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Image courtesy of Ilona Gaynor
on Flickr. Available CC BY-NC-SA.

t1: t2:
Photo arrives from future and is Developed by photo is placed in
captured by camera time-travel region 
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http://www.flickr.com/photos/27922834@N05/6053694696/in/photolist-adWLwu-ofw87-9JfHg-9Rw7Cp-9Rz1hG-bVcQYq-Kq1ZH-9c77p-5tTCCP-6i1r3R-2fWiiQ-6LEpHC-53Lr7C-8uLg4L


Toy	
  Model	
  of	
  CTC:	
  Assump,ons	
  
•  Time	
  t1:	
  	
  

i.  Photo	
  arrives	
  from	
  future.	
  	
  
ii.  The	
  photo	
  is	
  photographed.	
  	
  
iii.  The	
  original	
  disintegrates.	
  

•  Between	
  t1	
  and	
  t2:	
  	
  
– AKer	
  image	
  processing,	
  new	
  photo	
  is	
  printed.	
  

•  Time	
  t2:	
  	
  
– New	
  photo	
  is	
  put	
  into	
  ,me-­‐travel	
  region	
  
	
  

•  The	
  process	
  is	
  automated	
  and	
  no	
  humans	
  are	
  
able	
  to	
  intervene.	
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Case	
  1:	
  Analog	
  Image	
  and	
  Analog	
  Camera	
  that	
  
Inverts	
  Image	
  

Image courtesy of Wafer X on Flickr. Available CC  BY.

Image courtesy of Wafer X on Flickr. Available CC  BY.
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http://www.flickr.com/photos/47327870@N00/3003896971/in/photolist-5zrKV6-8bkX1g-bnbteX-8bm2sH-8bm2kx-8bpdDL-7TXVzc-BCBKz-7U2bZ9-7TXVS6-7U2bAm-7TXX36-7U2ajE-7U2aT3-7U2aYU-7U1nah-7U2bt7-7U2aAQ-7TXXeP-7TXWtP-6nchRe-7TXVLV-d3CHkJ-bw3Jqi-7TXVvD-7U2bTL-Aa2Mx-8bkYd2-eygfqv-7LrfXR-exbSgt-bpSQuR-73u8dN-dJksdF-72GiEq-95XfWU-6pWorH-9jf18C-9jbTJe-9FJqd5-9jeZVE-dY22CG-9jbWvR-akK9bU-7U2ahY-7TXWFp-7U2b3s-7U2brw-7TXXda-7U2b99-7U2aFd
http://www.flickr.com/photos/47327870@N00/3004952710/in/photolist-5zxaKu-5zrKV6-8bkX1g-8bpdkC-bnbteX-bw3Ju2-8bm2sH-8bm2kx-diy4bY-9Pe1bc-8bpdDL-e5f6c7-a29TAe-7TXVzc-BCBKz-9A7QGo-7U2bZ9-7TXVS6-7U2bAm-7U2bh3-7TXX36-7U2ajE-eKmv9f-7U2aT3-7U2aYU-7U1nah-7U2bt7-7U2aAQ-7TXXeP-eykiAS-eHtonu-7U2ahY-7TXWFp-7U2b3s-7U2brw-7TXXda-7U2b99-7U2aFd-7TX8FX-7TXWHp-7TXWtP-6nchRe-7TXVLV-7TXare-7U2adL-7TXWYT-d3CHkJ-bw3Jqi-7TXWzK-7U2bkj-7U2bCu


Case	
  2:	
  Digital	
  Image	
  and	
  Pixel	
  Flip	
  
Camera	
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Case	
  3:	
  Digital	
  Image	
  and	
  90	
  degree	
  
rota,on	
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Theory:	
  Fixed-­‐point	
  Theorems	
  

•  Analog	
  Camera:	
  Each	
  pixel	
  is	
  real	
  number	
  on	
  
[0,1].	
  Camera	
  is	
  a	
  cts	
  func,on	
  on	
  each	
  pixel.	
  	
