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Case Study 1:
Nuclear power plants

Mining and Modeling Variability

from Informal, Textual Documents
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Case Study 2:
Manufactured products
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Case Study 1: Modeling Variability in
Nuclear Domain
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CONNEXION Project :
Overview of the nuclear regulatory landscape
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Complexity of regulatory
requirements




Lack of Product Line Culture
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Overview of the Approach

/ Modeling variability in regulatory \ / Mapping with the architecture "\

requirements

Mining Variability Design Rules Architecture
from Textual —> Requ:n;t:nments > M PL
Regulations 1 T

. : :
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Requirements Deriva.tion‘
Engine

Variant :
N -/ i

Architecture
Variant

N /

Fig. A two-stages approach (overview)

Sana Ben Nasr, Nicolas Sannier, Mathieu Acher, and Benoit Baudry. Moving Toward Product Line Engineering in a
Nuclear Industry Consortium. In 18th International Software Product Line Conference (SPLC’2014), Florence, Italy,
September 2014.
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Mining variability in IEC and IEEE standards

Topic: Independence

Countries

Independence between

IEC 60709.1 Systems performing category A functions shall DR IY PTEPTS France
physical effec \ ) and UK
systems

IEC 60709.11 Failures a indeend bt France
response, @ i naepen enc.e etween A and UK
system which might impair the ability of the systellit At T IR E il

IEC 60709.12 Where signals are extracted from category B or C systems for use in lower category France
systems, isolation ¢ge : ed; however, good engineering practices and UK
should be follow of faults.

IEEE 384.1 Physical separation afna cic Independence between us
independence {€Class 1E (:|rcu1ts and equipme =z el e
during and fojg : @@ event can be

IEEE 384.5 1) Non-Class [ ion e e el us
associated ¢ P i 6.14,

2) Non-Class

associated circuits by the use of isolation dewces S ques or
separation distance.

Requirements similarity identification
Requirements are considered related if they concern similar matters.

Feature clustering
Requirements which are semantically similar are "clustered” to form a feature.

Example:
IEC 60709.1, IEC 60709.11 and IEC 60709.12 => Prevent System Degradation
IEEE 384.1 and IEEE 384.5 => Communication Separation
IEC 60709.1, IEC 60709.11, IEC 60709.12, IEEE 384.1 and IEEE 384.5 => Independence between Systems of Different
Classes
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Safety Category
<= Safety Class

ICFunction (Independence.Sys}---------------|
1.4

Safety
Category

ICSystem
[1..%]

Standards VAM

Independence.
Independence. Prevent System
Sys.Diff. Classez) Degradation Redundant.Parts

N

Prevent Prevent
Physical Effects Failure Effects

Safety Class

Categol
[1.1] e
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IEC Class IEEE Class

1
- . A -
Variation points : L
== :ObjectExistence :ObjectExistence :ObjectExistence :ObjectExistence |====
I L]
]
| 1 : 1
1 1 1 1
! ' - v
i [ corpus: Corpus IEC 60709: Standard | *======I3 T e
i M1 13
I name: corpus name: IEC 60709 H
I & fragments | oo \cc 60709 fragments | [name: IEC 60709.1
1 ) | verbatim: Systems performing category A functions shall
1 : be protected from consequential physical effects caused by
| 1 faults and normal actions within
e ——— ra)redundantparlsofthosesystems,and
1
1 b) systems of a lower category.
IE 7091 b: ndardR T 1 The faults considered shall include those internal to the 1&C
ALY 1 system and its power supply as well as those that occur as a
Sta n d a rds B M 1 result of events external to the 1&C systems.
name: [EC 60709.1.b (_______I
title: IEC 60709.1.b
verbatim:
Systems performing category A functions shall be protected from fragments
consequential physical effects caused by faults and normal analysedAs
actions within systems of a lower category. tf_b: TextFragment
classification: IEC Category A fromDocuments
input Author: AREVA name:tf_b
system Target: Systems performing category A functions title: IEC 60709.1-b

-, status: COMPUTERBASED verbatim:
5 7 b) Systems performing category A functions shall be
LR protected from consequential physical effects caused by
faults and normal actions within systems of a lower category.



