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Set-based design (SBD)Set-based design (SBD) is a complex design method that enables robust system design by 1) considering a large number of alternatives, 2) establishing feasibility before making decisions, and 3) using experts who design from their own perspectives and use the intersection between their individual sets to optimize a design (Singer, Doerry, and Buckley 2009). Model-based engineering (MBE)/model-based systems engineering (MBSE) with an integrated framework can enable the use of SBD tradespace exploration, for some situations (i.e. early-design stage with low fidelity models), in near-real time (Specking et al. 2018a). This article provides insights on using model-based design to create and assess alternatives with set-based design.


Contents


	1 Introduction
	2 System Analyst Set-Based Design Tradespace Exploration Process
	3 References
	3.1 Works Cited
	3.2 Primary References
	3.3 Additional References








Introduction

SBD analyzes sets of alternatives instead of single solutions. Sets are “two or more design points that have at least one design option in common” (Specking et al. 2018b) or “the range of options for a design factor” (Singer et al. 2017). A design factordesign factor is a “solution parameter, characteristic, or relationship that influences the design at the system level” (Singer et al. 2017).  Systems engineers should develop sets determining the design factors and separating the design factors into set driversset drivers or set modifiersset modifiers. Set drivers are “fundamental design decisions that define the system characteristics that enable current and future missions,” while set modifiers are “design decisions that are ‘added on’ to the system and can be modified to adapt for new missions and scenarios” (Specking et al. 2018b).

SBD is not the best design method for every situation. SBD is particularly useful in early-stage design and if the project contains the following attributes:


	A large number of design variables,
	Tight coupling among design variables,
	Conflicting requirements,
	Flexibility in requirements allowing for trades, or
	Technologies and design problems not well understood – learning required for a solution (Singer et al. 2017)


In early-stage design, SBD helps inform requirements analysis and assess design decisions (Parnell et al. 2019). Quantitative SBD requires an integrated MBE environment to assess the effects of constraining and relaxing requirements on the feasible tradespace. For example, Figure 2 demonstrates the effects of constraining or relaxing requirements of an unmanned aerial vehicle case study with all of the explored designs in orange, the tradespace affected by non-requirement constraints (e.g. physics with requirements relaxed to not affect the tradespace) in blue, the original UAV feasible tradespace in yellow, and the relaxed (black)/constrained (red) tradespaces.


[image: ]  
Figure 1. Effects of Requirements on the UAV's Feasible Tradespace (Parnell et al. 2019, used with permission)




The tornado diagram seen in Figure 3 shows results of a one requirement at a time analysis. This makes it easy to see how the constraining/relaxing of each individual requirement affects the feasible tradespace. Figure 3 shows that the requirements “Detect Human Activity at Night” and “Detect Human Activity in Daylight” have the greatest impact on the feasible tradespace. 


[image: ]  
Figure 2. UAV Case Study Results of One-by-One Requirement Analysis (Parnell et al. 2019, used with permission)




Changing the requirements does not always translate to finding improved designs. The individual one requirement at a time analysis scatterplot provides important information, as seen in an example illustration in Figure 4. It is important to carefully analyze the Pareto Frontier created by each change (represented by a different color) and compare it to the Pareto Frontier of the original analysis. If the original requirement level produces better alternatives, then it does not make sense to change (constrain or relax) the requirement.
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Figure 3. Effect on Feasible Tradespace by Changing Most Sensitive UAV Requirement (Specking et al. 2019, used with permission)




Additionally, using SBD can add value to the overall project and team. Some of the advantages include:


	enabling reliable, efficient communications,
	allowing much greater parallelism in the process, with much more effective use of subteams early in the process,
	allowing the most critical, early decisions to be based on data, and
	promoting institutional learning (Ward et al. 1995).


System Analyst Set-Based Design Tradespace Exploration Process

Figure 4 illustrates SBD as a concept for system design and analysis. This SBD illustration contains 5 distinct characteristics:


	start by determining the business/mission needs and system requirements;
	use the business/mission needs and system requirements to perform design and analysis techniques throughout time in the exploratory, concept, and development stages of the system’s life cycle;
	perform design and analysis concurrently as much as possible;
	inform requirement analysis by using feasibility, performance, and cost data; and
	consider a large number of alternatives through the use of sets and slowly converge to a single point solution (Specking et al. 2019).


