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Learning Objectives

IntroducAgile Product LEwgineeridgPLE
Present APLE industry practices
Enabling APLE by automation tools
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A Quick Review
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Agile Product Line Engineering  APLE

The big upfront design associated with (Product Line Architecture)PLA conflict:
the current need of ¢c¢cbeing toleran

To make the development of proeums more flexible and adaptable to changes.
manylarge companieme leaning to adopt APLE principles.

However, to put APLE into practice it is still necessary to intralitzble
frameworlkto assist and guide the agile practice and the evolve fully to APLE.

* Agile produdine architecting in practice: A case study in smart grids
Jessica Diaz Jennifer Pérez, Juaarbajosarechnical University of Madlfidversidaéolitécnicae Madrid (UPM), E.U.
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Agile Product Line Engineering  APLE

Agile Software Development (ASB)4n approach that is intended to enable rapid
and flexible development, plans, are kept at a minimum, and work is organized
short iterations developing the software product in incrembids is continuously

tested and delivered in collaboration with all stakeholde

Agile methods are scaled up to approaches for
large organizations, such as 8caled Agile
FrameworkSAF¢ or Scrum of Scrun5pS.

This is challenging whenever the software

development is distributed all over the world.
Basic ASD process

N iterations
a 2-4 weeks

* &Agil e Product Line Hassa Hadad NMameal KolpTamaYves §Va fEelrR/MIEM/I oh@@eté atholique
de Louvain, Belgiu@KULeuven, Faculty of Economics and Business, Belgium
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Agile Product Line Engineering  APLE

The common concepts in Scrum are:
Scrumroless Pr oduct Owner &, aScrum Master &,
Scrum artefac&Pr oduct backl oge, aSprint back
down chartseae, al mpedi ment backl ogeae an
ScrummeetinggSpr i nt planning 1ee, Sprint pl
B

a
aSprint retrospectivea, and aBackl og

Scrumban has been used to help teams and organizations accelerate their

o

transitions to Scrum from other development methodolc

Scrumban more responsive to change than Scrum,
Scrumban retains all the roles and meetings of Scrum. |




AT Py v ‘i N
) CHALMERS | @e})) UNIVERSITY OF GOTHENBURG ‘?‘?@
‘ ’l'ranl".’ h ’

Agile Product Line Engineering  APLE

One of the most important challenges consists of designing and evolving the P

while complying with the agile principles.

In fact, this challenge is also open in software architectures for single products

in which theeconciliation of software architecture and agile communities

controversial issue that has been extensively discussed.

The conflict arise from the resistance of old schools of sequential waterfall des

mentality, and lack of interest from old guards in traditional large industries.
Doing Agile in Non-Agile Organizations

I. AGILE " NON AGILE

e

. 8y » W 2 an !
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Agile Product Line Engineering  APLE

The graph* below shows that a waterfall model is much more sensitive against
requirements quality. The cost curve of waterfall model projects is growing
exponentiallg the later the defect is found, the more expensive it will be to fix it.

Small projects Large projects
Cost of change
using waterfall
Cost 10%
of Change
Cost of change ’ '
using Agile Cost of change for
.______--____id-e.alizedAgile J
Requirements Analysis and Coding Testing in the Production
Design Large » Successful Challenged ® Failed
| Time

8
* Impact of Requirements Elicitation Processes on Success of Information System Development Projects L  @darmanel,J 1 1Grjgai b o vSshitaRUr, zi ¢ a 3
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The AgiFPL FRAMEWORK
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Agile Product Line Engineering  APLE
The AgiFPL FRAMEWORK*

AgiFPL is an agile methodology designed to improve the agility within the PLE
to meet effectively any newly emerged business expectations. Its main goal is
move teams from the classical approach to a more evolved APLE framework

Using a goabdriented requirement engineering approach (GORE), will provide tr
mechanism to easily evolve PL architectures in an agile context and will establ
suitable reuse strategy.

