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Feature Interaction
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Feature Interaction

Weather Updates:

A Tl - — S Weather plugin:
<p><?php echo $msg?> __.---=""" Replace [ Temperature:]” with a temperature
It's currently:.[';T_é_Fl’-}_fJ_é_r;qtyf_

Smiley plugin:

Replace “:]” with a smiley

Weather Updates:

Mostly cloudy today. It's currently [:Temperature
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/ Result F1 & F2 & =F3

Result F1 & =F2

Defect F1 & F2 & F3

[CRE12, NCN14, M14]
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Varex)

Variability-Aware execution for Java
Based on the interpreter of Java Pathfinder

Share as much redundant instructions as possible
Share redundant data

https://github.com/meinicke/VarexJ




content = Choice(SMILEY,

o “<p>...[:Temperature<img="smiley.jpg”></p>",
@Conditional Choice(WEATHER,

static boolean SMILEY = true; P o

@Conditional ”<p>"'10 il ”

static boolean WEATHER = true; <p>...[:Temperature:]>”))

tring getHTML() {

String header = "<hd:Weather Updates:</h4:";
header = header + '\n';

String content = "<p>It's currently [:Temperature:].</p>";
ol (SMILEY) {

ontent = applySmiley(content);

ontent = applyWeather(content);

tring applySmiley(String content) {
return content.replaceAll{"\\:\\]", "<img src=\"smiley.jpg\">");

tring applyWeather(String content) {
return content.replaceAll({"\\[:Temperatureii:3\4\]", "18°C");
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content = Choice(SMILEY,

@Conditional Choice(WEATHER,

static boolean SMILEY = true; . o
@Conditional ”<p>".10 il ”
static boolean WEATHER = true; <p>...[:Temperature:]>”))

“<p>...[:Temperature<img="smiley.jpg”></p>",

tring getHTML() {
String header = "<hd:Weather Updates:</h4:";
header = header + '\n';

String content = "<p>It's currently [:Temperature:].</p>";
ol (SMILEY) {

ontent = applySmiley(content);

ontent = applyWeather({content);

return/’

N\

7

1<h4>Weather Updates:</h4>

<p>It's currently [:Temperature<img src="smiley.jpg">.</p>} : SMILEY|

ot T<hd>Weather Updates:</hd>
\ip}It's currently 18°C.</p>} : !SMILEY & WEATHER

+rine a T<h4:Weather Updates:</h4:
‘ & 2PF <p>It's currently [:Temperature:].</p>} : !SMILEY & !WEATHER

/

tring applyWeather(String content) {
return content.replaceAll({"\\[:Temperatureii:3\4\]", "18°C");
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Does it Scale?



Execution Time
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Sharing of Instructions

M Java Pathfinder - brute force  ®m Varex)
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70%
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So far...

Testing Configurable Systems gConditionsl
statit_: I?oolean SMIL
g:::g:t;z:ilan WEA

content = Choice(SMILEY,
“<p>...[:Temperature<img="smiley.jpg"></p>",
Choice(\WEATHER

“<p>...10°C>",

“<p>...[:Temperature:]>"))

tring getHTML() {

String header = "<h4>Weather Updates:</h4>";

header = header + '\n';

String content = "<p>It's currently [:Temperature:].</p>";
SE (SHILEY) {

Result F1 & F2 & -=F3

Result F1 & -F2

Defect F1 & F2 & Fs

Sontent = applyWeather(content);

‘eturn header + content;

tring applySmi] [{(<h4>Weather Updates:</h4>

return contq (<p>It's currently [:Temperature<img src="smiley.jpg">.</p>} : SMILEY
{<h4>Weather Updates:</h4>
<p>It's currently [:Temperature:].</p>} : !SMILEY & !WEATHER
{<ha>Weather Updates:</ha>

tring applyWead (cp>It's currently 10°C.</p>} : !ISMILEY & WEATHER

return cont

P T T —p - 7y
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Analyzing Variability

nere do features interact?

ny do features interact?

Are they supposed to interact?

Is the interaction accidental?



Variability-Aware Execution

-FOO

Jens Meinicke

void method() {
int a = 1;
boolean b = false;

(FOO)
b = true;

if (a < 3)

a =a+ 1;
( L FOQ)
b = false;

(BAR || FOO)
b = false;
a * &3

a=1
b = false

a=1
b = Chc(FOO, true, false)

a=2
b = Chc(FOO, true, false)

a=2
b = Chc(FOO, true, false)

a = Chc(FOO, 4, 2)
b = Chc(FOO, true, false)

a = Chc(FOO, Chc(BAR, 12, 4), Chc(BAR, 6, 2))
b = Chc(FOO, true, false)

a = Chc(FOO, Chc(BAR,2, 4), Chc(BAR, 6, 2))
b = false

a = Chc(FOO,Chc(BAR,60,20),Chc(BAR,30, 10))
b = false

VarexJ) - Understanding Feature Interactions 21




Variability in Executions

&
2

Jens Meinicke

vold method() {

¥

int a = 1;
boolean b = false;
it (FOO)
b = true;
if (a < 3)
a =a+ 1;
it (! FOO)
b = false;

if (BAR || FOO)
b = false;

a=a * 5;

