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This paperdescribes<CML2, the ConfigurationMenu Languagedesignedo support
Linux kernelconfigurationlt is written asa historicalnarrative becaus¢hatprovidesa
goodframefor describingthe designissuedn thelanguage.

Why CML2?

“ Everyprogrameventuallybecomes
rococo,andthenrubble. ”
Alan Perlis

The CML2 projectwaslaunchedbecausén March2000,in the procesof building 2.3.51kernels |
discoveredthatthe original kbuild configurelanguagenadreacheaherococostage;jt hadbecomeso
brittle thatany attemptto changeor extendit would breakeverything.

This matterspbecauséhekernel-configuratiomprocesshasgrown excessvely comple. The
configurationsystems job is to turnthe users answerdo configurationquestionsnto afile of #def i ne
constructsisedto conditionfeaturesn or outof the C code.As Linux hasgrown morefeaturesandmore
driver supportthe numberof menusandpromptsonemustnavigateto choosethe appropriatesubseof
thosefeatureshasbecomeforbiddingevento expertusersandoutrightimpossiblefor the novice users
Linux increasinglyseekdo attract.

To properlymanagehe complexity we have createdwe needa configurationinterfacethatcansupport
betterchunkingandprogressie disclosureldeally, novicesbuilding kernelsshouldseeonly the choices
they needto make. As they gaincompetencandcuethe configurationsystenthatthey areready they
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shouldseemoreoptionsfor tuningandexotic hardware.Thefull processhouldbeaccessibléo expert
kernelhaclers,but notinflicted willy-nilly on everyoneelseasit now is.

With the brittle old configurelanguaggwhichwe’ll call CML1) this kind of redesigrwould simply not
have beenpossibleatall. CML1 hadstartedout life asa setof simpleshellscriptsput evolvedinto a
massie hairballfeaturingthreedifferentinterpretersC codecustomizedo generatél cl/Tk, andsource
files sodifficult to readthat(accordingto the unanimougeportof CML1's own maintainers)atterday
CML1 usersrarelytry to programit by any meananoresophisticatedhana cut-paste-ediof themenus
for existing features.

| hada secondeasorfor gettinginvolvedbesidesvantingto seethe configurationprocessimplified; |
like designindittle languagesnorethanany otherkind of programmingTheinterestingchallengd sawv
wasto designa languagehatwould (a) captureall theright domain-specifi@abstractionshut (b) remain
flexible enoughto allow configuration-systermaintainergo experimentwith different
progressie-disclosurgoolicies.

Design Problems in CML2's Domain

Achieving botha goodmapof theterritory andsufficient flexibiility wasnotaneasyproblem.My first
strav-mandesign(“Thesis”, for purpose®f this paper)wasessentiallya cleaned-upstripped-davn
CML1. Theprocesof hand-translating few hundredinesof theroughly CML1 corpusinto Thesis
shaved methata cornventionalimperatve languagevould not be adequatdor this problem.

The causeof the mismatchis thatmostof the complexity in the CML1 corpusexpressesieitheractions
nor values but rathervisibility constraintsMost of the programs decisionpointshave to do with
whetherthe questionthatsetsa givenconfigurationsymbolneedgo beaskedat all. Thelogic for
deriving afinal setof configuration#def i ne symbolsfrom the answergo the subsebf questionsa user
actuallyanswerss comparatiely trivial. Its mostimportantpartis the checkingof variousconstrainton
combinationf configurationoptions.

This descriptionstronglysuggestshatwhatwasreally neededvasa languagenot for describingmenu
actionsbut ratherfor declaringrules This shouldwork with aninterpreterthatwould querytheuser
accordingto thoserulesin the procesf building a correctsolution.

Seenin thislight, CML1'srigidity andcomplexity waspartly a directresultof trying to do declaratve
thingswith imperative machineryMy secondstrav-mandesignwhich I'll call “Antithesis” here,wasa
short-livedattemptto do away with the concepiof explicit configurationrmenusentirely. In Antithesis,
all querieswould have beendrivenby a processhatstartedfrom a setof initial conditions(suchas
specifyingthe processoarchitectureandthe users expertiselevel) andgotto a valid configuratiorend
stateby somethindik e theorem-preing.

| say“would have been”and“somethinglike” becaus@\ntithesisnever got beyondthe concepistagel
quickly realizedthattheability to groupquestionsnto explicit menusandspecifythe orderof menus
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wasa valuableway to chunkthe problemdomain,to cornvey amentalmodelof therelationshipdetween
differentconfigurationoptions.

Design and Philosoph y of CML2

CML2, therefore hasa view of theworld thatincludesbothmenusandrules.A CML2 systemspecifies
thefollowing things:

« A treeof menusThistreeis explicitly declaredoy the CML2 programmerEachmenucontainsa
sequencef questionspachanswelto a questionsetsthe valueof a configurationsymbol.Menusmay
alsocontainsubmenus.

- A setof visibility predicatesAt ary giventime, only a subsebf themenutreeis visible. Eachnode
in thetree(eachsymbolor menu)hasa predicateassociatedavith it thatcontrolswhetherit is visible
or suppressednput (independentyariablesn the predicatemay be setfrom CML2's startupoptions,
or they maybe setby theresultsof previousqueries.

+ A setof validity constraintsThesearepredicateshatconnectwo or moreconfigurationsymbols.
Eachconstrainis checledeverytime the usertriesto changethe valueoneof its input symbols;if the
constrainwould not be satisfiedoy the changethe changds disallovedandthe usernotified. Other,
userinterface-dependeratctionsto recover from the constraintviolation mayfollow.

