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The late 90’s: Limits of robust paradigm 

• In the late 90’s research on robust control had 
reached a good level of maturity 

• At the same time, the intrinsic limits of this 
paradigm became clear 

• Conservatism: to guarantee performance for all 
uncertainties, need to account for uncertainty 
instances which will never occur 

• Computational complexity: scale badly with 
respect to the number of uncertain parameters 



Deterministic Uncertainty 

• Deterministic uncertainty: pessimistic viewpoint  
 

Uncertain Systems 

“If there is a fifty-fifty 
chance that something can 
go wrong, 9 out 10 
times it will” 
Paul Harvey 

     



Probabilistic Uncertainty  

• Probabilistic uncertainty: optimistic viewpoint  
 

Uncertain Systems 

“Don’t assume the worst-case 
scenario. It’s emotionally 
draining and probably won’t 
happen anyway”  
Anonymous  



2. 
Randomized algorithms for probabilistic 
robustness analysis 
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The spark – Probabilistic Robustness 

 

R. Tempo, FD, E-W.Bai CDC 1996 (SCL 1998) 



Worst-case performance  

• generate samples 
  

• evaluate 
 

• empirical maximum 



Worst-case performance  

• If we choose a number of samples (sample complexity) 
 
 

• Then          holds with probability         

• Randomized algorithm (RA) 
• Explicit bounds on sample 

complexity 
• Possibility of RA failure 



Random Uncertainty  

• Random vector (matrix)   
• q bounded in support set   
• Multivariate (uniform) pdf associated to  

multivariate uniform pdf  

Uncertain Systems 
 

Probabilistic Methods 



System Constraints 
• Define system constraints  

 
 

• Example: H∞  performance  
•              is stable and  

Uncertain Systems 
 

Probabilistic Methods 

is a measurable function 



Small Violation and Reliability  
• Sufficiently small violation (within    ) may be 

acceptable 
 
 

 where               is a probabilistic parameter 
 

Probabilistic Methods 
 

Violation Probability 



Randomized algorithms 
Monte Carlo method invented in the ’40s during Manhattan project  

 

Randomized Algorithms 

John von Neumann 

John von Neumann 

Ulam 
John von Neumann 

Enrico Fermi 

Stanislaw Marcin Ulam 

Nicholas Constantine  
Metropolis  

• Randomized algorithms are based on random 
sample extractions 

• They naturally entail a probability of failure 
 

• They do not depend on size of the uncertainty 
or on the way it enters the system 

• They allow to break the curse of 
dimensionality 
 



Probabilistic Robustness Analysis 

G. Calafiore, R. Tempo,FD TAC 2000 



3. 
Sequential algorithms for probabilistic design 
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Probabilistic design 

 

B.T. Polyak, R. Tempo SCL 2001 



Probabilistic design 

 

B.T. Polyak, R. Tempo SCL 2001 
 



Probabilistic design 

 
 
 

generate 
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yes 

no 

update 
 
 
(gradient) 

B.T. Polyak, R. Tempo SCL 2001 
 



Sequential Algorithms 

G. Calafiore, FD, R. Tempo (2011) 

Initialization Probabilistic 
Oracle 

Convex 
Update 

Outer  
Iteration 

unfeasible  

• Based on a combination 
of randomization and 
convex programming 
 

• At each step k, a 
candidate solution xk is 
1. checked via sampling 
2. updated exploiting 

convexity 
 

 



The years 2000 – Roberto’s work 
• Switching  

systems 
• Networks 
• Circuit  

analysis 
• Fixed-order  

control design 
• UAV control 

 
 
 



• In the last decade, the area of randomized algorithms 
for probabilistic robustness has become a mature 
field of research 

• In the years, many valuable researchers have been 
attracted to the field 

• Probabilistic methods are ready for applications and 
cross-fertilization with other areas 
 
 
 
 
 



4. 
New directions 
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New directions in probabilistic robustness 
• K You, R Tempo, L Qiu, “Distributed algorithms for computation of centrality measures in complex 

networks, IEEE TAC 2017 
• E Capello, ,E Punta, F Dabbene, G Guglieri, R Tempo, “Sliding-Mode Control Strategies for Rendezvous 

and Docking Maneuvers”, JGCD 2017 
• M. Lorenzen, FD, R. Tempo and F. Allgower, "Constraint Tightening and Stability in Stochastic Model 

