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Queuing	  theory	  defini/on	  of	  
conges/on	  

•  Formula	  1:	  arrival	  rate	  >	  service	  rate	  

	  	   	   	  λ	  >	  µ	  
•  Formula	  2:	  conges/on	  =	  arrival	  rate	  /	  service	  
rate	  

	  	   	  	  	  	  	  	  	  	  	  	  p	  =	  λ/µ	  
	  



Networking	  text	  book	  defini/ons	  

•  Conges/on:	  router	  runs	  
out	  of	  buffer	  space	  and	  
must	  start	  dropping	  
packets	  if	  more	  arrive.	  

•  Conten/on:	  the	  buildup	  
of	  packets	  in	  a	  queue	   Drop if buffer full



Network	  provider	  defini/ons	  of	  
conges/on	  

•  Average	  link/network	  u/liza/on	  of	  some	  period	  of	  
/me	  



One	  economic	  defini/on	  of	  
conges/on	  

•  MIT	  Dic/onary	  of	  Modern	  Economics:	  
"When	  an	  increase	  in	  the	  use	  of	  a	  facility	  or	  service	  which	  is	  used	  

by	  a	  number	  of	  people	  would	  impose	  a	  cost	  (not	  necessarily	  a	  
monetary	  cost)	  on	  the	  exis;ng	  users,	  that	  facility	  is	  said	  to	  be	  
‘congested'.	  
	  	   	   	   	  	  



Applica/on	  centric	  defini/ons	  of	  
conges/on	  



User	  centric	  defini/ons	  of	  conges/on	  



Uncongested	  Networks….	  
	  Congested	  Internet	  

Congested	  link	  



Congested	  Networks	  
Congested	  Internet	  

Congested	  link	  



Analyzing	  conges/on	  data	  with	  
wavelets	  







Short-‐/me	  Fourier	  transform	  



Wavelet	  analysis	  



Far	  



Wavelet	  coefficients	  for	  daily	  signal	  



Far	  link	  power	  spectrum	  