Mapping between Design Rules VAM and
I&C Architecture

Separation. Systems Sender Class < Receiver Class
f Communication implies
Sys.Diff.Classes [1 *‘] decouplingType->notEmpty()

11 1A
Commumcatlon No. Commumcatlon Send R d {r
Without.Perturbation Sys.Diff.Classes 2 er eceiver ecouplinglype

Class Class [0..*]

1
1
«block» i
SystemCommunicationArchitecture !
1

1

4.__. - - -

1
| «part» El] *
«part» | «part» « L «part»
sics: SICS : ps_a:PS A resl: RCSL -—] pics: PICS
e Class 2

|

I Class 3
Class 1 i v _)I;]—«pa = 'p?:?\'s ”

3 & dss: DSS | pas_nc: ——] <
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Fig. Mapping Design Rules VAM with Systems
Communication




Lessons Learned and Discussion

RQ1: How to Introduce Variability Modeling to Nuclear Engineers?

We set up several half to full-day workshops

We proposed a dedicated variability training performed by one of the author
We localized where there will be valuable variability to model

«  We elicited what our industry partners expect from the variability modeling.

RQ2: What is the Best Variability Modeling Paradigm Accordingly to the Domain
Practices?

«  We presented several different modeling paradigms, analysis capabilities, current limitations.

 We discussed the choice of the modeling paradigm and the format of data that we will have to handle.

« CVL is domain independent, it supports a broad range of types, including multiple instances, and a
constraint language for expressing dependencies over these types.




Lessons Learned and Discussion

RQ3: How to Deal with the Search Space in Regulatory Corpora and What Is the Right
Granularity Level for Modeling Requirements Variability?

« To narrow the problem space, the first idea was to analyze variability in regulatory documents by
topic on different corpora and on the same abstraction level.
« Using traceability matrix improves the understandability and the maintainability of variability models.

RQ4: How to Address Requirements Variability on the Architecture?

« There is no direct mapping from requirements to the architecture.

«  We propose heading toward modeling variability in design rules since they act as a pivot between
requirements and the architecture

. This idea allowed us to investigate the robustness of the architecture against regulatory

requirements.




Case Study 2: Extraction of Product Comparison
Matrices From Informal Product Descriptions
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HP - ENVY 17.3" Touch-Screen
Laptop - Intel Core i7

12GB Memory

1TB Hard Drive - Red

Tey S PRICEMATCH GUARANTEE

+~ g Add to Cart

1 $999.99

, FREE SHIPPING

~ don't.

Challenge: Automatic Extraction of PCMs

(M — - o B B >

~= Enjoy stunning images with this HP ENVY m7-k211dx laptop's 17.3" high-

== definition touch screen and NVIDIA GeForce 840M graphics, with 2GB

= dedicatedvideo memory, which display games, movies and streaming

~. media in brilliant clarity and detail.

5th Gen Intel® Core™ i7-5500U processor. Features a 4MB L3 cache

and 2.4GHz processor speed.

= Intel® Core™ i7 processor. Delivers efficient multiway processing for

== ultimate smart performance. Intel® Turbo Boost Technology delivers extra
. performance when you need it and increased energy efficiency when you

12GB DDR3L SDRAM memory. For multitasking power.

Muttiformat DVD + RW/CD-RW drive. Create custom DVDs and CDs.
17.3" WLED-backlit high-definition touch-screen display

With 1920 x 1080 resolution enables simple navigation of content and
showcases your favorite mediain arresting clarity.

1TB hard drive (5400 rpm). Offers spacious storage. ProtectSmart hard

drive protection safeguards your stored data.
NVIDIA GeForce 840M graphics. Feature 2GB DDR3 dedicated video

memory and up to 4096MB total video memory for high-quality images.

HDMI output for connection to an HDTV.
Front-facing TrueVision high-definition webcam. With an integrated

dual-array digital microphone makes it easy to video chat with friends and

family members.

Digital media reader. Supports SD format.

Microsoft Windows 8.1 64-bit operating system preinstalled. Provides a

stable platform for word processing, Web navigation, gaming, media

storage and more.

Software package included. With CyberLink PhotoDirector, CyberLink
| PowerDirector and more. Includes 1-month trial of Microsoft Office 365.

