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A lot of research on variability, but not on real models!
Some industry reports available, but not the models!

Assumptions of real models used for synthetic examples!
Literature studies:
Hubaux et al. [VAMOS10]:

Only 2% of reviewed papers (8 of 415) discuss
applications of Feature Models in practice

Few details about their usage given
Chen et al. [SPLCO09]:

“There is only little, if any, experimental or detailed
comparative analysis ... of different VM approaches.”

All VM approaches share similar concepts

Some sort of reference model needed for
model transformations, tools and future research
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Linux Kernel 2.6.32

(22 hardware architectures,
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Kconfig Ianguage File Edit Option Help

A

Option | Name | walue |
O HAVE_ARCH_EARLY_PFN_TO_NID HAVE_ARCH_EARLY_PFN_TO_NID N
v Power management and ACPI options
O ARCH_HIBERNATION_HEADER ARCH_HIBERMATION_HEADER M
> en PM Y
PM_TRACE PM_TRACE ¥
Suspendfresume event tracing PM_TRACE_RTC Y
PM_SLEEP_SMP PM_SLEEP_SMP ¥
PM_SLEEP PM_SLEEP Y
» [ Suspend to RAM and standby SUSPEND ¥
» [ Hibernation (aka 'suspend to disk') HIBERNATION ¥
O Advanced Power Management Emulation APM_EMULATION M
» [ ACPI (Advanced Configuration and Power Interface) Support  ACPI ¥ 1
0 X86_APM_BOOT X86_APM_BOOT N i
» O APM (Advanced Power Management) BIOS support APM N
» CPU Frequency scaling
» [ CPU idle PM support CPU_IDLE ¥
» Memory power savings
» Bus options (PCl etc.) v

Power Management support (pm)

Linux Kernel 2.6.32 v s

prompt: Power Management support L

(2 2 hardware architectu res, dep: 1X86_VOYAGER && !lA64_HP_SIM
6 . 4 m|0 . S LOC) defined at kernelfpower/Kconfig:1

"Power Management" means that parts of your computer are shut
off ar put into a power conserving "sleep" mode if they are not
being used. There are two competing standards for doing this: APM
and ACPI. If you want to use either one, say Y here and then also
to the requisite support below.

6320 Features (X86)
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g;”,o O untitled1 - eCos Configuration Tool @ @ ®
Eile Edit View Build Tools Help

O & & 2w K? %
P ROM filesystem va_0 ltermn Canflict Pro|
¥ 4 JFFS2 filesystem v3_0 CYGPKG_POSIX_CLOCKS Unsatisfied Req|
= [T Support garbage-collection background thread CYGPKG_DEVS_FLASH_FRV_F... Unsatisfied Reqs
[ iffs2 gc

thread priarity 30 CYGPKG_FILEIO_FMNMATCH Unsatisfied Req)

[y jffs stackstack size 8 CYGPKG_DEVS_FLASH_AMD_A... Unsatisfied Req
8B ticks between each garbage collect 100
= _ garbag (I [T)
¥ Include write support for JFFS2 = =
I Support for NAND flash roperty R
8 Debug level 0 URL refffileio.html
e Compress data Macra CYGOPT_FS_JFFSZ_COMPRESS
g - - File /home/bergerfiworkspace/ecos/buildiur
¥ Compress data u5fng Zl.lb Enabled True
¢ Compress data using rtime Flavar baal
[T Compress data using rubin Defaultvalue 1
B8 Set the default compression mode PRIORITY Define JFFS2 COMPRESSION
[a8] Memary poal size 0
[aB) Additional campiler flags -D__ECOS - B
e suppressed.compllerflags Compression and decompressian are entirely e C O s 3 n O
W Support for fileio's struct dirent d_type field handled by the file systern and are fully transparent to
[ JFFS2 FS tests testalffs? | testsfffs2 2 tecld applications. However, selecting this option increases m bed d ed RTO S
v & Linux compatibility layer v3 0 the amaount of RAM required and slows down read i !
e and write operations considerably if you have a slow
1 Define page size 12 ol 16 architectures,
% Zlib compress and decampress package v3_0 ~ 1 mio. S LOC)

(<[3]

¥l Should deflate() produce 'gzip' compatible outpL

T [4confiicts Features (1386)

J
Thorsten Berger ! 29 /
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k5

k-15
k-16
k-17
k-18
k-19
k-20
k-21
k-22
k-23
k-24
k-25
k-26
k-27
k-28
k-29

k-30
k-31
k-32

k-33
k-34
k-35
k-36
k-37
k-38
k-39
k-20
K-41
k-42

k-47
k-48
k-49

menuconfig MISC_FILESYSTEMS
bool "Miscellaneous filesystems”

if MISC_FILESYSTEMS

config JFFS2_FS
tristate "Journalling Flash File System" if MTD
select CRC32 if MTD

config JFFS2_FS DEBUG
int "JFFS2 Debug level (0@=quiet, 2=noisy)"
depends on JFFS2_FS
default 0
range § 2
-~ help ——-
Debug verbosity of ...

