
B. Similarly, the statemustbe saved beforeeachiterationof a DO loop or TIL loop.
However, the implementationomits saving the stateif staticanalysisshows that it is
unnecessary. For example,to execute

Wr(’0’); Rd(’0’) | ... �
thestatemustbesaved,sinceit maybenecessaryto undothewrite, but to execute

Rd(’0’); Wr(’0’) | ... �
thereis no needto save thestate,sinceif theleft argumentto | fails, it doessobefore
causingany sideeffects. As a result,the secondcommandexecutessomewhat faster
thanthefirst.

3.7 Bugs.

Theinterpreterdoesnot detectarithmeticoverflow in theprogramit is interpreting.It
doesn’t detectstackoverflow, either, althoughyouroperatingsystemmight.

3.8 Seealso

pplim , distributedwith LIM, is a pretty-printerfor LIM that is itself written in LIM.
In additionto beinganinstructiveexampleof LIM programming,it providesatemplate
thatcaneasilybeinstantiatedto producepretty-printersfor otherlanguages.

3.9 Authors

MikeBurrowsandGreg NelsondesignedLIM, implementedLIM, andwrotethisman
page.

4 The Nanoweb program

Thissectionpresentstheimplementationof Nanoweb,which is aLim program.At the
risk of beingsomewhatsubjective,I would claim thattheimplementationof Nanoweb
in Lim resemblesa big grammarmorethanit resemblesa conventionalparser. To the
extentthatgrammarsarejudgedto bedeclarativeandmanageable,thesamemight be
saidof Lim programs.

Of course,this sectionis alsoan illustration of what ultralight literateprograms
look like afterthey havebeentypeset.
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This is thesourcecodefor Nanoweb,typesetby Nanowebitself.

4.1 The Main procedure

TheprocedureMain translatestheentiresource.

PROCMain() IS (* delta = 0 *)
SkipToBlankLine(); (* delta = 1 *)
DO BlankLine(0) OD;
SetBPFlag();
Prolog(); (* delta = 0 *)
MainLoop();
Epilog()

END;

In thecomments,delta is thenumberof newlinesreadlessthenumberwritten. Its
valueis commentedwhenever it changes.

Main skipsto the first blank line (by calling SkipToBlankLine , definedbelow).
(SkipToBlankLine alsoincrementsdelta .) TheloopDO BlankLine(0) OD
skipsany additionalblank lines that immediatelyfollow the first. ThenMain calls
SetBPFlag , which setsor clearsa global flag controlling whetherto print LaTeX
boilerplate. This flag is readby Prolog andEpilog , which write any necessary
boilerplate(Prolog alsodecrementsdelta .) Bracketedby thecallsto Prolog and
Epilog is thecall to MainLoop thatdoestherealwork:

PROCMainLoop() IS
TIL Eof() | XCom(); MainLoop() DO

CodeLine()
END

END;

This loop repeatedlycallsCodeLine , which translatesa line of codein codemode.
Eventually, the codelines end, either at the end of the file, in which casethere is
nothingmoreto do, andMainLoop exits, or with an expositioncomment,in which
caseMainLoop callsXCom() to translatethatcommentin commentmode,andthen
recursively callsMainLoop to translatetherestof theraw source.

(TheDenali-2projectusestheESC/Java tool [4] to checkits sourcecode,whosean-
notationslook bestwhentypesetin codemode.Therefore,in theversionof nanoweb
usedby theDenaliproject,MainLoop is slightly different.Thechangesarevery mi-
nor. Thenanoweb tool is releasedwith theexpectationthatuserswill tailor it to meet
their needsin similarways.)
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4.2 Miscellaneousglobal declarations

Theflagbpflag controlswhetherLaTeXboilerplateis to beproduced.It is initialized
to one(LIM for true):

VAR bpflag := 1;

SetBPFlag() readstheone-wordcommentnoboilerplate andclearsbpflag ,
otherwiseit is a noop.

PROCSetBPFlag() IS
RdOpen();
Rd("noboilerplate");
RdClose();
bpflag:= 0

| SKIP
END;

RdOpen, RdClose , WrOpen, and WrClose readand write commentdelimiters.
Theirbodiesaretrivial, they aremadeinto proceduresto facilitateretargetingNanoweb
to languageswith differentcommentdelimiters.Forexample,in theversionof nanoweb
usedto typesetitself, theseprocedureswerechangedto readandwrite openpren-star
andstar-closepren(theLIM delimiters)insteadof theJava/Cslash-starandstar-slash.

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

SkipToBlankLine skipsup to andincluding the next blank line. It consumesthe
blankline without emittinga compensatingnewline; thatis, it incrementsdelta (be-
causethecompensatingnewline will bewrittenby Prolog ).

