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Highlights	  

“Life	  is	  changing	  everyday,	  in	  every	  possible	  
way.”	  
	  	  

“You	  have	  to	  be	  fast	  on	  your	  feet	  and	  adap/ve	  
or	  else	  a	  strategy	  is	  useless.”	  	  

The	  Cranberries	  

Charles	  de	  Gaulle	  

Provided	  theore/cal	  jus/fica/ons	  for	  adap/ve	  
schemes	  in	  non-‐sta/onary	  cases	  as	  a	  founda.on	  for	  
detec.ng	  change	  points	  and	  outliers	  in	  binary	  .me-‐
series	  and	  many	  other	  applica.ons.	  	  



Mo/ving	  Applica/on	  
Detec.ng	  change	  points	  and	  outliers	  in	  .me	  series	  
•  Outliers	  in	  transac.ons	  	  (fraud)	  
•  Outliers	  in	  network	  access	  log	  	  (criminal	  and	  suspicious	  ac.vi.es)	  
•  Changes	  in	  sales	  of	  Wal-‐Mart	  Stores	  (global	  economics	  changes)	  
•  Changes	  in	  health	  data	  (pandemic)	  
	  
Online	  and	  adap/ve	  to	  non-‐sta/onary	  data	  sources	  



Preliminaries	  
KT	  es/mator:	  a	  simple	  method	  of	  es.ma.ng	  the	  probability	  
distribu.on	  of	  the	  next	  bit	  in	  a	  (binary)	  sequence,	  by	  assuming	  a	  
par.cular	  Dirichlet	  	  prior	  on	  the	  parameter(s)	  in	  the	  Bernoulli	  
distribu.on.	  	  
	  
	   P(xn+1 =1| x1:n ) =

#1+1/ 2
#1+ #0+1

Pros	  
•  Simple	  calcula.on,	  only	  counts	  of	  #0	  and	  #1	  need	  to	  be	  stored.	  
•  For	  sta.onary	  cases,	  asympto.cally	  op.mal	  (worst-‐case	  
redundancy).	  	  

	  
Cons	  
•  Non-‐adap.ve,	  i.e.	  slow	  to	  adapt	  to	  a	  change	  in	  the	  source.	  	  



Adap/ve	  Schemes	  

…	   0 0 1 0 0 0 1 1 0 1 0 0 0 1 1 1 0 0 ? … 

Windowed	  KT	  

Discoun/ng	  KT	  

weight/influence	  

t	  

Regular	  KT	  

Windowed	  KT	  

Discoun.ng	  KT	  



Results	  Redundancy	  Bound	  
General	  one	  step	  predic/on	  redundancy,	  loosely	  speaking	  

Theorem	  



Results	  Redundancy	  Bound	  
Problem	  with	  the	  previous	  bound	  

Corollary	  

Last	  term	  grows	  unboundedly	  when	  the	  parameters	  tend	  to	  0	  or	  1.	  



Geometrically	  driKing	  sources	  

Slowly	  driKing	   Ra/o	  maLers;	  
difference	  not	  



Applica/on	  -‐	  Compression	  

Total	  redundancy	  for	  Context	  Tree	  Weight	  algorithm	  (for	  sources	  
with	  finite	  dependency).	  	  
1.  Model	  redundancy	  (finding	  the	  right	  structure)	  
2.   Parameter	  redundancy	  (KT	  es/mator)	  
3.  Coding	  redundancy	  (Arithme.c	  coding)	  	  

mining	   aLached	   sorry	  

data	   rain	   …	  



Thank	  you	  


