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Optimization in Product Line
Engineering (PLE)

1. A product line: Mobile Phones (WiFi, USB, LTE, Battery

WiFi + 3G WiFi WiFi + 3G 3G WiFi + 3G VWiFi WiFi + 3G 3G
Bluetooth Bluetooth Bluetooth Bluetooth Bluetooth Bluetooth Bluetooth Bluetooth

WiFi + 3G WiFi WiFi + 3G 3G
Bluetooth Bluetooth Bluetooth Bluetooth

Fingerprint Fingerprint Password No protection Fingerprint Fingerprint Password No protection Fingerprint Fingerprint Password No protection
and password protection Protection and password protection Protection and password protection Protection

protection protection protection
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Optimization in Product Line
Engineering (PLE)

line: Mobile Phones (WiFi, USB, LTE, Battery)

3G
Bluetooth

£

MobilePhonel i MobilePhone?
LTE | USB
WiFi | WiFi
Battery | Battery
Batteryl1400 Batteryl150

3. Quality attributes:
LTE (+4 to avariant's cost, +2to productivity)



Optimization in Product Line
Engineering (PLE): Challenge

® To discover optimal variants with respect to objectives:
Minimize variant's cost
Maximize batterylife
Maximize security
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Optimization Workflow in PLE
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Optimization Workflow in PLE
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Optimization Workflow in PLE
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Optimal Variants (Pareto Front)

Objectives: maximize productivity and batterylife

productivity
A

OptimalPhonel

>

0 batterylife

04



Optimal Variants (Pareto Front)

Objectives: maximize productivity and batterylife

productivity
A

non-optimal variant

>

0 batterylife
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Non-Dominance of Optimal Variants

1. The variants are non-dominated by each other:

productivity = 10
batterylife = 34

productivity = 15
batterylife = 22

productivity = 20
batterylife = 10

OptimalPhonel ' OptimalPhone? : | OptimalPhoneN
LTE WiFi I . WiFi
WiFi Batteryl150 i i USB
: : Batteryl150
l l
| |
| |

|
|
|
|
|
Batteryl1400 : GSM
:
|
|

2. Optimizers output all non-dominated optimal variants
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Use Cases (1)

1.1
1.2
1.3
1.4
1.5

See quality ranges: min and max batterylife?
Sort variants by productivity?

See correlation: security ~ cost?

See distribution: most variants are at which cost?
Get variants by quality: with cost = $1257
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Use Cases (2)

2.1
2.2
2.3
2.4

See feature occurrences: is USB frequent or rare?
Get variants by features: with wiri, without LTE?
See cumulative impact on quality: USB + LTE?
Choose desired variants by features and quality?



Use Cases (3)

3.1
3.2
3.3

Explore variants individually?
Select variants with a similar features?
Observe evolution of optimal variants?
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Problem Statement

Product line engineers need:
® A global view onto a Pareto Front - Visualization

® To perform tasks with a Pareto Front - Exploration

We propose:
® A tool for visualization and exploration
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Optimization Workflow in PLE
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Optimization Workflow in PLE

Variability Feature Model Measurement
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o

Feature Model
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Use Cases (1)

1.1  See quality ranges: min and max batterylife?
1.2  Sort variants by productivity?

1.3  See correlation: security ~ cost?

1.4  See distribution: most variants are at which cost?
1.5 Get variants by quality: with cost =2 $1257

Aproductivity
e OptimalPhonel  OptimalPhonel ... 1 OptimalPhoneN
® I LTE I I WiFi
o OptimalPhone?2 : WiFi : : USB
| | |
® 2ptMmlendJ ! Batteryl400 ! ! Batteryll>O0
¢ ' productivity = 20| '\ productivity = 18
.  batterylife = 10 ;, |, batterylife = 9

>
0 batterylife
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Bubble Front Graph
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Bubble Front Graph
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Bubble Front Graph
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1.1 See Quality Ranges
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1.1 See Quality Ranges
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1.2 Sort by Quality
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1.2 Sort by Quality
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1.2 Sort by Quality
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1.2 Sort by Quality

ee Bubble Front Graph: MobilePhone
total_security
5 B )

160
A

120

Most costly and most productive
80 E%
g

£

40 80 120
total_cost L

160

15



1.3 Distribution of Variants
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1.3 Distribution of Variants
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1.3 Distribution of Variants
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1.4 Correlation Between Qualities
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1.4 Correlation Between Qualities
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1.5 Filter by Quality

| —

ee Bubble Front Graph: MobilePhone N

total _productivity

100

75

50

N
&y}

5 I

total_security

- 1

®

2 5
&
©
© O
(5
@
0 20 40 60 80

total_batterylife >




1.5 Filter by Quality
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1.5 Filter by Quality
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1.5 Filter by Quality
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Use Cases (1)

1.1
1.2
1.3
1.4
1.5

See quality ranges: min and max batterylife?
Sort variants by productivity?