BrauRE BN iew
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Features

High-quality
images

Voice recognition
software

Touch Screen
Media Reader

Webcam

Hard Drive

Resolution
Processor Speed

Memory

Processor

Operating System

L

HP - ENVY

YES
NO

YES
Digital

Front-facing
TrueVision high-
definition

1TB

1920 x 1080
2.4 Ghz

12GB DDR3L
SDRAM

5th Gen Intel
Core i7-5500U

Microsoft
Windows 8.1 64-
bit

Lenovo - Yoga
YES

YES

YES
Multiformat

N/A

500 GB

1366 x 768
1.5 Ghz
4GB DDR3L

4th Gen Intel Core

i3-4012Y

Microsoft
Windows 8.1 64-
bit

Apple® - MacBook

YES
NO

NO

Digital
Built-in high-
definition

750 GB

2560 x 1600
2.8 Ghz
16 GB

Fourth-generation
quad-core Intel
Core i7

Mac OS X 10.9
Mavericks

Dell - Inspiron

YES

YES

YES

5-in-1

Built-in high-
definition
1TB

1920 x 1080
3.0 Ghz
16GB DDR3L

5th Gen Intel Core
i7-5500U

Microsoft Windows
8.1 64-bit

PCM (Products Comparison Matrix)




Overview of the Approach

Linguistic filters: Patterns, POS
tagging, Lucene.
Statistical filters: NC-Value

L __*il

Descriptive Terms
(DTs)

Categorizing
Terms ~

Terms Mining

rl

Quantified Terms

S

Raw product Domain-specific (ats)
descriptions Terms
DT Clusters DTRG Graph
/’ \ /, N o
«- Features & Cell Values g N\ Terms S Terms
Extraction P Clustering ‘\ L’ Similarity
7/

\\ 7/
N\ \
QT Clusters QTRG Graph
Product Comparison
Matrix

Apriori algorithm
Maximum Frequent itemsets

Syntactical Similarity
(Levenshtein)

Sana Ben Nasr, Guillaume Bécan, Mathieu Acher, Jodo Bosco Ferreira Filho, Benoit Baudry, Nicolas Sannier, and Jean-
Marc Davril. MatrixMiner : A Red Pill to Architect Informal Product Descriptions in the Matrix. In ESEC/FSE’15,
Bergamo, Italy, August 2015.
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Synthesize

HP - ENVY 17.3" Touch-Screen
Laptop - Intel Core i7

12G8 Memory

17TB Hard Drive - Red

W Addtocat

$999.99 s
FREE SHPPING = — -~ 32 H>

Enjoy stunning images with this HP ENVY m7-k211dx laptop's 17.3" high
definition tOUCh Screen and NVIDIA GeForce 840M graphics, with 2GB
dedicated video memory, which display games, movies and streaming media in
brikiant clanty and detail

5th Gen Intel® Core™ i7-5500U processor. Features a 4MB L3 cache
and 2.4GHz processor speed.

Intek® Core™ i7 processor. Delvers efficient multiway processing for ultimate
smart performance. Intel® Turbo Boost Technology dekvers extra performance
when you need it and increased energy efficiency when you

12GB DDR3L SDRAM memory. For mutitasking pow:

Mutformat DVD+ RW/CD-RW drive. Create custom nvns ana COs.

17.3° WLED-backit high-definition touch-screen dis

With 1920 x 1080 resolution enabies simpie Niwqahcr\ of content and
showcases your favorite mediain arresting carity.

1TB hard drive (5400 rpm). Offers spacious storage. ProtectSmart hard
dive protection safeguards your stored data

NVIDIA GeForce 840M graphics. Feature 2GB DDR3 dedicated video memory
and 1 10 4096MB total video memory for high-quality images. HOMI
output for connection to an HDTV.

Front-facing TrueVision high-definition webcam. viith an integrated.
dualarray digtal microphone makes it easy 10 video chat with friends and
family members

Digital media readet. Suwports SO format

Microsoft Windows 8.1 64-bit operating system preinstalied
Provides a stable platform for word processing, Web navigation, gaming, media
storage and more.

Apple® - MacBook Pro with Retina

display - 15.4 Display - 16G8 Memory -
750GB FI Storage - Silver

W AddsoCan

ss49.09

T

fourthgenerabon Intel Core processors, the latest oraphics, and faster flash

storage, the incredidly advanced MacBook Pro with Rebna display moves even
further ahead in performance and basery ke *

*Compared wih the previous generation
Retina dispiay with 2560 X 1600 resolution on the 13.inch model and 2680
b-1800 resoluion on the 15-inch model

Fourth-generation quad-corelntel Core 7 processor.

