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Systems Engineering

▪ Systems engineering is an interdisciplinary approach focused on designing, integrating, and 
managing complex systems throughout their lifecycle.

▪ Objective: To ensure that all system components work together seamlessly to achieve a 
common goal.

▪ Key Aspects:
▪ Holistic view: Encompasses hardware, software, people, and processes.

▪ Emphasis on lifecycle: From concept development to decommissioning.
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The Systems Engineering Process

Stages in the Process:
▪ Requirements Analysis: Identifying the needs and constraints.

▪ System Design: Conceptualizing and architecting the system.

▪ Implementation: Building or coding the system components.

▪ Integration and Testing: Ensuring components work together as intended.

▪ Operation and Maintenance: Managing the system's functionality over time.

Iterative Nature: Feedback loops at each stage for continuous improvement.
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Systems Engineering Challenges

Systems engineering encounters several significant challenges, among which are the following:

▪ Complexity Management: Modern systems are highly complex, integrating numerous components and subsystems. 
Managing this complexity, and predicting how changes in one part will affect the whole system, is a fundamental challenge.

▪ Risk Management: Identifying, analyzing, and mitigating (technical, financial, operational) risks in large-scale projects is 
crucial. Engineers must develop strategies to manage these risks, often in presence of uncertainty and limited information.

▪ Interdisciplinary Collaboration: Systems engineering requires collaboration across various disciplines, including 
mechanical, electrical, software, and human factors. Ensuring effective communication and understanding among experts 
from these diverse fields is crucial.

▪ Rapid Technological Changes: The pace of technological advancement is rapid, often outstripping the lifecycle of existing 
systems. Keeping up with these changes, integrating new technologies into existing systems is a critical challenge.

▪ Requirements Management: Defining and managing the requirements of a complex system is an intricate task. 
Requirements often change due to various factors like market demands, regulatory changes, or technological 
advancements. Adapting to these changes without significantly disrupting the project's progress is a key challenge.

▪ Regulatory Compliance and Safety: Ensuring compliance with industry standards and safety regulations is crucial. This 
becomes even more challenging where different countries may have varying regulations.

▪ Data Management and Security: Managing the security and integrity of data is paramount. Systems engineers must 
ensure data is protected against unauthorized access and cyber threats.
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Why Model-Based (Systems) Engineering

Model-Based Systems Engineering (MBSE) uses models as an integral part of the 
technical baseline that includes the requirements, analysis, design, implementation, 
and verification.

▪ Complexity Management: Comprehensive models that represent all aspects of a 
system help in managing complexity by providing a clear and consistent 
representation.

▪ Collaboration: Models as a common language provide a shared framework that 
everyone can understand and contribute to.

▪ Adaptability: Models can be updated more easily than traditional documents, 
which enables engineers to more rapidly adapt to evolving requirements.

▪ Requirements Management: MBSE enables linking system requirements directly 
to elements within the model. This ensures traceability and helps to see the 
impact of changes.

▪ Risk Management: By simulating and analyzing models, MBSE allows engineers 
to identify potential issues and risks early in the design process. 

▪ Regulatory Compliance and Safety: Thoroughness and accuracy of MBSE 
models assist in ensuring that systems meet regulations and safety requirements.

▪ Data Management: MBSE models can integrate data from various sources and 
maintain data consistency throughout the system's lifecycle.
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Modeling Frameworks

▪ Each application domain comes with particular 

demands, regulations, and constraints.

▪ Modeling frameworks help structuring the 

development process:

▪ Layers (perspectives, viewpoints)

▪ Life cycle phases

▪ Hierarchy levels

▪ …

▪ Many modeling languages exist to “fill in”:

▪ Business Process Model and Notation (BPMN)

▪ Structured Goal Notation (GSN)

▪ UML diagrams

▪ …
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Modeling Framework

▪ Focus on (safety-critical) cyber-physical systems

▪ Provision of semantically consistent, continuous, traceable MBSE along 

viewpoints and abstraction levels
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History: From SPES 2020 to CrESt

Vision

The development of software intense systems (CPS) can be 

accomplished through a set of integrated modeling techniques, 

their use and integration in the development is fully understood.
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Agenda

▪ Compositional Semantic Framework

▪ Contract-based Design in the SPES Modelling Framework

▪ A "Meta Theory" of Contract-Based Design

▪ What contracts are – exactly – good for

▪ Example

▪ Applying contract-based design in safety-critical automotive system development
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4: Partition of 

functions to 

systems
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of initial 

requirements

3: Decomposition 

into subfunctions

5: Further refinement

along supply chain

6: Definition of 

technical system

7: Further refinement

along supply chain
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 … 
 

Size: 20x5x50
Rel. Position: (1,1,2)

...

