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The best-known example is AdS/CFT correspondence [Maldacena ’97]

Main motivation: holographic dualities

Is it possible to establish a duality between a theory on a discretised AdS 

and a theory defined on its boundary?

Proposals in the literature: p-adic AdS/CFT [Gubser, Knaute, Parikh, Samberg, Witaszczyk ’16; Heydeman, Marcolli, 
Saberi, Stoica ‘16], modular discretization of two-dimensional AdS [Axenides, Floratos, Nicolis ’14 and ‘19]

Discrete Holography:

Holographic principle [’t Hooft ’93; Susskind ’95]
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Realization of effects 
peculiar to hyperbolic 
geometries in a lab
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[Kollár, Fitzpatrick, Houck, ’19]
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[Gesteau, Marcolli, Parikh, ’22]

[Chen et al, ’22] [Breuckmann, Placke, Roy, ’22]
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In this talk…

In this talk, we define a class of boundary theories 
that reflect the properties of the bulk          tiling
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Fixed discrete 

geometry on the tiling

Ground state of the 
boundary chain

?

If an explicit discrete holographic duality on hyperbolic tilings holds, we expect

Goal: how do different bulk discretizations 
affect the corresponding boundary theories?

First step in this program

JHEP 02 (2025) 142
SciPost Phys. 15 (2023) 218
SciPost Phys. 13 (2022) 103

with P. Basteiro, R. N. Das, J. Erdmenger, 
J. Karl, R. Meyer, Z.-Y.Xian

dual
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Hyperbolic tilings through inflation rules [Boyle, Dickens, 
Flicker, 2020]
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{4, 5}
Let us construct 

a          tiling

<latexit sha1_base64="bFouK6hjo3hexGhhu1lme2SuPk0=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrJRBDRIETSUAZGHlFjR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CDC0iYajSzq50dL1LSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMmGsBTZFqELd8bhBJQNskiSFnUgj9z2FbW98k/ntCWojw+CBphG6Ph8FcigFp1S6v/L65Ypdtedgy8TJSQVyNPrlr94gFLGPAQnFjek6dkRuwjVJoXBW6sUGIy7GfITdlAbcR+Mm86QzdhIbTiGLUDOp2FzE3xsJ942Z+l466XN6NIteJv7ndWMaXrqJDKKYMBDZIZIK54eM0DKtANlAaiTiWXJkMmCCa06EWjIuRCrGaSeltA9n8ftl0jqrOufV2l2tUr/OmynCERzDKThwAXW4hQY0QcAQnuAZXqyJ9Wq9We8/owUr3zmEP7A+vgHrbJG7</latexit>

= b

<latexit sha1_base64="5TBNs5XgvmSqWW3uWP6O0r0erzc=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrJRBDRIETSUAZGHlFjR+rIJp5wfultHiqz8AS1UdIiW/6HgX7CDC0iYajSzq50dL1LSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xvfZH57gtrIMHigaYSuD6NADqUASqX7K+iXK3bVnoMvEycnFZaj0S9/9QahiH0MSCgwpuvYEbkJaJJC4azUiw1GIMYwwm5KA/DRuMk86YyfxAYo5BFqLhWfi/h7IwHfmKnvpZM+0KNZ9DLxP68b0/DSTWQQxYSByA6RVDg/ZISWaQXIB1IjEWTJkcuAC9BAhFpyECIV47STUtqHs/j9MmmdVZ3zau2uVqlf580U2RE7ZqfMYReszm5ZgzWZYEP2xJ7ZizWxXq036/1ntGDlO4fsD6yPb+ndkbo=</latexit>= a

<latexit sha1_base64="OaAjK/+65spS+f3Tdpna0xFL6H8="></latexit>

⌃{4,5} :

(
a ! babab

b ! bab

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a <latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a <latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
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<latexit sha1_base64="H2/NRU1rUvtNuCMpVPcoGLnHM1o=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8SNiV+DgGvXiMYB6QXcLsZJIMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7wkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7ZAaLoXiDRQoeTvRnEah5K1wdDf1W09cGxGrRxwnPIjoQIm+YBSt1PKz6vmlP+mWym7FnYEsEy8nZchR75a+/F7M0ogrZJIa0/HcBIOMahRM8knRTw1PKBvRAe9YqmjETZDNzp2QU6v0SD/WthSSmfp7IqORMeMotJ0RxaFZ9Kbif14nxf5NkAmVpMgVmy/qp5JgTKa/k57QnKEcW0KZFvZWwoZUU4Y2oaINwVt8eZk0LyreVcV7qJZrt3kcBTiGEzgDD66hBvdQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHh0CPCw==</latexit>

{4, 5}
Let us construct 

a          tiling

<latexit sha1_base64="bFouK6hjo3hexGhhu1lme2SuPk0=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrJRBDRIETSUAZGHlFjR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CDC0iYajSzq50dL1LSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMmGsBTZFqELd8bhBJQNskiSFnUgj9z2FbW98k/ntCWojw+CBphG6Ph8FcigFp1S6v/L65Ypdtedgy8TJSQVyNPrlr94gFLGPAQnFjek6dkRuwjVJoXBW6sUGIy7GfITdlAbcR+Mm86QzdhIbTiGLUDOp2FzE3xsJ942Z+l466XN6NIteJv7ndWMaXrqJDKKYMBDZIZIK54eM0DKtANlAaiTiWXJkMmCCa06EWjIuRCrGaSeltA9n8ftl0jqrOufV2l2tUr/OmynCERzDKThwAXW4hQY0QcAQnuAZXqyJ9Wq9We8/owUr3zmEP7A+vgHrbJG7</latexit>

= b

<latexit sha1_base64="5TBNs5XgvmSqWW3uWP6O0r0erzc=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrJRBDRIETSUAZGHlFjR+rIJp5wfultHiqz8AS1UdIiW/6HgX7CDC0iYajSzq50dL1LSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xvfZH57gtrIMHigaYSuD6NADqUASqX7K+iXK3bVnoMvEycnFZaj0S9/9QahiH0MSCgwpuvYEbkJaJJC4azUiw1GIMYwwm5KA/DRuMk86YyfxAYo5BFqLhWfi/h7IwHfmKnvpZM+0KNZ9DLxP68b0/DSTWQQxYSByA6RVDg/ZISWaQXIB1IjEWTJkcuAC9BAhFpyECIV47STUtqHs/j9MmmdVZ3zau2uVqlf580U2RE7ZqfMYReszm5ZgzWZYEP2xJ7ZizWxXq036/1ntGDlO4fsD6yPb+ndkbo=</latexit>= a

<latexit sha1_base64="OaAjK/+65spS+f3Tdpna0xFL6H8="></latexit>

⌃{4,5} :

(
a ! babab

b ! bab

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a <latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a <latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
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<latexit sha1_base64="H2/NRU1rUvtNuCMpVPcoGLnHM1o=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8SNiV+DgGvXiMYB6QXcLsZJIMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7wkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7ZAaLoXiDRQoeTvRnEah5K1wdDf1W09cGxGrRxwnPIjoQIm+YBSt1PKz6vmlP+mWym7FnYEsEy8nZchR75a+/F7M0ogrZJIa0/HcBIOMahRM8knRTw1PKBvRAe9YqmjETZDNzp2QU6v0SD/WthSSmfp7IqORMeMotJ0RxaFZ9Kbif14nxf5NkAmVpMgVmy/qp5JgTKa/k57QnKEcW0KZFvZWwoZUU4Y2oaINwVt8eZk0LyreVcV7qJZrt3kcBTiGEzgDD66hBvdQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHh0CPCw==</latexit>

{4, 5}
Let us construct 

a          tiling

<latexit sha1_base64="bFouK6hjo3hexGhhu1lme2SuPk0=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrJRBDRIETSUAZGHlFjR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CDC0iYajSzq50dL1LSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMmGsBTZFqELd8bhBJQNskiSFnUgj9z2FbW98k/ntCWojw+CBphG6Ph8FcigFp1S6v/L65Ypdtedgy8TJSQVyNPrlr94gFLGPAQnFjek6dkRuwjVJoXBW6sUGIy7GfITdlAbcR+Mm86QzdhIbTiGLUDOp2FzE3xsJ942Z+l466XN6NIteJv7ndWMaXrqJDKKYMBDZIZIK54eM0DKtANlAaiTiWXJkMmCCa06EWjIuRCrGaSeltA9n8ftl0jqrOufV2l2tUr/OmynCERzDKThwAXW4hQY0QcAQnuAZXqyJ9Wq9We8/owUr3zmEP7A+vgHrbJG7</latexit>

= b

<latexit sha1_base64="5TBNs5XgvmSqWW3uWP6O0r0erzc=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrJRBDRIETSUAZGHlFjR+rIJp5wfultHiqz8AS1UdIiW/6HgX7CDC0iYajSzq50dL1LSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xvfZH57gtrIMHigaYSuD6NADqUASqX7K+iXK3bVnoMvEycnFZaj0S9/9QahiH0MSCgwpuvYEbkJaJJC4azUiw1GIMYwwm5KA/DRuMk86YyfxAYo5BFqLhWfi/h7IwHfmKnvpZM+0KNZ9DLxP68b0/DSTWQQxYSByA6RVDg/ZISWaQXIB1IjEWTJkcuAC9BAhFpyECIV47STUtqHs/j9MmmdVZ3zau2uVqlf580U2RE7ZqfMYReszm5ZgzWZYEP2xJ7ZizWxXq036/1ntGDlO4fsD6yPb+ndkbo=</latexit>= a

<latexit sha1_base64="OaAjK/+65spS+f3Tdpna0xFL6H8="></latexit>

⌃{4,5} :

(
a ! babab

b ! bab

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a <latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a <latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
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<latexit sha1_base64="H2/NRU1rUvtNuCMpVPcoGLnHM1o=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8SNiV+DgGvXiMYB6QXcLsZJIMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7wkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7ZAaLoXiDRQoeTvRnEah5K1wdDf1W09cGxGrRxwnPIjoQIm+YBSt1PKz6vmlP+mWym7FnYEsEy8nZchR75a+/F7M0ogrZJIa0/HcBIOMahRM8knRTw1PKBvRAe9YqmjETZDNzp2QU6v0SD/WthSSmfp7IqORMeMotJ0RxaFZ9Kbif14nxf5NkAmVpMgVmy/qp5JgTKa/k57QnKEcW0KZFvZWwoZUU4Y2oaINwVt8eZk0LyreVcV7qJZrt3kcBTiGEzgDD66hBvdQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHh0CPCw==</latexit>

{4, 5}
Let us construct 

a          tiling

<latexit sha1_base64="bFouK6hjo3hexGhhu1lme2SuPk0=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrJRBDRIETSUAZGHlFjR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CDC0iYajSzq50dL1LSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMmGsBTZFqELd8bhBJQNskiSFnUgj9z2FbW98k/ntCWojw+CBphG6Ph8FcigFp1S6v/L65Ypdtedgy8TJSQVyNPrlr94gFLGPAQnFjek6dkRuwjVJoXBW6sUGIy7GfITdlAbcR+Mm86QzdhIbTiGLUDOp2FzE3xsJ942Z+l466XN6NIteJv7ndWMaXrqJDKKYMBDZIZIK54eM0DKtANlAaiTiWXJkMmCCa06EWjIuRCrGaSeltA9n8ftl0jqrOufV2l2tUr/OmynCERzDKThwAXW4hQY0QcAQnuAZXqyJ9Wq9We8/owUr3zmEP7A+vgHrbJG7</latexit>

= b

<latexit sha1_base64="5TBNs5XgvmSqWW3uWP6O0r0erzc=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrJRBDRIETSUAZGHlFjR+rIJp5wfultHiqz8AS1UdIiW/6HgX7CDC0iYajSzq50dL1LSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xvfZH57gtrIMHigaYSuD6NADqUASqX7K+iXK3bVnoMvEycnFZaj0S9/9QahiH0MSCgwpuvYEbkJaJJC4azUiw1GIMYwwm5KA/DRuMk86YyfxAYo5BFqLhWfi/h7IwHfmKnvpZM+0KNZ9DLxP68b0/DSTWQQxYSByA6RVDg/ZISWaQXIB1IjEWTJkcuAC9BAhFpyECIV47STUtqHs/j9MmmdVZ3zau2uVqlf580U2RE7ZqfMYReszm5ZgzWZYEP2xJ7ZizWxXq036/1ntGDlO4fsD6yPb+ndkbo=</latexit>= a

<latexit sha1_base64="EHmYlBU3TkTRa/ut4IZNhmxWyRs="></latexit>

⌃{p,q} :

(
a ! wa(a, b)

b ! wb(a, b)

<latexit sha1_base64="OaAjK/+65spS+f3Tdpna0xFL6H8="></latexit>

⌃{4,5} :

(
a ! babab

b ! bab

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a <latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a <latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b



Hyperbolic tilings through inflation rules

Inflation rule

The boundary of the tiling after a large number of inflation steps is characterised by a long aperiodic sequence

[Boyle, Dickens, 
Flicker, 2020]

<latexit sha1_base64="H2/NRU1rUvtNuCMpVPcoGLnHM1o=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8SNiV+DgGvXiMYB6QXcLsZJIMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7wkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7ZAaLoXiDRQoeTvRnEah5K1wdDf1W09cGxGrRxwnPIjoQIm+YBSt1PKz6vmlP+mWym7FnYEsEy8nZchR75a+/F7M0ogrZJIa0/HcBIOMahRM8knRTw1PKBvRAe9YqmjETZDNzp2QU6v0SD/WthSSmfp7IqORMeMotJ0RxaFZ9Kbif14nxf5NkAmVpMgVmy/qp5JgTKa/k57QnKEcW0KZFvZWwoZUU4Y2oaINwVt8eZk0LyreVcV7qJZrt3kcBTiGEzgDD66hBvdQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHh0CPCw==</latexit>

{4, 5}
Let us construct 

a          tiling

<latexit sha1_base64="bFouK6hjo3hexGhhu1lme2SuPk0=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrJRBDRIETSUAZGHlFjR+bIJp5wfultHiqz8AS1UdIiW/6HgX7CDC0iYajSzq50dL1LSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMmGsBTZFqELd8bhBJQNskiSFnUgj9z2FbW98k/ntCWojw+CBphG6Ph8FcigFp1S6v/L65Ypdtedgy8TJSQVyNPrlr94gFLGPAQnFjek6dkRuwjVJoXBW6sUGIy7GfITdlAbcR+Mm86QzdhIbTiGLUDOp2FzE3xsJ942Z+l466XN6NIteJv7ndWMaXrqJDKKYMBDZIZIK54eM0DKtANlAaiTiWXJkMmCCa06EWjIuRCrGaSeltA9n8ftl0jqrOufV2l2tUr/OmynCERzDKThwAXW4hQY0QcAQnuAZXqyJ9Wq9We8/owUr3zmEP7A+vgHrbJG7</latexit>

= b

<latexit sha1_base64="5TBNs5XgvmSqWW3uWP6O0r0erzc=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrJRBDRIETSUAZGHlFjR+rIJp5wfultHiqz8AS1UdIiW/6HgX7CDC0iYajSzq50dL1LSkG1/WoWV1bX1jeJmaWt7Z3evvH/QMmGsBTZFqELd8cCgkgE2SZLCTqQRfE9h2xvfZH57gtrIMHigaYSuD6NADqUASqX7K+iXK3bVnoMvEycnFZaj0S9/9QahiH0MSCgwpuvYEbkJaJJC4azUiw1GIMYwwm5KA/DRuMk86YyfxAYo5BFqLhWfi/h7IwHfmKnvpZM+0KNZ9DLxP68b0/DSTWQQxYSByA6RVDg/ZISWaQXIB1IjEWTJkcuAC9BAhFpyECIV47STUtqHs/j9MmmdVZ3zau2uVqlf580U2RE7ZqfMYReszm5ZgzWZYEP2xJ7ZizWxXq036/1ntGDlO4fsD6yPb+ndkbo=</latexit>= a

<latexit sha1_base64="EHmYlBU3TkTRa/ut4IZNhmxWyRs="></latexit>

⌃{p,q} :

(
a ! wa(a, b)

b ! wb(a, b)

<latexit sha1_base64="OaAjK/+65spS+f3Tdpna0xFL6H8="></latexit>

⌃{4,5} :

(
a ! babab

b ! bab

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a <latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a <latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a

<latexit sha1_base64="DQnX9Pe0hzw7o2/CfZUi8DBm0Lo=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXryyaccn7obo0UWfkCWqjoEC0fRMG/YBsXkDDVaGZXOztepKQh2/60SmvrG5tb5e3Kzu7e/kH18KhrwlgL7IhQhbrvgUElA+yQJIX9SCP4nsKeN7vN/N4jaiPD4J7mEbo+TAM5kQIoldowqtbsup2DrxKnIDVWoDWqfg3HoYh9DEgoMGbg2BG5CWiSQuGiMowNRiBmMMVBSgPw0bhJHnTBz2IDFPIINZeK5yL+3kjAN2bue+mkD/Rglr1M/M8bxDS5dhMZRDFhILJDJBXmh4zQMm0A+VhqJIIsOXIZcAEaiFBLDkKkYpxWUkn7cJa/XyXdi7pzWW+0G7XmTdFMmZ2wU3bOHHbFmuyOtViHCYbsiT2zFyu2Xq036/1ntGQVO8fsD6yPb2WekXM=</latexit>a
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b
<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b

<latexit sha1_base64="7nXZDCxI68ugSWYUiaV1A4UuMg4=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6kdjKo1t+7moKvEK0iNFGiNql/DccRtCAq5ZMYMPDdGP2EaBZewqAytgZjxGZvCIKWKhWD8JA+6oGfWMIxoDJoKSXMRfm8kLDRmHgbpZMjwwSx7mfifN7A4ufYToWKLoHh2CIWE/JDhWqQNAB0LDYgsSw5UKMqZZoigBWWcp6JNK6mkfXjL36+S7kXdu6w32o1a86ZopkxOyCk5Jx65Ik1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xtnLZF0</latexit>

b



Edge     

Vertex

Letter

Construction of the boundary theory: aperiodic spin chains

Theory at the boundary of the tiling

<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa
<latexit sha1_base64="kLs7PnGsWQGBWQMXsh0vD4i34X0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5sglH7mzrbg8pWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tIqs5tHgkI90NmAEpQmihQAndWANTgYROMLnK/M4DaCOi8BanMfiKjUMxEpxhKrUrfWUHwaBac+tuDrpIvILUSIHmoPrVH0bcKgiRS2ZMz3Nj9BOmUXAJs0rfGogZn7Ax9FIaMgXGT/K0M3pkDcOIxqCpkDQX4fdGwpQxUxWkk4rhnZn3MvE/r2dxdOEnIowtQsizQygk5IcM1yKtAehQaEBkWXKgIqScaYYIWlDGeSratJdK2oc3//0iaZ/UvbP66c1prXFZNFMmB+SQHBOPnJMGuSZN0iKc3JMn8kxenEfn1Xlz3n9GS06xs0/+wPn4BreUk00=</latexit>µb

<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa
<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa

<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa
<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa

<latexit sha1_base64="kLs7PnGsWQGBWQMXsh0vD4i34X0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5sglH7mzrbg8pWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tIqs5tHgkI90NmAEpQmihQAndWANTgYROMLnK/M4DaCOi8BanMfiKjUMxEpxhKrUrfWUHwaBac+tuDrpIvILUSIHmoPrVH0bcKgiRS2ZMz3Nj9BOmUXAJs0rfGogZn7Ax9FIaMgXGT/K0M3pkDcOIxqCpkDQX4fdGwpQxUxWkk4rhnZn3MvE/r2dxdOEnIowtQsizQygk5IcM1yKtAehQaEBkWXKgIqScaYYIWlDGeSratJdK2oc3//0iaZ/UvbP66c1prXFZNFMmB+SQHBOPnJMGuSZN0iKc3JMn8kxenEfn1Xlz3n9GS06xs0/+wPn4BreUk00=</latexit>µb
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<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa
<latexit sha1_base64="kLs7PnGsWQGBWQMXsh0vD4i34X0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5sglH7mzrbg8pWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tIqs5tHgkI90NmAEpQmihQAndWANTgYROMLnK/M4DaCOi8BanMfiKjUMxEpxhKrUrfWUHwaBac+tuDrpIvILUSIHmoPrVH0bcKgiRS2ZMz3Nj9BOmUXAJs0rfGogZn7Ax9FIaMgXGT/K0M3pkDcOIxqCpkDQX4fdGwpQxUxWkk4rhnZn3MvE/r2dxdOEnIowtQsizQygk5IcM1yKtAehQaEBkWXKgIqScaYYIWlDGeSratJdK2oc3//0iaZ/UvbP66c1prXFZNFMmB+SQHBOPnJMGuSZN0iKc3JMn8kxenEfn1Xlz3n9GS06xs0/+wPn4BreUk00=</latexit>µb

<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa
<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa

<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa
<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa

<latexit sha1_base64="kLs7PnGsWQGBWQMXsh0vD4i34X0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5sglH7mzrbg8pWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tIqs5tHgkI90NmAEpQmihQAndWANTgYROMLnK/M4DaCOi8BanMfiKjUMxEpxhKrUrfWUHwaBac+tuDrpIvILUSIHmoPrVH0bcKgiRS2ZMz3Nj9BOmUXAJs0rfGogZn7Ax9FIaMgXGT/K0M3pkDcOIxqCpkDQX4fdGwpQxUxWkk4rhnZn3MvE/r2dxdOEnIowtQsizQygk5IcM1yKtAehQaEBkWXKgIqScaYYIWlDGeSratJdK2oc3//0iaZ/UvbP66c1prXFZNFMmB+SQHBOPnJMGuSZN0iKc3JMn8kxenEfn1Xlz3n9GS06xs0/+wPn4BreUk00=</latexit>µb
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<latexit sha1_base64="kLs7PnGsWQGBWQMXsh0vD4i34X0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5sglH7mzrbg8pWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tIqs5tHgkI90NmAEpQmihQAndWANTgYROMLnK/M4DaCOi8BanMfiKjUMxEpxhKrUrfWUHwaBac+tuDrpIvILUSIHmoPrVH0bcKgiRS2ZMz3Nj9BOmUXAJs0rfGogZn7Ax9FIaMgXGT/K0M3pkDcOIxqCpkDQX4fdGwpQxUxWkk4rhnZn3MvE/r2dxdOEnIowtQsizQygk5IcM1yKtAehQaEBkWXKgIqScaYYIWlDGeSratJdK2oc3//0iaZ/UvbP66c1prXFZNFMmB+SQHBOPnJMGuSZN0iKc3JMn8kxenEfn1Xlz3n9GS06xs0/+wPn4BreUk00=</latexit>µb

<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa
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Construction of the boundary theory: aperiodic spin chains

Aperiodic spin chains [Luck ’93; Hermisson ’97; Vidal, Mouhanna, Giamarchi ‘99]
Spin chains with inhomogeneous couplings: two different couplings are allowed between consecutive 
spins and their sequence is fixed by a given aperiodic sequence

Boundary of a         tiling of the Poincaré disk
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{p, q}
aperiodic spin chain with couplings 
following the aperiodic sequence induced at 
the boundary by the bulk discretization

=
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Strong disorder renormalization group (SDRG)
Strong-disorder renormalization group (SDRG)

Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain
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<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

RG

Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain
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J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain
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Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain
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<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="PJj+f5NynVriB91p+E7iabonGrE=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQ2dYrdl1OwdfJk5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwnllEBuMQExhgv2UBuCjcZM875yfxAYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mkvbhLH6/TDpndee83rht1JpXRTNldsSO2Slz2AVrshvWYm0mmGJP7Jm9WI/Wq/Vmvf+Mlqxi55D9gfXxDYUHlFU=</latexit>�1
<latexit sha1_base64="5lFNzRPct0tYyO1kmsuouTi+rf0=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUEDWWQyENKrGh92YRTzg/drZEik5+ghYoO0fIzFPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHHZMGGuBbRGqUPc8MKhkgG2SpLAXaQTfU9j1pteZ331AbWQY3NEsQteHSSDHUgClUm9g5MSHYX1Yqdo1OwdfJk5BqqxAa1j5GoxCEfsYkFBgTN+xI3IT0CSFwnl5EBuMQExhgv2UBuCjcZM875yfxgYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mnPbhLH6/TDr1mnNea9w2qs2ropkSO2Yn7Iw57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GV6xi54j9gfXxDYaWlFY=</latexit>�2

