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The Linux kernel

Highly configurable operating system
Some statistics:

15K+ features
28M+ LoC in 60K+ files

900K+ commits by 2K+ contributors

Used as a case study by plethora of
research work in different domains:

security
code quality
development process

and also in the SPL field!



The Linux build system

Code space

Y

lib/Kconfig Kconfig space : #define CONFIG_FOO Make space !

e » Y Vi = #define CONFIG_BAR
1 menu “Menu prompt \ 1 #define CONFIG_F_SEL

depend on MENU_COND \ I

2

3 \ 1

a config FOO s |+ autoconfh ————-------------
5 bool "FOO prompt text" \

6 default y \ 1

7

8

9

3 steps:

select F_SEL kY
depends on !BAR

10 config BAR Kconﬁg

11 tristate "BAR prompt text"

12 default n . BN
14 ; )

15 endmenu / KCOﬂﬁg files !

1. Kconfig:

16 / " .
i 1 CONFIG_FO00=1
H i comg FESEL 7 : 2 CONFIG_BAR=m Khl"ld
Se ec Ion 0 ig doz 1t g 1| 3 coNFIG_F seL=1
letau. n
7 ~— 7

features

lib/Makefile

CPP

1 0bj-$(CONFIG_BAR) += dir/

2. Kbuild: selection | i

2 foo-y := file_a.o file_b.o
3 obj-y += file c.o

7
of source files e )

lib/dir/foo.c

#1f defined CONFIG_FOO
// 81

3. (PP: selectionof
COde blOChS E Wif ldetined CorIc_Foo

1

2

3

4

5 #elif defined F_SEL
6 // B3
7

8

9

]

#else - .
/184 " Source files
#endif

#endif \ /




Linux build system anomalies

An anomaly defines a property
describing a defect in the build
system.

Fach defect is formalized as 3
satisfiability check on a boolean
formula to check for the presence
of the anomaly.

Anomaly 13 (Configurability defect * [45]). A configurability
defect (short: defect) is a configuration-conditional item that is
either dead (never included) or undead (always included) under the
precondition that its parent (enclosing item) is included:

dead: —sat(C A I A Blocky)
undead: —sat(C A I A =Blockn A parent(Blockyr))

with C and 7 the formulas representing the configuration (i.e., Kcon-
FIG) and implementation (i.e., Make) spaces respectively.



Internal l
Studied anomalies in the Linux build system AT aTOmaTIES

External anomalies

Fmemmmmmmm e ———— - Configuration-implementation anomalies . .
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s | anomalies Keonfig | ! | Make space Ly
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No existing formalism covers the whole set of anomalies in the build system

iy ;Nadiand Holt, 2012; Tartler et al. 2011 - - - Favii.

' ode space
' Hengelein, 2015 > .
__________ | 1
! Tartler et al., 2011 Kiuthe ! Make space LY
> generates a ' . ! : CPP :
: Eg”ﬁgltlrattion Nadiand Holt, | Kblu'tld ! Nadiand Holt, | e |

selectin; selects

! yfeatures . 2012 ! source files ! 2012 : t;l(;)crcseffr?erz :
Nadi and Holt, ST > with < > e ,
2012 et o || condtions |
—> Nadiand Holt, 2011 X ) ! e
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> ; Nadi and Holt, 2012; Tartler et al. 2011 :



No existing formalism covers the whole set of anomalies in the build system

iy ;Nadiand Holt, 2012; Tartler et al. 2011 - - - Favii.
! Hengelein, 2015 > B
---------- I
! Tartler et al., 2011 Kiuthe ! Make space S
™1 generates a ! : ! : CPP :
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| Ll 2012 V| oyeies | 1 2012 1| Bodsion |
Nadi and Holt, : -~ with < p) | s | |
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g ([ NS
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Partial view of the
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No existing formalism covers the whole set of anomalies in the build system

iy ;Nadiand Holt, 2012; Tartler et al. 2011 - - - Favii.