See correlation: security ~ cost?

See distribution: most variants are at which cost?
Get variants by quality: with cost =2 $1257
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Use Cases (2)

2.1
2.2
2.3
2.4

See feature occurrences: is USB frequent or rare?
Get variants by features: with wiri, without LTE?
See cumulative impact on quality: USB + LTE?
Choose desired variants by features and quality?
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Feature and Quality Matrix
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VO VWVVOVIVYVIVYVYVIUVVLO
OVIVVDLOOVLVLODLOOOV
QOO O0O0VVLOOVLOVWVLOLOO

68 20 40 56 32 76 40 76 52 52 88 56 88 72 72 68
64 44 54 53 45 53 64 43 55 65 44 63 54 55 45 54
28 23 23 20 31 5 23 5 31 31 13 20 13 16 16 28
125 113 116 119 114 144 121 139 117 122 140 124 145 142 137 120

4
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Feature and Quality Matrix

Variant Labels

e® Feature and Quality Matrix: MobilePhone R
Features [0 0600000 4L GG s I
o Connectivity 1
¥ Bluetooth 1
O] Bietooth20ebR 2] 1 QO O QO O O O OO O O OO OO OO
O] Biuetooth2iepr 2| O ® © @ O W DO OO VWOOOO
O]  Bluetoothao 2 D OO0 DOOO0OVWVWVLOVWVLOLD
Il Gsm
O v7e 2 QOO0 DO DOV OOVWVWOLOO
O] wiri 2 OO OO0 DO DOOVWOVWWVW®AO
O] use 2 VO YVWO®O VIV
DBatter 1
DLiBatieryllSO? ®£q’)d)d)®®d)d)®d)®®®d)d)
O Y

- 2 OO0 0 VWLOOVLWOVWLYLOO
total_productivity 68 20 40 56 32 76 40 76 52 52 88 56 88 72 72 68
total_batterylife 64 44 54 53 45 53 64 43 55 65 44 63 54 55 45 54
total_security 28 23 23 20 31 5 23 5 31 31 13 20 13 16 16 28
total_cost 125 113 116 119 114 144 121 139 117 122 140 124 145 142 137 120

Variants' Quality Attributes 4




Feature and Quality Matrix

21

Variant 10

ee Feature and Quality Matrix: MobilePhome~X\
Features D@ @06 ® @ ® 91011 12 13 14 15 16
o Connectivity 1
¥ Bluetooth 1
O]  Biuetooth20epr 2| O O O O QO O OO QIOIO OO OO
O]  Biuetooth2iepr 2| O © @ © O @ @ D QOIOIO © O O OO
O]  Bluetoothao 2 D OO0 OO0 VIVIVDO VWD D
] Gsm
O v7e 2 VOO0 VOVWOVOOIONYW®LO O
O] wiri 2 OO O OO0 VO ®OIONYLO VWV O
O] use 2 VO VOO VYV IO
o Battery 1
O] Ligattery1150 ? O ¥VVVLLOOVIIONLOOODD
O] ) DO OO0 ®W®OOIVIOVW®®OO
Total._productivity ‘ 68 20 40 56 32 76 40 76 52 |52 88 56 88 72 72 68
total_batterylife 64 44 54 53 45 53 64 43 55 l65 44 63 54 55 45 54
total_security 28 23 23 20 31 5 23 5 31 I3t i3 20 13 16 16 28
total_cost 125 113 116 119 114 144 121 139 117 [122 140 124 145 142 137 120

Variants' Quality Attributes

/1‘
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Feature and Quality Matrix

Variant 10
ee Feature and Quality Matrix: MobilePhome~X\
ool i3 |2 3| g

— D@ @6 6 @ ® 91011 12 13 14 15 16
4 Connectivity 1
L1 Bluetooth 1
O Bleetooth20enr 2 © § Has Bluetooth 4.0 P|O|O © © © © ©
O » O v v o= N NGNS
O] Bluetooth4o 2 IRININEINNN € N9
 Gsm
O 7€ 2 QOO0 VWO®O ®OIONYLW®®OO @
O wiFi 2 OO O OO0 VWO ®OIONYO ¥ VO
O use 2 O VWOV VU VDIV VD DD
¥ Battery 1
O LiBattery1150 2 O ¥VWYVWOLDOOVVIONDLOOO D
) LiBattery1400 ? QOO OO0 ®W®O OIVIOVW®®OO
total_productivity 68 20 40 56 32 76 40 76 52 |52 |ss s6 88 72 72 68
total_batterylife 64 44 54 53 45 53 64 43 55 |65 |44 63 54 55 45 54
total_security 28 23 23 20 31 5 23 5 31 |31 13 20 13 16 16 28
total_cost 125 113 116 119 114 144 121 139 117|122 |140 124 145 142 137 120