  

•  Digital	
  camera:	
  Pixels	
  are	
  bits.	
  Camera	
  is	
  a	
  
discrete	
  func,on	
  on	
  whole	
  image.	
  	
  

•  Theory:	
  Many	
  cts	
  func,ons	
  have	
  no	
  fixed	
  
point.	
  

•  Theory:	
  All	
  Markov	
  chains	
  have	
  a	
  fixed	
  point.	
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Image courtesy of Ilona Gaynor
on Flickr. Available CC BY-NC-SA.

t1: t2:
Photo arrives from future and is Developed by photo is placed in
captured by camera time-travel region 
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http://www.flickr.com/photos/27922834@N05/6053694696/in/photolist-adWLwu-ofw87-9JfHg-9Rw7Cp-9Rz1hG-bVcQYq-Kq1ZH-9c77p-5tTCCP-6i1r3R-2fWiiQ-6LEpHC-53Lr7C-8uLg4L
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Image courtesy of Jory on Flickr.
Available CC BY-NC-SA.

t1: t2:
Photo arrives from future and is Developed by photo is placed in
captured by camera time-travel region 
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http://www.flickr.com/photos/16844274@N00/8298606581/in/photolist-dDjwBP-a5teMV-a71QLa-a5wFJ5-a5tA5P-a5w41b-a5whmb-a5twWT-a5tGZz-a5tbUr-a5tcD8-a74MqY-a5wDcS-a74FVs-a5wqph-a71STi-a5wq1C-mWgdL-5hMxP-51eh8n-eDH6f-EB9Nn-4ipaYD-ceZ2kS-ceZ3Rd-5475BE-8zy2ZU-p681N-9i1bsG-p67Xg-p67RS-e9Dk-bedL8B-bedKsa-bedKC6-jDAEf-jpzpp-9hX6p6-ccEcej-dDaymY-oWM6k-9AU1Kq-9AU5hJ-9ARcnK-9ARbLF-4kfYKB-byRodS-dZXB18-4wfzEA-p681c-fGwJQ


Can	
  we	
  force	
  nature	
  to	
  solve	
  problems	
  
for	
  us?	
  	
  

•  IF	
  art	
  cri,c	
  thinks	
  photo	
  is	
  an	
  original	
  
masterpiece,	
  then	
  he	
  leaves	
  it	
  unchanged.	
  

	
  
•  ELSE	
  he	
  will	
  flip	
  some	
  of	
  the	
  pixels.	
  
	
  

•  Art	
  cri,c	
  is	
  perfectly	
  systema,c:	
  no	
  
randomness.	
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t1: t2:
Photo arrives from future and is Developed by photo is placed in
captured by camera time-travel region 
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Image by MIT OpenCourseWare.



Can	
  we	
  force	
  nature	
  to	
  solve	
  problems	
  
for	
  us?	
  	
  

•  Digital	
  image	
  =	
  binary	
  string.	
  String	
  can	
  encode	
  a	
  
series	
  of	
  transi,ons	
  between	
  nodes	
  in	
  a	
  graph.	
  
	
  	
  

•  Image	
  is	
  a	
  fixed	
  point	
  iff	
  image	
  encodes	
  a	
  short	
  
solu,on	
  to	
  a	
  Traveling	
  Salesman	
  Problem.	
  
	
  

•  Theorem	
  (A&W):	
  This	
  kind	
  of	
  computer	
  can	
  solve	
  
NP-­‐complete	
  problems	
  in	
  polynomial	
  ,me.	
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The	
  Toy	
  Model	
  and	
  Physics	
  
•  Toy	
  model	
  

1.  Photo	
  is	
  placed	
  in	
  a-­‐region	
  and	
  comes	
  out	
  in	
  past	
  
2.  Photo	
  is	
  photographed	
  and	
  newly	
  printed	
  photo	
  is	
  perfect	
  

duplicate	
  
	
  

•  More	
  realis8c	
  model	
  
1.  Precise	
  microphysical	
  state	
  at	
  a-­‐region	
  will	
  be	
  transferred	
  

to	
  the	
  past	
  (e.g.	
  roughly	
  10^25	
  atoms).	
  
