
CML2 Langua ge and Tools
Description

The Kernel Configuration Menu Langua ge

Eric Steven Raymond
Thyrsus Enterprises (http://www .tux edo.or g/~esr)

esr@th yrsus.com

This paperdescribesCML2, theConfigurationMenuLanguagedesignedto support
Linux kernelconfiguration.It is writtenasahistoricalnarrativebecausethatprovidesa
goodframefor describingthedesignissuesin thelanguage.

Why CML2?

“ Everyprogrameventuallybecomes
rococo,andthenrubble. ”

AlanPerlis

TheCML2 projectwaslaunchedbecausein March2000,in theprocessof building 2.3.51kernels,I
discoveredthattheoriginal kbuild configurelanguagehadreachedtherococostage;it hadbecomeso
brittle thatany attemptto changeor extendit wouldbreakeverything.

This matters,becausethekernel-configurationprocesshasgrown excessively complex. The
configurationsystem’s job is to turn theuser’sanswersto configurationquestionsinto a file of #define
constructsusedto conditionfeaturesin or outof theC code.As Linux hasgrown morefeaturesandmore
driversupport,thenumberof menusandpromptsonemustnavigateto choosetheappropriatesubsetof
thosefeatureshasbecomeforbiddingevento expertusers,andoutrightimpossiblefor thenoviceusers
Linux increasinglyseeksto attract.

To properlymanagethecomplexity wehavecreated,we needa configurationinterfacethatcansupport
betterchunkingandprogressivedisclosure.Ideally, novicesbuilding kernelsshouldseeonly thechoices
they needto make.As they gaincompetenceandcuetheconfigurationsystemthatthey areready, they
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shouldseemoreoptionsfor tuningandexotic hardware.Thefull processshouldbeaccessibleto expert
kernelhackers,but not inflictedwilly-nilly on everyoneelseasit now is.

With thebrittle old configurelanguage(whichwe’ll call CML1) this kind of redesignwouldsimply not
havebeenpossibleat all. CML1 hadstartedout life asasetof simpleshellscripts,but evolvedinto a
massivehairball featuringthreedifferentinterpreters,C codecustomizedto generateTcl/Tk, andsource
filessodifficult to readthat(accordingto theunanimousreportof CML1’sown maintainers)latter-day
CML1 usersrarelytry to programit by any meansmoresophisticatedthanacut-paste-editof themenus
for existing features.

I hada secondreasonfor gettinginvolvedbesideswantingto seetheconfigurationprocesssimplified;I
like designinglittle languagesmorethanany otherkind of programming.TheinterestingchallengeI saw
wasto designa languagethatwould (a) captureall theright domain-specificabstractions,but (b) remain
flexible enoughto allow configuration-systemmaintainersto experimentwith different
progressive-disclosurepolicies.

Design Problems in CML2’s Domain
Achieving botha goodmapof theterritory andsufficient flexibiility wasnot aneasyproblem.My first
straw-mandesign(“Thesis”, for purposesof thispaper)wasessentiallyacleaned-up,stripped-down
CML1. Theprocessof hand-translatinga few hundredlinesof theroughlyCML1 corpusinto Thesis
showedmethata conventionalimperative languagewouldnot beadequatefor thisproblem.

Thecauseof themismatchis thatmostof thecomplexity in theCML1 corpusexpressesneitheractions
nor values,but rathervisibility constraints.Most of theprogram’sdecisionpointshave to do with
whetherthequestionthatsetsa givenconfigurationsymbolneedsto beaskedat all. Thelogic for
deriving afinal setof configuration#define symbolsfrom theanswersto thesubsetof questionsauser
actuallyanswersis comparatively trivial. Its mostimportantpartis thecheckingof variousconstraintson
combinationsof configurationoptions.

This descriptionstronglysuggeststhatwhatwasreally neededwasa languagenot for describingmenu
actionsbut ratherfor declaringrules. Thisshouldwork with aninterpreterthatwould querytheuser
accordingto thoserulesin theprocessof building a correctsolution.

Seenin this light, CML1’s rigidity andcomplexity waspartlya directresultof trying to do declarative
thingswith imperativemachinery. My secondstraw-mandesign,which I’ ll call “Antithesis” here,wasa
short-livedattemptto doawaywith theconceptof explicit configurationmenusentirely. In Antithesis,
all querieswouldhavebeendrivenby a processthatstartedfrom a setof initial conditions(suchas
specifyingtheprocessorarchitectureandtheuser’sexpertiselevel) andgot to a valid configurationend
stateby somethinglike theorem-proving.

I say“wouldhavebeen”and“somethinglike” becauseAntithesisnevergot beyondtheconceptstage.I
quickly realizedthattheability to groupquestionsinto explicit menusandspecifytheorderof menus
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wasavaluableway to chunktheproblemdomain,to convey amentalmodelof therelationshipsbetween
differentconfigurationoptions.

Design and Philosoph y of CML2
CML2, therefore,hasaview of theworld thatincludesbothmenusandrules.A CML2 systemspecifies
thefollowing things:

• A treeof menus.This treeis explicitly declaredby theCML2 programmer. Eachmenucontainsa
sequenceof questions;eachanswerto aquestionsetsthevalueof a configurationsymbol.Menusmay
alsocontainsubmenus.

• A setof visibility predicates.At any giventime,only a subsetof themenutreeis visible.Eachnode
in thetree(eachsymbolor menu)hasa predicateassociatedwith it thatcontrolswhetherit is visible
or suppressed.Input (independent)variablesin thepredicatemaybesetfrom CML2’sstartupoptions,
or they maybesetby theresultsof previousqueries.

