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Abstract

The Systems Engineering (SE) discipline is an integrating discipline. SE integrates
and guides mono-disciplines, such as mechanical engineering, electrical engineering,
and software engineering, to create reliable systems. The SE discipline compre-
hends multiple approaches:

e well defined formalized SE methods
e strong process focused
e “common sense”, based on human experience and intelligence

A balance of these three approaches yields successful products. In this document
we will discuss this balance and especially the, often underrated, informal side of
SE.
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From stepping to scanning
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Key specifications waferstepper
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Moore’s law
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Overlay budget (1999)
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Everything influences overlay

Overlay Influence Diagram
(Maarten Bonnema, 19-3-1999)
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What is Formal?
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Process: Formal Documents

PRS Product Requirement Spec

SPS System Performance Spec ATP Acceptance Test Performance
TPS Test Performance Spec
SDS System Design Spec

FAT Factory Acceptance Test
SAT Factory Acceptance Test

EPS Element Performance Spec
TPS Test Performance Spec

EDS Element Design Spec Change Control

PR Problem Report

CR cChange Request

TPD Technical Product Documentation
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Formal in Mathematical sense

v, if X, <Xp
Ax (1) +Bu(r) if  x Z2x, Ax, <Xp,
x (=< Ax (1)+Bu(f) if x,2xp, "X, <Xps
Ax () +Bu() if x Z2xp,nx, <xpy+L
0 if X, 2 Xpe +1i

example PieceWise Linear Systems

Examples of Hybrid Modeling Formalisms
Bjérn Bukkems and Marieke Cloosterman

example Hybrid Automata Boderc Symposium 2005
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Fab Context of Waferstepper
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Business Context
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Human Context: Stakeholders

"external"
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Multitude of Disciplines
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Complexity of Waferstepper Context
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Symptom: Delays appear during Integration

scheduled realized
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Do you have any design During integration numerous
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The default answer is: No.
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From Mono-Disciplinary to System

case

Formal Informal SE
Mxee{ process
conclusion H ISSUGS
evolvability @ reliability

multi-objective
design methods

multi-objective

design methods multi-

legend disciplinary

: design
e S performance and single aspect
esource prediction design method ><
ell defined =
but soft hybrid
o YAPI L

SE

methods
MOono-
well defined / \ o
VHDL uML RMA dISCIpIInary
Mechanical Engineering Electrical Engineering Software Engineering design
The Informal Nature of Systems Engineering Zs\fgirﬁgéog “Embedded Systems

19 Gerrit Muller INSEmethodLayers INSTITUTE



Exponential Pyramid, from requirement to bolts and nuts
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Walferstepper Example
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Postulate

engineering engineering
architecting architecting
formal formal

Skills are much more important than methods

skills of "formal” people:
analytical

structural

firm of principle
consistent

The Informal Nature of Systems Engineering 25‘{5;%19'21502 Embedded Systems

22 Gerrit Muller INSEpostulate INSTITUTE



Multi-disciplinary Research Approaches
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Conclusion

case

Formal Informal SE

Meet"”
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Systems Engineering

heterogeneous, the art of ignoring details

Formal Methods : systematic and accurate:

works on well defined homogeneous problems

SE uses FM-thinking: Borrow and Adapt
Formal methods provides input to SE for specific niches

SE sets the boundaries for the application of Formal Methods

The Informal Nature of Systems Engineering version: 0 Embedded Systems

24 Gerrit Muller

25th April 2005
INSEconclusion INSTITUTE