[image: ]  
Figure 4. SBD Conceptual Framework for Systems Design (Specking et al. 2019, used with permission)




SBD is a social-technical process and should involve input and interactions from several teams, but Figure 6 provides a SBD tradespace exploration process for system analysts (Specking et al. 2019). This eight-step process is especially useful to perform early-stage design (Specking et al. 2018b). The system analyst starts by analyzing the business/mission needs and system requirements. Systems engineers use this information, along with models and simulations developed by themselves or provided by systems and subsystem teams, to develop an integrated model. Systems engineers include requirements to assess feasible and infeasible alternatives using this integrated model. They explore the tradespace by treating each design decision as a uniform (discrete or continuous) random variable. An alternative consists of an option from every design decision. Systems engineers then use the integrated model to evaluate each alternative and to create the feasible tradespace. Monte Carlo simulation is one method that enables a timely alternative creation and evaluation process. The created tradespace will consist of infeasible and feasible alternatives based upon the requirements and any physics-based performance models and simulations. Systems engineers should work with the appropriate stakeholders to inform requirements when the tradespace produces a significantly small number of or no feasible alternatives. In addition to feasibility, systems engineers should also analyze each design decision by using descriptive statistics and other analyses and data analytics techniques. This information provides insights into how each design factor influences the feasible tradespace. Once the tradespace contains an acceptable number of alternatives, it is then classified by sets. This is an essential part of SBD. If the set drivers or design factors are not known, systems engineers should view the tradespace by each design decision for insights. Systems engineers should use dominance analysis and other optimization methods to find optimal or near optimal alternatives based upon the measures of effectiveness. Systems engineers should explore the remaining sets for additional insights on the feasible tradespace and the requirements. The final part of this process is to select one or more sets to move to the next design-stage. It should be noted that this process contains cycles. At any part of this process, systems engineers should use the available information, such as from tradespace exploration or set evaluation, to inform requirement analysis or update the integrated model. Additionally, the systems engineer should update the integrated model with higher fidelity models and simulations as they become available. The key is to have the “right” information from the “right” people at the “right” time.
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Figure 5. System Analysts SBD Tradespace Exploration Process (Specking et al. 2019, used with permission)




References

Works Cited

Parnell, G.S., E. Specking, S. Goerger, M. Cilli, and E. Pohl. 2019. “Using set-based design to inform system requirements and evaluate design decisions.” Proceedings of the 29th Annual International Council on Systems Engineering (INCOSE) International Symposium, Orlando, FL, USA, July 20-25, 2019.

Singer, D.J., N. Doerry, and M. E. Buckley. 2009. “What is set-based design?” Naval Engineers Journal, vol. 121, no. 4, pp. 31–43.

Singer, D., J. Strickland, N. Doerry, T. McKenney, and C. Whitcomb. 2017. “Set-based design.” SNAME T&R Bulletin SNAME (mt) Marine Technology Technical and Research Bulletin.

Specking, E., C. Whitcomb, G. Parnell, S. Goerger, E. Kundeti, and N. Pohl. 2018a. “Literature review: Exploring the role of set-based design in trade-off analytics,” Naval Engineers Journal, vol. 130, no. 2, pp. 51-62.

Specking, E., G. Parnell, E. Pohl, and R. Buchanan. 2018b. “Early design space exploration with model-based system engineering and set-based design,” IEEE Systems, vol. 6, no. 4, pg. 45.

Ward, A., I. Durward Sobek, J. C. John, and K. L. Jeffrey. 1995. “Toyota, concurrent engineering, and set-based design,” in Engineered in Japan: Japanese Technology-management Practices. Oxford, England: Oxford University Press. pp. 192–216.


Primary References

None.


Additional References

None.




< Previous Article | Parent Article | Next Article >
SEBoK v. 2.9, released 20 November 2023






Retrieved from "https://sandbox.sebokwiki.org/index.php?title=Set-Based_Design&oldid=70199"

		Categories: 	Part 8
	Emerging Topics
	Topic




	





	Navigation menu

	
		

	
		Personal tools
	

	
	
		
			Log in


		
	




		
			

	
		Namespaces
	

	
	
		
			Page
	Discussion


		
	




			

	
	
		Variants
	

	
	
		
		

		
	




		

		
			

	
		Views
	

	
	
		
			Read
	View source
	View history
	PDF Export


		
	




			

	
	
		More
	

	
	
		
		

		
	




			
	
		Search
	

	
		
			
			
			
			
		

	




		

	

	

	
		
	

	

	
		Stewards
	

	
	
		
		

	[image: INCOSE-logo-2016.jpg]
	[image: Institute of Electrical and Electronics Engineers Computer Society]



	[image: Systems Engineering Research]








		
	




	

	
		 
	

	
	
		
		
{"openlevels":0,"minExpandLevel":2}
	Quicklinks
	Main Page
	Editor's Corner
	Governance and Editorial Boards
	SEBoK Sponsors
	Acknowledgements and Release History
	FAQs





{"minExpandLevel":2}
	Outline
	Table of Contents
	Part 1: SEBoK Introduction
	Introduction to the SEBoK
	Scope of the SEBoK
	Structure of the SEBoK


