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Software error (Operating

Blowout preventer failed ;
system configuration)

$ 400 Million

Environmental damage - Repaired

. Copper vs aluminium g
. wiring Interface failure: metric vs.

Tool version problems -~ - imperial units

- § 2 billion revenue loss & - $ 321 Million
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Tackle by Multi-Paradigm Modelling (MPM):
explicit Modelling of all concerns/parts/...

at the most appropriate level(s) of abstraction,
using the most appropriate formalism(s)

... but don’t forget Processes!

Fie Eck Smulsten View Took add Hep

€5t FHS| I B BE v WESHBENO R

W FlutterSuppression * LJoed
Fle Edt Vew Smiston Fomst Took Heb
DSl o= F|22(r nf Nemd  ~|| HEH RS | BERES

¢y BEBE B> |e @)

qPSF —
[ ——— ] Qfiutter = 147 1 PSF h - ha >
E Pnge (in)
ERpOLp HEE B AR ||—'|2055 < o | theta s . L
B Pich (degh |
5 3 3 = " - QFSF) a TE Fos deg) T — .
Plunge
08 Pitch
b TE Pos
arl )

Enable/Disable Controller| Virtual Reality Model

Controller
3
Desired 1
Pitch Angle
[Fe :
ady angle
Aero Forces Outputs
Step
BACT Wing & PAPA Mount
— 8% I lodass y
Reay oo dea 4




Example Process

S E@MM o

Departure
Physical View
- o
Departure
Arrival Cashier

Queue

[IAT distribution] [ST distribution]

Abstract View



Event/Activity/Process

Cust2 Process
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Software Engineering
Processes

“The Software Engineering process is the
total set of Software Engineering activities
needed to transform requirements into
software”.

Watts S. Humphrey. Software Engineering Institute, CMU.
(portal.acm.org/citation.cfm?id=75122)



Capability Maturity Model Processes!

Organizational Performance Results

Stages Description Characteristics

I Performance Improvement )

From: http://performancexpress.org/



System Engineering Process

A logical sequence of activities and decisions that
transforms an operational need into a description of
system performance parameters and a preferred system

configuration.

MIL-STD-499A, Engineering Management, 1 May 1974

An interdisciplinary, collaborative approach that derives,
evolves, and verifies a life-cycle balanced system solution
which satisfies customer expectations and meets public
acceptability.

IEEE P1220, Standard for Application and Management of the Systems
Engineering Process, [Final Draft], 26 September 1994



Processes!

MANAGEMENT REQUIREMENTS FACTORS SOFTWARE
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System Engineerin

Typical High-Tech Commercial Systems Integrator

Study Period Implementation Period Operations Period
User Operations
Requirements Cop ge_pt Sy's_tem' Acq JSource Development | Verification |Deployment and Deactivation
e Definition | Specification | Prep ] Select. .
Definition Phase Phase Phase Maintenance Phase
Phase Phase Phase | Phase
Phase Phase

Typical High-Tech Commercial Manufacturer

Study Period Implementation Period Operations Period
Product Product Product Engr Internal External Full-Scale |Manufacturing, Deactivation
Requirements | Definition Development Model Test Test Production Sales, and Phase
Phase Phase Phase Phase Phase Phase Phase Support Phase
ISO/IEC 15288
Utilization Stage
Development Production Retirement
Concept Stage Stage Stage Phase
Support Phase

US Department of Defense (DoD) 5000.2

B \c/ 10C FOC

Pre-systems Acquisition Systems Acquisition Sustainment
System . .
Production and Operations and Support
c t and Technol Devel t Development & i i i
oncept and lechnology Developmen Demonstration Deployment (including Disposal)

US Department of Energy (DoE)

Project Planning Period Project Execution Mission
Pre-Project Pre&ggﬁ?ﬁ;ual CoSecseigtnual PreDI(ier:ii!;\:ry D':ei:igln Construction Acceptance Operations
Ty_pi_cal v A4 v v v A\V4
Decision New Initiative Concept Development Production Operational  Deactivation
Gates Approval Approval Approval Approval Approval Approval

From: INCOSE, System Engineering Handbook, v3., 2006



REQUIREMENTS

Waterfall Process

k._ SYSTEM

DESIGN
L PROGRAM
DESIGN
CODING
UNIT & INTE-
GRATION TESTING

\, SYSTEM

TESTING

\_’ ACCEPTANCE
TESTING

N, | OPERATION

& MAINTENANCE

Shari Lawrence Pfleeger. Software Engineering:Theory and Practice (Second Edition). Prentice Hall. 2001.



