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Abstract

In systems engineering we use many kinds of models. We use simulations
for analysis, capture system structure information in MSBE models, and create
conceptual models for understanding, communication, reasoning, and supporting
decision making.
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First Principle Models

First principle model: a model based
on theoretical principles.

A first principle model explains the
desired property from first principles
from the laws of physics.

A first principle model requires values
for incoming parameters to calculate
results.
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Empirical Models

Empirical model: a model based on
observations and measurements.

An empirical model describes the
observations.

An empirical model provides no
understanding.
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Conceptual Models

Conceptual model: a model
explaining observations and
measurements using a selection of
first principles.

A conceptual model is a hybrid of
empirical and first principle models;
simple enough to understand and to
reason, realistic enough to make
sense.
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Mental Models

Mental Models are models in our
human brains. These models depend
entirely on the individual and his/her
background

Mental models help us to think.
Individuals may have a verbal or

visual orientation, they may think in
concrete or abstract ways, etc.
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Simulations

Simulation; an executable model

simulation of an elevator
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Product Structure and Documentation

The Product Structure prescribes the product structure of an elevator
parts hierarchy. Each part in the elevator
hierarchy has associated | | | !
documentation and information for shaft cables cage engine | | control
the entire life cycle.
frame [ ¢eling | fdocumentation
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manage all processes from creation to doors ! climate e
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Map of Various Model Types

“Reality”

conceptual models
e understanding

e reasoning

e communication

& mental models
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e partially closer to

the actual system in
its context
infinitely complex
dynamic
evolving
nature and humans

hybrid, e.g. SIL, HIL

reality

simulation
e compressed time
e |ook inside
e many and extreme
circumstances
e whatif ...

digital twin
as simulation
using actual data
real-time control
health monitoring

“Abstractions”
simplifications

configuration and
version (ERP, PDM)
documentation
e static information
e prescribes,
describes system
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Conceptualization Reduces 3 to 5 Orders of Magnitude
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Conceptual Models are at All Levels
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