• A setof validity constraints.Thesearepredicatesthatconnecttwo or moreconfigurationsymbols.
Eachconstraintis checkedevery time theusertriesto changethevalueoneof its input symbols;if the
constraintwould not besatisfiedby thechange,thechangeis disallowedandtheusernotified.Other,
user-interface-dependentactionsto recover from theconstraintviolationmayfollow.

• A setof derivations.A derivationis a formulathattiesthevalueof anoutputsymbolto thevalueof
oneor moreinput symbols.Derivedsymbolsmaybeeitherbecomputedfor directusein a final
configuration,or usedasinput variablesof constraintsor predicates.Whenevera derivedsymbolis
evaluated,theformulabehindit is recomputedfrom thecurrentvaluesof theformula’s input symbols
(likea cell in a spreadsheet).

This is averydifferentview of theworld from CML1’sconventionalimperativeone,andwill have
significantimplementationsfor configurationfile maintainers.Notably, theCML1 configurationtreehad
multiple apices:onetop-level config-languagefile for eachport subdirectory. CML2 definesonebig
menutree,with portionssuppressedduringtheconfigurationprocess.

Someindicationof thepowerof theseconceptsmaybegleanedfrom thecompressionratioof
CML1-to-CML2 translation.The7049linesof CML1 in the2.3.99-pre9kerneltreebecamefewer than
2400linesof CML2, andit would havebeenlessif I hadnot beenaddingsanitychecksandreorganizing
it asI wentalong.
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CML2 Langua ge Elements

Syntax
Lexically, aCML programconsiststokens:of barewords,whitespace,stringsandpunctuation(thereis
oneexceptionassociatedwith theicon declaration).A bareword is a tokencomposedof alphanumeric
charactersand_ (underscore).Whitepaceis any mix of spaces,tabs,andlinefeeds.A stringis delimited
by eithersingleor doublequotesandmaycontainwhitespace.Everythingelseis punctuation.Some
pairsof punctuationcharactersstick together;==, !=, � =, � =. All otherpunctuationis treatedas
single-charactertokens.

Herearelexical rules,regularexpressionsdescribingvalid tokens:

<symbol> ::= [A-Z][A-Za-z0-9_]*
<menu-id> ::= [a-z][a-z0-9_]*
<string> ::= ’[^’]*’|&dquot;[^&dquot;]*&dquot;
<decimal> ::= [0-9]+
<hexadecimal> ::= 0x[A-Fa-f0-9]+

base64-datais any numberof linesin RFC2045base64format,terminatedby anewline or comment.

Also, notethatthereis a lexical-level inclusionfacility. Thetoken“source”is interpretedasa requestto
treattheimmediatelyfollowing tokenasa filename(stringquotesarefirst strippedif it is astring).Upon
encounteringthis directive,thecompileropensthefile (which maybearelativeor absolutepathname),
andreadinput from thatfile until EOF.On thatEOF,thecurrentinputsourceis immediatelypopped
backto theincludingfile.

Commentsaresupported,andrun from a # to end-of-line.

Hereis a BNF of thegrammar. Following it, eachlanguageelementwill bedescribedin detail.

;; A few things we need to define up front...
;;
<tritval> ::= ’y’ | ’m’ | ’n’ ;; Yes, no, or module
<name> ::= <menu-id>|<symbolname> ;; A bareword composed of alphanumerics
<int> ::= <decimal> | <hexadecimal> ;; Integer literal

;; A CML system consists of a sequence of declarations.
;;
<system> ::= <declaration>*

;; A declaration may be of one of the following types:
;;
<declaration> ::= <source-statement>
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| <symbols-declaration>
| <menus-declaration>
| <helpfile-declaration>

| <private-declaration>
| <visibility-rule>
| <menu-definition>
| <radio-definition>
| <derive-definition>
| <default-definition>
| <requirement-definition>

| <start-definition>
| <prefix-definition>
| <banner-definition>

| <options-definition>
| <condition-declaration>
| <warndepend-declaration>
| <icon-definition>
| <debug-definition>

;; A source statement declares a file to be inserted in place of
;; the source statement in the ruleset.
;;
<source-statement> ::= ’source’ <string>

;; A symbols definition creates configuration symbols,
;; and associates prompt strings with them.
;;
<symbols-declaration> ::= ’symbols’ {<symbol> <string>}*

;; A menus definition creates menu symbols,
;; and associates banner strings with them.
;;
<menus-declaration> ::= ’menus’ {<menu-id> <string>}*

;; A helpfile declaration declares a file to be scanned for help text
;;
<helpfile-declaration> ::= ’helpfile’ <word>

;; A private declaration declares that the associated symbols should
;; not be exported in the end-result configuration
;;
<private-declaration> ::= ’private’ <symbol>*
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;; A visibility rule associates a visibility predicate with symbols.
;; Optionally, it may declare that the suppressed symbols are constrained
;; in value by the predicate symbols.
;;
<visibility-rule> ::= ’unless’ <logical> ’suppress’ [’dependent’] <name>*;

;; A menu definition links a sequence or subtree of symbols with a
;; menu identifier. Subtrees generate implied dependency statements.
;;
<menu-definition> ::= ’menu’ <menu-id> <name-or-subtree>*
<name-or-subtree> ::= <name> <suffix>

| <name> <suffix> ’{’ <name-or-subtree>* ’}’

<suffix> ::= ;; Empty suffix declares boolean type
| ’?’ ;; declares trit type
| ’%’ ;; declares decimal type
| ’@’ ;; declares hexadecimal type
| ’$’ ;; declares string type

;; A radio-menu definition links a choice of symbols with a menu identifier.
;;
<radio-definition> ::= ’choices’ <menu-id> <symbol>* ’default’ <symbol>

;; A derivation binds a symbol to a formula, so the value of that
;; symbol is always the current value of the formula.
;;
<derive-definition> ::= ’derive’ <symbol> ’from’ <expr>