/i‘
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Variant 10

ee Feature and Quality Matrix: MobilePhome~X\
™ 00000006 00ansnss
o Connectivity 1
1 Bluetooth 1
O setosth2oer 2 O § Has Bluetooth 4.0 P|O|O© © © © © O
= . § oo 10|60 © 8 80O
O Bluetooth4ao 2 ININNEINNN E FINYENN9
9 Gsm
O e 2 VOO0 VOVWOVOOIONYW®LO O
O wiFi 2 O OO0 OO0 VWO ®OIONDLO VDO
O use 2 VO VWOWOVVV IV VDD
o Battery 1
O Lisattery1150 2 O ¥VVVLLOOVIIONLOOODD
O LiBattery1400 ? OO0 G52 NIVIO0O VW OLDOO
total_productivity 68 20 40 56| Costs $122 | |52 |ss 56 88 72 72 68
total_batterylife 64 44 54 53 -  fos |44 63 54 55 45 s4
[total_cost 125 113 116 119 114 144 121 139 117|122 140 124 145 142 137 120 ]

/1‘
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2.1 See Feature Occurrences

e e Feature and Quality Matrix: MobilePhone
P DPEOOOOEOORI 2B LGB
1 Connectivity 7 Never Included

tooth 1 —— e

ID Bluetooth20EDR 2 ®®®®®®®®®®®®®®®®I
O Bluctooth21tbR 2 | O & & | D ® YHYNY ISESINIR
0 Bluetoothdo 2 QOO0 DOOOVWIVWVWOWVV VW
 Gsm

O (1 2 Occurs Frequentl D O DO 0O VWOW®LOO D
CJ WiFi ? ;;;E:__f———t7—ﬂ;1—17——<3£-39 \i) CD ‘g) CS> 69 ‘gD CS> Q£> QD \i) 69
[0 uss » VOVWOVDOVIOVDIVIIVOLIODIVYOD D]
¥ Battery 1

O LiBattery1150 ? OV VD DOOVLDLODLOOO VD
0 LiBattery1400 ? DO OO0 VW®OO D
52

total_productivity 68 20 40 56 32 76 40 76 52 88 56 88 72 72 68
total_batterylife 64 44 54 53 45 53 64 43 55 65 44 63 54 55 45 54
total_security 2823 23 20 31 5 23 5 31 31 13 20 13 16 16 28

total_cost 125 113 116 119 114 144 121 139 117 122 140 124 145 142 137 120

/i‘
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2.2 Get Variants by Features

ee Feature and Quality Matrix: MobilePhone
. 00000000 RI RGBS B
¥

Connectivity 1
Bluetooth 1
Bluetooth20EDR ?
Bluetooth21EDR ?
Bluetooth40 ?
GSM

LTE ?

WiFi ?

usB ?

Battery 1
LiBattery1150 ?

LiBattery1400 ?
total_productivity
total_batterylife
total_security
total_cost

O08O0080O008

QOO OO OOOOOOOOOOO
OVVVLODLVLVLOOO®LOOOOO
QOO O VWOOO0OVWVLLO VYV
DOO0ODOVODVLOOVWVLYLOO
QOO0 00O VOVWOOVWOVWVLOO
VO VVLOVIVVIVIVIVYVUVVLOL
OVIVVDLOOVLVLODLOOOV
QOO 00O VWVLOOVLOVWVLOLOO

68 20 40 56 32 76 40 76 52 52 88 56 88 72 72 68
64 44 54 53 45 53 64 43 55 65 44 63 54 55 45 54
28 23 23 20 31 5 23 5 31 31 13 20 13 16 16 28
125 113 116 119 114 144 121 139 117 122 140 124 145 142 137 120

4
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2.2 Get Variants by Features

ee Feature and Quality Matrix: MobilePhone
-Distinct | | = s~ s
P DO @®OGO®O®®O® 10 11 12 13 14 15 16
4