Mechanical Engineering

——  Life phases of a system  ———s

. Preliminary System System System Systerm System
Planning study development production  installation  operation  replacement

Problem J‘ —,_"j
analysis [ :l —
Problem ! . L i i !
formulation - [ ] |—I [? | [T]
System j ] 1 F i ~
System A 1 T r 1 1

] ] i 1! ¥ ] )
Evaluation ] I ] L] ] L]
s P | | b | b ||
ecision

St e P

From: G. Pahl and W. Beitz and J. Feldhusen and K.-H. Grote; Engineering Design — A Systematic Approach; Springer; 2007



In Reality?

D REQUIREMENTS O
—L1 ANALYSIS
maintenance | /77 T\ \\ SYSTEM
G ; DESIGN
DELIVERY Q
O PROGRAM
DESIGN
SYSTEM
TESTING O
D \ PROGRAM
IMPLEMENTATION
INTEGRATION ——
TESTING it L
TESTING

Shari Lawrence Pfleeger. Software Engineering:Theory and Practice (Second Edition). Prentice Hall. 2001.
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With Prototyping

REQUIREMENTS [ Validate
ANALYSIS "

- ‘o‘_'g_rif\r |

SYSTEM
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S PROGRAM
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S 'W' CODING
X v %
. PROTOTYPING UNIT & INTE-
GRATION TESTING
SYSTEM
TESTING
\.‘> ACCEPTANCE
TESTING OPERATION

N\ ___o| & MAINTENANCE

Shari Lawrence Pfleeger. Software Engineering:Theory and Practice (Second Edition). Prentice Hall. 2001.



V-Model

User User Ooerational Acceptance /
Requirements [« 9| Requirements f--------=--cc-cococccccocoocccoconocoocccocococococccococoeenee : pS e <P Operational
Models Model Tests ¥ Tests
Validation
Verification

System System
Requirements [P Requirements }---------=ccc-cocccccocmacccococococoncccoaana. | In;ef::rt:d <> S\.Et;r:
Models Model Tests ¥
Subsystem
Architectural Architectural :
Models < R < - =< =~ ~cc~ccscoseesessessessesses P> Subsystems |«9>| Integration
Tests
Component Component Component
Legend Design <P Desigh  |-----ccccccccccceee | Components |9 Integration
Models Model Tests Tests
Executable
Work Products \ \ / /
Tests Unit Design Unit Design : .
Models <> Model Tests === Units <@ Unit Tests

Kevin Forsberg and Harold Mooz, “The Relationship of System Engineering to the Project Cycle,” in Proceedings of the

First Annual Symposium of National Council on System Engineering, October 1991: 57-65.



Iterative vs. Incremental

INCREMENTAL DEVELOPMENT

ITERATIVE DEVELOPMENT

Shari Lawrence Pfleeger. Software Engineering:Theory and Practice (Second Edition). Prentice Hall. 2001.



Software

Cumulative cost

Engineering

Progress
1. Determine objectives 4 2. ldentify and
' resolve risks
- S
g L 1 T e \\\.
s - ) s . E N

/S T T . \‘\_ Risk analysis."\

,f'; p - “‘\_ Risk analysis ", \

."II / ) Risk analysis i".
. f / Require- N |
Review | Il' / ments plan | - e Operational |
> I I' i ".i Prototype 1 | Prototype 2 rototype I

\ \ \ Conceptof | Concept of ,.f'l Require- | |

4 '-\._ ,_ operation | require- Sm ents Draft i |
S| ™ / Detailed |

\ T / design /

-'\‘ b Development | Verification ,,'/ V4

\ . plan | & Validation / J_.'