' ode space
' Hengelein, 2015 > .
---------- I
! Tartler et al., 2011 Kiuthe ! Make space LY
™ generates a ! - ! ' CPP :
: COﬂﬂguration Nad| and HOIt, : Kbll"tld : Nadi and HOlt, : selects code I
- o) B S B A
Nadi and Holt, e - with < > el :
2012 et o || condtions |
—> Nadiand Holt, 2011 X ) ! e
g [
| . I
> ; Nadi and Holt, 2012; Tartler et al. 2011 :

Partial viewof the  Different denominations
anomalies for the three spaces



No existing formalism covers the whole set of anomalies in the build system

]

! Hengelein, 2015 > ol space |

! Tartler et al., 2011 Kiuthe FeeTT Make space LY

> generates a ' . ! : CPP :

: anfguraton Nadiand Holt, Kblu'tld ! NadiandHolt, | | selectscote | 1

| Y SePCng 2012 I Serecls 1 2012 I blocks from I

Nadi and Holt, ! el -~ o s I« ol | o |

2012 | _'__'__::__ e L L D L . e 2 ;ﬁt}i’rtlgrness | . driditions :

—*, Nadiand Holt, 2011 ! || s |

g (R NS

I
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anomalies for the three spaces different conventions
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Partial view #denominations # conventions

=

Unified model Global view
Fine-grained vision  Single terminology



Partial view #denominations # conventions
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Example of internal anomaly (Code space) [sincero etal, 2010]

B2 dead &
-sat(B2 A ()

[ libldirffoos

eeeee

18 #endif

CPP

" Source files
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Example of internal anomaly (Code space) [sinceroetal, 2010]

| CPP |

Code space :

i[| 1 #if defined conris_roo
2 @ 2 // 81 .
ea " 3 #if ldefined CONFIG_F0O |
" 4 // B2
) 5 #elif defined F_SEL
6 /1 B3
-Isat(Bz A C) ! 7 #else L
I ’ .
| /1 84 - Source files
i 9 #endif




Example of external anomaly (Code and Make spaces) [Nadiand Holt, 2012]

lib/Kconfig : ' ‘ M )

1 menu “Menu prompt” BT

2 C MENU_COND ;
I

3 o S -—1 autoco T
ey — Kconfig
L +{ aonig | — o
|
: L

" o | Kouid |
‘ lib/Makefile
fooodeade | : B \ | B
lib/dir/Makefile i |
~sat(fooo AMAK) = |l |

lib/dir/foo.c

B2 dead & c | (i
~satB2 ACAMA | J
) i o




Example of external anomaly (Code and Make spaces) [nadi and Holt, 2012]

___________________

lib/Kconfig Make space

1 menu “Menu prompt”
2 depend on MENU_COND

I
1
define CONFIC
\‘ #define CONFIC EL I
2 : R 4 |
3 . | !
; b , ‘ Af{iﬁﬁﬁﬁ}ggf ,,,,,,,,,,,,,,, A
5 bool "FOO prof t . X e
6 default y \ =
7
8
m) t

select F_SEL
10 config BAR

]
I
kA I
\ : :
Kconfig ||t |
11 tristate "BAR ext" P : . )
112] default n ’ ,777,‘; . C[)ﬂﬁg 1
15 endmenu ’ ' KCUIlfIg files 1 —
; 1 FO0=1

o Kbuild

| lib/Makefile

CPP

1 obj-3$( ) += dir/

foo.odead &
11" lib/dir/Makefile
~sat(fooo AMAK)

uilid;MakcﬁIcs

1
I
I
I
I
1
1
1
I
1
|
1
1
1
I
I
|
1
|
1
I

lib/dir/foo.c

1 #if defined CONFIG_FOO

B2 dead & e c * ﬁ
satB2 ACAMA L

K) :

5

6

7 o .

8 // Ba 4" Source files
9 #endif

0 #endif




Incoherences

Tartler et al., 2011;

A configurability defect (short: defect) is a
configuration-conditional item that is either dead (never
included) or undead (always included) under the
precondition that its parent (enclosing item) is included.”

= block2 undead

Example:

1
2
3
4
5
6

#if defined A
// blockl
#if defined A
// block2
#endif
#endif

17



Incoherences

Tartler et al., 2011;

A configurability defect (short: defect) is a
configuration-conditional item that is either dead (never
included) or undead (always included) under the
precondition that its parent (enclosing item) is included.”

