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1 SYNTAX OF KCONFIG

Figure 1 describes the formal syntax of Kconfig, which includes all the constructs of Kconfig except source, assign, and implies construct.
source statement merely merges statements defined in different files. assign statements is part of the preprocessor that runs before the
conversion into a model. implies is a new construct for Linux version 5.5 and was not applied to the version we used (version 5.4.4).

As mentioned in the paper, Kconfig specification is insensitive to the ordering of type, constraints, and select within a statement. Our
syntax defines ordering on these to reduce the number of semantic rules needed.

kconfig
statement

config

menuconfig
choice

if
menu
type
constrnts
prompt
default
range
depends
visible
select
expr

val

*Co-first authors.

mainmenu word statement+ | statement+

config | choice | if | menu | menuconfig

config symbol bool constrnts select” | config symbol bool constrnts select” option module

| config symbol tristate constrnts select™ | config symbol tristate constrnts select” option module

| config symbol int constrnts | config symbol hex constrnts | config symbol string constrnts
menuconfig symbol type constrnts select”

choice bool constrnts config+ endchoice | choice bool constrnts optional config+ endchoice

| choice tristate constrnts config+ endchoice | choice tristate constrnts optional config+ endchoice
if expr statement+ endif

menu visible+ depends+ statement+ endif

bool | tristate | int | hex | string

prompt depends+ default+ range+

prompt word | prompt word if expr

default val | default val if expr | def_bool val | def_bool val if expr | def_tristate val | def_tristate val if expr
range valj, e, valypper if expr

depends on expr

visible if expr

select symbol | select symbol if expr

expr && expr | expr || expr | ! expr

| symbol = symbol | symbol '= symbol | symbol < symbol | symbol <= symbol | symbol > symbol | symbol >= symbol
| symbol

y | m| n| decimal | hexadecimal | string | L

Fig. 1. Formal syntax of Kconfig.
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2 SEMANTICS OF TRISTATE, INT, HEX, AND STRING OPTIONS

Figure 2 through Figure 5 extend the of semantics of Kconfig in Figure 3 of the paper for the int, hex, and string options.

Kconfig does not always support type checking of its operations. For example, select is only possible between bool and tristate
options and other types cannot have reverse dependencies. However, the expression (sym1 < sym2) can have any type of options for sym1
and sym2. We do not model the type checking, but consider that the specification is well-typed.

3 : Symbols > {L} U {n,my} UZUHUS whereZ = Set of all integers, H = Set of all hexadecimal numbers, S = Set of all strings
E : Constraints — {true, false}

E;ri : Constraints — (X — {n,m,y})

Eins : Constraints —» (X — {L} UZ)

Epex : Constraints — (X — {L} UH)

Egsr : Constraints —» (X — {L} US)

Fig. 2. Extended types for input and the valuation functions.

valid if (a(sym) = y) A (Reri[[kconfigll (o, sym) = y)
valid if (a(sym) =m) A (Rsri[[ keonfig]] (o, sym) = m)
valid  if (Esril[depends+]lo = y) A (Egril[prompt]lo = y) A (Ryri[[keonfigl] (o, sym) = n)
valid i (Es;[[dependst]lo € {my}) A (Berillpromptllo € {my})
ARerill keonfigll (@, sym) = n) A (o(sym) € {n,m})
valid if (Etri|[depends+]lo =y) A (Eqri[[prompt]]o = n)
A(o(sym) = Eqrill default+]] o)
valid if (E:ri[[depends+]]o =m) A (E¢ri[[prompt]]o = n)
A(E¢rilldefault+]]o € {m y}) A (a(sym) =m)
valid if (E¢ri[[depends+]]lo = m) A (Egri[[prompt]]o = n)
A(Esri([default+]]o = n) A (o(sym) =n)
valid if (E¢ri[[depends+]]o = n) A (Reri[[ keonfig]] (o, sym) = n) A (o(sym) = n)

invalid otherwise

S[[config sym tristate constrnts select™]|o 4

valid if (ENABLED|[config+]]o = 1) A (S[[config+]]o = valid)
A (Eint[[depends+]lo = y) A (Eint [[prompt]lo = y)
valid if (ENABLED[[ config+]]o = 0) A (S[[config+]]o = valid)
A (Eint [[depends+]lo = y) A (Eint [[prompt]lo = y)
valid if (ENABLED[[config+]]o = 0) A (E¢ri[[depends+]lo € {n,m}) A (E¢ri[[prompt]lo € {n,m})
valid if (ENaBLED[[config+]lo = 0) A = \/constrnts,-econﬁg+ (E¢rillconstrntsi]lo = y)
invalid otherwise