;; A default definition sets the value a symbol will have unless it is
;; explicitly set by the user’s answer to a question. It may have a
;; range specification attached.
;;
<default-definition> ::= ’default’ <symbol> ’from’ <expr>

[’range’ {<int> | {<int> ’-’ <int>}}+]

;; A requirement definition constrains the value of one or more symbols
;; by requiring that the given expression be true in any valid configuration.
;;
<requirement-definition> ::= {’require’|’prohibit’} <logical>

;; We have to declare a start menu, for the beginning of execution
;;
<start-definition> ::= ’start’ <menu-id>

6



CML2 LanguageandToolsDescription

;; A prefix definition sets a string to be prepended to all symbols
;; when they are named in a configuration file.
;;
<prefix-definition> ::= ’prefix’ <string>

;; A banner definition sets a string to used in the configurator
;; greeting line.
;;
<banner-definition> ::= ’banner’ <menu-id>

;; An option definition sets command-line options for the configurator
;;
<options-definition> ::= ’options’ <word>*

;; A condition statement ties a &CML2; control flag to a symbol
;;
<condition-declaration> ::= ’condition’ <word> ’on’ <configsymbol>

;; A warndepend flags symbols that make dependents dangerous
;;
<warndepend-declaration> ::= ’warndepend’ <name>*

;; An icon definition associates data for a graphic icon with the
;; rulebase.
;;
<icon-definition> := ’icon’ <base64-data>

;; A debug definition enables debugging output.
;;
<debug-definition> ::= ’debug’ <decimal>

;; An expression is a formula
;;
<expr> ::= <expr> ’+’ <expr>

| <expr> ’-’ <expr>
| <expr> ’*’ <expr>
| <logical>

<logical> ::= <logical> ’or’ <logical>
| <logical> ’and’ <logical>
| <logical> ’implies’ <logical>
| <relational>

<relational> ::= <term> ’==’ <term>
| <term> ’!=’ <term>
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| <term> ’<=’ <term>
| <term> ’>=’ <term>
| <term>
| ’not’ <relational>

<term> ::= <term> ’|’ <term> ;; maximum or sum or union value
| <term> ’&’ <term> ;; minimum or multiple or intersection value
| <term> ’$’ <term> ;; similarity value
| <atom>

<atom> ::= <symbol>
| <tritval>
| <string>
| <decimal>
| <hexadecimal>

| ’(’ <expr> ’)’

Operatorshave theprecedenceimplied by theaboveproductions.Fromleastto mostbinding,
precedenceclassesare:

1: + -
2: *
3: implies
3: or
4: and
5: not
6: ==, !=, >=, <=, >, <
7: &, |, $

Data types and classes
CML2 supportsthefollowing datatypes:

• Booleans.Thesemayhave thevalues‘y’ or ‘n’

• Tristatesor trits. Thesemayhave thevalues‘y’, ’m’, or ‘n’

• Decimalintegers.32-bit signedintegerswith decimalI/O formatting.

• Hexadecimalintegers.32-bit signedintegerswith hexadecimalI/O formatting.

• Strings.Stringsareliteral datain theASCII charactersetencoding.
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Supportfor trits maybedisabledat runtime.SeethesectioncalledConditionstatementfor discussionof
thecondition/ondeclaration.

Therearefour classesof symbols;constantsymbols,querysymbols,derivationsymbols,andfrozen
symbols.

A constantis oneof theboolean/tristateliteralsy or m or n, or anintegerliteral, or a stringliteral.

A querysymbolis anordinary, mutablesymbolwith apromptstring.Eachquerymustoccurexactly
oncein themenutree.Querysymbolsmaybesetby theuser.

A derivationis a symbolboundto anexpression.Derivationsymbolsareimmutable,but mayvary asthe
symbolsin their formulachangevalue.Derivedsymbolshaveno associatedpromptstringandmaynot
appearin themenutree.

A frozensymbolis a querysymbolwhichhasbeenimmutablyboundto aparticularvalue.Oncefrozen,
thevalueof a symbolmaynot bechanged.

Meaning of the langua ge elements

Sour ce statements

A sourcestatementdeclaresa file to beinsertedin placeof thesourcestatementin thefile, andtreatedas
if theentirecontentsof thatfile werepresentin thecurrentfile at thepointof their sourcestatement.

Any implementationof CML2 mustallow sourcestatementsto benestedto adepthof at least15 levels.
Thereferenceimplementationhasno hardlimit.

Symbol declarations

Thebodyof asymbolssectionconsistsof pairsof tokens;a configurationsymbolanda promptstring.

Rationale:Having thesename-to-promptassociationsbeseparatefrom thedependency ruleswill help
make thetext partsof thesystemeasierto localizefor differentlanguages.Declaringall querysymbols
up front meanswe candobetterandfastersanitychecks.Somesymbols(derivations)arenot
pre-declared.

Menu declarations

Thebodyof amenussectionconsistsof pairsof tokens;a menunameanda bannerstring.Theeffectof
eachdeclarationis to declareanemptymenu(to befilled in laterby a menudefinition)andassociatea
bannerstringwith it.
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Any implementationof CML2 mustallow menusto benestedto a depthof at least15 levels.The
referenceimplementationhasno hardlimit.

Rationale:Having thesemenu-to-bannerassociationsbeseparatefrom thedependency ruleswill help
make thetext partsof thesystemeasierto localizefor differentlanguages.Declaringall menunamesup
front meanswe cando betterandfastersanitychecks.

Helpfile declarations

A helpfiledeclarationtells thecompilerto mineagivenfile for helptexts.Thecompiler’sassumptionis
thatthefile is in theformatof a CML1 helpfile: entriesarebegunby two lines,thefirst containinga
promptstringandthesecondbeginningwith thestringCONFIG_.

