
Safe Composition through 
Dynamic Feature Interaction Resolution

Gabriel Moreno
CMU/SEI

High Confidence Software and Systems (HCSS)          May 4, 2021

Ben Gafford      Tobias Dürschmid Eunsuk Kang

CMU



Feature Interaction Problem

• Two or more features, developed independently, result in undesirable
system behavior when composed together

F1 |= G1
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Drone Mission

3

Example: Autonomous Drones



Requirement:
Maintain a time-to-collision 
of > 3.0 seconds to boundary

Feature action:
Adjust the direction & 
velocity to move away from 
the boundary

Boundary

7

Requirement:
Stay > 4 meters from a 
follower drone

Feature action:
Adjust the direction & 
velocity to move away from 
follower

Runaway



Feature-Oriented Design

Runaway

Feature 1 Many other features

...

8

Boundary

Feature 2
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??

Move away 
from the 
boundary

Move 
away from 
follower 
drone

Conflict

Boundary

Runaway

What do we do when features conflict?



Feature Interaction Problem

• Well-studied problem in certain domains

• Telecommunications
• Software product lines

• But increasingly important in emerging domains

• Autonomous systems, IoT
• Open systems with dynamically evolving features

• More possibilities for unanticipated interactions!
• Possible safety failures due to undesirable interactions

• A major obstacle to safe system composition!



Research Questions

• Detection: How do we detect undesirable interactions among a 
possibly large number of features?

• Resolution: How to resolve undesirable interactions when they occur?
• Our focus today!



Existing Approaches

• Priority-based resolution

• Rank features based on priorities & select the highest one during conflicts
• Not robust to feature changes: Must update priority list when features added

• Variable-specific resolution

• Design a resolution strategy for controlled variables in conflict
• Conflicting actions for velocity: Select one with lowest velocity, since it’s likely to be safer

• Robust against feature changes, but may not produce desirable outcome in 
unanticipated contexts

• Challenge: What does it mean for a feature to be “desirable”?



Towards Context-Driven Resolution

• Desirability of a feature is context-dependent

• “How well does this feature satisfy a system requirement in the current 
environmental context?” 



Towards Context-Driven Resolution

• Desirability of a feature is context-dependent

• “How well does this feature satisfy a system requirement in the current 
environmental context?” 

Higher risk of running into 

the boundary; choose A1

A1

A2



Towards Context-Driven Resolution

• Desirability of a feature is context-dependent

• “How well does this feature satisfy a system requirement in the current 
environmental context?” 

Higher risk of colliding with 

the follower; choose A2

A1

A2



Idea #1: Requirement-Based Feature Evaluation

22

Evaluate given actions w.r.t. 

satisfaction of a requirement 

in the given environment
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System requirement & 

environmental model as 

explicit parameters

Idea #1: Requirement-Based Feature Evaluation



Requirement-Based Feature Evaluation

• System requirement as Signal Temporal Logic (STL)

• An extension of linear temporal logic w/ time intervals & continuous variables
• Well-suited for specifying requirements in CPS

“The distance to a nearby drone must be 
at least 4.0 meters for the next 1 seconds”

4.0 m

Follower

Ego drone
Req ⌘
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G[0,1](distToFollower(s, t)� 4.0 � 0)
<latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="vaYCOi8HBQAk42ggKLc1joDrzT4="></latexit><latexit sha1_base64="vaYCOi8HBQAk42ggKLc1joDrzT4="></latexit><latexit sha1_base64="1m7l1zAtJivjWG1CyHcEWctU/3A="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit>

Signal 
(sequence of states)

Time



Robustness of Satisfaction

• A quantitative metric for the degree of satisfaction in STL

• i.e., How much does the system satisfy or violate a property?