AgiFPL implement is an iterative process that uses Scr@aisis has been used
for requirements engineering, business process reengineering, organizational ir
analysis, and software process modeling

* &Agil e Product Line Hassa Hadad NMameal KolpTamaYves §Va iR/ MIEM/ I oh@@eté atholique

de Louvain, Belgiu@KULeuven, Faculty of Economics and Business, Belgium 10
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The AgiFPL FRAMEWOF"j" AN G e
Domain Engineering DE t. !

10-aPl anning 2& me\
establishesthd Pr oduct i
11- Dally ScrunDone, Planned, Problem ,s'
12-T e a meae anRd vii eaw e mee
review the work accomplished. i !
13-Passd Common AssSet;! A r_e\h
14-Hold thed Ret rospect /'-v%ﬂveﬁet I n
15- Incomplete Features pushed to S.I
16- SIP story can be pulled if it neea’s,
only further testing.
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T e AgiFPL FRAMEWORK
Application Engineering AE 1

It includes several product lines wher
the outputs are client applications

Application Engineering |

) mama .. PrOOUSL LiNE 1

(p rOd u CtS) ' '/ Sharpen Appi Backlog
/ Appi Backlog
o ] Idea v ‘
Startsat thea A p p Grmé?Aeprpaa ; “""

LG

Two types of features coexist

1. Features exist in

calledd Se/ ect i onSop.f Feat .

2. Features that are to be developed called o,
abefinitiomHof Featur

“AppnOwner - ' N " Product Lile n

TheDOFmove tO AE SOIUtlon domaln for : Place in “Common New reusable :
development. Il Assets warehouse” € artifact |
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Sprint Review

._._.—._._._|

The AGiIFPL FRAMEWORK |~ — — — — — — — — — e -
Application Engineering AEI &[,39 !
Appi " SprintPlanning |
The ﬁSprintdﬁSsptreimttsP\kliatn 3@...0 |
The team start ﬁSprlr!H nérngmpectweost i‘rﬁpquﬁ
subset of AApp backl dgbo Gi“ect ‘t'"e'héi"“‘“'"’p l
next sprint. | saigng |
: I « |
At end of the aSprllnt anningea, t as r|nI
. | - Sprint Backlog
%2 , l; Iaeoligt?tgeslta;hghgde T e|d erhe | | o v ||9| |
: : - i/ BT vl | \v|v |
. . N L
In fact, DoD is a checklist of activities | r / I
required to declare the implementation qf 809 . |
9 Y. NAAR -
story to be completed. Sprint Execution |
/

14
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The AgiIFPL FRAMEWORK
AgiFPL processes

Each process of AgiFPL is based on an iterative and incremental development as show

AgiFPL process Model
| ti
Adaptation . Feedbac!

Adaptationl

& = €D — D= D -» &D

Adaptatinnl

Adaptation Product eedbac
Inspection

15
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Agile Product-Line Architecting L.
(APLA) .

Towards an Agile compliant architecture T
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Agile Product  -Line Architecting (APLA)

APLA is the integrationa&et of models for describing, documenting, and tracing
Product Line Architectures PL.As well as an algorithm for guiding the change
decisiommaking process of PLAs.

The APLE development process requires traicRitectures
are incrementally and iteratively designed, and
welcome unplanned changes. Thatehitecture has to evolve in each of the
iterations to incrementally include all the features of the plinduct

* Agile produdine architecting in practice: A case study in smart grids 17
Jessica Diaz Jennifer Pérez, Juaarbajosarechnical University of Madlfidversidaéolitécnicae Madrid (UPM), E.U.
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Agile Product = -Line Architecting (APLA)
The objectives of APLA:

1.

Provide software architecture \ilgiibility and adaptabilthen defining softwar
architectures tfacilitate change during the incremental and iterative deBigAs
as well as their evolution (unanticipated change).

Facilitate architectural concerns, such as dependencies, rationale, constrair
risks, that may be impacted by change.

Provide guidance in the decisiwaking process during constructing and evol
PLAs tdacilitate change impact analysis in terms of architectural componen
connections that may be impacted by change

18
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To achieve these objective, we need first to define some terms

Plastic Partial Component Rie@ress agile architecting by defining architectural
components in an iterative and incremental way.