Max features: 2
'FOO & BAR | FOO

VarexJ - Understanding Feature Interactions
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Variability in Data

void method() { A=
int a = 1; b = false
boolean b = false; a=1
if (FOO) b = Chc(FOO, true, false)
b = true; a=2
if (a < 3) b = Chc(FOO, true, false)
a=a+ 1; a=2
it (IilF*E"':'i'__ e b = Chc(FOO, true, false)
e th_ als€; a = Chc(FOO, 4, 2)
e b = Chc(FOO, true, false)
if (BAR) * a = Chc(FOO, Chc(BAR, 12, 4), Chc(BAR, 6, 2))
a *= 3; i
y Interaction: 2
i (8aR || F00) | 1 (mAR) 6. 2)
b = false; 21 {IFOQ: [2] : FOO: [4] }
a—a* s ! 2,30, 10))
¥ 4:{IFOO & 'BAR: [2] : FOO & !BAR: [4] :

IFOO & BAR: [6] ; FOO & BAR: [12] }

Jens Meinicke 23



Some Views on Elevator

if (Configuration.overioaded) {

if (areDoorsOpen() 8& weight > maximumieight) {
blocked = true;

if (Configuration.verbose) {

public void timeshift() {
if (Configuration.overloaded) {
if (areDoorsOpen() &2 weight > maximumiveight) {

blocked = true;
if (Configuraticn.verbose) {
System.out.println("Elevator blocked due to overleading (weight:" + w System.out.println("Elevater blocked due to overleading (weight:" + wei
return; return;
T else { } else {
block — —
1 }
° . }
if (stopRequeted n
zridinteractions on data number:of interacting features
// iterath over a copy of the original list, avoids concurrent 77 iterate over a copy of the orlglﬂal list, avoids concurre
// modifiNgti ion modification ex: ion
for (Person p : persons) | r rson p i persons) |
if (p.getDestination() == currentFloorID) { if (p.getDestination() == currentfloorID) {
leaveElevator(p);
1

leaveElevator(p);

}

env.getFloor(currentFloorID). processiaitingPersens(this);
resetFloorButton(currentFloorID);
1 else {
if (doors == DoorState.open) {
doors = DoorState.close;

env.getFloor (currentFloorID) . processhiaitingPersons (this);
resetFloorButten (currentFloorID);
} else {
if (doors == DoorState.open) {
doors = DoorState.close;
if (stopRequestedInDirection(currentteading, true, true)) {
// continue
continueInDirection(currentHeading);
} else if (stopRequestedInDirection(currentteading.reverse(), true, true)) {
// revert direction

if (stopRequestedInDirection(currentHeading, true, true}) {
// continue
continueInbirection(currentteading);

} else if (stopRequestedInDirection(currentHeading.reverse(), true, true)) {
continueInDirection(currentHeading.reverse());

// revert direction
continueInDirection(currentheading. reverse());
T else { } else {
7/ idle /7 idle
continueInDirection(currentHeading);
}

continueInDirection(currentteading);

public void timeshift() {
if (Cenfiguration.overloaded) {

if (areDoorsOpen() &2 weight > maximumieight) {
blocked = true;

if (Cenfiguration.verbose) {
System.out.println(*Elevater blecked due to everloading (weight:"

public void timeShift() {
if (Configuration.overloaded) {

if (areDoorsOpen() &2 weight > maximumieight) {
blocked = true;

if (Configuration.verbose)

+ we System.out.println("Elevator blocked due to overloading (weight:®
b }
return; return;

} else { } else {
blocked = false;

}

blocked = false;
}
}
if (stopRequestedAtCurrentfloor()) { if (stopRequestedAtCurrentFloor()) {
doors = DoorState.open; doors = DoorState.open;
}/ iterate over a copy of the original list, avoids concurrent
// modification exception

// iterate over a copy of the original list, avoids concurrent
// modification exception

for (Person p : persons) {
if (p.getDestination() == currentFloorID) {

for (Person p : persons) {
if (p.getDestination() == currentFloorID) {
leaveElevator(p); leaveElevator(p);
} }

Env.gEtFlocr currentfloorID rocesskaitingPersons(this);

e e
1 else {

if (do

-1 _context specific code

bRequestedInDirection(currentHeading, true, true)) {
Y

nﬁ‘i?i“ﬁ“iber of contexts

uestedInirection(currenthieading, trie, true)) {

continueInDirection(currentieading);

) else if (stopRequestedInDirection(currentHeading.reverse(), true, true)) {
// revert direction
continueInDirection(currentHeading.reverse());

rue’

continueInDirection(curren vel
} else if (stopRequestedInDirection(currentHeading.reverse(), true, true)) {

// revert direction
continueInDirection(currentHeading. reverse());
} else { } else {
/1 idle /1 idle
continueInDirection(currentHeading);
}

continueInDirection(currentHeading);

Jens Meinicke VarexJ) - Understanding Feature Interactions 24



Big Questions

How do features interact in real world systems?
What pattern cause (high) feature interactions?