Feaures 2.8GHz processor speed

intel s Graphics in the 13.inch
NVIDIA GeForce GT 750M graphics with 2G8 video

16GB Memory.

model and Intel Iris Pro Graphics of Iris Pro pius.
‘memory in the 15-inc

Up 0.9 hours (13-inch mode) of 8 hours (15-inch model) of batiery ke
75068 Ve Offers spacious storage. ProtectSmart hard drive protection

safeguards your stored data
Faster fash storage2
802 11ac WiFi

Digital media reader. scpsors SO formst
Two Thunderbot 2 parts for connecting high-performance devices and transferring

data at bghtning

Two USB 3 ports (compatible with USB 2 devices) and HOMI
Built-in high-definition webcam s reegrated mcrophone.

FaceTime HO camera

Pages, Nurbers, Keynote, iPhoto, iMovie, GarageBand incixded
Mac OS X 10.9 Mavericks operating system, the workss most advanced

tem
1 Batiery Me varies by use and cofiguration. See

more information

Lenovo - Yoga 2 2-in-1 11.6"
Touch-Screen Laptop

Intel Core i3 - 4GB Memory
500GB Hard Drive
Silver/Black

8 o aron consame

R Add can

$579.99

FREE SPPNG

s semm>

Wit 4 usage mades, tis Lenovo YOGA2 11 50430714 atop makes
it easy to choose between laplop, stand, ftert and tablet settings to
accommodate your fuctuatng Westye. The 116" 10,900t capacive
mutouch screen allows precise navigation

4th Gen Intel® Core™ 13-4012Y processor

Features a IMB cache and 1.5GHZ processor speed.

4GB DDR3L memory

For mutitaski

116" hgh-defintion 10-point capacitive mulitouch-screen display

With IPS technology and 1366 X 768 resolution presents visual
media in striking detail and makes it imple o navigate features,
500GB hybrid hard drive

Incorporates an 8GB sokd state dive as a cache to offer fast startup
times and plus plenty of foom 1o store pictures, videos, music and other
important files.

L
Lets you perform basic commands using ust your voice.
Itel® HD Graphics 4200
Feature shared video memory for lush images with rich, inticate detail
A micro HOMI output enables simple connecton o an external high-
defintion display of ome« HDMienabled device.
Multiformat media

Supports Secure Dlﬂrlal and MutiMediaCard formats.
Microsoft - Windows 64-bit  operating  system

Proddes o sible paiom for word processing, Web nevgaton
gaming, media storage and

Dell - Inspiron 15.6" Touch-
Screen Laptop - Intel Core i7 -
16GB Memory - 1TB + 8GB
Hybrid Hard Drive - Black

Stay connected with this Dell Inspifon I55485833SLV laptop, which
features a touch-screen dispiay for simple navigation and builtn

weless networking for easy Web connection. AMD Radeon graphics
with 4GB of video memory ensure smoath performance.
5th Gen Intekd Core™ i7-5500U Processor. Features a 4M5
cache and up to 3.0GHZ Processor speeduith Tubo Boost
Intel® Core™ i7 processor
Delvers eficient muliway processing for uiimate smart performance.
Intel® Turbo Boost Technology defvers extra performance when you
need it and increased energy eficiency when you dorit
16GB DDR3L memory. F or mutitasking power
156" LED-backlt igh-definibon touch.screen display
With IPS technology and 1920 X 1080 resolution for intense detail
and clarity and simple navigation.
1TB hybrid hard drive
Incorporates an 6GB sokd state drive as a cache to offer fast start-up
Simes ghis plerdy o room 0 sk picees, music, docs aad cder
important
R0 Radon RT U270 graphics
With 4GB DDR3 wideo memaory for smoath video performance. An
HOMI output enabies flexible connectiviy 10 digital devices.
Built-in high-definition webcam and integrated microphone
Let you video chat with friends and famly in 720p resolsion
5-in-1 media reader
Supports SD, SDHC, SD 3.0, MS and MS PRO formats.

1

2 Compared with the previous generation

for

Provdes a stable compuing platiom.