=> block2 undead

‘Defects appear in two ways, either as dead, that is,
unselectable blocks, or undead, that is, always present
blocks.”

=> block2 not undead

Example:

1
2
3
4
5
6

#if defined A
// blockl
#if defined A
// block2
#endif
#endif

|dentical defect name
but different semantics

18



Incoherences

Different denominations
for the three spaces

Overlapping formulas with
different conventions

Paper

KconrFig files

KBuiLp Makefiles

CPP / Source files

Tartler et al. [17]

Model level

Generation level

Source code level

Tartler et al. [16]

Configuration space

Implementation variant

Implementation space

Nadi and Holt [9, 10] Kconfig space Make space Code space
Feature Modeli G t
Hengelein [6], Tartler [14] FANME JNCEHIR Build system ey
Configuration Preprocessor
Passos et al. [11] Variability Model Mapping Implementation

El-Sharkawy et al. [3]

Problem space

Solution space

Abal et al. [1]

Problem space
Model

/

Solution space

Code

Nadi and Holt [8]

Configuration space

Compilation space

Implementation space

Nadi [7] Configuration space Build space Code space
Stiscero et al. [13] Problem space / Solution spa.ce
Model Implementation
Tartler et al. [15] Configuration space / Implementation space

Chosen terminology

Paper | Properties | CPP Make Kconric
Sincero et al. [13] anom. {1} / K
Tartler et al. [15] anom. {13} I /
Nadi and Holt [9] | anom. {19,21,22,24} M K




Contribution: design choices

I Kconfig space ;
|

|

: [ Kconfig ]

1 Defines constraints on features for
I feature selection

I Malespce |
l
] Kbuild ]

1 Defines constraints on features for
I source file selection

:" " Codespce |
] (PP ]

1 Defines constraints on features for
I code block selection

20



Contribution: design choices

Sttt B Sy trivinieliatl
! P
| [ Kconfig } ! ; [ Kbuild }

: 1 Defines constraints on features for
1 1 source file selection

Presence Conditions
(PCs)

1 Defines constraints on features for
I code block selection




Contribution: design choices

I Kconfig space ;
|

|

: [ Kconfig }

1 Defines constraints on features for
I feature selection

Configurator

PC: checks that the feature can be
selected given the constraints of the
configuration space.

I Malespce |
l
] Kbuild }

1 Defines constraints on features for
I source file selection

:" " Codespce |
] (PP }

1 Defines constraints on features for
I code block selection
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Contribution: design choices

I Kconfig space ;
I

I

| [ Kconfig }

1 Defines constraints on features for
I feature selection

| Makespace | 1 Codespce |
! I
1 Kbuild i1 (PP }

1 Defines constraints on features for 1 Defines constraints on features for

I source file selection I code block selection
e e e — — |

s

Configurator

PC: checks that the feature can be
selected given the constraints of the
configuration space.

Derivator on assets

Internal PC: checks that the asset can be selected given the constraints of its space;

External PC: checRs that the constraints of its context are also satisfiable.

23



Model concepts

Kconfig
Configurator

|

|

Mahe
Derivator

|

[ Derivator }

24



Model concepts

Kconfig  P( Mahe PC (PP PC
Configurator Derivator Derivator

PC = Presence Condition



Model concepts

Kconfig  P( Mahe (. (P P
Configurator Derivator Derivator

PC

Ext
context: Kconfig

PC = Presence Condition



Model concepts

context

Kconfig  P(
Configurator

PC = Presence Condition

<

Mahe P( (PP PC
Derivator it Derivator nt
PC

Ext

context: Kconfig & Make

27



Model concepts

PC

Ext
context: Kconfig

vy

Kconfig  P(
Configurator

PC = Presence Condition

/

|

Derivator

Make P(Int}

(PP
Derivator

Pcﬂ

(

P(

Ext
context: Make

28



Contribution:

e mmmm— e ——— s Configuration-implementation anomalies e .