- A setof derivations.A derivationis aformulathattiesthevalueof anoutputsymbolto the valueof
oneor moreinput symbols Derived symbolsmaybe eitherbe computedor directusein afinal
configurationor usedasinput variablesof constraintor predicatesWheneera derivedsymbolis
evaluatedtheformulabehindit is recomputedrom the currentvaluesof theformula’sinput symbols
(likeacell in aspreadsheet).

Thisis averydifferentview of theworld from CML1’s corventionalimperative one,andwill have
significantimplementationgor configuratiorfile maintainersNotably, the CML1 configurationtreehad
multiple apicesonetop-level config-languagéile for eachport subdirectoryCML2 definesonebig
menutree,with portionssuppresseduringthe configurationprocess.

Someindicationof the power of theseconceptsnaybe gleanedrom the compressiomatio of
CML1-to-CML2 translationThe 7049lines of CML1 in the 2.3.99-prekerneltreebecamdewer than
2400linesof CML2, andit would have beenlessif | hadnotbeenaddingsanitychecksandreoiganizing
it asl wentalong.
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CML2 Langua ge Elements

Syntax

Lexically, a CML programconsistdokens:of barevords,whitespacestringsandpunctuationthereis
oneexceptionassociateavith thei con declaration)A baravordis atokencomposeaf alphanumeric
characterand_ (underscore)Whitepacds ary mix of spacestabs,andlinefeedsA stringis delimited
by eithersingleor doublequotesandmay containwhitespaceEverythingelseis punctuationSome
pairsof punctuatiorcharacterstick together==, I=, <=, >=. All otherpunctuatioris treatedas
single-charactetokens.

Herearelexical rules,regularexpressionglescribingvalid tokens:

<synbol > = [A-Z][ A Za-z0-9_]*

<menu-i d> = [a-z][a-20-9_]*

<string> ='[~]*"| &quot ; [ *&lquot ; ] *&dquot ;
<deci mal > = [0-9]+

<hexadeci mal > ::= Ox[ A-Fa-f0-9] +
base64-dates ary numberof linesin RFC2045bhase64ormat,terminatedby a newline or comment.

Also, notethatthereis alexical-level inclusionfacility. Thetoken“source”is interpretedasarequesto
treattheimmediatelyfollowing tokenasa filename(string quotesarefirst strippedif it is astring).Upon
encounteringhis directive, the compileropenshefile (which maybearelative or absolutgpathname),
andreadinputfrom thatfile until EOF.OnthatEOF,the currentinput sourceis immediatelypopped
backto theincludingfile.

Commentsaresupportedandrunfrom a# to end-of-line.

Hereis a BNF of thegrammarFollowing it, eachlanguagezlemenwill bedescribedn detail.

;7 Afew things we need to define up front..

<tritval> ::

=’y | 'm | 'n ;; Yes, no, or nodule
<name> = <nenu-i d>| <synbol nanme> ;; A bareword conposed of al phanunerics
<int> = <deci mal > | <hexadecinal > ;; Integer literal

A CM. system consists of a sequence of declarations.
<systene ::= <decl aration>*
A declaration may be of one of the follow ng types:

<decl arati on> ::= <source-stat enent >
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| <synbol s- decl arati on>
| <menus-decl arati on>
| <hel pfil e-decl arati on>

| <private-decl arati on>

| <visibility-rule>

| <menu- definition>

| <r adi o-definition>

| <derive-definition>

| <defaul t-definition>

| <requi rement - definiti on>

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

<options-definition>
<condi ti on-decl arati on>
<war ndepend- decl ar ati on>
<icon-definition>
<debug-defini ti on>

;7 A source statenment declares a file to be inserted in place of
;; the source statenent in the rul eset.

<source-statement> ::= 'source’ <string>

;7 A synbols definition creates configuration synbols
;; and associates pronpt strings with them

<synbol s-decl aration> ::= 'synbols’ {<synbol > <string>}*

;7 A menus definition creates nenu synbols,
;; and associ ates banner strings with them

L]

<menus-declaration> ::= "nenus’ {<nenu-id> <string>}*
;7 A helpfile declaration declares a file to be scanned for help text
<hel pfil e-declaration> ::= "hel pfile <word>

;7 A private declaration declares that the associated synbols should
;7 not be exported in the end-result configuration

<private-declaration> ::= 'private <synbol>*
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;7 Avisibility rule associates a visibility predicate with synbol s.
;; Optionally, it may declare that the suppressed synbols are constrai ned
7, in value by the predicate synbols.

<visibility-rule> ::= ’unless’ <logical> "'suppress’ [’dependent’] <name>*;

;7 A menu definition links a sequence or subtree of synbols with a
;; menu identifier. Subtrees generate inplied dependency statemnents.
<menu-definition> ::="'nenu <menu-id> <name-or-subtree>*
<name- or - subtree> ::= <npame> <suffi x>
| <name> <suffix> '{’ <nanme-or-subtree>* '}’

<suffix> ::=;; Enpty suffix declares bool ean type
| *?" ;; declares trit type
| "% ;; declares deciml type
| '@ ;; declares hexadeci mal type
| '$ ;; declares string type

;7 Aradio-nenu definition links a choice of synbols with a menu identifier.

<radi o-definition> ::="choices’ <nenu-id> <synbol >* 'default’ <synbol >

;7 A derivation binds a synmbol to a fornula, so the value of that
;; synbol is always the current value of the fornula.