PROCSkipToBlankLine() IS
TIL BlankLine(1)

| Eof(); Err("nanoweb: no blank line found"); ABORT
DO ReadLine()

END
END;

Thecall BlankLine(b) readsablankline (or fails if thenext charactersin theinput
don’t form ablankline). It alsoemitsanewline unlessb is true,in whichcaseit emits
nothing.Thusfor one-bitb, BlankLine(b) hastheeffectdelta := delta + b.
ReadLine() readsanddiscardsthenext line of input. It never fails
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PROCBlankLine(b) IS
TIL Rd(’\n’) DO Rd(’ ’) | Rd(’\t’) 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 preserveline numbers,
so thatTeX errormessagesrelative to Nanoweboutputwill beaccuraterelative to its
input aswell. BlankLine(1) is usefulto readthefirst blankline of theraw source,
whosecompensatingnewline will beincludedwith theLaTeX boilerplate.

Thenext procedures,Prolog andEpilog , write theLaTeX boilerplate(unlessit is
suppressed).Prolog ’s outputcontainsexactly onenewline, regardlessof bpflag ,
so that it decrementsdelta . Whenwe get to the epilog, we no longercareabout
delta .

PROCProlog() 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() translatesoneline in codemode,startingfrom thebeginningof theline.

PROCCodeLine() IS
BlankLine(1);
Wr("\\par\\penalty-500\\medskip\\no indent \n")

| Wr("\\mbox{\\tt ");
TIL {Rd(’\n’) | Eof()}; Wr("}\\\\\n")

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 translatedinto “ \mbox{...}\\ ” where“ ... ” is the sequence
of translationsof the characterson the line (asprovidedby CodeElem ). (Warning:
“mbox” and“ \\ ” areLaTeXisms. If nanoweb is usedwith otherTeX macropack-
ages,they mustbechanged.)

CodeElem() translatesa singleelementof thecode.This is typically a singlechar-
acterto be echoedfrom input to output. But several specialcasesarise. (1) If the
characterin the codeis specialto TeX, it must be quoted(with QuoteTexChar ).
(2) Blank spacesin codeshouldbecomeTeX control spaces,sincetwo are not the
sameasone.(3) A single-line-commentin codemodeis readandtranslatedby a TIL
loopasoneof thecasesof aCodeElem , sinceasingle-linecodecommentis supposed
to betypesetascode,(4) A stringliteral in codemodeis alsoreadandtranslatedby a
TIL loop asoneof thecasesof a CodeElem , to preventanopencommentdelimiter
in a string literal from beingmistakenasa realopencomment.(5) A characterliteral
is alsotranslatedasasingleCodeElem , in caseit is adouble-quote.Thisproduces:

PROCCodeElem() IS
QuoteTexChar()

| Rd(’ ’); Wr("\\ ")
| RdOpen(); WrOpen();

TIL RdClose(); WrClose()
| {At(’\n’) | Eof()};

Err("nanoweb: illegal code comment");
ABORT

DO CodeElem()
END

| Echo(’\"’); TIL Echo(’\"’) DO CharOrEscape() END
| Echo(’\’’); CharOrEscape(); Echo(’\’’)
| Wr(Rd())

END;

CharOrEscape translatesasinglecharacteror 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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| Rd(’\\’); Wr("\\char\’134{}")
| OctDigit(); {OctDigit() | SKIP}; {OctDigit() | SKIP}
| Echo(’x’); HexDigit(); {HexDigit() | SKIP}
| Echo(’u’); HexDigit(); HexDigit(); HexDigit(); HexDigit() }

| QuoteTexChar()
| Rd(’ ’); Wr("\\ ")
| Wr(Rd())
END;

Whew. Thatwasa slog.But it is easycoastingfrom here:

Echo readsa specifiedcharacterfrom theinput andwritesthatsamecharacterto out-
put:

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

OctDigit andHexDigit echoany octal digit, or any hexadecimaldigit, respec-
tively. They rely on Echo2(lo, hi) , which echoesany characterwithin therange
[lo..hi] .

PROCOctDigit() IS Echo2(’0’, ’7’) END;

PROCHexDigit() IS
Echo2(’0’, ’9’) | Echo2(’a’, ’f’) | Echo2(’A’, ’F’)

END;

PROCEcho2(lo, hi) IS
VAR c := Rd() IN

lo <= c AND c <= hi -> Wr(c)
END

END;

QuoteTexChar() readsa characterthathasspecialsignificanceto TeX andemits
a � char commandthat will typesetthat characterwithout confusingTeX. We don’t
wantthis � char commandto causeTeX to ignoreany blankspacesthatmightbenext,
sowe insertanemptygroup({} ) afterit:

PROCQuoteTexChar() IS
VAR ch := Rd() IN

ch = ’%’ OR ch = ’_’ OR ch = ’&’ OR ch = ’$’ OR
ch = ’ˆ’ OR ch = ’#’ OR ch = ’{’ OR ch = ’}’ OR
ch = ’\\’ OR ch = ’˜’ ->

Wr("\\char\’"); OutOct(ch); Wr("{}")
END

END;
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For a naturalnumbern, OutOct(n) writesn in octal if it is positive,andwrites the
emptystring if n is zero. Sincethe characterwith codezero is not oneof the TeX
specialcharacters,thefirst caseoccursonly in the recursive call, not in the call from
QuoteTexChar :

PROCOutOct(n) IS
n = 0 -> SKIP | OutOct(n DIV 8); Wr(’0’ + (n MOD8))

END;

4.4 Commentmode

XCom() translatesanexpositioncomment,startingfrom thebeginningof theline on
which thecommentis opened.