S[[choice tristate constrnts config+ endchoice]|o

valid if E[[depends+]|o A E[[prompt]]o A E[[range+]lo A (o(sym) #L) A (o(sym) € Z)
valid if E[[depends+]|o A —E[[prompt]]o A E[[range+]lo A (o(sym) = Eip; ([ default+]] o)
valid if —E[[depends+]lo A (o(sym) =1)

invalid otherwise

S[[config sym int constrnts]|o

valid if E[[depends+]|o A E[[prompt]]lo A E[[range+]lo A (o(sym) #L1) A (o(sym) € H)
valid if E[[depends+]|o A —E[[prompt]|o A E[[range+]lo A (o(sym) = Ep.y [[default+]] o)
valid if —E[[depends+]lo A (o(sym) =1)

invalid otherwise

S[[config sym hex constrnts]|o 2

valid if E[[depends+]]o A E[[prompt]]lo A (o(sym) #L) A (o(sym) € S)
A Jvalid if E[[depends+]]o A —=E[[prompt]lo A (o(sym) = Eg;[[default+]| o)
" |valid if —E[[depends+]lo A (o(sym) =1)

invalid otherwise

S[[config sym string constrnts]|o

Fig. 3. Extended direct dependency rules for tristate, int, hex, and string options.



if (Ryri[[statement]](o,s) = y) for any statement € kconfig

<

R¢ril[keonfig]l(o,s) = {n if (Reri[[statement]](o,s) = n) for all statement € kconfig

[m otherwise
y if (o(sym) =y) A (Errilldepends+]lo = y) A (Reri[[select™]] (o, s) = y)
R¢ril[config sym tristate constrnts select™]] (o, s) =qm if (o(sym) =m) A (E¢ri[[depends+]lo € {m y}) A (Reri[[select*]] (o,s) € {m, y})

n otherwise

y if Byrillexprllo = y A (sym = 5)
m if E¢ril[expr]lo =m A (sym =s)
Ryri[[select*]] (o, s) if default* + 0

n otherwise

Rsri[[select sym if expr select™]| (o, s)

y if (Ryri[[statement]](o,s) = y) for any statement € config+
Rsri[[choice tristate constrnts config+ endchoice]] (o, s) 8l e (Reri[[statement]] (o, s) = n) for all statement € config+

m otherwise

Fig. 4. Extended reverse dependency rules for tristate, int, hex, and string options.



E¢ri[[prompt word if expr]||o 2 Etrillexpr]lo

E¢rilldepends+]|o

Eiri[[default val if expr default™]]

Eint[[default val if expr default™]]

Epex [[default val if expr default™]|o

Estr[[default val if expr default™]|o

E[[range a b if expr range*]|o

Etrillexpr && expra]lo

Eirillexpry 11 expra]lo

Eri[[! expr]lo

E¢ril[sym]lo

E[[sym1=sym2]|lo

E[[sym1 !'= sym2]|o

y if (Egillexpr]]lo = y) for all expr € depends+

£ n if (Egi[[expr]lo = n) for any expr € depends+
m otherwise
if (Egrillexprllo =y) A (val € {n,m y})
s if (E¢rif[exprllo =m) A (val € {m y})
= if (E¢rillexpr]lo =m) A (val=n)
Em [default*]lo  if default” # 0
otherwise
if E[[expr]lo A (val € Z)
= default if default* + 0
otherwise
if E[[expr]lo A (val € H)
= default if default* + 0
otherwise
if E[[expr]lo A (val € S)
= default if default™ # 0
otherwise
a< 0'(sym) <b ifE[[expr]lo A ((o(sym) € Z) V (c(sym) € H))
= (E[[range”] if range* # 0
true otherwise
if (Egri[[expri]lo = y) A (Erillexpra]lo =)
= if (Egrillexprillo =n) v (Egrillexprz]lo =n)
otherwise
if (Egri[[expri]lo =y) V (Erillexpra]lo =)
= if (Eyrillexprillo = n) A (Esrillexpra]lo = n)
otherwise
if Epllexprllo
= if Egri[[expr]]o
otherwise
A a(sym) if o(sym) € {n,m, y}
- otherwise

= o(syml) = o(sym2)

4 o(syml) # o(sym2)

E[[symI< sym2]|lo 4 o(syml) < o(sym2)

E[[sym1 <= sym2]|c

E[[sym1> sym2]|o

2 o(syml) < o(sym2)

a o(syml) > o(sym2)

E[[sym1>= sym2]|o 4 o(syml) > o(sym2)

E[[sym]lo

A Jtrue if o(sym) =y
" | false otherwise

Fig. 5. Extended expression evaluation rules for tristate, int, hex, and string options.