2.5 m

Follower

Ego drone

⇢(Req, s, t) = �1.5
<latexit sha1_base64="suaYpZZC096ihuBtOPhk24zE8Es=">AAACCHicbVA9SwNBEN2L3/EramnhYhAixONOFG2EoI1lFBOFJIS9zZxZ3Ptwd04MR0ob/4qNhSK2/gQ7/42b5AqNPhh4vDfDzDwvlkKj43xZuYnJqemZ2bn8/MLi0nJhZbWuo0RxqPFIRurKYxqkCKGGAiVcxQpY4Em49G5OBv7lHSgtovACezG0AnYdCl9whkZqFzaaqhuVmgj3qP30HG77ZarLFLfpEd1x7f12oejYzhD0L3EzUiQZqu3CZ7MT8SSAELlkWjdcJ8ZWyhQKLqGfbyYaYsZv2DU0DA1ZALqVDh/p0y2jdKgfKVMh0qH6cyJlgda9wDOdAcOuHvcG4n9eI0H/sJWKME4QQj5a5CeSYkQHqdCOUMBR9gxhXAlzK+VdphhHk13ehOCOv/yX1Hdt17Hds71i5TiLY5ask01SIi45IBVySqqkRjh5IE/khbxaj9az9Wa9j1pzVjazRn7B+vgGhc2Xrg==</latexit><latexit sha1_base64="suaYpZZC096ihuBtOPhk24zE8Es=">AAACCHicbVA9SwNBEN2L3/EramnhYhAixONOFG2EoI1lFBOFJIS9zZxZ3Ptwd04MR0ob/4qNhSK2/gQ7/42b5AqNPhh4vDfDzDwvlkKj43xZuYnJqemZ2bn8/MLi0nJhZbWuo0RxqPFIRurKYxqkCKGGAiVcxQpY4Em49G5OBv7lHSgtovACezG0AnYdCl9whkZqFzaaqhuVmgj3qP30HG77ZarLFLfpEd1x7f12oejYzhD0L3EzUiQZqu3CZ7MT8SSAELlkWjdcJ8ZWyhQKLqGfbyYaYsZv2DU0DA1ZALqVDh/p0y2jdKgfKVMh0qH6cyJlgda9wDOdAcOuHvcG4n9eI0H/sJWKME4QQj5a5CeSYkQHqdCOUMBR9gxhXAlzK+VdphhHk13ehOCOv/yX1Hdt17Hds71i5TiLY5ask01SIi45IBVySqqkRjh5IE/khbxaj9az9Wa9j1pzVjazRn7B+vgGhc2Xrg==</latexit><latexit sha1_base64="suaYpZZC096ihuBtOPhk24zE8Es=">AAACCHicbVA9SwNBEN2L3/EramnhYhAixONOFG2EoI1lFBOFJIS9zZxZ3Ptwd04MR0ob/4qNhSK2/gQ7/42b5AqNPhh4vDfDzDwvlkKj43xZuYnJqemZ2bn8/MLi0nJhZbWuo0RxqPFIRurKYxqkCKGGAiVcxQpY4Em49G5OBv7lHSgtovACezG0AnYdCl9whkZqFzaaqhuVmgj3qP30HG77ZarLFLfpEd1x7f12oejYzhD0L3EzUiQZqu3CZ7MT8SSAELlkWjdcJ8ZWyhQKLqGfbyYaYsZv2DU0DA1ZALqVDh/p0y2jdKgfKVMh0qH6cyJlgda9wDOdAcOuHvcG4n9eI0H/sJWKME4QQj5a5CeSYkQHqdCOUMBR9gxhXAlzK+VdphhHk13ehOCOv/yX1Hdt17Hds71i5TiLY5ask01SIi45IBVySqqkRjh5IE/khbxaj9az9Wa9j1pzVjazRn7B+vgGhc2Xrg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="mv5bUINO4NnNs4yjIea+14WZKBE=">AAAB/XicbZBLSwMxFIXv+Ky1anXrwmARFGqZEUQ3guDGpYp9QFtKJr3TBjMPkztiGbp0419x40IR/4Y7/41p7UKtBwIf5yTc3OMnShpy3U9nZnZufmExt5RfLqysrhXXCzUTp1pgVcQq1g2fG1QywipJUthINPLQV1j3b85Gef0OtZFxdE2DBNsh70UykIKTtTrFrZbux7stwnsyQXaFt8MyM2VGe+yE7XuVw06x5Fbcsdg0eBMowUQXneJHqxuLNMSIhOLGND03oXbGNUmhcJhvpQYTLm54D5sWIx6iaWfjRYZsxzpdFsTanojY2P35IuOhMYPQtzdDTn3zNxuZ/2XNlILjdiajJCWMxPegIFWMYjZqhXWlRkFqYIELLe1fmehzzQXZ7vK2BO/vytNQO6h4bsW7dCEHm7ANu+DBEZzCOVxAFQQ8wBO8wKvz6Dw7b991zTiT3jbgl5z3LwFBljs=</latexit><latexit sha1_base64="mv5bUINO4NnNs4yjIea+14WZKBE=">AAAB/XicbZBLSwMxFIXv+Ky1anXrwmARFGqZEUQ3guDGpYp9QFtKJr3TBjMPkztiGbp0419x40IR/4Y7/41p7UKtBwIf5yTc3OMnShpy3U9nZnZufmExt5RfLqysrhXXCzUTp1pgVcQq1g2fG1QywipJUthINPLQV1j3b85Gef0OtZFxdE2DBNsh70UykIKTtTrFrZbux7stwnsyQXaFt8MyM2VGe+yE7XuVw06x5Fbcsdg0eBMowUQXneJHqxuLNMSIhOLGND03oXbGNUmhcJhvpQYTLm54D5sWIx6iaWfjRYZsxzpdFsTanojY2P35IuOhMYPQtzdDTn3zNxuZ/2XNlILjdiajJCWMxPegIFWMYjZqhXWlRkFqYIELLe1fmehzzQXZ7vK2BO/vytNQO6h4bsW7dCEHm7ANu+DBEZzCOVxAFQQ8wBO8wKvz6Dw7b991zTiT3jbgl5z3LwFBljs=</latexit><latexit sha1_base64="B5gFqg+HxS8AefsKGSJ/hJMU1P8=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQIYYZQfQiBL14jGIWSELo6dQkTXoWu2vEMOToxV/x4kERr36CN//GznLQ6IOCx3tVVNVzIyk02vaXlZqbX1hcSi9nVlbX1jeym1tVHcaKQ4WHMlR1l2mQIoAKCpRQjxQw35VQc/sXI792B0qLMLjBQQQtn3UD4QnO0Ejt7G5T9cJ8E+EetZdcw+2wQHWB4gE9o4dO8bidzdlFewz6lzhTkiNTlNvZz2Yn5LEPAXLJtG44doSthCkUXMIw04w1RIz3WRcahgbMB91Kxo8M6b5ROtQLlakA6Vj9OZEwX+uB75pOn2FPz3oj8T+vEaN32kpEEMUIAZ8s8mJJMaSjVGhHKOAoB4YwroS5lfIeU4yjyS5jQnBmX/5LqkdFxy46V3audD6NI012yB7JE4eckBK5JGVSIZw8kCfyQl6tR+vZerPeJ60pazqzTX7B+vgGhI2Xqg==</latexit><latexit