<latexit sha1_base64="Yi95oBSDH6g8Jry2HaCsB4qDVz4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrWl0045fzQ3RopsvINtFDRIVo+h4J/wTYuIDDVaGZXOzt+rKQh2/6wKiura+sb1c3a1vbO7l59/6BrokQLdEWkIt33waCSIbokSWE/1giBr7Dnz65zv/eA2sgovKN5jF4A01BOpADKJHcYJCMY1Rt20y7A/xKnJA1WojOqfw7HkUgCDEkoMGbg2DF5KWiSQuGiNkwMxiBmMMVBRkMI0HhpEXbBTxIDFPEYNZeKFyL+3EghMGYe+NlkAHRvlr1c/M8bJDS59FIZxglhKPJDJBUWh4zQMmsB+VhqJII8OXIZcgEaiFBLDkJkYpLVUsv6cJa//0u6Z03nvNm6bTXaV2UzVXbEjtkpc9gFa7Mb1mEuE0yyR/bEnq259WK9Wm/foxWr3Dlkv2C9fwGBRpM4</latexit>µa
<latexit sha1_base64="Yi95oBSDH6g8Jry2HaCsB4qDVz4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrWl0045fzQ3RopsvINtFDRIVo+h4J/wTYuIDDVaGZXOzt+rKQh2/6wKiura+sb1c3a1vbO7l59/6BrokQLdEWkIt33waCSIbokSWE/1giBr7Dnz65zv/eA2sgovKN5jF4A01BOpADKJHcYJCMY1Rt20y7A/xKnJA1WojOqfw7HkUgCDEkoMGbg2DF5KWiSQuGiNkwMxiBmMMVBRkMI0HhpEXbBTxIDFPEYNZeKFyL+3EghMGYe+NlkAHRvlr1c/M8bJDS59FIZxglhKPJDJBUWh4zQMmsB+VhqJII8OXIZcgEaiFBLDkJkYpLVUsv6cJa//0u6Z03nvNm6bTXaV2UzVXbEjtkpc9gFa7Mb1mEuE0yyR/bEnq259WK9Wm/foxWr3Dlkv2C9fwGBRpM4</latexit>µa

<latexit sha1_base64="AT0TI8zyDWU6b7NC4CXcd9cDXY0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrOl0045Xy27vaQIivfQAsVHaLlcyj4F2zjAgJTjWZ2tbMTJlIYdN0Pp7Kyura+Ud2sbW3v7O7V9w+6Jraag89jGet+yAxIocBHgRL6iQYWhRJ64ew693sPoI2I1R3OEwgiNlViIjjDTPKHkR2Fo3rDbboF6F/ilaRBSnRG9c/hOOY2AoVcMmMGnptgkDKNgktY1IbWQML4jE1hkFHFIjBBWoRd0BNrGMY0AU2FpIUIPzdSFhkzj8JsMmJ4b5a9XPzPG1icXAapUIlFUDw/hEJCcchwLbIWgI6FBkSWJwcqFOVMM0TQgjLOM9FmtdSyPrzl7/+S7lnTO2+2bluN9lXZTJUckWNySjxyQdrkhnSITzgR5JE8kWdn7rw4r87b92jFKXcOyS8471+C1ZM5</latexit>µb
<latexit sha1_base64="fMCdSTA/8P0leosmK0gd+ANrTkM=">AAAB9nicbVC7TsNAEDyHVwivACXNiQhBFdkoAsoIGsogkYeUWNH5sklOubOtuz1EZOUXaKGiQ7T8DgX/gh1cQMJUo5ld7ewEsRQGXffTKaysrq1vFDdLW9s7u3vl/YOWiazm0OSRjHQnYAakCKGJAiV0Yg1MBRLaweQm89sPoI2IwnucxuArNgrFUHCGmdRT9rRfrrhVdw66TLycVEiORr/81RtE3CoIkUtmTNdzY/QTplFwCbNSzxqIGZ+wEXRTGjIFxk/mWWf0xBqGEY1BUyHpXITfGwlTxkxVkE4qhmOz6GXif17X4vDKT0QYW4SQZ4dQSJgfMlyLtASgA6EBkWXJgYqQcqYZImhBGeepaNNWSmkf3uL3y6R1XvUuqrW7WqV+nTdTJEfkmJwRj1ySOrklDdIknIzJE3kmL86j8+q8Oe8/owUn3zkkf+B8fANsLpKV</latexit>
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[Dasgupta, Ma ‘79] [Vieira ’04; Hida ‘04]



Strong disorder renormalization group (SDRG)
Strong-disorder renormalization group (SDRG)

Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain
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<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

RG

Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain

<latexit sha1_base64="GNsYiO6p11FG6EZFaD2PHk6ux2U=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxlBhIh8RLmRuGXDD3t5ld86EEPwVtlrZGVv/i4X/xQOvUPBVL+/NZN68IFbSkut+Orml5ZXVtfx6YWNza3unuLvXsFFiBNZFpCLTCsCikhrrJElhKzYIYaCwGQyvpn7zAY2Vkb6lUYx+CAMt+1IApdJdtRt0BgNe7UK3WHLL7gx8kXgZKbEMtW7xq9OLRBKiJqHA2rbnxuSPwZAUCieFTmIxBjGEAbZTqiFE649niSf8KLFAEY/RcKn4TMTfG2MIrR2FQToZAt3beW8q/ue1E+pf+GOp44RQi+khkgpnh6wwMq0CeU8aJIJpcuRScwEGiNBIDkKkYpJ2U0j78Oa/XySNk7J3Vj69OS1VLrNm8uyAHbJj5rFzVmHXrMbqTDDNntgze3EenVfnzXn/Gc052c4++wPn4xtr45TL</latexit>

Jb � Ja

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>
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J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain
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<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain

<latexit sha1_base64="GNsYiO6p11FG6EZFaD2PHk6ux2U=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxlBhIh8RLmRuGXDD3t5ld86EEPwVtlrZGVv/i4X/xQOvUPBVL+/NZN68IFbSkut+Orml5ZXVtfx6YWNza3unuLvXsFFiBNZFpCLTCsCikhrrJElhKzYIYaCwGQyvpn7zAY2Vkb6lUYx+CAMt+1IApdJdtRt0BgNe7UK3WHLL7gx8kXgZKbEMtW7xq9OLRBKiJqHA2rbnxuSPwZAUCieFTmIxBjGEAbZTqiFE649niSf8KLFAEY/RcKn4TMTfG2MIrR2FQToZAt3beW8q/ue1E+pf+GOp44RQi+khkgpnh6wwMq0CeU8aJIJpcuRScwEGiNBIDkKkYpJ2U0j78Oa/XySNk7J3Vj69OS1VLrNm8uyAHbJj5rFzVmHXrMbqTDDNntgze3EenVfnzXn/Gc052c4++wPn4xtr45TL</latexit>

Jb � Ja

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="PJj+f5NynVriB91p+E7iabonGrE=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQ2dYrdl1OwdfJk5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwnllEBuMQExhgv2UBuCjcZM875yfxAYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mkvbhLH6/TDpndee83rht1JpXRTNldsSO2Slz2AVrshvWYm0mmGJP7Jm9WI/Wq/Vmvf+Mlqxi55D9gfXxDYUHlFU=</latexit>�1
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[Dasgupta, Ma ‘79] [Vieira ’04; Hida ‘04]



Strong disorder renormalization group (SDRG)
Strong-disorder renormalization group (SDRG)

Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain
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<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

RG

Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain

<latexit sha1_base64="GNsYiO6p11FG6EZFaD2PHk6ux2U=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxlBhIh8RLmRuGXDD3t5ld86EEPwVtlrZGVv/i4X/xQOvUPBVL+/NZN68IFbSkut+Orml5ZXVtfx6YWNza3unuLvXsFFiBNZFpCLTCsCikhrrJElhKzYIYaCwGQyvpn7zAY2Vkb6lUYx+CAMt+1IApdJdtRt0BgNe7UK3WHLL7gx8kXgZKbEMtW7xq9OLRBKiJqHA2rbnxuSPwZAUCieFTmIxBjGEAbZTqiFE649niSf8KLFAEY/RcKn4TMTfG2MIrR2FQToZAt3beW8q/ue1E+pf+GOp44RQi+khkgpnh6wwMq0CeU8aJIJpcuRScwEGiNBIDkKkYpJ2U0j78Oa/XySNk7J3Vj69OS1VLrNm8uyAHbJj5rFzVmHXrMbqTDDNntgze3EenVfnzXn/Gc052c4++wPn4xtr45TL</latexit>

Jb � Ja

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain

<latexit sha1_base64="GNsYiO6p11FG6EZFaD2PHk6ux2U=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxlBhIh8RLmRuGXDD3t5ld86EEPwVtlrZGVv/i4X/xQOvUPBVL+/NZN68IFbSkut+Orml5ZXVtfx6YWNza3unuLvXsFFiBNZFpCLTCsCikhrrJElhKzYIYaCwGQyvpn7zAY2Vkb6lUYx+CAMt+1IApdJdtRt0BgNe7UK3WHLL7gx8kXgZKbEMtW7xq9OLRBKiJqHA2rbnxuSPwZAUCieFTmIxBjGEAbZTqiFE649niSf8KLFAEY/RcKn4TMTfG2MIrR2FQToZAt3beW8q/ue1E+pf+GOp44RQi+khkgpnh6wwMq0CeU8aJIJpcuRScwEGiNBIDkKkYpJ2U0j78Oa/XySNk7J3Vj69OS1VLrNm8uyAHbJj5rFzVmHXrMbqTDDNntgze3EenVfnzXn/Gc052c4++wPn4xtr45TL</latexit>

Jb � Ja

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain

<latexit sha1_base64="GNsYiO6p11FG6EZFaD2PHk6ux2U=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxlBhIh8RLmRuGXDD3t5ld86EEPwVtlrZGVv/i4X/xQOvUPBVL+/NZN68IFbSkut+Orml5ZXVtfx6YWNza3unuLvXsFFiBNZFpCLTCsCikhrrJElhKzYIYaCwGQyvpn7zAY2Vkb6lUYx+CAMt+1IApdJdtRt0BgNe7UK3WHLL7gx8kXgZKbEMtW7xq9OLRBKiJqHA2rbnxuSPwZAUCieFTmIxBjGEAbZTqiFE649niSf8KLFAEY/RcKn4TMTfG2MIrR2FQToZAt3beW8q/ue1E+pf+GOp44RQi+khkgpnh6wwMq0CeU8aJIJpcuRScwEGiNBIDkKkYpJ2U0j78Oa/XySNk7J3Vj69OS1VLrNm8uyAHbJj5rFzVmHXrMbqTDDNntgze3EenVfnzXn/Gc052c4++wPn4xtr45TL</latexit>

Jb � Ja

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="PJj+f5NynVriB91p+E7iabonGrE=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQ2dYrdl1OwdfJk5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwnllEBuMQExhgv2UBuCjcZM875yfxAYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mkvbhLH6/TDpndee83rht1JpXRTNldsSO2Slz2AVrshvWYm0mmGJP7Jm9WI/Wq/Vmvf+Mlqxi55D9gfXxDYUHlFU=</latexit>�1
<latexit sha1_base64="5lFNzRPct0tYyO1kmsuouTi+rf0=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUEDWWQyENKrGh92YRTzg/drZEik5+ghYoO0fIzFPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHHZMGGuBbRGqUPc8MKhkgG2SpLAXaQTfU9j1pteZ331AbWQY3NEsQteHSSDHUgClUm9g5MSHYX1Yqdo1OwdfJk5BqqxAa1j5GoxCEfsYkFBgTN+xI3IT0CSFwnl5EBuMQExhgv2UBuCjcZM875yfxgYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mnPbhLH6/TDr1mnNea9w2qs2ropkSO2Yn7Iw57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GV6xi54j9gfXxDYaWlFY=</latexit>�2

<latexit sha1_base64="Yi95oBSDH6g8Jry2HaCsB4qDVz4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrWl0045fzQ3RopsvINtFDRIVo+h4J/wTYuIDDVaGZXOzt+rKQh2/6wKiura+sb1c3a1vbO7l59/6BrokQLdEWkIt33waCSIbokSWE/1giBr7Dnz65zv/eA2sgovKN5jF4A01BOpADKJHcYJCMY1Rt20y7A/xKnJA1WojOqfw7HkUgCDEkoMGbg2DF5KWiSQuGiNkwMxiBmMMVBRkMI0HhpEXbBTxIDFPEYNZeKFyL+3EghMGYe+NlkAHRvlr1c/M8bJDS59FIZxglhKPJDJBUWh4zQMmsB+VhqJII8OXIZcgEaiFBLDkJkYpLVUsv6cJa//0u6Z03nvNm6bTXaV2UzVXbEjtkpc9gFa7Mb1mEuE0yyR/bEnq259WK9Wm/foxWr3Dlkv2C9fwGBRpM4</latexit>µa
<latexit sha1_base64="Yi95oBSDH6g8Jry2HaCsB4qDVz4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrWl0045fzQ3RopsvINtFDRIVo+h4J/wTYuIDDVaGZXOzt+rKQh2/6wKiura+sb1c3a1vbO7l59/6BrokQLdEWkIt33waCSIbokSWE/1giBr7Dnz65zv/eA2sgovKN5jF4A01BOpADKJHcYJCMY1Rt20y7A/xKnJA1WojOqfw7HkUgCDEkoMGbg2DF5KWiSQuGiNkwMxiBmMMVBRkMI0HhpEXbBTxIDFPEYNZeKFyL+3EghMGYe+NlkAHRvlr1c/M8bJDS59FIZxglhKPJDJBUWh4zQMmsB+VhqJII8OXIZcgEaiFBLDkJkYpLVUsv6cJa//0u6Z03nvNm6bTXaV2UzVXbEjtkpc9gFa7Mb1mEuE0yyR/bEnq259WK9Wm/foxWr3Dlkv2C9fwGBRpM4</latexit>µa

<latexit sha1_base64="AT0TI8zyDWU6b7NC4CXcd9cDXY0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrOl0045Xy27vaQIivfQAsVHaLlcyj4F2zjAgJTjWZ2tbMTJlIYdN0Pp7Kyura+Ud2sbW3v7O7V9w+6Jraag89jGet+yAxIocBHgRL6iQYWhRJ64ew693sPoI2I1R3OEwgiNlViIjjDTPKHkR2Fo3rDbboF6F/ilaRBSnRG9c/hOOY2AoVcMmMGnptgkDKNgktY1IbWQML4jE1hkFHFIjBBWoRd0BNrGMY0AU2FpIUIPzdSFhkzj8JsMmJ4b5a9XPzPG1icXAapUIlFUDw/hEJCcchwLbIWgI6FBkSWJwcqFOVMM0TQgjLOM9FmtdSyPrzl7/+S7lnTO2+2bluN9lXZTJUckWNySjxyQdrkhnSITzgR5JE8kWdn7rw4r87b92jFKXcOyS8471+C1ZM5</latexit>µb
<latexit sha1_base64="fMCdSTA/8P0leosmK0gd+ANrTkM=">AAAB9nicbVC7TsNAEDyHVwivACXNiQhBFdkoAsoIGsogkYeUWNH5sklOubOtuz1EZOUXaKGiQ7T8DgX/gh1cQMJUo5ld7ewEsRQGXffTKaysrq1vFDdLW9s7u3vl/YOWiazm0OSRjHQnYAakCKGJAiV0Yg1MBRLaweQm89sPoI2IwnucxuArNgrFUHCGmdRT9rRfrrhVdw66TLycVEiORr/81RtE3CoIkUtmTNdzY/QTplFwCbNSzxqIGZ+wEXRTGjIFxk/mWWf0xBqGEY1BUyHpXITfGwlTxkxVkE4qhmOz6GXif17X4vDKT0QYW4SQZ4dQSJgfMlyLtASgA6EBkWXJgYqQcqYZImhBGeepaNNWSmkf3uL3y6R1XvUuqrW7WqV+nTdTJEfkmJwRj1ySOrklDdIknIzJE3kmL86j8+q8Oe8/owUn3zkkf+B8fANsLpKV</latexit>

µ0

<latexit sha1_base64="JSZvPvTlufR4qMBskow5RWpyfW8=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYcUm2h92YRTzg/drZGiKA1fQQsVHaLlTyj4F2zjAhKmGs3samfHj5U0ZNufVmlpeWV1rbxe2djc2t6p7u61TZRogS0RqUh3fTCoZIgtkqSwG2uEwFfY8cdXmd95QG1kFN7SJEYvgFEoh1IApdKdGyR9cJXiGfH71Zpdt3PwReIUpMYKNPvVL3cQiSTAkIQCY3qOHZM3BU1SKJxV3MRgDGIMI+ylNIQAjTfNU8/4UWKAIh6j5lLxXMTfG1MIjJkEfjoZAN2beS8T//N6CQ0vvKkM44QwFNkhkgrzQ0ZomdaBfCA1EkGWHLkMuQANRKglByFSMUn7qaR9OPPfL5L2Sd05q5/enNYal0UzZXbADtkxc9g5a7Br1mQtJphmT+yZvViP1qv1Zr3/jJasYmef/YH18Q0b7Zbl</latexit>

µa ⌧ µb

<latexit sha1_base64="PJj+f5NynVriB91p+E7iabonGrE=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQ2dYrdl1OwdfJk5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwnllEBuMQExhgv2UBuCjcZM875yfxAYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mkvbhLH6/TDpndee83rht1JpXRTNldsSO2Slz2AVrshvWYm0mmGJP7Jm9WI/Wq/Vmvf+Mlqxi55D9gfXxDYUHlFU=</latexit>�1
<latexit sha1_base64="5lFNzRPct0tYyO1kmsuouTi+rf0=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUEDWWQyENKrGh92YRTzg/drZEik5+ghYoO0fIzFPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHHZMGGuBbRGqUPc8MKhkgG2SpLAXaQTfU9j1pteZ331AbWQY3NEsQteHSSDHUgClUm9g5MSHYX1Yqdo1OwdfJk5BqqxAa1j5GoxCEfsYkFBgTN+xI3IT0CSFwnl5EBuMQExhgv2UBuCjcZM875yfxgYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mnPbhLH6/TDr1mnNea9w2qs2ropkSO2Yn7Iw57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GV6xi54j9gfXxDYaWlFY=</latexit>�2

<latexit sha1_base64="yeDGkRXY3NEfKJmQpBbciQqwxfA=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQBlBQxkk8pASK1pfNuGU80N3a6TI5CdooaJDtPwMBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yXXmdx5QGxkGdzSN0PVhHMiRFECp1O0bOfZhcDaoVO2anYMvEqcgVVagOah89YehiH0MSCgwpufYEbkJaJJC4azcjw1GICYwxl5KA/DRuEmed8aPYwMU8gg1l4rnIv7eSMA3Zup76aQPdG/mvUz8z+vFNLp0ExlEMWEgskMkFeaHjNAyLQL5UGokgiw5chlwARqIUEsOQqRinDZTTvtw5r9fJO3TmnNeq9/Wq42ropkSO2RH7IQ57II12A1rshYTTLEn9sxerEfr1Xqz3n9Gl6xi54D9gfXxDYgllFc=</latexit>�3
<latexit sha1_base64="gzokNDLLjrApm1DnGxilifYMXP0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPw8awWrPrdg6+TJyC1FiB1rD6NRiFIvYxIKHAmL5jR+QmoEkKhfPKIDYYgZjCBPspDcBH4yZ53jk/iQ1QyCPUXCqei/h7IwHfmJnvpZM+0L1Z9DLxP68f0/jSTWQQxYSByA6RVJgfMkLLtAjkI6mRCLLkyGXABWggQi05CJGKcdpMJe3DWfx+mXTO6s55vXHbqDWvimbK7Igds1PmsAvWZDesxdpMMMWe2DN7sR6tV+vNev8ZLVnFziH7A+vjG4m0lFg=</latexit>�4

<latexit sha1_base64="PJj+f5NynVriB91p+E7iabonGrE=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQ2dYrdl1OwdfJk5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwnllEBuMQExhgv2UBuCjcZM875yfxAYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mkvbhLH6/TDpndee83rht1JpXRTNldsSO2Slz2AVrshvWYm0mmGJP7Jm9WI/Wq/Vmvf+Mlqxi55D9gfXxDYUHlFU=</latexit>�1
<latexit sha1_base64="gzokNDLLjrApm1DnGxilifYMXP0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPw8awWrPrdg6+TJyC1FiB1rD6NRiFIvYxIKHAmL5jR+QmoEkKhfPKIDYYgZjCBPspDcBH4yZ53jk/iQ1QyCPUXCqei/h7IwHfmJnvpZM+0L1Z9DLxP68f0/jSTWQQxYSByA6RVJgfMkLLtAjkI6mRCLLkyGXABWggQi05CJGKcdpMJe3DWfx+mXTO6s55vXHbqDWvimbK7Igds1PmsAvWZDesxdpMMMWe2DN7sR6tV+vNev8ZLVnFziH7A+vjG4m0lFg=</latexit>�4

<latexit sha1_base64="yeDGkRXY3NEfKJmQpBbciQqwxfA=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQBlBQxkk8pASK1pfNuGU80N3a6TI5CdooaJDtPwMBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yXXmdx5QGxkGdzSN0PVhHMiRFECp1O0bOfZhcDaoVO2anYMvEqcgVVagOah89YehiH0MSCgwpufYEbkJaJJC4azcjw1GICYwxl5KA/DRuEmed8aPYwMU8gg1l4rnIv7eSMA3Zup76aQPdG/mvUz8z+vFNLp0ExlEMWEgskMkFeaHjNAyLQL5UGokgiw5chlwARqIUEsOQqRinDZTTvtw5r9fJO3TmnNeq9/Wq42ropkSO2RH7IQ57II12A1rshYTTLEn9sxerEfr1Xqz3n9Gl6xi54D9gfXxDYgllFc=</latexit>�3
<latexit sha1_base64="5lFNzRPct0tYyO1kmsuouTi+rf0=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUEDWWQyENKrGh92YRTzg/drZEik5+ghYoO0fIzFPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHHZMGGuBbRGqUPc8MKhkgG2SpLAXaQTfU9j1pteZ331AbWQY3NEsQteHSSDHUgClUm9g5MSHYX1Yqdo1OwdfJk5BqqxAa1j5GoxCEfsYkFBgTN+xI3IT0CSFwnl5EBuMQExhgv2UBuCjcZM875yfxgYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mnPbhLH6/TDr1mnNea9w2qs2ropkSO2Yn7Iw57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GV6xi54j9gfXxDYaWlFY=</latexit>�2

[Dasgupta, Ma ‘79] [Vieira ’04; Hida ‘04]



Strong disorder renormalization group (SDRG)
Strong-disorder renormalization group (SDRG)

Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain

<latexit sha1_base64="GNsYiO6p11FG6EZFaD2PHk6ux2U=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxlBhIh8RLmRuGXDD3t5ld86EEPwVtlrZGVv/i4X/xQOvUPBVL+/NZN68IFbSkut+Orml5ZXVtfx6YWNza3unuLvXsFFiBNZFpCLTCsCikhrrJElhKzYIYaCwGQyvpn7zAY2Vkb6lUYx+CAMt+1IApdJdtRt0BgNe7UK3WHLL7gx8kXgZKbEMtW7xq9OLRBKiJqHA2rbnxuSPwZAUCieFTmIxBjGEAbZTqiFE649niSf8KLFAEY/RcKn4TMTfG2MIrR2FQToZAt3beW8q/ue1E+pf+GOp44RQi+khkgpnh6wwMq0CeU8aJIJpcuRScwEGiNBIDkKkYpJ2U0j78Oa/XySNk7J3Vj69OS1VLrNm8uyAHbJj5rFzVmHXrMbqTDDNntgze3EenVfnzXn/Gc052c4++wPn4xtr45TL</latexit>

Jb � Ja

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
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RG

Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain
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Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain
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Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain
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J 0

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="PJj+f5NynVriB91p+E7iabonGrE=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQ2dYrdl1OwdfJk5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwnllEBuMQExhgv2UBuCjcZM875yfxAYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mkvbhLH6/TDpndee83rht1JpXRTNldsSO2Slz2AVrshvWYm0mmGJP7Jm9WI/Wq/Vmvf+Mlqxi55D9gfXxDYUHlFU=</latexit>�1
<latexit sha1_base64="5lFNzRPct0tYyO1kmsuouTi+rf0=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUEDWWQyENKrGh92YRTzg/drZEik5+ghYoO0fIzFPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHHZMGGuBbRGqUPc8MKhkgG2SpLAXaQTfU9j1pteZ331AbWQY3NEsQteHSSDHUgClUm9g5MSHYX1Yqdo1OwdfJk5BqqxAa1j5GoxCEfsYkFBgTN+xI3IT0CSFwnl5EBuMQExhgv2UBuCjcZM875yfxgYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mnPbhLH6/TDr1mnNea9w2qs2ropkSO2Yn7Iw57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GV6xi54j9gfXxDYaWlFY=</latexit>�2

