
Autonomous Systems Complexity Assessment
Day 1 Intro Workshop

Facilitator: Eric Smith, UTEP Professor
Assistant: William Hale, NMT Student

Participants:
• Griselda Acosta UTEP Student
• Randy Anway New Tapestry, LLC
• John Brtis MITRE Corp
• Sergio De La Rosa UTEP Student
• Jim Larkin MEI Technologies, AFRL Contractor
• Ron Lyells Retired Honeywell
• Tim Marks Sandia National Labs
• Tim Wiseley Sandia National Labs



Autonomous Systems
Complexity Assessment

Eric Smith

R1:  Doctoral University: 
Very High Research Activity



Turing 
Test

• Alan Turing 1950
• machine's ability to exhibit human-like intelligent 

behavior
• natural language conversations



Cyclomatic
Complexity

(McCabe, 1976)

• CC = E – N + 2P
• C = # Edges – # Nodes 

+ 2(Components)
• C = 13 edges – 11 nodes + 2 = 4
• Path 1: 0-1-10
• Path 2: 0-1-5-6-8-9-1-10
• Path 3: 0-1-2-4-7-9-1-10
• Path 4: 0-1-2-3-7-9-1-10
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8 Strategies
Helle, Strobel & Schamai, Testing of Autonomous Systems, 

26th INCOSE Symposium, 2016

• Knowledge (Wirsing, Hölzl, Koch, & Mayer, 2011)

• Adaptation
• Self-Awareness
• Emergence

• Complex Environment, Complex Software, Non-
deterministic Behavior

• System Trust; Operational Trust
• Fault Avoidance; Fault Removal; Fault Tolerance
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1. Use Models
2. Be Formal
3. Automate
4. Test Early
5. Test Continually
6. Test Virtually
7. Test the Correctness of the Autonomy 

Capability
8. Think Ahead



Autonomy Levels













Bio-Mimicry









FAA Regulation of Drones





FDA Regulation of Medical Devices



WAYMO by Google



CA DMV Autonomous Vehicle Testing Permits
• Volkswagen 

Group of 
America

• Mercedes 
Benz

• Waymo LLC
• Delphi 

Automotive
• Tesla 

Motors
• Bosch
• Nissan
• GM Cruise 

LLC
• BMW
• Honda
• Ford
• Zoox, Inc.

• SAIC Innovation 
Center, LLC

• Almotive Inc
• Aurora Innovation
• Nullmax
• Samsung 

Electronics
• Continental 

Automotive 
Systems Inc

• Voyage
• CYNGN, Inc
• Roadstar.Ai
• Changan

Automobile
• Lyft, Inc.
• Phantom AI
• Qualcomm 

Technologies, Inc.
• SF Motors Inc.

• Zoox, Inc.
• Drive.ai, Inc.
• Faraday & Future Inc.
• Baidu USA LLC
• Valeo North America, 

Inc.
• NIO USA, Inc.
• Telenav, Inc.
• NVIDIA Corporation
• AutoX Technologies Inc
• Subaru
• Udacity, Inc
• Navya Inc.
• Renovo.auto
• PlusAi Inc
• Nuro, Inc
• CarOne LLC
• Apple Inc.
• Pony.AI
• TuSimple
• Jingchi Corp

• Toyota Research 
Institute

• Apex.Al
• Intel Corp
• Ambarella

Corporation
• Gatik AI. Inc.
• DiDi Research 

America LLC
• TORC Robotics Inc
• Boxbot Inc
• EasyMile
• Mando America 

Corporation
• Xmotors.ai, Inc.
• Imagry Inc.
• Ridecell Inc.
• AAA NCNU
• ThorDrive Inc
• Helm.AI Inc
• Argo AI, LLC



CA DMV Autonomous Vehicle Testing Permits

• Vehicle Code Section 38750:
• CA department will not wait for the federal government

sets autonomous technology safety standards. 
• CA DMV department is relying on certifications that 

vehicles meet existing vehicle safety standards and 
certifications that the vehicles will operate safely on 
public roads by complying with traffic rules and 
regulations. 