3 SUPPLEMENTAL SEMANTIC RULES FOR KCONFIG

While the paper shows the core language for bool configuration options, Figure 6 describes additional core rules for choice with the
optional keyword, which was not described in the paper for brevity.

Figure 7 through Figure 16 describe the rules for syntactic sugar. The rules in the paper and this supplemental material comprises all the
rules for the bool configuration options.

valid if (ENABLED|[config+]]o = 1) A (S[[config+]]o = valid)
A AE[[depends+]lo A E[[prompt]|o

S[[choice bool constrnts config+ optional endchoice]]o )
valid if (ENABLED[[ config+]lo = 0)

invalid otherwise

R[[choice bool constrnts config+ optional endchoice]] (o, s) = R[[choice bool constrnts config+ endchoice]] (o, s)

Fig. 6. Rules for choice statement with optional keyword.

S[[config sym bool depends+ default+ select™]|o 2 S[[config sym bool prompt word if false depends+ default+ select™]|c
S[[config sym bool prompt default+ select™]|o 4 S[[config sym bool prompt depends on true default+ select*]|o
S[[config sym bool prompt depends+ select™]|o 2 S[[config sym bool prompt depends+ default n if true select™]|o
R[[config sym bool depends+ default+ select™]|(o,s) 4 R[[config sym bool prompt word if false depends+ default+ select*]] (o, s)
R[[config sym bool prompt default+ select*]| (o, s) 4 R[[config sym bool prompt depends on true default+ select*]| (o, s)
R[[config sym bool prompt depends+ select*]| (o, s) 4 R[[config sym bool prompt depends+ default n if true select™]](o,s)
S[[config sym tristate depends+ default+ select™]|o 4 S[[config sym tristate prompt word if false depends+ default+ select™]|o
S[[config sym tristate prompt default+ select™]|o 4 S[[config sym tristate prompt depends on true default+ select™]|oc
S[[config sym tristate prompt depends+ select™]|o 2 S[[config sym tristate prompt depends+ default n if true select*]|o
R[[config sym tristate depends+ default+ select™]] (o, s) 4 R[[config sym tristate prompt word if false depends+ default+ select*]| (o, s)
R[[config sym tristate prompt default+ select*]| (o, s) 4 R[[config sym tristate prompt depends on true default+ select™]] (o, s)
R[[config sym tristate prompt depends+ select*]| (o, s) 4 R[[config sym tristate prompt depends+ default n if true select*]| (o, s)
S[[config sym int prompt depends+ range+]|o 2 S[[config sym int prompt depends+ default L if true range+]|o
S[[config sym hex prompt depends+ range+]|o £ S[[config sym hex prompt depends+ default L if true range+]]o
S[[config sym string prompt depends+ range+]|o 2 S[[config sym string prompt depends+ default L if true range+]|o
S[[config sym int prompt depends+ default+]|o 4 S[[config sym int prompt depends+ default + range INT_MIN INT MAX if true]|o

S[[config sym hex prompt depends+ default+]|o 2 S[[config sym hex prompt depends+ default + range HEX_MIN HEX_MAX if truello

Fig. 7. Example of rules for statements with omitted constraints.



S[[choice constrnts config sym bool constrnts select™ config* endchoice]]o 2 S[[choice bool constrnts
config sym bool constrnts select™ config* endchoice]|o

. . s % % . A . .
S[[choice constrnts config sym tristate constrnts select™ config* endchoice]]o = S[[choice tristate constrnts
config sym tristate constrnts select™ config* endchoice]|o

R[[choice constrnts config sym bool constrnts select™ config* endchoice]] (o, s) = R[[choice bool constrnts
config sym bool constrnts select* config* endchoice]] (o, s)

. . . % % . A . .
R[[choice constrnts config sym tristate constrnts select™ config* endchoice]|(o,s) = R[[choice tristate constrnts
config sym tristate constrnts select™ config* endchoice]] (o, s)

Fig. 8. Rules for choice statements without type.