sha1_base64="suaYpZZC096ihuBtOPhk24zE8Es=">AAACCHicbVA9SwNBEN2L3/EramnhYhAixONOFG2EoI1lFBOFJIS9zZxZ3Ptwd04MR0ob/4qNhSK2/gQ7/42b5AqNPhh4vDfDzDwvlkKj43xZuYnJqemZ2bn8/MLi0nJhZbWuo0RxqPFIRurKYxqkCKGGAiVcxQpY4Em49G5OBv7lHSgtovACezG0AnYdCl9whkZqFzaaqhuVmgj3qP30HG77ZarLFLfpEd1x7f12oejYzhD0L3EzUiQZqu3CZ7MT8SSAELlkWjdcJ8ZWyhQKLqGfbyYaYsZv2DU0DA1ZALqVDh/p0y2jdKgfKVMh0qH6cyJlgda9wDOdAcOuHvcG4n9eI0H/sJWKME4QQj5a5CeSYkQHqdCOUMBR9gxhXAlzK+VdphhHk13ehOCOv/yX1Hdt17Hds71i5TiLY5ask01SIi45IBVySqqkRjh5IE/khbxaj9az9Wa9j1pzVjazRn7B+vgGhc2Xrg==</latexit><latexit sha1_base64="suaYpZZC096ihuBtOPhk24zE8Es=">AAACCHicbVA9SwNBEN2L3/EramnhYhAixONOFG2EoI1lFBOFJIS9zZxZ3Ptwd04MR0ob/4qNhSK2/gQ7/42b5AqNPhh4vDfDzDwvlkKj43xZuYnJqemZ2bn8/MLi0nJhZbWuo0RxqPFIRurKYxqkCKGGAiVcxQpY4Em49G5OBv7lHSgtovACezG0AnYdCl9whkZqFzaaqhuVmgj3qP30HG77ZarLFLfpEd1x7f12oejYzhD0L3EzUiQZqu3CZ7MT8SSAELlkWjdcJ8ZWyhQKLqGfbyYaYsZv2DU0DA1ZALqVDh/p0y2jdKgfKVMh0qH6cyJlgda9wDOdAcOuHvcG4n9eI0H/sJWKME4QQj5a5CeSYkQHqdCOUMBR9gxhXAlzK+VdphhHk13ehOCOv/yX1Hdt17Hds71i5TiLY5ask01SIi45IBVySqqkRjh5IE/khbxaj9az9Wa9j1pzVjazRn7B+vgGhc2Xrg==</latexit><latexit sha1_base64="suaYpZZC096ihuBtOPhk24zE8Es=">AAACCHicbVA9SwNBEN2L3/EramnhYhAixONOFG2EoI1lFBOFJIS9zZxZ3Ptwd04MR0ob/4qNhSK2/gQ7/42b5AqNPhh4vDfDzDwvlkKj43xZuYnJqemZ2bn8/MLi0nJhZbWuo0RxqPFIRurKYxqkCKGGAiVcxQpY4Em49G5OBv7lHSgtovACezG0AnYdCl9whkZqFzaaqhuVmgj3qP30HG77ZarLFLfpEd1x7f12oejYzhD0L3EzUiQZqu3CZ7MT8SSAELlkWjdcJ8ZWyhQKLqGfbyYaYsZv2DU0DA1ZALqVDh/p0y2jdKgfKVMh0qH6cyJlgda9wDOdAcOuHvcG4n9eI0H/sJWKME4QQj5a5CeSYkQHqdCOUMBR9gxhXAlzK+VdphhHk13ehOCOv/yX1Hdt17Hds71i5TiLY5ask01SIi45IBVySqqkRjh5IE/khbxaj9az9Wa9j1pzVjazRn7B+vgGhc2Xrg==</latexit><latexit sha1_base64="suaYpZZC096ihuBtOPhk24zE8Es=">AAACCHicbVA9SwNBEN2L3/EramnhYhAixONOFG2EoI1lFBOFJIS9zZxZ3Ptwd04MR0ob/4qNhSK2/gQ7/42b5AqNPhh4vDfDzDwvlkKj43xZuYnJqemZ2bn8/MLi0nJhZbWuo0RxqPFIRurKYxqkCKGGAiVcxQpY4Em49G5OBv7lHSgtovACezG0AnYdCl9whkZqFzaaqhuVmgj3qP30HG77ZarLFLfpEd1x7f12oejYzhD0L3EzUiQZqu3CZ7MT8SSAELlkWjdcJ8ZWyhQKLqGfbyYaYsZv2DU0DA1ZALqVDh/p0y2jdKgfKVMh0qH6cyJlgda9wDOdAcOuHvcG4n9eI0H/sJWKME4QQj5a5CeSYkQHqdCOUMBR9gxhXAlzK+VdphhHk13ehOCOv/yX1Hdt17Hds71i5TiLY5ask01SIi45IBVySqqkRjh5IE/khbxaj9az9Wa9j1pzVjazRn7B+vgGhc2Xrg==</latexit><latexit sha1_base64="suaYpZZC096ihuBtOPhk24zE8Es=">AAACCHicbVA9SwNBEN2L3/EramnhYhAixONOFG2EoI1lFBOFJIS9zZxZ3Ptwd04MR0ob/4qNhSK2/gQ7/42b5AqNPhh4vDfDzDwvlkKj43xZuYnJqemZ2bn8/MLi0nJhZbWuo0RxqPFIRurKYxqkCKGGAiVcxQpY4Em49G5OBv7lHSgtovACezG0AnYdCl9whkZqFzaaqhuVmgj3qP30HG77ZarLFLfpEd1x7f12oejYzhD0L3EzUiQZqu3CZ7MT8SSAELlkWjdcJ8ZWyhQKLqGfbyYaYsZv2DU0DA1ZALqVDh/p0y2jdKgfKVMh0qH6cyJlgda9wDOdAcOuHvcG4n9eI0H/sJWKME4QQj5a5CeSYkQHqdCOUMBR9gxhXAlzK+VdphhHk13ehOCOv/yX1Hdt17Hds71i5TiLY5ask01SIi45IBVySqqkRjh5IE/khbxaj9az9Wa9j1pzVjazRn7B+vgGhc2Xrg==</latexit><latexit sha1_base64="suaYpZZC096ihuBtOPhk24zE8Es=">AAACCHicbVA9SwNBEN2L3/EramnhYhAixONOFG2EoI1lFBOFJIS9zZxZ3Ptwd04MR0ob/4qNhSK2/gQ7/42b5AqNPhh4vDfDzDwvlkKj43xZuYnJqemZ2bn8/MLi0nJhZbWuo0RxqPFIRurKYxqkCKGGAiVcxQpY4Em49G5OBv7lHSgtovACezG0AnYdCl9whkZqFzaaqhuVmgj3qP30HG77ZarLFLfpEd1x7f12oejYzhD0L3EzUiQZqu3CZ7MT8SSAELlkWjdcJ8ZWyhQKLqGfbyYaYsZv2DU0DA1ZALqVDh/p0y2jdKgfKVMh0qH6cyJlgda9wDOdAcOuHvcG4n9eI0H/sJWKME4QQj5a5CeSYkQHqdCOUMBR9gxhXAlzK+VdphhHk13ehOCOv/yX1Hdt17Hds71i5TiLY5ask01SIi45IBVySqqkRjh5IE/khbxaj9az9Wa9j1pzVjazRn7B+vgGhc2Xrg==</latexit>

A. Donze and O Maler. Robust satisfaction of temporal logic over real-valued signals. 
In Formal Modeling and Analysis of Timed Systems (FORMATS), 2010.