• The manufacturer must also provide a summary of test 
methods used to validate the performance of the 
vehicles and certify that the manufacturer is satisfied, 
based on the results of that testing, that the vehicles 
are safe for deployment on public roads.



Trust





Zip Line delivery 





Autonomous Systems Complexity Assessment
Reception Poster

Need
– Future development of services and integration  into society
– Autonomous, systems, that includes systems of systems, tend to complex, we need a methodology to 

address systems complexity to ensure the development of successful autonomous systems
– Need to familiarize with new systems possibilities

Stake holders
– Systems Engineers; Government and State regulatory agencies; Businesses; Ecologist; Ethicists; 

Philosophers 
Issues
– Relative complexity of autonomous systems and complexity of interacting with 

environment
– Complexity of interacting systems on various levels
– Unpredicted or uncertain untested scenarios in emergent systems.
– Systems competition with humans
– Intention and attention with respect to behavior
– Autonomous systems add digital and process logic complexity
– Nonlinear causation 
– Ethics and moral code ; Paradigm shift
– No regulatory structure to govern autonomous system testing and behavior 
– Environmental Economical and societal testing
– Malicious attacks, security and countermeasures
– Unattended system of systems



rick.dove@parshift.com, attributed copies permitted 29

Day 2 Participants:
• Randy Anway New Tapestry, LLC
• Aly El-Osery NMT Professor
• Jim Larkin MEI Technologies, AFRL Contractor
• Kerry Luney Thales Australia
• Eric Smith UTEP professor

Autonomous Systems Complexity Assessment
Day 2 Workshop Results



Autonomous Systems
Complexity Assessment

Need
– Future development of autonomous services and integration into society
– Autonomous, systems, that includes systems of systems, tend to complex, we need a methodology to 

address systems complexity to ensure the development of successful autonomous systems
– Need to familiarize with new systems possibilities

Stake holders
– Systems Engineers; Government and State regulatory agencies; Businesses; Ecologist; Ethicists; 

Philosophers; Academics 
Issues
– Relative complexity of autonomous systems and complexity of interacting with 

environment
– Complexity of interacting systems on various levels
– Unpredicted or uncertain untested scenarios in emergent systems.
– Systems competition with humans
– Intention and attention with respect to behavior
– Autonomous systems add digital and process logic complexity
– Nonlinear causation 
– Ethics and moral code ; Paradigm shift
– No regulatory structure to govern autonomous system testing and behavior 
– Environmental Economical and societal testing
– Malicious attacks, security and countermeasures
– unintended creation system of systems



Impediments to adoption of 
autonomous systems 

• Existing system paradigm 
– Current practices challenged

• Theory of Warfare
– Shared ownership
– Infrastructure

• Balance and investment in 
supporting  infrastructure

– System as a service vs. retail

• Complexity Adoption
– Perceptual concerns
– Perception of risk and uncertainty 
– Self learning unboundedness 
– Adoption curve and technical 

readiness
– Unintended consequences of 

system of systems

• Government
– Policy
– Acquisition frame works
– Political considerations

• Legal and insurance
– Regulations and standards
– Ramifications for unintended 

consequences 
– Accountability
– privacy protection

• Culture
– Social Contract
– Religion
– PATH
– Education
– Value systems



Consensus requirements
• Assumed to agreed definition of autonomy
• Process replaced by Autonomy as the initial adoption
• Must have an agreed architecture

– Inclusive of interdependencies and environment
– Inclusive of interoperability where applicable

• Must have an agreed level of human involvement 
– Consider biomimicry

• Must have an agreed level of environmental and economical 
interactions

• Must agree upon a risk profile
– Consensus on the risk involved
– Consensus on risk reduction strategies

• Consensus of the unintended consequences of a fault – resilience
• Change management strategies must be defined



Collaboration actions

• STEAM/PATH education 
• Scenario and use case generation of high level 

relationship model across multiple 
nontechnical discipline
– Consider mind mapping

• Seek INCOSE working groups
• Diversification and inclusion to be addressed
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