<latexit sha1_base64="Yi95oBSDH6g8Jry2HaCsB4qDVz4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrWl0045fzQ3RopsvINtFDRIVo+h4J/wTYuIDDVaGZXOzt+rKQh2/6wKiura+sb1c3a1vbO7l59/6BrokQLdEWkIt33waCSIbokSWE/1giBr7Dnz65zv/eA2sgovKN5jF4A01BOpADKJHcYJCMY1Rt20y7A/xKnJA1WojOqfw7HkUgCDEkoMGbg2DF5KWiSQuGiNkwMxiBmMMVBRkMI0HhpEXbBTxIDFPEYNZeKFyL+3EghMGYe+NlkAHRvlr1c/M8bJDS59FIZxglhKPJDJBUWh4zQMmsB+VhqJII8OXIZcgEaiFBLDkJkYpLVUsv6cJa//0u6Z03nvNm6bTXaV2UzVXbEjtkpc9gFa7Mb1mEuE0yyR/bEnq259WK9Wm/foxWr3Dlkv2C9fwGBRpM4</latexit>µa
<latexit sha1_base64="Yi95oBSDH6g8Jry2HaCsB4qDVz4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrWl0045fzQ3RopsvINtFDRIVo+h4J/wTYuIDDVaGZXOzt+rKQh2/6wKiura+sb1c3a1vbO7l59/6BrokQLdEWkIt33waCSIbokSWE/1giBr7Dnz65zv/eA2sgovKN5jF4A01BOpADKJHcYJCMY1Rt20y7A/xKnJA1WojOqfw7HkUgCDEkoMGbg2DF5KWiSQuGiNkwMxiBmMMVBRkMI0HhpEXbBTxIDFPEYNZeKFyL+3EghMGYe+NlkAHRvlr1c/M8bJDS59FIZxglhKPJDJBUWh4zQMmsB+VhqJII8OXIZcgEaiFBLDkJkYpLVUsv6cJa//0u6Z03nvNm6bTXaV2UzVXbEjtkpc9gFa7Mb1mEuE0yyR/bEnq259WK9Wm/foxWr3Dlkv2C9fwGBRpM4</latexit>µa

<latexit sha1_base64="AT0TI8zyDWU6b7NC4CXcd9cDXY0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrOl0045Xy27vaQIivfQAsVHaLlcyj4F2zjAgJTjWZ2tbMTJlIYdN0Pp7Kyura+Ud2sbW3v7O7V9w+6Jraag89jGet+yAxIocBHgRL6iQYWhRJ64ew693sPoI2I1R3OEwgiNlViIjjDTPKHkR2Fo3rDbboF6F/ilaRBSnRG9c/hOOY2AoVcMmMGnptgkDKNgktY1IbWQML4jE1hkFHFIjBBWoRd0BNrGMY0AU2FpIUIPzdSFhkzj8JsMmJ4b5a9XPzPG1icXAapUIlFUDw/hEJCcchwLbIWgI6FBkSWJwcqFOVMM0TQgjLOM9FmtdSyPrzl7/+S7lnTO2+2bluN9lXZTJUckWNySjxyQdrkhnSITzgR5JE8kWdn7rw4r87b92jFKXcOyS8471+C1ZM5</latexit>µb
<latexit sha1_base64="fMCdSTA/8P0leosmK0gd+ANrTkM=">AAAB9nicbVC7TsNAEDyHVwivACXNiQhBFdkoAsoIGsogkYeUWNH5sklOubOtuz1EZOUXaKGiQ7T8DgX/gh1cQMJUo5ld7ewEsRQGXffTKaysrq1vFDdLW9s7u3vl/YOWiazm0OSRjHQnYAakCKGJAiV0Yg1MBRLaweQm89sPoI2IwnucxuArNgrFUHCGmdRT9rRfrrhVdw66TLycVEiORr/81RtE3CoIkUtmTNdzY/QTplFwCbNSzxqIGZ+wEXRTGjIFxk/mWWf0xBqGEY1BUyHpXITfGwlTxkxVkE4qhmOz6GXif17X4vDKT0QYW4SQZ4dQSJgfMlyLtASgA6EBkWXJgYqQcqYZImhBGeepaNNWSmkf3uL3y6R1XvUuqrW7WqV+nTdTJEfkmJwRj1ySOrklDdIknIzJE3kmL86j8+q8Oe8/owUn3zkkf+B8fANsLpKV</latexit>

µ0

<latexit sha1_base64="JSZvPvTlufR4qMBskow5RWpyfW8=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYcUm2h92YRTzg/drZGiKA1fQQsVHaLlTyj4F2zjAhKmGs3samfHj5U0ZNufVmlpeWV1rbxe2djc2t6p7u61TZRogS0RqUh3fTCoZIgtkqSwG2uEwFfY8cdXmd95QG1kFN7SJEYvgFEoh1IApdKdGyR9cJXiGfH71Zpdt3PwReIUpMYKNPvVL3cQiSTAkIQCY3qOHZM3BU1SKJxV3MRgDGIMI+ylNIQAjTfNU8/4UWKAIh6j5lLxXMTfG1MIjJkEfjoZAN2beS8T//N6CQ0vvKkM44QwFNkhkgrzQ0ZomdaBfCA1EkGWHLkMuQANRKglByFSMUn7qaR9OPPfL5L2Sd05q5/enNYal0UzZXbADtkxc9g5a7Br1mQtJphmT+yZvViP1qv1Zr3/jJasYmef/YH18Q0b7Zbl</latexit>

µa ⌧ µb

<latexit sha1_base64="PJj+f5NynVriB91p+E7iabonGrE=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQ2dYrdl1OwdfJk5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwnllEBuMQExhgv2UBuCjcZM875yfxAYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mkvbhLH6/TDpndee83rht1JpXRTNldsSO2Slz2AVrshvWYm0mmGJP7Jm9WI/Wq/Vmvf+Mlqxi55D9gfXxDYUHlFU=</latexit>�1
<latexit sha1_base64="5lFNzRPct0tYyO1kmsuouTi+rf0=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUEDWWQyENKrGh92YRTzg/drZEik5+ghYoO0fIzFPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHHZMGGuBbRGqUPc8MKhkgG2SpLAXaQTfU9j1pteZ331AbWQY3NEsQteHSSDHUgClUm9g5MSHYX1Yqdo1OwdfJk5BqqxAa1j5GoxCEfsYkFBgTN+xI3IT0CSFwnl5EBuMQExhgv2UBuCjcZM875yfxgYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mnPbhLH6/TDr1mnNea9w2qs2ropkSO2Yn7Iw57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GV6xi54j9gfXxDYaWlFY=</latexit>�2

<latexit sha1_base64="yeDGkRXY3NEfKJmQpBbciQqwxfA=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQBlBQxkk8pASK1pfNuGU80N3a6TI5CdooaJDtPwMBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yXXmdx5QGxkGdzSN0PVhHMiRFECp1O0bOfZhcDaoVO2anYMvEqcgVVagOah89YehiH0MSCgwpufYEbkJaJJC4azcjw1GICYwxl5KA/DRuEmed8aPYwMU8gg1l4rnIv7eSMA3Zup76aQPdG/mvUz8z+vFNLp0ExlEMWEgskMkFeaHjNAyLQL5UGokgiw5chlwARqIUEsOQqRinDZTTvtw5r9fJO3TmnNeq9/Wq42ropkSO2RH7IQ57II12A1rshYTTLEn9sxerEfr1Xqz3n9Gl6xi54D9gfXxDYgllFc=</latexit>�3
<latexit sha1_base64="gzokNDLLjrApm1DnGxilifYMXP0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPw8awWrPrdg6+TJyC1FiB1rD6NRiFIvYxIKHAmL5jR+QmoEkKhfPKIDYYgZjCBPspDcBH4yZ53jk/iQ1QyCPUXCqei/h7IwHfmJnvpZM+0L1Z9DLxP68f0/jSTWQQxYSByA6RVJgfMkLLtAjkI6mRCLLkyGXABWggQi05CJGKcdpMJe3DWfx+mXTO6s55vXHbqDWvimbK7Igds1PmsAvWZDesxdpMMMWe2DN7sR6tV+vNev8ZLVnFziH7A+vjG4m0lFg=</latexit>�4

<latexit sha1_base64="PJj+f5NynVriB91p+E7iabonGrE=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQ2dYrdl1OwdfJk5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwnllEBuMQExhgv2UBuCjcZM875yfxAYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mkvbhLH6/TDpndee83rht1JpXRTNldsSO2Slz2AVrshvWYm0mmGJP7Jm9WI/Wq/Vmvf+Mlqxi55D9gfXxDYUHlFU=</latexit>�1
<latexit sha1_base64="gzokNDLLjrApm1DnGxilifYMXP0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPw8awWrPrdg6+TJyC1FiB1rD6NRiFIvYxIKHAmL5jR+QmoEkKhfPKIDYYgZjCBPspDcBH4yZ53jk/iQ1QyCPUXCqei/h7IwHfmJnvpZM+0L1Z9DLxP68f0/jSTWQQxYSByA6RVJgfMkLLtAjkI6mRCLLkyGXABWggQi05CJGKcdpMJe3DWfx+mXTO6s55vXHbqDWvimbK7Igds1PmsAvWZDesxdpMMMWe2DN7sR6tV+vNev8ZLVnFziH7A+vjG4m0lFg=</latexit>�4
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µa ⌧ µb for any renormalized pair of couplings

          

Check



Strong disorder renormalization group (SDRG)
Strong-disorder renormalization group (SDRG)

Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain
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J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

RG

Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain

<latexit sha1_base64="GNsYiO6p11FG6EZFaD2PHk6ux2U=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxlBhIh8RLmRuGXDD3t5ld86EEPwVtlrZGVv/i4X/xQOvUPBVL+/NZN68IFbSkut+Orml5ZXVtfx6YWNza3unuLvXsFFiBNZFpCLTCsCikhrrJElhKzYIYaCwGQyvpn7zAY2Vkb6lUYx+CAMt+1IApdJdtRt0BgNe7UK3WHLL7gx8kXgZKbEMtW7xq9OLRBKiJqHA2rbnxuSPwZAUCieFTmIxBjGEAbZTqiFE649niSf8KLFAEY/RcKn4TMTfG2MIrR2FQToZAt3beW8q/ue1E+pf+GOp44RQi+khkgpnh6wwMq0CeU8aJIJpcuRScwEGiNBIDkKkYpJ2U0j78Oa/XySNk7J3Vj69OS1VLrNm8uyAHbJj5rFzVmHXrMbqTDDNntgze3EenVfnzXn/Gc052c4++wPn4xtr45TL</latexit>

Jb � Ja

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain

<latexit sha1_base64="GNsYiO6p11FG6EZFaD2PHk6ux2U=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxInfGqCXRxlBhIh8RLmRuGXDD3t5ld86EEPwVtlrZGVv/i4X/xQOvUPBVL+/NZN68IFbSkut+Orml5ZXVtfx6YWNza3unuLvXsFFiBNZFpCLTCsCikhrrJElhKzYIYaCwGQyvpn7zAY2Vkb6lUYx+CAMt+1IApdJdtRt0BgNe7UK3WHLL7gx8kXgZKbEMtW7xq9OLRBKiJqHA2rbnxuSPwZAUCieFTmIxBjGEAbZTqiFE649niSf8KLFAEY/RcKn4TMTfG2MIrR2FQToZAt3beW8q/ue1E+pf+GOp44RQi+khkgpnh6wwMq0CeU8aJIJpcuRScwEGiNBIDkKkYpJ2U0j78Oa/XySNk7J3Vj69OS1VLrNm8uyAHbJj5rFzVmHXrMbqTDDNntgze3EenVfnzXn/Gc052c4++wPn4xtr45TL</latexit>

Jb � Ja

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

Strong-disorder renormalization group (SDRG)
Developed for random disorder in [Dasgupta, Ma ‘79] and first applied to aperiodic chains in [Vieira ’04; Hida ‘04]

Flow of the couplings along the chain The fixed points determine the 
critical properties of the chain
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<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="puE87qYIWG0srnpgEw7vHK1kqj0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQzWs1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BuD8lJA=</latexit>�l
<latexit sha1_base64="50VRfgwoWyqookIvLlnuYU3gLbc=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQz2s1uy6nYMvE6cgNVagNax+DUahiH0MSCgwpu/YEbkJaJJC4bwyiA1GIKYwwX5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPdG8WvUz8z+vHNL50ExlEMWEgskMkFeaHjNAyLQL5SGokgiw5chlwARqIUEsOQqRinDZTSftwFr9fJp2zunNeb9w2as2ropkyO2LH7JQ57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GS1axc8j+wPr4BupWlJY=</latexit>�r

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

<latexit sha1_base64="PJj+f5NynVriB91p+E7iabonGrE=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQ2dYrdl1OwdfJk5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwnllEBuMQExhgv2UBuCjcZM875yfxAYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mkvbhLH6/TDpndee83rht1JpXRTNldsSO2Slz2AVrshvWYm0mmGJP7Jm9WI/Wq/Vmvf+Mlqxi55D9gfXxDYUHlFU=</latexit>�1
<latexit sha1_base64="5lFNzRPct0tYyO1kmsuouTi+rf0=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUEDWWQyENKrGh92YRTzg/drZEik5+ghYoO0fIzFPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHHZMGGuBbRGqUPc8MKhkgG2SpLAXaQTfU9j1pteZ331AbWQY3NEsQteHSSDHUgClUm9g5MSHYX1Yqdo1OwdfJk5BqqxAa1j5GoxCEfsYkFBgTN+xI3IT0CSFwnl5EBuMQExhgv2UBuCjcZM875yfxgYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mnPbhLH6/TDr1mnNea9w2qs2ropkSO2Yn7Iw57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GV6xi54j9gfXxDYaWlFY=</latexit>�2

<latexit sha1_base64="Yi95oBSDH6g8Jry2HaCsB4qDVz4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrWl0045fzQ3RopsvINtFDRIVo+h4J/wTYuIDDVaGZXOzt+rKQh2/6wKiura+sb1c3a1vbO7l59/6BrokQLdEWkIt33waCSIbokSWE/1giBr7Dnz65zv/eA2sgovKN5jF4A01BOpADKJHcYJCMY1Rt20y7A/xKnJA1WojOqfw7HkUgCDEkoMGbg2DF5KWiSQuGiNkwMxiBmMMVBRkMI0HhpEXbBTxIDFPEYNZeKFyL+3EghMGYe+NlkAHRvlr1c/M8bJDS59FIZxglhKPJDJBUWh4zQMmsB+VhqJII8OXIZcgEaiFBLDkJkYpLVUsv6cJa//0u6Z03nvNm6bTXaV2UzVXbEjtkpc9gFa7Mb1mEuE0yyR/bEnq259WK9Wm/foxWr3Dlkv2C9fwGBRpM4</latexit>µa
<latexit sha1_base64="Yi95oBSDH6g8Jry2HaCsB4qDVz4=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrWl0045fzQ3RopsvINtFDRIVo+h4J/wTYuIDDVaGZXOzt+rKQh2/6wKiura+sb1c3a1vbO7l59/6BrokQLdEWkIt33waCSIbokSWE/1giBr7Dnz65zv/eA2sgovKN5jF4A01BOpADKJHcYJCMY1Rt20y7A/xKnJA1WojOqfw7HkUgCDEkoMGbg2DF5KWiSQuGiNkwMxiBmMMVBRkMI0HhpEXbBTxIDFPEYNZeKFyL+3EghMGYe+NlkAHRvlr1c/M8bJDS59FIZxglhKPJDJBUWh4zQMmsB+VhqJII8OXIZcgEaiFBLDkJkYpLVUsv6cJa//0u6Z03nvNm6bTXaV2UzVXbEjtkpc9gFa7Mb1mEuE0yyR/bEnq259WK9Wm/foxWr3Dlkv2C9fwGBRpM4</latexit>µa

<latexit sha1_base64="AT0TI8zyDWU6b7NC4CXcd9cDXY0=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBwkmkxIrOl0045Xy27vaQIivfQAsVHaLlcyj4F2zjAgJTjWZ2tbMTJlIYdN0Pp7Kyura+Ud2sbW3v7O7V9w+6Jraag89jGet+yAxIocBHgRL6iQYWhRJ64ew693sPoI2I1R3OEwgiNlViIjjDTPKHkR2Fo3rDbboF6F/ilaRBSnRG9c/hOOY2AoVcMmMGnptgkDKNgktY1IbWQML4jE1hkFHFIjBBWoRd0BNrGMY0AU2FpIUIPzdSFhkzj8JsMmJ4b5a9XPzPG1icXAapUIlFUDw/hEJCcchwLbIWgI6FBkSWJwcqFOVMM0TQgjLOM9FmtdSyPrzl7/+S7lnTO2+2bluN9lXZTJUckWNySjxyQdrkhnSITzgR5JE8kWdn7rw4r87b92jFKXcOyS8471+C1ZM5</latexit>µb
<latexit sha1_base64="fMCdSTA/8P0leosmK0gd+ANrTkM=">AAAB9nicbVC7TsNAEDyHVwivACXNiQhBFdkoAsoIGsogkYeUWNH5sklOubOtuz1EZOUXaKGiQ7T8DgX/gh1cQMJUo5ld7ewEsRQGXffTKaysrq1vFDdLW9s7u3vl/YOWiazm0OSRjHQnYAakCKGJAiV0Yg1MBRLaweQm89sPoI2IwnucxuArNgrFUHCGmdRT9rRfrrhVdw66TLycVEiORr/81RtE3CoIkUtmTNdzY/QTplFwCbNSzxqIGZ+wEXRTGjIFxk/mWWf0xBqGEY1BUyHpXITfGwlTxkxVkE4qhmOz6GXif17X4vDKT0QYW4SQZ4dQSJgfMlyLtASgA6EBkWXJgYqQcqYZImhBGeepaNNWSmkf3uL3y6R1XvUuqrW7WqV+nTdTJEfkmJwRj1ySOrklDdIknIzJE3kmL86j8+q8Oe8/owUn3zkkf+B8fANsLpKV</latexit>

µ0

<latexit sha1_base64="JSZvPvTlufR4qMBskow5RWpyfW8=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYcUm2h92YRTzg/drZGiKA1fQQsVHaLlTyj4F2zjAhKmGs3samfHj5U0ZNufVmlpeWV1rbxe2djc2t6p7u61TZRogS0RqUh3fTCoZIgtkqSwG2uEwFfY8cdXmd95QG1kFN7SJEYvgFEoh1IApdKdGyR9cJXiGfH71Zpdt3PwReIUpMYKNPvVL3cQiSTAkIQCY3qOHZM3BU1SKJxV3MRgDGIMI+ylNIQAjTfNU8/4UWKAIh6j5lLxXMTfG1MIjJkEfjoZAN2beS8T//N6CQ0vvKkM44QwFNkhkgrzQ0ZomdaBfCA1EkGWHLkMuQANRKglByFSMUn7qaR9OPPfL5L2Sd05q5/enNYal0UzZXbADtkxc9g5a7Br1mQtJphmT+yZvViP1qv1Zr3/jJasYmef/YH18Q0b7Zbl</latexit>

µa ⌧ µb

<latexit sha1_base64="PJj+f5NynVriB91p+E7iabonGrE=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQ2dYrdl1OwdfJk5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwnllEBuMQExhgv2UBuCjcZM875yfxAYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mkvbhLH6/TDpndee83rht1JpXRTNldsSO2Slz2AVrshvWYm0mmGJP7Jm9WI/Wq/Vmvf+Mlqxi55D9gfXxDYUHlFU=</latexit>�1
<latexit sha1_base64="5lFNzRPct0tYyO1kmsuouTi+rf0=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUEDWWQyENKrGh92YRTzg/drZEik5+ghYoO0fIzFPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHHZMGGuBbRGqUPc8MKhkgG2SpLAXaQTfU9j1pteZ331AbWQY3NEsQteHSSDHUgClUm9g5MSHYX1Yqdo1OwdfJk5BqqxAa1j5GoxCEfsYkFBgTN+xI3IT0CSFwnl5EBuMQExhgv2UBuCjcZM875yfxgYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mnPbhLH6/TDr1mnNea9w2qs2ropkSO2Yn7Iw57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GV6xi54j9gfXxDYaWlFY=</latexit>�2

<latexit sha1_base64="yeDGkRXY3NEfKJmQpBbciQqwxfA=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQBlBQxkk8pASK1pfNuGU80N3a6TI5CdooaJDtPwMBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yXXmdx5QGxkGdzSN0PVhHMiRFECp1O0bOfZhcDaoVO2anYMvEqcgVVagOah89YehiH0MSCgwpufYEbkJaJJC4azcjw1GICYwxl5KA/DRuEmed8aPYwMU8gg1l4rnIv7eSMA3Zup76aQPdG/mvUz8z+vFNLp0ExlEMWEgskMkFeaHjNAyLQL5UGokgiw5chlwARqIUEsOQqRinDZTTvtw5r9fJO3TmnNeq9/Wq42ropkSO2RH7IQ57II12A1rshYTTLEn9sxerEfr1Xqz3n9Gl6xi54D9gfXxDYgllFc=</latexit>�3
<latexit sha1_base64="gzokNDLLjrApm1DnGxilifYMXP0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPw8awWrPrdg6+TJyC1FiB1rD6NRiFIvYxIKHAmL5jR+QmoEkKhfPKIDYYgZjCBPspDcBH4yZ53jk/iQ1QyCPUXCqei/h7IwHfmJnvpZM+0L1Z9DLxP68f0/jSTWQQxYSByA6RVJgfMkLLtAjkI6mRCLLkyGXABWggQi05CJGKcdpMJe3DWfx+mXTO6s55vXHbqDWvimbK7Igds1PmsAvWZDesxdpMMMWe2DN7sR6tV+vNev8ZLVnFziH7A+vjG4m0lFg=</latexit>�4

<latexit sha1_base64="PJj+f5NynVriB91p+E7iabonGrE=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPQ2dYrdl1OwdfJk5BaqxAa1j9GoxCEfsYkFBgTN+xI3IT0CSFwnllEBuMQExhgv2UBuCjcZM875yfxAYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mkvbhLH6/TDpndee83rht1JpXRTNldsSO2Slz2AVrshvWYm0mmGJP7Jm9WI/Wq/Vmvf+Mlqxi55D9gfXxDYUHlFU=</latexit>�1
<latexit sha1_base64="gzokNDLLjrApm1DnGxilifYMXP0=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBIg8psaL1ZRNOOT90t0aKTH6CFio6RMvPUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP+iYMNYC2yJUoe55YFDJANskSWEv0gi+p7DrTa8zv/uA2sgwuKNZhK4Pk0COpQBKpd7AyIkPw8awWrPrdg6+TJyC1FiB1rD6NRiFIvYxIKHAmL5jR+QmoEkKhfPKIDYYgZjCBPspDcBH4yZ53jk/iQ1QyCPUXCqei/h7IwHfmJnvpZM+0L1Z9DLxP68f0/jSTWQQxYSByA6RVJgfMkLLtAjkI6mRCLLkyGXABWggQi05CJGKcdpMJe3DWfx+mXTO6s55vXHbqDWvimbK7Igds1PmsAvWZDesxdpMMMWe2DN7sR6tV+vNev8ZLVnFziH7A+vjG4m0lFg=</latexit>�4

<latexit sha1_base64="yeDGkRXY3NEfKJmQpBbciQqwxfA=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQBlBQxkk8pASK1pfNuGU80N3a6TI5CdooaJDtPwMBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yXXmdx5QGxkGdzSN0PVhHMiRFECp1O0bOfZhcDaoVO2anYMvEqcgVVagOah89YehiH0MSCgwpufYEbkJaJJC4azcjw1GICYwxl5KA/DRuEmed8aPYwMU8gg1l4rnIv7eSMA3Zup76aQPdG/mvUz8z+vFNLp0ExlEMWEgskMkFeaHjNAyLQL5UGokgiw5chlwARqIUEsOQqRinDZTTvtw5r9fJO3TmnNeq9/Wq42ropkSO2RH7IQ57II12A1rshYTTLEn9sxerEfr1Xqz3n9Gl6xi54D9gfXxDYgllFc=</latexit>�3
<latexit sha1_base64="5lFNzRPct0tYyO1kmsuouTi+rf0=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESFRRXYUAWUEDWWQyENKrGh92YRTzg/drZEik5+ghYoO0fIzFPwLtnEBCVONZna1s+NFShqy7U9rZXVtfWOztFXe3tnd268cHHZMGGuBbRGqUPc8MKhkgG2SpLAXaQTfU9j1pteZ331AbWQY3NEsQteHSSDHUgClUm9g5MSHYX1Yqdo1OwdfJk5BqqxAa1j5GoxCEfsYkFBgTN+xI3IT0CSFwnl5EBuMQExhgv2UBuCjcZM875yfxgYo5BFqLhXPRfy9kYBvzMz30kkf6N4sepn4n9ePaXzpJjKIYsJAZIdIKswPGaFlWgTykdRIBFly5DLgAjQQoZYchEjFOG2mnPbhLH6/TDr1mnNea9w2qs2ropkSO2Yn7Iw57II12Q1rsTYTTLEn9sxerEfr1Xqz3n9GV6xi54j9gfXxDYaWlFY=</latexit>�2