How do dangerous and unpredictable feature
interactions appear?



Summary

Testing Configurable Systems

/ Result F1 & F2 & -F3
_—

Result F1 & -F2

Defect F1 & F2 & F3
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Execution Time

mJavaf - brute force m Varex)

m JVM - brute force

Alstats (32,768) BankAccount (144) E-Mail (40) Elevator (20) GPL(148)

ITopas (32) Mine Pump (64) QuEval (1,135) XStream (128) ZipMe (10)
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Variability in Executions

void method() {
int a = 1;
boolean b = false;
if (Fo0)
b = true;
if (a < 3)
a=a+1;
if (!Foo)
b = false;
if (b)
a *= 2;
if (BAR)
a *= 3;
if (BAR || FoO)
b = false;

- % g.
} B =8 Max features: 2

!FOO & BAR | FOO

Jens Meinicke Unde! Interactions

Variability in Data

Jens Meinicke

void method() { a=1
int a = 1; b = false
boolean b = false; v
i (:00) b = Chc(FOO, true, false)
. = true; ==
i (2 <3) b = Chc(FOOQ, true, false)
a=a+1; ==
il e W b = Che(FOO, true, false)
if (b) e a= Chc(FOD, 4, 2)
a *= 2: b = Che(FOO, true, false)
if (BAR) B a = Chc(FOO, Chc(BAR, 12, 4), Chc(BAR, 6, 2))
a *= 3: ) 5
» Interaction: 2
if (BAR LIIFOO) a (BAR): 6, 2))
b = false; :{!FOO: ;FOO: [4
a=a®s; 2_)( 00: [2] ; FOO: [4] } o 10)
} 4:{!IFOO & !BAR: [2] ; FOO & 'BAR: [4] ;
!FOO & BAR: [6] ; FOO & BAR: [12] }
Jens Meinicke
26
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Class loader

Class files
sub system
Method Java
Heap
area stacks

F
|
|
|
|

Variability-Aware
Scheduling &
Execution

Engine

Conditional Memory

Runtime data areas

Native
PC
) method
Registers
stacks

1

Variability-Aware
Native Calls

Native Native

) method == method

interface library

http://www.javaservletsjspweb.in/2012/02/java-virtual-machine-jvm-architecture.html



Example Programs

System Instructions Features Products
Alstats 35235 20 32768
BankAccount 1217 10 144
E-Mail 2075 9 40
Elevator 4816 6 20
GPL 2971 22 146
JTopas 14528 5 32
Mine Pump 1687 7 64
QuEval 18294 30 1135
XStream 38234 7 128
ZipMe 12901 8 10
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Time for Sampling

Tree Choice [ Map Choice

2 MWIPFt=3 MWIJPFall

IPF T

=1

IPF T

VM all

=3

2 BHIVMT

VM 1=

=1

WMt

100.0000%

10.0000%

1.0000%

0.1000%

%Lt EC
%00°00T

%LC 01
%Ct'€
%LS°9

%89°0
%eC0

%61°6¢
%00°'00T

%00°S€E
%00°0T
%011

%L8'E
%01°T

%0€'8¢
%00°00T

%00°0¢
%00°S
%8E'C1

%8¢
%90

%68'8
%00°001
%95'S
%6 T
%EC 8
%9Y°0
%IT'0
%00°0
%0000T
%E0°0

%¢000°0

0.0100%
0.0010%

0.0001%

BankAccount (144) E-Mail (40) Elevator (20) GPL (146)

Alstats (32,768)

%98'6CT
%00°001

%00°09
%00°0€
%96°C

%8LT
%680

%66°95
%00°001

%lt'S
%9S'T
%559

%9€°0
%010

%Ll
%00°001
%lv'v

%640
%89°C

%C10
%C0°0

%l
%00°001

%05°CT
%ET'E
%0€°S1

%161
%810

%£8°08
%00°001

%SL'81
%SC°9
%S5 ¥C

%09'%
%ESQ'T

100.0000%
10.0000%
1.0000%
0.1000%

0.0100% -

QuEval (1,135) XStream (128) ZipMe (10)

Mine Pump (64)

JTopas (32)
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Interactions

140 - 128
B Tree Choice

®m Map Choice
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35%

30%

25%

20%

15%

10%

5%

0%

Sharing of Instrucions

Jens Meinicke

0 1 2 3 4 5 6 7 = 9

Number of features in the context
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