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Variable Frequency Converters ~ ’

— Hard real-time embedded system to control electrical
motors

— Used in wide range of applications and industrial
domains

— Additional variability introduced by power ranges and
environment, e.g., network connectivity

— Low voltage portfolio (up to 690V) is just a fraction of
ABB’s drives portfolio




Growing Variability Challenges

— Digitalization of industry (aka Industry 4.0) and
Industrial 10T:

— Higher complexity of the firmware (new features)
— More customer-tailored products

— Firmware customization for an individual application,
OEM and even single customer needs

— Systematic, strategic re-use of software components
across device lifecycle needed



Software Product Line Engineering

“A productlineis a set of softwareintensive systems
sharinga common, managed set of features that
satisfy the specific needs of a particular market
segment or mission and that are developedfroma
common set of core assets ina prescribed way.”

But how to migrate existing agile product development
to Software ProductLine Engineering methodology?



Status Quo Assessment
Step 1

Firmware applicationand developments

— Running on multiple hardware platforms on top of a real- e e

time operating system LO ad-hoc clone (pure clone-and-own)

L1 Structured repository to maintain clones,
Keeping track of changes across variants,
Clone management tool

—  Few millions LoC of embedded C/C++ code

— Custombuild tool chain Identified features, and located in code,

. . ) Modularized features for cloning,
— Multiple software layers ranging from HW-abstractionto Mechanisms for cloning/including/

excluding features from clones

applicationlayeron top
Feature model per project,

— Compile- and run-time variability binding mechanisms Feature configuration via build files
Feature model across the project,
— Agile development running based on Scaled Agile Checking consistency of feature selections,

Cloning selected features into variant

Framework (SAFe) Integrated SPL platform

Antkiewicz et al. — Flexible product line engineering with a virtual platform, SPLC 2014



Identify Stakeholders and Their Needs
Step 2
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ble for the implementation
tware features

— Assigning features to prgfi sy _Shor-t-term benefits are reac;hablg by a non- sumer of the feature model
primary interface invasive SPLE usage along with existing tools
and processes

— In charge of defining customer
features within the feature iy

Benefits:
— Direct work on the model Nt decision documentation

— Decisiontraceability — Documentedbuilo ange impact traceability

Feature = customer-visible software feature creating value



Define a Non-Invasive SPLE migration Process
Step 3
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DOCUMENT SYNCHRONIZE SIMULATE OPERATE
— Non-invasive: truthis in — Non-invasive: truthis in — Non-invasive: truthis in — Invasive: truthis in the
the build toolchain the build toolchain the build toolchain SPL model
— Workflow: legacy — Workflow: legacy — Workflow: legacy and new — Workflow: new
— Model: partial — Model: partial, consistent —  Model: full, consistent —  Model: full, consistent
— Costs: high fixed — Costs:low running — Costs: high running — Costs: organizational
break needed

Time and effort required for adoption




Build a Proof of Concept
Step 4

Problem space = Feature model

4 U F) Drive Features

12 Variants a4 1 F) Control Mode Type
4 7 (F) Control Mode 1

Around 70 . & Requires: "ps:flag: CONTROL_MODE1"
customer-facing > Recommended For: "ps:flag: CONTROL_MODE1"
features ? (F) Control Mode 2

4 U (F) Motor Type Support
Maximum 4 7 ® Motor Type|

) @ Requires: "ps:flag: MOTOR_TYPET"

feature-tree > Recommended For: "ps:lag: MOTOR_TYPE1"
depthof 4 ?  Motor Type 2

4 ? (F) Process Controller

Mostly Boolean & Requires: "ps:flag: PROCESS_CONTROLLER”

Constructed
basedon
available public
and internal
documentation

? (F) Additional Controllers
4 7 (F) Pump Features
& Requires: "Process Controller”
4 7 (F) Cleaning
& Requires: "ps:flag: PUMP_CLEANING"
<> Recommended For: "ps:flag: PUMP_CLEANING"
? (F) Multi Pump Support
? (F) TankLevel Control
? (F) Crane Features

<> Recommended For: “ps:flag: PROCESS_CONTROLLER"

i
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Tool Chain Configuration
Preprocessor Defines

@ psiflag: CONTROL_MODE1

@ ps:flag: PUMP_CLEANING

@ psiflag: PROCESS_CONTROLLER
@ ps:flag: MOTOR_TYPE1
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Feature Model Integration

Step 5

Cl-integration for Synchronization

— Feature modelis keptin git along with the source code
— Customcode to extract latest variant configuration
— Automatic comparison of build logs with the family model

.
Stage View
Feature Feature Feature Feature Feature
Famil Show
GIT Cean model model model model model ":d:’: oo
Checlout check check check check check .
- - check Failures
Average stage times: 3ITs 3s Brnin 225 Smin 315 Smin 225 3min 28s Imin 313 855ms 2s
(Average full run time: ~28min | TS Fem——— EEmSS——— e E—_—— e Eee—_— | Ee——
12s)
Mar 24 - - . B a G A S -
I commi s 25 ¥min 10s Smin 395 smin 195 3min 28s 3min 325 B854ms 25
Filed

«Block,Variant Elements
Motor_Typel

Values

«Block,Variant Elements»
Motor_Type2

Values




Lessons Learned

— Non-invasive SPLE brings first benefits fast

— Involvement of product management was key to
overcome organizational hurdles

— Aroadmap of non-invasive introduction + commercially
supported tools were essential for acceptance

— Commercial off-the-shelf SPLE tools have limited
support for custom brownfield environments

— Solution space model design is highly use-case-specific:
danger of over-engineering of the solution space

— Created SPLE demonstrator revealed that some existing
binding mechanisms are not well-suitable for reuse




Dr.-Ing. Sten Gruner
Senior Scientist

Software Architecture Research Group
ABB Corporate Research Center Germany
Wallstadter StraBBe 59

68526 Ladenburg, Germany

sten.gruener@de.abb.com



mailto:sten.gruener@de.abb.com

Lessons Learned and Open Challenges

Lessons Learned Open Challenges and Future Work

Non-invasive SPLE brings first benefits while introducing

Involvement of product management was key to overcome
first organizational hurdles

Aroadmap of non-invasive introduction + commercially
supported tools was essentialfor acceptance of SPLE
methodology

Commercial off-the-shelf SPLE tools have limited support for
custom brownfield environments: watch out for available APIs!

Solution space model designis highly use-case-specific:
danger of over-engineering of the solution space

Created SPLE demonstratorwas abele to reveal that some
existing binding mechanisms are not well-suitable for reuse

— Versioning of feature model itself and included features
— Notall aspects of solution space, e.g. tests, are coveredyet
— Role-basedaccess controlto model was not yet evaluated

— Organizationalcosts and setup must be further evaluated
especially for a “point of no return” between simulate and
operate steps

— Quantified evaluation of benefits and Return on Investment

Placeholder for SysML extension discussion