...
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itsMeterValveActuator1:MeterValveActuator

1 «ADLHwElementPrototype,Actuator»

meterValve

itsMeterValveActuator2:MeterValveActuator

1 «ADLHwElementPrototype,Actuator»

meterValve

itsParkingBrakeActuator:ParkingBrakeActuator

1 «ADLHwElementPrototype,Actuator»

parkingBrake

itsShutOffValveActuator1:ShutOffValveActuator

1 «ADLHwElementPrototype,Actuator»

shutOffValve

itsShutOffValveActuator2:ShutOffValveActuator

1 «ADLHwElementPrototype,Actuator»

shutOffValve

itsBSCUMonCom2:BSCUMonCom

1 «ADLHwElementPrototype,ADLHwECU»

accumulatorPressure

parkingBrake

pedalPosition

bscuBusPort

power

itsPedalPositionSensor2:PedalPositionSensor

1 «ADLHwElementPrototype,Sensor»

pedalPosition

itsParkingBrakeSensor:ParkingBrakeSensor

1 «ADLHwElementPrototype,Sensor»

parkingBrakeStatus

itsSystemStatusBus:SystemStatusBus

1 «ADLHwElementPrototype,ADLHwElementType»

systemStatusForECUMonCom2

systemStatusForECUMonCom1

systemStatusForECUSelector

itsAccPressureSensor:AccumulatorPressureSensor

1 «ADLHwElementPrototype,Sensor»

accumulatorPressure

itsPedalPositionSensor1:PedalPositionSensor

1 «ADLHwElementPrototype,Sensor»

pedalPosition

itsAircraftPowerSupply1:AircraftPowerSupply

1 «ADLHwElementPrototype,PowerSupply»

BSCUPower

itsBSCUMonCom1:BSCUMonCom

1 «ADLHwElementPrototype,ADLHwECU»

accumulatorPressure

parkingBrake

pedalPosition

bscuBusPort

power

itsBSCUSelector:BSCUSelector

1 «ADLHwElementPrototype,ADLHwECU»

secondaryPower

primaryPower

parkingBrake

meterValve2

meterValve1

antiSkidValve2

antiSkidValve1

shutOffValve2

shutOffValve1

bscuBusPort

BSCUPower

antiSkidValve

antiSkidValve

meterValve

meterValve

parkingBrake

shutOffValve

shutOffValve

accumulatorPressure

parkingBrake

pedalPosition

bscuBusPort

power

pedalPosition

parkingBrakeStatus

systemStatusForECUMonCom2

systemStatusForECUMonCom1

systemStatusForECUSelector

accumulatorPressure

pedalPosition

BSCUPower

accumulatorPressure

parkingBrake

pedalPosition

bscuBusPort

power

secondaryPower

primaryPower

parkingBrake

meterValve2

meterValve1

antiSkidValve2

antiSkidValve1

shutOffValve2

shutOffValve1

bscuBusPort

1. Ebene

2. Ebene

3. Ebene

4. Ebene

5. Ebene

 

 … 
 

Size: 20x5x50
Rel. Position: (1,1,2)

...

...

Compositional Semantic Framework
Example Design Steps
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Logical

Compositional Semantic Framework
Components and Hierarchy

▪ Components

▪ Basic design entity to structure models

▪ Well defined interfaces

▪ Can be reused in different design contexts

▪ Typed Ports

▪ Define syntactical interface to adjacent 
components / environment

▪ Hierarchy and Composition

▪ Allows deeply nested component hierarchies

▪ Supports top-down and bottom-up design

▪ Connectors

▪ Component interaction via port connections

▪ Simple and complex connectors

15
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Compositional Semantic Framework
Component Behavior (Semantic Domain)

▪ Behavior is visible at component ports

▪ Common dense time domain:  𝕋 = ℝ≥0 (for example)

▪ Port types and value domains: 𝐷𝑝 for port 𝑝

▪ Behavior in term of signals:    𝑠𝑝: 𝕋 → 𝑉𝑝 ∪ {⊥}

▪ ⊥ means “absent value”

▪ Allows for specification of different “types” of behavior:

▪ Discrete event (absent values except for discrete set of time points)

▪ Discrete evolution (changes only at discrete time points)

▪ Continuous evolution

16
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Compositional Semantic Framework
Contracts – Assume/Guarantee Reasoning

▪ Assumptions (green):
▪ Specify necessary conditions of environment and surrounding components for component to work properly

▪ Guarantees (blue):
▪ Specify required behavior that must be guaranteed by implementation if used in context compliant to 

assumptions

▪ Split in assumptions and guarantees allows compositional reasoning schemes
▪ Implementations can be developed independently

▪ Reduces verification complexity

▪ Detect integration issues early in design process before developing implementations

17

driver_stat occurs every 1s.