The variability of a PPC is specified wsingbility pointsvhich hook fragments of
code to the PPC known eariants, and weavings which specify where and when 1
extend the PPCs using the variants.

Weavingsare defined outside from PPCs and variants, so thaPlR€seand variants
areindependent of the weaving or linking context

As a result, PPCs reduce dependences and coupling between components an
variants, while enable easy and cheapgJW@aving of variants.

19
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The graphical representation of a PPC that defines a varlablllty point and n var

(a) (b) enDesignDecision
Variability points behave as extensmn | f.,jp DD
pointsand variants behave as o e
4—" Risk :
eXtenSIOnS [ Trade Off:

~ Assumptions

Namelythe PPC variability mechanisrrél
behaves as an extension mechanism to

flexibly compose pieces of software
if we were building a puzzle.

= Constraints

..................

? OptionalDesignDecision

| Why :
Cost:
Risk :
Trade Off:

Since they are unaware of the Iinkingé

H : riant ariant : —,—ﬂ: AR
context they can be easily changed, L >~ o I

. . ; ;= Constraints
without coupling concerns. i 1

(a) Definition of variability: PPC extension mechanlsm 120
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Agile Product = -Line Architecting (APLA)
APLA objective 1: Describing flexible & adaptive architectures

PPC variability mechanism supports incremental development of architectural cadmpogler
the incomplete specification of components and their extension by hooking new variant:

PPCs get closerand closente et i ng c u sby speniéyingtlee varianes dndy when
they are strictly required by a working product.

As a resulworking architectures can be incrementally and iteratively designed andheaanti
iteration by weaving/unweaving extensem¥/or by modifying the architecture configuratior
through optional components and connectors.

This continuous architecting may help reduce big upfront architecture design and keep tt

insync with changing conditions.
21
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Agile Product = -Line Architecting (APLA)

APLA objective 2: Documenting flexible & adaptive architectures
Storing the knowledge created during the architectural design would support t
rationalization of architectural decisions taken during solution design

The main types of architectural knowledge are the design decisions driving the
architecture solution, their dependencies, and rationale

The concept dProducline Architectural Knowledge (PLaddyides both the
documentation alesign decisions with variations and the capability to trace the
of these variations.

22
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Agile Product = -Line Architecting (APLA)

) AvailabilityTactic : crosscutting concern implemented by using aspects

Why : flexibility and adaptability; aspects facilitate reuse
|© Avaitability24/7 ] y : flexibility ptability; asp

Cost:
A i | The PLAK Metamodel and its model
[l - primitives have been reused to captt
@ o : P ActveRedundancy | the knowledge of adding feature

| G| increme.nts.or changing features in
: :.;:ehgf:(:::;ir;:nmhon) ‘ eaCh ag”e |terat|0n.

@&nﬂa ,x.::r:::(m, | o/ § BrceptionTactic :
ﬁ:z‘l':x’ \ZV:K Allows system to trans- parently recover from system exceptions ||

Trade Off: less performance

| Risk : Depends largely on the program-ming environment employed
| Trade Off:

An example of a PLAK model. The figure shows the design decisions for documenting the rationale of different availability tactics. 23
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Agile Product = -Line Architecting (APLA)
The APLA process

The APLA process has been deployed in Scrum , where APLA advocates the
the architect in the agile team.

In this way, architects are part of the agile teannaoldng architectural concerns,
such as constraints, risks, or viapditg balancing them with the business prioritie
during the decisiemaking process.

The customization of Scrum with APLA divides its sprints into two main phases:
Engineering and Application Engineering* (see next figure).

* Agile produdine architecting in practice: A case study in smart grids

Jessica Diaz Jennifer Pérez, Juaarbajosarechnical University of Madlfidversidaéolitécnicale Madrid (UPM), E.U. 24
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Agile Proauct  -Line Architecting (APLA
The APLA process

‘ %j The Sprint APLA
O‘s;:r | Architect TheTeam P il activity is supported by
e L Master ! the Flexibl’LA and PLAL
ﬂ L 7 o SpintReviows modeling mechanisms
etrospective

Sprint
2-4 weeks

as well as the change
Impact analysis techniqu
which guide architects in

PR K
SPL 5& Sprint Planning Ij I

Backlog Ig| X Meeting

L

Sprint
SprintAgile Product-Li Backl .
\_ PArchitecting (APLA) s Wo,k.,,g warkng the agile produdine
roducts . .
Change-impaclknowledgy (SPL) arChIteCtIng process
Flexible-PLA & PLAK models

Domain Engineering Application Engineering

APLA: a customization of Scrum for agile product-line architecting.