~—— - Code /
~— Test plan | Verification - "'lntegration /
R & Validation -
4. Plan the next Test -
iteration Release | Implementation —
-« —
3. Development and Test

Boehm B, "A Spiral Model of Software Development and Enhancement”, IEEE Computer, IEEE, 21(5):61-72, May 1988



(Rational) Unified Process

Phases
Workflows | | Inception Elaboration Construction Transition

Business Modeling
Requirements

Analysis & Design

Implementation
Test

Deployment

Configuration
& Change Magmt

Project Management
Environment

Initial Elab #1 | | Blab #2|| Const || Const | Const || Tran (| Tran

Iterations



Types of Process Modelling

Descriptive Prescriptive Proscriptive




Describing Processes

Organizational:

°
Who Performs?
°
Where in the organisation?

Informational:

° Stakeholders?

Descriptions of Activities °
°
Dynamic: . Artefacts
° Products
Sequence of Activities °
Functional: . Control-flow
° Timing
Functional dependencies °
°
Data-flow
°

Produce - Consume
°



UML Activities

Languages!

Business Process Modelling Notation (BPMN)
Event Process Chains
Petri-nets
Role Activity Diagram
FTG+PM

Etc.
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initial node

Receive - - -
UML Activities
fork .. \
AT % action
V ;¥
=
decision
[priority order] ra .. flowledge
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Y v / Choose Menu Item
Overnight Regular .
Delivery Delive | Receive I 2k
= Payment "E-" b i iﬁ“'.
S
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4
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FTG+PM: Typing

DM wefBEn~RGa&z0 A» MnexREE - L—00C B

Jogout

Show Chat

send screenshare invitation
send modelshare invitation



Reactive!

Real-timel!
Distributed!
Embedded!

Heterogeneous!

Power Window




Process Modelling for MPM
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Levi Lucio, Sadaf Mustafiz, Joachim Denil, Hans Vangheluwe, Maris Jukss, FTG+PM: An Integrated Framework for Investigating Model Transformation Chains. SDL Forum 2013: 182-202

Sadaf Mustafiz, Joachim Denil, Levi Lucio, and Hans Vangheluwe; "The FTG+PM Framework for Multi-Paradigm Modelling: An Automotive Case Study"; Accepted @ MPM2012 of Models2012, 2012



ModelTéxualReq : I
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Safety Analysis

ModelTexjualReq
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ModelTéxlualReq
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Deployment Pro
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Design-Space Exploration

ScToAJJOSAR

CombingCalibration

ExtractPérformange
[ Eomaten |
Formalism
ToBinPatkingAnalysis|

ghedulgbjlityAnalysis |

Algebraic
Equations

Calgulats

\

Sch lity
ToDeploy: ﬁ\ q NN
Bin Packing Schedulability

Trace Trace

abilty

Boolean

FTG
|:| language @ manual transformation (O automatic transformation

PM

l:l model - manual S automatic
artifact activity activity

i

_{(:ScToAUTOSAR )'—‘1

ie:Code]

:Tolnstrumente!

v
Calibration
Infrastructupé: |5

ment)—

——— [:AUTOSAR
L BinPacking S
— Analysis

:Detailed

Deployment

:ArTcK/Iw :ArTéhte



Design-Space Exploration
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Formalism: Activity-Diagrams
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simulate to get performance metrics
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reason about consistency and time-to-market!

: ’ -
Process o Process -

\T/ ® Generate alternative
T processes
= % ® Add consistency
Lo management activities
_T-%]

i

= Compare! «

Istvan David, Joachim Denil, Klaas Gadeyne, Hans Vangheluwe:
Engineering Process Transformation to Manage (In)consistency. COMMIitMDE@MoDELS 2016: 7-16



https://dblp.org/pers/hd/d/D=aacute=vid:Istv=aacute=n
https://dblp.org/pers/hd/g/Gadeyne:Klaas
https://dblp.org/pers/hd/v/Vangheluwe:Hans
https://dblp.org/db/conf/models/commitmde2016.html#DavidDGV16

Follow the process: dashboard

-Cooling System Requirements Dashboard

User Guidance Hint:
Please add a requirement for the cooling system where you define the temperature thresholds as glossar

Tabular
State Name _ State Type Status

Empty requirement model and no gloss... Intermediate Current
Requirements model complete and glos... Intermediate ToCome
Requirements model not complete and ... Intermediate ToCome
Requirements model complete and glos... Intermediate ToCome
Empty functional behavior with Min and... Intermediate ToCome
Controller behavior complete Final ToCome

Lucio, Levi, et al. "Process-Aware Model-Driven Development Environments.”, FlexMDE@MoDELS, 2018
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