S[[menu word visible+ depends+ config statement+ endmenu]] o 4 S[[config sym type prompt wordo,rig if expr &&
ConjoiN|[visible+]] depends+ dependsco, fig+ default+ select”

menu word visible+ depends+ statement+ endmenu]|o

S[[menu word visible+ depends+ choice statement+ endmenu]]o a S[[choice type prompt word pyice if expr & CoNjoIN ([ visible+]]
depends+ depends p;c.+ default+ config+ endchoice

menu word visible+ depends+ statement+ endmenu]|o

S[{[menu word visible+ depends+ if statement+ endmenu]]o = S[[menu word visible+ depends+ depends on expr;y
statement; ¢+ endmenu
menu word visible+ depends+ statement+ endmenu]]o

.. A .. ..
S[[menu word visible+ depends+ menu statement+ endmenu]]o = S[[menu wordmeny Visiblemeny visible+ dependsmeny+ depends+
statement eny+ €ndmenu

menu word visible+ depends+ statement+ endmenu]|o

R[[menu word visible+ depends+ config statement+ endmenu]] (o, s) £ R[[config sym type prompt wordco,fig if expr &&
ConjoIn|[ visible+]] depends+ depends;on fig+ default+ select”
menu word visible+ depends+ statement+ endmenu]] (o, s)

R[[menu word visible+ depends+ choice statement+ endmenu]] (o, s) = R[[choice type prompt word pyice if expr && CoNjoOIN|[ visible+]]
depends+ depends pice+ default+ config+ endchoice

menu word visible+ depends+ statement+ endmenu]] (o, s)

R[[menu word visible+ depends+ if statement+ endmenu]] (o, s) 4 R{[menu word visible+ depends+ depends on expr;f
statement; ¢+ endmenu
menu word visible+ depends+ statement+ endmenu]] (o, s)

A
R[[menu word visible+ depends+ menu statement+ endmenu]] (o, s) = R[[menu wordmeny Visiblepeny visible+ dependsmeny+ depends+
statementmeny+ €ndmenu
menu word visible+ depends+ statement+ endmenu]] (o, s)
Fig. 9. Rules for menu statement.

Conjoin[[visible if expr visible+]] 2 expr &% ConNjoIN ([ visible+]]

Fig. 10. Generating a construct that conjoins all expr of visible constructs.



S[[if expr config statement+ endif]|o 4 S[[config sym type constrnts depends on expr select™ if expr statement+ endif]]o
S[[if expr choice statement+ endif]]o 4 S[[choice type constrnts depends on expr config+ endchoice if expr statement+ endif]|o
S[[if expr if statement+ endif]]o 4 S[[if expr 8& expr;s statement;r+ endif if expr statement+ endif]]o
S[[if expr menu statement+ endif]|o 4 S[{[menu visible+ depends+ depends on expr statementyeny,+ endmenu if expr statement+ endif]|o
R[[if expr config statement+ endif]](o,s) 4 R[[config sym type constrnts depends on expr select™ if expr statement+ endif]] (o, s)
R[[if expr choice statement+ endif]] (o, s) 4 R[[choice type constrnts depends on expr config+ endchoice if expr statement+ endif]] (o, s)
R[[if expr if statement+ endif]](o,s) 4 R[[if expr 8& expr; statement;r+ endif if expr statement+ endif]](o,s)

R[[if expr menu statement+ endif]](o,s) 4 R[[menu visible+ depends+ depends on expr statementpeny,+ endmenu if expr statement+ endif]] (o, s)
Fig. 11. Rules for if statement.

S[[mainmenu word statement+]|c 4 S[[statement+]|o

. A
R[[mainmenu word statement+]|(o,s) = R[| statement+]] (o, s)
Fig. 12. Rules for mainmenu statement.

S[[menuconfig sym type constrnts select*]| o 4 S[[config sym type constrnts select*]|o

R[[menuconfig sym type constrnts select*]] (o, s) = R[[config sym type constrnts select™]] (o, s)
Fig. 13. Rules for menuconfig statement.

S[[config sym def_bool val if expr constrnts select™]|o = S[[config sym bool prompt depends+
default val if expr default+ select™]|o

R[[config sym def_bool val if expr constrnts select*]] (o, s) 4 R[[config sym bool prompt depends+
default val if expr default+ select™]] (o, s)

R[[config sym def_tristate val if expr constrnts select*]| (o, s) 4 R[[config sym tristate prompt depends+
default val if expr default+ select*]| (o, s)

S[[config sym def_tristate val if expr constrnts select™ ]| 2 S[[config sym tristate prompt depends+
default val if expr default+ select™]|o

Fig. 14. Rules for config statement with def_bool or def_tristate construct.