config JFFS2_FS WRITEBUFFER
bool

depends on JFFS2_FS
default HAS |OMEM

config JFFS2_COMPRESS
bool "Advanced compression options for JFFS2"
depends on JFFS2_FS

config JFFS2 ZLIB

bool "Compress w/zlib..." if JFFS2_COMPRESS
depends on JFFS2_FS

select ZLIB_INFLATE

default y

choice
prompt "Default compression” if JFFS2 COMPRESS
default JFFS2_CMODE_PRIORITY
depends on JFFS2_FS
config JFFS2_CMODE_NONE
bool "no compression”
config JFFS2_CMODE_PRIORITY
bool "priecrity"
config JFFS2_CMODE_SIZE
bool "size (EXPERIMENTAL)"
endchoice
endif

c6
o7

o9
<10
c11
c12
13

c15
c16

CDL language

cdl_component MISC_FILESYSTEMS {
display "Miscellaneous filesystems"
flavor none

i

cdl_package CYGPKG_FS_JFFS2 {
display "Journalling Flash File System"
requires CYGPKG_CRC
implements CYGINT_IO_FILEIO

parent MISC_FILESYSTEMS
active_if MTD

cdl_option CYGOPT_FS_JFFS2 DEBUG {

display "Debug level”

flavor data

default_value 0

legal_values ® to 2

define CONFIG_JFFS2 FS DEBUG
description "Debug verbosity of...."

H
cdl_option CYGOPT_FS_JFFS2_NAND {

flavor bool

define CONFIG_JFFS2_FS_WRITEBUFFER

calculated HAS IOMEM

cdl_component CYGOPT_FS_JFFS2_COMPRESS {
display "Compress data”
default_value 1

cdl_option CYGOPT_FS_JFFS2_COMPRESS_ZLIB {

display "Compress data using zlib"
requires CYGPKG _COMPRESS ZLIB
default_value 1

}

cdl_option CYGOPT_FS_JFFS2_COMPRESS_CMODE {

display "Set the default compression mode
flavor data

default_value { "PRIORITY" }

legal_values { "NONE" "PRIORITY" "SIZE" }

Thorsten Berger
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Configuration Space Semantics

Kconfig Model

menuconfig MISC FILESYSTEMS
bool "Miscellaneous filesystems"

if MISC_FILESYSTEMS

config JFFS2_FS

tristate "Journalling Flash FS" if MTD
select CRC32 if MTD

config JFFS2_FS DEBUG

int "JFFS2 Debug level (0=quiet,
2=noisy)"

depends on JFFS2_FS

default 0

range 02

- help ---

Debug verbosity of ...

Thorsten Berger
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C,={(JFFS2,y),(JFFS2_DEBUG,2),...}

C,={(JFFS2,m),(JFFS2_DEBUG,0),...}

C.={(JFFS2,n),(JFFS2_DEBUG,0),...}
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Reverse-engineered formal semantics (denotational style)

tools and their
source code

examples |I

Semantic
Function

l

Abstract Syntax

Propositional
Semantic Function

Propositional
Abstraction
for Reasoners

documeéntation

Semantic Domain

l

Propositional
Semantic Domain
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Feature Modeling Concepts T uniersy
Concepts:
Boolean (optional), Integer and String features (attributes)
Hierarchy

Group constraints
Cross-tree constraints

But intricate semantic interactions
Needed many iterations to get the formal semantics right
Often slightly different from what we expected

Some (but minor) violations of feature modeling rules

Languages benefit from being domain-specific
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Concepts for scalability
Visibility
Modularization

Derived defaults /
derived features

Expressive constraints

Kconfig: Three-state logic (follows Kleene's rules)
CDL: Comparison, arithmetic and String operators

Code mappings / build specifications

Source files
‘ Journalling Flash File System ‘
H #IFDEF F1
‘ Debug Level :int ‘ ‘Compress Data‘ Mapplng

#IF defined(F4 & F6)
‘ Support ZLIB ‘ ‘ Default Compression ‘

HENDIF

‘ None ‘ ‘ Priority ‘ ‘Size‘ ENDIF

Thorsten Berger 59
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We always see nicely balanced trees...