Theformatof helpfilesmaybechangedin futurereleases.

Priv ate declarations

A privatedeclarationsetstheprivate bit oneachsymbolof a list of symbolnames.Symbolsonwhich
this bit is setarenot written to thefinal configurationfile.

Rationale:Sometimesyoumaywantto makemultiplequeries,theresultsof which arenot useddirectly
in theconfigurationfile but becomeindependentvariablesin thederivationof a symbolthatis used.In
this kind of case,it is goodpracticeto make thequerysymbolsprivate.

Visibility rules

A visibility declarationassociatesa visibility predicatewith a setof configurationsymbols.Thefactthat
severalsymbolsmayoccuron theright sideof sucha rule is justa notationalconvenience;therule

unless GUARD suppress SYMBOL1 SYMBOL2 SYMBOL3

is exactly equivalentto

unless GUARD suppress SYMBOL1
unless GUARD suppress SYMBOL2
unless GUARD suppress SYMBOL3

Puttinga menuon theright sideof avisibility rule suppressesthatmenuandall its children.

Dependence

Optionally, a rule maydeclarethatthesuppressedsymbolsareconstrainedin valueby thepredicate
symbols.Thatis, if thereis a rule
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unless GUARD suppress dependent SYMBOL

thenthevalueof SYMBOL is constrainedby thevalueof GUARD in thefollowing way:

guard trit bool
--- ---- -----

y y,m,n y,n
m m,n y,n
n n n

Thereasonfor this odd,type-dependentlogic tableis thatwewantto beableto havebooleanoption
symbolsthatconfigureoptionsfor modularancestors.This is why theguardsymbolvaluem permitsa
dependentbooleansymbol(but not adependentmodularsymbol)to bey.

If theguardpartis anexpression,SYMBOL is madedependenton eachsymbolthatoccursin theguard.
Suchguardsmaynot containalternationsor ‘implies’. Thus,if FOO andBAR andBAZ aretrit symbols,

unless FOO!=n and BAR==m suppress dependent BAZ

is equivalentto thefollowing rules:

unless FOO!=n and BAR==m suppress BAZ
require BAZ <= FOO and BAZ <= BAR

Puttinga menuon theright sideof avisibility rule with ‘dependent’putstheconstrainton all the
configurationsymbolsin thatmenu.Any submenuswill inherit theconstraintandpassit downwardto
their submenus.

Dependency worksbothways.If a dependentsymbolis sety or m, thevalueof theancestorsymbolmay
beforced;seethesectioncalledSymbolAssignmentandSideEffectsfor discussion.

Rationale:Thesyntaxis unless...suppressratherthanif...querybecausethenormalstateof asymbolor
menuis visible.Thedependentconstructionreplacesthedep_tristateanddep_boolconstructsin CML1.

Menu definitions

A menudefinitionassociatesasequenceof configurationsymbolsand(sub)menuidentifierswith a menu
identifier(andits bannerstring).It is anerrorfor any symbolor menunameto bereferencedin more
thanonemenu.

Symbolreferencesin menusmayhavesuffixeswhich changethedefaultbooleantypeof thesymbol.
Thesuffixesareasfollows:

? trit type
% decimal type
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@ hexadecimal type
$ string type

A choicesdefinitionassociatesachoiceof booleanconfigurationsymbolswith amenuidentifier(andits
bannerstring).It declaresa default symbolto besetto y at thetime themenuis instantiated.

In a completeCML2 system,thesedefinitionslink all menustogetherinto a singlebig tree,which is
normallytraverseddepth-first(exceptthatvisibility predicatesmaysuppresspartsof it).

If thelist of symbolshassubtreesin it (indicatedby curly braces)thenthesymbolimmediatelybefore
theopeningcurly braceis declaredavisibility anddependency guardfor all symbolswithin thebraces.
Thatis, themenudeclaration

menu foo
SYM1 SYM2 {SYM3 SYM4} SYM5

not only associatesSYM[12345]with foo, it alsoregistersrulesequivalentto

unless SYM2 suppress dependent SYM3 SYM4

Suchsubtreedeclarationsmaybenestedto any depth.

It is perfectlylegal for amenu-IDto haveno child nodes.In CML2, this is how youembedtext in
menus,by makingit thebannerof of asymbolwith no children.

Deriv ations

A derivationbindsasymbolto a formula,sothevalueof thatsymbolis alwaysthecurrentvalueof the
formula.Symbolsmaybeevaluatedeitherwhena menucontainingthemis instantiatedor at thetime the
final configurationfile is written.

Thecompilerperformstypeinferenceto deducethetypeof aderivedsymbol.In particular, derived
symbolsfor which thetop-level expressionis anarithmeticoperatorarededucedto bedecimal.Derived
symbolsfor which thetop level of theexpressionis abooleanoperatorarededucedto bebool.Derived
symbolsfor which thetop level of theexpressionis a trit operatorarededucedto betrit.

Derivedsymbolsareneversetdirectlyby theuserandhaveno associatedpromptstring.

Defaults

A defaultdefinitionsetsthevaluea symbolwill haveuntil it is explicitly setby theuser’sanswerto a
question.Theright-handsideof a default is not limited to beingaconstantvalue;it maybeany valid
expression.
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Defaultsmaybeevaluatedeitherwhena menucontainingthemis instantiatedor at thetime thefinal
configurationfile is written.

If a symbolis not explicitly defaulted,it getsthezerovalueof its type;n for boolsandtrits, 0 for
decimalandhexadecimalsymbols,andtheemptystringfor strings.

Theoptionalrangepartmaybeusedto constrainlegalvaluesfor decimalor hexadecimal-valuedsymbol.
A rangespecificationconsistsof any numberof eithersinglevaluesor pairedupperandlowerbounds
separatedby a dash,interpretedasinclusiveranges.Thesymbolhasa legal valueif it eithermatchesa
specifiedsinglevalueor is containedin oneof theintervals.