	Introduction to Systems Engineering 
	Systems Engineering Overview
	Fundamentals for Digital Engineering
	Economic Value of Systems Engineering
	A Brief History of Systems Engineering
	Systems Engineering: Historic and Future Challenges
	Systems Engineering and Other Disciplines
	Fundamentals for Future Systems Engineering


	SEBoK Users and Uses
	Guidance for Systems Engineering Novices
	Guidance for Systems Engineers
	Guidance for Engineers
	Guidance for Systems Engineering Customers
	Guidance for Educators and Researchers
	Guidance for General Managers




	Part 2: Foundations of Systems Engineering
	Systems Engineering Fundamentals
	Introduction to Systems Engineering Fundamentals
	Systems Engineering Core Concepts
	Systems Engineering Principles
	Systems Engineering Heuristics


	The Nature of Systems
	Types of Systems
	Cycles and the Cyclic Nature of Systems


	Systems Science
	History of Systems Science
	Systems Approaches
	Complexity
	Emergence


	Systems Thinking
	What is Systems Thinking?
	Concepts of Systems Thinking
	Principles of Systems Thinking
	Patterns of Systems Thinking


	Representing Systems with Models
	What is a Model?
	Why Model?
	Types of Models
	System Modeling Concepts
	Integrating Supporting Aspects into System Models
	Modeling Standards


	Systems Approach Applied to Engineered Systems
	Overview of the Systems Approach
	Engineered System Context
	Identifying and Understanding Problems and Opportunities
	Synthesizing Possible Solutions
	Analysis and Selection between Alternative Solutions
	Implementing and Proving a Solution
	Deploying, Using, and Sustaining Systems to Solve Problems
	Applying the Systems Approach




	Part 3: SE and Management
	Systems Engineering STEM Overview
	Model-Based Systems Engineering (MBSE)
	Systems Lifecycle Approaches
	Generic Life Cycle Model
	Applying Life Cycle Processes 
	Life Cycle Processes and Enterprise Need


	System Lifecycle Models
	System Lifecycle Process Drivers and Choices
	System Lifecycle Process Models: Vee
	System Lifecycle Process Models: Incremental
	System Life Cycle Process Models: Agile Systems Engineering
	Process Integration
	Lean Engineering


	Systems Engineering Management
	Technical Planning
	Assessment and Control
	Decision Management
	Risk Management
	Configuration Management
	Information Management
	Quality Management
	Measurement


	Business and Mission Analysis
	Business or Mission Analysis


	Stakeholder Needs Definition
	Stakeholder Requirements Definition


	System Architecture Definition
	Logical Architecture
	Physical Architecture


	Detailed Design Definition
	System Analysis
	System Realization
	System Implementation
	System Integration
	System Verification
	System Transition
	System Validation
	System Operation
	System Maintenance
	Logistics
	Service Life Management
	Service Life Extension
	Capability Updates, Upgrades, and Modernization
	System Disposal and Retirement


	Systems Engineering Standards
	Relevant Standards
	Alignment and Comparison of Systems Engineering Standards
	Application of Systems Engineering Standards




	Part 4:  Applications of Systems Engineering
	Product Systems Engineering
	Product SE Background
	Product as a System Fundamentals
	Relate Business Activities
	Product SE Key Aspects
	Product SE Special Activities


	Service Systems Engineering
	Service Systems Background
	Fundamentals of Services
	Properties of Services
	Scope of Service Systems Engineering
	Value of Service Systems Engineering
	Service Systems Engineering Stages


	Enterprise Systems Engineering
	Enterprise SE Background
	The Enterprise as a System
	Related Business Activities
	Enterprise SE Key Concepts
	Enterprise SE Process Activities
	Enterprise Capability Management


	Systems of Systems (SoS)
	Architecting Approaches for Systems of Systems
	Socio-Technical Features of Systems of Systems
	Capability Engineering
	Mission Engineering


	Healthcare Systems Engineering
	Overview of the Healthcare Sector
	Systems Engineering in Healthcare Delivery
	Systems Biology
	Lean in Healthcare




	Part 5: Enabling Systems Engineering
	Enabling Businesses and Enterprises
	SE Organizational Strategy
	Determining Needed Capabilities
	Organizing Business to Perform SE
	Assessing SE Performance
	Developing SE Capabilities
	Culture


	Enabling Teams
	Team Capability
	Team Dynamics
	Diversity, Equity, and Inclusion
	Technical Leadership in SE


	Enabling Individuals
	Roles and Competencies
	Assessing Individuals
	Developing Individuals
	Ethical Behavior




	Part 6: Related Disciplines
	Systems Engineering and Environmental Engineering
	Systems Engineering and Geospatial/Geodetic Engineering
	Overview of Geospatial/Geodetic Engineering
	Relationship between Systems Engineering and Geospatial/Geodetic Engineering
	Further Insights into Geospatial/Geodetic Engineering