Building blocks | = Concept or

Frort-End 8 Steerig
- [0.11 @ [0.1]
Opﬁﬂ‘liﬂ & Functions & Electrical Power Steerng (EPS)
feature 0.1
[o.11 -1
& Ruie Akgarithms
[0.1] [0..1]
& Driving Dynamics ControlButton [0, 1)
SEPHS || & Belt Orve EPS [0.1]
& Control Display [0.1]
& Column Drive EPS
B Arithmetic Function For Support Momant :i \ ]
- (0..1)
’ f0.11 ’ _
& Continously Varisble System [0..1]
Mandatory & Servo Support With Servatone 0.1 ’
feature & Two-speedPump With CombinationalLogic
& Active Steering Retun
msdn.microsoft.com/en-us/library/aa925157.aspx @
[0..1] [0.1)
& WheelSenser & Steering Bar Sersor

www.feasiple.de/description/bsp_ess_en.html

collaboration system

{7
access management .
T e

1]
-
p synchronous conferencin
security s i

0
asynchronous conferencing

| encryption |

‘ forum | | micro blogging ‘

[ integration | [ voice over ip |

code.google.com/p/dslvariantmanagement/wiki/DemoShowCase
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:SQ_CFLAGS_REMOVEl— ‘FS_JFFSQ_CFLAGS_ADD‘— ‘FS_JFFS2_GCTHREADF |FS_JFFSZ_TESTS‘ ‘FS_JFFSZ_RAW_NODE_REF_CACHE_POOL_SIZ# ‘FS_JFFsz_RET_D\RENT_DTYPE‘ _‘ FS_JFFsz_NAND‘ _‘ FS_JFFsz_WRITE‘ _‘FS_.JFFSQ_

y
E —‘VNC_SERVER_PI)(EL_RGBSGS‘ —‘VNC_SERVER_PIXEL_RGBSSSl —‘ VNC_SERVER_INCLUDE_VNC_PRINTF‘ —‘ JFFS.‘Z_GS_THREAD_TICKS‘ —‘JFFS}I_GC_THREAD_STACK_SIZE‘ —‘ JFFS;Z_GC_THREAD_PRIORITY‘ |FS_JFFS2_COMPRESS_
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But Linux and eCos models are very shallow!

'T\ eCos model

:SQ_CFLAGS_REMOVEl— ‘FS_JFFSQ_CFLAGS_ADD‘— ‘FS_JFFS2_GCTHREADF |FS_JFFSZ_TESTS‘ ‘FS_JFFSZ_RAW_NODE_REF_CACHE_POOL_SIZ# ‘FS_JFFsz_RET_D\RENT_DTYPE‘ _‘ FS_JFFsz_NAND‘ _‘ FS_JFFsz_WRITE‘ _‘FS_.JFFSQ_

-
E| —‘VNC_SERVER_PI)(EL_RGBSGS‘ —‘VNC_SERVER_PIXEL_RGBSSSl —‘VNC_SERVER_INCLUDE_VNC_PRINTF‘ —‘JFFS.'Z_GS_THREAD_TICKS‘ —‘JFFS2_GC_THREAD_STACK_SIZE‘ —‘JFFS2_GC_THREAD_PRIORITY‘ |FS_JFF52_COMPRESS_

Linux model
Linux 4 8 158 5316 (84%)
eCos 3 6 29 947 (76%)
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Branching factors with
high variation!

Linux 4 8 158 5316 (84%)
eCos 3 6 29 947 (76%)

Thorsten Berger 67



vvvvvvvvvvvv

N - y - ' 4 4 Waterloo =5
Assumptions 4 7 mUnersty
=TTTTITT 77

UNIVERSITAT LEIPZIG

Branching factors with
high variation!

e =N

Linux 4 158 5316 (84%)
eCos 3 29 947 (76%)
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Cross-Tree Constraints ratio
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Cross-Tree Constraints ratio
Literature: 30-40%
Our models: 86%

Very large constraints exist (Linux: 56 features, eCos: 21)
Very few group constraints (OR, XOR, MUTEX)

Kconfig and CDL configurators
Configuration process is Re-Configuration!
Limited or no reasoning support

Kconfig relies on an imperative construct for choice
propagation

CDL has an inference engine, which is correct but
incomplete

Many more details in the paper!
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Empirical studies are fundamentally necessary in the VM
field to guide future research and to provide requirements for
tool developers.

The more ways we look at how real languages are designed
and how models look like, the more confidence we have that
we understand Software Product Lines.

In studying the models in-depth, our findings have confirmed
— and refuted — previous knowledge about variability
languages and models.