Req ⌘
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G[0,1](distToFollower(s, t)� 4.0 � 0)
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Robustness of satisfying Req

“The distance to a nearby drone must be 
at least 4.0 meters for the next 1 seconds”



Idea #1: Requirement-Based Feature Evaluation
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Evaluate given actions w.r.t. 

satisfaction of a requirement 

in the given environment



Evaluating Actions using Robustness

s

sA

sB2.5 m

Follower

Ego drone

3.0 m

3.5 m

action A

action B

Compare resulting robustness 
values & select the action with 
the highest value

⇢(Req, s, t) = �1.5
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⇢(Req, sA, t) = �1.0
<latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="nUHXjFwb36QoYJh4COTsVJMD12I=">AAAB/3icbZBLSwMxFIXv+Ky1anXrJiqCQi0zbnQjKG5cVrGt0JaSSe+0wczD5I5Yhq7d+FfcuFDEf+HOf2P6WKj1QODjnISbe/xESUOu++XMzM7NLyzmlvLLhZXVteJ6oWbiVAusiljF+sbnBpWMsEqSFN4kGnnoK6z7t+fDvH6P2sg4uqZ+gq2QdyMZSMHJWu3iVlP34r0m4QOZILvCu0GJmfZZidE+O2EHXtltF3fcsjsSmwZvAjswUaVd/Gx2YpGGGJFQ3JiG5ybUyrgmKRQO8s3UYMLFLe9iw2LEQzStbLTKgO1ap8OCWNsTERu5P19kPDSmH/r2ZsipZ/5mQ/O/rJFScNzKZJSkhJEYDwpSxShmw15YR2oUpPoWuNDS/pWJHtdckG0vb0vw/q48DbXDsueWvUsXcrAJ27AHHhzBKVxABaog4BGe4RXenCfnxXkf1zXjTHrbgF9yPr4BRh6W6A==</latexit><latexit sha1_base64="nUHXjFwb36QoYJh4COTsVJMD12I=">AAAB/3icbZBLSwMxFIXv+Ky1anXrJiqCQi0zbnQjKG5cVrGt0JaSSe+0wczD5I5Yhq7d+FfcuFDEf+HOf2P6WKj1QODjnISbe/xESUOu++XMzM7NLyzmlvLLhZXVteJ6oWbiVAusiljF+sbnBpWMsEqSFN4kGnnoK6z7t+fDvH6P2sg4uqZ+gq2QdyMZSMHJWu3iVlP34r0m4QOZILvCu0GJmfZZidE+O2EHXtltF3fcsjsSmwZvAjswUaVd/Gx2YpGGGJFQ3JiG5ybUyrgmKRQO8s3UYMLFLe9iw2LEQzStbLTKgO1ap8OCWNsTERu5P19kPDSmH/r2ZsipZ/5mQ/O/rJFScNzKZJSkhJEYDwpSxShmw15YR2oUpPoWuNDS/pWJHtdckG0vb0vw/q48DbXDsueWvUsXcrAJ27AHHhzBKVxABaog4BGe4RXenCfnxXkf1zXjTHrbgF9yPr4BRh6W6A==</latexit><latexit sha1_base64="Lz6uuPVK7C0ZJP0nRGHlQOSjyUo=">AAACCnicbVDJSgNBEO2JW4xb1KOX1iBEiGHGi16EqBePUcwCSQg9nZqkSc9id40Yhpy9+CtePCji1S/w5t/YWQ4afVDweK+KqnpuJIVG2/6yUnPzC4tL6eXMyura+kZ2c6uqw1hxqPBQhqruMg1SBFBBgRLqkQLmuxJqbv9i5NfuQGkRBjc4iKDls24gPMEZGqmd3W2qXphvItyj9pJruB0WqG6fFSge0FN66BTtdjZnF+0x6F/iTEmOTFFuZz+bnZDHPgTIJdO64dgRthKmUHAJw0wz1hAx3mddaBgaMB90Kxm/MqT7RulQL1SmAqRj9edEwnytB75rOn2GPT3rjcT/vEaM3kkrEUEUIwR8ssiLJcWQjnKhHaGAoxwYwrgS5lbKe0wxjia9jAnBmX35L6keFR276FzZudL5NI402SF7JE8cckxK5JKUSYVw8kCeyAt5tR6tZ+vNep+0pqzpzDb5BevjG9CTmFk=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit>

⇢(Req, sB , t) = �0.5
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Evaluating Actions using Robustness

s

sA

sB2.5 m

Follower

Ego drone

3.0 m

3.5 m

action A

action B

Compare resulting robustness 
values & select the action with 
the highest value

⇢(Req, s, t) = �1.5
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⇢(Req, sA, t) = �1.0
<latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="nUHXjFwb36QoYJh4COTsVJMD12I=">AAAB/3icbZBLSwMxFIXv+Ky1anXrJiqCQi0zbnQjKG5cVrGt0JaSSe+0wczD5I5Yhq7d+FfcuFDEf+HOf2P6WKj1QODjnISbe/xESUOu++XMzM7NLyzmlvLLhZXVteJ6oWbiVAusiljF+sbnBpWMsEqSFN4kGnnoK6z7t+fDvH6P2sg4uqZ+gq2QdyMZSMHJWu3iVlP34r0m4QOZILvCu0GJmfZZidE+O2EHXtltF3fcsjsSmwZvAjswUaVd/Gx2YpGGGJFQ3JiG5ybUyrgmKRQO8s3UYMLFLe9iw2LEQzStbLTKgO1ap8OCWNsTERu5P19kPDSmH/r2ZsipZ/5mQ/O/rJFScNzKZJSkhJEYDwpSxShmw15YR2oUpPoWuNDS/pWJHtdckG0vb0vw/q48DbXDsueWvUsXcrAJ27AHHhzBKVxABaog4BGe4RXenCfnxXkf1zXjTHrbgF9yPr4BRh6W6A==</latexit><latexit sha1_base64="nUHXjFwb36QoYJh4COTsVJMD12I=">AAAB/3icbZBLSwMxFIXv+Ky1anXrJiqCQi0zbnQjKG5cVrGt0JaSSe+0wczD5I5Yhq7d+FfcuFDEf+HOf2P6WKj1QODjnISbe/xESUOu++XMzM7NLyzmlvLLhZXVteJ6oWbiVAusiljF+sbnBpWMsEqSFN4kGnnoK6z7t+fDvH6P2sg4uqZ+gq2QdyMZSMHJWu3iVlP34r0m4QOZILvCu0GJmfZZidE+O2EHXtltF3fcsjsSmwZvAjswUaVd/Gx2YpGGGJFQ3JiG5ybUyrgmKRQO8s3UYMLFLe9iw2LEQzStbLTKgO1ap8OCWNsTERu5P19kPDSmH/r2ZsipZ/5mQ/O/rJFScNzKZJSkhJEYDwpSxShmw15YR2oUpPoWuNDS/pWJHtdckG0vb0vw/q48DbXDsueWvUsXcrAJ27AHHhzBKVxABaog4BGe4RXenCfnxXkf1zXjTHrbgF9yPr4BRh6W6A==</latexit><latexit sha1_base64="Lz6uuPVK7C0ZJP0nRGHlQOSjyUo=">AAACCnicbVDJSgNBEO2JW4xb1KOX1iBEiGHGi16EqBePUcwCSQg9nZqkSc9id40Yhpy9+CtePCji1S/w5t/YWQ4afVDweK+KqnpuJIVG2/6yUnPzC4tL6eXMyura+kZ2c6uqw1hxqPBQhqruMg1SBFBBgRLqkQLmuxJqbv9i5NfuQGkRBjc4iKDls24gPMEZGqmd3W2qXphvItyj9pJruB0WqG6fFSge0FN66BTtdjZnF+0x6F/iTEmOTFFuZz+bnZDHPgTIJdO64dgRthKmUHAJw0wz1hAx3mddaBgaMB90Kxm/MqT7RulQL1SmAqRj9edEwnytB75rOn2GPT3rjcT/vEaM3kkrEUEUIwR8ssiLJcWQjnKhHaGAoxwYwrgS5lbKe0wxjia9jAnBmX35L6keFR276FzZudL5NI402SF7JE8cckxK5JKUSYVw8kCeyAt5tR6tZ+vNep+0pqzpzDb5BevjG9CTmFk=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit><latexit sha1_base64="DcDjPL3CznGPu5vng8AB1mm3O2k=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKoBch6sVjFBOF7BJmJ71mcPbhTK8Ylpy9+CtePCji1S/w5t84eRw0WtBQVHXT3eUnUmi07S8rNzE5NT0zO5efX1hcWi6srDZ0nCoOdR7LWF35TIMUEdRRoISrRAELfQmX/s1J37+8A6VFHF1gNwEvZNeRCARnaKRWYcNVnbjkItyjDrJzuO2VqW4dlSlu00O641TsVqFoV+wB6F/ijEiRjFBrFT7ddszTECLkkmnddOwEvYwpFFxCL++mGhLGb9g1NA2NWAjaywav9OiWUdo0iJWpCOlA/TmRsVDrbuibzpBhR497ffE/r5licOBlIkpShIgPFwWppBjTfi60LRRwlF1DGFfC3Ep5hynG0aSXNyE44y//JY3dimNXnLO9YvV4FMcsWSebpEQcsk+q5JTUSJ1w8kCeyAt5tR6tZ+vNeh+25qzRzBr5BevjG9HTmF0=</latexit>