TSE_stat occurs after every path.

Reaction(TSE_stat.reached,path) 

within [150,1500] ms.

Reaction(TSE_stat.paa,path) within 

[150,200] ms.

Assumption A:

<<satisfy>>

Contract-Based Design in Model-Based Systems Engineering, Ingo.Stierand@DLR.de

Guarantee G:



Compositional Semantic Framework
Summary

▪ Contract-Based Design is a key enabler for rigorous formal system design

▪ Contracts essentially are a particular way to specify behavior

▪ CBD supports systems engineering processes

▪ Contract-Based Design is not a System Design Methodology

▪ It enfolds its benefits only in conjunction with other design paradigms

▪ Such as the SPES Modeling Framework

▪ Contract-Based Design has a well-defined theoretical foundation

▪ A “meta theory” of contract-based design

▪ And many potential instances of it (like A/G contracts)

18
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Agenda

▪ Compositional Semantic Framework

▪ Contract-based Design in the SPES Modelling Framework

▪ A "Meta Theory" of Contract-Based Design

▪ What contracts are – exactly – good for

▪ Example

▪ Applying contract-based design in safety-critical automotive system development

19
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Contract-Based Design
Components

▪ Contract-Based Design implies existence of components

▪ A component is the basic design entity.

▪ Components can be composed: 𝑀1 ×𝑀2.

▪ Not all components can be composed

▪ Components are composable if 𝑀1 ×𝑀2 is well-defined.

▪ An environment of 𝑀 is a component 𝐸 such that 𝐸 ×𝑀 is composable.

20
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𝐸 𝑀

𝑀1 𝑀2
x



Contract-Based Design
Contracts

▪ A contract 𝐶 = (𝑬𝑪,𝑴𝑪) specifies two sets of components

▪ Each pair 𝐸 ⊨𝐸 𝐶 and M ⊨𝑀 𝐶 must be composable

▪ 𝐸 ∈ 𝑬𝑪 is an environment of 𝐶: 𝐸 ⊨𝐸 𝐶 ∶⟺ 𝐸 ∈ 𝑬𝑪
▪ 𝑀 ∈ 𝑴𝑪 is an implementation of 𝐶: M ⊨𝑀 𝐶 ∶⟺ M ∈ 𝑴𝑪

▪ We say, 𝐶 is consistent iff it has at least one implementation: 𝑴𝑪 ≠ ∅

▪ We say, 𝐶 is compatible iff it has at least one environment: 𝑬𝑪 ≠ ∅
21
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𝐸
𝐸 𝑀
𝐸 𝑀
𝐸 𝑀

𝑬𝑪 𝑴𝑪𝐶 = ( , )