Understanding languages and extracting these models that
were evolved over 10 years kept us PhD students and the
professors busy for almost half a year!
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Children can exclude their parent

A () Linux Kernelv2.6.31.12 Configuration — () (~ ()
Eile Edit Option Help
[/ |1 E
Cption Al Cption -
-0 Custamize analog and hybrid tuner mi S
e "/ideo capture adapters -~ Enable advanced debug functionality
--EHV4L USB devices - Enable old-style fixed minar ranges for video des
--EGSPCA based webcams Sem Autoselect pertinent encoders/decoders and ot
~HERadio Adapters 3]
~EDVBIATSC adapters B
-~ Graphics suppart - EVirtual Videa Driver
- /deviagpgart (AGP Support) --EBT848 Video Far Linux
[ Direct Rendering Manager (XFreeB6 4 = OVBIATSC Support for bt878 based TV card
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Children can exclude their parent

config VIDEO HELPER CHIPS AUTO
bool "Autoselect pertinent encoders/decoders and other helper chips"
X O default y &
E ---help---
— Most video cards may require additional modules to encode or _

Optiar ¢onfig VIDEO IR 12C =
tristate "12C module for IR" if VIDEO_HELPER CHIPS AUTO
depends on [2C && VIDEO IR
default y
——-help---

Most boards have an IR chip directly connected via GPIO.

len
ith

menu "Encoders/decoders and other helper chips"
=N | depends on !VIDEO HELPER CHIPS AUTO

comment "Audio decoders"

rd

config VIDEO TVAUDIO
tristate "Simple audio decoder chips"
depends on VIDEO V412 && 12C
——-help---
Support for several audio decoder chips found on some bt8xx boards:
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Defaults can impose constraints in Kconfig

config DW_DMAC

tristate "Synopsys DesignWare AHB DMA support"

depends on AVR32

select DMA ENGINE

default y if CPU_AT32AP7000

—-help---
Support the Synopsys DesignWare AHB DMA controller. This
can be integrated in chips such as the Atmel AT32ap7000.

We thought just

DW DMAC —> DMA Engine A AVR32

But instead also
IAVR32 A CPU_AT32AP7000 — DW_DMAC A DMA_ENGINE
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Computation of test cases

cdl_component CYGPKG HAL TESTS {

display "Common HAL tests"

flavor data

no_define

calculated { "tests/context tests/basic,,
.(CYGINT_HAL TESTS NO_CACHES) ? " tests/cache" : "")
.((CYGPKG_HAL BUILD COMPILER TESTS) ? " tests/cpp] tests/vaargs" : "")
.((ICYGVAR_KERNEL COUNTERS CLOCK) ? " tests/intr" :"") }

description
This option specifies the set of tests for the common HAL."
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CDL

Kconfig

Gears

CBFM

CONSUL

-

DRM , VSL

FDL

Forfamel

OVM

ConlPF

Feature
Models
(FODA)

RequiLine

VPM
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Koalish
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Kumbang
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JFFS2 filesystem

Misc. Filesystems

5

Journalling Flash File System

— S

Debug Level : Int

———

Compreuss Data

/\

Support ZLIB | | pefaylt Cc;mpression

B —

None Priority Size

Support ZLIB — ZLIB Inflate
JFFS2 — CRC A MTD

0 < Debug Level < 2
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JFFS2 filesystem

Misc. Filesystems

5

Journalling Flash File System

—
Debug Level : Int

———

Compreuss Data

/\

Suppo?t ZLIB

Features

(Boolean (optional), String, Int)

Default Cc;mpression

None

Priority

Support ZLIB — ZLIB Inflate
JFFS2 — CRC A MTD

0 < Debug Level < 2

B —

Size

Thorsten Berger
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JFFS2 filesystem

Features
H i@fﬂfﬂhy (Boolean (optional), String, Int)

Misc. Filesystems

5

Journalling Flash File System
——— \C
Debug Level . Int Compress Data

0 o~
Support ZLIB | | pefaylt Compression

B —

None Priority Size

Support ZLIB — ZLIB Inflate
JFFS2 — CRC A MTD
0 < Debug Level < 2
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JFFS2 filesystem

Features
H i@fﬂfﬂhy (Boolean (optional), String, Int)

Misc. Filesystems

5

Journalling Flash File System
——— \C
Debug Level . Int Compress Data

0 o~
Support ZLIB | | pefaylt Compression

B —

None Priority Size

Support ZLIB — ZLIB Inflate
JFFS2 — CRC A MTD
0 < Debug Level < 2

Groupr Constraints
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JFFS2 filesystem

Features
H i@fﬂfﬂhy (Boolean (optional), String, Int)

Misc. Filesystems

5

Journalling Flash File System
——— \C
Debug Level . Int Compress Data

0 o~
Support ZLIB | | pefaylt Compression

B —

None Priority Size

Cross-Tree Constraints

Support ZLIB — ZLIB Inflate
JFFS2 — CRC A MTD
0 < Debug Level < 2

Grour Constraints
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