Connectivity 1

oo dolbhoeooos

Bluetooth 1
Bluetooth20EDR ? ® ® ® ® ® ® ® ® ® ® ® ® ® ® ® ®
Bluetooth21EDR ? ® \D \D \‘D ® \‘D \‘D \‘D ® ® ® \‘D ® ® ® ®
Bluetoothd0 ? DO OO0 DOOO0OVWVLVLO VYV W
GSM
LTE 2 DO O DOVWDOVDOOVWVWOLOO®
WiEj 2 v v v V) )
USB ? VO VWOLOVWUIVIVVLILIDDDOD
Battery 1
LiBattery1150 ? O VWV OLDDLDOOWDO®LOOO D
LiBattery1400 ? \D \‘D \‘D \‘D \‘D \‘D \‘D ®
total_productivity 68 20 40 56 32 76 40 76 52 52 88 56 88 72 72 68
total_batterylife 64 44 54 53 45 53 64 43 55 65 44 63 54 55 45 54
total_security 28 23 23 20 31 5 23 5 31T 31 13 20 13 16 16 28
total_cost 125 113 116 119 114 144 121 139 117 122 140 124 145 142 137 120
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2.2 Get Variants by Features

ee Feature and Quality Matrix: MobilePhone
R P e
. DEO@®OD®O® DGR B MBS S
¥ Connectivity 1
4 Bluetooth 1
0 Bluetooth20EDR ? OO O O OO OO O OO0 OO
0 Bluetooth21EDR ? O YW VWV DLDDLDOOO®OOO O
0 Bluetoothdo 2 O OO0OO0O0 VWVVO VWV VN
E gsm
O L1 2 WO VWDLDODOOCVVL®O O
[l wigi 2 Vv Vv v V) )
IEUSB? IR
Battery 1
O LiBattery1150 2 O DD OO DO DOOO VY
0 LiBattery1400 2 ) ¥ @ ) ¥ © © OO0 0
total_productivity 68 40 56 76 40 76 52 52 88 56 88 72 72 68
total_batterylife 64 54 53 53 64 43 55 65 44 63 54 55 45 54
total_security 286 23 20 5 23 5 31 31 13 20 13 16 16 28
total_cost 125 116 119 144 121 139 117 122 140 124 145 142 137 120




2.2 Get Variants by Features
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ee Feature and Quality Matrix: MobilePhone
Iy iy e
. DO@DO®DO®O® D4 LB GG B6
¥ Connectivity 1
L1 Bluetooth 1
) Bluetooth20EDR ? O O O O OO O OO O OO OO
0 Bluetooth21EDR ? OV VWDV DOOO®OO OO
0 Bluetooth4o 2 O OO0 VWVVWO VUV V
|

s @@@@@@@@@@@@@%
O wiri 2 OO O VO VOO VOV I D
M yss 2 MR RS R RE) REC) REC) REC) REC) REC) REC) BRSO REN)
= Battery 1
O LiBattery1150 ? O W VOOVWDLODLOOO VW
O LiBattery1400 ? ) ¥ @ ), VDO O
total_productivity 68 40 56 76 40 76 52 52 88 56 88 72 72 68
total_batterylife 64 54 53 53 64 43 55 65 44 63 54 55 45 54
total_security 28 23 20 5 23 5 31 31 13 20 13 16 16 28
total_cost 125 116 119 144 121 139 117 122 140 124 145 142 137 120




2.2 Get Variants by Features

@ @ Feature and Quality Matrix: MobilePhone

®® O D6 a

- ve
¥ Connectivity 1

L1 Bluetooth 1

) Bluetooth20EDR 2 O O OO0 O O
[ Bluetooth21EDR 2 © OO O O O
0 Bluetooth4o 2 OO0 ¥ ¥ @ @
1 Gom

X i7E 2 QO O OO0 OO |
O wiri 2 YRR
M uss 2 YRR REY)REC) RN ) RRN)
L1 Battery 1

O LiBattery1150 2 OO ®© O 0O
O LiBattery1400 ? O O © @O
total_productivity 40 40 52 52 72 72
total_batterylife 54 64 55 65 55 45

N
w

total_security 23 31 31 16 16
total_cost 116 121 117 122 142 137




2.3 See Cumulative Impact

© @ Feature and Quality Matrix: MobilePhone
Distinct |~ | ~
® @ (9@ 10 14 15
« T
¥ Connectivity 1
4 Bluetooth 1
0 Bluetooth20EDR ? OO0 OO0 OO
00 Bluetooth21EDR ? © DO OO O
0 Bluetoothao ? O 0¥ ¥ @ @
1 Gsm
X L7E 2 QO OO O© O O
O wiFi 2 O OO0 O @V @
M uss 2 ¥ ¥ ¥ ¥V O @
L1 Battery 1
O LiBattery1150 2 O ® OO0 @
O LiBattery1400 ? O O © @O
total_productivity 40 40 52 52 72 72
total_batterylife 54 64 55 65 55 45
total_security 23 23 31 31 16 16
total_cost 116 121 117 122 142 137