<derive-definition> ::= "derive' <synbol> 'from <expr>

;7 A default definition sets the value a synbol 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’ <synbol> 'from <expr>
['range’ {<int> | {<int>'-' <int>}}+]

;7 Arequirenent definition constrains the value of one or nobre synbols
;7 by requiring that the given expression be true in any valid configuration.

<requirenment-definition> ::= {’require’ |’ prohibit’} <l ogical>

;7 We have to declare a start nenu, for the begi nning of execution

<start-definition> ::="start’ <menu-id>
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;7 Aprefix definition sets a string to be prepended to all synbols
;; when they are naned in a configuration file.

<prefix-definition> ::= "prefix’ <string>

;7 A banner definition sets a string to used in the configurator
7, greeting line.

<banner-definition> ::= 'banner’ <menu-id>

;7 An option definition sets command-1line options for the configurator

<options-definition> ::= 'options’ <word>*

;7 Acondition statement ties a &M.2; control flag to a synbo

<condi tion-declaration> ::= "condition <word> 'on’ <configsynbol >

;7 A warndepend flags synbols that nake dependents dangerous

<war ndepend- decl arati on> ::= 'warndepend’ <nane>*

;7 An icon definition associates data for a graphic icon with the
;; rul ebase.

L]

<icon-definition> := "icon <base64-data>

7, A debug definition enables debuggi ng out put.

<debug-definition> ::= "debug’ <deci mal >

;7 An expression is a formula

<expr> ::= <expr> '+ <expr>
| <expr>'-' <expr>
| <expr>'*' <expr>
| <l ogical >
<logical> ::= <logical > "or’ <logical>

| <logical>"and <logical>
| <logical> "inplies <logical>
| <rel ational >
<relational> ::= <ternmr '==" <terne
| <terms '1=" <terne
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<ternr '<=" <ternp
<termr '>=" <terne
<terne

" not

|
I
|
| <rel ational >

<term> ::= <ternk '|’ <termp ;; nmaxi rumor sum or union val ue
| <terms '& <ternm> ;; mininumor multiple or intersection value
| <terms ¢ <termr ;; simlarity value
| <atome

<atomp ::= <synbol >

| <tritval>

| <string>

| <deci mal >

| <hexadeci nal >
| " (" <expr> ')’

Operatordave the precedencémplied by the above productionsFromleastto mostbinding,
precedencelassesre:

NoaobkwwNR
QD
=}
o

Data types and classes

CML2 supportghefollowing datatypes:

« BooleansThesemayhavethevaluesy’ or‘n’

« Tristatesor trits. Thesemay have thevalues'y’, 'm’, or‘n’

« Decimalintegers.32-bit signedintegerswith decimall/O formatting.

- Hexadecimalntegers.32-hit signedintegerswith hexadecimal/O formatting.

- Strings.Stringsareliteral datain the ASCII charactesetencoding.
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Supportfor trits maybedisabledat runtime.Seethe sectioncalledConditionstatemenfor discussiorof
the condition/ondeclaration.

Therearefour classe®f symbols;constansymbols,querysymbols derivationsymbols andfrozen
symbols.

A constants oneof theboolean/tristatditeralsy or mor n, or anintegerliteral, or a stringliteral.

A querysymbolis anordinary mutablesymbolwith a promptstring. Eachquerymustoccurexactly
oncein themenutree.Querysymbolsmaybesetby theuser

A derivationis a symbolboundto anexpressionDerivationsymbolsareimmutable but mayvary asthe
symbolsin their formulachangevalue.Derived symbolshave no associategpromptstringandmay not
appeaiin themenutree.

A frozensymbolis a querysymbolwhich hasbeenimmutablyboundto a particularvalue.Oncefrozen,
thevalueof asymbolmaynot bechanged.

Meaning of the langua ge elements

Sour ce statements

A sourcestatementleclaresfile to beinsertedn placeof the sourcestatemenin thefile, andtreatedas
if the entirecontentsof thatfile werepresenin the currentfile atthe pointof their sourcestatement.

Any implementatiorof CML2 mustallow sourcestatement$o be nestedo a depthof atleastl5 levels.
Thereferencamplementatiorhasno hardlimit.

Symbol declarations
Thebody of asymbolssectionconsistof pairsof tokens;a configurationsymbolanda promptstring.

RationaleHaving thesename-to-prompéassociationbe separatérom the dependengruleswill help
male thetext partsof the systemeasietto localizefor differentlanguagesDeclaringall querysymbols
up front meanswve cando betterandfastersanitychecks Somesymbols(derivations)arenot
pre-declared.

Menu declarations

Thebody of amenussectionconsistof pairsof tokens;a menunameanda bannerstring. The effect of
eachdeclaratioris to declareanemptymenu(to befilled in laterby a menudefinition) andassociate
bannerstringwith it.
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Any implementatiorof CML2 mustallow menusto be nestedo a depthof atleastl5levels.The
referencemplementatiorhasno hardlimit.

Rationale:Having thesemenu-to-banneassociationbe separatérom the dependengruleswill help
male thetext partsof the systemeasietto localizefor differentlanguagesDeclaringall menunamesup
front meansve cando betterandfastersanitychecks.

Helpfile declarations

A helpfile declaratiortells thecompilerto minea givenfile for helptexts. The compiler’s assumptions
thatthefile is in theformatof a CML1 helpfile: entriesarebegunby two lines, thefirst containinga
promptstringandthe secondbeginningwith the string CONFI G .

Theformatof helpfilesmaybechangedn futurereleases.