	Systems Engineering and Industrial Engineering
	Systems Engineering and Project Management
	The Nature of Project Management 
	An Overview of the PMBOK® Guide 
	Relationships between Systems Engineering and Project Management 
	The Influence of Project Structure and Governance on Systems Engineering and Project Management Relationships
	Procurement and Acquisition
	Portfolio Management


	Systems Engineering and Software Engineering
	Software Engineering in the Systems Engineering Life Cycle 
	The Nature of Software
	An Overview of the SWEBOK Guide  - New article
	Key Points a Systems Engineer Needs to Know about Software Engineering 
	Software Engineering Features - Models, Methods, Tools, Standards, and Metrics


	Systems Engineering and Mechanical Engineering
	Systems Engineering and Enterprise IT 
	Systems Engineering and Quality Attributes
	A Framework for Viewing Quality Attributes from the Lens of Loss
	Human Systems Integration
	Manufacturability and Producibility
	System Adaptability
	System Affordability
	System Hardware Assurance
	System Reliability, Availability, and Maintainability
	System Resilience
	System Resistance to Electromagnetic Interference
	System Safety
	System Security  - New article




	Part 7: SE Implementation Examples
	Matrix of Implementation Examples
	Implementation Examples
	Defense System Examples
	Submarine Warfare Federated Tactical Systems
	Virginia Class Submarine


	Information System Examples
	Complex Adaptive Taxi Service Scheduler
	Successful Business Transformation
	FBI Virtual Case File System


	Management System Examples
	Project Management for a Complex Adaptive Operating System


	Medical System Examples
	Next Generation Medical Infusion Pump
	Medical Radiation
	Design for Maintainability


	Space System Examples
	Global Positioning System
	Global Positioning System II
	Russian Space Agency Project Management Systems
	Cassini/Huygens
	Hubble Space Telescope
	Applying MB Approach for 30 Meter Telescope
	MSTI Spacecraft
	Apollo 1 Disaster


	Transportation System Examples
	Denver Baggage Handling
	FAA Advanced Automation System
	FAA NextGen
	UAV Prototype - Agile  - New article
	UK Route Modernisation
	Korean Light Transit System


	Utilities Examples
	Northwest Hydro System
	Singapore Water Management




	Part 8: Emerging Knowledge
	Emerging Topics
	Introduction to SE Transformation
	Socio-technical Systems
	Artificial Intelligence
	Verification and Validation of Systems in Which AI is a Key Element
	Transitioning Systems Engineering to a Model-based Discipline
	Model-Based Systems Engineering Adoption Trends 2009-2018
	Digital Engineering
	Set-Based Design
	System of Systems and Complexity


	Emerging Research









Sponsors

[image: GMU PLogo RGB.jpg]

[image: Caltech LOGO-Orange RGB.png]

[image: USA Systems Eng Logo.png]

[image: PPI Logo Square.png]

[image: Missouri-S T PrimaryLogo Apple.png]

[image: SponsorshipPlaceholder.png]

[image: Wsu stacked.png]


 



{"openlevels":0,"minExpandLevel":2}
	Use the SEBoK
	Download SEBoK PDF
	Copyright Information
	Cite the SEBoK
	About the SEBoK





{"openlevels":0,"minExpandLevel":2}
	Additional Information
	Examples
	Glossary of Terms
	Acronyms
	Recommended References





{"openlevels":0,"minExpandLevel":2}
	Toolbox
	Recent Changes
	Random Page
	What Links Here
	Special Pages





		
	





	
		Quicklinks
	

	
	
		
			Main Page
	Note to Reviewers
	How to Read the SEBoK
	Acknowledgements
	Copyright Information
	About the SEBoK
	Download SEBoK PDF


		
	





	
		Outline
	

	
	
		
			Table of Contents
	Part 1: Introduction
	Part 2: Systems
	Part 3: SE and Management
	Part 4: Applications of SE
	Part 5: Enabling SE
	Part 6: Related Disciplines
	Part 7: Examples


		
	





	
		Navigation
	

	
	
		
			Knowledge Areas
	Topics
	Use Cases
	Case Studies
	Vignettes
	Glossary of Terms
	Acronyms
	Primary References


		
	





	
		Tools
	

	
	
		
			What links here
	Related changes
	Special pages
	Permanent link
	Page information
	Cite this page
	Browse properties


		
	





	
		Print/export
	

	
	
		
			Create a book
	Download as PDF
	Printable version


		
	




	







		 This page was last edited on 18 November 2023, at 23:43.


		Privacy policy
	About SEBoK
	Disclaimers


		[image: Powered by MediaWiki][image: Guide to the System Enginnering Body of Knowledge][image: Powered by Semantic MediaWiki]



	