' Configuration internal ~ ‘""e<¥*** > G space |
S + anomalies : : FTT T Nak;sp-ac;' ) :
B — Kconfig ! Configuration- : : Kbuild- : :
2 : configuratoron | ! Kbuild Kbuild | implementation : CPP !
= I features ! anomalies 1 anomalies | _ '
E 8 I - » | derivatoron | ' »' | derivatoron |'
=20 ‘- ---I-I-ZI-I-ZI-I------c-= ! : ! "1 code blocks | |
S E |—-=---=-s==os e source files ) | [ |
= S I
¢ ® [ fbidintemalanomales .. : i
E ot e T T T T T e | !
& L, Implementation internal anomalies |
s .

Internal PC (PC_) — Internal anomalies External PC (PC_ ) — External anomalies

29



Formal definitions of the model concepts
and propertles and mstantlatlon of the 25

the SOTA are present in the compamon
= 3 techmcal teport

https://doi.org/10.5281/zen0do.4715969




How to build presence conditions?

Code space

SR

1
lib/Kconfig Keonfig space !| werine conerc roo Make space !
#define CONFIG_BAR P
1 menu “Menu prompt” \ { \ !| #define CONFIG_F_SEL

depend on MENU_COND K !
\

2

3 \ 1

4 config Foo v | ] autoconfh —f-eev
5 bool "FOO prompt text™ \ I

6 default y \ !

7 \

8

9

We want to check if CPP
block B3 is selectable.

select F_SEL
depends on !BAR

10 config BAR Kconﬁg

11 tristate "BAR prompt text"

12 default n , TR
14 K §

15 endmenu / Kcoﬂﬁg files !

1. According to
constraints in !

16 .
” 1 CONFIG_FO00=1
17 config F_SEL 2 CONFIG_BAR=m KhUI|d

3 CONFIG_F_SEL=1

its own space, by - 7 _
determining ~ ;rooeommmmmmsossssmmmmsssooosossooooooooooooo oo '

PC_(B3).

CPP

1 obj-$(CONFIG_BAR) += dir/ ﬂ )

1 obj-$(CONFIG_F00) += foo.0 -
2 foo-y := file_a.o file_b.o - Kbui i
3 obj-y += file c.o . Kbuild Makefiles )

o - e e e e E e e G e S S G G S S S SR G S S S S S S S S S e S G Sm Sn S e G e e e e e

1
1
:
1
1
: lib/dir/Makefile
I
:
1
1

| lib/dir/foo.c
: 1 #if defined CONFIG_FOO
ol o2 // 81
o3 #if !defined CONFIG_FOO P( B3
4 // B2
s #elif defined F_SEL ||'|t
s /7 83
7 #else e
1 B .
L] os /1 84 " Source files
i 9 #endif
1 10 #endif \ /




How to build presence conditions?

We want to check if CPP
block B3 is selectable.

2.

According to
constraintsin
its own space and
in the Make
space, by
determining

PC. . (B3) with
the Make space
as context.

=

lib/Kconfig

1 menu “Menu prompt”

2 depend on MENU_COND

3

a config FOO

5 bool "FOO prompt text"
6 default y

7 select F_SEL

8 depends on !BAR

9

10 config BAR

11 tristate "BAR prompt text"
12 default n

14

15 endmenu

16

17 config F_SEL

18 bool

19 default n

\
\
\
\
\
\
\
\
\{ffiiii

//Kconﬁg files

lib/Makefile

‘ 1 0bj-$(CONFIG_BAR) += dir/

lib/dir/Makefile

1 obj-$(CONFIG_F00) += foo.0
2 foo-y := file_a.o file_b.o
3 obj-y += file c.o

,x"f(i]uild Makefi

#define CONFIG_F0O Make space
#define CONFIG_BAR

#define CONFIG_F_SEL

Code space

SR

1 CONFIG_FO0=1
2 CONFIG_BAR=m
3 CONFIG_F_SEL=1

Kbuild

lib/dir/foo.c

1 #if defined CONFIG_F0O
2 // B1

3 #if !defined CONFIG_FOO
4 // B2

5 #elif defined F_SEL
6 // B3

7 #else

8 // B4

9 #endif

10 #endif

CPP

" Source files

32



How to build presence conditions?