Priv ate declarations

A privatedeclaratiorsetsthepr i vat e bit oneachsymbolof alist of symbolnamesSymbolsonwhich
this bit is setarenot writtento thefinal configuratiorfile.

Rationale:Sometimegyou maywantto make multiple queriestheresultsof which arenot useddirectly
in the configuratiorfile but becomandependentariablesn thederivationof a symbolthatis used.In
thiskind of casejt is goodpracticeto make the querysymbolsprivate.

Visibility rules

A visibility declaratiorassociatea visibility predicatewith a setof configurationsymbols.Thefactthat
severalsymbolsmay occurontheright sideof sucharule is justa notationalcorveniencetherule

unl ess GUARD suppress SYMBOL1 SYMBOL2 SYMBOL3
is exactly equialentto

unl ess GUARD suppress SYMBOL1
unl ess GUARD suppress SYMBOL2
unl ess GUARD suppress SYMBOL3

Puttinga menuon theright sideof avisibility rule suppressethatmenuandall its children.
Dependence

Optionally, arule maydeclarethatthe suppressedymbolsareconstrainedn valueby the predicate
symbols.Thatis, if thereis arule

10
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unl ess GUARD suppress dependent SYMBCL
thenthevalueof SYMBOL is constrainedy thevalueof GUARD in thefollowing way:

guard trit bool

y y,.mny,n
m mny,n
n nn

Thereasorfor this odd,type-dependeribgic tableis thatwe wantto be ableto have booleanoption
symbolsthatconfigureoptionsfor modularancestorsThisis why the guardsymbolvaluempermitsa
dependenbooleansymbol(but nota dependenmodularsymbol)to bey.

If theguardpartis anexpressionSYMBOL is madedependenbn eachsymbolthatoccursin theguard.
Suchguardsmay not containalternationsor ‘implies’. Thus,if FOOandBAR andBAZ aretrit symbols,
unl ess FOO =n and BAR==m suppress dependent BAZ

is equivalentto thefollowing rules:

unl ess FOO =n and BAR==m suppress BAZ
requi re BAZ <= FOO and BAZ <= BAR

Puttinga menuon theright sideof avisibility rule with ‘dependentputstheconstrainonall the
configurationsymbolsin thatmenu.Any submenusvill inheritthe constraintandpasst downwardto
their submenus.

Dependeng worksbothways.If adependensymbolis sety or m thevalueof theancestosymbolmay
beforced;seethe sectioncalledSymbolAssignmenand SideEffectsfor discussion.

RationaleThe syntaxis unless...suppresatherthanif...querybecausé¢he normalstateof a symbolor
menuis visible. Thedependentonstructiorreplaceshedep_tristatenddep_bookonstructsn CML1.

Menu definitions

A menudefinitionassociatea sequencef configurationsymbolsand(sub)menudentifierswith amenu
identifier (andits bannerstring).It is anerrorfor any symbolor menunameto bereferencedn more
thanonemenu.

Symbolreferencesn menusmay have suffixeswhich changehedefaultbooleantype of the symbol.
Thesuflixesareasfollows:

? trit type
% deci mal type

11
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@ hexadeci mal type
$ string type

A choiceddefinitionassociatea choiceof booleanconfigurationsymbolswith a menuidentifier (andits
bannerstring).It declares default symbolto besetto y atthetime the menuis instantiated.

In acompleteCML2 systemthesedefinitionslink all menugtogetherinto a singlebig tree,whichis
normallytraverseddepth-first(exceptthatvisibility predicatesnaysupprespartsof it).

If thelist of symbolshassubtreesn it (indicatedby curly bracesthenthe symbolimmediatelybefore
theopeningcurly braceis declareda visibility anddependengguardfor all symbolswithin thebraces.
Thatis, themenudeclaration

nmenu f oo
SYML SYM2 {SYMB SYM4} SYMb

notonly associateSYM[12345]with foo, it alsoregistersrulesequivalentto
unl ess SYM2 suppress dependent SYMB SYM4

Suchsubtreedeclarationsnaybe nestedo ary depth.

It is perfectlylegal for amenu-IDto have no child nodesIn CML2, thisis how you embedtext in
menus py makingit the bannerof of a symbolwith no children.

Deriv ations

A derivationbindsa symbolto aformula,sothevalueof thatsymbolis alwaysthe currentvalueof the
formula. Symbolsmay be evaluatedeitherwhena menucontainingthemis instantiatecr atthetime the
final configuratiorfile is written.

The compilerperformstypeinferenceto deducehetype of aderivedsymbol.In particulay derived
symbolsfor which thetop-level expressions anarithmeticoperatorarededucedo bedecimal.Derived
symbolsfor which thetop level of the expressions abooleanoperatorarededucedo bebool. Derived
symbolsfor which thetop level of the expressions atrit operatorarededucedo betrit.

Derivedsymbolsarenever setdirectly by the userandhave no associateghromptstring.

Defaults

A defaultdefinitionsetsthevaluea symbolwill have until it is explicitly setby theusersanswelto a
guestion.Theright-handsideof a defaultis notlimited to beinga constanwalue;it maybeary valid
expression.

12
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Defaultsmay be evaluatedeitherwhena menucontainingthemis instantiatecbr at thetime thefinal
configuratiorfile is written.

If asymbolis notexplicitly defaulted,it getsthe zerovalueof its type;n for boolsandtrits, 0 for
decimalandhexadecimakymbols.andthe emptystringfor strings.