[Dasgupta, Ma ‘79] [Vieira ’04; Hida ‘04] <latexit sha1_base64="JSZvPvTlufR4qMBskow5RWpyfW8=">AAACAHicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYcUm2h92YRTzg/drZGiKA1fQQsVHaLlTyj4F2zjAhKmGs3samfHj5U0ZNufVmlpeWV1rbxe2djc2t6p7u61TZRogS0RqUh3fTCoZIgtkqSwG2uEwFfY8cdXmd95QG1kFN7SJEYvgFEoh1IApdKdGyR9cJXiGfH71Zpdt3PwReIUpMYKNPvVL3cQiSTAkIQCY3qOHZM3BU1SKJxV3MRgDGIMI+ylNIQAjTfNU8/4UWKAIh6j5lLxXMTfG1MIjJkEfjoZAN2beS8T//N6CQ0vvKkM44QwFNkhkgrzQ0ZomdaBfCA1EkGWHLkMuQANRKglByFSMUn7qaR9OPPfL5L2Sd05q5/enNYal0UzZXbADtkxc9g5a7Br1mQtJphmT+yZvViP1qv1Zr3/jJasYmef/YH18Q0b7Zbl</latexit>

µa ⌧ µb for any renormalized pair of couplings
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Aperiodic singlet phase
<latexit sha1_base64="xVTQQejB/pW1kSY54tlVvL9uLKQ="></latexit>

H⌃{p,q} =
X

i2Z
µi

h
�
(x)
i �

(x)
i+1 + �

(y)
i �

(y)
i+1 + �

(z)
i �

(z)
i+1

i
Aperiodic XXX chains at the boundary of the following tilings

<latexit sha1_base64="WYaFgBKP6EOhWv6+6DbJQHxjLHQ=">AAACE3icbVC7TsNAEDyHVwivACUFJyIkiiiyISEpI2gog0QeUhxF58smnDg/dLdGiqyUfAJfQQsVHaLlAyj4F2zjAhK2mdHMrnZ3nEAKjab5aeSWlldW1/LrhY3Nre2d4u5eR/uh4tDmvvRVz2EapPCgjQIl9AIFzHUkdJ27y8Tv3oPSwvducBrAwGUTT4wFZxhLw+KhHZ2V6/asnGAjxVq5mmHNng2LJbNipkUXiZWREsmqNSx+2SOfhy54yCXTum+ZAQ4iplBwCbOCHWoIGL9jE+jH1GMu6EGUPjKjx6Fm6NMAFBWSpiL8noiYq/XUdeJOl+GtnvcS8T+vH+K4MYiEF4QIHk8WoZCQLtJciTghoCOhAJEllwMVHuVMMURQgjLOYzGMIyvEeVjz3y+SzmnFOq9Ur6ul5kWWTJ4ckCNyQixSJ01yRVqkTTh5IE/kmbwYj8ar8Wa8/7TmjGxmn/wp4+MbK7GcCw==</latexit>

{3, 7}, {3, 8}, {5, 4}, {5, 5}

<latexit sha1_base64="HjTiSl2hzwQLFfbDEHCPnzm4j90=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkChTZKAqUCBrKIJEEKbai9WUJJ85n526NhKyIT+AraKGiQ7R8AwX/gh1S8JpqNLOr3ZkwUdKS6747U9Mzs3PzpYXy4tLyymplbb1t49QIbIlYxeYiBItKamyRJIUXiUGIQoWd8Pqk8Ds3aKyM9TndJhhEMNDyUgqgXOpVNv2ssTf0R/4whT4f+gMcWgWaeL1Xqbo1dwz+l3gTUmUTNHuVD78fizRCTUKBtV3PTSjIwJAUCkdlP7WYgLiGAXZzqiFCG2TjCCO+k1qgmCdouFR8LOL3jQwia2+jMJ+MgK7sb68Q//O6KV0eBpnUSUqoRXGIpMLxISuMzLtB3pcGiaD4HLnUXIABIjSSgxC5mOZllfM+vN/p/5L2fs1r1Opn9erR8aSZEtti22yXeeyAHbFT1mQtJtgde2CP7Mm5d56dF+f1a3TKmexssB9w3j4BegCbXQ==</latexit>

{6, q} q > 4
<latexit sha1_base64="kX2TCHYpswID7MnI9inlGsj3Vg4=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXEhJpKjLohuXFewFmhAm02k7dDIJMxOhhIIbX8WNC0Xc+hLufBsnbRbaemCYj/8/h5nzhwlnSjvOt7W0vLK6tl7aKG9ube/s2nv7LRWnktAmiXksOyFWlDNBm5ppTjuJpDgKOW2Ho5vcbz9QqVgs7vU4oX6EB4L1GcHaSIF96EVpwDwmkJfliM9QfoXeBAV2xak600KL4BZQgaIagf3l9WKSRlRowrFSXddJtJ9hqRnhdFL2UkUTTEZ4QLsGBY6o8rPpDhN0YpQe6sfSHKHRVP09keFIqXEUms4I66Ga93LxP6+b6v6VnzGRpJoKMnuon3KkY5QHgnpMUqL52AAmkpm/IjLEEhNtYiubENz5lRehdV51L6q1u1qlfl3EUYIjOIZTcOES6nALDWgCgUd4hld4s56sF+vd+pi1LlnFzAH8KevzBxTGlyo=</latexit>

µi 2 {µa, µb}



Aperiodic singlet phase
<latexit sha1_base64="xVTQQejB/pW1kSY54tlVvL9uLKQ="></latexit>

H⌃{p,q} =
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i �

(x)
i+1 + �

(y)
i �

(y)
i+1 + �

(z)
i �

(z)
i+1

i
Aperiodic XXX chains at the boundary of the following tilings

<latexit sha1_base64="WYaFgBKP6EOhWv6+6DbJQHxjLHQ=">AAACE3icbVC7TsNAEDyHVwivACUFJyIkiiiyISEpI2gog0QeUhxF58smnDg/dLdGiqyUfAJfQQsVHaLlAyj4F2zjAhK2mdHMrnZ3nEAKjab5aeSWlldW1/LrhY3Nre2d4u5eR/uh4tDmvvRVz2EapPCgjQIl9AIFzHUkdJ27y8Tv3oPSwvducBrAwGUTT4wFZxhLw+KhHZ2V6/asnGAjxVq5mmHNng2LJbNipkUXiZWREsmqNSx+2SOfhy54yCXTum+ZAQ4iplBwCbOCHWoIGL9jE+jH1GMu6EGUPjKjx6Fm6NMAFBWSpiL8noiYq/XUdeJOl+GtnvcS8T+vH+K4MYiEF4QIHk8WoZCQLtJciTghoCOhAJEllwMVHuVMMURQgjLOYzGMIyvEeVjz3y+SzmnFOq9Ur6ul5kWWTJ4ckCNyQixSJ01yRVqkTTh5IE/kmbwYj8ar8Wa8/7TmjGxmn/wp4+MbK7GcCw==</latexit>

{3, 7}, {3, 8}, {5, 4}, {5, 5}

<latexit sha1_base64="HjTiSl2hzwQLFfbDEHCPnzm4j90=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkChTZKAqUCBrKIJEEKbai9WUJJ85n526NhKyIT+AraKGiQ7R8AwX/gh1S8JpqNLOr3ZkwUdKS6747U9Mzs3PzpYXy4tLyymplbb1t49QIbIlYxeYiBItKamyRJIUXiUGIQoWd8Pqk8Ds3aKyM9TndJhhEMNDyUgqgXOpVNv2ssTf0R/4whT4f+gMcWgWaeL1Xqbo1dwz+l3gTUmUTNHuVD78fizRCTUKBtV3PTSjIwJAUCkdlP7WYgLiGAXZzqiFCG2TjCCO+k1qgmCdouFR8LOL3jQwia2+jMJ+MgK7sb68Q//O6KV0eBpnUSUqoRXGIpMLxISuMzLtB3pcGiaD4HLnUXIABIjSSgxC5mOZllfM+vN/p/5L2fs1r1Opn9erR8aSZEtti22yXeeyAHbFT1mQtJtgde2CP7Mm5d56dF+f1a3TKmexssB9w3j4BegCbXQ==</latexit>

{6, q} q > 4
<latexit sha1_base64="kX2TCHYpswID7MnI9inlGsj3Vg4=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXEhJpKjLohuXFewFmhAm02k7dDIJMxOhhIIbX8WNC0Xc+hLufBsnbRbaemCYj/8/h5nzhwlnSjvOt7W0vLK6tl7aKG9ube/s2nv7LRWnktAmiXksOyFWlDNBm5ppTjuJpDgKOW2Ho5vcbz9QqVgs7vU4oX6EB4L1GcHaSIF96EVpwDwmkJfliM9QfoXeBAV2xak600KL4BZQgaIagf3l9WKSRlRowrFSXddJtJ9hqRnhdFL2UkUTTEZ4QLsGBY6o8rPpDhN0YpQe6sfSHKHRVP09keFIqXEUms4I66Ga93LxP6+b6v6VnzGRpJoKMnuon3KkY5QHgnpMUqL52AAmkpm/IjLEEhNtYiubENz5lRehdV51L6q1u1qlfl3EUYIjOIZTcOES6nALDWgCgUd4hld4s56sF+vd+pi1LlnFzAH8KevzBxTGlyo=</latexit>

µi 2 {µa, µb}

RG

<latexit sha1_base64="pvYbeeFVDw6JAuTb6iH9/7+OBtA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxmUF+4AmhMl00g6dmYSZiRBC/BU3LhRx64e482+cpllo64HLPZxzL3PnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvopTiUkPxyyWwxApwqggPU01I8NEEsRDRgbh7HbuDx6JVDQWDzpLiM/RRNCIYqSNFNhNL5II5x5PA1SULSwCu+W0nRJwlbgVaYEK3cD+8sYxTjkRGjOk1Mh1Eu3nSGqKGSkaXqpIgvAMTcjIUIE4UX5eHl/AU6OMYRRLU0LDUv29kSOuVMZDM8mRnqplby7+541SHV37ORVJqonAi4eilEEdw3kScEwlwZplhiAsqbkV4ikyaWiTV8OE4C5/eZX0z9vuZfvi/qLVuaniqINjcALOgAuuQAfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVTtN8AfW5w+CmZVX</latexit>µa

µb

<latexit sha1_base64="82tKcyf7C+UN0OpHiA0tF/knIFg=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBPJRdKepFKHrxWMFtC+1asmm2DU2yS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00dp4pQn8Q8Vu0Qa8qZpL5hhtN2oigWIaetcHQ79VtPVGkWywczTmgg8ECyiBFsrOSrx7Nrt1euuFV3BrRMvJxUIEejV/7q9mOSCioN4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWSiyoDrLZsRN0YpU+imJlSxo0U39PZFhoPRah7RTYDPWiNxX/8zqpia6CjMkkNVSS+aIo5cjEaPo56jNFieFjSzBRzN6KyBArTIzNp2RD8BZfXibN86p3Ua3d1yr1mzyOIhzBMZyCB5dQhztogA8EGDzDK7w50nlx3p2PeWvByWcO4Q+czx/qkI4c</latexit>

r⇤ = 0

<latexit sha1_base64="kuvqsFNbjEvULVMnkk4XIG+iKgw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2f+M+w==</latexit>n<latexit sha1_base64="ORNheOk5xc+wg1dRwU8RY7kjHYQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHYNUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9wvltyKuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpcV76pSbVRLtdssjjycwTmUwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AG/njLU=</latexit>

(
<latexit sha1_base64="I7M8Rptcfj7965+LSlRwW+GxU74=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7ArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3FrjLY=</latexit>

)



Aperiodic singlet phase
<latexit sha1_base64="xVTQQejB/pW1kSY54tlVvL9uLKQ="></latexit>

H⌃{p,q} =
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i2Z
µi
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i
Aperiodic XXX chains at the boundary of the following tilings

<latexit sha1_base64="WYaFgBKP6EOhWv6+6DbJQHxjLHQ=">AAACE3icbVC7TsNAEDyHVwivACUFJyIkiiiyISEpI2gog0QeUhxF58smnDg/dLdGiqyUfAJfQQsVHaLlAyj4F2zjAhK2mdHMrnZ3nEAKjab5aeSWlldW1/LrhY3Nre2d4u5eR/uh4tDmvvRVz2EapPCgjQIl9AIFzHUkdJ27y8Tv3oPSwvducBrAwGUTT4wFZxhLw+KhHZ2V6/asnGAjxVq5mmHNng2LJbNipkUXiZWREsmqNSx+2SOfhy54yCXTum+ZAQ4iplBwCbOCHWoIGL9jE+jH1GMu6EGUPjKjx6Fm6NMAFBWSpiL8noiYq/XUdeJOl+GtnvcS8T+vH+K4MYiEF4QIHk8WoZCQLtJciTghoCOhAJEllwMVHuVMMURQgjLOYzGMIyvEeVjz3y+SzmnFOq9Ur6ul5kWWTJ4ckCNyQixSJ01yRVqkTTh5IE/kmbwYj8ar8Wa8/7TmjGxmn/wp4+MbK7GcCw==</latexit>

{3, 7}, {3, 8}, {5, 4}, {5, 5}

<latexit sha1_base64="HjTiSl2hzwQLFfbDEHCPnzm4j90=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkChTZKAqUCBrKIJEEKbai9WUJJ85n526NhKyIT+AraKGiQ7R8AwX/gh1S8JpqNLOr3ZkwUdKS6747U9Mzs3PzpYXy4tLyymplbb1t49QIbIlYxeYiBItKamyRJIUXiUGIQoWd8Pqk8Ds3aKyM9TndJhhEMNDyUgqgXOpVNv2ssTf0R/4whT4f+gMcWgWaeL1Xqbo1dwz+l3gTUmUTNHuVD78fizRCTUKBtV3PTSjIwJAUCkdlP7WYgLiGAXZzqiFCG2TjCCO+k1qgmCdouFR8LOL3jQwia2+jMJ+MgK7sb68Q//O6KV0eBpnUSUqoRXGIpMLxISuMzLtB3pcGiaD4HLnUXIABIjSSgxC5mOZllfM+vN/p/5L2fs1r1Opn9erR8aSZEtti22yXeeyAHbFT1mQtJtgde2CP7Mm5d56dF+f1a3TKmexssB9w3j4BegCbXQ==</latexit>

{6, q} q > 4
<latexit sha1_base64="kX2TCHYpswID7MnI9inlGsj3Vg4=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXEhJpKjLohuXFewFmhAm02k7dDIJMxOhhIIbX8WNC0Xc+hLufBsnbRbaemCYj/8/h5nzhwlnSjvOt7W0vLK6tl7aKG9ube/s2nv7LRWnktAmiXksOyFWlDNBm5ppTjuJpDgKOW2Ho5vcbz9QqVgs7vU4oX6EB4L1GcHaSIF96EVpwDwmkJfliM9QfoXeBAV2xak600KL4BZQgaIagf3l9WKSRlRowrFSXddJtJ9hqRnhdFL2UkUTTEZ4QLsGBY6o8rPpDhN0YpQe6sfSHKHRVP09keFIqXEUms4I66Ga93LxP6+b6v6VnzGRpJoKMnuon3KkY5QHgnpMUqL52AAmkpm/IjLEEhNtYiubENz5lRehdV51L6q1u1qlfl3EUYIjOIZTcOES6nALDWgCgUd4hld4s56sF+vd+pi1LlnFzAH8KevzBxTGlyo=</latexit>

µi 2 {µa, µb}

RG

<latexit sha1_base64="pvYbeeFVDw6JAuTb6iH9/7+OBtA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxmUF+4AmhMl00g6dmYSZiRBC/BU3LhRx64e482+cpllo64HLPZxzL3PnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvopTiUkPxyyWwxApwqggPU01I8NEEsRDRgbh7HbuDx6JVDQWDzpLiM/RRNCIYqSNFNhNL5II5x5PA1SULSwCu+W0nRJwlbgVaYEK3cD+8sYxTjkRGjOk1Mh1Eu3nSGqKGSkaXqpIgvAMTcjIUIE4UX5eHl/AU6OMYRRLU0LDUv29kSOuVMZDM8mRnqplby7+541SHV37ORVJqonAi4eilEEdw3kScEwlwZplhiAsqbkV4ikyaWiTV8OE4C5/eZX0z9vuZfvi/qLVuaniqINjcALOgAuuQAfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVTtN8AfW5w+CmZVX</latexit>µa

µb

<latexit sha1_base64="82tKcyf7C+UN0OpHiA0tF/knIFg=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBPJRdKepFKHrxWMFtC+1asmm2DU2yS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00dp4pQn8Q8Vu0Qa8qZpL5hhtN2oigWIaetcHQ79VtPVGkWywczTmgg8ECyiBFsrOSrx7Nrt1euuFV3BrRMvJxUIEejV/7q9mOSCioN4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWSiyoDrLZsRN0YpU+imJlSxo0U39PZFhoPRah7RTYDPWiNxX/8zqpia6CjMkkNVSS+aIo5cjEaPo56jNFieFjSzBRzN6KyBArTIzNp2RD8BZfXibN86p3Ua3d1yr1mzyOIhzBMZyCB5dQhztogA8EGDzDK7w50nlx3p2PeWvByWcO4Q+czx/qkI4c</latexit>

r⇤ = 0

<latexit sha1_base64="kuvqsFNbjEvULVMnkk4XIG+iKgw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2f+M+w==</latexit>n<latexit sha1_base64="ORNheOk5xc+wg1dRwU8RY7kjHYQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHYNUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9wvltyKuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpcV76pSbVRLtdssjjycwTmUwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AG/njLU=</latexit>

(
<latexit sha1_base64="I7M8Rptcfj7965+LSlRwW+GxU74=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7ArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3FrjLY=</latexit>

)
Strong-disorder 
fixed point



Aperiodic singlet phase
<latexit sha1_base64="xVTQQejB/pW1kSY54tlVvL9uLKQ="></latexit>
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Aperiodic XXX chains at the boundary of the following tilings

<latexit sha1_base64="WYaFgBKP6EOhWv6+6DbJQHxjLHQ=">AAACE3icbVC7TsNAEDyHVwivACUFJyIkiiiyISEpI2gog0QeUhxF58smnDg/dLdGiqyUfAJfQQsVHaLlAyj4F2zjAhK2mdHMrnZ3nEAKjab5aeSWlldW1/LrhY3Nre2d4u5eR/uh4tDmvvRVz2EapPCgjQIl9AIFzHUkdJ27y8Tv3oPSwvducBrAwGUTT4wFZxhLw+KhHZ2V6/asnGAjxVq5mmHNng2LJbNipkUXiZWREsmqNSx+2SOfhy54yCXTum+ZAQ4iplBwCbOCHWoIGL9jE+jH1GMu6EGUPjKjx6Fm6NMAFBWSpiL8noiYq/XUdeJOl+GtnvcS8T+vH+K4MYiEF4QIHk8WoZCQLtJciTghoCOhAJEllwMVHuVMMURQgjLOYzGMIyvEeVjz3y+SzmnFOq9Ur6ul5kWWTJ4ckCNyQixSJ01yRVqkTTh5IE/kmbwYj8ar8Wa8/7TmjGxmn/wp4+MbK7GcCw==</latexit>

{3, 7}, {3, 8}, {5, 4}, {5, 5}

<latexit sha1_base64="HjTiSl2hzwQLFfbDEHCPnzm4j90=">AAACDXicbVC7TsNAEDzzDOEVoEI0JyIkChTZKAqUCBrKIJEEKbai9WUJJ85n526NhKyIT+AraKGiQ7R8AwX/gh1S8JpqNLOr3ZkwUdKS6747U9Mzs3PzpYXy4tLyymplbb1t49QIbIlYxeYiBItKamyRJIUXiUGIQoWd8Pqk8Ds3aKyM9TndJhhEMNDyUgqgXOpVNv2ssTf0R/4whT4f+gMcWgWaeL1Xqbo1dwz+l3gTUmUTNHuVD78fizRCTUKBtV3PTSjIwJAUCkdlP7WYgLiGAXZzqiFCG2TjCCO+k1qgmCdouFR8LOL3jQwia2+jMJ+MgK7sb68Q//O6KV0eBpnUSUqoRXGIpMLxISuMzLtB3pcGiaD4HLnUXIABIjSSgxC5mOZllfM+vN/p/5L2fs1r1Opn9erR8aSZEtti22yXeeyAHbFT1mQtJtgde2CP7Mm5d56dF+f1a3TKmexssB9w3j4BegCbXQ==</latexit>

{6, q} q > 4
<latexit sha1_base64="kX2TCHYpswID7MnI9inlGsj3Vg4=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWARXEhJpKjLohuXFewFmhAm02k7dDIJMxOhhIIbX8WNC0Xc+hLufBsnbRbaemCYj/8/h5nzhwlnSjvOt7W0vLK6tl7aKG9ube/s2nv7LRWnktAmiXksOyFWlDNBm5ppTjuJpDgKOW2Ho5vcbz9QqVgs7vU4oX6EB4L1GcHaSIF96EVpwDwmkJfliM9QfoXeBAV2xak600KL4BZQgaIagf3l9WKSRlRowrFSXddJtJ9hqRnhdFL2UkUTTEZ4QLsGBY6o8rPpDhN0YpQe6sfSHKHRVP09keFIqXEUms4I66Ga93LxP6+b6v6VnzGRpJoKMnuon3KkY5QHgnpMUqL52AAmkpm/IjLEEhNtYiubENz5lRehdV51L6q1u1qlfl3EUYIjOIZTcOES6nALDWgCgUd4hld4s56sF+vd+pi1LlnFzAH8KevzBxTGlyo=</latexit>

µi 2 {µa, µb}

Singlet distribution from 
the inflation rule

<latexit sha1_base64="AqGJAZe2UIK7vJHR8NsfOLumfSE="></latexit>

⇢(EPR)
12 = |EPRi12 12hEPR|

<latexit sha1_base64="Pw8I95n5Q7ePYJS16w7d2nFIOEY="></latexit>

⇢ =

✓ O

singlets

⇢(EPR)
s1s2

◆
<latexit sha1_base64="U9NIlPvZnj6SmbDIrq/bLg0Hp/4="></latexit>

|EPRi12 =
|0i1 ⌦ |1i2 � |1i1 ⌦ |0i2p

2

The ground state is described by an aperiodic singlet phase
RG

<latexit sha1_base64="pvYbeeFVDw6JAuTb6iH9/7+OBtA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxmUF+4AmhMl00g6dmYSZiRBC/BU3LhRx64e482+cpllo64HLPZxzL3PnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvopTiUkPxyyWwxApwqggPU01I8NEEsRDRgbh7HbuDx6JVDQWDzpLiM/RRNCIYqSNFNhNL5II5x5PA1SULSwCu+W0nRJwlbgVaYEK3cD+8sYxTjkRGjOk1Mh1Eu3nSGqKGSkaXqpIgvAMTcjIUIE4UX5eHl/AU6OMYRRLU0LDUv29kSOuVMZDM8mRnqplby7+541SHV37ORVJqonAi4eilEEdw3kScEwlwZplhiAsqbkV4ikyaWiTV8OE4C5/eZX0z9vuZfvi/qLVuaniqINjcALOgAuuQAfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVTtN8AfW5w+CmZVX</latexit>µa