Predictive Control," IEEE TAC 2017 
• S. Formentin, FD, R. Tempo, L. Zaccarian and S. M. Savaresi, "Robust Linear Static Anti-Windup with 

Probabilistic Certificates," IEEE TAC 2017 
• M. Chamanbaz, FD, R. Tempo, et al. , "Sequential Randomized Algorithms for Convex Optimization in the 

Presence of Uncertainty," IEEE TAC 2016 
• T. Alamo, R. Tempo, A. Luque and D. R. Ramirez, “Randomized Methods for Design of Uncertain Systems: 

Sample Complexity and Sequential Algorithms," Automatica, 2015 
• FD, M. Sznaier and R. Tempo, “Probabilistic Optimal Estimation with Uniformly Distributed Noise,” IEEE 

TAC 2014 
• M. Chamanbaz, F. Dabbene, R. Tempo et al., “A Statistical Learning Theory Approach for Uncertain Linear 

and Bilinear Matrix Inequalities,” Automatica 2014 
• E. Capello, F. Quagliotti and R. Tempo, “Randomized Approaches for Control of QuadRotor UAVs,” J. of 

Intelligent and Robotic Sys., Vol. 73, pp. 157-173 2014 



New directions in probabilistic robustness 
K You, R Tempo, L Qiu, “Distributed algorithms for computation 
of centrality measures in complex networks 
 IEEE TAC 2017 
 
M. Lorenzen, FD, R. Tempo and F. Allgower, "Constraint 
Tightening and Stability in Stochastic Model Predictive Control" 
IEEE TAC 2017 
 
S. Formentin, FD, R. Tempo, L. Zaccarian and S. M. Savaresi, 
"Robust Linear Static Anti-Windup with Probabilistic 
Certificates"  
IEEE TAC 2017 



Beyond classical robustness: 
Randomized PageRank computation 
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Local communication protocol: 
at time k  randomly select page i 
for PageRank update 
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Local communication protocol: 
at time k  randomly select page i 
for PageRank update 
 
1. send PageRank value of page 

i to the outgoing pages 

Randomized PageRank 
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Local communication protocol: 
at time k  randomly select page i 
for PageRank update 
 
1. send PageRank value of page 

i to the outgoing pages 
 

2. request PageRank values 
from      incoming pages 

Randomized PageRank 



• H. Ishii and R. Tempo, “The PageRank Problem, Multi-Agent 
Consensus and Web Aggregation: A Systems and Control 
Viewpoint,” IEEE CSM 2014 

• H. Ishii, R. Tempo and E. W. Bai, “PageRank Computation via 
a Distributed Randomized Approach with Lossy 
Communication,” SCL 2012 

• H. Ishii, R. Tempo and E. W. Bai, “A Web Aggregation 
Approach for Distributed Randomized PageRank 
Algorithms,” IEEE TAC 2012 

• H. Ishii and R. Tempo, “Distributed Probabilistic Approach for 
the PageRank Algorithm,” J. SICE 2011 

• H. Ishii and R. Tempo, “Distributed Randomized Algorithms 
for the PageRank Computation,” IEEE TAC 2010 



• H. Ishii and R. Tempo, “The PageRank Problem, Multi-Agent 
Consensus and Web Aggregation: A Systems and Control 
Viewpoint,” IEEE CSM 2014 

• H. Ishii, R. Tempo and E. W. Bai, “PageRank Computation via 
a Distributed Randomized Approach with Lossy 
Communication,” SCL 2012 

• H. Ishii, R. Tempo and E. W. Bai, “A Web Aggregation 
Approach for Distributed Randomized PageRank 
Algorithms,” IEEE TAC 2012 

• H. Ishii and R. Tempo, “Distributed Probabilistic Approach for 
the PageRank Algorithm,” J. SICE 2011 

• H. Ishii and R. Tempo, “Distributed Randomized Algorithms 
for the PageRank Computation,” IEEE TAC 2010 



CSM Best Paper Award 

CDC 2015 



 



Thank you 
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