24



2.3 See Cumulative Impact

@ @ Feature and Quality Matrix: MobilePhone

@@ O DB

5
| Reset | « ~
0 Bluetooth21EDR ? O DO O O O
O Bluetooth40 ? O 0 ¥ ¥ ¥ @

O wiFi 2 O OO0 O @ @
O LiBattery1150 ? O O ® OO0 @
O LiBattery1400 ? O WO © @O
total_productivity 40 40 52 52 72 72
total_batterylife 54 64 55 65 55 45
total_security 23 23 31 31 16 16

total_cost 116 121 117 122 142 137

24



2.3 See Cumulative Impact

@ @ Feature and Quality Matrix: MobilePhone
Iy oy [
7 10| 14) 15
[0 Bluetooth21EDR 2 O DO OO O
O [Bluetoothao 2 | O O @ 9| 9| @D
O [wiri 2 | O O OV @
O Liattery1150 ? OO @ Ol @
O |ugatteytaoo 2 | © @O @9 O
total_productivity 40 40 52 52 |72 |72
total_batterylife 54 64 55 65 |55 |45
total_security 23 23 31 31 |16 |16
total_cost 116 121 117 122 j142 137

24

Wifi, Bluetooth 4.0,
and Battery 1400
give highest cost
and productivity
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2.4 Choose Desired Variants

@ @ Feature and Quality Matrix: MobilePhone
o ia is| |Filtered S|multaneously
@ @ (® 10 14 15
« il Bl B
o Connectivity 1
¥ Bluetooth 1 @ @
[0 Bluetooth20EDR ? O O OO0 OO0
O Bluetooth21EDR 2 9 © 0 000
0 Bluetoothao 2 ©C 0 ¥ ¥V © @ @
M Gsm
B L1E 2 O OO0 OO0 @ @
O wiri 2 O O 009V
M uss 2 YRRV REY)REN)REC)REN))
o Battery 1 _ ‘ |
O LiBattery1150 ? 90 ¥ OO0
O LiBattery1400 ? C @O ®© @ O
total_productivity 40 40 52 52 72 72
total_batterylife 54 64 55 65 55 45
total_security 23 23 31 31 16 16
total_cost 116 121 117 122 142 137

| 20 40 60

/
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2.4 Choose Desired Variants

@ @ Feature and Quality Matrix: MobilePhone
‘® @ ® 10 12 1“5‘ Filtered simultaneously

“« Dl Il
o Connectivity 1
1 Bluetooth 1 @
0 Bluetooth20EDR ? O O O OO O
00 Bluetooth21EDR 2 O DO O OO
) Bluetooth4o 2 O 0 ¥V ¥ D D @
E Gsm
X (7e 2 C OO0 O O @ @
O wiri 2 O O O O @V @
¥ use 2 VARV AR AR AR AR Quality Range
] Battery 1 : i
= LiBatteryl1>0 2 9 ® 9 ® ® 9 max ?ogl batterv(I)iZeCtlveS 7

: v v v .
[:tlotalgsgtcfszzi{/?gyo ? 40® 45) 52® 5;) 7;) 72® B
total_batterylife 54 64 55 65 55 45 max total security
total_security 23 23 31 31 16 16 | min total cost
total_cost 116 121 117 122 142 137
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2.4 Choose Desired Variants

@ @ Feature and Quality Matrix: MobilePhone
‘® @ ® 10 12 -1“5‘ Filtered simultaneously

« il Bl —
o Connectivity 1
] Bluetooth 1 @
) Bluetooth20EDR 2 QO O O O O O
0 Bluetooth21EDR 2 O D OO0 O O
O Bluetooth4o ? O 0 ¥ ¥ ¥ @ @
 Gsm
X (7e 2 C OO0 O O @ @
O wiri 2 O O O 0O ¥ @
¥ use 2 VARV AR AR AR AR Quality Range B
1 Battery 1 : \T
= LiBatteryl1>0 2 9 ® 9 ® ® 9 max ?OS| batterv(l)izeCtlveS .

- @ | -
[:tlotalgsgtcfszzi{/?gyo ? 40® 45) 52® 5;) 7;) 72® max  Lotal productivity
total_batterylife 54 64 55 65 55 45 max total security |25 . |
total_security 23 23 31 31 16 16 min total cost

total_cost 116 121 117 122 142 137 =




25

2.4 Choose Desired Variants

@ @ Feature and Quality Matrix: MobilePhone 2] . .
e [ [®@ 0] Filtered simultaneously

¥ Connectivity
1 Bluetooth
) Bluetooth20EDR 2 O O
) Bluetooth21EDR 2 Q O
0 Bluetooth4o ? O | O
 Gsm ‘@
X i7E 2 Q O
O wiFi 2 C O
M uss 2 O O -
% Battery 1 Quallty Range
O LiBattery1150 ? v O o® Objectiv
O Ligattery1400 2 O | © | [ total batterylife - i
total_productivity 52 52 i .
total_batterylife 55 65 max total productivity
total_security 31 31 max total security 25
total_cost 117 122 min total cost