2.  The	
  physical	
  state	
  around	
  the	
  a-­‐region	
  and	
  the	
  laws	
  will	
  

determine	
  the	
  func,on	
  from	
  t1	
  to	
  t2.	
  
3.  For	
  consistency,	
  there	
  must	
  be	
  a	
  fixed-­‐point	
  for	
  this	
  

func,on.	
  
4.  If	
  there	
  is	
  a	
  fixed-­‐point,	
  it	
  means	
  that	
  the	
  physical	
  evolu,on	
  

of	
  the	
  state	
  at	
  t1	
  reproduces	
  the	
  exact	
  microphysical	
  state	
  
at	
  t2.	
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The	
  Toy	
  Model	
  and	
  Physics	
  

•  Strangeness:	
  	
  
– We	
  have	
  no	
  technology	
  for	
  enabling	
  a	
  large	
  state	
  
to	
  be	
  preserved	
  for	
  50	
  years.	
  

–  If	
  we	
  set	
  up	
  this	
  ,me-­‐travel	
  system,	
  and	
  we	
  know	
  
it	
  works,	
  then	
  we	
  can	
  have	
  very	
  unusual	
  
knowledge	
  about	
  50	
  years	
  from	
  now.	
  	
  

– Example:	
  Exact	
  microphysical	
  duplicate,	
  with	
  ~0	
  
probability	
  of	
  occurring,	
  will	
  re-­‐emerge	
  at	
  a	
  
precise	
  point	
  in	
  ,me.	
  Any	
  social	
  effort	
  to	
  prevent	
  
this	
  will	
  fail.	
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Toy	
  Model	
  and	
  General	
  Strangeness	
  

1.  You	
  want	
  to	
  simulate	
  a	
  ,me-­‐travel	
  universe.	
  
2.  You	
  construct	
  the	
  physical	
  laws	
  so	
  that	
  there	
  

are	
  many	
  a	
  regions.	
  	
  
3.  You	
  pick	
  random	
  ini,al	
  condi,ons	
  and	
  then	
  

let	
  physics	
  run	
  forward.	
  
4.  Intelligent	
  creatures	
  evolve.	
  They	
  build	
  the	
  

digital	
  pixel-­‐flipping	
  camera.	
  
5.  What	
  happens	
  next	
  ….	
  	
  ?	
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Toy	
  Model	
  and	
  General	
  Strangeness	
  II	
  
Conclusion:	
  you	
  can’t	
  pick	
  physical	
  laws	
  and	
  
ini,al	
  condi,ons	
  and	
  just	
  run	
  things	
  forward.	
  
	
  
If	
  you	
  want	
  to	
  pick	
  this	
  kind	
  of	
  law,	
  you	
  have	
  to	
  either:	
  
1.  Let	
  laws	
  be	
  violated	
  whenever	
  no	
  fixed-­‐point	
  exists.	
  
2.  Discover	
  the	
  ini,al	
  condi,ons	
  that	
  give	
  rise	
  to	
  

consistent	
  worlds	
  (by	
  doing	
  a	
  big	
  search).	
  
3.  If	
  world	
  is	
  consistent,	
  you	
  s,ll	
  need	
  to	
  find	
  the	
  fixed	
  

point.	
  This	
  means	
  you	
  need	
  great	
  mathema,cal	
  
resources	
  /	
  ability	
  to	
  create	
  original	
  masterpieces.	
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Further	
  reading	
  

•  Physics	
  and	
  ,me	
  travel:	
  
hap://plato.stanford.edu/entries/,me-­‐travel-­‐
phys	
  
	
  
Using	
  ,me-­‐travel	
  for	
  compu,ng	
  (Aaronson	
  &	
  
Watrous):	
  
hap://arxiv.org/abs/0808.2669	
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http://plato.stanford.edu/entries/time-travel-phys
http://plato.stanford.edu/entries/time-travel-phys
http://arxiv.org/abs/0808.2669
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