Theoptionalrangepartmay be usedto constrainegal valuesfor decimalor hexadecimal-aluedsymbol.
A rangespecificatiorconsistof any numberof eithersinglevaluesor pairedupperandlower bounds
separatedby a dash,nterpretedasinclusive rangesThe symbolhasalegal valueif it eithermatchesa
specifiedsinglevalueor is containedn oneof theintervals.

Requirements

Requirements as sanity checks

A requirementlefinition constrainghe valueof oneor moresymbolsby requiringthatthe given
expressiorbetruein ary valid configuration All constraintsnvolving a givenconfigurationsymbolare
checledeachtime thatsymbolis modified.Every constrainis checledjust beforethe configuratiorfile
is written.

It is uptoindividual CML2 front endsto decidehow to handleconstraintviolations.Herearesome
possiblepolicies:

. Complainanddie. Not recommendedyut perhapsppropriatdor abatch-moddront end.

- Consenrativerecovery: Disallow the modificationthatwould violatethe constraint(Thus,earlier
answerdave priority overlaterones.)

« Flag-and-continuerisibly flag all symbolsinvolvedin a constraintviolation (andunflagthem
wheneveraconstrainwiolationis fixed).Requirethe userto resole all constraintviolationsbeforethe
configurationfile is saved.

- Backtracking:Presentll the menusinvolvedin the constraint Acceptmodificationsof ary of them,
but do not allow the modificationsto be committeduntil all constraintsaresatisfied.

A prohibitdefinitionrequiresthatthe attachedoredicatenot betrue. This is syntacticsugar addedo
accommodatéhefactthathumanbeingshave trooublereasoningaboutthe distribution of negationin
comple predicates.

Using requirements to force variables

Requirementtave asecondole. Certainkinds of requirementganbe usedto deducevaluesfor
variablesheuserhasnotyet set;the CML2 interpreterdoesthis automatically

13
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Everytime a symbolis changedthe changés tried on eachdeclaredconstraint.The constraints
algebraiclysimplified by substitutingn constantderivedandfrozensymbols.If thesimplified constraint
forcesanexpressiorof theform A == B to betrue,andeitherA is aquerysymbolandB is a constanbr
thereverse thentheassignmenheededo make A == B trueis forced.

Thus,giventherules

derive SPARC from SPARC32 or SPARC64

require SPARC i nplies | SA==n and PCMCI A==n and VT==y and VT_CONSOLE==
and BUSMOUSE==y and SUN_MOUSE==y and SERI AL==y and SERI AL_CONSOLE==
and SUN_KEYBQARD==y

wheneitherSFARC32or SFARC64 changeso y, the nineassignmentanplied by theright sideof the
secondulewill beperformedautomaticallylf this kind of requirements triggeredby a guard
consistingentirely of frozensymbolsall the assignedymbolsbecometrozen.

If A isaboolearor trit symbolandB simplifiesto a boolearor trit constan{or vice-versa) assignments
may be similarly forcedby otherrelationalg(notablyA '= B, A < B, A > B, A <=B, andA >=B). If
forcing therelationalto betrueimpliesonly onepossiblevaluefor the symbolinvolved,thenthat
assignmenis forced.

Notethatwhetherarelationalforcesa uniquevaluemay dependbn whethertrits areenabledor not.

Start declaration

The startdefinitionspecifiegthe nameof theroot menuof the hierarchy Onesuchdeclaratioris required
perCML2 ruleset.

Prefix declaration

A prefix declaratiorsetsa stringto be prependedo eachsymbolnamewheneerit is written outto a
resultconfigurationfile. This prefixis alsostrippedfrom symbolnamegeadin in adefconfigfile.

Rationale This wasaddedsothe CML2 rule systemrfor the Linux kernelwould nothave to includethe
commonCONFI G_ prefix. Thealternative of wiring thatprefix into the codewould compromiseCML2’s
potentialusefulnesgor otherapplications.

Banner declaration

A bannerdefinitionsetsthe menuid bannerstringto usedin the configuratorgreetingline. Thestring
attachedo the specifiedmenuid shouldidentify the systembeingconfigured.

14
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RationaleAs for the prefix 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 be string-quotedo avoid beingbrokenup by
thelexical analyzer

Rationalethiswill typically beusedto pre-sethelocationsof configuratoroutputfiles.

Condition statement

The conditionstatementiesa CML2 featureflag to a querysymbol;thatis, the valueof thefeatureflag
is thevalueof thesymbol. Theinitial valueof theflagwhenarulebasas readin is simply theassociated
symbol's default. If thereis no symbolassociateavith thetheflag, theflag’s valueis n.

At presenbnly oneflag, named‘trits”, is supportedWhenthisflagis n, trit-valuedsymbolsaretreated
asbooleanandmayonly assumehevaluesy andn.

This flag may affectthefront end's presentatiomf alternatvesfor modularsymbols.lt alsoaffects
forcing of ancestosymbols Whenthetrits flag is on, settinga booleansymbolonly forcesits trit
ancestorso the valuen whentrits is off, they areforcedto y. Seethe sectioncalledSymbolAssignment
and SideEffectsfor discussion.

Warndepend declaration

Thewarndependieclaratiortakesallist of symbolnamesAll dependentsf eachsymbolhave their
promptssuffixedwith the nameof the symbolin parenthesew indicatethatthey aredependentnit.