µb

<latexit sha1_base64="82tKcyf7C+UN0OpHiA0tF/knIFg=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBPJRdKepFKHrxWMFtC+1asmm2DU2yS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00dp4pQn8Q8Vu0Qa8qZpL5hhtN2oigWIaetcHQ79VtPVGkWywczTmgg8ECyiBFsrOSrx7Nrt1euuFV3BrRMvJxUIEejV/7q9mOSCioN4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWSiyoDrLZsRN0YpU+imJlSxo0U39PZFhoPRah7RTYDPWiNxX/8zqpia6CjMkkNVSS+aIo5cjEaPo56jNFieFjSzBRzN6KyBArTIzNp2RD8BZfXibN86p3Ua3d1yr1mzyOIhzBMZyCB5dQhztogA8EGDzDK7w50nlx3p2PeWvByWcO4Q+czx/qkI4c</latexit>

r⇤ = 0

<latexit sha1_base64="kuvqsFNbjEvULVMnkk4XIG+iKgw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2f+M+w==</latexit>n<latexit sha1_base64="ORNheOk5xc+wg1dRwU8RY7kjHYQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHYNUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9wvltyKuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpcV76pSbVRLtdssjjycwTmUwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AG/njLU=</latexit>

(
<latexit sha1_base64="I7M8Rptcfj7965+LSlRwW+GxU74=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7ArQT0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvatypV4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3FrjLY=</latexit>

)
Strong-disorder 
fixed point



Entanglement entropy in the aperiodic singlet phase
<latexit sha1_base64="I828+CXIYFWC0NPa3r97AWuly3M=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLIkUdSPUuumygn1AE8pkOmmHTmbCzEQooV/hxl9x40IRt+LOv3HSZlFbD1w4nHMv994TxIwq7Tg/1srq2vrGZmGruL2zu7dvHxy2lEgkJk0smJCdACnCKCdNTTUjnVgSFAWMtIPRXea3H4lUVPAHPY6JH6EBpyHFSBupZ597EdJDjFhan9zM8d6tJzSNiJrXaj275JSdKeAycXNSAjkaPfvb6wucRIRrzJBSXdeJtZ8iqSlmZFL0EkVihEdoQLqGcmQ2+un0rQk8NUofhkKa4hpO1fmJFEVKjaPAdGZHqkUvE//zuokOr/2U8jjRhOPZojBhUAuYZQT7VBKs2dgQhCU1t0I8RBJhbZIsmhDcxZeXSeui7F6WK/eVUrWWx1EAx+AEnAEXXIEqqIMGaAIMnsALeAPv1rP1an1Yn7PWFSufOQJ/YH39ApKCoEM=</latexit>

H = HA ⌦HB
<latexit sha1_base64="AQbpjeXiyOB+OdkuztwDkf+2ZEs=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkEVsCCVsnQsUl9SE0WO67ZWHSeyHaQqyh+w8CssDCDEysrG3+CkGaDlSJaOz7lX997jR4xKZVnfxsrq2vrGZmmrvL2zu7dvHhx2ZRgLTDo4ZKHo+0gSRjnpKKoY6UeCoMBnpOdP7zK/90CEpCFvq1lE3ACNOR1RjJSWPPPMEZPQu71xAqQmIkjaIvWS/IMRS5qp10jzCrNiVa0ccJnYBamAAi3P/HKGIY4DwhVmSMqBbUXKTZBQFDOSlp1YkgjhKRqTgaYcBUS6SX5PCk+1MoSjUOjHFczV3x0JCqScBb6uzDaVi14m/ucNYjW6dhPKo1gRjueDRjGDKoRZOHBIBcGKzTRBWFC9K8QTJBBWOsKyDsFePHmZdC+q9mW1dl+r1BtFHCVwDE7AObDBFaiDJmiBDsDgETyDV/BmPBkvxrvxMS9dMYqeI/AHxucPMKydaA==</latexit>

⇢A = TrHB⇢
<latexit sha1_base64="cVJVdPCiCMiCZi4qtsjKZWa+Qxw=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAi1IUlkaJuhFY3Liv2Bk0Ik+m0HTqZhJmJUEL3bnwVNy4UcesLuPNtnLRZaOsPAx//OYc55/cjRqWyrG8jt7K6tr6R3yxsbe/s7pn7B20ZxgKTFg5ZKLo+koRRTlqKKka6kSAo8Bnp+OObtN55IELSkDfVJCJugIacDihGSlueWbz36lenToDUSARJU0zLjhiFXt1hHM7pxDNLVsWaCS6DnUEJZGp45pfTD3EcEK4wQ1L2bCtSboKEopiRacGJJYkQHqMh6WnkKCDSTWa3TOGxdvpwEAr9uIIz9/dEggIpJ4GvO9Ol5WItNf+r9WI1uHQTyqNYEY7nHw1iBlUI02BgnwqCFZtoQFhQvSvEIyQQVjq+gg7BXjx5GdpnFfu8Ur2rlmrXWRx5cASKoAxscAFq4BY0QAtg8AiewSt4M56MF+Pd+Ji35oxs5hD8kfH5A7jUmjk=</latexit>

SA = �Tr(⇢A ln ⇢A)
entanglement 

entropy

<latexit sha1_base64="2P7imsTtPTCh1CfQBL2LNug22x8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQBGspEIiRSYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w/uTWQ1hw6PZKR7ATMghYIOCpTQizWwMJDQDaY3md99BG1EpO5wFoMfsokSY8EZplL7alituXU3B10mXkFqpEBrWP0ajCJuQ1DIJTOm77kx+gnTKLiEeWVgDcSMT9kE+ilVLATjJ3nQOT2xhmFEY9BUSJqL8HsjYaExszBIJ0OGD2bRy8T/vL7F8aWfCBVbBMWzQygk5IcM1yJtAOhIaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/H6Z3J/VvfN6o92oNa+LZsrkiByTU+KRC9Ikt6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BM76RUw==</latexit>

A



Entanglement entropy in the aperiodic singlet phase
<latexit sha1_base64="I828+CXIYFWC0NPa3r97AWuly3M=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLIkUdSPUuumygn1AE8pkOmmHTmbCzEQooV/hxl9x40IRt+LOv3HSZlFbD1w4nHMv994TxIwq7Tg/1srq2vrGZmGruL2zu7dvHxy2lEgkJk0smJCdACnCKCdNTTUjnVgSFAWMtIPRXea3H4lUVPAHPY6JH6EBpyHFSBupZ597EdJDjFhan9zM8d6tJzSNiJrXaj275JSdKeAycXNSAjkaPfvb6wucRIRrzJBSXdeJtZ8iqSlmZFL0EkVihEdoQLqGcmQ2+un0rQk8NUofhkKa4hpO1fmJFEVKjaPAdGZHqkUvE//zuokOr/2U8jjRhOPZojBhUAuYZQT7VBKs2dgQhCU1t0I8RBJhbZIsmhDcxZeXSeui7F6WK/eVUrWWx1EAx+AEnAEXXIEqqIMGaAIMnsALeAPv1rP1an1Yn7PWFSufOQJ/YH39ApKCoEM=</latexit>

H = HA ⌦HB
<latexit sha1_base64="AQbpjeXiyOB+OdkuztwDkf+2ZEs=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkEVsCCVsnQsUl9SE0WO67ZWHSeyHaQqyh+w8CssDCDEysrG3+CkGaDlSJaOz7lX997jR4xKZVnfxsrq2vrGZmmrvL2zu7dvHhx2ZRgLTDo4ZKHo+0gSRjnpKKoY6UeCoMBnpOdP7zK/90CEpCFvq1lE3ACNOR1RjJSWPPPMEZPQu71xAqQmIkjaIvWS/IMRS5qp10jzCrNiVa0ccJnYBamAAi3P/HKGIY4DwhVmSMqBbUXKTZBQFDOSlp1YkgjhKRqTgaYcBUS6SX5PCk+1MoSjUOjHFczV3x0JCqScBb6uzDaVi14m/ucNYjW6dhPKo1gRjueDRjGDKoRZOHBIBcGKzTRBWFC9K8QTJBBWOsKyDsFePHmZdC+q9mW1dl+r1BtFHCVwDE7AObDBFaiDJmiBDsDgETyDV/BmPBkvxrvxMS9dMYqeI/AHxucPMKydaA==</latexit>

⇢A = TrHB⇢
<latexit sha1_base64="cVJVdPCiCMiCZi4qtsjKZWa+Qxw=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAi1IUlkaJuhFY3Liv2Bk0Ik+m0HTqZhJmJUEL3bnwVNy4UcesLuPNtnLRZaOsPAx//OYc55/cjRqWyrG8jt7K6tr6R3yxsbe/s7pn7B20ZxgKTFg5ZKLo+koRRTlqKKka6kSAo8Bnp+OObtN55IELSkDfVJCJugIacDihGSlueWbz36lenToDUSARJU0zLjhiFXt1hHM7pxDNLVsWaCS6DnUEJZGp45pfTD3EcEK4wQ1L2bCtSboKEopiRacGJJYkQHqMh6WnkKCDSTWa3TOGxdvpwEAr9uIIz9/dEggIpJ4GvO9Ol5WItNf+r9WI1uHQTyqNYEY7nHw1iBlUI02BgnwqCFZtoQFhQvSvEIyQQVjq+gg7BXjx5GdpnFfu8Ur2rlmrXWRx5cASKoAxscAFq4BY0QAtg8AiewSt4M56MF+Pd+Ji35oxs5hD8kfH5A7jUmjk=</latexit>

SA = �Tr(⇢A ln ⇢A)
entanglement 

entropy

<latexit sha1_base64="2P7imsTtPTCh1CfQBL2LNug22x8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQBGspEIiRSYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w/uTWQ1hw6PZKR7ATMghYIOCpTQizWwMJDQDaY3md99BG1EpO5wFoMfsokSY8EZplL7alituXU3B10mXkFqpEBrWP0ajCJuQ1DIJTOm77kx+gnTKLiEeWVgDcSMT9kE+ilVLATjJ3nQOT2xhmFEY9BUSJqL8HsjYaExszBIJ0OGD2bRy8T/vL7F8aWfCBVbBMWzQygk5IcM1yJtAOhIaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/H6Z3J/VvfN6o92oNa+LZsrkiByTU+KRC9Ikt6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BM76RUw==</latexit>

A



Entanglement entropy in the aperiodic singlet phase

average number of singlets shared 
between    and its complement

<latexit sha1_base64="I828+CXIYFWC0NPa3r97AWuly3M=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLIkUdSPUuumygn1AE8pkOmmHTmbCzEQooV/hxl9x40IRt+LOv3HSZlFbD1w4nHMv994TxIwq7Tg/1srq2vrGZmGruL2zu7dvHxy2lEgkJk0smJCdACnCKCdNTTUjnVgSFAWMtIPRXea3H4lUVPAHPY6JH6EBpyHFSBupZ597EdJDjFhan9zM8d6tJzSNiJrXaj275JSdKeAycXNSAjkaPfvb6wucRIRrzJBSXdeJtZ8iqSlmZFL0EkVihEdoQLqGcmQ2+un0rQk8NUofhkKa4hpO1fmJFEVKjaPAdGZHqkUvE//zuokOr/2U8jjRhOPZojBhUAuYZQT7VBKs2dgQhCU1t0I8RBJhbZIsmhDcxZeXSeui7F6WK/eVUrWWx1EAx+AEnAEXXIEqqIMGaAIMnsALeAPv1rP1an1Yn7PWFSufOQJ/YH39ApKCoEM=</latexit>

H = HA ⌦HB
<latexit sha1_base64="AQbpjeXiyOB+OdkuztwDkf+2ZEs=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkEVsCCVsnQsUl9SE0WO67ZWHSeyHaQqyh+w8CssDCDEysrG3+CkGaDlSJaOz7lX997jR4xKZVnfxsrq2vrGZmmrvL2zu7dvHhx2ZRgLTDo4ZKHo+0gSRjnpKKoY6UeCoMBnpOdP7zK/90CEpCFvq1lE3ACNOR1RjJSWPPPMEZPQu71xAqQmIkjaIvWS/IMRS5qp10jzCrNiVa0ccJnYBamAAi3P/HKGIY4DwhVmSMqBbUXKTZBQFDOSlp1YkgjhKRqTgaYcBUS6SX5PCk+1MoSjUOjHFczV3x0JCqScBb6uzDaVi14m/ucNYjW6dhPKo1gRjueDRjGDKoRZOHBIBcGKzTRBWFC9K8QTJBBWOsKyDsFePHmZdC+q9mW1dl+r1BtFHCVwDE7AObDBFaiDJmiBDsDgETyDV/BmPBkvxrvxMS9dMYqeI/AHxucPMKydaA==</latexit>

⇢A = TrHB⇢
<latexit sha1_base64="cVJVdPCiCMiCZi4qtsjKZWa+Qxw=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAi1IUlkaJuhFY3Liv2Bk0Ik+m0HTqZhJmJUEL3bnwVNy4UcesLuPNtnLRZaOsPAx//OYc55/cjRqWyrG8jt7K6tr6R3yxsbe/s7pn7B20ZxgKTFg5ZKLo+koRRTlqKKka6kSAo8Bnp+OObtN55IELSkDfVJCJugIacDihGSlueWbz36lenToDUSARJU0zLjhiFXt1hHM7pxDNLVsWaCS6DnUEJZGp45pfTD3EcEK4wQ1L2bCtSboKEopiRacGJJYkQHqMh6WnkKCDSTWa3TOGxdvpwEAr9uIIz9/dEggIpJ4GvO9Ol5WItNf+r9WI1uHQTyqNYEY7nHw1iBlUI02BgnwqCFZtoQFhQvSvEIyQQVjq+gg7BXjx5GdpnFfu8Ur2rlmrXWRx5cASKoAxscAFq4BY0QAtg8AiewSt4M56MF+Pd+Ji35oxs5hD8kfH5A7jUmjk=</latexit>

SA = �Tr(⇢A ln ⇢A)
entanglement 

entropy

<latexit sha1_base64="2P7imsTtPTCh1CfQBL2LNug22x8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQBGspEIiRSYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w/uTWQ1hw6PZKR7ATMghYIOCpTQizWwMJDQDaY3md99BG1EpO5wFoMfsokSY8EZplL7alituXU3B10mXkFqpEBrWP0ajCJuQ1DIJTOm77kx+gnTKLiEeWVgDcSMT9kE+ilVLATjJ3nQOT2xhmFEY9BUSJqL8HsjYaExszBIJ0OGD2bRy8T/vL7F8aWfCBVbBMWzQygk5IcM1yJtAOhIaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/H6Z3J/VvfN6o92oNa+LZsrkiByTU+KRC9Ikt6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BM76RUw==</latexit>

A

<latexit sha1_base64="/yyXkqGl5Co1iYciSEumzLfbJYs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJSlE3QqsblxXtA5oQJtNJO3QyCTMToYS48VfcuFDErX/hzr9x2mahrQcunDnnXube48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR9cTv/NAhKQRv1fjmLghGnAaUIyUljzz4M5rXDqnjo9EyjMvbWT6wTisembZqlhTwEVi56QMcjQ988vpRzgJCVeYISl7thUrN0VCUcxIVnISSWKER2hAeppyFBLpptMLMnislT4MIqGLKzhVf0+kKJRyHPq6M0RqKOe9ifif10tUcOGmlMeJIhzPPgoSBlUEJ3HAPhUEKzbWBGFB9a4QD5FAWOnQSjoEe/7kRdKuVuyzSu22Vq5f5XEUwSE4AifABuegDm5AE7QABo/gGbyCN+PJeDHejY9Za8HIZ/bBHxifPwQllfs=</latexit>

SA = n̄A ln 2 <latexit sha1_base64="2P7imsTtPTCh1CfQBL2LNug22x8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQBGspEIiRSYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w/uTWQ1hw6PZKR7ATMghYIOCpTQizWwMJDQDaY3md99BG1EpO5wFoMfsokSY8EZplL7alituXU3B10mXkFqpEBrWP0ajCJuQ1DIJTOm77kx+gnTKLiEeWVgDcSMT9kE+ilVLATjJ3nQOT2xhmFEY9BUSJqL8HsjYaExszBIJ0OGD2bRy8T/vL7F8aWfCBVbBMWzQygk5IcM1yJtAOhIaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/H6Z3J/VvfN6o92oNa+LZsrkiByTU+KRC9Ikt6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BM76RUw==</latexit>

A
[Iglói, Juhász, 
Zimborás ‘07]



Entanglement entropy in the aperiodic singlet phase

average number of singlets shared 
between    and its complement

<latexit sha1_base64="I828+CXIYFWC0NPa3r97AWuly3M=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLIkUdSPUuumygn1AE8pkOmmHTmbCzEQooV/hxl9x40IRt+LOv3HSZlFbD1w4nHMv994TxIwq7Tg/1srq2vrGZmGruL2zu7dvHxy2lEgkJk0smJCdACnCKCdNTTUjnVgSFAWMtIPRXea3H4lUVPAHPY6JH6EBpyHFSBupZ597EdJDjFhan9zM8d6tJzSNiJrXaj275JSdKeAycXNSAjkaPfvb6wucRIRrzJBSXdeJtZ8iqSlmZFL0EkVihEdoQLqGcmQ2+un0rQk8NUofhkKa4hpO1fmJFEVKjaPAdGZHqkUvE//zuokOr/2U8jjRhOPZojBhUAuYZQT7VBKs2dgQhCU1t0I8RBJhbZIsmhDcxZeXSeui7F6WK/eVUrWWx1EAx+AEnAEXXIEqqIMGaAIMnsALeAPv1rP1an1Yn7PWFSufOQJ/YH39ApKCoEM=</latexit>

H = HA ⌦HB
<latexit sha1_base64="AQbpjeXiyOB+OdkuztwDkf+2ZEs=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkEVsCCVsnQsUl9SE0WO67ZWHSeyHaQqyh+w8CssDCDEysrG3+CkGaDlSJaOz7lX997jR4xKZVnfxsrq2vrGZmmrvL2zu7dvHhx2ZRgLTDo4ZKHo+0gSRjnpKKoY6UeCoMBnpOdP7zK/90CEpCFvq1lE3ACNOR1RjJSWPPPMEZPQu71xAqQmIkjaIvWS/IMRS5qp10jzCrNiVa0ccJnYBamAAi3P/HKGIY4DwhVmSMqBbUXKTZBQFDOSlp1YkgjhKRqTgaYcBUS6SX5PCk+1MoSjUOjHFczV3x0JCqScBb6uzDaVi14m/ucNYjW6dhPKo1gRjueDRjGDKoRZOHBIBcGKzTRBWFC9K8QTJBBWOsKyDsFePHmZdC+q9mW1dl+r1BtFHCVwDE7AObDBFaiDJmiBDsDgETyDV/BmPBkvxrvxMS9dMYqeI/AHxucPMKydaA==</latexit>

⇢A = TrHB⇢
<latexit sha1_base64="cVJVdPCiCMiCZi4qtsjKZWa+Qxw=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAi1IUlkaJuhFY3Liv2Bk0Ik+m0HTqZhJmJUEL3bnwVNy4UcesLuPNtnLRZaOsPAx//OYc55/cjRqWyrG8jt7K6tr6R3yxsbe/s7pn7B20ZxgKTFg5ZKLo+koRRTlqKKka6kSAo8Bnp+OObtN55IELSkDfVJCJugIacDihGSlueWbz36lenToDUSARJU0zLjhiFXt1hHM7pxDNLVsWaCS6DnUEJZGp45pfTD3EcEK4wQ1L2bCtSboKEopiRacGJJYkQHqMh6WnkKCDSTWa3TOGxdvpwEAr9uIIz9/dEggIpJ4GvO9Ol5WItNf+r9WI1uHQTyqNYEY7nHw1iBlUI02BgnwqCFZtoQFhQvSvEIyQQVjq+gg7BXjx5GdpnFfu8Ur2rlmrXWRx5cASKoAxscAFq4BY0QAtg8AiewSt4M56MF+Pd+Ji35oxs5hD8kfH5A7jUmjk=</latexit>

SA = �Tr(⇢A ln ⇢A)
entanglement 

entropy
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<latexit sha1_base64="2P7imsTtPTCh1CfQBL2LNug22x8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQBGspEIiRSYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w/uTWQ1hw6PZKR7ATMghYIOCpTQizWwMJDQDaY3md99BG1EpO5wFoMfsokSY8EZplL7alituXU3B10mXkFqpEBrWP0ajCJuQ1DIJTOm77kx+gnTKLiEeWVgDcSMT9kE+ilVLATjJ3nQOT2xhmFEY9BUSJqL8HsjYaExszBIJ0OGD2bRy8T/vL7F8aWfCBVbBMWzQygk5IcM1yJtAOhIaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/H6Z3J/VvfN6o92oNa+LZsrkiByTU+KRC9Ikt6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BM76RUw==</latexit>

A

<latexit sha1_base64="/yyXkqGl5Co1iYciSEumzLfbJYs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJSlE3QqsblxXtA5oQJtNJO3QyCTMToYS48VfcuFDErX/hzr9x2mahrQcunDnnXube48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR9cTv/NAhKQRv1fjmLghGnAaUIyUljzz4M5rXDqnjo9EyjMvbWT6wTisembZqlhTwEVi56QMcjQ988vpRzgJCVeYISl7thUrN0VCUcxIVnISSWKER2hAeppyFBLpptMLMnislT4MIqGLKzhVf0+kKJRyHPq6M0RqKOe9ifif10tUcOGmlMeJIhzPPgoSBlUEJ3HAPhUEKzbWBGFB9a4QD5FAWOnQSjoEe/7kRdKuVuyzSu22Vq5f5XEUwSE4AifABuegDm5AE7QABo/gGbyCN+PJeDHejY9Za8HIZ/bBHxifPwQllfs=</latexit>

SA = n̄A ln 2 <latexit sha1_base64="2P7imsTtPTCh1CfQBL2LNug22x8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQBGspEIiRSYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w/uTWQ1hw6PZKR7ATMghYIOCpTQizWwMJDQDaY3md99BG1EpO5wFoMfsokSY8EZplL7alituXU3B10mXkFqpEBrWP0ajCJuQ1DIJTOm77kx+gnTKLiEeWVgDcSMT9kE+ilVLATjJ3nQOT2xhmFEY9BUSJqL8HsjYaExszBIJ0OGD2bRy8T/vL7F8aWfCBVbBMWzQygk5IcM1yJtAOhIaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/H6Z3J/VvfN6o92oNa+LZsrkiByTU+KRC9Ikt6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BM76RUw==</latexit>

A

<latexit sha1_base64="VfQ4v0juadH7b/Z6rixImUk3oEM=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgQcqu1Oqx6MVjBfsB3aVk02wbms0uSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZFySCa+M436iwtr6xuVXcLu3s7u0flA+P2jpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJxnczv/PElOaxfDSThPkRGUoeckqMlTpeVr+48qb9csWpOnPgVeLmpAI5mv3ylzeIaRoxaaggWvdcJzF+RpThVLBpyUs1SwgdkyHrWSpJxLSfzc+d4jOrDHAYK1vS4Ln6eyIjkdaTKLCdETEjvezNxP+8XmrCGz/jMkkNk3SxKEwFNjGe/Y4HXDFqxMQSQhW3t2I6IopQYxMq2RDc5ZdXSfuy6tartYdapXGbx1GEEziFc3DhGhpwD01oAYUxPMMrvKEEvaB39LFoLaB85hj+AH3+AItGjxA=</latexit>

{6, 5}
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Entanglement entropy in the aperiodic singlet phase

average number of singlets shared 
between    and its complement

<latexit sha1_base64="I828+CXIYFWC0NPa3r97AWuly3M=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLIkUdSPUuumygn1AE8pkOmmHTmbCzEQooV/hxl9x40IRt+LOv3HSZlFbD1w4nHMv994TxIwq7Tg/1srq2vrGZmGruL2zu7dvHxy2lEgkJk0smJCdACnCKCdNTTUjnVgSFAWMtIPRXea3H4lUVPAHPY6JH6EBpyHFSBupZ597EdJDjFhan9zM8d6tJzSNiJrXaj275JSdKeAycXNSAjkaPfvb6wucRIRrzJBSXdeJtZ8iqSlmZFL0EkVihEdoQLqGcmQ2+un0rQk8NUofhkKa4hpO1fmJFEVKjaPAdGZHqkUvE//zuokOr/2U8jjRhOPZojBhUAuYZQT7VBKs2dgQhCU1t0I8RBJhbZIsmhDcxZeXSeui7F6WK/eVUrWWx1EAx+AEnAEXXIEqqIMGaAIMnsALeAPv1rP1an1Yn7PWFSufOQJ/YH39ApKCoEM=</latexit>

