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  order	
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root-­‐free	
  preorder	
  traversal:	
  
6,	
  7,	
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  10,	
  11,	
  1,	
  2,	
  3,	
  9,	
  4,	
  5	
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DefiniHon	
  
Canonical	
  self-­‐inver5ng	
  permuta5on	
  
•  a	
  self-­‐inverhng	
  permutahon	
  
•  elements	
  si	
  =	
  1,	
  2,	
  …	
  ,	
  2n+1	
  
•  exactly	
  one	
  fixed	
  element	
  
•  each	
  2-­‐cycle	
  (si,	
  sj)	
  sahsfies	
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  ≤	
  i	
  ≤	
  n,	
  si	
  >	
  sj	
  	
  
	
  

Canonical	
  reducible	
  permutahon	
  graphs	
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  flow	
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DefiniHon	
  
Canonical	
  reducible	
  permuta5on	
  graph:	
  
•  a	
  self-­‐labeling	
  reducible	
  flow	
  graph	
  
•  2n+3	
  verhces	
  
•  its	
  representa5ve	
  tree	
  has	
  
	
  	
  	
  	
  	
  	
  a	
  (root-­‐free)	
  preorder	
  traversal	
  
	
  	
  	
  	
  	
  	
  which	
  is	
  a	
  canonical	
  self-­‐inverhng	
  
	
  	
  	
  	
  	
  	
  permutahon	
  	
  

Canonical	
  reducible	
  permutahon	
  graphs	
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  reducible	
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Theorem	
  
	
  Watermark	
  from	
  Chroni	
  and	
  Nikolopoulos	
  
	
  
	
  
	
  
	
  	
  	
  	
  Canonical	
  reducible	
  permuta5on	
  graph	
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  reducible	
  permutahon	
  graphs	
  

Theorem	
  
	
  Watermark	
  from	
  Chroni	
  and	
  Nikolopoulos	
  
	
  
	
  
	
  
	
  	
  	
  	
  Canonical	
  reducible	
  permuta5on	
  graph	
  
	
  

(Proof	
  by	
  “we	
  don’t	
  want	
  to	
  know	
  the	
  details”	
  argument)	
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Chroni	
  and	
  Nikolopoulos	
  (2011)	
  

several	
  structural	
  
properHes	
  

Canonical	
  reducible	
  permutahon	
  graphs	
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  reducible	
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  graph	
  
	
  

(Proof	
  by	
  “we	
  don’t	
  want	
  to	
  know	
  the	
  details”	
  argument)	
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Our	
  contribuhon	
  
B.,	
  B.,	
  M.,	
  S.,	
  S.	
  (WG	
  2013)	
  

1.	
  	
  	
  formal	
  definiHon	
  of	
  the	
  class	
  of	
  canonical	
  reducible	
  permuta5on	
  graphs	
  
	
  	
  	
  	
  	
  	
  (precisely	
  the	
  graphs	
  produced	
  by	
  Chroni	
  and	
  Nikolopoulos’s	
  encoding	
  algorithm)	
  
	
  
2.	
  	
  	
  characterizaHon	
  and	
  linear-­‐Hme	
  recogniHon	
  algorithm	
  for	
  such	
  graphs	
  
	
  	
  	
  	
  	
  	
  	
  
3.  a	
  new	
  linear-­‐Hme	
  decoding	
  algorithm	
  (graph	
  à	
  integer	
  key)	
  	
  
	
  	
  	
  	
  	
  	
  	
  simpler,	
  marginally	
  faster	
  and	
  able	
  to	
  retrieve	
  the	
  correct	
  key	
  even	
  aKer	
  the	
  
	
  	
  	
  	
  	
  	
  	
  malicious	
  removal	
  of	
  k	
  ≤	
  2	
  edges	
  
	
  
4.	
  	
  	
  a	
  Hght	
  bound	
  for	
  the	
  resilience	
  of	
  the	
  codec	
  against	
  edge	
  removals	
  	
  	
  	
  

	
  



Characterizing	
  the	
  watermark	
  graphs	
  
(canonical	
  reducible	
  permuta5on	
  graphs)	
  

Theorem	
  (characterizaHon)	
  
	
  	
  	
  	
  Canonical	
  reducible	
  permuta5on	
  graph	
  
	
  
	
  
	
  
Self-­‐labeling	
  reducible	
  flow	
  graph	
  such	
  that:	
  
•  its	
  fixed	
  element	
  is	
  2n+1,	
  and	
  
	
  	
  	
  	
  	
  its	
  representa5ve	
  tree	
  is	
  a	
  “type-­‐1”	
  tree	
  
or	
  
•  its	
  fixed	
  element	
  belongs	
  to	
  [n+2,	
  2n],	
  and	
  
	
  	
  	
  	
  	
  its	
  representa5ve	
  tree	
  is	
  a	
  “type-­‐2”	
  tree	
  
	
  



Characterizing	
  the	
  watermark	
  graphs	
  
(canonical	
  reducible	
  permuta5on	
  graphs)	
  

type-­‐1	
  rep.	
  tree	
  

type-­‐2	
  rep.	
  tree	
  

Theorem	
  (characterizaHon)	
  
	
  	
  	
  	
  Canonical	
  reducible	
  permuta5on	
  graph	
  
	
  
	
  
	
  
Self-­‐labeling	
  reducible	
  flow	
  graph	
  such	
  that:	
  
•  its	
  fixed	
  element	
  is	
  2n+1,	
  and	
  
	
  	
  	
  	
  	
  its	
  representa5ve	
  tree	
  is	
  a	
  “type-­‐1”	
  tree	
  
or	
  
•  its	
  fixed	
  element	
  belongs	
  to	
  [n+2,	
  2n],	
  and	
  
	
  	
  	
  	
  	
  its	
  representa5ve	
  tree	
  is	
  a	
  “type-­‐2”	
  tree	
  
	
  



Types	
  of	
  representahve	
  trees	
  
type-­‐1	
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