Rationale:Addedto supportthe EXPERIMENTAL symbolin theLinux lernelconfiguration.This
declaratioris betterthantrackingexperimentaktatushy handbecausét guaranteethatsubsidiary
symbolsdependenbn anexperimentafeaturewill alwaysbeflaggedfor the user

Icon declaration

An icondeclaratiorassociategraphicdata(encodedn RFC2045%hase64with therulebaseFrontends
may usethis dataasanidentificationicon. All front endsarerequiredto acceptXPM datahere.

15
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Thereferencdront-endimplementatiorusestheimageto iconify the configuratowhenit is minimized
while runningin X mode.Thereferencdront-endalsoacceptsGIF data.

Debug

This declaratiorenablesietuggingoutputfrom the compiler(it hasno effecton front-endbehavior). It
takesanintegervalueandusest to setthe currentdehuglevel. It maychangeor beremovedin future
releases.

Expressions
All arithmeticis integer. The compilerpermitssomekinds of type promotion,describedelow.
For purpose®f therelationaloperatorstrit valuesarestrictly orderedwithy > m> n.

Booleanlogical expressionsnay be usedaspartsof integervaluedformulas(e,gin derivationsand
constraints)Thevalueof trueis 1, andof falseis zero.

It is acompile-timeerrorto applythelogical operatoror/and/impliego trit or numericvalues Also,
expression®ccuringin guardg(in unless/suppressy require/prohibideclarationsjmustyield a valueof
booleantype. The compilerdoestype propagationn expressiongo checktheseconstraints.

The purposeof theserestrictionis to enablecompile-timedetectionof situationswhereconfusionof trit
or numericwith boolearvaluesmightinducesubtleerrors.For the samereasonif thesymbolFOOQis
trit-valuedit is acompile-timeerrorto sayjust“FOQO” in anexpressionasopposedo “FOO!=n" or
someothermoreexplicit relational.

Thus,becaus¢he symbolSCSilis trit-valued:
unl ess SCSI suppress A2091_SCSl

isillegalandwill raiseanerror. Write anunambiguousestinstead:
unl ess SCSI >=m suppress A2091_SCsI

The obviousbooleanperationgand,or) aresupportedthey arecommutatve andassociatie. An
'implies’ operationis alsosupported:

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

It is neithercommutatve nor associatie.

Theusualrelationaltests(==, |=, >=, <=, >, <) aresupportedRelationalsind moretightly than
booleanoperatorsso FOO!=nandBAR==m behaesasexpected Additionally, andbindsmoretightly
thanor, sothatFOOor BAR andBAZ is FOOor (BAR andBAZ).
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Thefollowing additionalternary-logicoperationsareavailable.lt is anerrorto applytheseto operands
with typesotherthanbool or trit.

Max or union; notation|. Hereis atruth table:

y mn
- - - -
ylyyy
m| y mm
n| ymn

Min or intersectionnotation&. Hereis atruth table:

y mn
I
yl ymn
m| mmn
n| nnn

Similarity; notation$. Hereis atruth table:

y mn
I
yl ynn
m| nmn
n| nnn

The operatoprecedencémplied by the BNF above is implementedn theparser

Symbol Assignment and Side Effects
Settinga symbol's valuemay have sideeffectson othersymbolsin two ways.

First,it maytriggerachangen othervariableghroughexplicit requirementsSeethe sectioncalled
Usingrequirementgo force variablesfor discussion.

Secondgachsymbolhastwo implicit lists associateavith it: of symbolsit depend®n (ancestorsand
symbolsthatdependonit (dependents)Vhenererasymbolis changedary sideeffectsarepropagated
throughthoselists. Changingthe valueof the symbolupward (n~~m, m~+y) may changehevalueof
ancestorsghangingt downard(y~»m, m~n) mayaffectthevalueof dependents.

Seealsothe sectioncalledDependencéor discussiorof thetwo syntacticallydifferentways
dependenciesanbecreatedandsectionV for discussiorof thedeductionalgorithm.
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CML2 interpretersarerequiredto implementall-or-nothingsideeffects;thatis, afteranassignment,
eithertheassignmenandall its sideeffectshave beenperformedor (in theeventthe new valueswould
violatearequirementhoneof themare.

Thereferencémplementatiorachiesesthis by implementingwo-phasecommit; theassignmenandits
sideeffectscanbe madetentatvely, constraintshecled,andtheneithercommittedor rolled back.

Side-efectbindingsremainlinkedto the symbolwhosevaluechangeriggeredthem,andarebackedout
wheneerthatsymbolis changedagain.Backingout a sideeffect may exposeprevioussideeffectson a
symbol.To seehow this works, considerthe following sequencef actionsgiventhe constraints
(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 vy.

Thereferencamplementatiorjournalsall side-efectsandalwayslooksfor the mostrecentbindingof a
symbolwhenevaluatingit.

Implementation of CML2

Deduction algorithm

CML2 is not built aroundanalgorithmfor the propositionakatisfiability(or SAT) problem, suchas
GSAT or SATO. GiventhatCML2 is a constraint-baselhnguagethis might at first seemcurious.But
therearespecialfeaturesof CML2's domainthatwould make theserelatively poorchoicesanddifficult
to apply.

TheLinux kernelconfigurationproblemfor which CML2 wasoriginally inventedandtunedinvolves
approximatelyl 750symbols.Of these however, fewer than400 participatein aboutthe samenumberof
constraintsmostlyimplied constraintf simple(a <= b) form. However, mary of the variablesarenot
booleansut tristates blowing the equivalentproblembackup to about1600boolearshadev variables
over400constraintsandmakingthetranslationof the probleminto pureboolean-propositiondbrm a
significantexercisein itself.

