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General context: Software product lines

- A Software Product Line is a set of software-intensive systems sharing a common, managed set of features

that satisfy the specific needs of a particular market segment or mission and that are developed from a

common set of core assets in a prescribed way. [Gunter Bockle et al. (2005)]

Product 1 Product 2 Product 3
¥ SromrtHome [ p V SmartHome | Smart home SPL feature model
W Antomated Windows SmmHD e ¥ Automated_Windows
% Smart_Heating # i W Security
o Security Smart_Heating || v surglar_atarm
w Notification
‘fBurglar_Alan'n ,
Vv < [ # SE.E“I']_n' % Authentication
Siren =
> v Fingerprint_ Reader
Light
7 et eonrin : l'II'F]?.u1"gl.'ar_.i‘:larn:1 ¥ Door_Lock — sensing | [sms | [call] [binking_sghts |
L v Fi int_Read L 3
v Appliances e — =3 g::g::::ry Im”m]
' Smart Frid [ 'ﬂ nght ¥ Appliances A gg:trm sensor v detection = alarm
rhart_smdse ' Washing_Machine 1 Concrete PRSI IGHES = & <
XA Dehumidifier v sms v call = celiphone 1 =
L 'ﬂ Sil'Eﬂ Gas_Cooker monitoring = camara \
% Smart_Vacuum_ Cleaner W Smart Vacuum Cleaner siren = audio



https://www.researchgate.net/scientific-contributions/Guenter-Boeckle-70263557?_sg%5B0%5D=hxpBAeH1RUBobg5EDIu2sMKlsl-eGLPs-qfmuay_45sVPqBCn8LDsZ1m0EoCLC5YW64WWz4.hSnjoOZ-4qje8slh2_8hnbKuI-EDJEVT12T8OANTMktjFaB7T9W0T-TY9nPyiNk4sw8FmFOk3pMVwKvLZBkj7Q&_sg%5B1%5D=tWT93kUW8GNIR3v9E5vw_F1UehaeEYa72C5slviCPbKhn4BMm52pgOhdtmOS8FywLv0Ee1c.ykE0WN56dUnRaR_G3eff9RgnqwaNrOI4MMh_7k8QwQ2idk-e_OyBQmud66qy-nJk11gUEsqWiEbTY28z1JHItQ
https://www.researchgate.net/scientific-contributions/Guenter-Boeckle-70263557?_sg%5B0%5D=hxpBAeH1RUBobg5EDIu2sMKlsl-eGLPs-qfmuay_45sVPqBCn8LDsZ1m0EoCLC5YW64WWz4.hSnjoOZ-4qje8slh2_8hnbKuI-EDJEVT12T8OANTMktjFaB7T9W0T-TY9nPyiNk4sw8FmFOk3pMVwKvLZBkj7Q&_sg%5B1%5D=tWT93kUW8GNIR3v9E5vw_F1UehaeEYa72C5slviCPbKhn4BMm52pgOhdtmOS8FywLv0Ee1c.ykE0WN56dUnRaR_G3eff9RgnqwaNrOI4MMh_7k8QwQ2idk-e_OyBQmud66qy-nJk11gUEsqWiEbTY28z1JHItQ

General context: Software product lines
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General context: Service oriented Dynamic Software product lines
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General context: Service oriented Dynamic Software product lines

DSPL Runtime domain engineering

DSPL runtime DSPL
Domain Analysis FM and reusable

Context Analysis

architecture + reconfigurable

Variability model assets asset testing

Product Analysis Product design Product configuration, Post-deployment
: Product : : !
And runtime and feature . . testing and & reconfiguration
: . implementation o
requirements selection deployment activities

DSPL Runtime application engineering Runtime changes runtime
checking/testing/reconfiguration

Runtime rebinding " \:

Rafael Capilla et al. (2014) Re_deployment



https://www.sciencedirect.com/science/article/abs/pii/S0164121214000119#!
https://www.sciencedirect.com/science/article/abs/pii/S0164121214000119#!

8

General context: Service oriented Dynamic Software product lines
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Issues

réquirements j,
textual formgat
and the system

finds my product

My requirement:
| want that my smart home automatically
regulates temperature when i am at
home
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Solution: Deriving Service-Oriented Dynamic Product Lines Knowledge
from Informal User-Requirements "




Solution: Deriving Service-Oriented Dynamic Product Lines
Knowledge from Informal User-Requirements
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In the morning, | am very lazy so | think that my smart home
shall have voice command feature to operate activities from
bathrooms which accelerates my morning routines. Because
my children Lora and Alex are always doing something
stupid, my home shall have a vacuum cleaner to clean my
home floors when anything spills. Sometimes, | am very tired
since | work all the day, so | prefer that the smart delivery of
my home may be able to order delivery food by simple voice
command.

Core Requirementl

Feature Voice command

Obligation degree must

Goal operate

ltem Activities from
bathrooms

Condition

A core requirements have the following structure:

<feature>+ <obligationdegree>? <goal>+ <item >*
<condition>*

Where :

—*: denotes a zero repetition to an infinite number of times
repetitions.

— + : denotes repetition once or more number of times.

— ? :denotes a repetition zero or one time.

— — :denotes a disjunction (it signifies OR).