Contract-Based Design
Refinement, Conjunction, Composition

▪ Refinement: Contract 𝐶′ refines 𝐶, 𝐶′ ≼ 𝐶, iff 𝑬𝑪′ ⊇ 𝑬𝑪 and 𝑴𝑪′ ⊆ 𝑴𝑪

▪ Conjunction: For all 𝐶1, 𝐶2 exists 𝑖𝑛𝑓𝑖𝑚𝑢𝑚 𝐶1, 𝐶2

▪ Composition: 𝐶1⊗𝐶2 = 𝑚𝑖𝑛 𝐶 ቮ
∀𝑀1 ⊨

𝑀 𝐶1
∀𝑀2 ⊨

𝑀 𝐶2
∀𝐸 ⊨𝐸 𝐶

⟹

𝑀1 ×𝑀2 ⊨
𝑀 𝐶

𝐸 ×𝑀1 ⊨
𝐸 𝐶2

𝐸 ×𝑀2 ⊨
𝐸 𝐶1

22
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𝐸

𝑀

𝐸

𝑀1
𝑀
𝑀2

𝑀
𝑀 = 𝑀1 ×𝑀2

𝐸
𝐸1

𝐸
𝐸2

𝐸1 = 𝐸 ×𝑀2𝐸2 = 𝐸 ×𝑀1𝑀
𝑀

⊗

=
𝐸1 = 𝐸 ×𝑀2𝐸2 = 𝐸 ×𝑀1

𝐸 𝑀
𝐸 𝑀
𝐸 𝑀

𝐸 𝑀
𝐸 𝑀

≼



Contract-Based Design
Important Properties

▪ Refinement

▪ Let be 𝐶′ ≼ 𝐶

▪ Any implementation of 𝐶′ is an implementation of 𝐶: 𝑀 ⊨𝑀 𝐶′ ⟹𝑀 ⊨𝑀 𝐶

▪ Any environment of 𝐶 is an environment of 𝐶′: 𝐸 ⊨𝐸 𝐶 ⟹ 𝐸 ⊨𝐸 𝐶′

▪ Independent Implementability

▪ Let be 𝐶1
′ ≼ 𝐶1 and 𝐶2

′ ≼ 𝐶2
▪ Composition of 𝐶1

′ and 𝐶2
′ refines composition of 𝐶1 and 𝐶2: 𝐶1

′ ⊗𝐶2
′ ≼ 𝐶1 ⊗𝐶2

23
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▪ Typical design steps “decomposition” and “refinement”:

1. Component 𝐶 is split into components 𝐶1 and 𝐶2, respectively.

▪ E.g. a complex driving function into planning and execution.

2. Later on, components 𝐶1 and 𝐶2 are further refined.

▪ Resulting in 𝐶1
′ and 𝐶2

′ , respectively.

3. Component 𝐶1
′ results from further decomposition of 𝐶1 into 

𝐶11 and 𝐶12.

▪ 𝐶2
′ may be a re-used / library component.

𝐶

Contract-Based Design
Important Properties Applied: Virtual Integration Test

24
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𝐶1 𝐶2

𝐶1
′ 𝐶2

′
𝐶1
′

𝐶11 𝐶12



▪ What are the proof obligation to ensure that 𝐶 is satisfied?

𝐶

Contract-Based Design
Important Properties Applied: Virtual Integration Test

25
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𝐶1 𝐶2

𝐶1
′ 𝐶2

′
𝐶1
′

𝐶11 𝐶12

𝐶 ≽ 𝐶1 ⊗𝐶2

𝐶1 ≽ 𝐶1
′

𝐶2 ≽ 𝐶2
′ ቅ ⟹ 𝐶1 ⊗𝐶2 ≽ 𝐶1

′ ⊗𝐶2
′

𝐶 ≽ (𝐶11 ⊗𝐶12) ⊗ 𝐶2
′

(Independent Implementability)

VIT

Refinement

𝐶1
′ ≽ 𝐶11 ⊗𝐶12 VIT



Contract-Based Design
Virtual Integration Test Conditions

▪ Virtual Integration Test: 𝐶 is given as well as 𝐶1 and 𝐶2.
▪ Calculating 𝐶1⊗𝐶2 and then checking 𝐶1⊗𝐶2 ≼ 𝐶 is not necessary.

▪ Recall:
▪ 𝐶′ ≼ 𝐶 iff 𝑬𝑪′ ⊇ 𝑬𝑪 and 𝑴𝑪′ ⊆ 𝑴𝑪

▪ 𝐶1⊗𝐶2 = 𝑚𝑖𝑛 𝐶 ቮ
∀𝑀1 ⊨

𝑀 𝐶1
∀𝑀2 ⊨

𝑀 𝐶2
∀𝐸 ⊨𝐸 𝐶

⟹

𝑀1 ×𝑀2 ⊨
𝑀 𝐶

𝐸 ×𝑀1 ⊨
𝐸 𝐶2

𝐸 ×𝑀2 ⊨
𝐸 𝐶1

▪ For any contract 𝐶 with

∀𝑀1 ⊨
𝑀 𝐶1

∀𝑀2 ⊨
𝑀 𝐶2

∀𝐸 ⊨𝐸 𝐶

⟹

𝑀1 ×𝑀2 ⊨
𝑀 𝐶

𝐸 ×𝑀1 ⊨
𝐸 𝐶2

𝐸 ×𝑀2 ⊨
𝐸 𝐶1

holds that 𝐶1 ⊗𝐶2 ≼ 𝐶.