H = HA ⌦HB
<latexit sha1_base64="AQbpjeXiyOB+OdkuztwDkf+2ZEs=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkEVsCCVsnQsUl9SE0WO67ZWHSeyHaQqyh+w8CssDCDEysrG3+CkGaDlSJaOz7lX997jR4xKZVnfxsrq2vrGZmmrvL2zu7dvHhx2ZRgLTDo4ZKHo+0gSRjnpKKoY6UeCoMBnpOdP7zK/90CEpCFvq1lE3ACNOR1RjJSWPPPMEZPQu71xAqQmIkjaIvWS/IMRS5qp10jzCrNiVa0ccJnYBamAAi3P/HKGIY4DwhVmSMqBbUXKTZBQFDOSlp1YkgjhKRqTgaYcBUS6SX5PCk+1MoSjUOjHFczV3x0JCqScBb6uzDaVi14m/ucNYjW6dhPKo1gRjueDRjGDKoRZOHBIBcGKzTRBWFC9K8QTJBBWOsKyDsFePHmZdC+q9mW1dl+r1BtFHCVwDE7AObDBFaiDJmiBDsDgETyDV/BmPBkvxrvxMS9dMYqeI/AHxucPMKydaA==</latexit>

⇢A = TrHB⇢
<latexit sha1_base64="cVJVdPCiCMiCZi4qtsjKZWa+Qxw=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAi1IUlkaJuhFY3Liv2Bk0Ik+m0HTqZhJmJUEL3bnwVNy4UcesLuPNtnLRZaOsPAx//OYc55/cjRqWyrG8jt7K6tr6R3yxsbe/s7pn7B20ZxgKTFg5ZKLo+koRRTlqKKka6kSAo8Bnp+OObtN55IELSkDfVJCJugIacDihGSlueWbz36lenToDUSARJU0zLjhiFXt1hHM7pxDNLVsWaCS6DnUEJZGp45pfTD3EcEK4wQ1L2bCtSboKEopiRacGJJYkQHqMh6WnkKCDSTWa3TOGxdvpwEAr9uIIz9/dEggIpJ4GvO9Ol5WItNf+r9WI1uHQTyqNYEY7nHw1iBlUI02BgnwqCFZtoQFhQvSvEIyQQVjq+gg7BXjx5GdpnFfu8Ur2rlmrXWRx5cASKoAxscAFq4BY0QAtg8AiewSt4M56MF+Pd+Ji35oxs5hD8kfH5A7jUmjk=</latexit>

SA = �Tr(⇢A ln ⇢A)
entanglement 

entropy

<latexit sha1_base64="HoeMobZknmW6DptxsE+FIr/tX/g="></latexit>

SA,env =
ceff(p, q)

3
lnL+ 
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<latexit sha1_base64="2P7imsTtPTCh1CfQBL2LNug22x8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQBGspEIiRSYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w/uTWQ1hw6PZKR7ATMghYIOCpTQizWwMJDQDaY3md99BG1EpO5wFoMfsokSY8EZplL7alituXU3B10mXkFqpEBrWP0ajCJuQ1DIJTOm77kx+gnTKLiEeWVgDcSMT9kE+ilVLATjJ3nQOT2xhmFEY9BUSJqL8HsjYaExszBIJ0OGD2bRy8T/vL7F8aWfCBVbBMWzQygk5IcM1yJtAOhIaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/H6Z3J/VvfN6o92oNa+LZsrkiByTU+KRC9Ikt6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BM76RUw==</latexit>

A

<latexit sha1_base64="/yyXkqGl5Co1iYciSEumzLfbJYs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJSlE3QqsblxXtA5oQJtNJO3QyCTMToYS48VfcuFDErX/hzr9x2mahrQcunDnnXube48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR9cTv/NAhKQRv1fjmLghGnAaUIyUljzz4M5rXDqnjo9EyjMvbWT6wTisembZqlhTwEVi56QMcjQ988vpRzgJCVeYISl7thUrN0VCUcxIVnISSWKER2hAeppyFBLpptMLMnislT4MIqGLKzhVf0+kKJRyHPq6M0RqKOe9ifif10tUcOGmlMeJIhzPPgoSBlUEJ3HAPhUEKzbWBGFB9a4QD5FAWOnQSjoEe/7kRdKuVuyzSu22Vq5f5XEUwSE4AifABuegDm5AE7QABo/gGbyCN+PJeDHejY9Za8HIZ/bBHxifPwQllfs=</latexit>

SA = n̄A ln 2 <latexit sha1_base64="2P7imsTtPTCh1CfQBL2LNug22x8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQBGspEIiRSYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w/uTWQ1hw6PZKR7ATMghYIOCpTQizWwMJDQDaY3md99BG1EpO5wFoMfsokSY8EZplL7alituXU3B10mXkFqpEBrWP0ajCJuQ1DIJTOm77kx+gnTKLiEeWVgDcSMT9kE+ilVLATjJ3nQOT2xhmFEY9BUSJqL8HsjYaExszBIJ0OGD2bRy8T/vL7F8aWfCBVbBMWzQygk5IcM1yJtAOhIaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/H6Z3J/VvfN6o92oNa+LZsrkiByTU+KRC9Ikt6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BM76RUw==</latexit>

A

<latexit sha1_base64="VfQ4v0juadH7b/Z6rixImUk3oEM=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgQcqu1Oqx6MVjBfsB3aVk02wbms0uSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZFySCa+M436iwtr6xuVXcLu3s7u0flA+P2jpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJxnczv/PElOaxfDSThPkRGUoeckqMlTpeVr+48qb9csWpOnPgVeLmpAI5mv3ylzeIaRoxaaggWvdcJzF+RpThVLBpyUs1SwgdkyHrWSpJxLSfzc+d4jOrDHAYK1vS4Ln6eyIjkdaTKLCdETEjvezNxP+8XmrCGz/jMkkNk3SxKEwFNjGe/Y4HXDFqxMQSQhW3t2I6IopQYxMq2RDc5ZdXSfuy6tartYdapXGbx1GEEziFc3DhGhpwD01oAYUxPMMrvKEEvaB39LFoLaB85hj+AH3+AItGjxA=</latexit>

{6, 5}

[Iglói, Juhász, 
Zimborás ‘07]



Entanglement entropy in the aperiodic singlet phase

average number of singlets shared 
between    and its complement

<latexit sha1_base64="I828+CXIYFWC0NPa3r97AWuly3M=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLIkUdSPUuumygn1AE8pkOmmHTmbCzEQooV/hxl9x40IRt+LOv3HSZlFbD1w4nHMv994TxIwq7Tg/1srq2vrGZmGruL2zu7dvHxy2lEgkJk0smJCdACnCKCdNTTUjnVgSFAWMtIPRXea3H4lUVPAHPY6JH6EBpyHFSBupZ597EdJDjFhan9zM8d6tJzSNiJrXaj275JSdKeAycXNSAjkaPfvb6wucRIRrzJBSXdeJtZ8iqSlmZFL0EkVihEdoQLqGcmQ2+un0rQk8NUofhkKa4hpO1fmJFEVKjaPAdGZHqkUvE//zuokOr/2U8jjRhOPZojBhUAuYZQT7VBKs2dgQhCU1t0I8RBJhbZIsmhDcxZeXSeui7F6WK/eVUrWWx1EAx+AEnAEXXIEqqIMGaAIMnsALeAPv1rP1an1Yn7PWFSufOQJ/YH39ApKCoEM=</latexit>

H = HA ⌦HB
<latexit sha1_base64="AQbpjeXiyOB+OdkuztwDkf+2ZEs=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkEVsCCVsnQsUl9SE0WO67ZWHSeyHaQqyh+w8CssDCDEysrG3+CkGaDlSJaOz7lX997jR4xKZVnfxsrq2vrGZmmrvL2zu7dvHhx2ZRgLTDo4ZKHo+0gSRjnpKKoY6UeCoMBnpOdP7zK/90CEpCFvq1lE3ACNOR1RjJSWPPPMEZPQu71xAqQmIkjaIvWS/IMRS5qp10jzCrNiVa0ccJnYBamAAi3P/HKGIY4DwhVmSMqBbUXKTZBQFDOSlp1YkgjhKRqTgaYcBUS6SX5PCk+1MoSjUOjHFczV3x0JCqScBb6uzDaVi14m/ucNYjW6dhPKo1gRjueDRjGDKoRZOHBIBcGKzTRBWFC9K8QTJBBWOsKyDsFePHmZdC+q9mW1dl+r1BtFHCVwDE7AObDBFaiDJmiBDsDgETyDV/BmPBkvxrvxMS9dMYqeI/AHxucPMKydaA==</latexit>

⇢A = TrHB⇢
<latexit sha1_base64="cVJVdPCiCMiCZi4qtsjKZWa+Qxw=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAi1IUlkaJuhFY3Liv2Bk0Ik+m0HTqZhJmJUEL3bnwVNy4UcesLuPNtnLRZaOsPAx//OYc55/cjRqWyrG8jt7K6tr6R3yxsbe/s7pn7B20ZxgKTFg5ZKLo+koRRTlqKKka6kSAo8Bnp+OObtN55IELSkDfVJCJugIacDihGSlueWbz36lenToDUSARJU0zLjhiFXt1hHM7pxDNLVsWaCS6DnUEJZGp45pfTD3EcEK4wQ1L2bCtSboKEopiRacGJJYkQHqMh6WnkKCDSTWa3TOGxdvpwEAr9uIIz9/dEggIpJ4GvO9Ol5WItNf+r9WI1uHQTyqNYEY7nHw1iBlUI02BgnwqCFZtoQFhQvSvEIyQQVjq+gg7BXjx5GdpnFfu8Ur2rlmrXWRx5cASKoAxscAFq4BY0QAtg8AiewSt4M56MF+Pd+Ji35oxs5hD8kfH5A7jUmjk=</latexit>

SA = �Tr(⇢A ln ⇢A)
entanglement 

entropy

<latexit sha1_base64="HoeMobZknmW6DptxsE+FIr/tX/g="></latexit>

SA,env =
ceff(p, q)

3
lnL+ 
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The coefficient       is 
dependent on     and    

<latexit sha1_base64="2P7imsTtPTCh1CfQBL2LNug22x8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQBGspEIiRSYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w/uTWQ1hw6PZKR7ATMghYIOCpTQizWwMJDQDaY3md99BG1EpO5wFoMfsokSY8EZplL7alituXU3B10mXkFqpEBrWP0ajCJuQ1DIJTOm77kx+gnTKLiEeWVgDcSMT9kE+ilVLATjJ3nQOT2xhmFEY9BUSJqL8HsjYaExszBIJ0OGD2bRy8T/vL7F8aWfCBVbBMWzQygk5IcM1yJtAOhIaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/H6Z3J/VvfN6o92oNa+LZsrkiByTU+KRC9Ikt6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BM76RUw==</latexit>

A

<latexit sha1_base64="/yyXkqGl5Co1iYciSEumzLfbJYs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJSlE3QqsblxXtA5oQJtNJO3QyCTMToYS48VfcuFDErX/hzr9x2mahrQcunDnnXube48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR9cTv/NAhKQRv1fjmLghGnAaUIyUljzz4M5rXDqnjo9EyjMvbWT6wTisembZqlhTwEVi56QMcjQ988vpRzgJCVeYISl7thUrN0VCUcxIVnISSWKER2hAeppyFBLpptMLMnislT4MIqGLKzhVf0+kKJRyHPq6M0RqKOe9ifif10tUcOGmlMeJIhzPPgoSBlUEJ3HAPhUEKzbWBGFB9a4QD5FAWOnQSjoEe/7kRdKuVuyzSu22Vq5f5XEUwSE4AifABuegDm5AE7QABo/gGbyCN+PJeDHejY9Za8HIZ/bBHxifPwQllfs=</latexit>

SA = n̄A ln 2 <latexit sha1_base64="2P7imsTtPTCh1CfQBL2LNug22x8=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQBGspEIiRSYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w/uTWQ1hw6PZKR7ATMghYIOCpTQizWwMJDQDaY3md99BG1EpO5wFoMfsokSY8EZplL7alituXU3B10mXkFqpEBrWP0ajCJuQ1DIJTOm77kx+gnTKLiEeWVgDcSMT9kE+ilVLATjJ3nQOT2xhmFEY9BUSJqL8HsjYaExszBIJ0OGD2bRy8T/vL7F8aWfCBVbBMWzQygk5IcM1yJtAOhIaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/H6Z3J/VvfN6o92oNa+LZsrkiByTU+KRC9Ikt6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BM76RUw==</latexit>

A

<latexit sha1_base64="VfQ4v0juadH7b/Z6rixImUk3oEM=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgQcqu1Oqx6MVjBfsB3aVk02wbms0uSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZFySCa+M436iwtr6xuVXcLu3s7u0flA+P2jpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJxnczv/PElOaxfDSThPkRGUoeckqMlTpeVr+48qb9csWpOnPgVeLmpAI5mv3ylzeIaRoxaaggWvdcJzF+RpThVLBpyUs1SwgdkyHrWSpJxLSfzc+d4jOrDHAYK1vS4Ln6eyIjkdaTKLCdETEjvezNxP+8XmrCGz/jMkkNk3SxKEwFNjGe/Y4HXDFqxMQSQhW3t2I6IopQYxMq2RDc5ZdXSfuy6tartYdapXGbx1GEEziFc3DhGhpwD01oAYUxPMMrvKEEvaB39LFoLaB85hj+AH3+AItGjxA=</latexit>

{6, 5}

<latexit sha1_base64="AoHRa7r/2730SZY4bvP/CJZPYjc=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KCWRUsVV0Y3LCvYBTSiT6aQdOnl0ZiKEUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3Hi/mTCrL+jbW1jc2t7YLO8Xdvf2DQ/PouC2jRBDaIhGPRNfDknIW0pZiitNuLCgOPE473vh25nceqZAsCh9UGlM3wMOQ+YxgpaW+WXKyemXiTCtOBU2cIZ2g2nXfLFtVaw60SuyclCFHs29+OYOIJAENFeFYyp5txcrNsFCMcDotOomkMSZjPKQ9TUMcUOlm8+On6EwrA+RHQleo0Fz9PZHhQMo08HRngNVILnsz8T+vlyj/ys1YGCeKhmSxyE84UhGaJYEGTFCieKoJJoLpWxEZYYGJ0nkVdQj28surpH1RtevV2n2t3LjJ4yjACZzCOdhwCQ24gya0gEAKz/AKb8aT8WK8Gx+L1jUjnynBHxifP3uUk2E=</latexit>

{6, q}, q � 4 :For
<latexit sha1_base64="SF3NzruaWbiwx4GIQjSrxQLVogU="></latexit>

ceff(6, q) =
6� 2q +

p
q2 � 5q + 6

ln
⇣
2q � 5 + 2

p
q2 � 5q + 6

⌘ 6 ln 2

6� 2q

<latexit sha1_base64="EKtKdK2ypk1sjoCcUuua6DRLSfY=">AAAB6HicdVBNSwMxEJ2tX7V+VT16CRbBU8mWUttb0YvHFmwttEvJptk2NptdkqxQlv4CLx4U8epP8ua/MdtWUNEHA4/3ZpiZ58eCa4Pxh5NbW9/Y3MpvF3Z29/YPiodHXR0lirIOjUSkej7RTHDJOoYbwXqxYiT0Bbv1p1eZf3vPlOaRvDGzmHkhGUsecEqMldrxsFjCZWxRq6GMuHXsWtJo1CuVBnIXFsYlWKE1LL4PRhFNQiYNFUTrvotj46VEGU4FmxcGiWYxoVMyZn1LJQmZ9tLFoXN0ZpURCiJlSxq0UL9PpCTUehb6tjMkZqJ/e5n4l9dPTFD3Ui7jxDBJl4uCRCAToexrNOKKUSNmlhCquL0V0QlRhBqbTcGG8PUp+p90K2W3Vq62q6Xm5SqOPJzAKZyDCxfQhGtoQQcoMHiAJ3h27pxH58V5XbbmnNXMMfyA8/YJNFuNOg==</latexit>p <latexit sha1_base64="ROGM6eCy3HB/LWtufN0Z7EF3HwM=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgqWRLqe2t6MVjC/YD2qVk09k2Nptdk6xQSn+BFw+KePUnefPfmG0rqOiDgcd7M8zM82PBtSHkw8msrW9sbmW3czu7e/sH+cOjto4SxaDFIhGprk81CC6hZbgR0I0V0NAX0PEnV6nfuQeleSRvzDQGL6QjyQPOqLFS826QL5AisahUcErcKnEtqdWqpVINuwuLkAJaoTHIv/eHEUtCkIYJqnXPJbHxZlQZzgTMc/1EQ0zZhI6gZ6mkIWhvtjh0js+sMsRBpGxJgxfq94kZDbWehr7tDKkZ699eKv7l9RITVL0Zl3FiQLLloiAR2EQ4/RoPuQJmxNQSyhS3t2I2pooyY7PJ2RC+PsX/k3ap6FaK5Wa5UL9cxZFFJ+gUnSMXXaA6ukYN1EIMAXpAT+jZuXUenRfnddmacVYzx+gHnLdPNd+NOw==</latexit>q

<latexit sha1_base64="/HD+IItfalgZUAvo6jEPVc6otik=">AAAB/3icdVDLSgNBEJz1GeMrKnjxMhgET2E3hJjcgl48RjAPSEKYnfTGwdnZZaZXDGsO/ooXD4p49Te8+TdOHoKKFjRdVHUzPeXHUhh03Q9nYXFpeWU1s5Zd39jc2s7t7DZNlGgODR7JSLd9ZkAKBQ0UKKEda2ChL6HlX59N/NYNaCMidYmjGHohGyoRCM7QSv3cPu+nXYRb1KHtQo0oBMF43M/l3YJrUS7TCfEqrmdJtVopFqvUm1qumydz1Pu59+4g4kkICrlkxnQ8N8ZeyjQKLmGc7SYGYsav2RA6lioWguml0/vH9MgqAxpE2pZCOlW/b6QsNGYU+nYyZHhlfnsT8S+vk2BQ6aVCxQmC4rOHgkRSjOgkDDoQGjjKkSWMa2FvpfyKacbRRpa1IXz9lP5PmsWCVy6ULkr52uk8jgw5IIfkmHjkhNTIOamTBuHkjjyQJ/Ls3DuPzovzOhtdcOY7e+QHnLdPRb6W8A==</latexit>ceff

[Basteiro, GDG, Erdmenger, Karl, Meyer, Xian, ’22]

[Iglói, Juhász, 
Zimborás ‘07]



Outline
Aperiodic spin chains at the boundary of hyperbolic tilings

Tensor networks as a bulk description from aperiodic chains

Conclusions and future perspectives

Towards adding a metric in the bulk 

Ground state and entanglement properties



Tensor networks (TNs) from aperiodic chains
We chose the aperiodic chain as boundary theory: how does the bulk encode information about its ground state?



Tensor networks (TNs) from aperiodic chains

Tensor network constructed from SDRG

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

We chose the aperiodic chain as boundary theory: how does the bulk encode information about its ground state?

[Basteiro, GDG, Erdmenger, Karl, Meyer, Xian, ’22]

<latexit sha1_base64="ax/SoHLifs/CCgOw6RABE7GnI+4=">AAAB93icbVC7TsNAEDyHVzCvACXNiQhBFdkoAsoIGsog4SRSYkXnyyaccmdbd2ukyMo30EJFh2j5HAr+Bdu4gISpRjO72tkJYikMOs6nVVlZXVvfqG7aW9s7u3u1/YOOiRLNweORjHQvYAakCMFDgRJ6sQamAgndYHqT+91H0EZE4T3OYvAVm4RiLDjDTPLsgUpOh7W603AK0GXilqROSrSHta/BKOKJghC5ZMb0XSdGP2UaBZcwtweJgZjxKZtAP6MhU2D8tAg7pyeJYRjRGDQVkhYi/N5ImTJmpoJsUjF8MIteLv7n9RMcX/mpCOMEIeT5IRQSikOGa5G1AHQkNCCyPDlQEVLONEMELSjjPBOTrBY768Nd/H6ZdM4b7kWjedest67LZqrkiByTM+KSS9Iit6RNPMKJIE/kmbxYM+vVerPef0YrVrlzSP7A+vgGoOGSqQ==</latexit>

µ0 <latexit sha1_base64="ax/SoHLifs/CCgOw6RABE7GnI+4=">AAAB93icbVC7TsNAEDyHVzCvACXNiQhBFdkoAsoIGsog4SRSYkXnyyaccmdbd2ukyMo30EJFh2j5HAr+Bdu4gISpRjO72tkJYikMOs6nVVlZXVvfqG7aW9s7u3u1/YOOiRLNweORjHQvYAakCMFDgRJ6sQamAgndYHqT+91H0EZE4T3OYvAVm4RiLDjDTPLsgUpOh7W603AK0GXilqROSrSHta/BKOKJghC5ZMb0XSdGP2UaBZcwtweJgZjxKZtAP6MhU2D8tAg7pyeJYRjRGDQVkhYi/N5ImTJmpoJsUjF8MIteLv7n9RMcX/mpCOMEIeT5IRQSikOGa5G1AHQkNCCyPDlQEVLONEMELSjjPBOTrBY768Nd/H6ZdM4b7kWjedest67LZqrkiByTM+KSS9Iit6RNPMKJIE/kmbxYM+vVerPef0YrVrlzSP7A+vgGoOGSqQ==</latexit>

µ0 <latexit sha1_base64="ax/SoHLifs/CCgOw6RABE7GnI+4=">AAAB93icbVC7TsNAEDyHVzCvACXNiQhBFdkoAsoIGsog4SRSYkXnyyaccmdbd2ukyMo30EJFh2j5HAr+Bdu4gISpRjO72tkJYikMOs6nVVlZXVvfqG7aW9s7u3u1/YOOiRLNweORjHQvYAakCMFDgRJ6sQamAgndYHqT+91H0EZE4T3OYvAVm4RiLDjDTPLsgUpOh7W603AK0GXilqROSrSHta/BKOKJghC5ZMb0XSdGP2UaBZcwtweJgZjxKZtAP6MhU2D8tAg7pyeJYRjRGDQVkhYi/N5ImTJmpoJsUjF8MIteLv7n9RMcX/mpCOMEIeT5IRQSikOGa5G1AHQkNCCyPDlQEVLONEMELSjjPBOTrBY768Nd/H6ZdM4b7kWjedest67LZqrkiByTM+KSS9Iit6RNPMKJIE/kmbxYM+vVerPef0YrVrlzSP7A+vgGoOGSqQ==</latexit>

µ0

<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa
<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa

<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa
<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa

<latexit sha1_base64="kLs7PnGsWQGBWQMXsh0vD4i34X0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5sglH7mzrbg8pWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tIqs5tHgkI90NmAEpQmihQAndWANTgYROMLnK/M4DaCOi8BanMfiKjUMxEpxhKrUrfWUHwaBac+tuDrpIvILUSIHmoPrVH0bcKgiRS2ZMz3Nj9BOmUXAJs0rfGogZn7Ax9FIaMgXGT/K0M3pkDcOIxqCpkDQX4fdGwpQxUxWkk4rhnZn3MvE/r2dxdOEnIowtQsizQygk5IcM1yKtAehQaEBkWXKgIqScaYYIWlDGeSratJdK2oc3//0iaZ/UvbP66c1prXFZNFMmB+SQHBOPnJMGuSZN0iKc3JMn8kxenEfn1Xlz3n9GS06xs0/+wPn4BreUk00=</latexit>µb
<latexit sha1_base64="kLs7PnGsWQGBWQMXsh0vD4i34X0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5sglH7mzrbg8pWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tIqs5tHgkI90NmAEpQmihQAndWANTgYROMLnK/M4DaCOi8BanMfiKjUMxEpxhKrUrfWUHwaBac+tuDrpIvILUSIHmoPrVH0bcKgiRS2ZMz3Nj9BOmUXAJs0rfGogZn7Ax9FIaMgXGT/K0M3pkDcOIxqCpkDQX4fdGwpQxUxWkk4rhnZn3MvE/r2dxdOEnIowtQsizQygk5IcM1yKtAehQaEBkWXKgIqScaYYIWlDGeSratJdK2oc3//0iaZ/UvbP66c1prXFZNFMmB+SQHBOPnJMGuSZN0iKc3JMn8kxenEfn1Xlz3n9GS06xs0/+wPn4BreUk00=</latexit>µb

<latexit sha1_base64="kLs7PnGsWQGBWQMXsh0vD4i34X0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5sglH7mzrbg8pWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tIqs5tHgkI90NmAEpQmihQAndWANTgYROMLnK/M4DaCOi8BanMfiKjUMxEpxhKrUrfWUHwaBac+tuDrpIvILUSIHmoPrVH0bcKgiRS2ZMz3Nj9BOmUXAJs0rfGogZn7Ax9FIaMgXGT/K0M3pkDcOIxqCpkDQX4fdGwpQxUxWkk4rhnZn3MvE/r2dxdOEnIowtQsizQygk5IcM1yKtAehQaEBkWXKgIqScaYYIWlDGeSratJdK2oc3//0iaZ/UvbP66c1prXFZNFMmB+SQHBOPnJMGuSZN0iKc3JMn8kxenEfn1Xlz3n9GS06xs0/+wPn4BreUk00=</latexit>µb



Tensor networks (TNs) from aperiodic chains

<latexit sha1_base64="H2/NRU1rUvtNuCMpVPcoGLnHM1o=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8SNiV+DgGvXiMYB6QXcLsZJIMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7wkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7ZAaLoXiDRQoeTvRnEah5K1wdDf1W09cGxGrRxwnPIjoQIm+YBSt1PKz6vmlP+mWym7FnYEsEy8nZchR75a+/F7M0ogrZJIa0/HcBIOMahRM8knRTw1PKBvRAe9YqmjETZDNzp2QU6v0SD/WthSSmfp7IqORMeMotJ0RxaFZ9Kbif14nxf5NkAmVpMgVmy/qp5JgTKa/k57QnKEcW0KZFvZWwoZUU4Y2oaINwVt8eZk0LyreVcV7qJZrt3kcBTiGEzgDD66hBvdQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHh0CPCw==</latexit>

{4, 5}

Tensor network constructed from SDRG

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja

<latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0 <latexit sha1_base64="G6/8Harn+2rO6mEd7/V0Mind2XE=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGkQVEHlIiRWdL5twyvmhu3WkKMof0EJFh2j5Hwr+Bdu4gMBUo5ld7ex4kZKGbPvDKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+Or1G9PUBsZBvc0jdD1+SiQQyk4JdLdzXG/XLGrdgb2lzg5qUCORr/82RuEIvYxIKG4MV3HjsidcU1SKJyXerHBiIsxH2E3oQH30bizLOmcHcWGU8gi1Ewqlon4c2PGfWOmvpdM+pwezKKXiv953ZiGF+5MBlFMGIj0EEmF2SEjtEwqQDaQGol4mhyZDJjgmhOhlowLkYhx0kkp6cNZ/P4vaZ1WnbNq7bZWqV/mzRThAA7hBBw4hzpcQwOaIGAIj/AEz9bEerFerbfv0YKV7+zDL1jvX6PHkY0=</latexit>

J 0

We chose the aperiodic chain as boundary theory: how does the bulk encode information about its ground state?

