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Human Variability

1. Intra-human: user wants different things at different times
• Multisample RL

2. Inter-human: users want different things
• Governer RL

3. Multi-human: users want conflicting things
• Mediator RL





(Elmalaki et al., 2018)



(Elmalaki et al., 2018)





Mediator chooses action:
• Minimum Ta, Tl
• Weighted average of 

suggested actions
• Mediator learns 

weights







j/t emphasizes recent weights 

Coefficient of variation is ratio 
of standard deviation to mean



• ps: performance at state s
• cv_s: coefficient of variation at 

state s
• I don’t know what 

subscript m means, it 
didn’t appear in paper 
(Elmalaki, 2021, 124).

• W: performance function
• F: difference between 

coefficients of variation
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• Both simulations due to pandemic
• ADAS with Multisample RL implemented and tested with human subjects in Sentio paper (Elmalaki et al., 2018).

Drivers H1, H2, and H3 with moderate, aggressive, 
and slow behavior

1: Inter-Human Variability: Different drivers
- Best Tl, Ta for H2 and H3, second best for H1
2: Intra-Human Variability: Driver changes 
behavior
- Adapted to changes (H1, H2) and (H1, H3)
- Why not switch between H2 and H3? 

Residents H1, H2, H3 with decreasing levels of 
activity

3: Inter-Human Variability: Single person in house
- Best Tl, Ta for H_1, second best Tl, Ta for H2
4: Multi-Human Variability: Multiple people in 
house
- Only considered H3 (weighted average with 
weights (0, 0, 1))
5: Multi-Human Variability + Fairness: Multiple 
people in house
- Trades performance for fairness compared with 4
6: Comparison with Fixed Point
- Performance improved 41.7% and 58.96% 
compared to 70F and 76F set point
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4: Multi-Human Variability: Multiple people in house



5: Multi-Human Variability + Fairness: Multiple people in house



Positive Points

• Implemented and tested FaiR-IoT

• Car scenario modeled on human responses

• Elegance of using RL to optimize prameters



Negative Points

• Only tested Thermal system in simulation
• Assumes only source of heat are humans and heater

• Doesn’t compare against other smarter approaches, only fixed point

• Fairness requires actions that can be averaged

• Assumes we can easily measure human comfort metric (PMV)



Questions

• Would it be possible to extend fairness to cases where you can't 
average actions?

• In an implementation of the Thermal System, how could we measure 
performance?

• Would it be possible to implement this approach on off the shelf 
equipment?