CompleteSAT algorithmslike SATO arevery time-consumingthe problemis NP-complete)enoughto
causeaunacceptabléagin aninteractive configuratoron a problemthis size.IncompleteSAT algorithms
like the stochastidzSAT techniquearenot guaranteedb yield ananswereventhoughonemay exist. But
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thereis amorefundamentaproblem:we do notactuallywanta “model” in the SAT sensewhere
variablesareunderconstrainede wantto leave themasdon't-careg(e.g.not setthem.)

(Goodreference®nthe SAT problemareavailableonthe Weh SATO
(http://lwww.cs.uiawa.edu/~hzhang/sataml) is the best-of-breedmongcompleteSAT algorithmsand
the GSAT Page(http://www.owlnet.rice.edu/~tdarer/gsat/)includesa Pythonimplementationand
somegooddiscussiorof thealgorithm'slimitations. MichaelLittman hasalsoassemble@d mini-survey
of theliterature(http://www.cs.dule.edu/~mlittman/tojgs/sat.html)

CML2 insteadusesa relatively simplecustomalgorithmindependentlynventedby the author andmore
closelyrelatedto theresolutionmethodof the original Davis-Putnaneliminationalgorithmthanto the
splitting-ruleapproactof SATO andothermodernSAT techniquesThe CML2 algorithmexploits facts
aboutthedomain.Oneis the factthatwe don't actuallyneedto find a full model.Anotheris the factthat
mary of theconstraintg§about3/4in the Linux-kernelproblem)aresimplechainsof theform x1 <= x2
<=x3...<=xn createddy suppressiependentleclaration®r sub-menibracletingwith {}.

Whenthevalueof a symbolis changedCML2 triesto find variablesit canforce. It doesthis by
simplifying thevalueof all frozen,“chilled”, andtentatively setvariablesout of constraintsin ary
conjunctionthatthis simplificationleaves,the codelooksfor relationalswith a constanbn onesideand
amutablesymbolon the other Whentheserelationalsconstrainthe symbolto asinglevalue,thatvalue
is forcedandthe symbolis marked“chilled”.

Theassignmenof the forcedsymbolis itself doneusingthe samealgorithm.Redundanassignmentare
ignored;anattemptto seta chilled symbolmeanghe rulesethasinconsistentonstraintandraisesa
fatalerror.

Implementation

Thereferencamplementatiorof CML2 is writtenin Python.This choicehasanobviousvirtue anda
coupleof non-olviousones.

Theobviousvirtue is thatPythonis aatruly high-level languageghatdoesmemorymanagement
automaticallyeliminatingthe singlemostcommonsourceof bugsin languagesvithout this property
However, several othernon-obviousvirtuesareequallyimportant.Herearesomeof them:

- “Batteriesareincluded.”While Pythondoesnot have asrich anextension-moduldaseasits main
competitorPerl, rathermorecapabilityis bundledwith the stockPythoninterpreter Onebuilt-in
facility thatis particularlyimportantfor CML2 is Pythons “pickle” or object-serializatiorsupportA
CML2 rulebasés apickled object.

« Python,unlike otherscriptinglanguagescanbe (effectively) compiledto pureC usingthefreeze
facility. Thetranslationis not pretty, andproducesatherlarge C programsrom evensmall Python
sourcesbut it doesmeetthe problemof portability head-onKernelscouldbe shippedwith a
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precompiledrulebaseandafrozenC versionof the CML2 interpretetto avoid therequiremenfor
Python.

- Anothernon-olviousvirtue is theway that Pythonsupportsconditionalruntimeloadingof support
modulesWe canusethis to detectandrecover from situationsn which thelibrary supportdoesnot
exist to provide Tcl-basedr curses-basefiont end.

Note:the CML2 implementatiorusestwo modulegsthatarenot partof stockPython.Oneis anenhanced
versionof shlex.py slatedto enterthe stockenvironmentin Pythonl.6. The otheris JohnAycock’s
SRARK toolkit, usedfor expressiorparsing.Copiesof shl ex. py andspar k. py areshippedwith the
CML2 implementation.

Running the CML2 tools

The CML2 implementatiorconsistsof two Pythonprogramscmlcompile andcmiconfigure. The
compiler cmicompile, generates pickledrepresentationf a rulebasdrom oneor morefiles of CML2
rules.Theinterpreteycmlconfigure, readsin arulebaseandusesit to inform a configurationdialogue
with theuser

The separatiorbetweerfront andbackendssenestwo purposesOne:Frontendsdon’t needto know
aboutandarenot affectedby the detailsof the compilerimplementationTwo: The CML2 rulebase
doesnt have to berecompiledevery time a front endis run.

The endresultis a pair of configuratiorfiles, thedef conf i g andthemacr of i | e. Thesearein formats
inheritedfrom CML1 (seethe sectioncalledCML2 configuationfile formatsfor complete
specification)Thedef conf i g consistof asetof variabledefinitionsin shellsyntax;it canbere-read
by a futureinstanceof cmlconfigureto setdefaults. The macrofileis alist of C-style#def i ne macros
intendedto beincludedin kernelC code.

Thecompiler, cmlcompiler, requiresoneor moreCML2 rulesfiles asargumentslit hastwo options:

-ofilenanme

Setthefile to which the compiledrulebasds written. By default, if no-o optionis given,the
rulebasegoestor ul es. out .

Enabledehuggingoutputto st dout .