S[[config sym type word if expr constrnts select™ ]| 2 S[[config sym type prompt word if expr constrnts select™]|o
S[[choice bool word if expr depends+ default+ config+ end]|o £ S[[choice bool prompt word if expr depends+ default+ config+ end]]o
S[[choice tristate word if expr depends+ default+ config+ end]|o 2 S[[choice tristate prompt word if expr depends+ default+ config+ end]|o
R[[config sym bool word if expr constrnts select*]] (o, s) 2 R[[config sym bool prompt word if expr constrnts select*]| (o, s)
R[[config sym tristate word if expr constrnts select™]] (o, s) a R[[config sym tristate prompt word if expr constrnts select™]| (o, s)
R[[choice bool word if expr depends+ default+ config+ end]] (o, s) = R[[choice bool prompt word if expr depends+ default+ config+ end]] (o, s)

R[[choice tristate word if expr depends+ default+ config+ end]] (o, s) 4 R[[choice tristate prompt word if expr depends+ default+ config+ end]] (o, s)

Fig. 15. Rules for config and choice statements that does not have prompt keyword.



E[[prompt word]|c = E[[prompt word if true]|o

E[[default val]lo 2 E[[default val if true]lo
Eint[[default val]]ojns 2 Eint[[default val if true]lo
Ejoy [[default val]|opey = Epoy [[default val if truello
Egr [[default vallloser = Egrr[[default val if true]]o
R[[select sym]|(c,s) 2 R[[select sym if true]](c,s)

E[[range a b]]o = E[[range a b if true]lo

Fig. 16. Rules for prompt, default, select and, range without conditions.



4 SYMBOLIC VALUATION RULES

Figure 17 through Figure 21 show the valuation rules for the core language of bool configuration option.

I' : Symbols — Symbolic values
& : Statements — (I — formula)

Dp : Statements — (T X Symbols — formula)

Fig. 17. Types for conversion functions.

([ kconfigly 4 /\ ([ statement;]|y

statement; €kconfig

®[[config sym bool constrnts select™ ]|y 2 (@[[sym]ly A @r[[kconfig]] (y, sym))
V (®[[depends+]ly A @[[prompt]ly A ~Pr[[kconfigl| (y, sym))
Vv ((2[[symlly A @[[default+]ly v =®[[sym]ly A ~®[[default+]]y)
A @[[depends+]ly A ~®[[prompt]ly A =®g [[kconfig](y, sym))
V (=®[[sym]ly A =®[[depends+]ly A ~Pr [[kconfigl] (v, sym))

®[[choice bool constrnts config+ endchoice]] = (ONLYONE([[ config+]ly A ®[[config+]]ly A @[[depends+]]y A [[prompt]ly)
v (Nowe[[config+]ly A ~(®[[dependssIly A ®[[prompt]ly)

V [ NonE[[ config+]]y A /\ =®[[constrnts; ]|y

constrnts; €config+

®[[choice bool constrnts config+ optional endchoicel]] 4 (ONLYONE([[ config+]ly A ®[[config+]]y A @[[depends+]]y A ®[[prompt]ly)
V (NoNE([[ config+]]y)

Fig. 18. Direct dependency conversion rules.

agllkeonfigl (v,s) 2 \/ @gl[statement]] (v, )

statement; €kconfig
Dr[[config sym bool constrnts select™]](y, s) = Dr[[select™ ]| (y,s) A @[[sym]ly A ®[[depends+]]y
Dp([select sym if expr select™]](y,s) = ((sym =s) A @[[expr]]) V Pr[[select™]] (y,s)

dp|[[choice bool constrnts config+ endchoicel]](y, s) 2 Dp[[config+]](y,s) A ®[[depends+]ly A D[[prompt]ly

Fig. 19. Reverse dependency conversion rules.



[[prompt word if exprlly 2 (®[[exprlly)
®[[depends+]]y 2 /\(<I>[[expri]]y)

expr; € depends+
®[[default val if expr default*]|y a (val A @[[expr]ly) V (®[[default*]ly A —=P[[expr]ly)
®[[expr, 88 exprylly £ ®[expr]ly A [[exprylly
®llexpr; 11 exprylly & ®[[expr lly v @[[expr,lly
[t exprlly & ~@[exprly
®[[symlly £ y(sym)

Fig. 20. Evaluation conversion rules.

Onvyows|[config+ly = N\ Cr(symy) v =y(sym) AN/ y(symi)

sym;,sym; €config+ sym; €config+
i#j

Non€ ([ config+]ly 4 /\ —y(sym;)

sym; €config+

Fig. 21. Counting enabled config options.

10



	Contents
	1 Syntax of Kconfig
	2 Semantics of tristate, int, hex, and string options
	3 Supplemental Semantic Rules for Kconfig
	4 Symbolic Valuation Rules