⇢(Req, sB , t) = �0.5
<latexit sha1_base64="bHEqewXuOoNcCxu+nBBWRpHpe10=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKohdB9OJRxTwgu4TZSW8yOPtwplcMS85e/BUvHhTx6hd482+cxBw0WtBQVHXT3eUnUmi07U8rNzE5NT0zO5efX1hcWi6srNZ0nCoOVR7LWDV8pkGKCKooUEIjUcBCX0Ldvz4d+PVbUFrE0RX2EvBC1olEIDhDI7UKG67qxiUX4Q51kF3CTb9MdeukTHGbHtEdu7LfKhTtij0E/UucESmSEc5bhQ+3HfM0hAi5ZFo3HTtBL2MKBZfQz7uphoTxa9aBpqERC0F72fCVPt0ySpsGsTIVIR2qPycyFmrdC33TGTLs6nFvIP7nNVMMDr1MREmKEPHvRUEqKcZ0kAttCwUcZc8QxpUwt1LeZYpxNOnlTQjO+Mt/SW234tgV52KveHwyimOWrJNNUiIOOSDH5Iyckyrh5J48kmfyYj1YT9ar9fbdmrNGM2vkF6z3L9lwmGI=</latexit><latexit sha1_base64="bHEqewXuOoNcCxu+nBBWRpHpe10=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKohdB9OJRxTwgu4TZSW8yOPtwplcMS85e/BUvHhTx6hd482+cxBw0WtBQVHXT3eUnUmi07U8rNzE5NT0zO5efX1hcWi6srNZ0nCoOVR7LWDV8pkGKCKooUEIjUcBCX0Ldvz4d+PVbUFrE0RX2EvBC1olEIDhDI7UKG67qxiUX4Q51kF3CTb9MdeukTHGbHtEdu7LfKhTtij0E/UucESmSEc5bhQ+3HfM0hAi5ZFo3HTtBL2MKBZfQz7uphoTxa9aBpqERC0F72fCVPt0ySpsGsTIVIR2qPycyFmrdC33TGTLs6nFvIP7nNVMMDr1MREmKEPHvRUEqKcZ0kAttCwUcZc8QxpUwt1LeZYpxNOnlTQjO+Mt/SW234tgV52KveHwyimOWrJNNUiIOOSDH5Iyckyrh5J48kmfyYj1YT9ar9fbdmrNGM2vkF6z3L9lwmGI=</latexit><latexit sha1_base64="bHEqewXuOoNcCxu+nBBWRpHpe10=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKohdB9OJRxTwgu4TZSW8yOPtwplcMS85e/BUvHhTx6hd482+cxBw0WtBQVHXT3eUnUmi07U8rNzE5NT0zO5efX1hcWi6srNZ0nCoOVR7LWDV8pkGKCKooUEIjUcBCX0Ldvz4d+PVbUFrE0RX2EvBC1olEIDhDI7UKG67qxiUX4Q51kF3CTb9MdeukTHGbHtEdu7LfKhTtij0E/UucESmSEc5bhQ+3HfM0hAi5ZFo3HTtBL2MKBZfQz7uphoTxa9aBpqERC0F72fCVPt0ySpsGsTIVIR2qPycyFmrdC33TGTLs6nFvIP7nNVMMDr1MREmKEPHvRUEqKcZ0kAttCwUcZc8QxpUwt1LeZYpxNOnlTQjO+Mt/SW234tgV52KveHwyimOWrJNNUiIOOSDH5Iyckyrh5J48kmfyYj1YT9ar9fbdmrNGM2vkF6z3L9lwmGI=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="SbXMFwgis3yjcBmtlNHTyIQg6cc=">AAAB/3icbZBLSwMxFIXv+La+RrduokVQ0DIjiG4E0Y1LFVuFtpRMeqcNzTxM7ohl6NqNf8WNC0X8F+78N6aPhVYPBD7OSbi5J0iVNOR5X87E5NT0zOzcfGFhcWl5xV1drJgk0wLLIlGJvg24QSVjLJMkhbepRh4FCm+Czlk/v7lHbWQSX1M3xXrEW7EMpeBkrYa7UdPtZLtG+EAmzK/wrrfLTON0l9EOO2Z7Xumg4Ra9kjcQ+wv+CIow0kXD/aw1E5FFGJNQ3Jiq76VUz7kmKRT2CrXMYMpFh7ewajHmEZp6Plilx7as02Rhou2JiQ3cny9yHhnTjQJ7M+LUNuNZ3/wvq2YUHtVzGacZYSyGg8JMMUpYvxfWlBoFqa4FLrS0f2WizTUXZNsr2BL88ZX/QmW/5Hsl/9KDOViHTdgGHw7hBM7hAsog4BGe4RXenCfnxXkf1jXhjHpbg19yPr4BTYSW7Q==</latexit><latexit sha1_base64="SbXMFwgis3yjcBmtlNHTyIQg6cc=">AAAB/3icbZBLSwMxFIXv+La+RrduokVQ0DIjiG4E0Y1LFVuFtpRMeqcNzTxM7ohl6NqNf8WNC0X8F+78N6aPhVYPBD7OSbi5J0iVNOR5X87E5NT0zOzcfGFhcWl5xV1drJgk0wLLIlGJvg24QSVjLJMkhbepRh4FCm+Czlk/v7lHbWQSX1M3xXrEW7EMpeBkrYa7UdPtZLtG+EAmzK/wrrfLTON0l9EOO2Z7Xumg4Ra9kjcQ+wv+CIow0kXD/aw1E5FFGJNQ3Jiq76VUz7kmKRT2CrXMYMpFh7ewajHmEZp6Plilx7as02Rhou2JiQ3cny9yHhnTjQJ7M+LUNuNZ3/wvq2YUHtVzGacZYSyGg8JMMUpYvxfWlBoFqa4FLrS0f2WizTUXZNsr2BL88ZX/QmW/5Hsl/9KDOViHTdgGHw7hBM7hAsog4BGe4RXenCfnxXkf1jXhjHpbg19yPr4BTYSW7Q==</latexit><latexit sha1_base64="Cr1SLm3t/+JIDn1KH0I2MOl5dh0=">AAACCnicbVDLSgNBEJz1GeMr6tHLaBAixLAriF6EoBePKiYK2SXMTnqTIbMPZ3rFsOTsxV/x4kERr36BN//GyeOg0YKGoqqb7i4/kUKjbX9ZU9Mzs3PzuYX84tLyymphbb2u41RxqPFYxurGZxqkiKCGAiXcJApY6Eu49runA//6DpQWcXSFvQS8kLUjEQjO0EjNwparOnHJRbhHHWSXcNsvU908KVPcpcd0z64cNAtFu2IPQf8SZ0yKZIzzZuHTbcU8DSFCLpnWDcdO0MuYQsEl9PNuqiFhvMva0DA0YiFoLxu+0qc7RmnRIFamIqRD9edExkKte6FvOkOGHT3pDcT/vEaKwZGXiShJESI+WhSkkmJMB7nQllDAUfYMYVwJcyvlHaYYR5Ne3oTgTL78l9T3K45dcS7sYvVkHEeObJJtUiIOOSRVckbOSY1w8kCeyAt5tR6tZ+vNeh+1TlnjmQ3yC9bHN9gwmF4=</latexit><latexit sha1_base64="bHEqewXuOoNcCxu+nBBWRpHpe10=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKohdB9OJRxTwgu4TZSW8yOPtwplcMS85e/BUvHhTx6hd482+cxBw0WtBQVHXT3eUnUmi07U8rNzE5NT0zO5efX1hcWi6srNZ0nCoOVR7LWDV8pkGKCKooUEIjUcBCX0Ldvz4d+PVbUFrE0RX2EvBC1olEIDhDI7UKG67qxiUX4Q51kF3CTb9MdeukTHGbHtEdu7LfKhTtij0E/UucESmSEc5bhQ+3HfM0hAi5ZFo3HTtBL2MKBZfQz7uphoTxa9aBpqERC0F72fCVPt0ySpsGsTIVIR2qPycyFmrdC33TGTLs6nFvIP7nNVMMDr1MREmKEPHvRUEqKcZ0kAttCwUcZc8QxpUwt1LeZYpxNOnlTQjO+Mt/SW234tgV52KveHwyimOWrJNNUiIOOSDH5Iyckyrh5J48kmfyYj1YT9ar9fbdmrNGM2vkF6z3L9lwmGI=</latexit><latexit sha1_base64="bHEqewXuOoNcCxu+nBBWRpHpe10=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKohdB9OJRxTwgu4TZSW8yOPtwplcMS85e/BUvHhTx6hd482+cxBw0WtBQVHXT3eUnUmi07U8rNzE5NT0zO5efX1hcWi6srNZ0nCoOVR7LWDV8pkGKCKooUEIjUcBCX0Ldvz4d+PVbUFrE0RX2EvBC1olEIDhDI7UKG67qxiUX4Q51kF3CTb9MdeukTHGbHtEdu7LfKhTtij0E/UucESmSEc5bhQ+3HfM0hAi5ZFo3HTtBL2MKBZfQz7uphoTxa9aBpqERC0F72fCVPt0ySpsGsTIVIR2qPycyFmrdC33TGTLs6nFvIP7nNVMMDr1MREmKEPHvRUEqKcZ0kAttCwUcZc8QxpUwt1LeZYpxNOnlTQjO+Mt/SW234tgV52KveHwyimOWrJNNUiIOOSDH5Iyckyrh5J48kmfyYj1YT9ar9fbdmrNGM2vkF6z3L9lwmGI=</latexit><latexit sha1_base64="bHEqewXuOoNcCxu+nBBWRpHpe10=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKohdB9OJRxTwgu4TZSW8yOPtwplcMS85e/BUvHhTx6hd482+cxBw0WtBQVHXT3eUnUmi07U8rNzE5NT0zO5efX1hcWi6srNZ0nCoOVR7LWDV8pkGKCKooUEIjUcBCX0Ldvz4d+PVbUFrE0RX2EvBC1olEIDhDI7UKG67qxiUX4Q51kF3CTb9MdeukTHGbHtEdu7LfKhTtij0E/UucESmSEc5bhQ+3HfM0hAi5ZFo3HTtBL2MKBZfQz7uphoTxa9aBpqERC0F72fCVPt0ySpsGsTIVIR2qPycyFmrdC33TGTLs6nFvIP7nNVMMDr1MREmKEPHvRUEqKcZ0kAttCwUcZc8QxpUwt1LeZYpxNOnlTQjO+Mt/SW234tgV52KveHwyimOWrJNNUiIOOSDH5Iyckyrh5J48kmfyYj1YT9ar9fbdmrNGM2vkF6z3L9lwmGI=</latexit><latexit sha1_base64="bHEqewXuOoNcCxu+nBBWRpHpe10=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKohdB9OJRxTwgu4TZSW8yOPtwplcMS85e/BUvHhTx6hd482+cxBw0WtBQVHXT3eUnUmi07U8rNzE5NT0zO5efX1hcWi6srNZ0nCoOVR7LWDV8pkGKCKooUEIjUcBCX0Ldvz4d+PVbUFrE0RX2EvBC1olEIDhDI7UKG67qxiUX4Q51kF3CTb9MdeukTHGbHtEdu7LfKhTtij0E/UucESmSEc5bhQ+3HfM0hAi5ZFo3HTtBL2MKBZfQz7uphoTxa9aBpqERC0F72fCVPt0ySpsGsTIVIR2qPycyFmrdC33TGTLs6nFvIP7nNVMMDr1MREmKEPHvRUEqKcZ0kAttCwUcZc8QxpUwt1LeZYpxNOnlTQjO+Mt/SW234tgV52KveHwyimOWrJNNUiIOOSDH5Iyckyrh5J48kmfyYj1YT9ar9fbdmrNGM2vkF6z3L9lwmGI=</latexit><latexit sha1_base64="bHEqewXuOoNcCxu+nBBWRpHpe10=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKohdB9OJRxTwgu4TZSW8yOPtwplcMS85e/BUvHhTx6hd482+cxBw0WtBQVHXT3eUnUmi07U8rNzE5NT0zO5efX1hcWi6srNZ0nCoOVR7LWDV8pkGKCKooUEIjUcBCX0Ldvz4d+PVbUFrE0RX2EvBC1olEIDhDI7UKG67qxiUX4Q51kF3CTb9MdeukTHGbHtEdu7LfKhTtij0E/UucESmSEc5bhQ+3HfM0hAi5ZFo3HTtBL2MKBZfQz7uphoTxa9aBpqERC0F72fCVPt0ySpsGsTIVIR2qPycyFmrdC33TGTLs6nFvIP7nNVMMDr1MREmKEPHvRUEqKcZ0kAttCwUcZc8QxpUwt1LeZYpxNOnlTQjO+Mt/SW234tgV52KveHwyimOWrJNNUiIOOSDH5Iyckyrh5J48kmfyYj1YT9ar9fbdmrNGM2vkF6z3L9lwmGI=</latexit><latexit sha1_base64="bHEqewXuOoNcCxu+nBBWRpHpe10=">AAACCnicbVDLSgNBEJyN7/iKevQyGoQIMeyKohdB9OJRxTwgu4TZSW8yOPtwplcMS85e/BUvHhTx6hd482+cxBw0WtBQVHXT3eUnUmi07U8rNzE5NT0zO5efX1hcWi6srNZ0nCoOVR7LWDV8pkGKCKooUEIjUcBCX0Ldvz4d+PVbUFrE0RX2EvBC1olEIDhDI7UKG67qxiUX4Q51kF3CTb9MdeukTHGbHtEdu7LfKhTtij0E/UucESmSEc5bhQ+3HfM0hAi5ZFo3HTtBL2MKBZfQz7uphoTxa9aBpqERC0F72fCVPt0ySpsGsTIVIR2qPycyFmrdC33TGTLs6nFvIP7nNVMMDr1MREmKEPHvRUEqKcZ0kAttCwUcZc8QxpUwt1LeZYpxNOnlTQjO+Mt/SW234tgV52KveHwyimOWrJNNUiIOOSDH5Iyckyrh5J48kmfyYj1YT9ar9fbdmrNGM2vkF6z3L9lwmGI=</latexit>



