
 
Physical 
Algorithms 

ETH Zurich ς Distributed Computing ς www.disco.ethz.ch             CWSN 2011               Roger Wattenhofer 



Spot the Differences 



Spot the Differences 



Too Many! 



Spot the Differences 



Still Many! 



Spot the Differences 



Better Screen 
Bigger Disk 
More RAM 

Cooler Design 
Χ 
 
 



Better Screen 
Bigger Disk 
More RAM 

Cooler Design 
Χ 
 

Same CPU Clock Speed 
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Why Should I Care? 



Computer Science Ą Washing Machine Science 
[Roger Boyle, Maurice Herlihy] 
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The Future of Computing? 





Talk Overview 

 

 

Introduction & Motivation 

 

Examples for Physical Algorithms 
in the Context of Sensor Networks 

 

What are Physical Algorithms? 
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Clock Synchronization in Networks 



Problem: Physical Reality 
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Given a communication network 

1. Each node equipped with hardware clock with drift 

2. Message delays with jitter 

 

 

 

 

 

 

 

 

 

DƻŀƭΥ {ȅƴŎƘǊƻƴƛȊŜ /ƭƻŎƪǎ όά[ƻƎƛŎŀƭ /ƭƻŎƪǎέύ 

Å Both global and local synchronization! 

 

Clock Synchronization in Theory? 

worst-case (but constant) 



 

Å Time (logical clocks) should not be allowed to stand still or jump 

 

 

 

 

 

 

 

 

Time Must Behave! 



 

Å Time (logical clocks) should not be allowed to stand still or jump 

 

 

 

 

 

 

 

Å     [ŜǘΩǎ ōŜ ƳƻǊŜ ŎŀǊŜŦǳƭ όŀƴŘ ŀƳōƛǘƛƻǳǎύΥ 

Å     Logical clocks should always move forward  

Å Sometimes faster, sometimes slower is OK.  

Å But there should be a minimum and a maximum speed. 

Å As close to correct time as possible! 

Time Must Behave! 



Local Skew 

 

  Tree-based Algorithms  Neighborhood Algorithms 

  e.g. FTSP   e.g. GTSP 

 

 

 

 

 

 

 

 

 

 
Bad local skew 



{ȅƴŎƘǊƻƴƛȊŀǘƛƻƴ !ƭƎƻǊƛǘƘƳǎΥ !ƴ 9ȄŀƳǇƭŜ όάAmaxέύ 

 

ω Question: How to update the logical clock based on the messages from 
the neighbors?  

 

ω Idea: Minimizing the skew to the fastest neighbor 

ςSet clock to maximum clock value you know, forward new values immediately 

 

ω First all messages are slow (1), then suddenly all messages are fast (0)! 
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Dynamic Networks! 
[Kuhn et al., PODC 2010] 

Local Skew: Overview of Results 
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Lower bound of logD / loglogD 
[Fan & Lynch, PODC 2004] 

All natural algorithms  
[Locher et al., DISC 2006] 

Blocking 
algorithm 

Kappa algorithm 
[Lenzen et al., FOCS 2008] 

Tight lower bound 
[Lenzen et al., PODC 2009] 

Dynamic Networks! 
[Kuhn et al., SPAA 2009] 

together 
[JACM 2010] 



Experimental Results for Global Skew 

FTSP PulseSync 

[Lenzen, Sommer, W, SenSys 2009] 



Experimental Results for Global Skew 

FTSP PulseSync 

[Lenzen, Sommer, W, SenSys 2009] 