2.4 Choose Desired Variants

@ @ Feature and Quality Matrix: MobilePhone
| Distinct | | Reset | « @ ]:9

] Connectivity
L] Bluetooth 1
) Bluetooth20EDR 2 O O
) Bluetooth21EDR 2 Q O
0 Bluetooth4o ? O | O
E Gsm
X i7E 2 Q O
O wiri 2 C O
M use 2 »
I Battery
O LiBattery1150 2 O O
O LiBattery1400 2 Q 9@
total_productivity 52 52
total_batterylife 55 65
total_security 31 31

total _cost 117 122
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2.4 Choose Desired Variants

@ @ Feature and Quality Matrix: MobilePhone
iDistinct ]I[ Reset | « @ 1:9

] Connectivity
L] Bluetooth 1
) Bluetooth20EDR 2 O O
) Bluetooth21EDR 2 Q O
0 Bluetooth4o ? O | O
E Gsm
X i7E 2 Q O
O wiri 2 C O
M use 2 »
) Battery 1
O LiBattery1150 2 O O
O LiBattery1400 2 Q 9@
total_productivity 52 52
total_batterylife 55 65

(U8
[

total_security 31
total_cost 117 122
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2.4 Choose Desired Variants

@ @ Feature and Quality Matrix: MobilePhone

| Normal | | Reset | « @ :9

O LiBattery1150 ? v 0O
) LiBattery1400 2 © | @
total_productivity 52 52
total_batterylife 55 65
total_security 31 31

total_cost 117 122

27



2.4 Choose Desired Variants

@ ® Feature and Quality Matrix: MobilePhone

p—

| Normal | | Reset | « @ 10

Two distinct features

O [ LiBattery1150 ? v O Influence on quality

O | LiBattery1400 2 My

total_productivity 52 52
total_batterylife 55 65
total_security 31 31

total_cost 117 122




2.4 Choose Desired Variants

@ @ Feature and Quality Matrix: MobilePhone

?

| Normal | | Reset | «

O LiBattery1150 2
]

LiBattery1400 ?
total_productivity
total_batterylife
total_security
total_cost

®

Q&

52
55
31

117

10

N

%,

52
65

31

122

Chosen Variant 10,
since it has a more
desired battery life




2.4 Choose Desired Variants

@ @ Feature and Quality Matrix: MobilePhone

2?

—

| Normal | | Reset | «

O LiBattery1150 2
]

LiBattery1400 ?
total_productivity
total_batterylife
total_security
total_cost

®

S

52
55
31

117

-

0

N

%,

52
65
31

122

Chosen Variant 10,
since it has a more
desired battery life
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Use Cases (2)

2.1
2.2
2.3
2.4

See feature occurrences: is USB frequent or rare?
Get variants by features: with wiri, without LTE?
See cumulative impact on quality: USB + LTE?
Choose desired variants by features and quality?



Use Cases (3)

3.1
3.2
3.3

Explore variants individually?
Select variants with a similar features?
Observe evolution of optimal variants?

30
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3.1 Explore Variants Individually

ee Bubble Front Graph: MobilePhone

total_security

5 I B

100

QO
75
50
© 0

O
®

25

total _productivity
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3.1 Explore Variants Individually

ee Bubble Front Graph: MobilePhone

total_security

5 I
100

A [@F
L e
® O

®

AN

N
o

total _productivity




3.1 Explore Variants Individually

31

e ® Variant Comparer e 6 Bubble Front Graph: MobilePhone
Clear | [Not Complete], - [16] Save Selected ] total_security
ommonalities Value 100 > I |
Connectivity
Bluetooth
Bluetooth20EDR ?
Bluetooth21EDR ? B
Bluetooth40 ? 75
GSM /I

Battery
LiBattery1150 ?
LiBattery1400 ?

ifferences
LTE ?
WiFi ?
use ?

total_productivity
total_batterylife
total_security
total _cost

SISISNEIAISISISI S IISIS

X @ X
N
N
O
32 88
45 44
31 13
114 140

p ¢

QR

72
45
16
137

total_proauctivi

A\

25




Variant Comparer

ee Variant Comparer

[Not Complete], [16] | Save Selected |

Commonalities
Connectivity

Bluetooth
Bluetooth20EDR ?
Bluetooth21EDR ?
Bluetooth40 ?

GSM

Battery

LiBattery1150 ?

LiBattery1400 ?