[Basteiro, GDG, Erdmenger, Karl, Meyer, Xian, ’22]

<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa
<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa

<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa
<latexit sha1_base64="CO/S9A39HyEs05XYGD4SxzR3StM=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIMbmkaoevDOJAjKYBSqV3p+/EABtWaXbdz8EXiFKTGCjQH1a/+MBSxjwEJBcb0HDsiNwFNUiicVfqxwQjEBMbYS2kAPho3ydPO+FFsgEIeoeZS8VzE3xsJ+MZMfS+d9IHuzLyXif95vZhGF24igygmDER2iKTC/JARWqY1IB9KjUSQJUcuAy5AAxFqyUGIVIzTXippH87894ukfVJ3zuqnN6e1xmXRTJkdsEN2zBx2zhrsmjVZiwl2z57YM3uxHq1X6816/xktWcXOPvsD6+MbtgWTTA==</latexit>µa

<latexit sha1_base64="kLs7PnGsWQGBWQMXsh0vD4i34X0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5sglH7mzrbg8pWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tIqs5tHgkI90NmAEpQmihQAndWANTgYROMLnK/M4DaCOi8BanMfiKjUMxEpxhKrUrfWUHwaBac+tuDrpIvILUSIHmoPrVH0bcKgiRS2ZMz3Nj9BOmUXAJs0rfGogZn7Ax9FIaMgXGT/K0M3pkDcOIxqCpkDQX4fdGwpQxUxWkk4rhnZn3MvE/r2dxdOEnIowtQsizQygk5IcM1yKtAehQaEBkWXKgIqScaYYIWlDGeSratJdK2oc3//0iaZ/UvbP66c1prXFZNFMmB+SQHBOPnJMGuSZN0iKc3JMn8kxenEfn1Xlz3n9GS06xs0/+wPn4BreUk00=</latexit>µb
<latexit sha1_base64="kLs7PnGsWQGBWQMXsh0vD4i34X0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5sglH7mzrbg8pWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tIqs5tHgkI90NmAEpQmihQAndWANTgYROMLnK/M4DaCOi8BanMfiKjUMxEpxhKrUrfWUHwaBac+tuDrpIvILUSIHmoPrVH0bcKgiRS2ZMz3Nj9BOmUXAJs0rfGogZn7Ax9FIaMgXGT/K0M3pkDcOIxqCpkDQX4fdGwpQxUxWkk4rhnZn3MvE/r2dxdOEnIowtQsizQygk5IcM1yKtAehQaEBkWXKgIqScaYYIWlDGeSratJdK2oc3//0iaZ/UvbP66c1prXFZNFMmB+SQHBOPnJMGuSZN0iKc3JMn8kxenEfn1Xlz3n9GS06xs0/+wPn4BreUk00=</latexit>µb

<latexit sha1_base64="kLs7PnGsWQGBWQMXsh0vD4i34X0=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH5sglH7mzrbg8pWPkHWqjoEC1/Q8G/YBsXkDDVaGZXOztBLIVB1/10SkvLK6tr5fXKxubW9k51d69tIqs5tHgkI90NmAEpQmihQAndWANTgYROMLnK/M4DaCOi8BanMfiKjUMxEpxhKrUrfWUHwaBac+tuDrpIvILUSIHmoPrVH0bcKgiRS2ZMz3Nj9BOmUXAJs0rfGogZn7Ax9FIaMgXGT/K0M3pkDcOIxqCpkDQX4fdGwpQxUxWkk4rhnZn3MvE/r2dxdOEnIowtQsizQygk5IcM1yKtAehQaEBkWXKgIqScaYYIWlDGeSratJdK2oc3//0iaZ/UvbP66c1prXFZNFMmB+SQHBOPnJMGuSZN0iKc3JMn8kxenEfn1Xlz3n9GS06xs0/+wPn4BreUk00=</latexit>µb

<latexit sha1_base64="ax/SoHLifs/CCgOw6RABE7GnI+4=">AAAB93icbVC7TsNAEDyHVzCvACXNiQhBFdkoAsoIGsog4SRSYkXnyyaccmdbd2ukyMo30EJFh2j5HAr+Bdu4gISpRjO72tkJYikMOs6nVVlZXVvfqG7aW9s7u3u1/YOOiRLNweORjHQvYAakCMFDgRJ6sQamAgndYHqT+91H0EZE4T3OYvAVm4RiLDjDTPLsgUpOh7W603AK0GXilqROSrSHta/BKOKJghC5ZMb0XSdGP2UaBZcwtweJgZjxKZtAP6MhU2D8tAg7pyeJYRjRGDQVkhYi/N5ImTJmpoJsUjF8MIteLv7n9RMcX/mpCOMEIeT5IRQSikOGa5G1AHQkNCCyPDlQEVLONEMELSjjPBOTrBY768Nd/H6ZdM4b7kWjedest67LZqrkiByTM+KSS9Iit6RNPMKJIE/kmbxYM+vVerPef0YrVrlzSP7A+vgGoOGSqQ==</latexit>

µ0 <latexit sha1_base64="ax/SoHLifs/CCgOw6RABE7GnI+4=">AAAB93icbVC7TsNAEDyHVzCvACXNiQhBFdkoAsoIGsog4SRSYkXnyyaccmdbd2ukyMo30EJFh2j5HAr+Bdu4gISpRjO72tkJYikMOs6nVVlZXVvfqG7aW9s7u3u1/YOOiRLNweORjHQvYAakCMFDgRJ6sQamAgndYHqT+91H0EZE4T3OYvAVm4RiLDjDTPLsgUpOh7W603AK0GXilqROSrSHta/BKOKJghC5ZMb0XSdGP2UaBZcwtweJgZjxKZtAP6MhU2D8tAg7pyeJYRjRGDQVkhYi/N5ImTJmpoJsUjF8MIteLv7n9RMcX/mpCOMEIeT5IRQSikOGa5G1AHQkNCCyPDlQEVLONEMELSjjPBOTrBY768Nd/H6ZdM4b7kWjedest67LZqrkiByTM+KSS9Iit6RNPMKJIE/kmbxYM+vVerPef0YrVrlzSP7A+vgGoOGSqQ==</latexit>

µ0 <latexit sha1_base64="ax/SoHLifs/CCgOw6RABE7GnI+4=">AAAB93icbVC7TsNAEDyHVzCvACXNiQhBFdkoAsoIGsog4SRSYkXnyyaccmdbd2ukyMo30EJFh2j5HAr+Bdu4gISpRjO72tkJYikMOs6nVVlZXVvfqG7aW9s7u3u1/YOOiRLNweORjHQvYAakCMFDgRJ6sQamAgndYHqT+91H0EZE4T3OYvAVm4RiLDjDTPLsgUpOh7W603AK0GXilqROSrSHta/BKOKJghC5ZMb0XSdGP2UaBZcwtweJgZjxKZtAP6MhU2D8tAg7pyeJYRjRGDQVkhYi/N5ImTJmpoJsUjF8MIteLv7n9RMcX/mpCOMEIeT5IRQSikOGa5G1AHQkNCCyPDlQEVLONEMELSjjPBOTrBY768Nd/H6ZdM4b7kWjedest67LZqrkiByTM+KSS9Iit6RNPMKJIE/kmbxYM+vVerPef0YrVrlzSP7A+vgGoOGSqQ==</latexit>

µ0



Tensor networks (TNs) from aperiodic chains

<latexit sha1_base64="H2/NRU1rUvtNuCMpVPcoGLnHM1o=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8SNiV+DgGvXiMYB6QXcLsZJIMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7wkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7ZAaLoXiDRQoeTvRnEah5K1wdDf1W09cGxGrRxwnPIjoQIm+YBSt1PKz6vmlP+mWym7FnYEsEy8nZchR75a+/F7M0ogrZJIa0/HcBIOMahRM8knRTw1PKBvRAe9YqmjETZDNzp2QU6v0SD/WthSSmfp7IqORMeMotJ0RxaFZ9Kbif14nxf5NkAmVpMgVmy/qp5JgTKa/k57QnKEcW0KZFvZWwoZUU4Y2oaINwVt8eZk0LyreVcV7qJZrt3kcBTiGEzgDD66hBvdQhwYwGMEzvMKbkzgvzrvzMW9dcfKZI/gD5/MHh0CPCw==</latexit>

{4, 5}

This TN reproduces exactly the ground state of the 

boundary aperiodic spin chain

It encodes the entanglement structure of the ground state 

of the boundary theory

For aperiodic singlet phases 
results known through direct 
computation are retrieved

No aperiodic singlet phase 
Quantitative results, such as bounds on the 
entanglement entropy, can be obtained

Tensor network constructed from SDRG

<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="LnCZbbuKRO+nr077SdlU7w8+z4U=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrJRBJQRNIgqCPKQEis6XzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOxw0qGWCTJCnsRBq57ylse+PL1G8/oDYyDO5oEqHr81Egh1JwSqTb677XL1fsqp2BLRInJxXI0eiXv3qDUMQ+BiQUN6br2BG5U65JCoWzUi82GHEx5iPsJjTgPhp3mkWdsaPYcApZhJpJxTIRf29MuW/MxPeSSZ/TvZn3UvE/rxvT8NydyiCKCQORHiKpMDtkhJZJB8gGUiMRT5MjkwETXHMi1JJxIRIxTkopJX04898vktZJ1Tmt1m5qlfpF3kwRDuAQjsGBM6jDFTSgCQJG8ATP8GI9Wq/Wm/X+M1qw8p19+APr4xu5dpIx</latexit>

Jb
<latexit sha1_base64="ohAOvjWQSH8rSeFMHQgSuYgUFo4=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNIgqCPKQEitaXzbhlPNDd2tQFOUTaKGiQ7R8DwX/gm1cQMJUo5ld7ex4kZKGbPvTKiwtr6yuFddLG5tb2zvl3b2WCWMtsClCFeqOBwaVDLBJkhR2Io3gewrb3vgy9dsPqI0MgzuaROj6MArkUAqgRLq97kO/XLGrdga+SJycVFiORr/81RuEIvYxIKHAmK5jR+ROQZMUCmelXmwwAjGGEXYTGoCPxp1mUWf8KDZAIY9Qc6l4JuLvjSn4xkx8L5n0ge7NvJeK/3ndmIbn7lQGUUwYiPQQSYXZISO0TDpAPpAaiSBNjlwGXIAGItSSgxCJGCellJI+nPnvF0nrpOqcVms3tUr9Im+myA7YITtmDjtjdXbFGqzJBBuxJ/bMXqxH69V6s95/RgtWvrPP/sD6+Aa355Iw</latexit>

Ja
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Figure 1. A SYK chain with L = 4, N = 8, q = 4 and µ1, µ3 ≪ µ2. The Majorana fermions with
different indices j are represented by circles in different colours. The interactions are represented by
dashed curves. In section 3, we solve the SYK chain in this form with N ≫ q2 ≫ 1.

2 Inhomogeneous SYK chains

2.1 The model
We begin by introducing the system under consideration for this work. The model consists of
a chain of L sites, where N Majorana fermions ψj

x, x = 1, . . . , L with color labels j = 1, . . . , N

are defined at each site. These Majoranas obey anti-commutation relations
{
ψj

x,ψk
y

}
= δjkδxy.

With these fundamental degrees of freedom, we construct an SYK chain Hamiltonian with
on-site q-body interaction with random couplings and nearest-neighbor 2-body interactions
(hopping) with inhomogeneous coupling, which reads

H =
L∑

x=1

⎛

⎝iq/2 ∑

1≤j1<j2<···<jq≤N

sxJj1j2···jq ,xψ
j1
x ψ

j2
x · · ·ψjq

x + i
∑

1≤j≤N

µxψ
j
xψ

j
x+1

⎞

⎠ . (2.1)

Here, q is even and denotes the number of Majoranas in the all-to-all q-body SYK interaction
term, and sx = (−1)(x−1)q/2. The model is pictorially represented in figure 1. This local
interaction is controlled by the coupling parameter Jj1j2···jq ,x which is randomly drawn from
a Gaussian distribution with zero mean value and correlation

〈
Jj1j2···jq ,xJj1j2···jq ,y

〉
= (q − 1)!

N q−1 J2e−|x−y|2/ξ2 = (q − 1)!2q−1

qN q−1 J 2e−|x−y|2/ξ2
, (2.2)

where ξ is the dimensionless correlation length. The hopping parameters {µx} are spatially in-
homogeneous in general, and we will focus on two specific examples of such spatial distributions
in the sections below. For finite L, we consider the chain to have open boundary conditions.
However, we will ultimately be interested in the thermodynamic limit where L → ∞.

A particular instance of the model (2.1) is the case when J = 0, i.e. when the SYK
interactions are turned off. Then, the hopping part i ∑

1≤j≤N µxψj
xψ

j
x+1 of the Hamiltonian

factorises into the individual colors and describes a collection of N free Majorana fermions.
Each of these can be mapped via a Jordan-Wigner transformation to an XX quantum spin
chain. More precisely, the Hamiltonian (2.1) for J = 0 is equivalent to N/2 decoupled
XX chains

HXX = −1
2

N/2∑

k=1

∑

x

µx

(
X(k)

x X(k)
x+1 + Y (k)

x Y (k)
x+1

)
, (2.3)
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H =
LX

x=1

⇣
iq/2

X

1j1<j2<···<jqN

sxJj1j2···jq,x 
j1
x  

j2
x · · · jq

x + i
X

1jN

µx 
j
x 

j
x+1

⌘
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Figure 1. A SYK chain with L = 4, N = 8, q = 4 and µ1, µ3 ≪ µ2. The Majorana fermions with
different indices j are represented by circles in different colours. The interactions are represented by
dashed curves. In section 3, we solve the SYK chain in this form with N ≫ q2 ≫ 1.

2 Inhomogeneous SYK chains

2.1 The model
We begin by introducing the system under consideration for this work. The model consists of
a chain of L sites, where N Majorana fermions ψj

x, x = 1, . . . , L with color labels j = 1, . . . , N

are defined at each site. These Majoranas obey anti-commutation relations
{
ψj

x,ψk
y

}
= δjkδxy.

With these fundamental degrees of freedom, we construct an SYK chain Hamiltonian with
on-site q-body interaction with random couplings and nearest-neighbor 2-body interactions
(hopping) with inhomogeneous coupling, which reads

H =
L∑

x=1

⎛

⎝iq/2 ∑

1≤j1<j2<···<jq≤N

sxJj1j2···jq ,xψ
j1
x ψ

j2
x · · ·ψjq

x + i
∑

1≤j≤N

µxψ
j
xψ

j
x+1

⎞

⎠ . (2.1)

Here, q is even and denotes the number of Majoranas in the all-to-all q-body SYK interaction
term, and sx = (−1)(x−1)q/2. The model is pictorially represented in figure 1. This local
interaction is controlled by the coupling parameter Jj1j2···jq ,x which is randomly drawn from
a Gaussian distribution with zero mean value and correlation

〈
Jj1j2···jq ,xJj1j2···jq ,y

〉
= (q − 1)!

N q−1 J2e−|x−y|2/ξ2 = (q − 1)!2q−1

qN q−1 J 2e−|x−y|2/ξ2
, (2.2)

where ξ is the dimensionless correlation length. The hopping parameters {µx} are spatially in-
homogeneous in general, and we will focus on two specific examples of such spatial distributions
in the sections below. For finite L, we consider the chain to have open boundary conditions.
However, we will ultimately be interested in the thermodynamic limit where L → ∞.

A particular instance of the model (2.1) is the case when J = 0, i.e. when the SYK
interactions are turned off. Then, the hopping part i ∑

1≤j≤N µxψj
xψ

j
x+1 of the Hamiltonian

factorises into the individual colors and describes a collection of N free Majorana fermions.
Each of these can be mapped via a Jordan-Wigner transformation to an XX quantum spin
chain. More precisely, the Hamiltonian (2.1) for J = 0 is equivalent to N/2 decoupled
XX chains

HXX = −1
2

N/2∑

k=1

∑

x

µx

(
X(k)

x X(k)
x+1 + Y (k)

x Y (k)
x+1

)
, (2.3)
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Figure 1. A SYK chain with L = 4, N = 8, q = 4 and µ1, µ3 ≪ µ2. The Majorana fermions with
different indices j are represented by circles in different colours. The interactions are represented by
dashed curves. In section 3, we solve the SYK chain in this form with N ≫ q2 ≫ 1.

2 Inhomogeneous SYK chains

2.1 The model
We begin by introducing the system under consideration for this work. The model consists of
a chain of L sites, where N Majorana fermions ψj

x, x = 1, . . . , L with color labels j = 1, . . . , N

are defined at each site. These Majoranas obey anti-commutation relations
{
ψj

x,ψk
y

}
= δjkδxy.

With these fundamental degrees of freedom, we construct an SYK chain Hamiltonian with
on-site q-body interaction with random couplings and nearest-neighbor 2-body interactions
(hopping) with inhomogeneous coupling, which reads

H =
L∑

x=1

⎛

⎝iq/2 ∑
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∑
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j
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j
x+1

⎞
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Here, q is even and denotes the number of Majoranas in the all-to-all q-body SYK interaction
term, and sx = (−1)(x−1)q/2. The model is pictorially represented in figure 1. This local
interaction is controlled by the coupling parameter Jj1j2···jq ,x which is randomly drawn from
a Gaussian distribution with zero mean value and correlation

〈
Jj1j2···jq ,xJj1j2···jq ,y

〉
= (q − 1)!

N q−1 J2e−|x−y|2/ξ2 = (q − 1)!2q−1

qN q−1 J 2e−|x−y|2/ξ2
, (2.2)

where ξ is the dimensionless correlation length. The hopping parameters {µx} are spatially in-
homogeneous in general, and we will focus on two specific examples of such spatial distributions
in the sections below. For finite L, we consider the chain to have open boundary conditions.
However, we will ultimately be interested in the thermodynamic limit where L → ∞.

A particular instance of the model (2.1) is the case when J = 0, i.e. when the SYK
interactions are turned off. Then, the hopping part i ∑

1≤j≤N µxψj
xψ

j
x+1 of the Hamiltonian

factorises into the individual colors and describes a collection of N free Majorana fermions.
Each of these can be mapped via a Jordan-Wigner transformation to an XX quantum spin
chain. More precisely, the Hamiltonian (2.1) for J = 0 is equivalent to N/2 decoupled
XX chains

HXX = −1
2

N/2∑
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Figure 1. A SYK chain with L = 4, N = 8, q = 4 and µ1, µ3 ≪ µ2. The Majorana fermions with
different indices j are represented by circles in different colours. The interactions are represented by
dashed curves. In section 3, we solve the SYK chain in this form with N ≫ q2 ≫ 1.

2 Inhomogeneous SYK chains

2.1 The model
We begin by introducing the system under consideration for this work. The model consists of
a chain of L sites, where N Majorana fermions ψj

x, x = 1, . . . , L with color labels j = 1, . . . , N

are defined at each site. These Majoranas obey anti-commutation relations
{
ψj

x,ψk
y

}
= δjkδxy.

With these fundamental degrees of freedom, we construct an SYK chain Hamiltonian with
on-site q-body interaction with random couplings and nearest-neighbor 2-body interactions
(hopping) with inhomogeneous coupling, which reads

H =
L∑

x=1

⎛

⎝iq/2 ∑

1≤j1<j2<···<jq≤N

sxJj1j2···jq ,xψ
j1
x ψ

j2
x · · ·ψjq

x + i
∑

1≤j≤N

µxψ
j
xψ

j
x+1

⎞

⎠ . (2.1)

Here, q is even and denotes the number of Majoranas in the all-to-all q-body SYK interaction
term, and sx = (−1)(x−1)q/2. The model is pictorially represented in figure 1. This local
interaction is controlled by the coupling parameter Jj1j2···jq ,x which is randomly drawn from
a Gaussian distribution with zero mean value and correlation

〈
Jj1j2···jq ,xJj1j2···jq ,y

〉
= (q − 1)!

N q−1 J2e−|x−y|2/ξ2 = (q − 1)!2q−1

qN q−1 J 2e−|x−y|2/ξ2
, (2.2)

where ξ is the dimensionless correlation length. The hopping parameters {µx} are spatially in-
homogeneous in general, and we will focus on two specific examples of such spatial distributions
in the sections below. For finite L, we consider the chain to have open boundary conditions.
However, we will ultimately be interested in the thermodynamic limit where L → ∞.

A particular instance of the model (2.1) is the case when J = 0, i.e. when the SYK
interactions are turned off. Then, the hopping part i ∑

1≤j≤N µxψj
xψ

j
x+1 of the Hamiltonian

factorises into the individual colors and describes a collection of N free Majorana fermions.
Each of these can be mapped via a Jordan-Wigner transformation to an XX quantum spin
chain. More precisely, the Hamiltonian (2.1) for J = 0 is equivalent to N/2 decoupled
XX chains

HXX = −1
2

N/2∑

k=1

∑

x

µx

(
X(k)

x X(k)
x+1 + Y (k)

x Y (k)
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)
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Figure 1. A SYK chain with L = 4, N = 8, q = 4 and µ1, µ3 ≪ µ2. The Majorana fermions with
different indices j are represented by circles in different colours. The interactions are represented by
dashed curves. In section 3, we solve the SYK chain in this form with N ≫ q2 ≫ 1.

2 Inhomogeneous SYK chains

2.1 The model
We begin by introducing the system under consideration for this work. The model consists of
a chain of L sites, where N Majorana fermions ψj

x, x = 1, . . . , L with color labels j = 1, . . . , N

are defined at each site. These Majoranas obey anti-commutation relations
{
ψj

x,ψk
y

}
= δjkδxy.

With these fundamental degrees of freedom, we construct an SYK chain Hamiltonian with
on-site q-body interaction with random couplings and nearest-neighbor 2-body interactions
(hopping) with inhomogeneous coupling, which reads

H =
L∑

x=1

⎛

⎝iq/2 ∑

1≤j1<j2<···<jq≤N

sxJj1j2···jq ,xψ
j1
x ψ

j2
x · · ·ψjq

x + i
∑

1≤j≤N

µxψ
j
xψ

j
x+1

⎞

⎠ . (2.1)

Here, q is even and denotes the number of Majoranas in the all-to-all q-body SYK interaction
term, and sx = (−1)(x−1)q/2. The model is pictorially represented in figure 1. This local
interaction is controlled by the coupling parameter Jj1j2···jq ,x which is randomly drawn from
a Gaussian distribution with zero mean value and correlation

〈
Jj1j2···jq ,xJj1j2···jq ,y

〉
= (q − 1)!