Requirements

Requirements as sanity checks

A requirementdefinitionconstrainsthevalueof oneor moresymbolsby requiringthatthegiven
expressionbetruein any valid configuration.All constraintsinvolving a givenconfigurationsymbolare
checkedeachtime thatsymbolis modified.Everyconstraintis checkedjustbeforetheconfigurationfile
is written.

It is up to individualCML2 front endsto decidehow to handleconstraintviolations.Herearesome
possiblepolicies:

• Complainanddie.Not recommended,but perhapsappropriatefor abatch-modefront end.

• Conservativerecovery:Disallow themodificationthatwouldviolatetheconstraint.(Thus,earlier
answershavepriority over laterones.)

• Flag-and-continue:visibly flag all symbolsinvolvedin a constraintviolation (andunflagthem
wheneveraconstraintviolation is fixed).Requiretheuserto resolveall constraintviolationsbeforethe
configurationfile is saved.

• Backtracking:Presentall themenusinvolvedin theconstraint.Acceptmodificationsof any of them,
but do not allow themodificationsto becommitteduntil all constraintsaresatisfied.

A prohibit definitionrequiresthattheattachedpredicatenot betrue.This is syntacticsugar, addedto
accommodatethefactthathumanbeingshave trooublereasoningaboutthedistributionof negationin
complex predicates.

Using requirements to force variab les

Requirementshaveasecondrole.Certainkindsof requirementscanbeusedto deducevaluesfor
variablestheuserhasnot yet set;theCML2 interpreterdoesthis automatically.
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Every timea symbolis changed,thechangeis triedoneachdeclaredconstraint.Theconstraintis
algebraiclysimplifiedby substitutingin constant,derivedandfrozensymbols.If thesimplifiedconstraint
forcesanexpressionof theform A == B to betrue,andeitherA is a querysymbolandB is a constantor
thereverse,thentheassignmentneededto makeA == B trueis forced.

Thus,giventherules

derive SPARC from SPARC32 or SPARC64
require SPARC implies ISA==n and PCMCIA==n and VT==y and VT_CONSOLE==y
and BUSMOUSE==y and SUN_MOUSE==y and SERIAL==y and SERIAL_CONSOLE==y
and SUN_KEYBOARD==y

wheneitherSPARC32or SPARC64changesto y, thenineassignmentsimplied by theright sideof the
secondrulewill beperformedautomatically. If this kind of requirementis triggeredby a guard
consistingentirelyof frozensymbols,all theassignedsymbolsbecomefrozen.

If A is a booleanor trit symbolandB simplifiesto a booleanor trit constant(or vice-versa),assignments
maybesimilarly forcedby otherrelationals(notablyA != B, A � B, A � B, A � = B, andA � = B). If
forcing therelationalto betrueimpliesonly onepossiblevaluefor thesymbolinvolved,thenthat
assignmentis forced.

Notethatwhethera relationalforcesa uniquevaluemaydependon whethertrits areenabledor not.

Star t declaration

Thestartdefinitionspecifiesthenameof theroot menuof thehierarchy. Onesuchdeclarationis required
perCML2 ruleset.

Prefix declaration

A prefixdeclarationsetsa stringto beprependedto eachsymbolnamewhenever it is writtenout to a
resultconfigurationfile. Thisprefix is alsostrippedfrom symbolnamesreadin in a defconfigfile.

Rationale:This wasaddedsotheCML2 rule systemfor theLinux kernelwould nothave to includethe
commonCONFIG_ prefix.Thealternativeof wiring thatprefix into thecodewouldcompromiseCML2’s
potentialusefulnessfor otherapplications.

Banner declaration

A bannerdefinitionsetsthemenuid bannerstringto usedin theconfiguratorgreetingline. Thestring
attachedto thespecifiedmenuid shouldidentify thesystembeingconfigured.
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Rationale:As for theprefix string.

Options

Note: The options statement sets options which will be passed to the configurator instance as
though they had been specified on the command line of the option. These options are processed
before actual command-line options.

Notethatswitchindicatorsbeginningwith - will needto bestring-quotedto avoid beingbrokenup by
thelexical analyzer.

Rationale:this will typically beusedto pre-setthelocationsof configuratoroutputfiles.

Condition statement

TheconditionstatementtiesaCML2 featureflag to a querysymbol;thatis, thevalueof thefeatureflag
is thevalueof thesymbol.Theinitial valueof theflag whena rulebaseis readin is simply theassociated
symbol’sdefault. If thereis no symbolassociatedwith thetheflag, theflag’svalueis n.

At presentonly oneflag,named“trits”, is supported.Whenthis flag is n, trit-valuedsymbolsaretreated
asbooleansandmayonly assumethevaluesy andn.

This flagmayaffect thefront end’spresentationof alternativesfor modularsymbols.It alsoaffects
forcing of ancestorsymbols.Whenthetrits flag is on,settingabooleansymbolonly forcesits trit
ancestorsto thevaluem; whentrits is off, they areforcedto y. SeethesectioncalledSymbolAssignment
andSideEffectsfor discussion.

Warndepend declaration

Thewarndependdeclarationtakesa list of symbolnames.All dependentsof eachsymbolhavetheir
promptssuffixedwith thenameof thesymbolin parenthesesto indicatethatthey aredependenton it.

Rationale:Addedto supporttheEXPERIMENTAL symbolin theLinux lernelconfiguration.This
declarationis betterthantrackingexperimentalstatusby handbecauseit guaranteesthatsubsidiary
symbolsdependenton anexperimentalfeaturewill alwaysbeflaggedfor theuser.