<
&
=
o

SISISINEIAISISISIS SIS

Differences S @ = = 1:5
LTE ? N N
WiFi ? N @)
USB ? N @)

total_productivity 32 88 72

total_batterylife 45 44 45
total_security 31 13 16

total _cost 114 140 137




Variant Comparer

e ® Variant Comparer

[Not Complete], [16] | Save Selected |

ICommonalities Value
Connectivity )]
Bluetooth )
Bluetooth20EDR ? N
Bluetooth21EDR ? N
Bluetooth40 ? )]
GSM 9 Common Features
Battery )]
LiBattery1150 ? )
LiBattery1400 ? N
Differences “® 11 *15| Different Features
LTE ? N q, N
WiFi ? N @) @) 7
USB ? N 9) 9,
total_productivity 32 88 72 .
total_batterylife 45 44 45 Quallty ValueS
total_security 31 13 16
total_cost 114 140 137 7




3.2 Variants With Similar Features

e ® Variant Comparer

[Not Complete], [16] | Save Selected |

Commonalities
Connectivity

Bluetooth
Bluetooth20EDR ?
Bluetooth21EDR ?
Bluetooth40 ?

GSM

Battery

LiBattery1150 ?

LiBattery1400 ?

<
&
=
o

SISISI~IISISSISI SIS

Differences s @ = X @
LTE 2 N N
WiFi ? N @)
USB ? N @)

total_productivity 32 88 72
total_batterylife 45 44 45
total_security 31 13 16

total _cost 114 140 137




3.2 Variants With Similar Features

e e Variant Comparer e
| Clear | [Not Complete]][ add | [16] | Save Selected | Completeness of the set

<
5
=
)

Commonalities
Connectivity

Bluetooth
Bluetooth20EDR ?
Bluetooth21EDR ?
Bluetooth40 ?

GSM

Battery

LiBattery1150 ?

LiBattery1400 ?

QOOR QOROOVVBE

Differences S @ = X @
LTE 2 N N
WiFi ? N Q)
USB ? N Q)

total_productivity 32 88 72

total_batterylife 45 44 45

total_security 31 13 16

total_cost 114 140 137




3.2 Variants With Similar Features

ee

=1 I

Variant Comgarer

| Clear | [Not Complete]][ add | [16] | Save Selected |

Completeness of the set

Commonalities
Connectivity

Bluetooth
Bluetooth20EDR ?
Bluetooth21EDR ?
Bluetooth40 ?

GSM

Battery

LiBattery1150 ?

LiBattery1400 ?

Differences S @ =

LTE ? N

WiFi ? N

USB ? N
total_productivity 32 88
total_batterylife 45 44
total_security 31 13
total_cost 114 140

<
5
=

QRAOE QRRPOPVBE

]

A set is complete if any
added variant will
decrease commonality

p ¢

Q&

72
45
16
137

33



3.2 Variants With Similar Features

e @ Variant Comparer

=1 I

[Not Complete]

Save Selected |

Completeness of the set

Commonalities alue

Connectivity
Bluetooth
Bluetooth20EDR ?
Bluetooth21EDR ?
Bluetooth40 ?
GSM

Battery
LiBattery1150 ?
LiBattery1400 ?

v

QAR QR

Differences S @ =

LTE ? N

WiFi ? N

USB ? N
total_productivity 32 88
total_batterylife 45 44
total_security 31 13
total_cost 114 140

A set is complete if any
added variant will

Qecrease commonality

33

Include remaining varaints




3.2 Variants With Similar Features

33

ee Variant Comparer
| Clear | [Complete] - The set defines a complete class I[ Save Selected |
ICommonalities Value

Connectivity &)

Bluetooth &)
Bluetooth20EDR ? N
Bluetooth21EDR ? N
Bluetooth40 ? &)

GSM &)

Battery &)
LiBattery1150 ? &)
LiBattery1400 ? N

Differences S @ = 1:;. = ]:§ = 1:§

LTE 2 N Y/ N Y

WiFi ? N &) & N

UsB ? N ) ) )

total_productivity 32 88 72 68

total_batterylife 45 44 45 54

total_security 31 13 16 28

total_cost 114 140 137 120

All variants with
Bluetooth 4.0,
GSM, and

LiBattery1150.