—I': denotes a negation

Core Requirement2 Core Requirement3

Vacuum cleaner Smart delivery

should
clean order
floors food

When anything spills Voice command
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Solution: Deriving Service-Oriented Dynamic Product Lines

Knowledge from Informal User-Requirements
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m Core Requirementl Core Requirement2 Core Requirement3

A core requirements have the
following structure:
<feature>+

Feature Voice command Vacuum cleaner Smart delivery zﬁg:]iquiiondegreeﬂ <goal>+
Obligation degree must should <condition>*
Where :
Goal operate clean order —*: denotes a zero repetition to an
infinite number of times
ltem Activities from floors food repetitions. N
—+ : denotes repetltlon once or more
bathrooms number of times.
. . . . — ? :denotes a repetition zero or one
Condition When anything spills Voice command time.
— — :denotes a disjunction (it
signifies OR).
—!': denotes a negation
SO-Productl = [ Fire WS35, S fire, S Movement, Visual alarm WS10,
Productl = [Sensor, Fire, Alarm, Visual alarm, Smart TV, Voice command, Smart TV WS13,
cleaning, vacuum cleaner, smart delivery, air purify, Care, child care] S voice, Voice command, WS1101, vacuum cleaner WS125, smart
Product2 = [Sensor, Fire, Alarm, Visual alarm, Smart TV, Voice command, ‘ delivery WS22, air purify WS45, child care WS234]
cleaning, vacuum cleaner, vacuum cleaner, air purify] SO-Product2 = [S fire, Fire WS35, S Movement, Visual alarm WS10,
Product3 = [Sensor, Fire, Flood, Alarm, Siren, Smart TV, Voice command, Smart TV WS13,S voice, Voice command, WS1101, vacuum cleaner
cleaning, vacuum cleaner, robot cleaner, smart delivery, air purify] WS125,S Dirt detect, air purify,WS136]
SO-Product3 = [Fire WS35, S fire, S Movement, S flood, Flood WS321,
Alarm WS1, Siren WS132, Smart TV WS13, S voice, Voice command
WS110, vacuum cleaner WS125, robot cleaner WS127, smart delivery
WS22, S Dirt detect, air purify WS136] 4 S




Solution: SO-DSPL Knowledge Extraction Framework
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Solution: SO-DSPL Knowledge Extraction Framework
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SO-DSPL Knowledge Extraction Framework : Pre-treatment phase

User requirements: My sensor should detect movement. if | get up late night, lights in my
house should turn on to enhance convenience and safety
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SO-DSPL Knowledge Extraction Framework : Core requirements
extraction and derivation

1) To associate each token of the chunks results to its accorded Core requirement form element, we have compiled a

list of linguistic rules that cover the most possible cases.

Each rule refers to:

* the grammatical category of the token
* its linguistic environment that is the series of units that precede and follow it
* its typed dependencies with the other tokens.

By applying the suitable rule for the token, we can associate it with the corresponding core requirement element and then, a textual
core requirement will be derived based on its corresponding pattern.

\
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SO-DSPL Knowledge Extraction Framework : Core requirements
extraction and derivation

* A certainty factor is assigned to each rule serving later as a degree of membership to the core requirement
element attributed with the rule.

* A certainty factor is an assigned weight to each rule. This weight can be interpreted as an evaluation measure of a
rule of its

» This factor represents uncertainty
The certainty factor is greater when there is a close relation between the antecedents and the consequence
e A fixed minimum threshold of belief in the truth of a rule at 30 % (CF=0.3) is used to select the relevant rules after
trying different thresholds in the interval of [0.2 ..0.5] to fix the threshold that maximize the precision and the
recall of our proposed approach.

e All the rules with a CF below this threshold are deleted because they deal with particular cases and helps to
improve the error rate of the system.




SO-DSPL Knowledge Extraction Framework : Ontology Population
and Knowledge inferring

* To populate the ontology with the new core requirements instance
* To derive new knowledge based on the extracted core requirements and knowledge that already exists to

conceptualize the running SO-DSP ,_]

List of core requirement components

Ontology Population and
Knowledge inferring engine

Derived product  Selected services

19



50O-D5SPL Knowledge Extraction Framework : Ontology Population
and Knowledge inferring

SWRL RULES DESCRIPTION
Requirement(?r) A swrlb:contains (?r, ~Shall ")-> If the requirement contains the term ‘shall’
has_priority(?r,Essential) then its priority is ‘essential’
Requirement(?r) A swrlb:contains (?r,” Should ")-> If the requirement contains the term
has_priority(?r,Recommended): ‘Should’ then its priority is ‘Recommended’
Goal(?g) "Feature(?f) Aassigned_to(?f,?g) If the goal is assigned to a feature and
Acharacterized_by(?g,Dynamic_evolution )- characterized by a dynamic evolution then
>has_variability type(?f,Dynamic): the feature has a dynamic variability
Requirement(?r) ~ Goal(?g)” Feature(?f) *satisfy(?g,r) If a goal satisfy a user requirement then
Nassigned_to(?f,?g) ->selection_state (?f,” selected ") the feature assigned to the requirement
has a "selected" state
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Evaluation

* We have implemented a tool that supports our proposed approach steps including
the linguistic rules.

« OWL (Web Ontology Language) is used to populate the proposed SO-DSPL
ontology using data from the input client’s product requirements.

« Smart home requirements data set is used as an application use case

» To evaluate the performance of our approach, the existed dataset is augmented
using data Augmentation algorithms which consists in altering an existing data to
create a new one.

» Recall and precision are user to evaluate our approach

7P JFP [N |Precision [Recall

DataSet 55400 6241 4261 89.81% 92.85%
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Conclusion

SO-DSPL Knowledge Extraction Framework

> analyses and understands automatically the user requirement.

> extracts user requirements and builds a requirement in accordance with the
core requirement structure

> based on a set of linguistic rules and the support of uncertainty.

> relevant knowledge are inferred and relevant services are selected to derive
the entire user product

> Automatically made the entire process of the extraction and population
approach

> Uses semantic by the use of the ontology reasoning capabilities
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Future directions

> Enrich our approach with linguistic rules that allow the extraction of
context changes.

> Combine this work with recommender system that will derive the
appropriate services for the generated requirement.
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