Icon declaration

An icon declarationassociatesgraphicdata(encodedin RFC2045base64)with therulebase.Frontends
mayusethis dataasanidentificationicon.All front endsarerequiredto acceptXPM datahere.
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Thereferencefront-endimplementationusestheimageto iconify theconfiguratorwhenit is minimized
while runningin X mode.Thereferencefront-endalsoacceptsGIF data.

Debug

This declarationenablesdebuggingoutputfrom thecompiler(it hasno effecton front-endbehavior). It
takesanintegervalueandusesit to setthecurrentdebug level. It maychangeor beremovedin future
releases.

Expressions

All arithmeticis integer. Thecompilerpermitssomekindsof typepromotion,describedbelow.

For purposesof therelationaloperators,trit valuesarestrictly orderedwith y � m � n.

Booleanlogicalexpressionsmaybeusedaspartsof integer-valuedformulas(e,gin derivationsand
constraints).Thevalueof trueis 1, andof falseis zero.

It is acompile-timeerrorto applythelogical operatorsor/and/impliesto trit or numericvalues.Also,
expressionsoccuringin guards(in unless/suppress,or require/prohibitdeclarations)mustyield avalueof
booleantype.Thecompilerdoestypepropagationin expressionsto checktheseconstraints.

Thepurposeof theserestrictionis to enablecompile-timedetectionof situationswhereconfusionof trit
or numericwith booleanvaluesmight inducesubtleerrors.For thesamereason,if thesymbolFOOis
trit-valuedit is acompile-timeerrorto sayjust “FOO” in anexpression,asopposedto “FOO!=n” or
someothermoreexplicit relational.

Thus,becausethesymbolSCSIis trit-valued:

unless SCSI suppress A2091_SCSI

is illegalandwill raiseanerror. Write anunambiguoustestinstead:

unless SCSI>=m suppress A2091_SCSI

Theobviousbooleansoperations(and,or) aresupported;they arecommutativeandassociative.An
’implies’ operationis alsosupported:

FOO implies BAR <=> not (FOO and (not BAR))

It is neithercommutativenor associative.

Theusualrelationaltests(==, !=, � =, � =, � , � ) aresupported.Relationalsbindmoretightly than
booleanoperators,soFOO!=nandBAR==m behavesasexpected.Additionally, andbindsmoretightly
thanor, sothatFOOor BAR andBAZ is FOOor (BAR andBAZ).
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Thefollowing additionalternary-logicoperationsareavailable.It is anerrorto applytheseto operands
with typesotherthanboolor trit.

Max or union;notation|. Hereis a truth table:

y m n
+----

y | y y y
m | y m m
n | y m n

Min or intersection;notation&. Hereis a truth table:

y m n
+----

y | y m n
m | m m n
n | n n n

Similarity; notation$. Hereis a truth table:

y m n
+----

y | y n n
m | n m n
n | n n n

Theoperatorprecedenceimpliedby theBNF above is implementedin theparser.

Symbol Assignment and Side Effects

Settinga symbol’svaluemayhavesideeffectson othersymbolsin two ways.

First, it maytriggerachangein othervariablesthroughexplicit requirements.Seethesectioncalled
Usingrequirementsto forcevariablesfor discussion.

Second,eachsymbolhastwo implicit lists associatedwith it: of symbolsit dependson (ancestors)and
symbolsthatdependon it (dependents).Whenevera symbolis changed,any sideeffectsarepropagated
throughthoselists.Changingthevalueof thesymbolupward(n� m, m� y) maychangethevalueof
ancestors;changingit downard(y � m, m� n) mayaffect thevalueof dependents.

SeealsothesectioncalledDependencefor discussionof thetwo syntacticallydifferentways
dependenciescanbecreated,andsectionV for discussionof thedeductionalgorithm.
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CML2 interpretersarerequiredto implementall-or-nothingsideeffects;thatis, afteranassignment,
eithertheassignmentandall its sideeffectshavebeenperformed,or (in theeventthenew valueswould
violatea requirement)noneof themare.

Thereferenceimplementationachievesthis by implementingtwo-phasecommit;theassignmentandits
sideeffectscanbemadetentatively, constraintschecked,andtheneithercommittedor rolledback.

Side-effectbindingsremainlinkedto thesymbolwhosevaluechangetriggeredthem,andarebackedout
whenever thatsymbolis changedagain.Backingout asideeffectmayexposeprevioussideeffectson a
symbol.To seehow this works,considerthefollowing sequenceof actionsgiventheconstraints
(FOO==yimpliesBAR==y) and(BAZ==y impliesBAR==n):

1. User sets FOO=y. As a side effect, this sets BAR=y
2. User sets BAZ=y. As a side-effect, this sets BAR=n
3. User sets BAZ=n. This does not have a direct side-effect on BAR.

However, since the value BAZ has changed, its side effect BAR=n
is backed out. The value of BAR is again y.

Thereferenceimplementationjournalsall side-effectsandalwayslooksfor themostrecentbindingof a
symbolwhenevaluatingit.

Implementation of CML2

Deduction algorithm
CML2 is not built aroundanalgorithmfor thepropositionalsatisfiability(or SAT) problem, suchas
GSAT or SATO. GiventhatCML2 is a constraint-basedlanguage,thismight at first seemcurious.But
therearespecialfeaturesof CML2’sdomainthatwould make theserelatively poorchoicesanddifficult
to apply.

TheLinux kernelconfigurationproblemfor which CML2 wasoriginally inventedandtunedinvolves
approximately1750symbols.Of these,however, fewer than400participatein aboutthesamenumberof
constraints,mostlyimplied constraintsof simple(a � = b) form. However, many of thevariablesarenot
booleansbut tristates,blowing theequivalentproblembackup to about1600booleanshadow variables
over400constraints,andmakingthetranslationof theprobleminto pureboolean-propositionalform a
significantexercisein itself.