We want to check if CPP

block B3 is selectable.

3.

According to
constraints in
the three spaces,
by determining
PC. . (B3) with
the Kconfig and
Make spaces as
context.

:( lib/Kconfig

1 menu “Menu prompt”

2 depend on MENU_COND

3

a config FOO

5 bool "FOO prompt text"
6 default y

7 select F_SEL

8 depends on !BAR

9

10 config BAR

11 tristate "BAR prompt text"
12 default n

14

15 endmenu

16

17 config F_SEL

18 bool

19 default n

lib/Makefile

‘ 1 0bj-$(CONFIG_BAR) += dir/

lib/dir/Makefile

#define CONFIG_F0O Make space
#define CONFIG_BAR

#define CONFIG_F_SEL

Code space

SR

1 CONFIG_FO0=1
2 CONFIG_BAR=m
3 CONFIG_F_SEL=1

Kbuild

1 obj-$(CONFIG_F00) += foo.0
2 foo-y := file_a.o file_b.o

\' 3 obj-y += file c.o

lib/dir/foo.c

1 #if defined CONFIG_F0O
2 // B1

3 #if !defined CONFIG_FOO
4 // B2

5 #elif defined F_SEL
6 // B3

7 #else

8 // B4

9 #endif

18 #endif

CPP

" Source files




Step 1: building the internal presence condition

lib/dir/foo.c

1 #if defined CONFIG_FOO
2 // Bl

3 #if ldefined CONFIG_FOO
4 // B2

5 #elif defined F_SEL
6 // B3

7 f#telse

8 // B4

9 #tendif
10 #endif

B3 is selectable if:

34



Step 1: building the internal presence condition

lib/dir/foo.c

1 #if defined CONFIG_FOO
2 // Bl

3 #if ldefined CONFIG_FOO
4 // B2

5 #elif defined F_SEL
6 // B3

7 f#telse

8 // B4

9 #tendif
10 #endif

B3 is selectable if:

1.

its condition is satisfiable

35



Step 1: building the internal presence condition

lib/dir/foo.c

1 #if defined CONFIG_FOO
2 // Bl

3 #if ldefined CONFIG_FOO
4 // B2

5 #elif defined F_SEL
6 // B3

7 f#telse

8 // B4

9 #tendif
10 #endif

B3 is selectable if:

1. its condition is satisfiable

2. itsparent block (B1) is selectable
a. its condition s satisfiable, etc.
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Step 1: building the internal presence condition

lib/dir/foo.c

1 #if defined CONFIG_FOO
2 // Bl

3 #if ldefined CONFIG_FOO
4 // B2

5 #elif defined F_SEL
6 // B3

7 f#telse

8 // B4

9 #tendif
10 #endif

B3 is selectable if:

1. its condition is satisfiable

2. itsparent block (B1) is selectable
a. its condition s satisfiable, etc.

3. its predecessor B2 is not selectable

37



Step 1: building the internal presence condition Code space

lib/dir/foo.c

1 #if defined CONFIG_FOO <::>
2 // Bl

3 #if ldefined CONFIG_FOO@
4 // B2

5 #elif defined F SEL CD
6 // B3

7 ttelse

8 // B4

9 #tendif

10 #endif

4

PC_(B3)=F_SELAPC_(B1) A~PC_(B2)

B3 is selectable if:

1. its condition is satisfiable F skl
2. its parent block (B1) is selectable pc_(s1)
3. its condition is satisfiable, etc.

3. its predecessor B2 is not selectable
-PC _(B2)

Int

38



Step 1: building the internal presence condition

We want to check if CPP
block B3 is selectable.

1.