26
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VIT Conditions

𝐶

𝐶1 𝐶2



Contract-Based Design
Summary

27
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▪ Modern contract-based design is based on a meta-theory

▪ Systems are constituted by components;

▪ Contracts specify valid environments and implementations;

▪ Contract-Based Design formally defines crucial properties for the development process

▪ Refinement, composition, satisfaction, virtual integration testing, …

▪ There are many different contract theories

▪ We will see more about A/G-contracts



Agenda

▪ Compositional Semantic Framework

▪ Contract-based Design in the SPES Modelling Framework

▪ A "Meta Theory" of Contract-Based Design

▪ What contracts are – exactly – good for

▪ Example

▪ Applying contract-based design in safety-critical automotive system development
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Application Example
Overview

▪ (Part of) a highly automated vehicle that shall perform two main functions:
i. following a predefined route, 

ii. avoiding collisions with traffic participants / obstacles.

▪ Sensors, Control Unit, Actuators: 
▪ Ego Localization (localize the ego vehicle), 

▪ Object Detection (detect, localize, and classify traffic participants and obstacles),

▪ Lane Detection (detect lane boundaries), 

▪ Path Planner (plan maneuvers), 

▪ Controller (and calculate actuator commands).

[ASE 2023 - Providing Evidence for Correct and Timely Functioning of 

Software Safety Mechanisms - Becker, Stierand, Koopmann, Westhofen]Contract-Based Design in Model-Based Systems Engineering, Ingo.Stierand@DLR.de
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Where are we in the SPES Framework?
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Functional Logical



Where are we in the SPES Framework?

31
Contract-Based Design in Model-Based Systems Engineering, Ingo.Stierand@DLR.de

Functional Logical



Requirements

Safety Case (Excerpt)
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Hazard Analysis and Risk Assessment
Hazards – Safety Goals – Safety Concept

▪ HARA: Identification of hazards and corresponding risks

▪ Here: H-1: Omitted braking maneuver 
(a necessary braking maneuver of the ego vehicle is not performed (in time))

▪ Fault Analysis (FTA, FMEA) […]

▪ Two failure modes are considered:

1. One of Lidar or Camera fails permanently.

2. One or both of Lidar and Camera fail for a limited amount of time.

▪ Safety Requirements:

33
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Fault-Tolerant Time Interval (FTTI)
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Remark: We consider a safety mechanism implemented with emergency operation [ISO26262:2018] 

𝐹𝑇𝑇𝐼 < 𝑡𝑟𝑒𝑎𝑐𝑡 + 𝑡𝑏𝑟𝑎𝑘𝑒 ≈ 4.57𝑠
𝐹𝑇𝑇𝐼𝑆𝑌𝑆 = 𝐹𝐻𝐼 < 𝑡𝑟𝑒𝑎𝑐𝑡 + 𝑡𝑎𝑐𝑡 + 𝑡𝑠𝑒𝑛𝑠𝑒 ≈ 2.43𝑠



Technical Viewpoint

Mapping Requirements to Technical Elements

35
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Implementation in APP4MC:



Mapping Requirements to Technical Elements
Timing Contracts
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≼ ? (VIT)

⊨

? (satisfaction)



Mapping Requirements to Technical Elements
Virtual Integration Testing

▪ Prerequisites:

▪ Signal “sd” contains both “sd.lidar” and “sd.camera”

▪ Signal “sd” is OK means sensors are OK:

▪ sd.OK := sd.lidar.OK or sd.camera.OK

▪ Mode of “object detection” is the shared with sub 

components “camera grabber” and “lidar grabber”:

▪ Object Detection.mode = Lidar 

Grabber.mode = Camera Grabber.mode

37
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Exercise



Mapping Requirements to Technical Elements
Virtual Integration Testing

▪ Assumptions:

▪ Object Detection:

▪ A: sd occurs every 66ms

▪ Lidar Grabber:

▪ A_L1: sd.lidar occurs every 66ms

▪ Camera Grabber:

▪ A_C1: sd.camera occurs every 66ms

▪ Check (𝐴 ⊆ 𝐴𝐿1 ∧ 𝐴 ⊆ 𝐴𝐶1): ✓
38
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Mapping Requirements to Technical Elements
Virtual Integration Testing

▪ Guarantees:

▪ Object Detection:

▪ G1: Reaction(sd,fused_objects) within [100,1006]ms in mode Normal.

▪ Lidar Grabber:

▪ GL1: Reaction(sd.lidar.OK,lidar_output) within [5,60]ms.

▪ Object Localization via Lidar:

▪ GOL: Reaction(lidar_output,object_poses) within [120,795]ms.

