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INTRODUCTION
SUPPORT TOOL FOR SYSTEM ARCHITECTING AND MODEL-BASED ENGINEERING

= Motivation
= Language and Framework
= Case Study: PEG’
= Architecture model
= Architecture Capture
= Model generation (structural)
= Model generation (simulation)
= Preliminary Results
= Conclusion
» Acknowledgements
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MOTIVATION
EXAMPLE DESIGN PROCESS Subsystem = Paper flow path

= Design of a single E———
(sub)system

= “Divide and conquer”
among several teams

= Different
models/language
(PLM, Matlab,
UML/SysML, STEP,
etc.)

S model

Custom procés
lterate szssz ,

0 starts

ar, ] ve

= Different . . .
views/partitions et g QR :
(management, o |
assembly, control, etc.) Conceptual Layout

Custom simulation model
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MOTIVATION
EXAMPLE DESIGN PROCESS

= Design is Iterative, Domains are Separated, Time is consumed

e p—

= Hand-Off of information
IS often the same.

= Meetings and

_ _ ~ documents
Concept Structural Design Behavior Anal;;s,ls_ Architectures do not
T=0 T = 1-3 Weeks change often
& ) = Design Process does
not change often
While Design != Good = Tooling does not

While Design Decisions Change (10 concepts) change often
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Dia 4

K1 architectuur verandert wel in de ogen van de architect:

altijd cold/warm process/ paper path etcetera
Woestenenk; 26-10-2010



MOTIVATION
WHAT IS MISSING?

Missing? A common language to describe the system for support of
the design process

Model the shared information between the designers and tools

= \What information is shared?

Advantages: Integration, goal overview, consistency, consensus

Additionally: support automation of information flow/transformation

= Meaning: (partially) automate design process
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Dia 5

K3 generate solutions for multiple total aspects concurrently
Woestenenk; 26-10-2010



BASIC FRAMEWORK
REUSABLE DESIGN PROCESSES AND AUTOMATION

D Automatic Model
Generation & Analysis

Architecture Structural Design Behavior Analysis

:$ 3 g g

Shared Information Framework

s 3 & & .
_ E?o Visual Studio MM#I?H ‘ mﬂ@ﬂ"«r q_i !l

™
7 | . SIMULINK ] ﬂ
Word [ |Excel € 2 moseing Reusable Multi Domaln

] | | Building Blocks
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BASIC FRAMEWORK
REUSABLE DESIGN PROCESSES AND AUTOMATION

Jj — BRE, T T Automatic Model

—— Automatic Model

Generation &
4

Analysis
t t Shared Information Framework &
Common Design Language

3 3 1‘

6 M

; W _ MATLAB
Domain Models & Tools SIMULINK

| Building Blocks

<3 |
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BASIC FRAMEWORK
SUPPORT TOOL FOR SYSTEM ARCHITECTING AND MODEL-BASED ENGINEERING

| = Resource - CompanynameProject/SystemArchitecture Project/projectl.amd - Ecfipse Platform

;FiIe Edit Diagram Mavigate Search Project LayoutMenu Run Window Help

[ | EC“pse Graphlc {7 Project Explorer L3 i E";"ﬂ] projectLamd 55

i
H <fb| e v “ | &% Palette '

1 . 4 =% CompanynameProject 2 == QAR
Modeling Framework: s 1 ke
4 = GenericConcepts F Parameter

A I+ #] GenericConcepts.am } ) Requi i .AMFur‘lCtiorl
MTOOI 8 functionality IRl Reauiremen

¢ Wl GenericConceptsamd || EENCHONAELY L il ﬁAMEntit}r
a il Bl AMaspect
Engineering & -H ¥ v
Engineering / i

= Extendable for o -5 simi I v Formue
Knowledge Based B oty |
4 (B links lAMS}rntheysM...:
M Odel Based 4 Eggf:tnd.iona“ty Iqr'\-“lo::,::;lir1gReIa1:i...

a = SystemArchitectureProject Tvoe | e HAMRequirement |
' . functionality . AMDomainEnt...
4 [ source /" Dependency
¥, CompositionR...
b

" DependencyRe... |

= Growing Popularity in 4= = o — e =i EE R
IndUStry | -: core pmi:r:::iedTu ﬂ::;mple
= \Various case studies

Date U= 8/9/2010 10:54:25

Identification "= aeedcl e0-Tahd-4346-balT -daalafblddi3
Knowledge (=
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BASIC FRAMEWORK
COMMUNICATE ACROSS DISCIPLINES IN A SINGLE LANGUAGE