PROCXCom() IS
TIL RdOpen() DO Rd(’ ’) | Rd(’\t’) END;
TIL RdClose()

| Eof(); Err("nanoweb: unclosed comment"); ABORT
DO ComElem() END

END;

FirstXComskipsblankspaceandreadstheopencommentdelimiter. Thenit translates
theremainderof thecommentby repeatedlytranslatingan“elementof thecomment”
with ComElem.

PROCComElem() IS
Rd(’\n’);
BlankLine(1);
Wr("\n\\par\\medskip\\noindent\n")

| Rd("\"");
Wr("\\leavevmode\\hbox{\\tt ");
TIL Rd("\""); 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 translatedinto a mediumverti-
cal skip, a double-quotedphraseto be translatedin codemode(by repeatedcalls to
CodeElem ), or a characterto be copiedfrom input to output. (NeitherJava nor C
allow nestedcomments. In languageslike Modula-3 andLIM that do allow nested
comments,a fourthalternativeshouldbeaddedto ComElem. For example,addingthe
alternative | RdOpen(); TIL RdClose() DO ComElem() ENDwould sim-
ply flatten nestsof commentsby inlining eachnestedcommentinto the containing
comment.) The leavevmode commandbeforethe \hbox is important in casea
double-quotedphraseappearsastheinitial phrasein aparagraph,asexplainedin Don-
aldE. Knuth’sTeXBook [9].

Fini.

5 Concluding remarks

Justaswith otherliterary genres,it is morework to write a shortprogramthana long
one. As I write thesesentences,I have just finishedtwo weeksof hardwork writing
Nanoweb. In theend,I metmy budgetwith morethanninetylinesto spare,asrevealed
by afinal wc nanoweb.lim nanoweb.1 test/*.in .

During thosetwo weeks,I alsorevisedtheLIM manpageandwrotethefirst draft
of this paper, but evenconsideringthis, 410 lines in two weeksis muchmuchslower
thanI write codewhenI amnotundersucha tight complexity budget.Somemanagers
may be horrified by what they mistakenly think to be a drasticreductionof produc-
tivity. I would remindthemthat linesof coderepresentcost,not value. Experienced
programmersdon’t needthis remindeer, they know it all toowell; I wouldremindthem
thatthoughthework requiredto write shortprogramsis difficult, it is alsosatisfying.

Finally: I hope,gentlereader, that you will find LIM andNanoweb to be useful,
andthatyouhavealsofoundthemto beagoodread.

References

[1] Alfred V. Aho andJeffrey D. Ullman. Principles of Compiler Design. Addison-
Wesley, 1979.

[2] Mike Burrows and Greg Nelson. Lim sourcecode. Currently available via
www.research.compaq.com/src/lim . If thatpagemoves(for example,
into theHP Labswebserver), try Google,1993. As of 2005,theLIM download
pageincludesthecodefor Nanoweb.

[3] EdsgerW. Dijkstra. Discipline of Programming. Prentice-Hall,1976.

[4] CormacFlanagan,RustanLeino, Mark Lillibridge, Greg Nelson,and Raymie
Stata.Extendedstaticcheckingfor Java. Proceedings of the ACM PLDI Confer-
ence, July2002.

22



[5] Rajeev Joshi,Greg Nelson,andYunhongZhou. Thestraight-lineautomaticpro-
grammingproblem.TechnicalReportHPL-2003-236,HPLaboratoriesPaloAlto,
November2003.To appearin TOPLAS.

[6] D. E. Knuth. On thetranslationof languagesfrom left to right. Information and
Control, 8(6),1965.

[7] D. E.Knuth.Semanticsof context-freelanguages.Mathematical Systems Theory,
2(2),1968.

[8] D. E. Knuth. Literateprogramming.The Computer Journal, 27,1984.Reprinted
in [10].

[9] DonaldE.Knuth.The TEXbook. Publishedjointly by theAmericanMathematical
SocietyandtheAddison-Wesley PublishingCompany, 1986.

[10] DonaldE. Knuth. Literate Programming. Centerfor theStudyof Languageand
Information,LelandStanfordJuniorUniversity, 1992.

[11] M.E. Lesk. LEX—a lexical analyser. ResearchReportCSTR 39, Bell Labs
ComputerScienceCenter, 1975.Citedby Aho andUllman [1].

[12] Greg Nelson. A generalizationof Dijkstra’s calculus. ACM Transactions on
Programming Languages and Systems, October1989.

[13] Greg Nelson. Somegeneralizationsand applicationsof Dijkstra’s calculusof
guardedcommands.In ManfredBroy, editor, Programming and Mathematical
Method, volume88of NATO Advanced Science Institute Series F (Computer and
Systems Sciences), pages157–91.SpringerVerlag,1992.

[14] Norman Ramsey. Literate programmingsimplified. IEEE Software, 11(5),
September1994.

23