What if none of the given actions is desirable?
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??

Move away 
from the 
boundary

Move 
away from 
follower 
drone

Boundary

Runaway

Inherently conflicting goals 
in this context!
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Move away 
from the 
boundary

Move 
away from 
follower 
drone

Boundary

Runaway

Is there an action that satisfies 
the goals of both features?

Alternative 
action?

Idea #2: Resolution through Action Synthesis
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If none of the actions are 

satisfactory, synthesize
an alternative action

Synthesized 
Action

Idea #2: Resolution through Action Synthesis



Requirement: Maintain a time-
to-collision of > 3.0s to boundary

Boundary
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Requirement: Stay > 4 meters 
from a follower drone

Runaway

Global System Robustness

Rrunaway ⌘
<latexit sha1_base64="dBW+P95Upa+Ptx0sqF2HjBrvCrU=">AAACBXicbZC7SgNBFIZnvcZ4i1pqMRgEq7ArgpZBG8so5gJJCLOTs8mQ2dl15mw0LGlsfBUbC0VsfQc738bJpdDEHwY+/nMOZ87vx1IYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXfGZACgVlFCihFmtgoS+h6vcuR/VqH7QRkbrFQQzNkHWUCARnaK1W7uCmlTYQHtAEqU4Uu2eD4ZA24C4RfdrK5d2COxadB28KeTJVqZX7arQjnoSgkEtmTN1zY2ymTKPgEobZRmIgZrzHOlC3qFgIppmOrxjSI+u0aRBp+xTSsft7ImWhMYPQt50hw66ZrY3M/2r1BIPzZipUnCAoPlkUJJJiREeR0LbQwFEOLDCuhf0r5V2mGUcbXNaG4M2ePA+Vk4Jn+fo0X7yYxpEh++SQHBOPnJEiuSIlUiacPJJn8krenCfnxXl3PiatC850Zo/8kfP5A3lGmSs=</latexit><latexit sha1_base64="dBW+P95Upa+Ptx0sqF2HjBrvCrU=">AAACBXicbZC7SgNBFIZnvcZ4i1pqMRgEq7ArgpZBG8so5gJJCLOTs8mQ2dl15mw0LGlsfBUbC0VsfQc738bJpdDEHwY+/nMOZ87vx1IYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXfGZACgVlFCihFmtgoS+h6vcuR/VqH7QRkbrFQQzNkHWUCARnaK1W7uCmlTYQHtAEqU4Uu2eD4ZA24C4RfdrK5d2COxadB28KeTJVqZX7arQjnoSgkEtmTN1zY2ymTKPgEobZRmIgZrzHOlC3qFgIppmOrxjSI+u0aRBp+xTSsft7ImWhMYPQt50hw66ZrY3M/2r1BIPzZipUnCAoPlkUJJJiREeR0LbQwFEOLDCuhf0r5V2mGUcbXNaG4M2ePA+Vk4Jn+fo0X7yYxpEh++SQHBOPnJEiuSIlUiacPJJn8krenCfnxXl3PiatC850Zo/8kfP5A3lGmSs=</latexit><latexit sha1_base64="dBW+P95Upa+Ptx0sqF2HjBrvCrU=">AAACBXicbZC7SgNBFIZnvcZ4i1pqMRgEq7ArgpZBG8so5gJJCLOTs8mQ2dl15mw0LGlsfBUbC0VsfQc738bJpdDEHwY+/nMOZ87vx1IYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXfGZACgVlFCihFmtgoS+h6vcuR/VqH7QRkbrFQQzNkHWUCARnaK1W7uCmlTYQHtAEqU4Uu2eD4ZA24C4RfdrK5d2COxadB28KeTJVqZX7arQjnoSgkEtmTN1zY2ymTKPgEobZRmIgZrzHOlC3qFgIppmOrxjSI+u0aRBp+xTSsft7ImWhMYPQt50hw66ZrY3M/2r1BIPzZipUnCAoPlkUJJJiREeR0LbQwFEOLDCuhf0r5V2mGUcbXNaG4M2ePA+Vk4Jn+fo0X7yYxpEh++SQHBOPnJEiuSIlUiacPJJn8krenCfnxXl3PiatC850Zo/8kfP5A3lGmSs=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="wfwa6Yy/5BnIBd22aRWrZvOBkO8=">AAAB+nicbZC9TgJBFIXv+ov4h7ZaTDQmVmTXRksTG0s0AiZAyOxwFybMzq4zd1GyobHxVWwsNMYHsfNtHJBCwZNM8uWcmdy5J0yVtOT7X97C4tLyymphrbi+sbm1XdrZqNkkMwKrIlGJuQ25RSU1VkmSwtvUII9DhfWwfzHO6wM0Vib6hoYptmLe1TKSgpOz2qX963beJHwgG+Um0/yeD0cj1sS7TA5Yu3Tol/2J2DwEUziEqSrt0mezk4gsRk1CcWsbgZ9SK+eGpFA4KjYziykXfd7FhkPNY7StfLLFiB05p8OixLijiU3c3y9yHls7jEN3M+bUs7PZ2Pwva2QUnbVyqdOMUIufQVGmGCVsXAnrSIOC1NABF0a6vzLR44YLcsUVXQnB7MrzUDspB46vfCjAHhzAMQRwCudwCRWogoBHeIZXePOevBfv/aeuBW/a2y78kffxDePCl7s=</latexit><latexit sha1_base64="wfwa6Yy/5BnIBd22aRWrZvOBkO8=">AAAB+nicbZC9TgJBFIXv+ov4h7ZaTDQmVmTXRksTG0s0AiZAyOxwFybMzq4zd1GyobHxVWwsNMYHsfNtHJBCwZNM8uWcmdy5J0yVtOT7X97C4tLyymphrbi+sbm1XdrZqNkkMwKrIlGJuQ25RSU1VkmSwtvUII9DhfWwfzHO6wM0Vib6hoYptmLe1TKSgpOz2qX963beJHwgG+Um0/yeD0cj1sS7TA5Yu3Tol/2J2DwEUziEqSrt0mezk4gsRk1CcWsbgZ9SK+eGpFA4KjYziykXfd7FhkPNY7StfLLFiB05p8OixLijiU3c3y9yHls7jEN3M+bUs7PZ2Pwva2QUnbVyqdOMUIufQVGmGCVsXAnrSIOC1NABF0a6vzLR44YLcsUVXQnB7MrzUDspB46vfCjAHhzAMQRwCudwCRWogoBHeIZXePOevBfv/aeuBW/a2y78kffxDePCl7s=</latexit><latexit sha1_base64="V6WJK0W7Rt7LA4ETMFDHT4lpKQ0=">AAACBXicbZC7TgMxEEW94RXCK0AJhUWERBXt0kAZQUMZEHlISRR5ndnEite72LOBaJWGhl+hoQAhWv6Bjr/BeRSQcCVLR3dmNJ7rx1IYdN1vJ7O0vLK6ll3PbWxube/kd/eqJko0hwqPZKTrPjMghYIKCpRQjzWw0JdQ8/uX43ptANqISN3iMIZWyLpKBIIztFY7f3jTTpsID2iCVCeK3bPhaESbcJeIAW3nC27RnYgugjeDApmp3M5/NTsRT0JQyCUzpuG5MbZSplFwCaNcMzEQM95nXWhYVCwE00onV4zosXU6NIi0fQrpxP09kbLQmGHo286QYc/M18bmf7VGgsF5KxUqThAUny4KEkkxouNIaEdo4CiHFhjXwv6V8h7TjKMNLmdD8OZPXoTqadGzfO0WShezOLLkgByRE+KRM1IiV6RMKoSTR/JMXsmb8+S8OO/Ox7Q148xm9skfOZ8/eAaZJw==</latexit><latexit sha1_base64="dBW+P95Upa+Ptx0sqF2HjBrvCrU=">AAACBXicbZC7SgNBFIZnvcZ4i1pqMRgEq7ArgpZBG8so5gJJCLOTs8mQ2dl15mw0LGlsfBUbC0VsfQc738bJpdDEHwY+/nMOZ87vx1IYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXfGZACgVlFCihFmtgoS+h6vcuR/VqH7QRkbrFQQzNkHWUCARnaK1W7uCmlTYQHtAEqU4Uu2eD4ZA24C4RfdrK5d2COxadB28KeTJVqZX7arQjnoSgkEtmTN1zY2ymTKPgEobZRmIgZrzHOlC3qFgIppmOrxjSI+u0aRBp+xTSsft7ImWhMYPQt50hw66ZrY3M/2r1BIPzZipUnCAoPlkUJJJiREeR0LbQwFEOLDCuhf0r5V2mGUcbXNaG4M2ePA+Vk4Jn+fo0X7yYxpEh++SQHBOPnJEiuSIlUiacPJJn8krenCfnxXl3PiatC850Zo/8kfP5A3lGmSs=</latexit><latexit sha1_base64="dBW+P95Upa+Ptx0sqF2HjBrvCrU=">AAACBXicbZC7SgNBFIZnvcZ4i1pqMRgEq7ArgpZBG8so5gJJCLOTs8mQ2dl15mw0LGlsfBUbC0VsfQc738bJpdDEHwY+/nMOZ87vx1IYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXfGZACgVlFCihFmtgoS+h6vcuR/VqH7QRkbrFQQzNkHWUCARnaK1W7uCmlTYQHtAEqU4Uu2eD4ZA24C4RfdrK5d2COxadB28KeTJVqZX7arQjnoSgkEtmTN1zY2ymTKPgEobZRmIgZrzHOlC3qFgIppmOrxjSI+u0aRBp+xTSsft7ImWhMYPQt50hw66ZrY3M/2r1BIPzZipUnCAoPlkUJJJiREeR0LbQwFEOLDCuhf0r5V2mGUcbXNaG4M2ePA+Vk4Jn+fo0X7yYxpEh++SQHBOPnJEiuSIlUiacPJJn8krenCfnxXl3PiatC850Zo/8kfP5A3lGmSs=</latexit><latexit sha1_base64="dBW+P95Upa+Ptx0sqF2HjBrvCrU=">AAACBXicbZC7SgNBFIZnvcZ4i1pqMRgEq7ArgpZBG8so5gJJCLOTs8mQ2dl15mw0LGlsfBUbC0VsfQc738bJpdDEHwY+/nMOZ87vx1IYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXfGZACgVlFCihFmtgoS+h6vcuR/VqH7QRkbrFQQzNkHWUCARnaK1W7uCmlTYQHtAEqU4Uu2eD4ZA24C4RfdrK5d2COxadB28KeTJVqZX7arQjnoSgkEtmTN1zY2ymTKPgEobZRmIgZrzHOlC3qFgIppmOrxjSI+u0aRBp+xTSsft7ImWhMYPQt50hw66ZrY3M/2r1BIPzZipUnCAoPlkUJJJiREeR0LbQwFEOLDCuhf0r5V2mGUcbXNaG4M2ePA+Vk4Jn+fo0X7yYxpEh++SQHBOPnJEiuSIlUiacPJJn8krenCfnxXl3PiatC850Zo/8kfP5A3lGmSs=</latexit><latexit sha1_base64="dBW+P95Upa+Ptx0sqF2HjBrvCrU=">AAACBXicbZC7SgNBFIZnvcZ4i1pqMRgEq7ArgpZBG8so5gJJCLOTs8mQ2dl15mw0LGlsfBUbC0VsfQc738bJpdDEHwY+/nMOZ87vx1IYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXfGZACgVlFCihFmtgoS+h6vcuR/VqH7QRkbrFQQzNkHWUCARnaK1W7uCmlTYQHtAEqU4Uu2eD4ZA24C4RfdrK5d2COxadB28KeTJVqZX7arQjnoSgkEtmTN1zY2ymTKPgEobZRmIgZrzHOlC3qFgIppmOrxjSI+u0aRBp+xTSsft7ImWhMYPQt50hw66ZrY3M/2r1BIPzZipUnCAoPlkUJJJiREeR0LbQwFEOLDCuhf0r5V2mGUcbXNaG4M2ePA+Vk4Jn+fo0X7yYxpEh++SQHBOPnJEiuSIlUiacPJJn8krenCfnxXl3PiatC850Zo/8kfP5A3lGmSs=</latexit><latexit sha1_base64="dBW+P95Upa+Ptx0sqF2HjBrvCrU=">AAACBXicbZC7SgNBFIZnvcZ4i1pqMRgEq7ArgpZBG8so5gJJCLOTs8mQ2dl15mw0LGlsfBUbC0VsfQc738bJpdDEHwY+/nMOZ87vx1IYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXfGZACgVlFCihFmtgoS+h6vcuR/VqH7QRkbrFQQzNkHWUCARnaK1W7uCmlTYQHtAEqU4Uu2eD4ZA24C4RfdrK5d2COxadB28KeTJVqZX7arQjnoSgkEtmTN1zY2ymTKPgEobZRmIgZrzHOlC3qFgIppmOrxjSI+u0aRBp+xTSsft7ImWhMYPQt50hw66ZrY3M/2r1BIPzZipUnCAoPlkUJJJiREeR0LbQwFEOLDCuhf0r5V2mGUcbXNaG4M2ePA+Vk4Jn+fo0X7yYxpEh++SQHBOPnJEiuSIlUiacPJJn8krenCfnxXl3PiatC850Zo/8kfP5A3lGmSs=</latexit><latexit sha1_base64="dBW+P95Upa+Ptx0sqF2HjBrvCrU=">AAACBXicbZC7SgNBFIZnvcZ4i1pqMRgEq7ArgpZBG8so5gJJCLOTs8mQ2dl15mw0LGlsfBUbC0VsfQc738bJpdDEHwY+/nMOZ87vx1IYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXfGZACgVlFCihFmtgoS+h6vcuR/VqH7QRkbrFQQzNkHWUCARnaK1W7uCmlTYQHtAEqU4Uu2eD4ZA24C4RfdrK5d2COxadB28KeTJVqZX7arQjnoSgkEtmTN1zY2ymTKPgEobZRmIgZrzHOlC3qFgIppmOrxjSI+u0aRBp+xTSsft7ImWhMYPQt50hw66ZrY3M/2r1BIPzZipUnCAoPlkUJJJiREeR0LbQwFEOLDCuhf0r5V2mGUcbXNaG4M2ePA+Vk4Jn+fo0X7yYxpEh++SQHBOPnJEiuSIlUiacPJJn8krenCfnxXl3PiatC850Zo/8kfP5A3lGmSs=</latexit>