- a complete set




3.1 Explore Variants Individually:
Eliminate Undesired Variants

e e Variant Comparer
[Complete] - The set defines a complete class [ Save Selected ]

Commonalities Value

Connectivity )

Bluetooth )
Bluetooth20EDR ? N
Bluetooth21EDR ? N
Bluetooth40 ? )

GSM )

Battery V)
LiBattery1150 ? D
LiBattery1400 ? N

Differences S @ S 1:!. = ]:§ & 1\::6

LTE ? N ) N )

WiFi ? N 9)) 9)) N
USB ? N ) ) )

total_productivity 32 88 72 68

total_batterylife 45 44 45 54

total_security 31 13 16 28

total_cost 114 140 137 120
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3.1 Explore Variants Individually:
Eliminate Undesired Variants

e ® Variant Comparer
[Complete] - The set defines a complete class [ Save Selected ]

Commonalities Value
Connectivity )
Bluetooth )
Bluetooth20EDR ? N
Bluetooth21EDR ? N
Bluetooth40 ? )
GSM D
Battery Y) Features not supported

LiBattery1150 ?
LiBattery1400 ?

|

Differences & @ = 1:!.' 2 1:§ S 1\::6
LTE ? S 9 N 9)
WiFi 2 N ), ) N
USB ? N 9, ) 9))

total_productivity 32 88 72 68

total_batterylife 45 44 45 54

total_security 31 13 16 28

total_cost 114 140 137 120
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3.1 Explore Variants Individually:
Eliminate Undesired Variants

SRS Variant Comparer

[Complete] - The set defines a complete class [ Save Selected ]

Commonalities Value
Connectivity )
Bluetooth )
Bluetooth20EDR ? N
Bluetooth21EDR ? N
Bluetooth40 ? )
GSM @)
Battery 9) Exclude the variant
LiBattery1150 ? )

LiBattery1400 ?

\

Differences 5 1:!.' 2 l:§ » 1:_;6
LTE 2 S 9 N 9)
WiFi 2 N ), ) N
USB ? N 9, ) 9))

total_productivity 32 88 72 68

total_batterylife 45 44 45 54

total_security 31 13 16 28

total_cost 114 140 137 120
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3.1 Explore Variants Individually

e® Variant Comparer

[Complete] - The set defines a complete class | Save Selected |

Commonalities
Connectivity

Bluetooth
Bluetooth20EDR ?
Bluetooth21EDR ?
Bluetooth40 ?

M

<
g
—
)

usB ?
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Use Cases (3)

3.1
3.2
3.3

Explore variants individually?
Select variants with a similar features?
Observe evolution of optimal variants?
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Visualization Methods Summary

® |Interactive and synchronized views
® Open different perspectives

® Support 2 types of exploration:

a. top-down: by features or quality
b. bottom-up: by individual variants

® Support evolution of product lines 66 vumcomae [
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Related Work

e Not aware of any tool that implements interactive
exploration of Pareto front in the PLE context

But:

e Visualizations used before and outside this domain
e Some formal notions:
o Concept analysis: shared, distinct, rarely used or
never used features [Loesch and Ploedereder, 2007]



Feature and Quality Matrix

Extension to a commonly-used matrix:
variant matrix [D. Beuche, 2008]
feature matrix [D. Nestor et. al., 2007]
product-feature matrix [F. Loesch et. al., 2007]
product map [J. Bayer et. al., 1999]

Feature and Quality Matrix:
+ Shows quality values also
+ Interactive

42
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Bubble Front Graph

® Extension to Google's Bubble Chart

® Bubble Charts in multi-objective optimization:

o Quality values and their deviations [Poles et. al., 2007]
o With unlabeled bubbles [Sasaki et. al., 2001]

® Other approaches:
o 3D Scatter plots [Tusar et.al., 2011]
o Level Diagrams [Blasco et. al., 2008]
o Heatmaps [Pryke et. al., 2007]
o Self-organized maps [S. Obayashi and D. Sasaki, 2003]



44

Conclusions and Future Work

Conclusions:

® Explored Pareto front visualization methods in PLE
® |Implemented and evaluated the tool

Future Work:

® User evaluation with professional engineers
® EXxplore industry use cases
® Tailoring to concrete use cases




ClaferMooVisualizer Online

Available online: http://gsd.uwaterloo.ca:5002

[Y ClaferMoo Visualizer X "\\ | 7] SPLC 2013: 17th Internatic X SPLC Presentation. Releas X

45

C' [9 gsd.uwaterloo.ca:5002
SXC) Input

ee

Bubble Front Graph: MobilePhone

Choose File | ClaferToolsD...-quality.cfr Add Instances

o6 Objectives

max total battervlife . o

max total productivity

max total security
min total cost .. v,

e e Variant Comparer

[Not Complete], [add] [3] [Save Selected] -

Commonalities Value
Connectivity

)
Bluetooth \\_/)
. . N
ee F

S

100

75

50

total_security

)

Q@

ePo

9
®

O @

total cost

n®6

[ Distinct ] [ Reset ] <

@® @
Bluetooth 1

Bluetooth20EDR ? ® ®
Bluetooth21EDR ? ® \‘D
Bluetooth40 ? QD ®

Ooo00®

®

AL

)
9
®
&)

SL%1%)
A%
SL%1%)
SL%1%)
SUZ1%,
SL%1%)

@

[y
)]

(

[Lm. | »

1