N q−1 J2e−|x−y|2/ξ2 = (q − 1)!2q−1

qN q−1 J 2e−|x−y|2/ξ2
, (2.2)

where ξ is the dimensionless correlation length. The hopping parameters {µx} are spatially in-
homogeneous in general, and we will focus on two specific examples of such spatial distributions
in the sections below. For finite L, we consider the chain to have open boundary conditions.
However, we will ultimately be interested in the thermodynamic limit where L → ∞.

A particular instance of the model (2.1) is the case when J = 0, i.e. when the SYK
interactions are turned off. Then, the hopping part i ∑

1≤j≤N µxψj
xψ

j
x+1 of the Hamiltonian

factorises into the individual colors and describes a collection of N free Majorana fermions.
Each of these can be mapped via a Jordan-Wigner transformation to an XX quantum spin
chain. More precisely, the Hamiltonian (2.1) for J = 0 is equivalent to N/2 decoupled
XX chains

HXX = −1
2

N/2∑

k=1

∑

x

µx

(
X(k)

x X(k)
x+1 + Y (k)

x Y (k)
x+1

)
, (2.3)
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Figure 1. A SYK chain with L = 4, N = 8, q = 4 and µ1, µ3 ≪ µ2. The Majorana fermions with
different indices j are represented by circles in different colours. The interactions are represented by
dashed curves. In section 3, we solve the SYK chain in this form with N ≫ q2 ≫ 1.

2 Inhomogeneous SYK chains

2.1 The model
We begin by introducing the system under consideration for this work. The model consists of
a chain of L sites, where N Majorana fermions ψj

x, x = 1, . . . , L with color labels j = 1, . . . , N

are defined at each site. These Majoranas obey anti-commutation relations
{
ψj

x,ψk
y

}
= δjkδxy.

With these fundamental degrees of freedom, we construct an SYK chain Hamiltonian with
on-site q-body interaction with random couplings and nearest-neighbor 2-body interactions
(hopping) with inhomogeneous coupling, which reads

H =
L∑

x=1

⎛

⎝iq/2 ∑

1≤j1<j2<···<jq≤N

sxJj1j2···jq ,xψ
j1
x ψ

j2
x · · ·ψjq

x + i
∑

1≤j≤N

µxψ
j
xψ

j
x+1

⎞

⎠ . (2.1)

Here, q is even and denotes the number of Majoranas in the all-to-all q-body SYK interaction
term, and sx = (−1)(x−1)q/2. The model is pictorially represented in figure 1. This local
interaction is controlled by the coupling parameter Jj1j2···jq ,x which is randomly drawn from
a Gaussian distribution with zero mean value and correlation

〈
Jj1j2···jq ,xJj1j2···jq ,y

〉
= (q − 1)!

N q−1 J2e−|x−y|2/ξ2 = (q − 1)!2q−1

qN q−1 J 2e−|x−y|2/ξ2
, (2.2)

where ξ is the dimensionless correlation length. The hopping parameters {µx} are spatially in-
homogeneous in general, and we will focus on two specific examples of such spatial distributions
in the sections below. For finite L, we consider the chain to have open boundary conditions.
However, we will ultimately be interested in the thermodynamic limit where L → ∞.

A particular instance of the model (2.1) is the case when J = 0, i.e. when the SYK
interactions are turned off. Then, the hopping part i ∑

1≤j≤N µxψj
xψ

j
x+1 of the Hamiltonian

factorises into the individual colors and describes a collection of N free Majorana fermions.
Each of these can be mapped via a Jordan-Wigner transformation to an XX quantum spin
chain. More precisely, the Hamiltonian (2.1) for J = 0 is equivalent to N/2 decoupled
XX chains

HXX = −1
2

N/2∑

k=1

∑

x

µx

(
X(k)

x X(k)
x+1 + Y (k)

x Y (k)
x+1

)
, (2.3)
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Figure 1. A SYK chain with L = 4, N = 8, q = 4 and µ1, µ3 ≪ µ2. The Majorana fermions with
different indices j are represented by circles in different colours. The interactions are represented by
dashed curves. In section 3, we solve the SYK chain in this form with N ≫ q2 ≫ 1.

2 Inhomogeneous SYK chains

2.1 The model
We begin by introducing the system under consideration for this work. The model consists of
a chain of L sites, where N Majorana fermions ψj

x, x = 1, . . . , L with color labels j = 1, . . . , N

are defined at each site. These Majoranas obey anti-commutation relations
{
ψj

x,ψk
y

}
= δjkδxy.

With these fundamental degrees of freedom, we construct an SYK chain Hamiltonian with
on-site q-body interaction with random couplings and nearest-neighbor 2-body interactions
(hopping) with inhomogeneous coupling, which reads

H =
L∑

x=1

⎛

⎝iq/2 ∑

1≤j1<j2<···<jq≤N

sxJj1j2···jq ,xψ
j1
x ψ

j2
x · · ·ψjq

x + i
∑

1≤j≤N

µxψ
j
xψ

j
x+1

⎞

⎠ . (2.1)

Here, q is even and denotes the number of Majoranas in the all-to-all q-body SYK interaction
term, and sx = (−1)(x−1)q/2. The model is pictorially represented in figure 1. This local
interaction is controlled by the coupling parameter Jj1j2···jq ,x which is randomly drawn from
a Gaussian distribution with zero mean value and correlation

〈
Jj1j2···jq ,xJj1j2···jq ,y

〉
= (q − 1)!

N q−1 J2e−|x−y|2/ξ2 = (q − 1)!2q−1

qN q−1 J 2e−|x−y|2/ξ2
, (2.2)

where ξ is the dimensionless correlation length. The hopping parameters {µx} are spatially in-
homogeneous in general, and we will focus on two specific examples of such spatial distributions
in the sections below. For finite L, we consider the chain to have open boundary conditions.
However, we will ultimately be interested in the thermodynamic limit where L → ∞.

A particular instance of the model (2.1) is the case when J = 0, i.e. when the SYK
interactions are turned off. Then, the hopping part i ∑

1≤j≤N µxψj
xψ

j
x+1 of the Hamiltonian

factorises into the individual colors and describes a collection of N free Majorana fermions.
Each of these can be mapped via a Jordan-Wigner transformation to an XX quantum spin
chain. More precisely, the Hamiltonian (2.1) for J = 0 is equivalent to N/2 decoupled
XX chains

HXX = −1
2

N/2∑

k=1

∑

x

µx

(
X(k)

x X(k)
x+1 + Y (k)

x Y (k)
x+1

)
, (2.3)
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Figure 1. A SYK chain with L = 4, N = 8, q = 4 and µ1, µ3 ≪ µ2. The Majorana fermions with
different indices j are represented by circles in different colours. The interactions are represented by
dashed curves. In section 3, we solve the SYK chain in this form with N ≫ q2 ≫ 1.

2 Inhomogeneous SYK chains

2.1 The model
We begin by introducing the system under consideration for this work. The model consists of
a chain of L sites, where N Majorana fermions ψj

x, x = 1, . . . , L with color labels j = 1, . . . , N

are defined at each site. These Majoranas obey anti-commutation relations
{
ψj

x,ψk
y

}
= δjkδxy.

With these fundamental degrees of freedom, we construct an SYK chain Hamiltonian with
on-site q-body interaction with random couplings and nearest-neighbor 2-body interactions
(hopping) with inhomogeneous coupling, which reads

H =
L∑

x=1

⎛

⎝iq/2 ∑

1≤j1<j2<···<jq≤N

sxJj1j2···jq ,xψ
j1
x ψ

j2
x · · ·ψjq

x + i
∑

1≤j≤N

µxψ
j
xψ

j
x+1

⎞

⎠ . (2.1)

Here, q is even and denotes the number of Majoranas in the all-to-all q-body SYK interaction
term, and sx = (−1)(x−1)q/2. The model is pictorially represented in figure 1. This local
interaction is controlled by the coupling parameter Jj1j2···jq ,x which is randomly drawn from
a Gaussian distribution with zero mean value and correlation

〈
Jj1j2···jq ,xJj1j2···jq ,y

〉
= (q − 1)!

N q−1 J2e−|x−y|2/ξ2 = (q − 1)!2q−1

qN q−1 J 2e−|x−y|2/ξ2
, (2.2)

where ξ is the dimensionless correlation length. The hopping parameters {µx} are spatially in-
homogeneous in general, and we will focus on two specific examples of such spatial distributions
in the sections below. For finite L, we consider the chain to have open boundary conditions.
However, we will ultimately be interested in the thermodynamic limit where L → ∞.

A particular instance of the model (2.1) is the case when J = 0, i.e. when the SYK
interactions are turned off. Then, the hopping part i ∑

1≤j≤N µxψj
xψ

j
x+1 of the Hamiltonian

factorises into the individual colors and describes a collection of N free Majorana fermions.
Each of these can be mapped via a Jordan-Wigner transformation to an XX quantum spin
chain. More precisely, the Hamiltonian (2.1) for J = 0 is equivalent to N/2 decoupled
XX chains

HXX = −1
2

N/2∑

k=1

∑

x

µx

(
X(k)

x X(k)
x+1 + Y (k)

x Y (k)
x+1

)
, (2.3)
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Figure 1. A SYK chain with L = 4, N = 8, q = 4 and µ1, µ3 ≪ µ2. The Majorana fermions with
different indices j are represented by circles in different colours. The interactions are represented by
dashed curves. In section 3, we solve the SYK chain in this form with N ≫ q2 ≫ 1.

2 Inhomogeneous SYK chains

2.1 The model
We begin by introducing the system under consideration for this work. The model consists of
a chain of L sites, where N Majorana fermions ψj

x, x = 1, . . . , L with color labels j = 1, . . . , N

are defined at each site. These Majoranas obey anti-commutation relations
{
ψj

x,ψk
y

}
= δjkδxy.

With these fundamental degrees of freedom, we construct an SYK chain Hamiltonian with
on-site q-body interaction with random couplings and nearest-neighbor 2-body interactions
(hopping) with inhomogeneous coupling, which reads

H =
L∑

x=1

⎛

⎝iq/2 ∑

1≤j1<j2<···<jq≤N

sxJj1j2···jq ,xψ
j1
x ψ

j2
x · · ·ψjq

x + i
∑

1≤j≤N

µxψ
j
xψ

j
x+1

⎞

⎠ . (2.1)

Here, q is even and denotes the number of Majoranas in the all-to-all q-body SYK interaction
term, and sx = (−1)(x−1)q/2. The model is pictorially represented in figure 1. This local
interaction is controlled by the coupling parameter Jj1j2···jq ,x which is randomly drawn from
a Gaussian distribution with zero mean value and correlation

〈
Jj1j2···jq ,xJj1j2···jq ,y

〉
= (q − 1)!

N q−1 J2e−|x−y|2/ξ2 = (q − 1)!2q−1

qN q−1 J 2e−|x−y|2/ξ2
, (2.2)

where ξ is the dimensionless correlation length. The hopping parameters {µx} are spatially in-
homogeneous in general, and we will focus on two specific examples of such spatial distributions
in the sections below. For finite L, we consider the chain to have open boundary conditions.
However, we will ultimately be interested in the thermodynamic limit where L → ∞.

A particular instance of the model (2.1) is the case when J = 0, i.e. when the SYK
interactions are turned off. Then, the hopping part i ∑

1≤j≤N µxψj
xψ

j
x+1 of the Hamiltonian

factorises into the individual colors and describes a collection of N free Majorana fermions.
Each of these can be mapped via a Jordan-Wigner transformation to an XX quantum spin
chain. More precisely, the Hamiltonian (2.1) for J = 0 is equivalent to N/2 decoupled
XX chains

HXX = −1
2

N/2∑

k=1

∑

x

µx

(
X(k)

x X(k)
x+1 + Y (k)

x Y (k)
x+1

)
, (2.3)
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Figure 1. A SYK chain with L = 4, N = 8, q = 4 and µ1, µ3 ≪ µ2. The Majorana fermions with
different indices j are represented by circles in different colours. The interactions are represented by
dashed curves. In section 3, we solve the SYK chain in this form with N ≫ q2 ≫ 1.

2 Inhomogeneous SYK chains

2.1 The model
We begin by introducing the system under consideration for this work. The model consists of
a chain of L sites, where N Majorana fermions ψj

x, x = 1, . . . , L with color labels j = 1, . . . , N

are defined at each site. These Majoranas obey anti-commutation relations
{
ψj

x,ψk
y

}
= δjkδxy.

With these fundamental degrees of freedom, we construct an SYK chain Hamiltonian with
on-site q-body interaction with random couplings and nearest-neighbor 2-body interactions
(hopping) with inhomogeneous coupling, which reads

H =
L∑

x=1

⎛

⎝iq/2 ∑

1≤j1<j2<···<jq≤N

sxJj1j2···jq ,xψ
j1
x ψ

j2
x · · ·ψjq

x + i
∑

1≤j≤N

µxψ
j
xψ

j
x+1

⎞

⎠ . (2.1)

Here, q is even and denotes the number of Majoranas in the all-to-all q-body SYK interaction
term, and sx = (−1)(x−1)q/2. The model is pictorially represented in figure 1. This local
interaction is controlled by the coupling parameter Jj1j2···jq ,x which is randomly drawn from
a Gaussian distribution with zero mean value and correlation

〈
Jj1j2···jq ,xJj1j2···jq ,y

〉
= (q − 1)!

N q−1 J2e−|x−y|2/ξ2 = (q − 1)!2q−1

qN q−1 J 2e−|x−y|2/ξ2
, (2.2)

where ξ is the dimensionless correlation length. The hopping parameters {µx} are spatially in-
homogeneous in general, and we will focus on two specific examples of such spatial distributions
in the sections below. For finite L, we consider the chain to have open boundary conditions.
However, we will ultimately be interested in the thermodynamic limit where L → ∞.

A particular instance of the model (2.1) is the case when J = 0, i.e. when the SYK
interactions are turned off. Then, the hopping part i ∑

1≤j≤N µxψj
xψ

j
x+1 of the Hamiltonian

factorises into the individual colors and describes a collection of N free Majorana fermions.
Each of these can be mapped via a Jordan-Wigner transformation to an XX quantum spin
chain. More precisely, the Hamiltonian (2.1) for J = 0 is equivalent to N/2 decoupled
XX chains

HXX = −1
2

N/2∑

k=1

∑

x

µx

(
X(k)

x X(k)
x+1 + Y (k)

x Y (k)
x+1

)
, (2.3)
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Figure 1. A SYK chain with L = 4, N = 8, q = 4 and µ1, µ3 ≪ µ2. The Majorana fermions with
different indices j are represented by circles in different colours. The interactions are represented by
dashed curves. In section 3, we solve the SYK chain in this form with N ≫ q2 ≫ 1.

2 Inhomogeneous SYK chains

2.1 The model
We begin by introducing the system under consideration for this work. The model consists of
a chain of L sites, where N Majorana fermions ψj

x, x = 1, . . . , L with color labels j = 1, . . . , N

are defined at each site. These Majoranas obey anti-commutation relations
{
ψj

x,ψk
y

}
= δjkδxy.

With these fundamental degrees of freedom, we construct an SYK chain Hamiltonian with
on-site q-body interaction with random couplings and nearest-neighbor 2-body interactions
(hopping) with inhomogeneous coupling, which reads

H =
L∑

x=1

⎛

⎝iq/2 ∑

1≤j1<j2<···<jq≤N

sxJj1j2···jq ,xψ
j1
x ψ

j2
x · · ·ψjq

x + i
∑

1≤j≤N

µxψ
j
xψ

j
x+1

⎞

⎠ . (2.1)

Here, q is even and denotes the number of Majoranas in the all-to-all q-body SYK interaction
term, and sx = (−1)(x−1)q/2. The model is pictorially represented in figure 1. This local
interaction is controlled by the coupling parameter Jj1j2···jq ,x which is randomly drawn from
a Gaussian distribution with zero mean value and correlation

〈
Jj1j2···jq ,xJj1j2···jq ,y

〉
= (q − 1)!

N q−1 J2e−|x−y|2/ξ2 = (q − 1)!2q−1

qN q−1 J 2e−|x−y|2/ξ2
, (2.2)

where ξ is the dimensionless correlation length. The hopping parameters {µx} are spatially in-
homogeneous in general, and we will focus on two specific examples of such spatial distributions
in the sections below. For finite L, we consider the chain to have open boundary conditions.
However, we will ultimately be interested in the thermodynamic limit where L → ∞.

A particular instance of the model (2.1) is the case when J = 0, i.e. when the SYK
interactions are turned off. Then, the hopping part i ∑

1≤j≤N µxψj
xψ

j
x+1 of the Hamiltonian

factorises into the individual colors and describes a collection of N free Majorana fermions.
Each of these can be mapped via a Jordan-Wigner transformation to an XX quantum spin
chain. More precisely, the Hamiltonian (2.1) for J = 0 is equivalent to N/2 decoupled
XX chains

HXX = −1
2

N/2∑

k=1

∑

x

µx

(
X(k)

x X(k)
x+1 + Y (k)

x Y (k)
x+1

)
, (2.3)
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Figure 7. Embedding the sequence of wormholes of figure 6 on the {6, 4} tiling of hyperbolic disk.
The sites are embedded on the edges of hexagon. The red curves and blue curves represent the eternal
traversable wormholes connected by µa-hopping interactions and µb-hopping interactions. The green
curves represent correlations between the two sites at the boundary that do not have a two-dimensional
holographic dual in the sense that there is no metric description. The grayscale labels the layers
in SDRG.

parameter distribution is the same as the free case. This distribution is attractive with respect
to any initial hopping distribution compatible with the SDRG perturbative assumptions. We
can interpret this result by saying that the on-site SYK random interactions characterizing the
model in (2.1) are unable to influence the low-energy physics of the system, which is, therefore,
dominated by the hopping part of the Hamiltonian and is the same as the free XX chains.

Finally, it is worth commenting on similar systems previously considered in the literature
on spatial generalizations of SYK models [67, 69–74, 96, 97]. It is therefore desirable to
position our results in this context for completeness. The main differences of previous
works with respect to our current setup are that these models typically consider random
hopping parameters specifically drawn from Gaussian distributions, i.e. ⟨µxµy⟩ ∝ µ2δxy

or µ2, while here we deal with general probability distributions P (µx; µ̃0) with µx > 0.
In addition, previous analyses mostly consider totally uncorrelated or correlated on-site
random SYK interactions, i.e.

〈
Jj1j2···jq ,xJj1j2···jq ,y

〉
∝ J 2δxy or J . In this work, we have

extended these cases by introducing a correlation length ξ to interpolate between them.
Therefore, based on our results explained above in this section, the effect of weakly correlated
random disorder, i.e. finite ξ, is washed away along the SDRG, leading to the asymptotically
attractive distribution (4.33) corresponding to the free model. Thus, for the case of initially
totally uncorrelated random couplings for the original chain, we expect to observe the same
asymptotic SDRG properties.

5 Conclusions

We studied the ground state of a Majorana chain with on-site q-body SYK interactions and
nearest-neighbor hopping interactions, where the hopping parameters are modulated by either
an aperiodic sequence or a random distribution. We assume the spatial distribution of the
hopping parameters to be strongly inhomogeneous and such that we can always identify
a hopping parameter along the chain much stronger than the others. This assumption
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{p, q}

The ground state of a certain class of aperiodic chains is an aperiodic singlet phase

Entanglement entropy of the chain through SDRG

Exploiting SDRG we construct a tensor network in the bulk

Adding SYK interactions, near-boundary regions with a sequence of factorized wormholes
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hereafter. Black holes are realized by identifying points
on two geodesics in a type-I geometry. This is equiva-
lent to a type-II ring graph [35] obtained by a squash-
and-wrap procedure, see Fig. 1. The squash step is
zµ 7! ⇣µ = 2

⇡
ln( 1+zµ

1�zµ
), which produces an infinite

strip, from which a finite strip of width w is obtained
with its truncated edges identified, followed by the wrap
step ⇣µ 7! ẑµ = e

2⇡i(⇣µ+i)/w yielding a ring. When
applied to the Poincaré disk metric, this results in a
timeslice of the three-dimensional Bañados–Teitelboim–
Zanelli (BTZ) black hole metric [35, 62–64, 68] given by

ds2
II
=

⇣
`w

4

⌘2 |dẑ|2
|ẑ|2 cos2[⇡

2
(1� ln |ẑ|/ ln r̂H)]

, (4)

which suggests the black hole interpretation on the lat-
tice. The black hole temperature is T = w/8⇡` with
horizon radius r̂H = e

�2⇡/w. In our numerical construc-
tion [68], we have w = kP , where k is an integer that we
can choose freely and P = P (p, q) is a lattice-dependent
constant. By varying k, p, q, we can access a large, albeit
discrete set of temperatures [ingredient (iii)].

Bulk-boundary-correspondence.—To study hologra-
phy, we divide the graph G, which may be either type-I or
type-II, into its bulk and boundary components, G̊ and
@G, such that G = G̊ [ @G. We label generic sites on G
by Greek letters µ, ⌫, whereas bulk and boundary sites
are labeled by Roman letters i, j and a, b, respectively.
We then consider fixed boundary field values given by
�a = Ja. The associated bulk partition function reads

Z({Ja}) =
Z ⇣Y

i

d�i

⌘
e
�S({�i,�a=Ja}). (5)

Note that we only integrate over the bulk field values.
The bulk-boundary-correspondence asserts that Z({Ja})
is the generating function for a CFT on the boundary
[2, 3]. The associated connected n-point correlation func-
tions for some boundary field Oa are given by

hOa1
. . .Oani =

@
n lnZ

@Ja1
· · · @Jan

���
J=0

(6)

[ingredient (iv)]. Properties like spin or scaling behavior
of Oa are determined by the bulk theory, but no action
underlying the CFT is specified by the duality per se. An
important future research inquiry is to explore whether
a representative CFT action can be constructed in the
holographic toy model. Furthermore, adding more fields
and symmetries to the bulk action, the consistency of
richer dual CFTs can be probed.

The holographic properties of the lattice model (3) can
be studied theoretically in the perturbative regime u ⌧
1, which mirrors the semiclassical limit of the AdS/CFT
correspondence where only tree-level diagrams contribute
[68]. The 2-point function for u = 0 reads

hOaObi = �Mab +
X

i,j

MaiGijMjb. (7)
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FIG. 2. CFT two-point function. Results are shown for
{3, 7} hyperbolic flakes. (a) Representative two-point func-
tion in type-I geometry with bulk mass m2`2 = 0.271. Data
sets are computed from Eq. (7) (blue) and numerical simula-
tion of the electrical circuit in Eqs. (12)-(14) using a realistic
diode (pink). The data scatter results from binning the dis-
crete lattice coordinates ✓a. Fitted power-law formula (9)
shown in orange. (b) Fitted conformal dimension � versus
m2`2 > �1/4 (blue squares with fit error). Due to lattice
corrections captured by Eq. (11) (orange), � deviates from
the continuum formula m2`2 = �(�� 1) (gray dashed). (c)
Two-point function on type-II lattice for same mass as in a,
showing thermal behavior according to Eq. (9). (d) The
fitted type-II temperature T (circles) is approximately inde-
pendent of m and described by T ` = kP/8⇡ (lines). Here,
P ⇡ 1.845 for {3, 7} and k = 4, 6, 8, 10, 12 in the plot.

Here, Mµ⌫ = (G�1)µ⌫ = �Aµ⌫ + m̂
2
�µ⌫ is the bare in-

verse propagator, with m̂
2 = q + qh

2
m

2
`
2 relating to

the physical mass m through a dimensionless lattice con-

stant h = (1 � sin
2
(⇡/q)

cos2(⇡/p)
)1/2 [11, 38]. Approximately,

hOaObi ⇡ Gab is the bulk propagator extrapolated to the
boundary sites a, b. For the 3-point function, we have

hOaObOci = u

X

i

BaiBbiBci (8)

with Bai =
P

j
MajGji the boundary-to-bulk propaga-

tor. This is a Witten diagram, where the bulk site i

connects the boundary sites a, b, c, see Fig. 3a, and the
largest contribution comes from graph-geodesic paths.
Remarkably, this perturbative formula captures the CFT
correlations also on the lattice. All n-point functions with
n � 3 vanish for u = 0 in our model, emphasizing again
the importance of interactions embodied by u�

3 in Eq.
(3). A 4-point function appears at order u2 [4].
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