- Capture Information Wrncioss Il Recuiraments
- Machine Readable

Demo keep track of me 2 (0.5)

mappings
Rationale

E Entities

Architectural Concerns ' W orecs o

to P Flow 10 [m/s]

Domain Information

P Effort 10 [N]

using

E Dependencies

Sets and Graphs: p ‘Shared Parametrics

| . DomainEntities B

.—-"-'.-.-._
elGenerator \
o e . Parcnts and Children

¥ User'Specific Views  woestenenkk CModel.sidpil

Basic attributes:
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CASE STUDY AT OCE
ESIGN ITERATION OF A PAPER PATH

O

Architecture Model

[ Design Rules

Layout Generation

( Geometry Model

)
)
)
)

( Happyflow Rules |

Happyflow Generation |

([ Happyflow Model

)

Architecture Model

Design Rules

Layout Generation

Geometry Model

— J
; 1 3 S

ow Generation ]

Happyflow Model

Architecture:
- Functions: Running modes (duplex, simplex,...)
- Requirements: Throughput, paper size, ...

Text models

30 man hours

Structure:

- Components: Pinches, Fuse, Heater, ...
- Topology: Paths, Segments, ...

- Aspects: Floor-space, Bill of Material, ...

PDF

20 man hours

Behavior:
- Real-time behavior: Paper flow per running mode

' Matlab (automated)

0.5 man hours

Software:

- Software Generation: Speed profiles, Embedded...
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Dia 10

K4 rules to format!
Woestenenk; 26-10-2010

K5 andere vorm rules/process/model
Woestenenk; 26-10-2010



Architecture Model

Design Rules

)
Layout Generation ]
Geometry Model )

J
J
)

Happy flow Rules

Happy flow Generation
(  Happy flow Model

OCE CASE STUDY
SHARED ARCHITECTURE MODEL

Architecture: _ < =
- Requirel - \ ‘ A e L
| g | s e | e

Caselh ; L Zat mll. ‘m\_'\'\———______'/

HRee L™
Sirr . | _ : Y I\
e,jS'” : | smer s ST— - __:__ :’:Uw~ J,”I

e o — 7
| & A

Pacms NS
Flat Model for the computer |

6 - .'.«._..j.'. ok
TUDelft o o




Architecture Model
Design Rules

)
Layout Generation ]
Geometry Model )

J
J
)

Happy flow Rules

OCE CASE STUDY ot v
SHARED ARCHITECTURE MODEL

ﬁ H?g-\ B o move paper in preheater
Type W transport sheet from fusing to flipping
L W reigcim sheeinKandy Ll [\ [ to store & separate BulkFormatSheets 3 Type
TS ! I 1o transport from trav to input =
=
B duplex-unit
Ed| .
’f
B print duplex, not turned, multi-format £
8 o direct sheei Tvpe «— M to send from flip to main loop
o direct shee
e F - Type
1 *‘.\ __ ‘ = e to duplex
‘-_‘ - --.______-_- @
\ | to close loop T
Bosendiors MM to provide new she : B tc move thrbugh main loop - _ .
Type @ RlEEES | W0 flip pe re— == . fo ﬂlp
‘ Type Type Ed 1 g
= ’ | R Type
J U | \ :
% T
Syst '. 1 ol :
!
| !Firsl pass \\
| 7
Bsecond pass _ _ . —direct ta finisher | EQUAL 1 0 Eﬂ -
: St 7 - Ipper-in
Map EQuAL 2 = 'I I finisher 7l
. e L
=] - @

8 10 send to finisher

Define Flows per Mode Trpe
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OCE CASE STUDY
Oce GENERATE PARTS AND TOPOLOGY

Architecture Model

.4
Design Rules

Layout Generation

Geometry Model

(___ Happy flow Rules ]

Happy flow Generation |
([ Happy flow Model ]

Structure:
Components: Pinches, Fuse, Heater, ...
Topology: Paths, Segments, ...
Aspects: Floorspace, Bill of Material, ...

[ Architecture Model ][ Knowledge Base ]

(Design Decisions) (Design Rules)

'

[ Layout Generation ]

S —

[ Geometry Model ]

¥ ¥
[ Bill of Material ][ Floor-space Model ]

Parts and Topology are
dependent on functions and
their flow

Define a parametric model

Capture design knowledge in
Knowledge Based Engineering
Framework

Example:

Shortest paper length (L)
determines distance between
pinches (P)
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Architecture Model

Design Rules

Layout Generation

Geometry Model

(___ Happy flow Rules ]

OCE CASE STUDY o o)
LAYOUT GENERATION
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OCE CASE STUDY
Oce HAPPY FLOW GENERATION

Architecture Model

(

Design Rules

)

Layout Generation

)

Happy flow Generation

Geometry Model
Happy flow Rules

([ Happy flow Model

)