Rboundary ⌘
<latexit sha1_base64="Eg2sxcQSKh934bILYRpDUKrCN7M=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEgWIVdEbQM2lhGMRdIQpidnE2GzM6uM2eDYUll46vYWChi6zPY+TZOLoUm/jDw8Z9zOHN+P5bCoOt+O5ml5ZXVtex6bmNza3snv7tXNVGiOVR4JCNd95kBKRRUUKCEeqyBhb6Emt+/GtdrA9BGROoOhzG0QtZVIhCcobXa+cPbdtpEeEATpH6UqA7Tw9GINuE+EQPazhfcojsRXQRvBgUyU7md/2p2Ip6EoJBLZkzDc2NspUyj4BJGuWZiIGa8z7rQsKhYCKaVTs4Y0WPrdGgQafsU0on7eyJloTHD0LedIcOema+Nzf9qjQSDi1YqVJwgKD5dFCSSYkTHmdCO0MBRDi0wroX9K+U9phlHm1zOhuDNn7wI1dOiZ/nmrFC6nMWRJQfkiJwQj5yTErkmZVIhnDySZ/JK3pwn58V5dz6mrRlnNrNP/sj5/AE2T5mS</latexit><latexit sha1_base64="Eg2sxcQSKh934bILYRpDUKrCN7M=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEgWIVdEbQM2lhGMRdIQpidnE2GzM6uM2eDYUll46vYWChi6zPY+TZOLoUm/jDw8Z9zOHN+P5bCoOt+O5ml5ZXVtex6bmNza3snv7tXNVGiOVR4JCNd95kBKRRUUKCEeqyBhb6Emt+/GtdrA9BGROoOhzG0QtZVIhCcobXa+cPbdtpEeEATpH6UqA7Tw9GINuE+EQPazhfcojsRXQRvBgUyU7md/2p2Ip6EoJBLZkzDc2NspUyj4BJGuWZiIGa8z7rQsKhYCKaVTs4Y0WPrdGgQafsU0on7eyJloTHD0LedIcOema+Nzf9qjQSDi1YqVJwgKD5dFCSSYkTHmdCO0MBRDi0wroX9K+U9phlHm1zOhuDNn7wI1dOiZ/nmrFC6nMWRJQfkiJwQj5yTErkmZVIhnDySZ/JK3pwn58V5dz6mrRlnNrNP/sj5/AE2T5mS</latexit><latexit sha1_base64="Eg2sxcQSKh934bILYRpDUKrCN7M=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEgWIVdEbQM2lhGMRdIQpidnE2GzM6uM2eDYUll46vYWChi6zPY+TZOLoUm/jDw8Z9zOHN+P5bCoOt+O5ml5ZXVtex6bmNza3snv7tXNVGiOVR4JCNd95kBKRRUUKCEeqyBhb6Emt+/GtdrA9BGROoOhzG0QtZVIhCcobXa+cPbdtpEeEATpH6UqA7Tw9GINuE+EQPazhfcojsRXQRvBgUyU7md/2p2Ip6EoJBLZkzDc2NspUyj4BJGuWZiIGa8z7rQsKhYCKaVTs4Y0WPrdGgQafsU0on7eyJloTHD0LedIcOema+Nzf9qjQSDi1YqVJwgKD5dFCSSYkTHmdCO0MBRDi0wroX9K+U9phlHm1zOhuDNn7wI1dOiZ/nmrFC6nMWRJQfkiJwQj5yTErkmZVIhnDySZ/JK3pwn58V5dz6mrRlnNrNP/sj5/AE2T5mS</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="yWMM6WyUzLuR54oNIcn03+Yr64w=">AAAB+3icbZBLSwMxFIXv1Fetr+pWhGARXJUZN7oU3LhUsQ9oS8mkd2xoJjMmd8QydOXGv+LGhSL+D3f+G9PHQlsPBD7OSbi5J0yVtOT7315haXllda24XtrY3NreKe9u1m2SGYE1kajENENuUUmNNZKksJka5HGosBEOLsZ54wGNlYm+pWGKnZjfaRlJwclZ3fLBTTdvEz6SjfIwyXSPm+FoxNp4n8kH1i1X/Ko/EVuEYAYVmOmqW/5q9xKRxahJKG5tK/BT6uTckBQKR6V2ZjHlYsDvsOVQ8xhtJ5+sMWJHzumxKDHuaGIT9/eLnMfWDuPQ3Yw59e18Njb/y1oZRWedXOo0I9RiOijKFKOEjTthPWlQkBo64MJI91cm+txwQa65kishmF95Eeon1cDxtQ9F2IdDOIYATuEcLuEKaiDgCV7gDd69Z+/V+5jWVfBmve3BH3mfP5yMmCE=</latexit><latexit sha1_base64="yWMM6WyUzLuR54oNIcn03+Yr64w=">AAAB+3icbZBLSwMxFIXv1Fetr+pWhGARXJUZN7oU3LhUsQ9oS8mkd2xoJjMmd8QydOXGv+LGhSL+D3f+G9PHQlsPBD7OSbi5J0yVtOT7315haXllda24XtrY3NreKe9u1m2SGYE1kajENENuUUmNNZKksJka5HGosBEOLsZ54wGNlYm+pWGKnZjfaRlJwclZ3fLBTTdvEz6SjfIwyXSPm+FoxNp4n8kH1i1X/Ko/EVuEYAYVmOmqW/5q9xKRxahJKG5tK/BT6uTckBQKR6V2ZjHlYsDvsOVQ8xhtJ5+sMWJHzumxKDHuaGIT9/eLnMfWDuPQ3Yw59e18Njb/y1oZRWedXOo0I9RiOijKFKOEjTthPWlQkBo64MJI91cm+txwQa65kishmF95Eeon1cDxtQ9F2IdDOIYATuEcLuEKaiDgCV7gDd69Z+/V+5jWVfBmve3BH3mfP5yMmCE=</latexit><latexit sha1_base64="ktDRrkUXPKdawfYG3pVY/SUBlJU=">AAACBnicbZA9SwNBEIb3/IzxK2opwmIQrMKdjZZBG8so5gOSEPY2c8mSvb1zdy4YjlQ2/hUbC0Vs/Q12/hs3yRWa+MLCwzszzM7rx1IYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTJRoDlUeyUg3fGZACgVVFCihEWtgoS+h7g+uJvX6ELQRkbrDUQztkPWUCARnaK1O4ei2k7YQHtAEqR8lqsv0aDymLbhPxJB2CkW35E5FF8HLoEgyVTqFr1Y34kkICrlkxjQ9N8Z2yjQKLmGcbyUGYsYHrAdNi4qFYNrp9IwxPbFOlwaRtk8hnbq/J1IWGjMKfdsZMuyb+drE/K/WTDC4aKdCxQmC4rNFQSIpRnSSCe0KDRzlyALjWti/Ut5nmnG0yeVtCN78yYtQOyt5lm/cYvkyiyNHDskxOSUeOSdlck0qpEo4eSTP5JW8OU/Oi/PufMxal5xs5oD8kfP5AzUPmY4=</latexit><latexit sha1_base64="Eg2sxcQSKh934bILYRpDUKrCN7M=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEgWIVdEbQM2lhGMRdIQpidnE2GzM6uM2eDYUll46vYWChi6zPY+TZOLoUm/jDw8Z9zOHN+P5bCoOt+O5ml5ZXVtex6bmNza3snv7tXNVGiOVR4JCNd95kBKRRUUKCEeqyBhb6Emt+/GtdrA9BGROoOhzG0QtZVIhCcobXa+cPbdtpEeEATpH6UqA7Tw9GINuE+EQPazhfcojsRXQRvBgUyU7md/2p2Ip6EoJBLZkzDc2NspUyj4BJGuWZiIGa8z7rQsKhYCKaVTs4Y0WPrdGgQafsU0on7eyJloTHD0LedIcOema+Nzf9qjQSDi1YqVJwgKD5dFCSSYkTHmdCO0MBRDi0wroX9K+U9phlHm1zOhuDNn7wI1dOiZ/nmrFC6nMWRJQfkiJwQj5yTErkmZVIhnDySZ/JK3pwn58V5dz6mrRlnNrNP/sj5/AE2T5mS</latexit><latexit sha1_base64="Eg2sxcQSKh934bILYRpDUKrCN7M=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEgWIVdEbQM2lhGMRdIQpidnE2GzM6uM2eDYUll46vYWChi6zPY+TZOLoUm/jDw8Z9zOHN+P5bCoOt+O5ml5ZXVtex6bmNza3snv7tXNVGiOVR4JCNd95kBKRRUUKCEeqyBhb6Emt+/GtdrA9BGROoOhzG0QtZVIhCcobXa+cPbdtpEeEATpH6UqA7Tw9GINuE+EQPazhfcojsRXQRvBgUyU7md/2p2Ip6EoJBLZkzDc2NspUyj4BJGuWZiIGa8z7rQsKhYCKaVTs4Y0WPrdGgQafsU0on7eyJloTHD0LedIcOema+Nzf9qjQSDi1YqVJwgKD5dFCSSYkTHmdCO0MBRDi0wroX9K+U9phlHm1zOhuDNn7wI1dOiZ/nmrFC6nMWRJQfkiJwQj5yTErkmZVIhnDySZ/JK3pwn58V5dz6mrRlnNrNP/sj5/AE2T5mS</latexit><latexit sha1_base64="Eg2sxcQSKh934bILYRpDUKrCN7M=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEgWIVdEbQM2lhGMRdIQpidnE2GzM6uM2eDYUll46vYWChi6zPY+TZOLoUm/jDw8Z9zOHN+P5bCoOt+O5ml5ZXVtex6bmNza3snv7tXNVGiOVR4JCNd95kBKRRUUKCEeqyBhb6Emt+/GtdrA9BGROoOhzG0QtZVIhCcobXa+cPbdtpEeEATpH6UqA7Tw9GINuE+EQPazhfcojsRXQRvBgUyU7md/2p2Ip6EoJBLZkzDc2NspUyj4BJGuWZiIGa8z7rQsKhYCKaVTs4Y0WPrdGgQafsU0on7eyJloTHD0LedIcOema+Nzf9qjQSDi1YqVJwgKD5dFCSSYkTHmdCO0MBRDi0wroX9K+U9phlHm1zOhuDNn7wI1dOiZ/nmrFC6nMWRJQfkiJwQj5yTErkmZVIhnDySZ/JK3pwn58V5dz6mrRlnNrNP/sj5/AE2T5mS</latexit><latexit sha1_base64="Eg2sxcQSKh934bILYRpDUKrCN7M=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEgWIVdEbQM2lhGMRdIQpidnE2GzM6uM2eDYUll46vYWChi6zPY+TZOLoUm/jDw8Z9zOHN+P5bCoOt+O5ml5ZXVtex6bmNza3snv7tXNVGiOVR4JCNd95kBKRRUUKCEeqyBhb6Emt+/GtdrA9BGROoOhzG0QtZVIhCcobXa+cPbdtpEeEATpH6UqA7Tw9GINuE+EQPazhfcojsRXQRvBgUyU7md/2p2Ip6EoJBLZkzDc2NspUyj4BJGuWZiIGa8z7rQsKhYCKaVTs4Y0WPrdGgQafsU0on7eyJloTHD0LedIcOema+Nzf9qjQSDi1YqVJwgKD5dFCSSYkTHmdCO0MBRDi0wroX9K+U9phlHm1zOhuDNn7wI1dOiZ/nmrFC6nMWRJQfkiJwQj5yTErkmZVIhnDySZ/JK3pwn58V5dz6mrRlnNrNP/sj5/AE2T5mS</latexit><latexit sha1_base64="Eg2sxcQSKh934bILYRpDUKrCN7M=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEgWIVdEbQM2lhGMRdIQpidnE2GzM6uM2eDYUll46vYWChi6zPY+TZOLoUm/jDw8Z9zOHN+P5bCoOt+O5ml5ZXVtex6bmNza3snv7tXNVGiOVR4JCNd95kBKRRUUKCEeqyBhb6Emt+/GtdrA9BGROoOhzG0QtZVIhCcobXa+cPbdtpEeEATpH6UqA7Tw9GINuE+EQPazhfcojsRXQRvBgUyU7md/2p2Ip6EoJBLZkzDc2NspUyj4BJGuWZiIGa8z7rQsKhYCKaVTs4Y0WPrdGgQafsU0on7eyJloTHD0LedIcOema+Nzf9qjQSDi1YqVJwgKD5dFCSSYkTHmdCO0MBRDi0wroX9K+U9phlHm1zOhuDNn7wI1dOiZ/nmrFC6nMWRJQfkiJwQj5yTErkmZVIhnDySZ/JK3pwn58V5dz6mrRlnNrNP/sj5/AE2T5mS</latexit><latexit sha1_base64="Eg2sxcQSKh934bILYRpDUKrCN7M=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEgWIVdEbQM2lhGMRdIQpidnE2GzM6uM2eDYUll46vYWChi6zPY+TZOLoUm/jDw8Z9zOHN+P5bCoOt+O5ml5ZXVtex6bmNza3snv7tXNVGiOVR4JCNd95kBKRRUUKCEeqyBhb6Emt+/GtdrA9BGROoOhzG0QtZVIhCcobXa+cPbdtpEeEATpH6UqA7Tw9GINuE+EQPazhfcojsRXQRvBgUyU7md/2p2Ip6EoJBLZkzDc2NspUyj4BJGuWZiIGa8z7rQsKhYCKaVTs4Y0WPrdGgQafsU0on7eyJloTHD0LedIcOema+Nzf9qjQSDi1YqVJwgKD5dFCSSYkTHmdCO0MBRDi0wroX9K+U9phlHm1zOhuDNn7wI1dOiZ/nmrFC6nMWRJQfkiJwQj5yTErkmZVIhnDySZ/JK3pwn58V5dz6mrRlnNrNP/sj5/AE2T5mS</latexit>