&

Features
HP - ENVY Lenovo - Yoga Apple® - MacBook Dell - Inspiron

High-quality images ~ YES YES YES YES

Voice recognition NO YES NO YES

software

Touch Screen YES YES NO YES

Media Reader Digital Multiformat Digital 5-in-1

Webcam Front-facing TrueVision = N/A Built-in high-definition Built-in high-definition
high-definition

Hard Drive 178 500 GB 750 GB 178

Resolution 1920 x 1080 1366 x 768 2560 x 1600 1920 x 1080

Processor Speed 24Ghz 1.5Ghz 28Ghz 3.0Ghz

Memory 12GB DDR3L SDRAM | 4GB DDR3L 16 GB 16GB DDR3L

Processor 5th Gen Intel Core i7- | 4th Gen Intel Core | Fourth-generation 5th Gen Intel Core i7-
5500U i3-4012Y quad-core Intel Corei7 | 5500U

Operating System Microsoft Windows 8.1 = Microsoft Windows Mac OS X 10.9 Microsoft Windows.
64-bit 8.1 64-bit Mavericks 8.1 64-bit

Overview PCM

Specifications Specifications
Specs: Details: Specs: Details:
Height 1.2inches Height 07 inches
Width 1652 inches Width 11.7 inches
Depth 1088 inches Depth 8.1 inches
Touch Screen YES Touch Screen YES
Media Card Reader YES Media Card Reader YES
Built-In Webcam YES Built4n Webcam YES
Hard Drive Capacity 178 Hard Drive Capacity 200 GB
Screen Resdution 1920 x1080 Screen Resolution 1366 x 768
P rocessor Speed 24Gh Processcr Speed 15 Ghz
System Memory (RAM) 12GB System Memory (R AM) 4GB
P rocessor Model Intel &h Processor Model Intel 4th
Generation Corei7 Generation Core i3
Operating System Windows 8.1 Operating System Windows 8.1
Specifications Specifications
Specs: Details: Specs: Details:
Height 0.71 inches Height 08inches
Width 14.13 inches Width 149inches
Depth 973 inches Depth 10inches
Touch Screen NO Touch Screen YES
Media Card R eader YES Media Card Reader VES
BuittIn Webcam NO Builtdn Webcam VES
iadDIbElcapacty HEIED Hard Drive Capacity 178 M e rg e
Sereen Resolution 2560 % 1600 Screen Resolulion 1920 x 1080
Processor Speed 28 Gtz Processer Speed 30 Ghz
System M RAI 16 6B
ystem Memory (RAM) System Memary (R AM) 1668
Processor Model Intel 4th
Generation Core i7 Processcar Model Irtel Sth
Generation Corei?
Operating System Mac 0S X 109 "
Maveridks Operating System Windows 8.1
Features - m
HP - ENVY Lenovo - Yoga Apple® - MacBook Dell - Inspiron
Height 1.22 inches 0.7 inches 0.71 inches 0.9 inches
Width 16.52 inches 11.7 inches 14.13 inches 14.9 inches
Depth 10.98 inches 8.1 inches 9.73 inches 10 inches
' TouchScreen  YES  YES 1 N o ves
Media Card Reader YES YES YES YES
Built-ln Webcam YES YES NO YES
Hard Drive Capacity 178 500 GB 750 GB 1TB
Screen Resolution 1920 x 1080 1366 x 768 2560 x 1600 1920 x 1080
Processor Speed 2.4 Ghz 1.5 Ghz 2.8Ghz 3.0 Ghz
System Memory 12GB 4GB 16 GB 16 GB
(RAM)
Processor Model Intel 5th Intel 4th G Intel 4th Intel 5th
Core i7 Core i3 Core i7 Core i7
Operating System Windows 8.1 Windows 8.1 Mac OS X 10.9 Windows 8.1
Mavericks

Specification PCM



MATRIX -~MINER

Dataset manual-dataset v Category Laptops v Filter1l Filter-Brand-Category v Filter2 |enovo-2-i v  Load

Product v  Resolution

1920

Memory v Hard Drive v  Flip-And-Fold De..y Media Reader Vv

= Sort Ascending

Lenovo - Miix 2 2-in-1 1 1920 x 1080 microsoft windows 8.1 64-bit  4gb ddr3l IF Sort Descending