CompleteSAT algorithmslike SATO arevery time-consuming(theproblemis NP-complete),enoughto
causeunacceptablelag in aninteractiveconfiguratorona problemthissize.IncompleteSAT algorithms
like thestochasticGSAT techniquearenot guaranteedto yield ananswereventhoughonemayexist. But
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thereis a morefundamentalproblem:we do not actuallywanta “model” in theSAT sense;where
variablesareunderconstrainedwe wantto leave themasdon’t-cares(e.g.not setthem.)

(Goodreferenceson theSAT problemareavailableon theWeb. SATO
(http://www.cs.uiowa.edu/~hzhang/sato.html) is thebest-of-breedamongcompleteSAT algorithmsand
theGSAT Page(http://www.owlnet.rice.edu/~tdanner/gsat/)includesa Pythonimplementation,and
somegooddiscussionof thealgorithm’s limitations.MichaelLittman hasalsoassembledamini-survey
of theliterature(http://www.cs.duke.edu/~mlittman/topics/sat.html).)

CML2 insteadusesa relatively simplecustomalgorithmindependentlyinventedby theauthor, andmore
closelyrelatedto theresolutionmethodof theoriginalDavis-Putnameliminationalgorithmthanto the
splitting-ruleapproachof SATO andothermodernSAT techniques.TheCML2 algorithmexploits facts
aboutthedomain.Oneis thefactthatwe don’t actuallyneedto find a full model.Anotheris thefactthat
many of theconstraints(about3/4 in theLinux-kernelproblem)aresimplechainsof theform x1 � = x2

� = x3...� = xn createdby suppressdependentdeclarationsor sub-menubracketingwith {}.

Whenthevalueof a symbolis changed,CML2 triesto find variablesit canforce.It doesthis by
simplifying thevalueof all frozen,“chilled”, andtentatively setvariablesout of constraints.In any
conjunctionthatthis simplificationleaves,thecodelooksfor relationalswith a constantononesideand
a mutablesymbolon theother. Whentheserelationalsconstrainthesymbolto asinglevalue,thatvalue
is forcedandthesymbolis marked“chilled”.

Theassignmentof theforcedsymbolis itself doneusingthesamealgorithm.Redundantassignmentsare
ignored;anattemptto seta chilledsymbolmeanstherulesethasinconsistentconstraintsandraisesa
fatalerror.

Implementation
Thereferenceimplementationof CML2 is written in Python.Thischoicehasanobviousvirtueanda
coupleof non-obviousones.

Theobviousvirtue is thatPythonis aa truly high-level languagethatdoesmemorymanagement
automatically, eliminatingthesinglemostcommonsourceof bugsin languageswithout this property.
However, severalothernon-obviousvirtuesareequallyimportant.Herearesomeof them:

• “Batteriesareincluded.”While Pythondoesnot haveasrich anextension-modulebaseasits main
competitorPerl,rathermorecapabilityis bundledwith thestockPythoninterpreter. Onebuilt-in
facility thatis particularlyimportantfor CML2 is Python’s“pickle” or object-serializationsupport.A
CML2 rulebaseis a pickledobject.

• Python,unlikeotherscriptinglanguages,canbe(effectively) compiledto pureC usingthe fr eeze
facility. Thetranslationis not pretty, andproducesratherlargeC programsfrom evensmallPython
sources,but it doesmeettheproblemof portabilityhead-on.Kernelscouldbeshippedwith a
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precompiledrulebaseanda frozenC versionof theCML2 interpreterto avoid therequirementfor
Python.

• Anothernon-obviousvirtue is theway thatPythonsupportsconditionalruntimeloadingof support
modules.We canusethis to detectandrecover from situationsin which thelibrary supportdoesnot
exist to provideTcl-basedor curses-basedfront end.

Note:theCML2 implementationusestwo modulesthatarenotpartof stockPython.Oneis anenhanced
versionof shlex.py slatedto enterthestockenvironmentin Python1.6.Theotheris JohnAycock’s
SPARK toolkit, usedfor expressionparsing.Copiesof shlex.py andspark.py areshippedwith the
CML2 implementation.

Running the CML2 tools
TheCML2 implementationconsistsof two Pythonprograms:cmlcompileandcmlconfigure. The
compiler, cmlcompile, generatesa pickledrepresentationof a rulebasefrom oneor morefilesof CML2
rules.Theinterpreter, cmlconfigure, readsin a rulebaseandusesit to inform aconfigurationdialogue
with theuser.

Theseparationbetweenfront andbackendsservestwo purposes.One:Frontendsdon’t needto know
aboutandarenot affectedby thedetailsof thecompilerimplementation.Two: TheCML2 rulebase
doesn’t have to berecompiledevery timea front endis run.

Theendresultis a pair of configurationfiles, thedefconfig andthemacrofile. Thesearein formats
inheritedfrom CML1 (seethesectioncalledCML2 configurationfile formatsfor complete
specification).Thedefconfig consistsof asetof variabledefinitionsin shellsyntax;it canbere-read
by a futureinstanceof cmlconfigureto setdefaults.Themacrofileis a list of C-style#define macros
intendedto beincludedin kernelC code.

Thecompiler, cmlcompiler, requiresoneor moreCML2 rulesfilesasarguments.It hastwo options:

-o filename

Setthefile to which thecompiledrulebaseis written.By default, if no -o optionis given,the
rulebasegoesto rules.out.

-d

Enabledebuggingoutputto stdout.

Theinterpreter, cmlconfigure, takesat mostonefilenameargument:therulebaseto beinterpreted.If no
argumentis specified,it readsfrom rules.out. Theinterpreterrecognizesthefollowing options:
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-h outfile

Setthelocationto whichcmlconfigureshouldwrite its file of C macros.Thereis no default; if
thereis no-h, optionno macrofile is written.

