
Investigating	
  the	
  
Vietoris-­‐Rips	
  Complex	
  

Searching	
  for	
  links	
  in	
  data	
  sets	
  



Simplicial	
  Complexes	
  
A	
  Geometric	
  Approach	
  

•  A	
  set	
  of	
  Interconnected	
  
Simplices:	
  
–  Points	
  
–  Lines	
  
–  Triangles	
  
–  Tetrahedron	
  
–  Pentachoron	
  
–  Etc.	
  



Simplicial	
  Complexes	
  (continued)	
  
A	
  Combinatorial	
  Approach	
  

We	
  call	
  this	
  new	
  set	
  an	
  n-­simplex	
  



Simplicial	
  Complexes	
  (continued)	
  

Note:	
  our	
  simplicial	
  complex	
  must	
  also	
  fullJill	
  the	
  consistency	
  condition:	
  
If	
  A	
  is	
  an	
  element	
  of	
  a	
  simplicial	
  complex	
  then	
  every	
  subset	
  of	
  A	
  is	
  also	
  in	
  the	
  
simplicial	
  complex.	
  (this	
  makes	
  sure	
  that	
  we	
  include	
  the	
  boundaries	
  of	
  every	
  
simplex)	
  



Constructing	
  the	
  	
  
Vietoris-­‐Rips	
  Complex	
  



Constructing	
  the	
  	
  
Vietoris-­‐Rips	
  Complex	
  

•  Consider	
  the	
  
following	
  set	
  
of	
  points:	
  
	
  A={(0,1),
(1,0),(0,-­‐1),
(-­‐1,0)}	
  











Displayed	
  Simplices:	
  
[	
  	
  	
  {(0,1)};	
  {(1,0)};	
  {(0,-­‐1)};	
  {(-­‐1,0)};	
  
{(0,1),(1,0)};	
  {(1,0),(0,-­‐1)};	
  {(0,-­‐1),(-­‐1,0)};	
  {(-­‐1,0),(0,1)};	
  
{(0,1),(1,0),(0,-­‐1)};	
  {(1,0),(0,-­‐1),(-­‐1,0)};	
  {(0,-­‐1),(-­‐1,0),(0,1)};	
  {(-­‐1,0),(0,1),(1,0)};	
  
{(0,1),(1,0),(0,-­‐1),(-­‐1,0)}	
  	
  	
  ]	
  



A	
  Better	
  Picture:	
  



Cycles	
  
•  What	
  we	
  are	
  looking	
  for	
  are	
  cycles.	
  	
  
•  Can	
  be	
  thought	
  of	
  as	
  holes	
  in	
  the	
  Vietoris-­‐Rips	
  Complex.	
  
•  We	
  are	
  interested	
  in	
  these	
  holes	
  because	
  they	
  are	
  topologically	
  distinct	
  

from	
  just	
  points.	
  

•  More	
  speciJically,	
  we	
  are	
  searching	
  for	
  methods	
  of	
  detecting	
  links;	
  non-­‐
intersecting,	
  but	
  interlocked	
  cycles.	
  

•  Borromean	
  Rings:	
  



Using	
  Perseus	
  
•  One	
  method	
  being	
  investigated	
  is	
  using	
  the	
  program	
  “Perseus”	
  	
  

–  Perseus	
  is	
  a	
  program	
  that	
  accepts	
  a	
  data	
  set	
  and	
  returns	
  descriptions	
  of	
  the	
  
generated	
  cycles	
  and	
  overall	
  number	
  of	
  simplexes	
  as	
  the	
  value	
  of	
  epsilon	
  is	
  
increased	
  for	
  the	
  given	
  Vietoris-­‐Rips	
  Complex.	
  

–  Possible	
  to	
  track	
  the	
  life	
  of	
  different	
  cycles	
  until	
  they	
  are	
  swallowed	
  by	
  increasingly	
  
loose	
  distance	
  requirements.	
  (Increasing	
  value	
  of	
  epsilon)	
  

•  Discretization	
  of	
  Convenient	
  Functions	
  
–  We	
  can	
  take	
  already	
  conveniently	
  constructed	
  functions	
  displaying	
  certain	
  qualities	
  

(like	
  a	
  link)	
  and	
  choose	
  a	
  discrete	
  subset	
  of	
  the	
  functions	
  to	
  test	
  if	
  Perseus	
  can	
  
determine	
  the	
  behavior	
  of	
  the	
  “data”,	
  or	
  if	
  a	
  tweaked	
  code	
  can	
  even	
  detect	
  the	
  links.	
  

•  Possibility	
  of	
  applying	
  to	
  real	
  life	
  data	
  to	
  determine	
  behavior.	
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