920 x 1080 microsoft windows 8.1 64-bit  6gb ddr3| @ Hide/Unhide 2-in-1

920 x 1080 microsoft windows 8.1 64-bit  6gb ddr3l 1th 2-in-1

920 x 1080 microsoft windows 8.1 64-bit  6gb ddr3l 1th multiformat
Lenovo - Flex 2 2-in-1 15.6... 1920 x 1080 microsoft windows 8.1 64-hit  8gb ddr3l 1th NO 2-in-1
Lenovo - Geek Squad Certi... 1920 x 1080 microsoft windows 8.1 64-bit  8gb ddr3l 1tb hybrid NO multiformat
Lenovo - Edge 15 2-in-1 15... 1920 x 1080 microsoft windows 8.1 64-bit  8gb ddr3l 1th NO multiformat
Lenovo - Yoga 2 2-in-1 11.... 1366 x 768 hd microsoft windows 8 6gb ddr3l 500gb YES built-in
Lenovo - IdeaPad Flex 2 2-i... 1366 x 768 microsoft windows 8.1 64-bit  4gb ddr3l 500gb NO multiformat

Lenovo - Geek Squad Certi... 8 4gb 500gh

Textual overview Specification

11.6" '1l_)-po.|nt multitouch scrgen . N ‘ Feature Value

Capacitive display responds to finger touches instead of pressure, recognizing a light

swipe but not a standard stylus. IPS technology offers wide viewing angles. 1366 x 768 Hard Drive Capacity 500 gigabytes

HD resolution. LED backlight.

4GB system memory for basic multitasking Hard Drive Type SATA

Adequate high-bandwidth RAM to smoothly run multiple applications and browser tabs

all at once. Hard Drive RPM 5400 revolutions per minute

500GB hard drive for serviceable file storage space

http://matrix-miner.variability.io/
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Evaluation

2 main datasets: overviews dataset and specifications dataset.
We mined 2692 raw product overviews.
9 products categories: cover a very large spectrum of domains from BestBuy.

Products Category #Products Overviews | #Words per Overview (Avg)

Laptops 425 350
Cell Phones 99 225
Cameras 141 279
Printers 183 277
TVs 253 283
Refrigerators 708 187
Ranges 538 275
Washing Machines 107 255
Dishwashers 238 263

Total 2692 897,020




Empirical Results

RQ1 Impact of Selected Products on the Synthesized PCM:

. A supervised scoping of the input products reduces the complexity (in average 107.9 of features and 1079.7 of cells)
and increases the homogeneity and the compactness (only 13.0% of empty cells) of the synthesized PCMs.

. Our approach is capable of extracting numerous quantitative and comparable information (12.5% of quantified features
and 15.6% of descriptive features).

RQ2. Complementarity of Overview PCM and Specification PCM:

. A significant portion of features (49.7%) and cell values (26.2%) is recovered in the technical specifications, showing the
usefulness of our approach.

. The proportion of overlap of overview PCMs regarding specification PCMs is significantly greater than the overlap of the
latter regarding overview matrices.

RQ3. Compact Overview PCM vs Compact Specification PCM:

. An automatic clustering of comparable products regarding technical specification can help to reduce the complexity of
synthesized overview PCMs. However, it does not lead always to an homogeneous overview matrices (49.0% of
quantified empty cells and 52.2% of descriptive empty cells). Thus, a compact specification PCM does not guarantee a
compact overview PCM.
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Summary: Two Case Studies

Case Study 1 Case Study 2

Context

Target

Input

Output

Corpus Size
Number of Products
Automation Level
Feature

Clustering
Similarity
Traceability

Nuclear power plants
Modeling variability to improve

certication and safety of 1&C
systems in different countries

Safety requirements

Feature Models

Huge number of requirements
[3-7] Countries
Semi-Automatic

Similar Requirements
Requirements Clustering
Semantic (LSA)

Traceability with the original
regulations

Mapping with the architecture
elements.

Manufactured products

Modeling variability to compare
products

Informal product descriptions
Product Comparaison Matrices
Medium amount of text

n Products

Automatic

Similar Terms

Terms Clustering

Syntactical (Levenshtein)

Traceability with the original
product descriptions.

Traceability with the technical
specifications.




Extract Variability from Informal Product CONNEXION Project:
Descriptions Overview of the nuclear regulatory landscape
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