According to
constraints in
its own space, by
determining
PC_(B3).

lib/Kconfig

1 menu “Menu prompt”

2 depend on MENU_COND

3

a config FOO

5 bool "FOO prompt text™
6 default y

7 select F_SEL

8 depends on !BAR

9

10 config BAR

11 tristate "BAR prompt text"
12 default n

14

15 endmenu

16

17 config F_SEL

18 bool

19 default n

lib/Makefile

‘ 1 0bj-$(CONFIG_BAR) += dir/

lib/dir/Makefile

1 obj-$(CONFIG_F00) += foo.0
2 foo-y := file_a.o file_b.o
3 obj-y += file_c.o

#define CONFIG_F0O Make space
#define CONFIG_BAR

#define CONFIG_F_SEL

Code space

SR

1 CONFIG_F00=1
2 CONFIG_BAR=m
3 CONFIG_F_SEL=1

Kbuild

o - e e e e E e e G e S S G G S S S SR G S S S S S S S S S e S G Sm Sn S e G e e e e e

lib/dir/foo.c

1 #if defined CONFIG_FOO

2 // 81

: #M/!/difzined counG_*{Int(B3) - F_SEI_ A Pclnt(Bl)
H #elif defined F_SEL

6 // B3

" A-PC,(B2)

9 #endif

10 #endif

CPP

5

" Source files

39



Step 2: adding constraints from the Make space

lib/Makefile

1 o0bj-$(CONFIG_BAR) += dir/

7

lib/dir/Makefile

1 obj-$(CONFIG_FO0) += foo.o0
2 foo-y := file a.o file b.o
3 obj-y += file c.o

:

To be selectable, B3's containing file (foo.c)
needs to be selectable too!

40



Step 2: adding constraints from the Make space

lib/Makefile To be selectable, B3's containing file (foo.c)

1 obj-$(CONFIG_BAR) += dir/ % needs to be selectable too!

1. foo.c’s condition is satisfiable Foo

lib/dir/Makefile

1 0bj-$(CONFIG_F00) += f00.0 @
2 foo-y := file a.o file b.o
3 obj-y += file c.o

41



Step 2: adding constraints from the Make space

lib/Makefile To be selectable, B3's containing file (foo.c)

1 obj-$(CONFIG BAR) += dip/® % needs to be selectable too!

1. foo.c's condition is satisfiable Fo0
lib/dir/Makefile 2. foo.c's parent directory is selectable

2 foo-y := file a.o file b.o
3 obj-y += file c.o

PC _(dir
1 obj-$(CONFIG_F00) += f00.0 @J )

42



Step 2: adding constraints from the Make space

lib/Makefile

1 0bj-$(CONFIG_BAR) += dir‘/® %

lib/dir/Makefile

2 foo-y := file a.o file b.o
3 obj-y += file c.o

1 0bj-$(CONFIG_F00) += f00.0 @J

PC_(foo.c) =FOO APC_(dir)

To be selectable, B3's containing file (foo.c)
needs to be selectable too!

1. foo.c’s condition is satisfiable Foo

2. foo.c's parent directory is selectable
PC_(dir)

context

N
PCExt(B3) =PC, A
APC_(foo.) -




PC(B3)=PC_(B3) APC_(foo.c)

lib/Kconfig Kcunﬁg SPACe '| sefine conric_Foo Make space Code space
- SV a—
We want to check if CPP daperd o Wl o

1
I
e » ' e == 8 ! #define CONFIG_BAR
1 menu “Menu prompt \ : #define CONFIG_F_SEL
\
I
I
I

block B3 is selectable.

1
1
1
2 1
3 \ !
4 config FOO \ ______________ !
5 bool "FOO prompt text" \ |
6 default y \ |
7 select F_SEL Y 1 I
8 depends on !BAR 1 1
9 3 I 1
10 config BAR Kconflg I 1
11 tristate "BAR prompt text" I 1
12 default n LTI
I
I

2. According to

. . 14 .
constraintsin g3 / Konfig fles = -
1 1 IR 7 |2 CONFIG_BAR=n Kbuild
its own space and . 7 \ |} SR

CPP

inthe Make S w ------------ - §

space, by ” 1 obj-$(CONFIG_BAR) += dir/ ﬂ
determining ! ibfdir/Malefie

. : 1 0bj-$(CONFIG_F00) += f00.0 = .
PCExt(B3) with 5 B e Pclnt(fOO.C) J build Makeﬂg

the Make Space _'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_‘j_'j_‘_‘_':ib‘n‘fe')i{_'_- -----------------------------------

| lib/dir/foo.c
as COIItEXt. || 1 wif defined coNFI6_Foo
i 3 {t{fj}/de;zined couFlG_ﬂInt(B3) = F_SEI_ A Pclnt(Bl)
| s 0e11/f/ defined . SEL
1 .
s e A -'P(mt(Bz) " Source files
! 12 zendgiﬁdif
i |\