Behavior:
Real-time behavior: Paper flow per running mode

[ Architecture Model ] [ Transformation Rules ]

(topology & flow & parts) OCE xml format

[ Happy Flow ]
Generation

Happy Flow
Input Models

A\
T T

Function flow describes run
modes (simplex, duplex, A4, A3)

Topology describes distances,
parts

Parts have behavior profiles
(paper acceleration)

Generate Simulation Model

Generate Embedded Software
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Architecture Model
Design Rules )

Layout Generation ]

Geometry Model
Happy flow Rules

Happy flow Generation
([ Happy flow Model ]

OCE CASE STUDY
HAPPY FLOW GENERATION

- Splib pptgsegeEntn 4 e
segueds from | Hapiocuns

fynction-flow Moo prcenn | 1
- rl{erbomponent . -

|~ bapranipengammames rnteom - %4 durer vt |

' e = (VT
b= k . = |
. . . o = i - M HiHc Al Ll T T B AT [T ATt
= ] e B i 1
Hifdrmessegnte xnflow - ! 4 : [
to provide new she to move tf =K Labhode "= | -n == -
¢ e il i——————— || i
to xml ’ '
2 L = “Alsiiarne
- = aHame-
[ second pass o -discofinisher
EQUAL 2 ( L JrnssHaitane
@ lﬁllfll o =
Hios Harze=pnzei-Hams-
<PointOfInterest> ';I':::"
<Iype>PFinch</Type> sKimHe sraetb 11 KimHe
<Position»Z02_8</Position> el iMinch
“Name>DupPilPi</Name> R iz siehimane
</PointdfIntersest> T
</Segment> [’1l~:I=-I oo
sHumHe s et
</Topology> aMnch
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<Id>l</Id> . = ] iParte: :
et H Flow XML fil =“eCamron - ’
«ControlBoint> ap py OW I eS . -|.$' I:E'm !:'”T' . =2 o oo Lsos s
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T ) cmr e feri ) H e e | b T -2 e iz | 4% Pinch
:;;;Zizﬁ:ﬁ::ﬁ;:h”mrdmate} Are used In Matlab - 4| A gl e # Pinc
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model

% Operation modes & sequences
duplex =[5, 4, 3,2, 9, 3, 10, 1] .
simplex = [5, 4, 3, 10, 1] (Proprletary)
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OCE CASE STUDY
Oce GENERATED REAL-TIME BEHAVIOR

Architecture Model
( Design Rules

( Geometry Model

( Happy flow Rules

)
J
Layout Generation
J
J
J

Happy flow Generation

Happy flow Model

Time PFos Vel hee Pinch
ms__ym__amfs % mis?

= Result: Happy Flow Model

= Use existing tooling for
= Real-time simulation o
= Software Generation
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PRELIMINARY RESULTS
BENEFITS OF AN ARCHITECTING TOOL

= Found design rules and design decisions gave insight
= Share info through multiple views on flat model

= Overview and consistency through shared data.

= Automate hand-off

= Matching Tool Chain to Design Process: 3 weeks - 1 hour
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CONCLUSION
BENEFITS OF A CENTRAL ARCHITECTING TOOL

Enabling concurrency by providing a mechanism that keeps the
information, which is the input and output of the development processes,
consistent. This eliminates conflicts caused by incorrect information.
Finding, changing and sharing information will be easier due the
unambiguous structuring of the Information

Enabling short feedback cycles by (multidisciplinary) simulations by
making the information digitally available.

Enabling balancing of the effects of a change over more design aspects
and disciplines by simulations, leading to a higher quality of the product.

Enabling shorter feedback cycles by synthesizing of software and
hardware based on the digitally available product information.

Enabling more reuse by providing easier access to information of the
components and platforms and managing the complex change
management.
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YOURE TRYING TO PREDICT THE BEHAVIOR

ACKNOWLEDGMENTS OF ? JUST MODEL
ITAS A - AND THEN ADD
SOME. SECONDARY TERMS To ACCOUNT FOR
=9 Agentschap NL l" .
'W_}_‘@é' Ministerie van Economische Zaken EQSY: WT?
)
= Dutch Innovation Oriented Research 50, WHY DOES NEED

A WHOLE JouRNAL, ANYWAY?

(

Program ,Integrated Product
Creation and Realization (IOP-
IPCR)" of the Dutch Ministry of
Economic Affairs.

LIBERAL-ARTS MAJORS MAY BE ANNOYING SOMETIMES,
BUT THERES NOTHINVG MORE QBNOXIOUS THAN
P PHYSICIST FIRST ENCOUNTERING A NEW SUBJECT.
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