Theinterpretercmiconfigure, takesat mostonefilenameargumentitherulebasdo beinterpretedIf no
argumentis specifiedjt readsfromr ul es. out . Theinterpreterecognizeghefollowing options:
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-houtfile

Setthelocationto which cmliconfigure shouldwrite its file of C macrosThereis no default; if
thereis no - h, optionno macrofile is written.

-iconfigfile

Readin a configuration.Thefile is expectedto bein the samedefconfigformatwritten by
cmlconfigure. Values(includingn) aresetasthoughselectednteractiely by theuser

-lconfigfile

Readin a configuration.Thefile is expectedto bein the samedefconfigformatwritten by
cmlconfigure Values(includingn) arefrozenandwill bedisplayedout not modifiableduringthe
configurerun.

List. Runin batchmodeto generatea menumap(thatis, atreediagramof all themenusand
guestionsymbolsin the system.)

-soutfile

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

Forcetty (line-oriented)mode.

Forcecursegscreen-orientednode.

ForceX (GUI usingTk) mode.

Incrementhedehugflag.

Preseta symbol.- DFOO setsFOO=y at startup.-DFOO=xxx maybe usedto specifyavalue.The
valueof apresetsymbolis frozen;thatis, it will neverbequeried.
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Don't hideelidedsymbols.Whenthis optionis on, suppressionareignored.Only symbolsthat
have derivedafrozenvaluefrom -D or constraintsareskipped.This maybe usefulif you know that
you wantto setconfigurationsymbolsdeepin the hierarchyandhave their requirementpropagate
upwards,asopposedo the normalsequencén which you refineyour way down from thetop of the
treewith symbolsbecomingvisible only whenthey areunmasledby previousquestions.

Printthe configuratoversionandexit.

TheenvironmentvariableCML20OPTIONSmay specifycommand-lineswitches(but not arguments).
Switchestakenfrom CML20OPTIONSareprocessedfterarny compiledin by an"options"directive in
therulebasebut beforeswitchesspecifiedon the actualcommandine.

The environmentvariableBROWSERmMay specifya colon-separatelist of browsercommandsto be
usedin makingURLs in the helpwidgetslive. Eachcommandshouldhave thestring"%s" in it where
the URL canbesubstitutedThe CML2 front endwill try thecommandsn successiomintil one
succeedsThedefaultsequencés mozilla, thenarny netscapealreadyrunning,thenanew netscape
instancethenlynx, thenw3m.

CML2 configuration file formats

Defconfig format

A def confi g file consistof aseriesof linesin the formatof Unix shellvariableassignmentsachline
is led with a symbolname(prefixedif thereis a prefix declarationin therulebase)gcontinueswith a=,
andfinisheswith avalue.Thevaluemaybey, n, or mfor boolearor tristatesymbols It maybea quoted
stringfor stringliterals,or an (unquotednumericliteral for decimalor hexadecimakymbols.

Unlike CML1’stools, CML2 writesexplicit FOO=ndefconfiglineswhenaboolearor tristatesymbol
hasbeensetby the user(or asa sideeffect of useractions).

Whena symbolFOO hasnotbeenset,CML2 mayemitacommentf theform

#CONFI G_FQOO i s not
set.

. In CML1, thesecommentsverealsoemittedfor symbolswith thevaluen.
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Rationale:The changean treatmenif symbolswith valuen is importantin orderto allow defconfigsto
containpartial configurationghatsuppres$eaturesg.g.suchasmightbe generatedy anautoprobe
utility checkingfor the presencef busesor controllertypes.

In thereferencémplementationsymbolsarewritten in depth-firstiraversalorder Derivedsymbolsare
written afterthe querysymbols;eachderivedsymbolis written out if ary of thesymbolsin its formula
hasbeenset.

Macrofile format

A macrofileis a seriesof C #definemacrolines correspondingo configurationsymbols.The macro
correspondingo assymbolhasthe samenameasthatsymbol,prefixedif thereis a"prefix" declaration
in therulebase.

If abooleanor tristatesymbolhasthevaluey, CML2 generates line definingthe correspondingnacro
to havethevaluel.

If abooleanor tristatesymbolhasthevaluen, CML2 generatea line undefiningthe corresponding
macro.

If abooleanor tristatesymbolhasthevaluem CML2 generates$wo lines. Thefirst undefineshe
correspondingnacro.The seconddefinesa macrowith the samenameandthe sufix "_MODULE" to be
1.

Eachdecimalandhexadecimakymbolgenerates line definingthe correspondingnacroto thevalueof
thenumericliteral.

Eachstringsymbolgenerates line definingthe correspondingnacroto thevalueof thestring,asaC
stringliteral in doublequotes.

Theseformatconventionsareidenticalto CML1's.

Current limitations of CML2

Thereareno compositionoperatordor stringtypes.(Thesewould betrivial to implementbut arenotyet
needed.)

The compilerobjectsto usesof questionsymbolsin a visibility-guard expressiorfor a symboloccuring
befoe theassociatedjuestion(in preorder).This couldbe supportedbut suchforwarddeclarations
make it hardto reasoraboutvalid configurations.
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Chang e histor y

0.1-24 May 20000riginal CML2 specification.

0.2.0- 31 May 2000Remoredwhenerer/setfrom the languageEverythingis now donewith deduction.
0.2.1-4 June2000Addedwarndepend.

0.3.0— 9 June2000Deductionalgorithmrewritten anddocumentedh sectionV.

0.4.0— 20 June2000:Valuestackingis implemented.

0.5.0— 26 June2000:Fuller supportfor rangesSpecformatcorvertedto DocBook.
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