Step 3: adding constraints from the Kconfig space

lib/Kconfig

1
2
3
4
5
6
7
8

9
10
11
12
14

16
17
18
19

menu “Menu prompt”
depends on MENU_COND

config FOO
bool "FOO prompt text"
default y
select F_SEL
depends on !BAR

config BAR

tristate "BAR prompt text"

default n
endmenu
config F_SEL

bool
default n

PCs for B3 and foo.c rely on features from
the Kconfig space, so constraints between
the features must also be satisfiable!
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Step 2: adding constraints from the Kconfig space

lib/Kconfig

1 menu “Menu prompt”

2 depends on MENU_COND

3

4 config FOO

5 bool "FOO prompt text"

6 default y <:::>
7 select F_SEL

8 depends on !BAR

9
10 config BAR
11 tristate "BAR prompt text"
12 default n
14
15 endmenu
16

17 config F_SEL
18 bool
19 default n

PCs for B3 and foo.c rely on features from
the Kconfig space, so constraints between
the features must also be satisfiable!

1. PC(FO0) = -BAR A MENU_COND
2. PC(BAR) = MENU_COND
3. PC(F_SEL) = true
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Step 2: adding constraints from the Kconfig space

lib/Kconfig

1 menu “Menu prompt”

2 depends on MENU_COND

3

4 config FOO

5 bool "FOO prompt text"

6 default y <:::>
7 select F_SEL

8 depends on !BAR

9
10 config BAR
11 tristate "BAR prompt text"
12 default n

14
15 endmenu
16

17 config F_SEL
18 bool
19 default n

4

PCs for B3 and foo.c rely on features from
the Kconfig space, so constraints between
the features must also be satisfiable!

1. PC(FO0) = -BAR A MENU_COND
2. PC(BAR) = MENU_COND
3. PC(F_SEL) = true

context
N

Pe_ (83)=PC_ (53) APC. (fooc) A PC(FO0) A PC(BAR) A PC(F_SEL)

47



We want to check if CPP

PC_ (B3)=PC_(83) APC,(foo.c) A PC(FO0) A PC(BAR) A PC(F_SEL)

block B3 is selectable.

3.

According to
constraints in
the three spaces,
by determining
PC. . (B3) with
the Kconfig and
Make spaces 3s
context.

‘ 1 0bj-$(CONFIG_BAR) += dir/

lib/dir/Makefile

obj-$(CONFIG_| roo) = foo

1
2 foo-y := file_a. File_b.o
3 .0

PC, t(foo.c) J ~build Makef

i \ Kconfig space

! lib/Kconfig gsp

1 1 menu “Menu prompt” \ { \

1| 2 depend on MENU_COND K

1| 3 \

1| 4 onfig FOO \

1 5 bool "FOO prompt text™ \

1| 6 default y \

7 selel t F SEL \

1 8 d epen 1BAR
° .

10 config oan Kconfig

1| 11 tristate "BAR prompt text"

1] 12 default n .

kv " Keonfig files

1| 15 endmenu /

|| 36 PC(F00) APC(BAR) APC(F_SEL) | /

1| 17 config F_SEL K

1| 18 bool 4

1] 19 default

D SN e ——
lib/Makefile

Make space :

#define CONFIG_FOO
#define CONFIG_BAR

#define CONFIG_F_SEL

1 CONFIG_F00=1
2 CONFIG_BAR=m
3 CONFIG_F_SEL=1

lib/dir/foo.c

1 #if defined CONFIG_FOO

2 // 81

: #M/!/desfzined couFlG_laclnt(B3) - F_SEI_ A Pclnt(Bl)
H #elif defined F_SEL

6 // B3

" A-PC,(B2)

9 #endif

10 #endif

Code space

SR

Kbuild

g = o g - - - - - - - - - - - - e e . e e e e e e e e e e e

CPP

" Source files
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Anomaly SOTA Our model