▪ Sensor Fusion:

▪ GF1: Reaction(object_poses,fused_objects) within [5,25]ms.

▪ Check: 5 + 120 + 5 = 130, 60 + 795 + 25 = 875, 130,875 ⊆ [100,1006] ✓
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Mapping Requirements to Technical Elements
Virtual Integration Testing

▪ Guarantees:
▪ Object Detection:

▪ G1: Reaction(sd,fused_objects) within [100,1006]ms in 
mode Normal.

▪ Camera Grabber:

▪ GC1: Reaction(sd.camera.OK,frame) within [7,60]ms.

▪ Object Localization via Camera:

▪ GOL: Reaction(frame,object_poses) within [20,55]ms.

▪ Sensor Fusion:

▪ GF1: Reaction(object_poses,fused_objects) within 
[5,25]ms.

▪ Check: 7 + 20 + 5 = 32, 60 + 55 + 25 = 140, 32,140 ⊆ [100,1006] ↯
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Mapping Requirements to Technical Elements
Virtual Integration Testing

▪ Guarantees:

▪ Object Detection:

▪ G1: Reaction(sd.NOK,set(mode,Recover)) within [5,66]ms in mode 
Normal.

▪ Lidar Grabber:

▪ GL1: Reaction(sd.lidar.OK,set(mode,Normal)) within [5,60]ms.

▪ GL2: Reaction(sd.lidar.NOK,set(mode,Recover)) within [5,60]ms in 
mode Normal.

▪ Camera Grabber:

▪ GC1: Reaction(sd.camera.OK,set(mode,Normal)) within [7,60]ms.

▪ GC2: Reaction(sd.camera.NOK,set(mode,Recover)) within [7,60]ms in 
mode Normal.

▪ Check: ↯
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Satisfaction Checking
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⊨

?



Satisfaction Checking
Approach and Structure of the RTana2sim Model

▪ APP4MC model is translated into RTana2sim model

▪ Assumptions are translated into event sources

▪ Guarantees are translated into observer automata

▪ Additional components provide for fault injection
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Satisfaction Checking
Example
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Entwicklung von sicheren Over-the-Air-Updates
Beteiligte Akteure und relevante Prozessschritte
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Spezifikation und 
systematische 
Entwicklung

Qualitätssicherung, 
(Re-)Zertifizierung 
und Freigabe

Kompatibilitäts-
und Integrations-
tests

Übertragung des 
Updates an das 
Fahrzeug

Installation des 
Updates

Verifikation der 
korrekten 
Funktionsweise

Laufzeit-
überwachung
und -diagnose

Aktivierung der 
aktualisierten 
Funktion

Software-Hersteller

OEM/Integrator

Update-Center

Durchführung
virtueller 
Integrationstests

• Erfüllung der Lieferverpflichtungen
• Effiziente Entwicklung und (Re-)Zertifizierung

• Zeitnahe Umsetzung notwendiger Anpassungen
• Garantierte Kompatibilität und Integrierbarkeit

• Komfortabler Update-Vorgang
• Sicherer Betrieb des aktualisierten Systems

010011
101001



Prozessschritte beim Software-Zulieferer
Entwicklung neuer Funktionen und Updates

1. Systematische Entwicklung neuer Funktionen und Updates
▪ Spezifikation des gewünschten Verhaltens von Software-Komponenten

▪ z.B. unter Verwendung von Assume/Guarantee-Contracts (u.a. für Zeit- und 
Speicherbudgets)

▪ Ausnutzung formal definierter Kompositions- und Verfeinerungsoperationen

▪ Prozessbegleitende Verfeinerung der Spezifikationen
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Bildquelle des Symbols für Spezifikationen: Modifizierte Version eines Icons von smalllikeart auf Flaticon.
URL: https://www.flaticon.com/de/kostenloses-icon/dokument_888034

Partition

Software-Komponente A

Software-Komponente B

Software-Komponente C

Software-Komponente DSpezifikation A

Spezifikation B

A G

Spezifikation C

Spezifikation D

A G

A G

A G

A G

A G

A G

https://www.flaticon.com/de/kostenloses-icon/dokument_888034


Conclusion

▪ Model-based systems engineering helps in solving many challenges in 

engineering processes

▪ The SPES modeling framework aims at supporting engineering of (safety-

critical) cyber-physical systems

▪ Contract-based design provides formal design and engineering support:

▪ Correctness of key design steps becomes verifiable

▪ Enables tool support in verification tasks

▪ Industrial example demonstrates applicability
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