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Consensus algorithms 

 Main idea 
  Having a set of agents to agree upon a certain value (usually global 

function) using only local information exchange (local interaction) 

 Old problem: 
  Markov Chains (Communications): 60’s 
  Load balancing (Computer Science, Optimization): 80’s (Bertsekas, 

Tsitsiklis, … 
  Asynchronous iterations (Linear Algebra): 90’s   
  Vehicle Formation Control (Robotics): 90’s (Vicsek, Jadbabaie-Morse, 

etc … 
  Agreement  problem (Economics, signal processing, social networks) 
  Synchronization (Statistical mechanics) 
  …. 
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Main features 

  Distributed computation of general functions 

  Computational efficient (linear & asynchronous) 
  Independent of graph topology 
  Incremental (i.e. anytime) 
  Robust to failure 

Global 
Decision 
Maker 
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A robotics example: 
the rendezvous problem 

Convex hull always shrinks. 
If communication graph sufficiently connected, then shrinks to a point  

Easy to compute averages of local values (average consensus):  

(t) 
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Distributed estimation 

BASE 
STATION 

sensor node 
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Least-square identification 

(Xiao,Boyd,Lall, IPSN05), (Bolognani,Del Favero, Schenato, Varagnolo JRNC10)  
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Distributed quadratic optimization 

comm. links nodes 
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Sensor Calibration 
P 

d 

dij 

dij 

Pij Pij 

P=f(d) 

i j 

Strategy: 

(Bolognani,Del Favero, Schenato, Varagnolo JRNC10) 
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Event detection 
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Time Synchronization 
Local clocks 

comm. links nodes 

Virtual reference clock 

Local clock estimate 

(Solis, Borkar, Kumar, CDC06,  
Gamba, Schenato, CDC07 
Carli, Chiuso, Schenato, Zampieri, IFAC08) 
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Sensor calibration 

Error distribution:  
before (         ) and after (          )  

(Bolognani,Del Favero, Schenato, Varagnolo JRNC10) 
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Model identification 
P 

d 

dij 

dij 

Pij Pij 

P=f(d,µ) 

i j 

x 

(Bolognani,Del Favero, Schenato, Varagnolo JRNC10) 
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Time Synch for WSNs 

7x5 grid (10 hops) 

Tmote Sky nodes 

Error vs distance 

Error vs time 

(Fiorentin, Schenato, Necsys09) 
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How to design consensus ? 

Well studied 
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Distributed estimation revised 

convex 

(Carli, Garin Zampieri, ITA09) 
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Noisy consensus 

convex 

(Xiao,Boyd,Kim, JPDC07) 
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Control-based  
performance metrics 

(Carli, Chiuso Schenato, Zampieri, JSAC08) 

Carli, Chiuso, Schenato, Zampieri, IFAC08) 
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Example 

(Boyd, Diaconis, Parrillo, Xiao, IM07) 
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Summary 

  Consensus is good for quadratic problems 
  Approximate non-quadratic local costs to 

apply consensus: 
  Camera networks calibration 
  Smart power grids control 

  Linear consensus vs Lagrange-based 
distributed optimization   

  Control performance metrics provide new 
twist to the “old” consensus problem 
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Q&A 

THANK YOU 