~sat(PC _(B3)) = -sat(F_SELAPC_(B1)

Internal dead block ~sat(B3 AC
( 3 ) /\"me(ﬂz))
Fxternal dead block ~sat(PC_ (B3)) =
) . B c M Ext
Make as context Sat( 3ALA ) ~sat(PC, (83) APC_(foo.c))

~sat(PC ,(B3)) = -sat(PC,_(B3)

-SBt(B3 ACAMA K) APC_(foo.c) A
PC(F00) A PC(BAR) A PC(F_SEL))

External dead blocR,
Make and Kconfig as context



Results coverage

Table 3: Anomalies covered by the model (defects defined as dead and undead according to the authors)

P Sincero et al. | Tartler et al. Nadi and Holt Nadi and Holt Hengelein
P [44] [45] [30] [31] [15]
Internal Dead anom. {2} anom. {14} anom. {12} anom. {18}
consistency Core anom. {2} anom. {14} anom. {18}
. External Dead anom. {1,3} | anom. {13,15} anom. {19,21,22,24}
Derivator
consistency Core anom. {3} anom. {15} anom. {24}
Full-mandatory anom. {13} anom. {19,21,22}
Missing feature anom. {17} anom. {11} anom. {20,23,25}
Dead anom. {16} anom. {4}
Configurator Mandatory anom. {5}
Missing dead anom. {6}
Other properties (e.g., unreachable symbol, file not used) | anom. {10} | anom. {7,8,9}

All anomalies could be expressed

in our unified model
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Results coverage

Table 3: Anomalies covered by the model (defects defined as dead and undead according to the authors)

T — Sincero et al. | Tartler et al. Nadi and Holt Nadi and Holt Hengelein
P [44] [45] [30] (31] [15]
Internal Dead anom. {2} anom. {14} anom. {12} anom. {18}
consistency Core anom. {2} anom. {14} anom. {18}
. External Dead anom. {1,3} | anom. {13,15} anom. {19,21,22,24}
Derivator
consistency Core anom. {3} anom. {15} anom. {24}
Full-mandatory anom. {13} anom. {19,21,22}
Missing feature anom. {17} anom. {11} anom. {20,23,25}
Dead anom. {16} anom. {4}
Configurator Mandatory anom. {5}
Missing dead anom. {6}
Other properties (e.g., unreachable symbol, file not used) | anom. {10} | anom. {7,8,9}

All anomalies could be expressed

in our unified model

chech different defects

Anomalies with identical names
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Results coverage

Table 3: Anomalies covered by the model (defects defined as dead and undead according to the authors)

T — Sincero et al. | Tartler et al. Nadi and Holt Nadi and Holt Hengelein
P [44] [45] [30] (31] [15]
Internal Dead anom. {2} anom. {14} anom. {12} anom. {18}
consistency Core anom. {2} anom. {14} anom. {18}
. External Dead anom. {1,3} | anom. {13,15} anom. {19,21,22,24}
Derivator
consistency Core anom. {3} anom. {15} anom. {24}
Full-mandatory anom. {13} anom. {19,21,22}
Missing feature anom. {17} anom. {11} anom. {20,23,25}
Dead anom. {16} anom. {4}
Configurator Mandatory anom. {5}
Missing dead anom. {6}
Other properties (e.g., unreachable symbol, file not used) | | | anom. {10} | | anom. {7,8,9}

Anomalies with different names
chechk identical defects

Anomalies with identical names
chech different defects

All anomalies could be expressed
in our unified model
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Future work

Provide a model-driven framework for the
proposed model

Apply the model to the build systems of other
systems:

- BusyBox
- JHipster
- Mozilla Firefox
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Capturing the diversity of analyses on the Linux kernel variability

Map of the existing work
on anomalies in the Linux
build system

Get the paper:

https://doi.org/10.1145/3461001.3471151

Johann Mortara - Philippe (ollet

Unified model to represent
anomalies in the Linux kernel
build system

Covering SOTA properties and
exhibiting incoherences
between them

Get the technical report:

https://doi.org/10.5281/zenodo.4715969
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