G[0,3](timeToObstacle(s, t)� 3.0 � 0)
<latexit sha1_base64="2+ABvAInaxiMX0zO1j968YLmAoI="></latexit><latexit sha1_base64="2+ABvAInaxiMX0zO1j968YLmAoI="></latexit><latexit sha1_base64="2+ABvAInaxiMX0zO1j968YLmAoI="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="aU1Lsf36hZ+my2X4SEOTLDYqgh8=">AAACHHicbZBLSwMxFIXv+La+qls3QREqaMnoQlciuNCdFawK7VAy6Z0azDxM7ohl6L9x419xI6iI/hvTx8LXgcDHOQk394SZVpY4//TGxicmp6ZnZktz8wuLS+Xl+Qub5kZiXaY6NVehsKhVgnVSpPEqMyjiUONleHPUzy/v0FiVJufUzTCIRSdRkZKCnNUqHzQJ7ymMiuNeq2jwrd2gVxlYNipIxXienoaWhNTYq9gtRptsm+1WOWt28JbxzVZ5nVf5QOwv+CNYh5FqrfJLs53KPMaEpBbWNnyeUVAIQ6o/o9TMLWZC3ogONhwmIkYbFIM9e2zDOW0WpcadhNjA/f6iELG13Th0N2NB1/Z31jf/yxo5RftBoZIsJ0zkcFCUa0Yp65fG2sqgJN11IKRR7q9MXgsjJLlqS64E//fKf+Fip+o7PuMwA6uwBhXwYQ8O4QRqUAcJD/AEr/DmPXrP3vuwrjFv1NsK/JD38QVjVqK4</latexit><latexit sha1_base64="aU1Lsf36hZ+my2X4SEOTLDYqgh8=">AAACHHicbZBLSwMxFIXv+La+qls3QREqaMnoQlciuNCdFawK7VAy6Z0azDxM7ohl6L9x419xI6iI/hvTx8LXgcDHOQk394SZVpY4//TGxicmp6ZnZktz8wuLS+Xl+Qub5kZiXaY6NVehsKhVgnVSpPEqMyjiUONleHPUzy/v0FiVJufUzTCIRSdRkZKCnNUqHzQJ7ymMiuNeq2jwrd2gVxlYNipIxXienoaWhNTYq9gtRptsm+1WOWt28JbxzVZ5nVf5QOwv+CNYh5FqrfJLs53KPMaEpBbWNnyeUVAIQ6o/o9TMLWZC3ogONhwmIkYbFIM9e2zDOW0WpcadhNjA/f6iELG13Th0N2NB1/Z31jf/yxo5RftBoZIsJ0zkcFCUa0Yp65fG2sqgJN11IKRR7q9MXgsjJLlqS64E//fKf+Fip+o7PuMwA6uwBhXwYQ8O4QRqUAcJD/AEr/DmPXrP3vuwrjFv1NsK/JD38QVjVqK4</latexit><latexit sha1_base64="aKBYq5KQ56hdBvrov0fJbhAzf7w="></latexit><latexit sha1_base64="2+ABvAInaxiMX0zO1j968YLmAoI="></latexit><latexit sha1_base64="2+ABvAInaxiMX0zO1j968YLmAoI="></latexit><latexit sha1_base64="2+ABvAInaxiMX0zO1j968YLmAoI="></latexit><latexit sha1_base64="2+ABvAInaxiMX0zO1j968YLmAoI="></latexit><latexit sha1_base64="2+ABvAInaxiMX0zO1j968YLmAoI="></latexit><latexit sha1_base64="2+ABvAInaxiMX0zO1j968YLmAoI="></latexit>

G[0,1](distToFollower(s, t)� 4.0 � 0)
<latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="vaYCOi8HBQAk42ggKLc1joDrzT4="></latexit><latexit sha1_base64="vaYCOi8HBQAk42ggKLc1joDrzT4="></latexit><latexit sha1_base64="1m7l1zAtJivjWG1CyHcEWctU/3A="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit><latexit sha1_base64="QO2qInp+7IDxvcqZqTDLlFPXDYs="></latexit>

Global robustness:
⇢sys(s, t) = ⇢(Rrunaway, s, t) + ⇢(Rboundary, s, t)
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• More generally, a weighted sum of normalized robustness values for 
individual feature requirements

• Weights can be used to adjust importance of requirements (e.g., 0.7 for 
Boundary, 0.3 for Runaway)

• Enables resolution through a trade-off between conflicting 
requirements  

• vs. “winner-takes-all” in existing approaches
• Suitable for situations where both features perform critical functions

Global robustness:

⇢sys(s, t) = w1⇢(R1, s, t) + w2⇢(R2, s, t) + ...+ wn⇢(Rn, s, t)
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Global System Robustness



Synthesis Procedure

Define a space of candidate actions
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Runaway

SignalSignals(t)
SignalSignals(t)

ρsys= -0.55

Current state: 



Uniformly sample actions from the search space & 
evaluate each of them for global robustness
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Predicted state: 

Synthesis Procedure
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ρsys= 0.2

Predicted state: 

Synthesis Procedure
Uniformly sample actions from the search space & 
evaluate each of them for global robustness
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Runaway

Bou
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ry SignalSignals’(t+1)

ρsys= -0.3

Predicted state: 

Synthesis Procedure
Uniformly sample actions from the search space & 
evaluate each of them for global robustness



Select the most satisfactory action (i.e., one with highest 
global robustness) 
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ρsys= 0.2
*ρsys maximized by this candidate action

Predicted state: 

Synthesis Procedure
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If none of the actions are 

satisfactory, synthesize
an alternative action

Synthesized 
Action

Idea #2: Resolution through Action Synthesis



Implemented the resolution framework on flight control software PX4
Used JMAVSim for Software-In-the-Loop (SIL) testing 
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Evaluation: Drone Case Study



Evaluation: Drone Case Study

• Compared the following resolution strategies

• Priority-based resolution: Fixed priority list
• Requirement-based resolution: But without synthesis
• Synthesis-based resolution: Synthesis of alternative actions

• Four features evaluated

• Runaway
• Boundary 
• Reconnaissance: Achieve a low altitude when in certain regions 
• Ground control: Maintain a safe altitude depending on terrain



Evaluation: Drone Case Study

• Generated 500 randomly configured missions

• Evaluated each resolution strategy over these configurations

• Missions consisted of the drone flying to waypoints and performing a 
recon. maneuver at each waypoint



Synthesis results in fewer extreme violations
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Average robustness value for missions
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Challenges

• Efficient search & evaluation at runtime

• Search heuristics (e.g., gradient descent)
• Techniques from optimal control theory

• Uncertainty in the environment

• Probabilistic models of the environment

• Unresolvable, difficult to resolve conflicts

• What happens if the drone gets “stuck” in corner?
• Predictive analysis to identify and avoid such conflicts



Takeaways

• Feature interactions remain a major obstacle to safe system 
composition in CPS

• Context-driven methods are needed for resolving undesirable 
interaction in an open, highly dynamic environment

• Requirement-based resolution
• Desirability of a feature as the degree of satisfaction of STL requirements

• Synthesis of alternative actions

• Greater system-level satisfaction through a trade-off between conflicting 
feature requirements

More details:
Synthesis-based resolution of feature interactions in cyber-physical systems (ASE 2020)
Property-driven runtime resolution of feature interactions (RV 2018)