-iconfigfile

Readin aconfiguration.Thefile is expectedto bein thesamedefconfigformatwrittenby
cmlconfigure. Values(includingn) aresetasthoughselectedinteractively by theuser.

-Iconfigfile

Readin aconfiguration.Thefile is expectedto bein thesamedefconfigformatwrittenby
cmlconfigure.Values(includingn) arefrozenandwill bedisplayedbut not modifiableduringthe
configurerun.

-l

List. Runin batchmodeto generatea menumap(thatis, a treediagramof all themenusand
questionsymbolsin thesystem.)

-s outfile

Setthelocationto whichcmlconfigureshouldwrite its defconfigfile of shellvariablesettings.
Explicit n valuesaresaved.Thisfile will beloadableby cmlconfigure.Thereis no default; if there
is no-s optionnodefconfigfile is written.

-t

Forcetty (line-oriented)mode.

-c

Forcecurses(screen-oriented)mode.

-x

ForceX (GUI usingTk) mode.

-d

Incrementthedebugflag.

-D

Presetasymbol.-DFOO setsFOO=y at startup.-DFOO=xxx maybeusedto specifyavalue.The
valueof apresetsymbolis frozen;thatis, it will neverbequeried.
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-S

Don’t hideelidedsymbols.Whenthisoptionis on,suppressionsareignored.Only symbolsthat
havederiveda frozenvaluefrom -D or constraintsareskipped.Thismaybeusefulif you know that
you wantto setconfigurationsymbolsdeepin thehierarchyandhavetheir requirementspropagate
upwards,asopposedto thenormalsequencein whichyou refineyourwaydown from thetop of the
treewith symbolsbecomingvisibleonly whenthey areunmaskedby previousquestions.

-V

Print theconfiguratorversionandexit.

TheenvironmentvariableCML2OPTIONSmayspecifycommand-lineswitches(but not arguments).
Switchestakenfrom CML2OPTIONSareprocessedafterany compiledin by an"options"directive in
therulebase,but beforeswitchesspecifiedon theactualcommandline.

TheenvironmentvariableBROWSERmayspecifya colon-separatedlist of browsercommands,to be
usedin makingURLs in thehelpwidgetslive.Eachcommandshouldhavethestring"%s" in it where
theURL canbesubstituted.TheCML2 front endwill try thecommandsin successionuntil one
succeeds.Thedefaultsequenceis mozilla, thenany netscapealreadyrunning,thena new netscape
instance,thenlynx, thenw3m.

CML2 configuration file formats

Defconfig format
A defconfig file consistsof a seriesof linesin theformatof Unix shellvariableassignments.Eachline
is led with a symbolname(prefixedif thereis a prefixdeclarationin therulebase),continueswith a =,
andfinisheswith avalue.Thevaluemaybey, n, or m for booleanor tristatesymbols.It maybea quoted
stringfor stringliterals,or an(unquoted)numericliteral for decimalor hexadecimalsymbols.

UnlikeCML1’s tools,CML2 writesexplicit FOO=ndefconfiglineswhenabooleanor tristatesymbol
hasbeensetby theuser(or asasideeffectof useractions).

Whena symbolFOOhasnot beenset,CML2 mayemit acommentof theform

#CONFIG_FOO is not
set.

. In CML1, thesecommentswerealsoemittedfor symbolswith thevaluen.
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Rationale:Thechangein treatmentof symbolswith valuen is importantin orderto allow defconfigsto
containpartialconfigurationsthatsuppressfeatures,e.g.suchasmightbegeneratedby anautoprobe
utility checkingfor thepresenceof busesor controllertypes.

In thereferenceimplementation,symbolsarewritten in depth-firsttraversalorder. Derivedsymbolsare
writtenafterthequerysymbols;eachderivedsymbolis writtenout if any of thesymbolsin its formula
hasbeenset.

Macrofile format
A macrofileis a seriesof C #definemacrolinescorrespondingto configurationsymbols.Themacro
correspondingto assymbolhasthesamenameasthatsymbol,prefixedif thereis a "prefix" declaration
in therulebase.

If a booleanor tristatesymbolhasthevaluey, CML2 generatesa line definingthecorrespondingmacro
to havethevalue1.

If a booleanor tristatesymbolhasthevaluen, CML2 generatesa line undefiningthecorresponding
macro.

If a booleanor tristatesymbolhasthevaluem, CML2 generatestwo lines.Thefirst undefinesthe
correspondingmacro.Theseconddefinesa macrowith thesamenameandthesuffix "_MODULE" to be
1.

Eachdecimalandhexadecimalsymbolgeneratesa line definingthecorrespondingmacroto thevalueof
thenumericliteral.

Eachstringsymbolgeneratesa line definingthecorrespondingmacroto thevalueof thestring,asa C
stringliteral in doublequotes.

Theseformatconventionsareidenticalto CML1’s.

Current limitations of CML2
Therearenocompositionoperatorsfor stringtypes.(Thesewouldbetrivial to implement,but arenot yet
needed.)

Thecompilerobjectsto usesof questionsymbolsin a visibility-guardexpressionfor a symboloccuring
before theassociatedquestion(in preorder).Thiscouldbesupported,but suchforwarddeclarations
make it hardto reasonaboutvalid configurations.
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Chang e histor y

0.1– 24 May 2000Original CML2 specification.
0.2.0– 31 May 2000Removedwhenever/setsfrom thelanguage.Everythingis now donewith deduction.
0.2.1– 4 June2000Addedwarndepend.
0.3.0– 9 June2000Deductionalgorithmrewrittenanddocumentedin sectionV.
0.4.0– 20 June2000:Valuestackingis implemented.
0.5.0– 26 June2000:Fuller supportfor ranges.Specformatconvertedto DocBook.
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