25
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Agile Product  -Line Architecting (APLA)
The APLA process

In summary, the APLA process consists of three main steps:

STEP 1Architects analyze the Working PLA of the previous sprint by using the
change impact analysis algorithm. They eanaitize the features based on their
impact.

STEP 2The features assigned to the sprint are incorporated into the Working
Architects use Flexidd A modeling primitives to iteratively and incrementally
construct and evolve the working PLA through the sprints.

STEP 3Architects use PLAK modeling primitives to document and trace the d

decisions, dependencies, constraints,-wHderisks, etc. through the sprints.
26
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Agile Development and
Product Line Engineering
at Lockheed Martin*

* _Phe Best-o?f Both Worlds: Agile Development Meets Product Line Engineering
at L ockhe S&danfaGregg, Riak Scharadin
Lockheed Martin, 26th Annual INCOSE International Symposium (1S2016)
Edinburgh, July 181, 2016
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Agile Development and Product Line Engineering at LM

We discuss here the experience of Lockheed Martin as it introduegschlarggile
development practices on one of its largest product line engineering.

The Factory uses shared assets, requirements,  «,,
design specifications, design models, source co
build files, test plans and test cases, installation

guides, project budgets, schedules, and work pl =se
product calibration and configuration files, data

models, parts lists, and more. Assets in PLE are
engineered to be shared across the product line ges="
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Agile Development and Product Line Engineering at LM

Lockheed Marticalls a member of its product line a configuraticonfiguration
is an instancef the system to be deployed for a specific platform or site.

The product line approach, then, exists to produce configurations for custome
This product line comprises roughly 100 such configurations

Each configuratidahat is deployed to its final operational user comnuamigrises nine
major software components, working together to achieve the functionality of the full syst
These software components are, in the context of their projects are called products

29
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Agile Development and Product Line Engineering at LM

For requirements, the product line employs a common specification repository
DOORS* database) that contains all requirements for all configurations, with ve
requirements captured in feathased variation points

This model allows for multiple configurations to share requirements while havi
flexibility for each configuration to have unique requirements as well.

During the test and verification phase, the product line utilizes a consolidated
approach to maximize efficiency of common requirements and capabllities. Tt
results irtailored regression testing based on changed functional area. Commo
efforts are leveraged.

: : : : . 30
* IBM® Engineering Requirements Management DOQIR3BRS) is requirements management tool to capture, trace, analyze, andhaansege
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Agile Development and Product Line Engineering at LM

In late 2014, corporate management decided that Agile was the way to streng
Lockheed Martines competitive posi |

At LM the agile challenge is serious
The productaare large by any standard, comprising some 10 million lines of code an
costing tens to hundreds of millions of dollars
The teams, spread across the products, are sizable. The largest component, for ex
involves ove200 engineersSomeB00 engineers are involved in the product line
The build cycles, under the product |

: : : : . 31
* IBM® Engineering Requirements Management DOQIR3BRS) is requirements management tool to capture, trace, analyze, andhaansege
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Agile Development and Product Line Engineering at LM

How to bridge the gap between lasgale PLE and smadlale shositeration Agile?
Here there are three answers, each detailed in-sestibn below.

1- Small Teams

Small teams resul ted flargeteamdinta Scnup teasns of size
seven to tenThe teams, considered together, do the same work as they did before, but
work has also bedtivided into smaller chunks that match the team size and short iteratic
(sprint) schedule.

The teams arselforganized by product, mostly around areas of domain expertise
functionality, or around specific elements in the architecture.

: : : : . 32
* IBM® Engineering Requirements Management DOQIR3BRS) is requirements management tool to capture, trace, analyze, andhaansege







